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PREFACE

Work on input-output modeling at IIASA began in 1979 with
Clopper Almon and Douglas Nyhus, and the third year of research
in this area has now been completed. During this period there
has been considerable progress in the construction, linking,
and use of input-output models; the programs for the basic IIASA
models have been modified so that they can be used on a number
of different computer systems and a user's guide to the basic
program SLIMFORP has been published by U. Sichra as IIASA Work-
ing Paper WP-81-114,

With substantial help from IIASA and the Inter-Industry
Forecasting project (INFORUM) at the University of Maryland, a
self-organizing network of collaborating institutions has been
built up to work on the development and linkage of input-output
models. IIASA is particularly suitable for this type of co-
ordination role because of its many contacts in all parts of
the world.

A Task Force meeting is held each year to draw together the
results obtained by the collaborating groups and to discuss
future research. The second of these meetings was held in
September 1981 and was attended by 38 participants, representing
20 different institutions from 16 countries. This volume con-
tains the papers presented at the meeting, and is divided into
sectors dealing with the specific topics discussed in each session.

The first section deals with results and problems connected
with the national models and contains contributions from ‘
D. Vanwynsberghe (Belgium); A. Dimitrov (Bulgaria); R. Courbis
(France); G. Fink and A. Simon (Hungary); D. Bell (U.K.); and
D. Nyhus (U.S.A.).

- ifi -



The second session was devoted to work on modeling of personal
consumption expenditure, and both criticism and extensions of the
Almon model (which allows a good to be a complement to or a sub-
stitute for another good) were presented. Family budget and
expenditure data were used to demonstrate methods which estimate
income elasticities and which incorporate demographic effects.
Contributions from P. Devine (U.S.A.); L. Grassini and M. Grassini
(Italy); and G. Kornai (Hungary) are included in this section.

In the third section the participants discussed the problems
connected with investment functions and estimation. Papers by
C. Ciaschini (Italy); O. Forssell (Finland); and A. Smyshlyaev
(U.S.S.R.) deal with the development of improved estimation tech-
nigues.

The fourth section contains papers on more general topics:
A, Cavalieri (Italy) and A. Lotov (U.S.S.R.) discuss linkage in
input-output models, and U. Ludwig (G.D.R.) considers the re-
lationship between final demand and resources.
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INFOUK ~ AN INTERINDUSTRY FORECASTING
MODEL FOR THE U.K.

D. Bell

SECTIGN 1 - INTRODUCTION

One of the greatest deficiencies of conventional macroeconametric models
is their almost complete neglect of the process of production. The level
of demand is normally carefully modelled and great attention paid to the
determination of wage and price levels. However, the supply side of the
econany is normally left to fend for itself. The short run supply curve
for goods is apparently infinitely elastic; producers are able to meet
any level of demand because, in turn, there is always a sufficient supply
of factors of production to meet the requirements of the production

process.

Now, this approcach may be quite reasonable in the short-run, for, of course,
the checks and balances implicitly or explicitly embodied in any realistic
model of aggregate demand ensure that the productive sector is required to
produce any arbitrary level of output. The assumption of infinite
elasticity only extends over a fairly narrow band bordered at the lower
level by a social and political barrier which is determined by the extent
to which society is prepared to tolerate underuﬁilisation of factors

and at the upper level by a barrier which reflects the technical and social
constraints on production. These endpoints may not be explicitly
modelled, but modelbuilders will readily admit that their forecasts are
confined within what they believe this range to be.



Thors are two major drasbacks with this arproasch: Tirstly, the vell whden
is cast over short-run industrial behociose dmplies that such podels are
incapable of analysing the effects of cyclicul fluctuations on particular
industries. For example, none of the conventional models are capable of
predicting the effect of a fall in the levcl of investment on the output

of the steel industry. Secondly, the long-run behaviour of the econamy
cannot be reasonably expected to lie within the boundaries either
explicitly or implicitly included in conventional models. The boundaries
themselves must be modelled for they cannot realistically be regarded as
constant in the long-run. Indeed, one can go further and argue that it is
the movement of the upper boundary, the boundary on productive capacity,
which will determine the long-run growth path of a politically and socially
stable econamy. Implicit in such a view, of course, is an assumption that
markets operate freely in the long-run; wage and price rigidity may
determine the level of demand for output and labour in the short-run, but
in the long-run market distortions and institutional rigidities can always

be circumvented.

The experience of the last two years has led many cammentators to the view
that the British econamy can never return to a position of expanding output
and full employment; this would seem to be a doctrine of despair, brought
about by a particular cambination of policies and events which are unlikely
to be repeated. The present severe underutilisation of resources cannot

be regarded as a reliable indicator of the long-run performance of the
econany. Given that the market mechanism has not been entirely laid to
rest, a more balanced view of the long-run performance of the UK econany

should incorporate those supply-side factors alluded to above.

This paper has been written to describe a model of the UK econamy, known

as INFOUK, whose main focus of attention is the productive sector and which
eventually, it is hoped, will be able to remedy the twin deficiencies of

most existing macroqnodels* outlined above. This modei has been developed
at the University of Maryland, USA and at the Fraser of Allander Institute,
Glasgow.along the lines of a number of naticnal models which share the same
basic structure and which will eventually be linked together to provide the

* The most obvious exception to these criticisms amongst existing UK models
is the Cambridge Growth Project.



most detailed meds ] of world trwds vel copciruciad. The meadels dorin frm
the work of Professor C Almon at the Univerzity of Maryland vho has alrcady
canpleted the construction of a large (200 scetor) model of the US eéonany
and has been instrumental in the construction of similar, though smaller
models in France, West Germany, Canada, Japan, Belgiun, Austria and Italy.
These models are known collectively as the INFORUM group of models.

The keystone of each of the models is an input-output (I-0) table which
describes the inter-industry transactions which comprise the accounting
framework of the productive sector. Thus, for example, the I-O table can
be used to determine Yow the output of the steel industry is distributed
as betweén, say, autanobile production, construction and exports; 'or how
the textile industries costs are broken down between, say, the cost of
chemicals, energy and labour. Implicit in these transactions is a particular
way of making a good; there is a given production technology. As will be
apparent subsequently, the structure of the INFORUM models is sufficiently
flexible to enable one to revise production technologies inthe light of
known, or assumed, technical changes.

It is not simply in the modelling of technical change, however, that

INFORIM is extremely flexible. The model-user has a wide ability to control
the paths of any of the several thousand variables built into the model.
Coupled with the advantages of supply-side modelling, the flexibility of
INFOK makes it an extremely powerful and useful tool for econamic analysis
and forecasting.

The remainder of this paper is concerned to deseribe the construction and
implementation of the model. Thus SECTION 2 describes the major
characteristics of INFOUK, while SECTION 3 details the implementation of
the model.

SECTICON 2 - CHARACTERISTICS OF INFOUK

The claim that INFOUK is able to present a more detailed view of the
productive sector than the traditional macramodels is clearly demonstrated
by the degree of disaggregation at which it operates. There are 102
separately identified industries in the model, the bulk of these being in
the manufacturing sector. These correspond to the sectors in the latest
(1974) UK I-O table, which was published in late 1980. The full list of



sectors is available in Appendix A-1. Considered as industries {ne
cannodities) these correspond to single or grouped MH's under the 1968
Standard Industrial Classification and are therefore campatible with a

wide range of other governmment statistics. The square A-matrix, describing
intermediate transactions, is supplemented by an extensive array of final
demand camponents and by a breakdown of value added as between sales by
finil demand, taxes and subsidies, income fram employment and other value
added.

Final demand is distributed between consumers expenditure, government
spending, capital formation, stockbuilding, exports and imports. These are
further subdivided, there being 48 categories of consumers expenditure,

for example, which are compatible with the Blue Book breakdown of personal
spending. There are ten categories of expenditure on food, one for each

of the major forms of transportation and so on. Capital spending is broken
down between construction and the rest (which encampasses plant, machinery,
vehicles, ships and aircraft). There are 36 categories of construction
expenditure, one for each of 35 major industrial or commercial sectors and
one for residential construction. These same 35 sectors camprise the
categories for the remainder of capital formation, separate identification
being given to investment in plant and machinery and to investment in ships,
vehicles and aircraft. Again, these categories are drawn fram classifications
used in the Blue Book; in consequence, time series data is readily
available to identify investment trends in particular sectors. Government
spending is divided into four types; military, national health service,
central and local government. While this division is of clear use in
assisting the model to assess the impact of particular goverrment
expenditure strategies, one should bear in mind that the model is
sufficiently flexible to assess policy in a more detailed fashion than the
use of only four expenditure categories might, prima facie, suggest. It

is possible not only to assess the impact of a broad switch away fram local
government toward defence, for example, but also to assess the impact of

say, a substitution within the defence budget of ships for aircraft.

Exports are accorded a separate sector as are changes in inventories.
Imports are considered in considerable detail. A matrix is available

describing intermediate import flows, as is information on the import content



of cuch major finul coniwd category;  conswnntlon, goverirent spending.
cepital formution, exports (re-cxports), and inventory changes. Not only
are these import flows useful in assessing the real impact of changing trade
patterns, they also play an important role in the transmission of price
changes; a role which will be explicitly modelled when theprice side of
INFQUK . is developed.

The model is set up in producer prices; that is, the cost at which output
is sold to intermediate or final demand excluding any taxes or subsidies

which the purchaser may have to pay. Further, for consumers expenditure,
distribution costs are allccated to distributive trades, transport etc. in

order that the data for consumption by sector approximate the prices charged
by the ultimate proaucers of the good.

As implied above, the flows used in the model are also inclusive of imports.
The use of total, rather than damestic flows, is of particular value in

the analysis of trade and technological change.

To summarise, INFOUK has 102 sectors, 101 of which are acfive (the 102nd

is public administration which has an empty row and colum). There are

4 elements of value added and 165 final demand colums (48 for PCE, 111

for investment, 4 for government spending and one each for stock changes,
exports and imports). An imports matrix is available and the import content
of each of the final demand aggregates (PCE, exports, stock changes,
investment and government spending) is known at the 102 sector level,

SECTION 3 -~ MODEL IMPLEMENTATION

The model was initially developed on the Prime 5350 at the University of
Maryland over the period May-July 1981. The final "Maryland" version of
the model camprises the input-output structure as described in Section 2
but does not include any behavioural equations for the forecasting of final
demand. The model can thus run the 'scenario setters' built into the
standard INFORUM programs. For example, we can set the level of final
demands to what their values have actually been during the period for which
such data is available. Forecasts can be developed by using other groups'
projections for final demand aggregates and plugging these into the model.



However, this is very much a 'second-bost apurouch; it is clewrly more
desiruble that INFOUK incorporates its own icrecasts of final demands.

In order to accamplish this objective, progress has to be made on tvo fronts.
Firstly, time series data must be collected on the components of final demand.
¥ith the exception of trade, this can be achieved with little difficulty.

The CSO macro—econamic databank contains extensive time-series data on PCE,
investment, government expenditures and stocks. Work is currentlv being under-
tak:en which involved setting up programs tb interrogate this databank and

to perform the usual econametric procedures on the data. The trade data is
sanewhat more problematic, since cammodity-based import and export statistics
are not readily available at an appropriate level of disaggregation. A
considerable amount of effort will be required to construct the appropriate
series,

Secondly, in order to incorporate the estimated behavioural parameters

into the system, it is necessar}? to get the model up and running on a local
installation. In central Scotland there are number of computers to which
the Fraser of Allander Institute has access which could be used to run
INFOUK., The largest of these is the ICL 2980 at the Regional Camputing
Centre, Edinburgh. The 2980 has 2.5 M byte main store and disc storage
‘capacity of 1800 Mbyte. It communicates to a large number of terminals and
terminal control processors (mainly DEC POP11/10's) via three Front End
Processors (DEC POP 11/34's). This is therefore an extremely large machine
which could easily accamnodate the INFORUM programs. There is also a
FORTRAN 77 campiler mounted on the machine. The particular advantages
offered by this campiler are the availability of the PARAMETER statement
and the file-handling routines which are cémparable to that of the Prime.
There should not therefore be much difficulty in ensuring that thé models
run, though it will be necessary to edit the programs considerably to INSERT
those files, such as COMMON and PARAMETER which are used extensively in the
system. It is unfortunate that the INSERT statement was not included as
part of the FORTRAN 77 standard for this would seem to be its cnly
fundamental difference from PRIME FORTRAN. When our work is completed we
hope to have a version of the INFORUM programs which will runon any of the
FORTRAN 77 compilers which are .now becaning common on a wide range of
machines,



As for writing thoe additionzl prograns necossury U9 Zno pporato o nore
camplex and inter-related final daenand strucwure, we intend to follow @
samewhat different and certainly novel approach. The Institute possesses a
microcanputer which can support two users and has a IFORTRAN campiler and
RATFOR pre-processor.Running under a UNIX-like operating system with an
extremely powerful screen editor, this machine possesses great advantages
over the traditional mainframes, few of which presently offer RATFOR.
Principal of these is the reduction in program development time which
results fram the use of a structured language such as RATFOR. Now in terms
of sheer camputing power, a 64K micro is obviously not in the same league
as a 2.5 Mbyte mainframe. The actual running of programs is best left to
the latter. Thus we intend to send the debugged versions of the programs
into the regional network to be picked up and run on the 2980. We have
already had some experience with this technique while constructing a medium
term model for Scotland, which shares many features with the INFORUM class
- of models.

Clexly, there is still a great deal of work to be done. Our major concern
at present lies in mounting and running the programs necessary to establish
and develop INFOUK. As yet, there has been little time to consider the
theoretical aspects of the equations likely to be embodied in the model.
Nevertheless, once we have a sound camputing base we would hope to make
considerable progress and are looking forward to presenting a considerably

more sophisticated working model in 12 months time.



THE ANAIS MODEL. AN ANNUAL
INPUT-OUTPUT MODEL FOR THE
FRENCH ECONOMY

R. Courbis and H. Sok

Le modéle ANAIS '~ ainsi appelé par abréviation de "modle ANnuel
d'énalyse Inter-Sectorielle) est un modéle de prévision et de simulation
annuel de type inter-sectoriel qui permet de prévoir l'évolution de
la production et de la demande & un niveau tré&s détaillé : celui de 1la
nomenclature S9! en 90 branches de la Comptabilité Nationale frangaise

(sur cette nomenclature voir tableau 1),

Construit par le GAMA, ce mod&le concerne seulement 1'économie
frangaise mais on se propose (voir infra) de 1'intégrer au systéme de
modéles I1/0 nationaux du projet INFORUM ce qui permettrait, pour les

(H

simulations de tenir compte des effets de feed-back intermationaux '

(1) Dans le cadre du projet INFORUM, un modéle I1/0 de la France a été
construit par LEE et ALMON (1978). Cette version a &té utilisée
récemment pour des simulations "linkées" avec les modéles allemand
et belge du projet INFORUM (voir NYHUS et ALMON, 1980). Elle a
également fait l'objet d'une réestimation sur les nouvelles séries
de la Comptabilité Nationale par les soins de P. HENAFF (1981).



TAQkEAU 1 EQMEHCLATUKE N 90 BRANCHLS LU MODELE ANAIS
wmenclature Nomenclature
;. Intitulé des branches N° N° Intitulé des branches
‘‘ordre| S91 d'ordre | S91
INALS ANAIS | INSEE
1 01 Produits de 1'agriculture 47 402 Sucre
2 02 Produits de la sylviculture et de 48 403 Autres produits alimentaires
1'exploitation forestiére 49 a1 Boissons et alcools
3 03 Produits de la péche 50 42 Produits & base de tabac
4 041 Houille, Tignite et agglomireés 51 43 Fils et fibre artificiels et synthé-
5 042 Produits de cokéfaction tiques
6 051 Pétrole brut 52 441 Fils et filés
7 052 Gaz naturel 53 442 Produits de la bonneterie
8 053 Produits pétroliers raffinés 54 443 Ouvrages en filés
9 06 tlectricité distribuée 55 451 Cuirs et peaux
10 07 Gaz distribué - 56 452 Articles en cuir
11 08 Eaux et chauffage urbain 57 46 Chaussures
12 09 Mineraisde fer 58 47 Articles d'habillement
13 10 Produits sidérurgiques 59 48 Produits du travail du bois
14 11 Produits de 12 premiére transfor- 60 49 Meubles
mation de 1'acier 61 50 Papier, carton
15 12 Minerais non ferreux 62 51 Presse, imprimerie, &dition
16 13 Métaux non ferreux et demi-produits 63 52 Pneumatiques
17 14 Minéraux divers 64 s3 Produits de la transformation des
18 15 Matériaux de construction matigres plastiques
19 16 Produits de 1'industrie du verre 65 54 Produits des industries diverses
20 171 Produits de 1a chimie minérale 66 55 Batiment et génie civil
21 172 Produits de la chimie organique 67 56 Produits de la récupération
22 18 Produits de la parachimie 68 57-4 Commerces
23 19 Produits pharmaceutiques 69 65 Commerce et réparation automobiles
24 20 Produits des fonderies 70 66 Réparations diverses
25 21 Produits du travail des métaux 71 67 Service des hdtels, cafés, restaurants
26 22 Machines agricoles 72 68 ‘Transports ferroviaires
27 23 Machines outils 73 691 Transports routiers de marchandises
28 24 Equipement industriel 74 692 Autres transports terrestres |
29 25 | Matériel MTPS 75 70 Navigation intérieure f
30 26 Mafériel d'armement 76 71 Transports maritimes 2
3l 27 | Machines de bureau 77 72 Transports aériens i
32 28 Matériel électrique 78 73-4 Services auxiliaires de transport ]
33 251 Matériel é&lectronique professionnel 79 75 Services de télécommunications %
34 292 Matériel électronique ménager 80 76-9 | Services rendus principalement aux
35 30 | Equipement ménager entreprises '
36 311 Véhicules automobiles 81 80 Locatign et crédit-bail mobilier
37 312 | hatériel féroviaire roulant 82 811 Service du logement
38 32 Produits de la construction navale 83 812 Crédit-bail immobilier
39 33 Produits de la construction aéronau- 84 82-3 Services d'enseignement (marchands)
tique 85 84 Services de santé (marchands)
40 34 Instruments et matériel de précision 86 85-7 Autres services marchands
41 35 Yiandes et conserves de viandes 87 a8 Services d'assurances
42 36 | Lait et produits laitiers 88 89 Services des organismes financiers
43 37 Conserves 89 90-1 Services d'administration générale
44 38 Pain et patisserie 90 92-3 Service d'enseignement (non marchand)
45 39 | Produits du travail du grain { 91 94-9 | Autres services non marchands
46 401 Corps gras alimentaires
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Dans le cadre de cette cownunication on prdsentera tout d'abord
(au § 1) la structure et les principales relaticns du modéle ANAILS, et
on appréciera ensuite-la fiabilité de ce modéle en analysant (au §2) les
principaux résultats des simulations rétrospectives dynamiques effectuées

sur 1973-1980.

Dans sa premiére version, telle que présentde dans ce papier, le
modéle ANAIS est opérationnel depuis juin 1981 et il a servi da&s cette
date 3 effectuer des prévisions année par année 3 un horizon de 5 ans
(1981-1986). On se propose toutefols au cours des deux prochaines années

d'améliorer le mod&le sur plusieurs points (§3).

1 - STRUCTURE GENERALE ET PRINCIPALES RELATIONS :

Comme indiqué ci-dessus le mod&le ANAIS a pour objet de projeter,
pour l'dconomie frangaise, l'ensemble du tableau input-output en 90
branches ; il vise 3 prévoir pour chacune des 90 branches 1'évolution
de la demande intdrieure (finale ou intermédiaire) ou extérieure

(exportations) ainsi que celle de la production,

Dans sa version actuelle, le modé&le ANAIS est toutefois un modéle
partiel : il part (cf. figure 1) d'un certain nombre de résultats
prévisionnels du mod&le MOGLI = un mod2le &conométrique dynmamique semi-
global de 1'é&conomie frangaise construit par le GAMA de 1974 3 1978 oY -
qui constituent des "entrées” du mod&le ANAIS : revenu disponible des
ménages ; investissements (productifs et non productifs) des différents
s

agents ; &volution des prix 3 un niveau semiwglobal, La "demande &trangére'

est 8galement une variable exogéne du modéle,

La structure générale du modéle ANAIS est, dans ces conditioms,

donnée figure 1,

Partant d'une analyse de la demande finale et des &changes extérieurs
par produit d’une part, et de la détermination des "coefficients techniques"
de demande intermédiaire, le mod@le ANAIS permet de calculer la
production au niveau de chacune des 90 branches du mod&le en tenant
compte de l'interd&pendance entre la production et la demande qui

existe entre les différents marchés,

(1) Sur le modale MOGLI, voir COURBIS et al. (1978,1980).
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En ce qui concerne la demande finale intéricure

(1) La corsommation des ménares par produit (au niveau détailleé

du modéle ANAIS) est déterminlie en fouction du revenu réel disponible
(présent et passé), de l'évolution des prix 3 la consommation, et de la

-

consommation antérieure du produit considéré.

La formule retenue varie selon les branches :
- pour les biens durables, on a utilis&@ une approche du type
HOUTHAKKER-TAYLOR ;
- pour les biens non durables, on a expliqué en général le coefficient
budgétaire correspondant. Celui-ci dépend du prix relatif du produit
concerné et des habitudes de consommation ;
- enfin dans quelques cas, on a expliqué directement la consommation

en fonction du revenu réel, des habitudes de consommation et des prix.,

(2) Les investissements par produit sont calcul@s en partant de

la donnée des investissements par agent (entreprises, ménages,

administrations, organismes financiers) - dont 1l'8volution est pré&vue
3 1'aide du mod&le MOGLI, Le total des investissements par agent est
décomposé par produit sur la base de coefficients structurels projetés

en fonction du temps 2 l'aide de relations &conom@triques appropriées.

(3) Les variations de stocks par produit sont déterminées sur

la base d'une formulation en termes de '"'stock outil" ;

A (8sit) = By A (A Qjp) +B2 8 S o

ol:4 Sjp = variation de stocks de pfoduits i en volume pour l'année t ;
Qit = production (en volume) de la branche i pour l'année t,

Pour achever de déterminer la demande int@riecure totale, on calcule

alors la demande intermédiaire par produit et par branche sur la base

de "coefficients techmiques” qui sont déterminés 3 1'aide de relatioms

temporelles dont la spécification toutefois varie selon les coefficients.




Par totalisation, on en dé&duit le total de la demande intermé-
diaire paor produit ¢t par censCquent lg dewande fatdricure totale. Il

convient alors de prévoir 1'évolution des C{chanves extirieurs :

exportations et importations par produits. Ceux-ci sont déterminés

3 1'aide de "fonctions d'exportation" et de "Fonctions d'importation™ :

-~ les exportations en volume sont reliées 3 la dermande mondiale,

3 la demande intérieure et au prix relatif 3 l'exportation (par rapport
aux prix étrangers) ;

- les importations par prcduit sont fonction de la demande

intérieure (pondérée selon les contenus d'importations de chaque
composante de la demande intérieure) et du prix relatif des produits

nationaux et des produits importés,

Les "&quilibres emplois~ressources" permettent de déterminer
alors la production compte tenu de la demande totale et des &changes
extérieurs. Pour certaines branches, la production est toutefois
supposée exogéne : l'ajustement offre-demande se fait alors soit sur

les stocks, soit sur les &changes ext&rieurs (exportations ou importations).

La demande &tant au prix d'utilisation et hors TVA récupérable
alors que la production est aux prix de production hors taxe, ceci
nécessite toutefois de déterminer &galement les "marges commerciales”
et la YTVA non récupérable" :

= les marges commerciales sont calculées en fonction de la demande

et de taux de marge différenciés par catégorie d'utilisateurs ;

- la TVA non récupérable est reliée 3 la demande des agents qui ne

peuvent pas récupérer la TVA (essentiellement les Ménages et les

Administrations),

1 < s
Les "taux de marge' et "les taux de TVA"( ) sont déterminés

année par année 3 l'aide de relations é&conométriques temporelles

spécifiques.

(1) Ralsonngnt ici en volume, on considére que la législation est
constante et que les taux &l8mentaires sont ceux de l'année de
base. Mais compte tenu d'effets de structure, méme au niveau de
90 branches, les taux moyens apparents de TVA "en volume'' varient
néanmoins.



Le calcul deos marges commerciales ot Joe 1o TVY non récupdrables
permcet d'€crire complétement les équilibres emplois-ressources par

)

branche , ce qui permet de calculer la production (sauf si celle-ci-

cf. supra-est exogéne) :
Production H.T. + Importations + Droits de douane sur importation +

TVA non récupérable + lMarges commerciales = Demande intérieure totale
(prix d'utilisation et hors
TVA récupérable)

+ Variations de stocks

+ Exportations.

I1 faut tenir compte toutefois de 1'interdépendance qui, comme
le montre le sché&ma général du modé&le ANAIS (cf. figure 1), existent
entre les différentes variables du mod&le. Pour résoudre le modéle, on
pourrait théoriquement partir de l'inversion de la matrice de Leontief
mais compte tenu de la taille de celle-ci (90 branches), on a '

préféré adopter une résolution par itérations. Cellerci a en outre

l'avantage de ne pas obliger de rendre au préalable 'carrde' la matrice
des coefficients techniques qui, dans le systéme frangais, est une
matrice rectangulaire ; elle permet &galement de tenir compte facilement
des autres interdépendances que celles existant au seul niveau des
consommations intermédiaires (notamment celles relatives aux importations
et aux stocks), Enfin, le choix d'une méthode de résolution par
it8rations facilitera les améliorations que l'on se propose d'apporter

ultérieurement au modéle,

Les ajustements Econométriques des relations retenues dans
ANAIS ont écé effectués sur les données de la Comptabilité Nationale
relatives aux années 1970-1980,sauf en ce qui concerne la consommation

des ménages pour lesquels les relations ont &té estimées sur 1959-1980,

L'estimation et la gestion du mod&le ANAIS sont effectudes 3 1'aide
d'un logiciel informatique construit spécialement par le GAMA pour les
besoins d'ANAIS. Ce logiciel ( le logiciel GERIC(z)) a en particulier
l'avantage de permettre une réestimation rapide, de caractére semix

automatique, des &quations &conométriques d’ANAIS. Mais une réé&criture

(1) En fait, il faut &galement tenir compte de la production par certaines
branches de "produits fatals'", c'est 3 dire de produits correspondant

3 1'activité d'autres branches.
(2) Ce logiciel est dd a Hach SOK,
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du programne dans le logiciel SLIMFORP sera ndécessaire si1 on veut
intégrer le modZle ANAIS dans le cadre du syst&me mondial de modéles

d " INTIORLL.

2 - RESULTATS RETROSPECTIFS :

On trouvera au tableau 2 les résultats au niveau agrégé des
simulations rétrospectives effectuées de maniére dynamique avec le
mod&le ANAIS sur 1973-1980. Les erreurs sur la consommation des
‘ménages sont faibles (EAM = 0,4 7) mais il faut toutefois tenir
compte de ce que 1'@volution du revenu disponible réel des Ménages est,
dans la version actuelle d'ANAIS, considérée comme exogéne (et
déterminée par le mod&le MOCLI), Par contre l'erreur sur le niveau
total des variations de stocks est remarquablement faible par
rapport 3 celle que l'on trouve géndralement pour les stocks dans
les modé&les &conométriques agrégés ou semi-globaux. Les erreurs
sur les &changes extérieurs, sont toutefois plus &levées, surtout

en ce qui concerne les importationms.

TABLEAU 2

Simulations dynamiques rétrospectives .1373-1980 avec le

modéle ANAIS ;

résultats agrégés,

~ Erreur absolue moyenne (EAM)

Variables E.AM,
Consommation des ménages (en volume) 0,4 7
Exportations (en volume) 1,5 %
Importations (en volume) ' 37z
Variations de stocks (en volume aux prix
1970) 5,1 Milliards de Frs,
Produit intérieur brut (PIB) en volume 0,57

PIB marchand 0,6 7
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Au total, du fait des compeasctivas, L'erreur cbsolue coyenne
sur le I8 toctal ou le PIB marchand o volume apparafc limitde :

resbectivcment 0,5 et 0,6 Z.

En ce qui concerne les ré&sultats, au niveau d3tailld des 90
branches, on trouvera au tableau 3 l'erreur absoluc moycnne pour
la production en volume par branche pour la simulation rdtrospective
1973-1980. Les erreurs sont dans l'ensemble limitées, mais elles sont
néanmoins @&levées pour plusieurs branches. Pour des branches comme
"Minerai de fer”" et "sucre' ol les erreurs sont particulidrement
fortes, ceci s'explique par le fait que la production n'est en fait
gudre déterminée dans ce cas par la demande ; en conséquence on se
propose de considérer la production de ces branches comme exogénes ;
on solderait alors sur les importations (minevai de fer) ou sur les

exportations et les stocks (sucre),

Une analyse plus dé&taillée des erreurs reste toutefois 3 faire :
les enseignements qu’elle devrait donner seront susceptibles

d'orienter les améliorations 3 apporter au modéle,

3 -~ AMELIORATIONS :

Dans sa version actuelle, le mod28le ANAIS ne constitue qu'une
premidre version que l'on se propose d'améliorer progressivement, en
particulier en ce qui concerne :

- les prix, Ceux—ci sont déterminés actuellement (& partir
d'extrapolations de prix relatifs) d'indices de prix agrégés dont
1'évolution est prévue avec le mod&le MOGLI, On se propose d'endogénéiser
véritablement la détermination des prix de production mais ceci/agemande
préalable que soit analysée dans ANAIS l'évolution des colts unitaires
de production ;

- 1l'emploi. L'évolution de l'emploi n'est actuellement pas
analys@e dans ANAIS mais celle-ci est indispensable si on veut
prévoir 1'8volution des colts unitaires de production dont une
composante importante est constitué par les charges salariales, On se
propose donc en premier d'endogénéiser 1l'emploi par branche dans
ANAIS mais pour des raisons statistiques ceci ne pourra étre fait

(du moins au départ) qu'au niveau plus agrégé de 40 branches ;



TABLEAU 3

STHULATTIONS RUTROUPYCTIVES

ANSIS 197Z2-10C0

Production n volume) par branche

Erreur absolue moyvenne (EAM) en 7%
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TABLEAU 3 (Suttwe)

SIMULATTONS RETROSPECTIVES ANAIS 1973-1980

Production {(en volume) par braunche

Erreur absolue moyenne (EAM) en 7

HODELE AUAIS ¢ SIITLATION RETROSPECTIVE, ANALYSFE DIS RESITIS

ERPEUR IOVERTIE DE LA PRGIUCTION SUR LA PERIODE 1973-1980

%)
46 COTPS GRAS ALINENTAIRES 7.9
<7 SUCHRE 13.7
<8 AUTRES PRSJUVITS ALINENTAIRES
49 L3I 5 ET ALCOOLS
5S¢ PIIZUITS A BDAGLE D TABAC
J1 Fils L7 TICRIS ARTIFICIELS ET SYNTHETIQUES
52 FILS ET FILES
83 DINTETERIE
3¢ /
55 CUILNT 0T PEAUN
33 ALRTICLES EN CUIR

57 CUAUSGURES

33 IADILLENZENT

59 PRIBUITS DU TRAVAIL DU EOIS

60 IELUCLES

61 PAPIER, CARTON

62 PREEGE, IMPRIMERIE, EDITION

63 PIEUNATIQUES

64 gt "CRIIATION DES MATIERES PLASTIQUES
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66 : ET GEUIE CIVIL
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63 : .
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70 REPATATICRS DIVERSES

71 LSTELGE, CAPES, RESTAURANTS

72 TRANGPORTS TERNOVIARES

73  TRANGPORTS RCUTIELRS BE MARCHANDISES
74 AUTRIZ TRARGTOLRTS TERRESTRES

75 NAVIGATICN THTERIEURE

76 TRANGPORTS IMARITIMES

77 TRANSPORTS AERIENS

738 SELQVICES AUKILIAILES DE TRANSPORT
79 GSCRVICES BR TELECOIMUNICATIONS

&0 SERVICES BENRUS AUX ENTREPRISES

81 LOCATION ET CREDIT-BAIL MOBILIER
82 LOGENENT

B CREPIT-BAIL IMHOBILIER

84 ENCRIGNEMENT (MARCIAND)

G5 BANTE (HARCIAND)

€5 AUTRES SENRVICES MARCIANDS

S AGCUDANCES
C5  ONGANISIES TFINANCIERS

G2  SERVICES NOGN MARCIIANDS

%0 ENSENBLE BES PRODUITS

CGIN =~ D WWOR =mOANNNCOWOIAWNAN

OCWAOUAN =~ A RO e =~ NABANRL=NNA—=O



- 19 -

- lcs vovenus. L'endoadnéisation de 1'emploi dans ANALS
permettra de diterminer facilement (compte tenu de la dynamique
des salaires nominaux par téte) les salaires versds paer branche
(du moins au niveau de la nomenclature 40), Il conviendra alors
d'analyser, au moins en quelques composantes, les autres revenus
les ménages pdur calculer leur revenu total et leur revenu
disponible. Ceci permettrait de tenir compte du bouclage important

qui existe par l'intermédiaire des revenus,

Ultérieurement, la détermination des investissements totaux

par agent pourrait étre faite dans ANAIS. Pour les investissements
productifs,elle serait faite au niveau des branches ce qul permettrait
de prendre alors en compte 1'incidence des "effets d'offre" au

niveau des capacités de production disponibles.

Ces améliorations devraient 8tre faites progressivement
en 1982-1983 mais d'ores et d&j3d, malgré ses limites, la version
actuelle d'ANAIS qui est opératiomnelle depuis juin 1981 peut étre

utilisde (en liaison avec le mod&le MOGLI),
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‘E.I. INFORUM MODEL FOR BULGARIA -
ADJUSTMENT PROBLEMS AND SOME RESULTS

A. Dimitrov

INTRODUCTION

.SinceAthe beginning of I980 The Economic Institute of the Bul-
gérian Academy of Sciences began to work on the adjustment, expe -
rimenting and development of the INFORUM multisectoral macroecono-~
mic model for economic growth. The task of the team was jointly
with the International Institute fbr Appiied System Analysis %o
study the INFORUM model and to find out possibilities for its ap-
plication in the conditions of our country. The concrete results
- obtained and the methodology described, the computer software and
the recommendations given for the further development and expan-
sion of its scope, are supposed to be put at the disvosal of tke
State Planning Committee and to be useful in making out medium-

term perspective foreplans.
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A description of a longer-term variant of tne INFORUM adjust-
ment was presented to IIASA in Jeanuary this year. The present re-
port covers the results of these actiwities of the Economic Institu
te with completion term - end of I98I . Freliminary results of |
the INFORUM model use with Bulgarian data were obtained a year

280,  Tprese tests, the first for our country  proved
useful because they showed the necessity of a large and profound
"preliminary study of INKORUM and the particularities and differences
of the socialist economf. This brought to studies and evaluations
of given spheres of theeconomy and individual sectors and to fore-
casts preparation . lhese were essentially the final demand elements,
previously examined independently, irrespectively of INFORUM model
as a whole,

This ysexr subject to ~ur research were personal consumption,
capital investment process, foreign trade sector, changes in the
technical coefficients Of matrix A and the computer program for
each sphere individually andof the model as a whole. The problems
which arose in these fields and some preliminary results are the ma in
contents of the present report. The fihal and complete variant of
these research.activifies and their results are to be finished by the
end of I98Iand followed by a discussion in the Scientific Council of
the Econeomic Institute of the Bulgarian Academy of Sciences. Soaxe
problems are subject to an wider study and presentation and Qill be

treated in other papers and reports which are under way.

The initial variant of the research is done on a 25 sectors
nomenclature. These are the subsectors of the industry and the basic

Sectors of the country's material production . The main input data
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used is the input-output balance of Pesople's Republic of Bulgaria
for each year of the period I97I-I979. Forecasts are being made for
1980-1990, as well as for each year of the period. Accoxming to the
particularities of the different spheres other information as well

as data for a longer period of time is made use of.

I. CONSUMPTION

The final demand's element "Consurption" is represented in
the Bulgerian Stafistics as a sum of "consumption of tiae
population"and"other types of consumption ". Their values have
to  forecasted for the period I98I -~ I990. Both elements of
"Consumption" embrace a 25 sectors structure of the national eco-
nomy.

The forecast of vectors "Coansumption of the population" and
"Other types of consumption" is done in two directions using two
different approaches. This makes a comparative study of the results
obtained by the two approaches possible and the choice of the bettexr
one / according to set criteria / and thus enriching considerably
the retrospective analyses of the studied processes. In a way the
methods applied are mutually complimentary éne to anotheé, because
the first reflects the change of the separate components /sectors/
in time and the second the change of the consumption demarnd of given
commodities and commodities groups, aggregated to the level of sec-
tors. The deaggregation of thne sectors in respective commodities
and commodities groups and their examination by means of a type of
consumption functions affords the analysis of the consumption de-

mand depending on the income and the prices /permanent or current/



and at the same time being defined by the reverse process / aggre-
gation of the respective commodities and commodities groups 'into
sectors/ the consumption of the population by sectors of the mate-
rial sphere and the industry. Due to the fact that this method ref-
lects only the dependence of the consumption on the income and tne
'prices it is applicable solely to vector"Consumption of the popula-
tion".

According the first method the examination of the general de-

velopment tendancies and the respective trend extrapolation is
effected in éectors,‘i.e. the vectors "Consumption of the.popula—
tion" and -Other tyoes of consumtion" are analyzed and forecasted
for each sector individually. There is a total volume forecast for
each vector as well and the results obtained &are compared to tke
sum of the forecasted volumes of the individual sectors. The length
of the dynamic rows tested is 9 years /since I97I till I979 /. Tke
analysis of the dynamics and the corresponding extrapolation is

dong by means of four single development models different in type

linear function, second degree non-linear function, linear-semi-
logarithmic function and second degree semi-logarithmic function
which enables the choice of the one describing best the process

under examination for each sector.

The following results were obtained for "Consumpion of the po»u
lation!' for IS80 - I990.Average annual growth rates for : Electri-
cal energy - about 5%, Machinebuilding and metalworking industzy -
about 6%, Chemical industry -4,5%, Food and tobacco industry -5,:.
Crop-growing - 2,5% and Stock-breeding -3,0% . The total wolume o
"Consumption of the population'" will develop with about 4% and tkts

summed volume also with about 4%.



In respect to "Other types of consumptiorn" vector the results
of the forecast are as follows: Electrical energy - 2,4%,Machine-
building and Metalworking industry = 2,4%,Chemical industry - 2%,
Crop-growing -2,6% and the same percentage for Stock-breeding .
The forecasted total volumes are very close -4,2% for the total
volume and 4,7% for the summed one.

Hesides thé abovementioned method for direct comnsumption fore-
cast by sectors, one indirect method to forecast "Consumption of
the population" was also used. It was based on a system of consuzzo-
tion. functions. The esseace of this method is in the constructioc:
/ on the basis of consumption real data and prices indices / of
some dependencies of the consumption on the retail prices and the
income and the consumption forecast on this ground as a function
of the forecasts of the retail prices indices and the income.

For the realization of the second method, starting from the
system of consumption functions [1,2] suggested by prof.&.Almon and
applied in INFORUM and on the ground of other types of knowm con=-

sumption functions, we have developed and tested a system of hierar-
chical consumption functions, These are distinguished

from Almon's functions by the way of the prices indices aggregation.
In Almon's functions the prices indices irrespective of the values
elasticities are aggregated only multiplicatively.

One may pfove that accepting a more generzl form of aggregation
of the prices indices allows on one side the consumption functions
to meet Almon's requirements, at least in the degree satisfying them
as c. Almon's functions and in some additional conditioans even to

a greatez degree.On another side our way of a_gregation affords a

more na tural transition between the consumption functions, meeting
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the yell-known neo-classic regquirements to the Consumption.Chdice
Theory/ the main one being that the consumption functions are to be
engendered by the extreamum problems solutions for maximization of
given preference functions at incomes' constraints,

At this stage of the research a methodology for the parameters

estimation of the consumption functiocns ‘gystem was developed
at cordition based on the multiple use of the least square method

/LSM/ ,parameters estimation programs and consumption forecast
according to these fuggtions. The necessary real data for the pe-
riod 1960 -1980 was collected and computed with respect to consump-
tion and the prices for 60 basic goods groups aggregated into four
levels. The dynamic rows of the income and the prices till 1990
were forecasted. ty means of the above programs a parameters' estim
tion for the different report. subperiods is being done.une has to
forecast now the consumption and the consumption functions and the
aggregation to the level of sectors.

There are some methodological and information difficulties
connected with :the definition of éome of the prices indices, tae
differences in the demand and the consumption in periods of tempo-
rary shortage of some goads, the evaluation of the parameters in
more significant changes of the nominal retail prices and the inco=
mes, the transition from forecasts by commodities goups to fore-
casts by sectors / due to the availability of a double price systec
retall and wholesale prices /etc, which are natural for this tyce
of research and consumption forecast. _

It is of interest to realize the more general form of tke

consumption functions system but it neecs a great volume of

information from the family budgets in oxrder to study the

alterations income influerce ovwer the consumption.
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2. CAPITAL INVESTMENT

The forecast of the volume of the capital investments gemerall
and by technologicel structure is effected for thé whole national
economy by sectors of the material sphere and by industry's sectors.
What is not included however is the &etermination of the expendi-
ture for general overhaul and major expenditures as for geological
research, for the formation of basic herds, expernditurss for nor-
mative, research and other work of experimental nature. The real
data by‘types of capital expenditure do not show a given fendeqcy
and their respective equations have a very high variation coeffi-
cient. ‘ |

To define the capital investments volume in perspective different
methods and models are used. The data for all indices included
in the models are for the perisd I960-I979(I980) . ‘

- The increase of the capital investments volume for the period

1960-I980 is not rhythmical in its variations. One can differen-
tiate two sub-periods I1960-I969 ard I970-I979/I980/ .It is possible
to divide the second subperiod t9 another two subperiods : from
I970 ti11 I975 and from I976 till I980.No matter what the altera-
- tions are, the'average highest alterations rates are detached in
the second subperiod, and the lowest - during the first one. The
general tendency for a gradual decrease of the relative rates is
characteristic.

The original modeis for the definition of the capital invest-
ments volume are the single development models .Here also the afore
sald four different models are used.For a partial parameters sta-
bility test all equations are computed four times : for all " n "
members /pn = I960,I96I,...,I980 /of the dynamic rows, and also for
the first.and second suﬁperiods «nd for -2 members.The compara-

tive parameters estimations of the equations in all the four cases



lead to some conclusions and give an idea about the directions

and the rates of their alterations. The total capital investments
volume for all the national economy, by sectérs‘and by industry's
sectors is defined by means of the equati ons.The number of the sec-
tors is 22, Simultaneously the wolume of the capital investments
for all the national economy is obtained also as a sum of the ca-
pital investments volumes by its sectors. The comparison of the
estimated and the summed value is an index for the choice of the
models chosen. An analogical comparison is being done fSn sector
"Industry" too.

TPrend equations are used too for the definition of the capital
investments wvolume by their technological structure /machines and‘
equipment and construction and assembly works / for the same sec-
tors and for the whole national economy.

The regression type of models is the following type used to
- forecast the capital investments volume.

Originaily as an independent variable at the definition of the
capital igvestmenxs volume by sectors of the material sphere are
the capital investments for the whole national economy. At the.
same time for the sectors of the industry the independent variable
is the capital investment of sector"Industry" . Here also it is
possible to compare one and the same quanﬁity computed differently.

Since capital investments represent the means of / productivs/
"Accumulation" and amortization then the definition of their volume
for the whole national economy in a regression model is effiected
considering them as independent variables.

The volume of the total gorss product and the national income
in a given period depend on the scale of the produqtion. This depen-.

dence reflects the indirect influence of the capital investmentis
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over the gross product's size and the national income. The multi-
lateral connection of'the- social production's development with the
capital investment's size and structure defines them as a factor
of a paramount importance. Through the capital investments the use
of the &available assets is improved and new ones are created
which influences directly the gross product's volume irncrease and
that of the national income's size. .

The interaction among the capital investments, the national
income and the gross product is important. The national incomé is
the source for capital investments and therefore its size affects
theirs., This connection demands a detailed étudy of their inter-
action.That is why regression type equations are used for the na-
tional economy's sectors where the independent variable is the
capital inv'estmen.t: and the variable one =- the g;ro'ss national pro-
duct's growth and the feed back. For all sectors a two Jyear 1lsag
was accumulated bearing in mind that the capital investments of
the current year /t/ ‘are meant for the completiorn of the coms~ |
truction of this year ,to go on with it in the current year and
the beginning of a new construction during the szme period. There-
Sore in case of a capital investments lag T ,in t-th year the
construction started in {t=:)-th year will be done,construction
started in (t—‘E'+I,‘ ’ kt-ﬁ'—Z},’,..,@:- 4 years will continue. and cons‘:l:uc-
tion which ié to be finished in t, &+I}..., £+ T -I,‘ year and 2
construction was started in the same year which is to be completec
in (t+’€}—th year . The following type of linear dependences were
used:

AX . = a

ti Oi+a

+ a,.I_. + . . .
11%e1 T 221Tp-1ys 2357 (ee2) 4

1i
or

I . = . . . - -
ti T 20i 2151 Fremny: T¥emayi) * 221 Rpoayi "X (pa3)g

*ag; Kieozys T Heeny !



and

+ b_.Y

*ByAX pgyi *P3iYy

I_. =Db,.+Db .Axt.-+b L4X

ti 0i 11 (t=-1)1

wtiere ‘4Xt- is the gross product's growth at the respective i-th
sector of the year t ;
Vi -the net output of the i-th sector for t-th year ;
The distribution of the capital investments lagging allacation
during three years is modelled in the following equation :
CAKyy = egy vepylyy *oepiI(ga I)l * ey T(go2)1
It expresses the capital investments effect over the growth of the
main assets due to them /AKy / .

There is the feed back as well but it wii! reflect the cons-
tant effect of the maln assets put into actior to the augmentation
of the capitai invesiments volume.

Finally in order to fix the capital investments volume one hes
to proceed from the output ratio and the temporary lag between the
total ouﬁ%ut's growth and the investments allocated to it.

Since capital investments represent a sum of the worn out
main assets means for restoration aﬁd the expenditures for their
expansion, one defines their volume by the following model :

T
I,. + K[Z2.X_ . + I W,.AX

ti i7ti =1 ji (t-j)i]

where ki is the capital output ratio coefficient at the i-th sector.
T

Zi - renewals assets norm, Wji - lag coefficients iji =1TI.
j=1

If one assumes that the replacement is proportional to the
main assets, and they are in proportion with the smooth quantity

ijti then the renewal will be in proportion with the smecoth guan-
tity output .It is defined by the equetion

Re = 045X 4 + 0.3X [ g0 + 02Xy 505
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where X, is the output quantity of the investing sectors X for
the i-th sector. A two years,lag is used. To make the sum of
Wois Wg; and W,; equal to one, we assume WZi =71 - Woy =Wri . Wnen
replacing this expression for W2i in the equation for Ii a regre-

ssion type of equation is obtained :

By means of this regression three parameters Ki ,Ki W,., KiwIi are

estimated. I, is forecasted by means of the equality K, W,; =K, = ﬁlﬁi
The negatiwe values for W, i1 ( j=0,I,2 ) are set to zero.

For .our country the oukput. quantity by sectors increases and
usualy the first differences are positive but for the éases when

Athls is not so X is defined by the equality XI960 = 11960 ,y
I,; = mx Cxti, 0,95 X (t-i) ;]

These dependences ensure non,negative values for the capital

investments when the output's volume is decreased and the reconstruc-
tion of the machines and the equipment at the expense of the cepi-
' tal inwestments in case the sector does not reach its previoué out-
put. level,

The regnession.equations for the determination of the capital

investments volume include factor Time as an independent variable-



- 31 -

For example, the simplified form is as follows:

InI(t) = kolnX(t) + (I - >\0 - )\1)lnX(t—1) + A, 1nI(t) ,

1

The ;nalysis of the real and forecasted data for the capital in-
vestments volume for the whole economy and for the sectors of tke
material sphere and those of the industry show a constant upwaxrd
tendency. For the period I970,1980 the yearly - growth rate
for sector "Industry" rises from 5,90 to 8,49 while for the whole
economy it is from 8,45 to 7,05. The highest yearly growtx
rate for I975 in respect to I970.have'the segtors : comstruction
materials industry, apparel,transport, glass and porcelain etc.

The same tendency nearly is observed for the’following period under
consideration /I975-1980/.- R

For the whole period of the examination one notices an inc-
rease of the nelatiove'share of sector "Induétry" in the capitel
inyestmgnts'total volume, which is preserved for the sectors :cons-
truction and agriculture . '

- Ih perspective,increasingly greater becomes the share of lndust
ry in the capital inwestments total volume / it augments from
56,75% for I985 to 57,84% for 199g£ Thé biggest relative share of
capital invesiments show the sectoré + machinebuilding, chemical
industry, construction materials, electrical and thermal energy
and fuel and gas. For the remainign sectors the relative share is
nearly the same.Thete is however a decrease of the yearly
growth rate for all sectors, for the national economy it charges
from 4,75 (for I985) to 4,35 { for I990) and for Industry - froz
5,00 (for I985) to 4,7C ( for I990) .



3. EXPORTS aND IMrORTS

B means of the abgvemenxioned four single development models
one can establish the alteration's trend of the export, import, the
output's volume and the apparent consumption one/ the demand for the
industry's sub-sectors and for the remaining sectors of the mate-
rial sphere. As we know the apparent consumption egquals the output
plus import minus export for each sector individually. These four
models characterize the average absolute volumes'growth for the
examined period, the change of the absolute growth, the average ex-
ponentiél growth rate and the alteration of the medium growuh rate.
The four indices define nearly correctly the basic changes for tke
period. Lhe export a nd imporxt developménx is determined as.a func-

tiom of the outpukt's wolume, respectively the apparent consumptioxn’

volume,

these functions are analogical to those of @.Almon and his

co-authors [u4],.

«The difference: lies in the fact that there are no expressions
for the prices and there is no lag in the export function / it weas
found out that the analywysis of 6uz'country's export development 2id
not prove'a lag between the export and the production{ The inclusion
of price correlations creates additional difficulties and reguirss
a considerahle amount of work. This variant was left for the next

stage of work. The relations between the export and the import ¢n

3

t

one side, and the output and the apparent consumption - con tke
other were expressed by elementary linear models. Our goal was <o
get a general idea of these variables ratios. The differences o7
sectors were great and in the dynamics - one: observed imsigniZficant
changes for the examined period for nearly all sectors.

In most cases the extrapolation on the ground of single dev:

lopment models did not give real results for the export and izroct
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fo¥ the period till I990.More realistic estimations were obtaines
on the base of the export and import functions bui then the problem
was how to estimafe the future meanings for the exogenous variables,
finelly this is what is aimed &at, since their values are inte rnad
for the model as a whole.In this case the approach chosen was to
determine the valuses of the separate variants . External inforaaticn
was also made use of - given development of given sectors in scme of
our norm documents , expected development of some outputs and sec-
tors in the world in accordamce with foreign instiiutes and organi-
zations forecasts. Technically ome had to get forecasts for two
years : I985 and I990. For the years from I980 till I89C an inter-
polation.was made by means of the medium geometrical growth rates.
The forecmasts by sectors were summed and compared to the general
forecast made for the expom‘: and the import by analogical methods.
For each sector aﬁd for each year two figures were obtained : lowex
and upper limit of the export and import volumes, Both values met
differences in the premises for the development rates, the type and
the contents of the correlations between the dependent and indepen-.
dent variables. By sectors for ewery year one established the re-
lations of the difference betwgen,hhe upper and lower limit and the
average qﬁantity. |

Most genmerally the results obtained may be characterized by
the fcllowing data. The average yearly growth raté for the expart
during the ten years period till I990 is 6,5 -7,9% when summed ard
4,7 ~5,8% in the total forecast sum .Foxr the import the data are
6,0~6,7% and 6,3-8,6% . |

According the XII-th Congress of the Bulgarian Communist Party's
documents one envisages in 1985 anu;ncrease of +the foreign trade of
PR of Bulgaria 1,4 times. According to our forecast this figure is

I,40-I1,48 times and I,35-I1,54 times when summing and in the forecast



of the total export and import volume correspondingly. In ISSQ 3/=
of the export will be formed by four éectors : machinebuilding,
chemistry, food and tdbécco and transport. The biggest sectors uy
import will be: machinebuilding, chemistzy,ferrous metals and fusl
and gas covering also a 3/4th of the expected impert volume. The
expected forecast's limits by years and sectors vary from.é% to 344
in export / from 8 4o 27 on the average/ and from 2% to 57% - in
import / from 6 to 28% on the average /.The machinebuilding's limits
are II-34% in. export and 8-I7 % in import. For chemsitry - 5 to IO
and 5 to 7% etc. 4s a rule the Iimits are widest in the last year of
the forecast /I1990/ but there are exceptioms too for some sectors,
Comparisons were made between the export and import volumeé - by
sectors and in gene ral in view of the balance's changes and level,
Bearing in mind the conneection of the foreign trade and the country's
output all calculations for the export and impart are on internal
prices at a constant price.base. ‘

The forecasted results obtained are discussed only as aprelimi-
nary variant which will bé used in the general model's solution.
The export's and iﬁport's volumes forecast, particularly for a count-
ry like Bulgaria, must answer a number of additional requirements
and té take into comsideration many other factors and outside condi-

tions.

4, INPUT-OUTPUT MATRIX
An input-output matrix forecast was done for I1980,1955 and ISSC
on the ground of the report data for the annual input-oufiput tables
.for the period I97I-I979 with dimensions 25x25.on the following

principles :



A hypothesis was assumed for a minimum change of the coeffi-
cients with respect to the level of the last years. Lhe reason is

that if you don't know sufficiently well the production conditicrs
of every sector and the concrete expected significant technological
improvements, the next five-years plan; aswell, it is most expedisnt
to envisage a minimum development of the production expenditure for
one unit of the output, than considering these expenditures as ab-
solutely constant or a risk téLeflect the main changes. We think
that the period L97I-IS79 is i;dicative enough in order to be used
for a feasible forecast for a near future - till 1985 which renders
an accounmt of an already achieved level and as far as a forecast
t11l 1990 - with some additional and visible even at present changes.
Oné may consider that the approach used is necessary in pfinciple
as one initial stage of the work .

Practically first of all one forecasts the columns sums /sec-
tors materials - output ratio /.is aggregated gquantities these .sums
are thought to have a greater atability in their development than |
their separate components - the individual input-output coefficients
The dynamic rows . for all coefficients and for the above sums are
smocthed and extrapolated initially till 1985 by single development
models in view of est.ablishing admissible durable trends in the
variables' development.These are foremost the linear and ncn-linear
functions. urdinary exponential, hyperbolic functions and polynoze als
fall in the latter. category. Un anather hand one used complicated
exponential functions asymptotically limited. The different function:
fitness was compared on the ground of past developments and then
forecasts were done choosing for every éase the most appropriate
functions.

Tthe values obtained for the relative expenditure were tested

by experts and if necessary minimum corrections of their forecasting



significance were made. un the Dase of the final dzta for taese
sums, the forecested values of their components - the individuel
technological coefficients were corrected too. The corrections
were in proportion wifh the size of these coefficients and taking
into consideration the cdirection of their development especially
for the energy seCtor;

. . , P
This is how one got frou this forecast the input-output coeifi

cients.

Two variants were made till I980 and I985 and for I990 -~ one

variant.

5. SOFTWARE PACKAGE

For the solution of the INFORUM model IIASA's SLIMFORP soft-
ware package was used . It was adapted to a II/70 PDP minicomputer
The first attempts on ICL failed.The model's solutions were of a
considerably altered SLIMFORP variant. Now one néarly finighes
adjusting the programs om the IBM 370/I35 VS system,

Here E?o were some difficulties.They arise from the fact tﬁat
the Uﬁk system of IIASA is highly organized. Its simplification
for a IBM 37C/I135 VS is actually creating another new SLINFORP
system which is quite a long and workcoansuming process. Zxplicit-
ly the difficulties were :

I . A great software package size - I2 main ard 22 sub=-prog-

rams with about I OC operators /comment operators including /.
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2. Initially one had to run every program one by one.This was
caused by some differences in the FCRTRAN PDP II/7C and IBM
370/135 VS translators. They are :

a) define file operators
b) stop operators for emergencies
c¢) some specific requirements of the COMMON blocks

d) impossibility to close the DO cycle by a tramsfer

operator / conditional or unconditional /-

3. Syngactical errors in the programs .

4, Necessity~fo prepare the control cards for each one of
the programs, caused by point 2.

5 Necéssity to correct-thé data in some of the programs
according the input/output operators demands .

After all programs were run and final results obtained
one made source, object and load libraries for a more efficient
use of the package .So the package programs could be corrected
again, translated and connected differently in accordance with
the package users needs. Procedures for direct execution of diffe-

rent computation parts were created.

Adjustimg the program om a IBM 370/I35 VS is only an
initial stage:; next is the adjustment on a IBM II3C of the
Economic Institute in view of a repeated calculation of the model
and obtaining different variant solutions. We suppose that the
model's users /The State Planning Committee/ will utilize a UNIVAC
system. The preliminary calculations for each wodel's bleck were

done on the minicomputer COMPUCCORP 625 -MARK II oa basic FORTRAN,
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OUTLINES OF AN ECONOMETRIC INPUT-OUTPUT
MODEL OF THE HUNGARIAN ECONOMY

G. Fink and A. Simon

This paper describes the draft of a mode! which is to be built as a member of the series
of input-output models in the INFORUM international system. (1) The aim of the
model is to produce economic forecasts in a very detailed breakdown with special atten-
tion to effects of international economic developments on the Hungarian economy. This
special treatment would be possible by the ties of the model to the INFORUM system.
The project is partly run by the Vienna Institute for Comparative Economic Studies in
cooperation with IHASA.

. The construction of the model is now in the stage of data collecting. For modeling inter-
industry commodity flows, the 1972 input-output table will be used with 79 com-
modity categories. In the various blocks of the model we shall try to be as close to this
breakdown as possible. Where-the classification is different, bridge-equations connect
the various blocks. The foreign trade model fits into the 79 categories of the input-
output table and a bridge is built to transfer to the 119 categories of the INFORUM
system.

The model will be developed gradually, adding to the basic model more elaborated
blocks one be one.

The development of some of the blocks is already in progress (consumption, invest-
ments), others need future research. Let us see one by one, how we inmagine the model
blocks at this stage.

Investments and capital accumulation

in our approach on investment we shall start from the assumption that total investments
and the distribution of investments between individual branches of the economy follows
solely economic criteria derived from past developments and thus couid be endogenized

(1} About the INFORUM-project see D. Nyhus — C. Almon: ‘The INFORUM Inter-
national System of Input-Output Models and Bilateral Trade Flows’, Paper pre-
sented at the IIASA Fifth Global Modeling Conference, Laxenburg, 1977,
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in the model. We know that this assumption eliminates the possibilitiy of a more active
investment policy of central authorities. Thus, at a later stage, we will have to allow for
the possibility of intervention of central authorities by introducing exogenously deter-
mined investments. Exogenous decisions could affect the level of total investment, and
could include decisions on individual projects and investment programs, which create a
new production structure in the economy. The framework of INFORUM models gives
the opportunity to integrate the effects of exogenous decisions into the model in the
form of ‘fixes’, which may override or adjust the endogenous model projections.

The attempts to endogenize investments in the model could start from two points. In a
more narrow approach it could be assumed that expected future output and the capital
coefficient are the only determinants of investment decisions. A second approach could
try to add to these two influencing factors possible effects of prices or profits through
a cost of capital index. Investment policy could enter the model here by including
effects of taxes on the user cost of capital.

Given that a cost of capital index could be found and projected, the investment mode!
could follow the lines of the US model: (1)

relative user cost of capital:
) P (c+d)

TP,

r
and desired capital stock:
- -0
Kt = B¢t

Where Pe — price of equipment
Pv — value added price (value added per unit of output)

¢ — cost of capital

d —depreciation rate

K.t - desired capital stock

B, — trend value {function of time)

t
— output
o = 1/(1-f); 8 — elasticity of substition in a CES production function

In addition to the estimation of the above equations the actual model would need
further refinement e.g. as to reaction time on changes in output and lead of investment
outlays before implementation of new capital equipment.

Consumption (2)

Available data about consumption are the following. The 79 sector input-output table
of 1972 has one vector of consumption, which includes both personal consumption and
government consumption. Personal consumption statistics give a breakdown of personal
consumption in 51 categories for the whole observation period (presently for 1960 —
1978). Time series on total government consumption are available.

-

(1) C. Almon and A. J. Barbera: Investment in Producer Durable Equipment 1976 —
1990, INFORUM Research Report No. 26, October 1978, University of Maryland

(2) This section is a brief account of the work of Gabor Kornai, Institute for Economic
and Market Research, Budapest, who is responsible for the consumption model.
The estimation of the model is in progress and the results will be published in a
separate paper.



A bridge matrix was set up for 1972 which shows the composition of each of 51 per-
sonal consumption categories in terms of the input-output sectors. Government con-
sumption data for the base year were approximated sector by sector as the residual
remaining after deducting personal consumption from total consumption. These resi-
duals give the 52nd vector of the bridge matrix. Assuming that the shares of 1-O cate-
gories in the consumption categories and in the government consumption are constant,
the bridge matrix helps us to set up the time series of consumption by I-O categories.

The model of personal consumption expenditures assumes, that in Hungary the personal
consumption pattern is determined by the choices of the consumers, i.e. scarce supply is
not characteristic of the consumer goods market. There are two major exceptions,
housing and cars. Housing is permanently and cars are mostly in scarce supply. For these
categories a different approach is to be used.

The model generally assumes that consumer demand is determined by relative consumer
prices and personal income. The equation system of Clopper Almon was chosen as the
form of the demand function. (1) This allows grouping of goods, calculating different
cross price elasticities within the groups and across the groups, still preserving the
properties required by consumption theory.

As to the two exceptional goods, they were treated as follows:

In the car market there are two different sets of prices. The second-hand prices clear the
market and the first-hand prices show the consumer’s expenses for a, new car. Both
prices have to be taken into consideration, because changes in the’.u“-l'!land prices have

swbihWlaneffects on consumption, but they have no income effect (they affect only income
distribution). Therefore in the demand function an estimated second-hand price was
used as price of cars while for calculation of real income the first-hand {official) prices
were used.

Housing expenditures were simply excluded from both personal consumption and
personal income and added to government consumption. In contrast to the car market,
where strong complementarities exist among cars, gasoline, and spare parts, changes in
the housing supply affect consumption of other goods only by allowing to spend more
or less income on other goods.

Government expenditure could be regarded exogenous as a first step. Later constraints
on the supply side could be built in the model. Housing is clearly constrained by
housing capacities. Health care, education, administration are similarly limited by both
capital and labor constraints. Investments and the hiring of labor in these sectors seem
to depend on exogenous government decisions.

(1) C. Almon: A System of Consumption Functions and its Estimation for Belgium,
Southern Economic Journal, July, 1979.



The equations of the consumption block are the following:

¢ = f (pck, y) i =1,..,51
51
pce; = z i - Ok k=1,..,79
k=1
where Cy — personal consumption by consumption categories in constant prices
Y — personal income
PCy — consumer prices
pce; — personal cohsumption by input-output categories
ty — share matrix, showing shares of pce in c.

Inventory investments and input-output coefficients

Data on inventory investments in a 79 sector detail are very scarce. They are available
only for 1968, 1972 and 1976, at current prices. Considering the volatility of inventory
investments interpolation and extrapolation of these would hardly give reliable approxi-.
mations of the missing data. Assuming that the composition of inventory investment is
constant over the whole period would not give better results either. {For several sectors
inventory investment was negative in 1972.)

The statistical difficulties suggested the idea to determine inventory investments in-
directly. In principle the following indentity gives inventory investment:

iinvi =q; — z a;: g; + pee; + gee, + ifix; + exp, — imp:) i=1,..79
U i i i i i
where iinv; — inventory investment
q; — gross output
ifixi — fixed investments
exp; —exports
impi — imports
a.: — input-output coefficients.

]

Actually we have data on the I-0 coefficients only for the base year 1972. Even for this
year the two sides of the equation differs by a statistical discrepancy. Using the 1972
matrix for every year, we have the following identity:

iinv; + coefc, = q; — (‘jL‘ 31972ij 9j + pce; + gce; + ifix; + exp; — impi) i=1,..79

where coefc; — residual arising from the fact, that the coefficient matrix of the given
year is different from that of 1972, (plus a statistical discrepancy
arising from the fact, that the items on the right hand side are from
different statistical sources).

Statistics on the right-hand side variables are available, but the left-hand side variables
cannot be statistically separated. Thus only the sum of inventory investments and the
effects of the shifts in the technology matrix can be modeled.



Let us make the following regression estimation:

? 31972” qj + ||nvl +COQ¥C(
=f(t)+u

31972ij 9

where f (t) is a logistic function of t
t —time
u — residual of the estimated equation

The numerator of the left-hand side is calculated as the difference of gross output
and the final demand items. Fitting a logistic curve to this ratio has many advantages, (1)
but other versions with some additional variabies (supply pressures or constraints, etc.)
could be tried later as well. -

Expressing the equation for the sum of inventory investments and the effect of coeffi-
cient changes, we have

iinvi + coefc; = [1-f()]. }i.'laii q +u;. ‘jf.aii q;

The fitted values of iinvi + coefci may be assumed to indicate the shifts in the
technology matrix and longer-run trends in inventory investments. The form of the
function assumes that both of them are proportionate to intermediate use. The

residual Z a1972ij qi . Uu; may contain not only random errors, but short-run develop-
|

ments in inventory investment as well. Empirical investigation of these residuals may
lead us to some explanation of their development.

Output

Output could be assumed to be basically demand determined according to the following
identity:

q; = z 3 qj + pce; + gee; + ifixi +exp; — impi + iinvi + coefci i=1,.,79
| .

on H\c X
Thus output is defined independent . utilization of capacities. Data for capacities

could be defined by the Wharton capacity indicator (peak-to peak interpolation of
output data).

To keep output reasonably close to capacities in forecasts, a feedback of capacities on
output could be built in the model through foreign trade. (Low capacity utilization
spurts exports, curbs imports and thus increases output via the output identity.)

Productivity and Employment

As a first step, productivity could be estimated by simple trends or logistic curves:
emp; (t)

— =f; (1) i=1,..71
Q. (1)

where emp; (t) — employment
fi (t) — function of time

(1) See C. Almon — M. Buckler — L. Horwitz — T. Reimbold: 1985: Interindustry Fore-
casts of the American Economy, Lexington, Mass., 1974, pp. 1567 — 165



Data on employment are set up for 71 sectors. More ambitious functions (inverted
Cobb-Douglas, etc.) could be tried later, depending on the available research capacities.

Forecasts of employment would be based on the above function.

Labor force is exogenous in the model. It is determined by demographic factors and its
forecast could be obtained from population projections.

Forecasts of employment do not necessarily fit to forecasts of the labor force. The
model however makes it possible to search for an income policy that assures consistency.

Prices

In the past 20 years the Hungarian price system underwent many changes owing to sub-
sequent price reforms. However, the principles of these reforms were too various and
the time of their execution was too unpredictable to estimate price behaviour by econo-
metric methods. Thus prices have to be exogenous for the model. This limits the scope
of the model, but this limitation has much less consequences than in a model of a
maket economy. Namely the role of the prices is much less important in the Hungarian
economy:

1. The firms in Hungary are less profit-motivated, thus their decisions depend much less
on prices than in the market economics.

2. Price changes were always accompanied by changes in the subsidy and tax system
which would make the net effects of the changes unpredictable.

When forecasting prices, we are not restricted to econometric relationships. We may
assume for example, that future prices will behave according to the principles of the
1980 reform. The functions for this price behaviour are known through these principles,
but the parameters of these functions have to be set up by assumptions.

The principle for the future price formation is the following: a) prices of the inter-
nationally traded or competetitive goods should develop according to the export or the
import prices in that sector. b) prices of the non-traded or non-competitive goods
should develop according to the capital and labor inputs. Although the principles are
clear, in a model there is much room for various assumptions about the share of com-
petitive goods in a sector or the extent of substitutability of goods with export or
import goods, etc. Although these assumptions cannot be based on empirical evidence,
the model still could give much information about future trends in prices.

Exports and imports

Setting up equations for foreign trade the following requirements would be desirabie to
be met:

1. The equations should capture the domestic factors producing changes in the sectoral
structure of trade.

2. They should indicate effects of domestic demand policy on the balance of trade.



Both of these requirements are met in the model of a market economy by introducing
prices into the model. Relative prices of sectors explain long-run developments in the
trade structure. The domestic price level (income and monetary policy) and the world
market price level together with the exchange rate keeps domestic demand in a long-run
equilibrium with output.

In an economy like the Hungarian, it is sure that prices play much less role and it is even
doubtful, whether they have any significant influence on the developments of Hungarian
foreign trade. It is clear, that the long-run equilibrium between domestic use and output
is not a result of a pure market mechanism, but the result of various control measures of
the central authorities influencing the decisions of the firms, taken in various incentive
systems. It is an empirical question, whether profitability considerations determined
significantly the decisions of the policy makers or the firms in the past 10 - 20 years.
Regression equations of the model could give an answer to this question. One way to
formulate price effects would be to include the ratio of the domestic price index and
the export (import) price index into the eqguation. Another way would be to replace
domestic prices by calculative prices of value added. (1) In both cases it seems useful to
deflate the price indices by the general domestic and the world market price index,
respectively.

These deflated price indexes would ensure the fulfilment of the first requirement. If
the data would not show significant relationships in this respect, simple trends could
replace the price ratios. To meet the second requirement, it seems that monetary and
exchange rate policy are not so important or have not been as widely used in Hungary
that variables of this kind would be suitable to indicate balance of payments policy.
Instead of price variables it would be probably better to inciude capacity utilization
variables into the equations to show the effect of domestic demand (and demand policy)
on the balance of trade.

The export equations include of course foreign demand variables. Data on foreign
demand in the detailed breakdown of the model is not easy to obtain. Information
could be received probably from the models of the partner countries of the INFORUM-
project.

In the import equations domestic demand could be represented by total domestic sales.

(1) Using calculative prices instead of actual prices would assume that social costs are
still somehow considered in economic decision-making, even if they do not explicitly
appear in actual prices. These social costs {calculative prices) of value added could
be approximated by the following expression:

emp; . w; +cap; . int + depri . €3p;

pricei =
va;
where emp; - employment in persons

w; — wage rate per man-year
cap; - capital stock A
int — uniform interest {profit) rate, constant over time
depri — depreciation rate
va; — value added in constant prices, defined as

va; = q; ~ Z a.q.

i jijj



The typical export and import equation of the model would be the following:

P;  qcap
exDi=f -, /] ,dwi)

pw; q;
P; qcap;
impi = f{ ——, —,ddi
pw; q
where exp; —exports in constant prices
impi — imports in constant prices
P; — domestic prices {(actual or calculated) deflated by the general domestic
price index
PW; — world market price index deflated by the general world trade price
index -
qcap; — capacity output
dwi — world demand indicator
ddi — domestic demand indicator, defined as
dd; = ;2 3j; q; + pee; + goe; + ifix;
q; — actual output

Up to this point the peculiarities of trade with the socialist countries were ignored.
During the construction of the model however it may turn out necessary to separate
socialist trade and nonsacialist trade. In this case the above equations would apply only
to the nonsocialist trade, and barter agreements between the socialist countries would
have to be modeled.

These agreements have some features which are unusual in international trade models:
exports and imports may depend on each other within single sectors, the supply of
imports in most sectors may have both an upper and a lower limit. As these inter-
relationships are not only complicated but changing frequently, a complete model in a
79 sector breakdown seems to be a too ambitious goal for the next future. Probably the
major barter trade flows should be treated exogenously in the first versions of the model.

How the model works

With the described model we are able to make forecasts which may be used either as
tools of medium-term planning or for the simulation of the planning procedure. It con-
tains all those relationships which are considered when the medium-term plan for the
main macroeconomic variables of the economy is set up. One of the advantages of this
model over the traditional planning approach is, that it relies upon a consistent set of
relationships, based on statistical evidence. Another advantage is that besides the
aggregate forecasts it may produce infomration of future development in such detail,
which has not been available or producable by the planners up to now. This feature of
the model is mostly due to its connections to the international INFORUM system.
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The forecasts of the model are inferior to a traditional plan or forecast in some other
respects: the statistical evidence of relationships is available only for the past, new rela-
tionships or changes in these relationships are not automatically considered by the
model. Thus any application of the model has to be coupied with an analysis of new
events, possible future unprecedental developments; the effects of which could be
integrated into the model in the form of fixes.

Let us see a chart of the aggregate variables of the model. For sake of clearness only the
most important relationships of the equation system of the model are shown.

exogenous investment income world market labor
variables policy policy conditions

endogenous f

variables
output
\ \ output capacities
\ N
\
AN labor f d
objectives \ abor torce trade
~ utilization balance

During the forecasting exercises we have to solve the same optimal control problem,
that the planners face. Their objective is a reasonable trade balance and labor force utili-
zation. (The objective could be reformulated as consumption and trade balance maximi-
zation, etc., but the problem would be essentially the same.) Their tools are income
policy and investments policy. In the present actual situation (by the construction of
the 1981 - 85 plan) the trade balance had an overwheiming weight in the objective func-
tion. Generally however the model shows the usual dilemma of the Keynesian economy
between a stagnating economy or a deficit in the trade balance.

The model calculates the values of the objectives attained by the tools. By iterations we
can reach those levels of investments, consumption, output etc., which are compatible

with the desired objectives.




AN ECONOMETRIC INPUT-OUTPUT MODEL
OF THE WEST GERMAN ECONOMY

D.E. Nyhus

This paper describes an econometric input-output model of
the Federal Republic of German having 51 sectors, together with
a forecast made using the model. Most of the data for the model
comes from the Rheinische-Westfdlische Institut fdr Wirtschafts-
forschung in Essen. The model presented here is now part of the
INFORUM system of dynamic input-output models.

Equations have been estimated to explain 46 categories of
consumer expenditure, investment demands {(plant and equipment
separated) for 34 industries, exports for 51 industries, imports
and inventory change for 51 industries. Egquations to forecast
input-output coefficients have been estimated. Forecasts of
prices and incomes have not been made and have now been left as

future work.

- 48 -



- 49 -

INTRODUCTION

This is a report on the construction of a dynamic econometric
interindustry model of the West German economy. The basic purpose of the
model is to make projections for the West German economy, year-by-year for
approximately ten years ahead, of industrial output, employment, investment,
and other components of final demand within the structure of an everchanging
input-output table. Structural change over the past 15 years has been
carefully examined in the construction of the model. At present, the model
lacks a price and income side; this is a research topic for the future.

This model, which is now part of the INFORUM system of dynamic
input=-output forecasting models, has been successfully linked with those of
the U.S.A., Canada, France and Belgium (see Almon and Nyhus (1981) and INFORUM
(1981).

Section I describes the general structure of the model and the results
that are available. Section II describes the data and its preparation.
Section III shows the model's equations for each of the final demand
components, labor productivity and input-output coefficient change. Section
IV explains the specific assumptions used in the model and the results of the

forecaste.

I. MODELvSTRUCTURE

The major parts of the model are shown in Figure 1. Also shown are the
principal functional connections in the model. The center block is the
input-output table where some fifty-one industries are distinguished. This
center block shows the sales of each sector to each of the others.

On the right-hand side is the final demand block, which shows the

projection of 46 types of consumer expenditure, equipment investment for
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FIGURE 1.

The Model - major parts and principal functional connections
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34-industries (aggregates of the 51), the construction investment for these
same 34 industries plus residential construction. Inventory investment,
exports and imports, and government purchases for each of the 51 sectors are
also estimated.

To the Left of the center block are the sector outputs. The outputs, of
course, are the sum of all sales including the negative sales imports; hence
production here is domestic output. Productivity and employment for 38
different industries are distinguished here (again aggregates of the 51
sectors).

Estimates of the Labor force, per capita disposable income, total
government spending, foreign demand for German goods, the price of foreign
currency (exchange rate) and relative price trends, are all exogenous in the
model at this time. In Secton 1V, where a forecast result is shown, there
will be more discussion of the exogenous assumptions.

Perhaps the most important element in the structure of the model is not
visible in Figure 1, e.g. the numerous ways in which it is possible for the
user to intervene in its workings. It is easy to modify or override the
output of any behavorial equation in the model: one can add to what the
equation produces; multiply by what it produces, or simply replace the
equation altogether. Thus, the model is not just a forecasting model, but is

designed from the start to make policy analysis easy.

The Model in Motion

The best way to understand the interworkings of the model is to follow it
through the forecasting of one year.

We begin with assumptions for the population and real per capita

disposable income. The personal consumption expenditure equations use the



above assumptions, together with relative price trends, to predict expenditure
by consumer category. A bridge matrix will Later transfer these demands by
consumer category, i.e. butter, into demands for the products, i.e. dairy
products, in the input—-output table. Next, government demands by product are
calculated. A constant structure of governmen§ spending is assumed.

Next we use project foreign demands (some derived from other models, e.g.
France, U.S.A., Belgium and Canada; some by assumption, e.g. Netherlands,
Italy and U.K.) and projected trends in domestic to foreign price ratios by
product, in order to calculate the demand for exports by input-output sector.
Foreign demands and relative German-to-foreign price trends are used to
produce exports by input-output category.

Investment functions generate equipment and construction investment on
the basis of past and present changes in output. There are equations relating
imports to domestic demand and relative foreign-to-domestic prices. Other
equations exist to calculate inventory change by product employing domestic
use and stocks of inventory of the products.

The final demand projections are of great interest, particularly since
they have a great effect on industrial structure.

When the final demands are ready, we then use the projected direct
input-output coefficients —- the inputs of each product required to produce
one unit of output. When these are ready, we begin the solution procedure
known as the Seidel loop. Here, consumer demand for autos is converted into
demand for steel, steel into mining, and mining into gasoline, etc. This
continues until all demands for all products, directly or indirectly required
to make the final goods, have been accounted for., Note that this process does

not call for matric inversion. At _no time do we invert a matrix_in the



repeated due to the dependence of investment and construction spending on
current output. The extent of this dependence is relatively small and
therefore we only need to repeat the process twice. A third cycle was
performed but found to be unnecessary and is no Longer performed

Product outputs are now ready and we are prepared to calculate
employment. Labor requirements per unit of output are calculated on the basis
of the level of output, its change and trends. We then multiply by output to
get employment. Industry employment is then calculated and the result
compared with that of the lLabor force. The difference between the two,
unemployment, is then scrutinized.. If this figure is unrealistically low,
then per capita disposable income, government spending, and the price of
foreign currency are examined and revised, in order to produce a larger

economy, thus creating more employment.

II. DATA

The Economic Research Institute for Rhineland-Westfalia in Essen, F.R.G.,
prepared input-output tables in current and 1970 prices for the years
1962-1975 (RWI, 1979). These data were the primary source of most of the
calculations. Employment and investment by industry data came from detaijled
national accounts (Statistisches Bundesamt, 1980). The investment matrix was
drawn from a 1972 matrix prepared by the German Institute for Economic
Research in Berlin (Baumgart, 1976). Only modifications to the above data
base will be discussed below.

Only minor changes to the RWI tables were made:

(1) Most of the government sales were moved from intermediate to final

demand sales. Only government production necessary to supply the

government's sales to private consumption (presumably government



publications such as maps, statistical yearbooks, etc.) were Left in
the intermediate column.

(2) Row 51 contains investment subsidies. It has no column or row
intermediate entries.

(3) Imports were treated as a final demand column of negative entries.
Thus, the row sums are now domestic production.

(4) The RWI row for secondary production (Kuppleproduktion) was allocated
back to the primary sector. A new sector, Row 50, contains domestic
production of natural gas, which is a produced in Germany as a
byproduct of other processes.

The sum of the dindustry investment did not match the total equipment
investment. The difference, approximately one percent, was due to some slight
statistical definitional differences and probably, Later, to revisions in the
national accounts data. The differences, however, were small.

The investment matrix, on the other hand, had many, more substantial, .
differences. The DIW matrix contained flows for construction while only flows
of investment goods were desired. Matches were made between the S7 branches
of the DIW and the input—output rows of the RWI table. Matches were also made
between the DIW matrix and the detailed national accounts series of investment
by purchaser. Starting with the DIW matrix, we produced an investment matrix
which showed the national account industries as columns and the RWI sectors as
rows. A RAS procedure was used to ensure compatibility. This is an area

where further work needs to be done.

II1I. EQUATION FORMULATION AND ESTIMATION
A. Personal Consumption Expenditures

There are numerous forms of consumption functions in existence. For use



in in

(1979

put-output work, one of the most useful forms is that developed by Almon
) which has the following major properties:

- homogenity of degree zero in all prices and income

- commodities should be complements for some goods and substitutes for

group

others.
- asymptotic consumption pattern depends, as income increases, on
relative prices. The system requires that we List our commodities by

and subgroup, 1i.e.

Group Subgroup
Transportation Public, Private
Food Protein, non—protein,

Beverages, Tobacco

The form of the equation for good i in group G and subgroup S is:

C. = [b,. + b 1.t +b

i 13 2 1.(y/p) +b

1.A(y/ﬁ)]

3 4

- - -\
A e 0

EINE

Ci = consumption per capita in constant prices of good i in year t
y = disposable income per capita in current prices in year t
p; = the price index of good i year t.
P. = ( n ®3 ) %' s, ) L
S \YES P S > Pg = (jgc P J) S (2)
= e
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where sj is the budget share of commodity j in the base year, and
jés %5 % S¢ T jec 55 3 a1f 38y "1 (3)

and b's and 's are parameters to be estimated statistically.

Note that b, was not estimated but rather, econometrically, we first

3
estimated the income elasticity of each product. Since the b3's are directly
obtainable from the individual elasticity estimates (elasticity -
c y b4

b

= = : '
3y C 3¢ ), we then summed: the b,'s to see how close we were to the

3
correct total expenditure in 1975 (the base year). Since our sum was Llow, all
of our individual estimates of b3 were scaled upwards by 11 percent in order
to match the correct total spending rate. Why should we resort to such a
method when empirical estimation is so obvious? Two reasons both econometric,
are put forward. The first is that income and time are generally very
colinear and hence we would have significant problems in pinpointing the exact
effects of each. The second is that income development plays a major role in
forecasting. However, the lLevel of income encountered in the forecast was
never experienced in the past. Hence we could estimate income parameters that
fit well historically, but forecast poorly. Our “hand=picked" coefficients
could certainly be improved by referring them to cross-section data where much
greater ranges of income could be studied. That work must be lLeft to others.
It is a property of these functions that the elasticities with respect to
P; of the demand for all goods not in the same group with i are the same, say

nye Likewise, the elasticities with respect to P; of all other goods in the

same subgroup with product i are the same, say n:, as are all the

g

elasticities within the same group but not in the subgroup (if any}, say n3e

Finally, the elasticity of its own price is different.



All items in the Food Group, for example, were substitutes.
In the Beverages and Tobacco subgroup, however, the items are

complements to each other.

B. Investment and Construction Equations

Investment data for 34 industries, separating plant and equipment, enable
us to study the essentials of investment behavior; the capital output ratio
and the pattern of the lLag between increases in outputs and the jncrease in
capital stock they stimulate.

The investment equation formulates gross investment on the sum of

replacement plus expansion investment.

2
= Q (4)
V=gkQ tk Lyvy 8, .
where

V = gross investment

g = replacement capital stock ratios

k = capital output ratio
Wi T lag weight
Qa = = . +
Q, smoothed output S5, +3Qt-1 2Qt-2

In the first term, kat approximates the current capital stock and g is
the rate of its replacement. In the second term kAQt shows the amount of
capital needed to accommodate the output expansion in year t and W shows the
fraction of that capital bought in the ith year after t.

We constrain the sum of the lLag weight, si's, to unity by setting

1

Wy = 1 - 120 W.e Thus, the actual regression equation estimated is

V= k(gat +8Q ) + kv (8Q -0Q, _,) + kw;(8Q _, - 5Q,_,) (5)



Here we must reiterate that we are only trying to get the essentials and

that the fits of the regression equations could be improved.

C. Foreign Trade Equations
Merchandise Imports

The equation given below is similar to that used for the U.S.A., Canada,
France and Belgium. Only a brief explanation and the empirical results are
given here.

The equation form for each commodity (dropping commodity and time

subscripts) is:
n
M= (a + BLP . (6)

where
M is the volume of imports of the commodity
U is the domestic demand — output + imports = exports
P is the price term

5

t = if% PPy - (7

0
"

9

f m§1sm Pdm Em = foreign price (8)

0
"

Pdm is the domestic price index in country m.

s 1is the share of imports from country m of total imports of the

m
commodity

Em is an index of the price of m's currency in DM

P, is the domestic price index of the commodity in the FRG

m = Canada, U.S.A., Japan, Belgium, France, Italy, Netherlands, U.K.,

and the Rest of the World
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where

X is the volume of exports of a commodity

D is an index of foreign demands defined by:

9 (12)

where

Im is the industrial production index of country m and
Vi is the share of the total exports going to country m.

m is Canada, U.S.A., Japan, Belgium, France, Italy, Netherlands, U.K.,

and Rest of the World.

5 Pd
P = ié oV 5; (13)

t-1i

where
Pd is the domestic price index in the FRG
Pf is an index of competitors prices defined by:
10 . (14)
P.= ¢
t 20 “m “dm “m ,
where

Pdm is the domestic price index of the commodity in country m Em is the

price of m's currency



w's are weights for lLagged prices. The weights are derived from Nyhus

(1975) .

Where estimates of the coefficient b were negative, a time trend equation

was estimated. Its form is
2nM = a + b time + cP (9)

In estimating the price parameter n, we started with an a priori value
and then maximized the following utility function.

- 82 _ | n - apri ||
O R0 e (10)

We found that the a priori estimates were sometimes accepted
and sometimes rejected. The demand elasticity for all 45 items
shows that for 1975 the aggregate price elasticity was -.94 and

the aggregate demand elasticity was 1.30.

Merchandise Exports

The form of the equation is identical but the meaning of the variables is

different.

X = (a + bD)Pn s (11)



Up is the share of world exports of the commodity by country m.

As with merchandise imports, here we used an a priori estimate of the
price elasticity n. The aggregate export price elasticity,
using 1975 exports as weights, is estimated to be =-.92 and the

average demand elasticity to be 1.38.

Nonmerchandise Trade Equations
Transportation and service exports and imports were related very simply

as follows:

= 15
Vi =at bs, (15)
where
vik is the flow of exports (k=1) or import (k=2) for a given year
S, is the merchandise total for exports (k=1) or imports (k=2).

k

D. Productivity Equations
The equation for Llabor productivity for each of 38 industries is
formulated to show the effects of technological change and growth in the

economy. The form is

= 16
log (E/Q) = b, + b1t + bZQ (16)
where

E = Level of employment in an industry in man years

@ = output of that same industry.

The coefficient b1 represents technological change and b2 the size of the

economy. Because of high collinearity between time and output, the validity



of the distinction is sometimes in doubt. An alternative interpretation is
that @ is really a proxy for capital accumulation. Hence, b2 may be
interpreted with this assumption as the effect of capital accumulation on

productivity.

E. Coefficient Change

Changes in input-output coefficients are crucial to any meaningful study
of structural change in an economy. The method chosen here is designed to
account for wide-spread, pervasive coefficient change in a rather simple

manner,

A logistic curve defined by the differential equation

= b(a - ¢) (17

1dc

¢ dt
is used. "c" denotes the coefficient, "a" its asymptote and "“b" a constant.
Thus the rate of change of the coefficient slows as the coefficient approaches
its "saturation" or as it nears its minimum use point.

The solution of this differential eguation is

¢, = al1+ Ae Pty (18)

where A is a constant of integration.

To apply ordinary least squares the equation is rearranged as follows:

a
n (E-— l) = n A - bat if £ > 1 (19
t ct
or
a
n (l - E-) = 2n (-A) - bat if & < 1. (20)
t ¢ T
t
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The first is used for rising coefficients; the second for declining
ones.

The application of the above equations to the data presents some
problems. Time series on individual coefficients do exist, but because they
were not derjved from basic data but rather from a form of the RAS method, we
feel that the estimates based on the movements of individual cells of the
matrix are probably not meaningful. Therefore, we introduce a new C_it

referring to the entire row i as follows:

Uit = X5e 7 Fir 7 245 Xie (21)
49
V., = .1, a.. X. (22)

it =1 i) it

C_it = Uitlvit ’ i=1,a..,50. _ (23)
where

U_it = actual intermediate use of commodity i

x1.t = domestic output of commodity 1

Vit = jndicated use if coefficients have remained constant over the

entire period
aij = the matrix of direct coefficients for 1975
o i¢ = index for the movement of all the coefficients in the ith row.

For each industry we find the predicted coefficient change for the first

two years of the forecast, then the change for the Last two years. The equation

ensures that all absolute rates of change are reduced and that the direction

of change is held constant. The third column of numbers shows the fit of the

equation as it predicts the movements in C;p == or in the last column -- the

fit in prediting Uit'



IV. A FORECAST

Any forecast of an economy using an econometric model is the result of
joining the equations used to certain assumptions. Assumptions may interact,
with each other, as they do here, but the outline of the result is still
determined by the interaction of assumptions and equations. Since the
equations have clearly been described in Section 3, we will now amplify on the

assumptions and then describe the main features of the forecast.

Assumptions

There are three important assumptions concerning personal consumption
expenditures for the years 1975-1990. They are the population (known to
1979) , disposable income per capita (known to 1978), and the spending rate
(also known to 1978). The total population is projected to decline slightly
from the current figure of about 61.5 million to 60.0 million in 1990.
Disposable per capita income is projected to increase by only 0.4 percent in
1980-81. The period 1981-85 foresees a slightly faster path of 3.1 percent
per year; a slowing to 2.5 percent per year is forecast for the 1985-90
period, The West Germans spent an average of 84.5 percent of their incomes in
1975. We project an 84 percent constant rate for the whole 1980-90 period.
We must state at this time that the assumptions regarding income are under
constant revision and are heavily influenced by the models projection of
unemployment. The assumptions regarding lLabor are discussed Later.

The projections of foreign demands, while exogenous to the FRG model, are
partially the results of other models in the system. Specifically, the
results of the French, Belgian, U.S.A. and Canadian models are used. To
these are added assumptions concerning the U.K., Italy, Dutch, Japanese, and
the Rest of the World economies. The Linked economies (France, etc.) were
forecast interactively and with the same non-varying assumptions about the

others (U.K, etc.) until insignificant changes appeared in the projected
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outputs. So, the "assumed” foreign demand projections show a drop of 0.4
percent in 1980-81, a rise of 3.5 percent in 1981-85, and 4.3 percent in

1985-90. The projection of the exchange rate is based upon two factors. The

first is that we try to maintain some sense of the balance of trade. The
second s that we project the foreign/domestic price ratios from trends
estimated historically. Built into these trends is the past revaluation of
the DM, We have estimated the effects of the past bM revaluations sector by
sector and subtracted them from the trends. Thus, the assumption about the
price of foreign currency which we make here must, in some sense, incorporate
the past trends in the foreign currency price. The result is an assumed
revaluation of the DM of 2.8 percent per year in 1981-85 and 3.3 percent per
year in 1985-90. One must keep in mind that these are revaluations against a
weighted average of the FRG's trading partners and not just against the
dollar,.

The final major group of assumptions involves employment. The size of
the Labor force is projected to remain unchanged during the 1979-90 period
following a small drop in 1975-79. Unemployment appears as an assumption.
Technically it is an outcome of the subtraction of the total employment from
the Llabor force and, therefore, endogenous to the model. 1In fact, however, an
"unreasonable™" unemployment figure leads to revised estimates of disposable
income and government expenditure and so here unemployment is called, as in
fact, it is, an exogenous assumption. The forecast has unemployment risng
until 1983, peaking at 1.13 million and then falling to .9 millionin 1985, and
falling further to .8 million in 1990.

The last group of assumptions involves coefficient changes in the energy
sectors. The across—-the-row change equation forecasts were overridden for
Electricity, Gas, Coal Mining, and Petroleum refining. The assumed pattern

(indexes) 1is as follows:
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Seller Burer 1975 __1980___1985___19%0
electricity all intermediate 1.0 1.04 1.0 .95
gas all intermediate 1.0 1.25 1.4 1.4
crude oil all intermediate 1.0 1.0 1.0 1.0
refining all intermediate 1.0 .9 .8 ol
refining electricity 1.0 .9 N-) 3
coal electricity 1.0 84 1.2 1.2
gas electricity 1.0 .8 o7 WA
gas plastics 1.0 1.0 1.0 1.0
Note: patterns referring to specific buyers have priority over those

referring to all buyers.

As one can see, we have imposed a scenario of electricity generation
which assumes more emphasis upon coal and nuclear power and less upon oil and
gas than would have been the case using the estimated across-the~row function.
In addition, natural gas feed stocks sold to make plastics are held fixed

since, in this case, gas is not a fuel but a feedstock.

The Forecast Results

Table 1 shows the main macroeconomic results. It should be emphasized
that the numbers shown are merely sums of the detailed sector by sector flows
and hence are not imposed from above. (The only exception is the item for
government spending.) As can be seen, we expect exports to be growing
significantly faster than total wroduction, and private consumer expenditures
somewhat slower in the coming decade. The table below shows the very marginal

shifts in the main GNP:
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Percent of GNP

1975 1280 19290
PCE. 50.4 49.5 47.9
GOV 29.2 29.5 30.1
EXP 22.8 24.4 26.2
INVESTMENT 19.8 19.3 17.8

(plant & Equipment)

Components predicted by the model.

Some highlights of the sectoral details are shown below:

Sum of Percent of Gross Qutputs

1973 1980 1920

Agriculture 3.29 2.92 2.57
0il refining | 1.61 1.54 1.20
‘Machinery 4.38 4.33 4234
- Textiles 1.55 1.38 1.22
Construction 7.06 6.60. 4.20
Retail trade 3.83 3.80 3.79
Banking 1.92 2.05 2.26

Percent of Total Employment

1975 1980 1920
Agricul ture 7.15 5.62 3.53
Machinery 4,48 4,57 4,46
Textiles 1.57 1.29 0.85
Trade 12.48 12.22 11.39
Banking 1.92 2.26 3.03

Government 13.78 15.91 20.86



As one can see from these tables, empLoyment is moving strongly toward
the service side of the economy, while the output measures show no such
pronounced trend. To be sure, for output, we see relative declines in
Agriculture and Textiles and an increase in Banking services; on the other
hand, both Machinery's and Trade's proportion of the total remain remarkably
constant. For employment, Agriculture's and Textile's proportion is halved,

while Government's share is predicted to rise by nearly 50 percent.
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A DESCRIPTION OF THE BELGIAN
INFORUM MODEL

D. Vanwynsberghe

This input-output model was constructed along standard
Inforum lines and has been in use since 1976. It considers
52 sectors, for which an input-output table for the year 1970
is available. Final demand is separated into six sectors each
of which has its own commodity classification. Econometric
equations based on time-series data starting in 1960 are used
to derive 59 personal consumption functions, 35 export functions,
35 import functions, and 36 inventory functions.

Investment is divided into two parts, which leads to 72
investment functions for 36 industries aggregated over 52 sec-
tors. The same aggregated industries are used in the employment
functions.

The main exogenous variables are:

. Disposable income per capita

. Labor supply

Rate of savings in national income

Two categories of government expenditure (disaggregated
by sector)

Aggregated data on foreign demand (for 10 commodities)

Exchange rate



The model generates a solution in constant prices, and
therefore requires only information on relative prices, i.e.
indices of the growth in prices treated with the GDP price
deflator. At present it assumes that foreign trade shares.
remain constant, which means that structural changes in the
environment of the Belgian economy cannot be taken into account.

The most important part of the model is that dealing with
foreign prices. The international market is split into four
groups, the first consisting of the U.S.A. and Canada, the
second of Japan, the third of the F.R.G., France, the U.K. and
the Netherlands, and the fourth of all countries other than
those already mentioned.

The study of foreign trade between Belgium and these four
'regions' is based on 1961-1975 import and export data for 119
commodities, which can easily be aggregated to represent 35
sectors. This data is used to construct market share matrices
which are assumed to be constant over time, and aggregate prices
are calculated for exports and imports.

Domestic prices are derived using equations based on the
cost of goods and prices for competitive and complementary im=-
ports.

The export prices depend on whether the country of origin
is a price-taker or a price-maker. 1In the first case the export
price is a function of the prices charged by competitors and of
lagged dependent variables, in the second case it is a function
of wholesale prices and lagged dependent variables.



PART II

WORK ON MODELING
OF PERSONAL CONSUMPTION EXPENDITURE



A CROSS SECTION AND TIME-SERIES
ANALYSIS OF HOUSEHOLD CONSUMPTION

P. Devine

This paper describes a system of equations for forecasting personal
consumption expenditures. These equations are unique in that they

incorporate all of the following information:

Size Distribution of Income - Because rich and poor households do not
consume in a similiar fashion, information on the distribution of
income (and not just its average value) is included in the

equations.

Age Structure_of_the_Population - The equations treat individuals of
different ages differently by assigning to separate age groups
relative weights for each consumption item.

Demographic_Composition = The structure of the American household is
changing in ways that influence consumption patterns: One and two
member households are increasing, the educational level is rising,
population is migrating from the northern sections of the country,
and more households have two wage earners. These demographic
changes affect consumption items differently. The comoined
effects of these demographic changes are included in the
consumption equations.

Relative Prices = The system of equations allows for a great deal of
flexibility with regard t2 product substitutability and
complementarity.
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To measure the magnitude of the demographic and economic influences -
on consumption required that both time-series and cross-section data be
utilized. Because of the wide variety of households in the sample,
cross-section data provide a perfect enviroment in which to measure the
effects of household composition on consumption patterrns. However,
cross—-section data are not overly useful when one wants to estimate the
price effects that will be used to shape Long run forecasts of
consumption, Time-series data, on the other hand, can be used for
measuring price elasticities but not for measuring the effects of slowly
moving demographic variables. Since neither data source alone would
have sufficed, both were used, with each contributing their special
attributes to the formulation of the final system of equations.

The equations have been estimated for 77 compoﬁents of US personal
consumption expenditures and are used in the Input=-Output of the U.S.
model developed by the INFORUM project.

This paper isbin four sections. The first section describes the
cross—-section analysis in which the demographic influences on
consumption were measured, The second section outlines the transition
that was necessary in going from the cross—-section results to useful
time-series variables. The third section describes the form of thé
time-series consumption function. Results of the different estimations

appear in the fourth section.

CROSS~-SECTION

The objective of the cross-section analysis is to measure the
effects of both income and demographic influences on household
consumption. The analysis allows nqt only for the effects of income and

number of household members, but also for such influences as the age



structure of household members, region, labor force participation of

spouses, and education.

Apart from the fact that demographic variables have a natural place

in the investigation of cross~section consumption data, the reason for

studying their effects is to acquire information that can help to
explain time-series consumption behavior. Since the demographic make-up
of the population contributes to the determination of personal
consumption expenditures, it is necessary to account for changes in the
demographic profile that occur through time. These changes, however,
are many and slow; it is therefore impossible to identify their complex
interactions by using only time-series data. Cross-section data, on the
other hand, provide a very rich source of information on the démographic
influences on consumption. For this reason, if the effects of changing
composition of the population are to be accounted for in the time—-series
analysis of consumption, the magnitude of the demographic effects must
be measured by using cross—sectional data.

The theory of the consumer tells us that a consumer's demand for a
commodity dgpends both upon his income and upon prices. In addition,
the demand for a commodity might well depend upon demographic
characteristics of the consumer. We can write the general demand

function for commodity i as

Ci = f(Y, ?l,...,Pm, Dl,...,DL) (1)

where



Ci is the quantity of the ith gocd demanded,

Y is income,

P1 through Pm are the prices of all goods, and

D1 through DL

In a cross-sectional analysis, however, all consumers face essentially

are demographic variables.

the same prices. Therefore, different patterns of consumption among
consumers are the result of differences in income and demographic
characteristics alone. If we consider prices as being constant, we can

rewrite equation (1) as

c, = f£(y, D

{ D,) (2)

100

Therefore, cross—section data provides a framework in which we can
study the effect of income and demographic characteristics on
consumption without having to account explicitly for the effect of
prices.

The task at hand is to specify a functional form for equation (2)
which is flexible enough to be used as the consumption function for a
Long list of goods. (Table 1 contains a complete listing of the S0
separate commodities under investigation.) The function should be able
to represent the demand for luxury items, necessities, or even inferior
goods. It should also incorparate demographic influences in a straight
forward manner.

The form of the cross-section consumption function used, designed

with the above requirements as a guide, is as follows:

C.=(a+ I. b, Y + L d. D) - (I W N 3
(a 5L J) (g_ g N (3)
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where

Ci = household consumption of good i
Y. = the amount of per capita household income within

3 income category j. (An expanded description follows.)
D. = a zero/one dummy variable used to show inclusion

] in a demographic group

Ng = the number of household members in age category g

K = the number of income groups

L = the number of demographic categories
G = the number of a age group

parameters to be estimated.

a,b,d,w

Incorporated into equation (3) are three special features. The
fipst is the treatment of the relationship between income and
consumption, the second is the method used to measure the effects of
demographic variables and, the third feature is the way in which the
equation accounts for the age structure of thelhousehold. These
separate features will be discussed in turn, but first, a few comments
about the equation as a whole are in order.

The consumption function can be viewed as explaining household
consumption as the product of two components =—— consumption per person
and the 'size' of the household. The consumption per person is
determined by the level of income per person and the demographic
characteritics of the household. (This consumption per person is
represented by the expression within the first pair of parentheses of
equation (3).) The ‘'size' of the household varies by commodity. This
'size' depends not only on the number of members of the household, but
also on the specific age distribution of the members as well. (The

‘size' is represented as the summation in the second pair of
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parenthesis.) The consumption function (3) can be viewed as an
expansion of a simple equation which relates per person consumption to

per person income, such as

C.
i

yotE “
where N is the number of members in the household. To this simple form
we have added demographic characteristics to f(-) and generalized on the
size of the family, n, to make it a function of number of members in
separate age categories, say g(n1,...,ng). For convience, the equation
is then written in product form. That is, equation (3) can be
represented as

C; = £(%, D) - g(N N )

100N
This formulation, therefore, keeps intact the conventional notion of
relating per capita expenditures to per capita income,

The component pieces of equation (3) will now be discussed in
detail, starting with the per capfta portion of the equation (income and
demographic characteristics) and then the age distribution of the

household.

Consumption_As_A_Function_of_Income

Consumption has been related to income in a number of fashions.
Brown and Deaton, in their fine survey of models of consumer béhavior1,
discuss four possible candidates for Engel Curve analysis. They are the
double logrithmic, semi-logrithmic, Log-reciprocal, and Llinear

functional forms. Each is thought to have special merit in certain
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circumstances. For goods with income elasticities less than unity,
Brown and Deaton recommend the semi-logrithmic form. VWhen the
elasticity is close to unity, the linear form is recommended and when
income elasticites are greatef than unity, the double legrithmic (or
constant elasticity) form is considered useful. For goods that approach
saturation Levels, the log-reciprocal form is suggested.

The suggestions of Broun and Deaton indicate that the functional
form used to relate consumption to income should be tailored to match
the particular characteristics of each commodity under study.
Therefore, no single form among the four functional forms discussed is
flexible enough to be used in the investigation of the 50 commodities,
- For this reason, a more general form for the Engel curve is proposed.
We will call this functional form the Piecewise Linear Engel Curve.
As the name implies, the curve is made up of lLinear segments over specified
income ranges. The slope of the segments are allowed to d{ffer for different
income ranges but with the requirement that the curve be continuous;
Figure 1 depicts a Piecewise Linear Engel Curve for the case uhe}e five

income brackets are considered.

C. 4

N

Fiourz 1
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The principle advantage of th Piecewise Linear Engel Curve is the
flexibility that it possesses. The curve can be likened to a rod that
has flexible joints at fixed infervaLs -= such a rod (curve) can be
transformed into a myriad of shapes. Therefore, the Piecewise Linear
Engel Curve can approximate quite cLoseL} each of the four functional
forms Listed above. This flexibility allows us to use just this one
functional form yet reap the benefits that would accrue from fitting
different functional forms to different commodities.

To represent the Piecewise Linear Engel Curve aLgebraicaLLy, we
must first define Bj to be the upper bound for the jth income bracket.
For example, if we consider.the Lowest income bracket to be from $0 to

$5,000, then B, would be $5,000. We can now represent the Piecewise

1
Linear Engel Curve (hereafter PLEC) for good i as

+ : b, Y | ©)
C;=a* &y ® 7y '
WHERE
. - £ B.< Y
- ) v- f B, ,< Y< B,
v, W Y-B, 1 -1 = j
| 0 if Y < BJ-l
and
Y = household income
K = the number of income brackets.

By is defined to be zero and B, as infinitye.
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For a household with an income of Y, the Yj variables are defined
to be that amount of income the household holds in each income bracket.
That is, for brackets below the bracket in which the household's income
'Lies, the amount of income held (the value of Y's) is equal to the full
range of income in that bracket. For example, suppose a household has
an income of $12,000. Then this household would hold 35;000 in the
bracket defined by $5,000 to $10;000. The amount of income held by the
household in brackets above the one in which their income Lies is zero.
Within their income bracket, the household holds that amount by which
its income exceeds the lower bound of the bracket. Consider the
following example where there are five income brackets. Let

B

=0, Bi = 5,000, B, = 10,000, B, = 15,000, B, = 20,000,

0 3 4

B5 = infinity
The following table gives the values of the five Yj variables for four

2

families with different incomes.

Table 2
FAMILY Y Y1 Y2 Y3 Y4 Y5
1 3,000 3,000 0 0 0 0
"2 12,000 5,000 5,000 2,000 0 0
3 18,000 5,000 5,000 5,000 3,000 0
4 27,000 5,000 5,000 5,000 5,000 7,000

The bj parameters in equation (5) correspond to the slopes of the
PLEC in the different income brackets. To see that this is so, consider
the income derivative of equation (5).

dC, K

— =S + 1. b, Y,
dy dy a J;l i 3
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Since
(& (s, -8, )=0 4if B <Y
-3 =8 4 oy - - if B, , <Y< B,
T (Yj) = 4 w & Bj_l) 1 j-1 % 5
& () =0 if Y < B,
. dY J"l

The slopes of these Engel curves tell us what proportion of an
additional dollar of income is devoted to the consumption of good i.
Let us dub this proportion the Specific Propensity to Consume (or the

SPC) on good i. That is

SPC, = —— ' (6)

The term "specific" is used since the propensity to spend on a good will
vary from gooa to good. For example, an additional dollar of income may
lead to an increase of expenditure of ten cents on food but only an
additional two cents on alcohol. (This concept should not be confused
either with that bf income elasticity or with that of the total marginal
propensity to consume, although it is similar to both.)

The advantage of the PLEC is not just that the SPC varies from good
to good but also that the specific propensity to consume a particular
good need not be the same for different income groups. This desirable
feature is obviously the result of allowing the slope of the Engal
curve to vary over income prackets. |

Throughout the above discussion of the Piecewise Linear Engel Curve

we have repeatedly referad to household income. The precise form of the
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income vartable used is this study, however, is per capita total
expenditures for the household. That is, we make the following
definition

M

Y= I C/N (9)

[x]
"

household expenditure on good i

the number of commodities
N = the number of members in the household.
Ideal ly, the Level of household consumption would be related to lLevels
of current and past incomes as well as to household wealth. However, it
is difficult in the cross—-section to account for either past income or
for wealth. Brown and Deaton comment that
"Since on a cross-section of households wealth is in general
positively correlated with current income, the calculation of Engel
curves without allowance for the sepzrate influance of wealth is
Likely to be misleading if the relationship is used for prediction
through time, since a sudden inciease in income will not be matched
by a similar increase in wealth.
Since the purpose of this cross—section ana[ysis is indeed to

obtain Engel curves that will be used in the examination of time-series

consumption patterns, we seek to avoid the problems associated with

using current income without accounting for either wealth or past
incomes by using total expenditures. The effects of current and past
incomes, as well as the effect of wealth, will jointly determine the
level of total household expenditures. Sﬁppose, for example, we cbserve
in the cross-section a wealthy household with a history of high income

experiencing, for whatever reason, a period of lLow income. We would



expect in this case that the level of total expenditures will have
declined to a lesser degree than current income because the household
views the perjod of low income to be transitory.

An additional difficulty with using.income as the explanatory
variable in the Engel curves is explaining the proportion of income
devoted to savings. In the cross-section, there is a strong positive
correlation between the Level of income and the average propensity to
save. The same correlation is not evident in the historical data.
Average incomes have increased substantially over time while the saving;
rate has remained roughly constant and even fallen slightly in recent
years. Therefore, using Engel curves fitted with income, as opposed to
total expenditure, would result in an overprediction of savings in
periods when average incomes are high and an underprediction of savings

when average incomes are low.

The Effect of_Demographic_Variables

The most general method for allowing demographic variables to
.influence consumption patterns uouLd be to estimate separate consumption
equations for each demographic category. This would allow each
demographic group to have intercepts and specific propensities to
consume out of income that ‘are distinct from those of all the other
demographic groups. This approach has the obvicus problem of having to
estimate a very large number of separate equations. (Consider the case
where there are four regions, four family sizes, two educational Llevels,
and working and non-working spouses; To completely categorize the
population, we would need 64 separate groups.) Even if the

cross—-sectional data were sufficiently rich to allow for this method of

accounting for demegraphic effects, severe difficulties would arise when
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we attempted to incorporafe the results into the time-series analysis.
With separate equations, we would need to know the past and future size
and income distribution of each demographic group.

The procedure adopted for this study allows only the intercept of
the Piecewise Linear Engel curves to be different for different
demographic groups. This assumes that the effect of demographic
variables is to shift the entire curve upwards, or downwards, in a
parallel fashion. Therefore, all demographic groups have the same
specific propensities to consume out of income. This is accomplished in
the usual fashion by creating zero—-one dummy variables to indicate
inclusion within various demographic categories. With this

modification, we can rewrite the consumption function as:

K L
C. =a+ZI. b, Y.L+ . d.D
i %L 73 3 351 73 73 _(10)
where
[
1 if the household is a member of the
. .th .
Dj = { ] demograhic group
Q0 otherwise
L = the number of demographic categories

Consider a specific example of equation (10) where the only
demographic variables included are region and the ecducaticrnal status of

the household head. Then we could write (10) as:

K

C.=a+ I _b.Y. +
1 1P ¥y td  S+d  NCH+d W4 E

where
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(%]
!

is 1 if the household lives in the South, 0 otherwise

NC

is 1 if the household Llives in the North Central Region,

0 otherwise

=
|

is 1 if the household lives in the West, 0 otherwise
E - is 1 if the household head is a college graduate,
0 otherwise.

This example illustrates two properties of the proposed technique.
First, a separate dummy variable indicating that households resi&e in
the Northeast or a dummy variable indicating that the household head has
less than a college Llevel education have not been included. If these
variables had been included, there would be perfect multicollinearity
between the set of variables indicating region and the set of variables
indicating educational attainment (as well as with the constant term).
Therefore, the constant térm ‘a' represents the intercept of a household
residing in the Northeast whose head does not have a college degree.
Households that live in different regions, or who have a college
educated household head, have an intercept that is the sum of the

constant term *a' and the appropriate demographic coefficients.

The second property of the technique used to measure the influences

¢t demograhic characteristics is that no provision is made for
interaction between the variables. The effects of the different
demograhic variables are assumed to be additive. For example, the
effect of having a college education or the consumption of tobacco is
exactly the same for all regions. This assumption is made for two
reasons. First, if we were to allow for full interaction between the
dzmographic groups, a large number of additional parameters would need

tu be estimatéd. Second, and most important, is the fact that the
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transition from the cross—section to the time-series would be made far
more difficult if interaction terms were included. To incorporate the
jnteraction terms into the time-series would require that we know the
historical size of more narrowly defined demographic groups. For
example, we may want college educated households with working spouses
Living in the North Central region to have their own special intercept.
If this were the case, we would need to find out how many households fit
this description over time == a difficult task, at best. (One method of
obtaining this data would be to use the marginal totals in the RAS
balancing approach, starting with a table obtained from the
cross-section data.) If we are content to allow the effects of the
different demographic variables to be additive, obtaining the necessary
historical data is a much more managable task. (Fof example, we would
only need to know the population of the different regions of the
country, the proportion of all household heads who have college degrees,
and the proportion of households with two wage earners.) For the above
reasons, and because it does not seem to be overly restrictive, we make
the assumption that the effects of the different demographic variables

are additive.

Age Structure

As mentioned above, age structure can te an important determinant

of household expenditures. This is true , to varying degrees, for
each of the S0 commodities undef investigation. Hcwevzr, if we vere
to stop the development of the consumption function as it stands in
equation (10) and estimate it in per capita form, we would be implicitly
assuming that the age structure of the household holds no useful

information other than telling us the size of the household.
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To utilize fully the information on the age structure of the
household, a set of Adult Equivalency Weights are estimated in
conjunction with the consumption function. These Adult Equivalency
Weights (AEW's) allow us to construct a measure of the size of the
household which weights members of different ages differently. This
weighted household size varies by commodity. Define the size of the

household specific to good i as

G
N, = gél wig Ng (11)
where
Ni = ueighted'househoLd size for good 1
6 = num?er of distinct age groups
Ng = number of HousehoLd members in the gth age group
wig = weight of the gth age group in the cdnsumption

of good i.

This technique permits us to give high weights to the Likely consumers

cf a good while giving relatively low weights to those less Likely to
consume the good. Consider the tobacco example and, for

contrast, consider medical services as well. Suppose we have three age
groups = children, adults, and the aged. Suppose. further that the
adult equivalency weights in the consumption of tobacco for the three
age groups are 0.2. 1.0, and 0.5 respactively, while the corresponding
weights for medical services are 1.5, 1.0, and 2.0. The following

table shows the weighted household sizes of five separate households

for both tobacco and medical services.



Number of Weighted Hcusehold Size for
Family Children Adults Aged Tobacco____Medical Services
1 3 2 0 2.6 6.5
2 0 2 3 3.5 8.0
3 4 1 0 1.8 7.0
4 1 2 2 3.2 7.5
5 0 s 0 5.0 5.0

We can see from Tablé 3 that while each of the households has five
members, the weighted household sizes differ'markedly given the
hypothetical adult equivalency weights. This is true when comparing all
household sizes with regard to a specific good ‘(a range of 1.8 to 5.0
for tobacco and of 5.0 to 8.0 for medical services) and when comparing
the two household sizes for each particular household (the last
household is the Llargest relative.to tobacco but the smallest relative
to medical services.)

This weighting scheme generalizes on the concept of a per capita
consumption function in a very natural way by relaxing the assumption
that all individuals contribute equally to the size of the hocusehold

regardless of their age. In addition, the weighting scheme is not

required to be the same for different goods as it is under the naive
'per capita' approach. Hcwever, since these weights are estimated
(through a technique described Llater), if the naive ‘assumption is
correct, or at least sufficient, the estimated parameters (weights) will
be roughly equal.

The desirability of this AEW approach can be made even more
apparent if we consider the benefits it will produce for use in the
coming time-series analysis. For example, suppose we find in the
cross-section that the adult equivalency uéight for the very young is
half the size of the weight for adults with regard to the consumption of

tobacco. We could then incorporate this information into the



time-series estimation in such a way that the spurt in population
associated with the baby boom becomes relevant to the consumption of
tobacco only when the "boomers" grow old enough to smoke. (This is
accomplished by using the cross-secton AEW's and detailed population
information to construct a time-series of weighted populations specific
to each good.) This example makes it clear that these age specific
weights will be useful, in Light of shifts in the agé structure of the
population, both in the estimation of the time-series equations and when
making forecasts of consumption. |

The nature of the AEW scheme allows young children to contribute
Less than an adult to the size of household for some goods (eg. alcohol
and tobacco) while contribufing more to the size of the household for
other goods (eg. furniture). This leads to the questicn of whether or
not children are more or less e*pensivé to maintain than the typical
adult., That is, if we average the children's weights over all goods
(using consumption shares to construct a uéighted average) will this
average be more or less than average corresponding toadults? To address
this question, other researchers have included in the estimation of
Adult Equivalency Weights a general set of weights which thay use to

construct per capita income. The income weights Ere defined to be

W.=_¢
0j i%1 Sy wig

where s.i is the share of good i in tctal consumption. The 'size' of the

household, for purposes of constructing per capita income, is then

G
N = I W N
o g=1 og g

While this approach has merit, it has not been adopted in this study for
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a number of reasons. First, the added complication of the income
weights makes an already nonlinear equation severly nonlinear making a
difficult estimation even more difficult. Second, preliminary
estimations indicated that the income weights did not differ
significantLy across age groups. Finally, and most importantly, the
estimation of income weights would have made it nearly impossible to use
the Engel curves in the time~series analysis. The difficulty that would
have been caused by the income ueights_is that we would have needed to
Enou not just the distribution of income but the_age structure at each
income lLevel as well. (This point will be cLar%fied in the next section
when the Engel curves are includeded into the time-series analysis.)
For the above reasons , when we construct per capita income, all age
groups are given identical weights. That is, we assume that

wol - woZ Toeee ® wog = 1.0

-~

One final point needs to be made about the Adult Equivalency
Weights. Consider a simple representation of equation (3) where there
are only two income variables, one demographic variable, and three

separate age groups
C. =(a+b, Y, + .
i ( 1 4 b2 Y2 + d D) (wl Nl + w2 NZ + w3 N3) (12)

Consider now the estimation of the parameters of equation (12). It is
clear that the parameters are not uniquely identified in the sense that
doubling a, 51, bZ' and d while haLvin§~u1, LY and We will Leave the
value of the product unchanged. This fact makes it impossible to

uniquely determine all of the parameters using regression techniques.
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The problem of underidentification is avoided by setting the weight for
one of the adult age groups equal to 1.0. This normalization allows us
to estimate the other weights relative to the weight for adults, hence
the name - Adult Equivalency Weights.

R

esults

The exact form of equation (3) used has five separate income
categories, ten demographic variables, and eight age categories. The
equation was estimated using data from the Bureau of Labor Statistics
Consumer Expenditure Survey. Approximately 8000 households from the

_1972 data set were used to estimate the equation. The technigue used to

estimate the non—linear consumption function was an iterative one which
can be shown to converge to the maximun LikeLihood‘estimate of the
function. The estimation scheme first assumes that all of the AEW's are
1.0 and estimates the other parameters in the équation using OLSQ.
Then, with the estimate of the per-person portion of the equation,
estimates are made of the AEW's. The procedu;e is repeated until
convergence is reached.

The five income classes were chosen so that each held 20 percent of

the individuals in the sample. The demographic variables included:

Region: three variables, one each for the South, North Central and
West

Education:k one variable, distinguishes families with college
educated household heads

Working Spouse: one variable for households where the spouse is
employed

Family Size: .three variables, one variable each for households
with one member, two members, and five or more members

Age of Household Head: two variables, one for households with
heads less than 35, and the other for households with

heads over S5
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Remember then that the intercept represents households with three or
four members residing in the Northeast where the spouse does not work
and with a household head aged 35-54 without a college degree.

The eight age groupings are as follows:

0 - 5 years old
6 - 15 " "

16 - 20 " "
21 - 30 [} "
3L - 40 “n "
41 - 50 " "
51 - 65 . "
66 years and over .

The normalization group is the fifth, 31 to 40 years old. Therefore,
our Adult Equivalency Weights might more properly be called "Thirties"

Equivalency Weights.

TRANSITION_FRCM CROSS_SECTION TO_TIME_SERIES

In the cross-section, we were able to quantify to what extent
household cohsumptioﬁ was affected by demographic -compositicn, age
structure, and, through the use of the ncn-linear Engel curve, the
distribution of income. The task now is to combine these cross-section
results with information on the make-up of the population as a whole to
create variables for use in the coming time-series analysis. First, by
using the adult equivalency weights, a time-series of weighted
populations is created for each commodity. Then, a time seriesis
calculated bf tﬁe consumption of each commodity which would be predicted
using all of the regults of the cross=section analysis combined with
historical changes in income distribution and demographic composition.
These constructed variables then enter directly into the time-series
consumption functions described in the next section. Producing the
time—-series of weighted populations is the easier of the two tasks and

is discussed firste.
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Weighted Poopulations

The Census Bureau publishes historical series on population by age.
These series can be aggregated to provide separate population totals for
each of our eight age groupings. Let Ngt represent the number of

individuals in age group g in year t. We can then construct our

weighted population series for commodity i (Pit) as follows:

8
Pie = gg; Uig Ngt ' : (13)

This is done for each of the SO cross-section commodities giving us 50

commodity-specific weighted populations.

The overall benefits of the commodity specific populations are
twofold. First, the fact that Qg_can define a more relevant population
size for a good should enable us to make better estimates of the price
and income effects on the demand for the goud. And secondly, when we
use the estimated time-series functions to‘forecast consumption
expenditures, we will have explicitly accounted for the changing age
structure in the forecast.

Time=-Series Predictions from the Cross~Section

From the historical time series on income distribution and
demographic shifts, "predictions" of consumption per adult eguivalent
are made for past years. That is, we use the estimated cross-section
parameters in conjunction with information on the lLevel and distribution
of income and‘the other demographic varizbles to compute a "prediction”

- of expenditure per adult equivalent. This "prediction" for good i in

. * .
year t is referred to as cit' That is,
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* 5 10 (14)
= + I . Y, + % ..
Cit 3 j=1 biJ YJt j=1 le Dj:
where

Yjt = average amount of income received in the kth income

bracket in year T

Djt = population proportion falling into the jth demographic
category in year T.
ai, bij, dij = the estimated cross-section parameters for
good i
Clearly, equation (14) can be viewed as the result of evaluating the

cross-section equation for each individual in the population and then

averaging the results. (The average value of the 0-1 dummy demographic
variable will be the number of individuals in the category divided by
the total number of indivicduals, that is, the population proportion.)
‘The C:t variable will be used as an explanatory variable inAthe
timae—series consuapticn function for good j. The benefits that it has

% .
in this role are many. Incorporated into C.i are the changing

t
population proporticons of the different demographic categories, together
with information on the level and distribution of income but, and most
importantly, the inforrmation is interpreted fo product i through the
use of the cross=section coefficients. Consider the demographic
composition variables. In the cross—section these variables showed that
they could be helpful in explaining household expenditues; therefore,
they properly belong in the time-series analysis. Imagine, however, the
folly of incluidng ten separate, slowly changing population proportions

into a time—-series estimation. Even if it were possible to circumvent

the severe problem of collinearity and get meaningful estimates, the
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toll taken on the degrees of freedom would be prohibitive. In the
construction of the C:t veriable however the ten population proportions

are combined in such a way that the most relevant variables to good i
are given the most weight. That is, the demographic variables are
summed up into one value with the weights being tha cross-section
paramters (the second summation in Equation (14). For instance, since
family size wasn't overly helpful in the cross-section equation for
tobacco, the shift to smaller family size will not greatly influence the
value of C:t variable for ;obacco. On the other hand, since education

was an important variable in the cross-secticn eduation for tobacco, it
will have a relatively large parameter and therefore the trend towards

nigher educational attainment will significantly affect the tobacco C:t

variablea

—

The income component of the C:t variable is somewhat difficult to
construct, but in its finallform it is responsive to shifts in the
underlying distribution of income, changes in thé overall savings rate
and in the level of taxation, and to increases and decreases in the
average level of income. Recall that the cross—-section income
variables, Yj' were the.amount of income received by a household in a
specific income bracket, with income defined to be the total household
expenditures per person. We now must compute the average value of these
five income variables for each year through the use of a distribution of
per capita total expenditures.

The distribution of per capita total expenditures is arrived at
only after a number of steps which are onLy‘outLined here. The process

starts with historical distributions of money income in current dollars

by family size. These are combined to create, yearly, a distribution of
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money income per person. The next step is to use a tax function,
estimated in the cross-section, to remove taxes from money income and
create a distribution of disposable income in current dcllars. The
assumption is that tax rates are roughly fixed in current dollars so
that a function relating tax rates to income estimated using 1972 data
can also be used in 1959 or 1979, The total amount of taxes removed
from the distribution by the tax function is not automatically
guaranteed to be the correct amcunt, sc the next step was to scale the
-distribution of disposable income so that it had the correct average
value. (The required scaling over the period 1955-1979 was naver more
than two percent in any year and was usually much less. This fact
speaks well for the tax function and the assumptions involved in its
use.,) The distribﬁtion of disposable income was then deflated to
produce a distributicon of disposable incoeme per capita in conistant
doliars.

The Last step required in the pregression to the desired‘goél uas
to remove savings from the distribution. This was accomplished through
the use of a spending function, also estimated in the cross—-section,
which relates the spending rate at each income level to the income Llevel
relative to average income., When this spending function is used to
transform the distributicn of income to cne of total expenditures, the
functional form quarantees that the distribution's average value is
exactly what it should be for any Llevel of average disposable income and
average spending rate. That is, the resulting distribution of
expenditures need not be scaled to give the correct average value for
expenditures,

Fom the distribution of expenditures, as it emerged from the
preceeding step, we now need to calculate the five Yj variables. First,

consider the representation of the distribution of per person total



expenditures ‘given in Figure 2. A'ong the horizontal axis are the N
individuals in the population strating with the poorest and continuing
on to the richest. The curve gives the value of expenditure for each
individual. Note that the area under the curve is precisely total

expenitures for the populaticn.

Y g

Fiouns 2

- e o W o
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To construct the five Yj variables, we need to find the are in the
horizontal bands definad by the Bj boundaries. To see why this is so,
it is much easier to think and speak of the total expenditures as
‘"income'", and we shall do so. Now, consider Y1, which is the average
amount of "income'" received in the B0 to 81 range. To get the total
"income'" in this range, we must sum over all individuals that amount of
"income"” which each has in this range. For individuals to the left of
A, this "income" is the height of the curve. Individuals to the right
of A receive the maximum amount, that is 81-80. The total amount of
"income™”™ in group 1 can then be divided by population to give Y1. In a
similar fashion, Y2 through stcan be computed. This procedure 1is
followed for each year of the historical data.

In using this procedure, we make one key decision, namely to define
income classes in absolute rather than relative terms. That is, the Bj

brackets remain fixed so that the level of "income” that defined the

poorest class in 1972 is fixed in real terms and defines the poorest
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class in all other years. Then, as the the distribution of income.
drifts upwards, the poorest class becomes smaller and cmaller. For
instance, suppose that there are 100 individuals in the population, and
that in the base peiod the 20th individual is in the poorest category.
This person will consume along the first segment of the piecewise-linear
Engel curves. If all real incomgs increase at the same rate through
time, this same individual will slide up into the next income bracket.
He will then be assumed to consume along the second segment of the Engel
curve. Thus, in th{s‘system, it is not relative but absolute real
“income” which determines consumption patterns. Note, however, that we
are not saying that absolute income determines the share of savings, for
our "income" is, in fact, total expenditures.

With the five income variables computed,vue can noWw combineg them
-with the cross—section p;rameters to construct the expendithre on each
jtem. (This is represented as the first summation in equation (14).)

As mentioned before, the advahtage of this procedure is that'it is
sensitive to shifts in the pndertying structure of the distribution of
income and not just its average value. If, for example, the
distribution shifts such that there are more poor individuals we will
see an increase in the c* variables for necessities and a decrease in
the C* variables for luxuries. This is possible even with no change in
average income.

To illustrate this advantage, the inccme elasticities presented in
the time-series section of this paper are measured under four separate
assumptions about how a one percent change in average incomes come
about. Case I and Case IV are polar cases; in the first case, all of

the increase is obtained by giving income to those in the poorest
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category, and in the fourth case, the entire increase is in the richest
category. I; Case 1I, each individual is given the same dollar amount
and in Case III; (the most standard) all incomes are increased by one
percent. Under all four assumptions, averzge incomes increase by the

same amount but, as the results in the next section will show, the

differential effects on individual consumption items can be quite large.

The system of consumer demand equations used in the time-series
analysis is a slight extension of the system of Symmetric Consumption
Functions developed by Clopger ALmon.3 In both systers, the demand for a
good depends upon the prices of all other goods, however, the price
effects are simplified by assuming that consumption items can be
combined into economically relavent groups. Through this technique, a
commodity can be a strong compliment/substitute for other items in its
own group while interacting less strongly to the prices of goods in
other groups. The difference between the system of equations used in
this stgdy and the Symmetric Consumption Functions is the treatment of
the group price interactions. In the.Symmetric Consumption Functions,
all groups are assumed to be weak substitutes for one another. 1In the
new system, groups can be substitutes or compliments and the magnitude
of the gréup price interaction is estimated rather than being specified
in advance. Another major difference between the two is that the
equations in this study utilize the demographic variables developed in
the preceeding se?tions of this paper.

The system of consumption functions distinguish 77 seperate
compounents of Personal Consumption Expentitures. This data is part of

the U.S. National Income and Product Accounts. The equations were

estimated over the 1959-79 data period.
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The 77 commodities are combined into M seperate groups. (Ten
groups to be specific.) In the equation that follows, capital Lletters
represent group indices while small Letters refer to individual

commodities. For example, good i is an element of group I. Using this

notational convention, the system of consumption functions is

* - % M /p, J " 13
Cy=(ay +b € +c, 8C +d) - JU1<F£)
1 - %
* 3 (15)

where i€l and 1 = 1,...,77

and

C. is expenditure per adult equivalent on good 1.
is our prediction of C_i using the cross—section results
t is time
is the price of good i
is the average price in group J
SJ is the total share of group J

ai,bi,ci,di,)\IJ are the parameters to be estimated
The system is made to conform to Slutsky symmetry by requiring that )iJ
equal >UI for all I and J. (Impossing this constraint on the estimation
required that all 77 equations be estimated jointly.) In the exact
formulation of the equation for estimation, the (pi/PI) term is expanded
to allow for subgroups within each group.

The dependant variable in equation (15) is economy wide expenditures
on good i divided by the weighted population variable developed in the
preceeding section. The C: variable serves as an income variable in
the equation, but, as mentioned before, it is much more than that. The

* . . X . . . . .
AC_i variable is a cyclical variable since its value is determined
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primarily by changes in average income. The time trend in the eguation

is designed to pick up any changes in tastes not explained by the

. . ' ] *
demographic shifts subsumed into Ci.

The 77 time-series commodities are associated with the most

relavent cross-section commodities. In some cases, the results from cne

cross-secticn equation will be used in more than one time-series

equation. There are some time-series commadities with no corresponding

cross-section results. In these cases, the unweighted populaticn total

and simple average income were used in place of the cross-section

variables.
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ON THE ESTIMATION OF ENGEL
ELASTICITIES WITH APPLICATION
TO ITALIAN DATA

L. Grassini

1. After the work of N.S. Iyengar £§7 , who showed unaer restrictive
hypotheses, the relationship between expenditure inequality and Engel
elasticities, the concentration curve has been widely used by N.C.
Kakwani ££,5,§7 for an "alternative method" to estimate expenditure
elasticities from grouped data. In that case elasticities are obtained
in terms of the estimated parameters of the concentration curve for
total expenditure and for expenditure on eact commodity.

Here an application of this "alternative method" for Italy is
presented. The data used are obtained from Istat Surveys on Family
Budgets, carried out in 1978. The observations are grouped into 19
classes according to the total monthly expenditure of the families;
for each class t (where t =1, 2,..., 19) only the arithmetic means
of total expenditure and of the expenditure on each commodity i are

available (where i =1, 2,..., 40).

- 104 -



- 105 -

2. The most important problems that arise in the usual procedure
of estimating Engel elasticities from grouped data -we refer in
particular to the work of S.J. Prais and H.S. Houthakker [in— may

be summarized as follows:

1) the choice of the functional form for the Engel curve is based
too often on "crucial" walues of certain statistical indices,
since economic theory or comnsiderations of common sense rarely
suggest a specific functional form; further this problem beco-
mes more serious when we deal with data which are highly disag
gregated both in terms of consumption units and in terms of
cammodities;

2) the use of grouped data introduces bias in the estimates when
non-linear Engel - functions are regressed. For example: the "
usual procedure for the logarithmic form (y = a + b log x) and
for the inverse form (y = @ + b/x) is to use the arithmetic
mean within each expenditure class as proxy for the geometric
and harmonic means. This procedure implies a linear Engel fun
ction within each class while the "true" Engel curve is suppo-
sed - and estimated - as a non-linear one;

3) family budget data require the use of total expenditure as
the independent variable of Engel curves. This procedure, which
has been widely Jjustified from an-economic point of view Zi}7,
has been strongly objected by some Authors ﬁho have observed that

the application of the least squares (LS) method in family budget
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studies introduces biased estimates /9/. It has been pointed cut that
the total expenditure and its components (the dependent variables of

the Engel curves) are endogenous to the consumption unit and are determined

simultaneously by its choice's process.

For this "alternative method" of estimating Engel elesticities
one needs to specify the form of the concentration curve for which
one may find out well defined analitic properties independently

from the knowledge of its equation /8, §7

3. Let x>0 be the total per-capita expenditure with distribution
function F(x) and gi(X)?O be the Engel curve of the expenditure on
the i-th commodity, the concentration curve of g; (x) is defined

the relationship between Fl(gi(x)) and F(x) where

X
1
|
Fl(gi(x)) = E(Si(x)) 0J gi(t) dF (t)

Siace
lim F(x) =1
1 F =1
o F (g (x))

the curve can be represented in an unit square, whose diagonal -

= called egalitarian line - describes the case in which F(x) = Fl(gi(X))

for each x.
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F,(4,(x))

Flz) Fig. 1

When gi(x)= x that relationship is called Lorenz curve; the concentration
curve can be then considered as a generalized Lorenz curve, where

the Lorenz curve is the concentration curve for total expenditure x.

In their works on inequality, N.S. Iyengar 157 and J.L. Gastwirth £i§7
specify the distribution function F(x) and then,eliminating the parameter
x from the two equations F(x) and Fl(gi(x)), obtain the function

which represents the analitic relationship between F and Fli.N. C.
Kakwani and N. Podder [§7 do not use any distribution function of x

but a new representation of the concentration curve by passing from

the original coordinates (F;Fli) to the system (wi;ni), where T

coincides with the egalitarian line.
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Fig. 2

The transformation matrix which, premoltiplying the vector

(F;Fli), gives the vector of the new coordinates (ﬁi;ni) is

cos Y sen vy
where Y = LS°
sen Yy -cos Y
.. -
Then
F+F F-Fli
121 =
r. = ——— n; = _
1 /7 /2

where
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and the Lorenz curve for total expenditure x is represented by £§7
n=vy(r) with O<m< /2 O<n</2_/2

The expenditure elasticity for the i-th commodity, for each given
X, Li (x), is obtained in terms of Wi(vi) and ¥(m), of their first

and second derivatives, as follows [57:

el ) [[1+w(m) ]2 1-¥(n)
L.(x) = ——= -
i y'(n) |1+ ¥(m,]? 1-¥i(m,)
- i i- i1
4. The method for estimating concentration curves which has been

suggested by N. C. Kakwani and N. Podder is analogous to that
developed by D. Aigner and A. S. Goldberger in the case of Pareto's
law 127. That method provides asymptotically unbiased and consistent
LS estimates and the more efficient generalized least squares (GLS)
ones.

Here concentration curves of the per—capita expenditure on
LO commodities and thé Lorenz curve for total per-capita expenditure
havé been estimaded.

Per-capita observations were available, since the average
family size within éach expenditure class was known. Therefore, at
least the effects of family size changés on expenditure have been

eliminated.
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The change in the total expenditure of the families between
two successive classes is, sometimes, proportiocnally smaller than the
change in family size, then we had to put per-capita total expenditure
according to increasing values of per-capita total expenditure, modifying

the original sequence of the expenditure classes.

Since the total number of family components belonging to each
expenditure class were available, in this case the variable F(x)
represents the proportion of individuals with total per-capita
expenditure less than or equal to x and F (éi(x)) the proportion

1

of per—capita expenditure on the i-th commodity of those indidivuals.

The "new" coordinate system for the concentration curve allowed
us the fitting of a function which has the analitic properties of
the concentration curve [§,6,8,197 and which is represented, for
each expenditure i, by the following equation.

o,
n, =¥ (r,) = a, mi(/% - n)si
1 1 1 1

In Tab. 1 we have presented the values of the estimated parameters
after the application of the LS method to the logarithmic transformate
of the function ¥.(rw.) and the correspondent determination index

i i
2 . . .

R, which 1s really high for each curve. The nature of the stochastic
component of the econometric model used would need the application

of the GLS method, which provides more efficient estimates £§7. However
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the gain in precision one can obtain does not seem to justify the
resort to a more cumbersome method of estimation £§7. Further, in
a recent application to Italian data, the GLS method was suspécted
to provide downward biased estimates 1%7.

The estimated elasticities of Tab. 2 have been calculated at
mean per—-capita total expenditure.

It is clear that the "alternative method" for estimating Engel
elasticities relates the elasticity Li(x) with the level and the
distribution of x and gi(x) among the consumption units, since each
elasticity is calculated in terms of the parameters a, a and B of
the Lorenz curve for x and ai, ai and Bi of the concentration curve

for gi(x). Li(x ) can be defined as the elasticity‘of the expenditure

0
on the i-th commodity of an individual with total expenditure Xy
given the distribution of x and gi(x) among the consumption units.
In the usual procedure of estimating Engel elasticities one
fits expenditure on i-th commodity, say ¥;» on X and the result is
an estimation of Vs by e function gi(x). In the "alternative method"
one Obtains also estimation of the distribution function of x. The
usual procedure refers to a situation in which it is supposed equal

distribution within each expenditure class; in that case inequality

is implicitely underestimated.



- 112

Tab. 1 : ESTIMATED PARAMETERS OF CONCENTRATION CURVES

o 2
COMMODITIES a o 8 R

1 Bread and cereal .0337 .9256 .58L46 .989

2 Meat .0952 .8006 LTT55 .999

3  Fish 060k .6L6L .9979 .988

4L Dairy .0586 .8976 .6282 .99k

5  Butter, margarine, oil .0915 .7628 .5429 .99k

6 Pruits and vegetables .0925 .8303 .8096 .998

7 Potatoes .0309 .T261 .2979 .977

8 Sugar .0664 1.6050 8584 .580

9 Coffes, tea, cocoa .0580 L7557 .5T2k .975
10 Other focd .1855 .8932 .90L6 .999
11  Soft drinks .2362 .902k .8882 .999
12  Alecoholic drinks .1030 .TLlo .5162 .996
13 Tobacco 1192 .6718 .9133 997
14  Clothing and repairs .3555 .889L .9389 .999 (°)
15  Shoes " " .2638 .8360 .9334 .999
16 Housing rents .0949 1.0053 4193 .996
17T Fuel and electricity .2113 .8648 .6585 .997
18 Furniture .5369 1.011k .6031 999 (°)
19 Textiles L4927 .9369 .8803 .999
20 Household appliances .5369 .9L08 .0226 .999
21 Glasswork and pottery .40390 .9027 .7905 .999
22 Nondurables and services L1474 L7921 .8001 .999
23 Domestic servants L6977 1.0020 .0319 .999
2k Medicine L1169 1.0252 L5642 .976
25 Medical appliances L4716 .9537 .8153 .999
26  Medical care .3813 .9127 L6241 .999
27  Hospital care L5411 .9LoL .5223 2992
28 Means of transportation . 9669 1.0065 .1501 .999 (%)
29 Users cost of transportation .3732 .8603 .0896 .998
30 Transport service L2064 L7932 .6018 .999
31 Communication 3607 .8907 .97k -999
32 Radio and television sets .3662 .8995 .7875 .999
33 Newspapers and books .3073 .8364 .9397 .999
34  Education .3158 8612 .9606 .999
35 Entertainment and recreation .6218 L9761 L0763 .999
36 Personal toilet articles .2119 .T960 .8377 .599
37 Hotels, Cafes, Restaurants L4246 .9073 .0120 .999
38  Other goods _ .3358 8772 .8164 .999
39 Financial services and Insurances 4795 L9481 L1642 .998
4O  Other services .5505% 1.0690 .8201 .996

TOTAL EXPENDITURE .2050 .8790 .66L45 -999 (°)

. ) 2
The adjustment on the last figure gives R 's equal to 1.0.
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Tab. 2 : ESTIMATED ELASTICITIES AT MEAN PER-CAPITA TOTAL EXPENDITURE

COMMODITIES ELASTICITY
1 Bread and cereal 772
2 Meat .5132
3 Fish .3286
L Dairy .3078
5  Butter, margarine, oil .Los50
6 Fruits and vegetables .5168
T Potatoes .1031
8 Sugar k931
9 Coffee, tea, cocoa 2692

10 Other food 1.0962

11  Soft drinks 1.3652

12 'Alcoholic drinks 4347

13  Tobacco L6L1L

14  Clothing and repairs 2.0361

15 Shoes and repairs 1.5237

16 Housing rents .Lk1s8

17 Fuel and electricity 1.0152

18 Furniture 3.89LL

19 Textiles ' ' 2.5636

20 Household appliances 3.090L

21 Glasswork and pottery 2.0010

22 Nondurables and services .7892

23 Domestic servants 3.8456

24k  Medicine .5912

25 Medical appliances 2.4112

26 Medical care 1.6397

27 Hospital care 2.0410

28 Means of transportation 8.8767

29 Users cost of transportation 2.3657

30 Transport services L9112

31 Communication . 2.1197

32 Radio and television sets 1.8436

33 Newspapers and books 1.7629

34  Education 1.8490

35 Entertainment and recreation 3.6258

36 Personal toilet articles 1.1430

37 Hotels, Cafes, Restaurants 2.5211

38 Other goods 1.7475

39 Financial services and Insurances 3.1622

LO  Other services 2.731k4

ADDING UP - CRITERION 1.1360
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N. C. Kakwani £E7 showed that the more concentrated gi(x) with
respect to x, in the point xo, the greater is the correspondent elasti-
city Li(xo). The greatest values of the estimated elasticities can be
observed for those expenditures which are higher concentrated and show
null values for some expenditure class. For example the item
'"Means of Transportation" shows in the last class a crude jump in
the per-capita expenditure, which passes from 758 to 36362 Lire. The
estimated concentration curve is éensible to null values of expenditure,
which make that curve "lower" -referring to Fig. 1- with respect
to the Lorenz curve for total expenditure £E7 and cause high values
of the correspondent elasticity. The value obtained for the adding-up
criterion must be considered toc high and should show the presence
of upward bias in estimating elasticities.

This occurrence must be analyzed also from another pcint of
view: the presence of null values of some expenditures - which
appears as the main responsible of the upward estimation - must
be referred to the particular nature of the data used. The size of
the sample in Family Budgets Surveys is not determined for a

particular disaggregation of family expenditures. Further, the

aggregation-disaggregation into 40 commodities is made "a posteriori"
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and it mey happen that the sample be underdimensioned for some
itéms. Sécondly, some objections are raised against the réliability
of observations for the expendituré on durablés. In Family Budgets
Surveys the note of the expenditures refers to a very short time

(a week) and the expenditure on durable goods may escape for its

postponability and rareness.
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AN ESTIMATION OF A SYSTEM OF
CONSUMPTION FUNCTIONS FOR ITALY.
PRELIMINARY RESULTS.

M. Grassini

It is a common practice to derive demand equations from
utility maximization. Applied consumption analysis is in fact
considered the art of exploiting theoretical restriction in order
to reduce, by means of "prior informations",the number of parameters
to be estimated.

Nevertheless, if one is looking for operating system of
demand equations with given peculiarities, it is possible to consider
them at first relying upon the existence of an indirect utility
function to retain theoretical restrictions. If "In the present state
of the art, the best description and therefore the best forecasts are
cbtained when using the assumption (or the implications) of utility
maximization" 157,1the use of alternative approaches cannot a priori
be rejected; being the above criterium -the goodness in fitting and

forecasting— applicable to whatever demand systems.
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The demand system used has been proposed by C. Almon 127; it
is taylored to impact a set of desirable properties which can be
summarized recalling that for forecasting the private consumptioﬁ
expenditures inan I/0 model, we should have; adding-up, hbmogeneity
of degree zero in all prices and income, substitution and complementa-
rity between goods, if possible, Slutsky symmetry. Furthermore,
price changes should alter the effet of income and non-income
determinants, marginal propensity to consume as income rises must be
capable of being different for different good and not necessarily
independent of the price system, budget shares should depend on
prices as income increases, the effet of other variables should be
easily included. All these peculiarities may be cheked later on.

The model is revisited in Section 1. The data preparation
and the "exogenous" informations are discussedin Section 2. A

final section is devoted to the presentation of the results,



- 119 -

The model

The applied demand system is composed by equations of the
following form
q. = £(.) g(.) i=1,2,3,.+..,0
where:
- n = number of commodities
- q; s consumption per-capita in constant prices of good i

is a function of consumption determinants of good i out

1
H
n

of prices; e.g. income, trend and Qthers

- g(.) = is a function homogeneous of -degree zero in the prices.
The variables considered in the present application of the model

are real income, first difference of real income and a trend. The

functional form of f(.) is the following

vhere

income

|
<
1]

i
ot
[}

trend

price index (income deflator)

]
Le)
]

The price index is computed as follows
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where sj's are the budget shares at the base point, t_., where all

0
prices are set equal to 1.0.

The proposed function g(.) for good i is

then the demand equation for good i will be

_ N L ..
= + ; +b.. A ) +b.. t I.p. 1
(1) a; (bOi b 75 55 ( : ) 3i ) 5 Py J

To give constant price adding up (at to) the conditions
= ).b.. =0 and . b, =
Zi b2i 21 31 z1 1i 1
are imposed.
Equation (1) is now studied to figure out the implications
on parameters to match Slutsky symmetry at a given base point.

The "income compensated" derivative of a4 with respect to pj

=y 29 %9
L

= —= +gq

p. ) apj J

evaluated at the base point (which is equivalent to considering

y/p constant) is
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where ° denotes values at the base point.

Imposing Slutsky condition implies

(3g. ) Taq. )
P R -
9p, Jc 3p, Je
that is to say X
Q
q: q°
o =c,, —i&
1J P. Ji o
j P
from which
c.. e
id _ 21
Q.0 0_0
quj Piqi
or °ij Sii
S, s
J 1

Defini A..=c../s., we b in A.. = A.. the Slutsky symmetri
efining i3 1J/SJ’ ave in i3 it e Slutsky symm c
condition in (1). The demand equation for good i becomes

A S
q. =f(.) I, p."ij 7j
i j PJ Jd J

considering for a while c.; = Aii s:

Here a2 reduction on parameters has been obtained but we are
still far from a workable model. Infact, using no more than two
decades yearly data resorting on Slutsky condition is effective when

the commodities are relatively few; that is to say, when goods are

grouped in a small number of items.
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But the present model is conceived for treating large size demand
equations systems, being the objective the forecast of private con-
sumption components in the final demand of an input-output model,
preserving as much as possible the required detail. The effective re-
duction in parameters is then reached by means of the often-used
concept of groups and subgroups commodities. The grouping criteria
will be based upon the betwéén goods complementarity and substitu-
tion we would expect to find.

Now, the hypotheses are that thé samé A prevails within the
group or subgroup and the samé A owill prévail everywhere among
the groups which aré not closely relatéd by definition.

This means that for a given good i belonging to the group C, X i = AC

for jeC and Ai' = XO for jeE where C can be divided (and usually

it is) in meny other groups. In this case the demand equation for good

i becomes
A, s
Q. =f(.) I, p.c i S
i i % b N P O K
for jeC  and keC.
We can work out 9§ using its definition
(A, = x) s A s
Q. = £f(.) @I.p., C 0" 7j 0
i i F I B Ok
. . s./s
where now k = 1,2,...,n. Considering Zj p.J C= pC, where
J

Zj Sj = S, for all j in C, and introducing



- 123 -

a) ()\ "VA)S = XC' (2)

then what is left on Cis after the "contribution" to set up p and
50, will be

' = - - — = -
2 ey Ty ~ (A= Ag) s = Ays  =e = Ay s,

The demand equation for good i becomes

c! Al A
. = . . 11 C p O
a; £{.) p, ii pc o)

and taking into account the homogeneity condition

A +A =0
i 7% T %

from which

cii = -AC - XO (3)

we are led to the function

Q
-
Lo
.
—
(@]

,__
ol
N,

which gives evidence to the common practice to get homogeneity of
degree O by means of relative prices.

The present procedure for defining the demand equation can be
extended to goods belonging to subgroups and limitéd to goods not having
close relation to any other oné. In the first casé, we distinguish

three A's. XO and XC as before and a specific A, let us to say
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)\A, where A is a subgroup of C. In this case we still have P and

ﬁ .

o3 furthermore, 'p'A, the price index of the subgroup A commodities,

is computed. Then it is easy to work out the equation

In the second case, when the good has not any peculiar relation with

the others in the consumer's budget, we are led to

Considering income-compensated elasticities, we need to figure out the
cij's from the estimated A 's. The cross—-price elasticity with respect

to a good in C is

which méa.ns that thé effécts on good i of cha.ngés in the prices of any
goods not in its group are proportional to their budget shares.On
the other hand each good affects goods not in its owﬁ group by the
same amount which is proportiogal to its budget share.
Coming into the group, le'; it be C, the cross-price elasticity

with respect to good j price is given by
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Working out AC from lé, A and sc, we get

Following the above procedure, we can find formula for cross-price
elasticity within and between subgroups when they are considered.
The own price elasticity is not so strictly related to the
budget share as the cross ones; this is not surprisingly since the
assumptions on A's do not involve the main diagonal of the Slutsky
conditions matrix. In the case of no subgroups, from (3) we have,

e.g.,

ii = Tid ci Ty "¢ c

A (L-—2) -2 (1-s,)
C sC 0 1

If a good has no special connection with each other or with other
groups, given the value of lo, all the cross elasticities are pro-

portionally determinated through the budget shares.
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2. Estimation for Italy

The new series on national account after the introduction of
SEC scheme supplies yearly data on private consumption expenditure
(PCE) from 1970 up to now (1980) of 40 goods covering all consumption
and services.

PCE data are available in both current and constant prices; fram
the ratio, prices indexes are computed (implicit deflators).

The family disposable income has been computed from national
account figures and the long-run average ratio of consumption to
income has been assumed equal to .T6; this is an average of results
obtained on estimating aggregate consumption function.

Other exogenous informations used are the incame elasticities;
they were determined from cross-section family-survey data for
Italy produced by ISTAT. These data arranged in 40 items, corre-
sponding to the ones of n;tional account, and in 19 expenditure
classes represent the information base for estimating Engel's
elasticities. Two estimation methods have been used. The first
one, described in 1;7 assumes that as aggregate income increases
by one percent, all families income increases by the same amount

and the families recorded in a given expenditure class will move
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their own consumption pattern toward the one of the families in
the next higher class. The second method, described in 157 and
applied in [E7,:derives income elasticities from the estimation
of concentration curves. The family-survey used is relative to
1978 and is composed by 31764 responses for 157 categories of
consumer purchases. Despite the sample size, after the aggregations
of the data into the U0 goods and services, corresponding to the
national account scheme, for some items the recording is still rare
so that many spending classes are empty. For those categories,
both methods can exibith clear biases but with different intensity.
The comparison of the two methods estimates has given the opportunity
for some expost revisions.

A prior information on modelling this demand equations sy-

stem is the group selection. Here, the chosen grouping is the following.

1 Food
Sub 1 Bread and cereal
Fruits and vegetables
Potatoes

Sub 2 Meat
Fish
Dairy

Sub 3 Butter, margarine, oil
Sugar
Caffes, tea, cocoa
Other food



n
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Beverages and tobacco

Clothing

Housing

Durables

Health

Transportation

Culture

Other goods

Soft drinks
Alcoholic drinks

"Tobacco

Clothing and repairs
Shoes and repairs

Housing rents
Fuel and electricity

Furniture

Textiles

Household appliances
Glasswork and pottery
Non durables and services
Radio and television sets

Medicine

Medical appliances
Medical care
Hospital care

Means of transportation
Users cost of transportation
Transport services

Newspapers and books
Education _
Entertainment and recreation

Personal toilet articles
Hotels, Cafes, Restaurants
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10 Services
Domestic servants
Communication
Other goods
Financial services and Insurances
Other services ‘

The estimation of the parameters is done iteratively. TFirst of
all, the income elasticity is used to get a first guess on the
income coefficient, bl. Then, a A, is chosen (and used in all
groups); A, 1s not altered in the estimation procedure and a
scanning can be done looking at the fitting as a choice criterium.
Since the assumption on Slutsky symetric condition, the estimation
is done simultaneously for each group. First, within each group
A's are set equal to zero and the f(.) is regressed; then, after
a Taylor expantion with respect to the parameter of the g(.), a
regression is applied to estiqate A's. Coming back to f(.), the
iterative procedure is carried on as long as the sum of squared

errors is falling faster than a given percentage.
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Preliminary Results

The estimation relies upon three exogeneous informations.
The first one is the set of income elasticities which are used to
compute the income coefficients in f(.)'s. Then, the bl values
are fixed and the constant-price adding-up turns out to be
matched; on forecasting, this property is preserved attaching a
"spreader" 15,17. The second information is the grouping which
is not strictly a priori determined. The third information is
A, which initializes the iterative procedure; it remains constant
and implicitely determines price elasticities of the goods in c.

If the first information, the income elasticities, is
strictly exogenous, the others belongs to the art of estimating
this kind of demand equations system. Different grouping can be
considered and the use of different A, 's is in order.

Here, four A values have been checked. For each A the sum
of squared residuals in each group has been computed and the total
for all the sectors. The data are shown in the Table 1 where a *
marks the lowest entry in each row.

The choice of X is usually a compromise; the value for
which we get the highest frequency of the minimm sum of squared

residuals 1s chosen.
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Table 1

Ao 1 .3 5 7

Food 116% 143 200 285
Beverages 20 17 16% 18
Clothing . Lo 39% 39 Lo
Housing 2L 33 73 143
Durables 130% 147 168 192
Health 49 s L2 | L1*
Transportation 211% 229 25k ’;85
Culture ) 56% 60 65 T2
Other goods Lox °* L8 58 71
Services 1L8% 156 165 176
TOTAL 835 917 1,080 1,323

This is the case of A = .1.

The summary of the estimate is shoén in Table 2. The
own-prince elasticities are 21l negative. The food group and
subgroups commodities present complementarity as well as housing,
health and education.

The preliminary results are slightly gratifying, but
a closer analysis of the grouping and a refinement of the data

- give room to further research
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THE CONSUMPTION BLOCK OF THE
HUNGARIAN INFORUM MODEL

G. Kornai

The Hungarian model of the international
INFORUM model system is being prepared in coopera-
tion with the Wiener Institute fiir Internationals
Wirtschaftsvergleiche and the Budapest Institute
for Economic and Market Research.2 In this paper
I intend to enlarge upon the questions raised
by.the elatoration of the personal consumption
block of the Hungarian model.

Should the task of elaborating the consump-
tion block meen that a given frame of functions -
namely Almon’s demand model /Almon /2/ / - be
filled with Hurgarian datzs and estimated, I could
rest satisfied as the estimated model is com-
pleted and practically feesible.

I think, however, that the questioné to

be answered gre far more general, more funda-
mentael. It is well-kr vwn that several specific

l, I am greatly indebted to Clopper Almon for
letting me have the computer programs and
to Andras Simon, who lent valuable advice
to my work. For the errors that may occur
in the paper I am to blame alone.

2., For the outline of the model see: Fink -
Simon /1/
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fectors missing froz the traditionel demend models
account for the changes in personal consumption in
the Central-European socielist cowntries. It is also
recognized that there does not exist a special
Hungarien consumption model at present, and it is
highly questionable that the demand functions elab-
orated for developed market economies are applicable
to Hungary.

In the light of these questions I cannot be
content with achievement es &n economist. I do not
believe that I succeeded in .setting up & Hungarian
consumption model on firm theoretical bases. Yet I do
hope 1 bave been able to contribute to the development
of the analysis of Hungarian consumption, which I
greatly owe to Clopper Almon’s model.

As my knowledge is limited I cennot strive
here to develop a complete consumption theory for the
Hungarian /‘of a socialist/ economy. My aims are
far more pragmatic. I confine myself to recalling
some basic features of the Hungarian corsumption
recognized by others and to discussing how the un-
observance of these factors limit the validity of
the model to be presented.

The first pert of my paper will cover these
questions, to be followed by the presentation of the

Almon model estimated on the basis of Hungarian data.
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J. Consumer prices and demand3

Let me here dezl with a single but fundamental
question, that of the relationships between consumer
prices and demand. Neither do I intend nor have I the
means to argue whether the traditional demand functions
can be applied to the US or Belgium.

I should merely like to emphasize why they cannot be

applied to describe consumption in Hungary /and in
the rest of the socialist countries/ satisfactorily.
Let us see the demand function of the total popula-

tion for a single good. /see Fig. 1./

nom

sat

Figure 1

3. The notions to be touched upon below I have adopted -~
or rather picked from Janos Kornai’s book Economics
of Shortage /3/.
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If the pricc of the coxindity in question is
zero, that is the consumer gets it gretis, demend
sat/ 4

appears on saturation level /Q

As the price of the commodity is raised in &
certain interval demand is completely inelastic to
the price. In this range prices ere celled nominszl.
The upper limit /?nom/ to nominal prices appears when
at least one consumer gives up the idea of purchasing.
Reising the price further, demand will gradually drop
until the withdrawal of the very last consumer. Demand
above this POo% price is again inelastic.

While nominal prices in /0, P "/ interval play no

role whatever in regulating consumption, prices in
/PP, PP8%/ dnterval effectively influence demand.
Consumers in the economic system of socialism
have access to a part of gocds gratis or at nominal
prices.5 Irrespective of the question whether supply

can in fact saturate demand, the consumption of these

goods cannot be described by the traditional demand
functions.
Cur attention should now be focussed on the

/PR, FP8%/ interval of effective prices. Let us

consider the supply of the commodity under scrutiny be

given. /Q%/ at a single but any moment. In the
traditional theory of demand functions a given market

4. It is easy to see that the demand for any commodity
is finite.

5. In Hungary in 1979 some 20% of personzl consumption
can be considered such. '
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. . e , i
clecrine price /P / belonge to & given deaand.

slack Sshortage

Figure 2

Let us suppose that; say, the price authority
perﬁanently diverts the price of a good from the e
market clearing price. If the price falls within the
e & P { PP®* interval, the traditional demand
models can be applied easily: the price effectively
restricts demand /Ql/ and a certain sleck of supply
develops. The presence of the slack; however, does not
influence the attitude or the consumer as anyone who

is willing to purchase the commodity can do so easily.
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If, on the othzr hond, the price /PZ/ falls
within the Pnoz:<;:P2 e interval, it results in
a Q2 demand and in a QZ——QS shortage. Obviously, the
price is not able to clear the warket alone. Some other
form of distribution is necessary to select the custouers:
rationing commodities and/or gueuing for commodities.
Neither rationing nor queuing are price-like factors,
thus traditional demand models cannot be.epplied to

this price intervel either.

To sum up: traditional demand models fail to

describe the consumption of commodities marketed at a

price lower than Pmc.

I1. Preparation of the data base

Personal consumption in the Hungarian and the
other socialist economics does not have a theoretically
founded econometric model. It is due to the fact that
until quite recently there did not exist a specific
theory of demand for a "shortage economy'". The
consumption models estimated so far were nothing but
automatic adaptions of some or another test-proven
westeirn modei and their estimation on Hungarian data.
Though in & way my workconstitutes no exception/-I did

strive throughout the adeptation of th= =odel not to

6. Though an exact guess is hardly possible to give,
it is probable that at least half of personal
consumption falls inte this price interval today.

7. I rather changed the Hungarian data to fit Almon’s
model than change the model to fit the Hungarian
reality.
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forget wbout chorhogor zid ciher nen-pricce factors in
the Hungarizn consuwzption, Por this recson I had to
give up having an ecxplanction to thé vwhcle range of
goods consumecd. The loss in the range of goods is
probably coumpensated for by a stronger theoretical
backing in the remaining relationships of the model.

The Hungarian INIJORUI model is built on a 79~
sector input-output table. The consumption vector of
final consumption comprises the personal -and govern-—
ment consumption. As time-series on personal con-
sumption is not broken dowr. by I-O sectors but by
consumption categories a bridge-matrix serves to
link the categories of goods to the sectors of the
I-0 teble. Neturally, we have to assume that the
share of I-0 sectors within each consumption category
is constant in time.

Time series for 196 groups of commodities where
availeble for the period 1960-1379 covering the whole
consumption. I added to the list of groups personal
expenditures on housing investments. This graup is
tréated aé investment in the statistics, but it is to
- be modelled as a2 consumption good.

The consumption data issued by the Central
Stetistical Office are generally calculated from three
sources. A detziled, coﬁplete cbservation of retail
trade turnover yield the purchzsed consumption of a

certain commodity. If necessary, self-consumption

estimated on the basis of representative household
statistical surveys is added, together with the so-

called sociazl fringes in kind provided by tke govern-
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ment budget and the eaterprisces.

For tke estirzation of the Almon rodel only the
price — dependent corsumption should be considered for
the ressons exploined earlier. However, the data base
available allowed to single out only a part of the
social fringes: free mediczl, educationzl, cultural
/sports, holidays, etc./ and social /creche, nursery
school, etc./ ellowances. These items amounted to
10,33 % of total consumption in 1979. We have no
definite clue how t0 recognize commodities marketed

et nominal prices meking up a further considerable

share of social fringes. Therefore I had to fall back
upon my own consumer’s experience and attitude to
decide item by item which price is nominal or effec-
tive. I found the following kinds of goods available
gt nominal prices: rent, depreciation and maintenance
costs of state-ovmed Tlats, pharmaceutical products,
passanger and cargo transport,telecommunication
services and purchased creche and nursery school
care. I excluded these items emounting to 7,25 % of
total consumption from the data base of the model.
Yot there remained some /unrecognizable/ social
fringes in the data /some consumption at heavily
subsidized prices/.

The expenditure items thus excluded from the
data base of personzl consumption were added to

governaent consunption.,
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In 1965 vell-commiiplioon coounice 10 nelrld
third of tctal couswapiicn wrile %n 1975 this shrre wos
down to 10 %. Self-consunption wue almost exclusively
restricted to two najcr groups of goods: food and alco-
holic drinks. Fegerding thet statisticel practice
evaluates this consuzption =t reteil prices I do not
think it causes any great distortion if it remains both
part of incone zand totsl consu:ption.a' By excluding,
however the goods having nominal prices, I also got rid
of some fundamentel relstionships in the model. B is
namely evident that life requires a wide range of com-
modities and thus none of the elements of the consunp-
tion structure can be disregarded arbitrarily. For
example; excluding from the model the function explain-
ing the "consumption® of stzte-owmed flats at nominal
prices /as explained by a mixture of rationing and
queuing distribution rather than by price and income
effects/ the validity of several consumption functions
of closely related innuts /furniture, household textile,
labour saving devices,; etc/ becomes questionable. But
ﬁousing conditions also influence 'more remote" elements
of the consunption structure as the level of food consump-
tion &nd or entertainment. As a result of the above

"purging'! the model contains only commodities at

effective prices. Yet - =s mentioned ezilier - &

traditional demand model ccnnot be directly applied

even to this data base. Goods marketed at lower and

8. It is also confirmed by the fact that the mejority
of these goods /e.g. eggs, fruits, vezetables, etc./
can be easily turned into cash at the market places.
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higher prices thzn the /theoretical/ market clecring
price should have been sepcrated althoush we hzve no
information about the market clesring price of these
commodities. I had tc put up with selecting the commod-
ities on the market of which shortages were apparent
according to my experience durirg the period 1960.-79.
In examining the list of consumption categories

item by item I did not find any cstegory which wes not

characterized by a quantitative or qualitative, tem-

porary or chronic shortege in the pas* 20 years.

I also realized thet the some 180 aggregate categories
quite well "conceal™ the individuazl shortages of tens
of thousands of conswuzer’s goods. For example, the
shortege of salami is not visible in the category of
meat products, and the shortage of stereo turntables
in the category of record players. In fact, most of

the Porced substitution caused by shortages takes

place among goods closest to the one sought in vain.
The custorer buys frankfurter instead of salami if he
wishes to eat cold meat, or s mono record player
instead of a suereo one i1f he wishes to listen to
records.

To get around the problems generated by forced

subsitution is 2t hand: commodity categories have to

be merged until the majority cf forcesd substituticn

falls into the sane category. After the reduction I

finally arrived at 35 categories of cormodities.

Another pert of forced substitution is carried

out between goods excluded frox- and those retained in

the model. If, for instance, a patient gets no free
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medical treestacnt /excluded cownodity/, he is forced
to purchase medical carc /reteined commodity/. If
a consumer does not get a2 flat 2t a nominel price
/excluded commodity/, he is forced to get involved
in costly house construction /retained commodity/.
The Almon model provides for the handling of such
problems by adding any varigble to the right-hand
side of the equations. In the given case the model can
include the changes in free medicel care, state
housing projects, etc.

Shortage, however, does not only cause forced

substitution but forced spending9 2nd forced saving

as well. The consumer argues: I couldn’t get a color
TV /and as I don’t want a black and white one/ 1’11
teke part in an expensive package tour, or put the
money aside for the case I can buy 2 color TV set
next week, month or year. A part of forced saving -
and the closely related guewing'® - is hidden in the
data base of the model broken down by year, as it is
seldom necessary toqieue or wait for more than a year
for a good. The queues stretching from one year to

the other or spanning several yeers have to be taken

9. Forced subs cution and forced spending are Yin
categories, but while in the forwer case initial
demand is more or less net forced spending leaves
a void behind it. '

lo.In theory; all queuing can be ccnsidered forced
saving of varying extent, depending on the size of
the queue.
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into account. Zuca guevcs atead for stote-owned housing,
telephones and new cars. In the dete base I retairned
only the latter. To btuild it in the model,; special
indices, <.g. those referring to the intensity of the
shortage, had to be used.

The model - due to aggregation through both
time and commodity categories - thus conceals such
elementary characteristics of Hungarian consuaption
as a host of queues of varying size, the propensity
of consumers to wait; e.t.c. Neglecting these phenomenz
means the same as assuming that the normal /average,
ordinary/ intensity of shortages only slowly changed
in the past 20 years;, so variations in consumers’
demand are basically defined by relative prices and
real incone.

Almon’s model is most suitable for finding a
wide range of price-dependent /voluntary/ substitu-
tions and complementarities in consumption. =Zven this
ability of the functions was limited here by the
purging and aggregation of the dzta base.

ITI. The estimztion of the Almon-modg;ll

To estimate the model I used the computer
program worked out by Clopper Almon. This program
does not estimate income coefficients directly, it
calculates them on the basis of externally given

income elasticities. For the case of Hungary - not

11. The reader, I presume, is familiar with Almon’'s
paper /2/.
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having any cros:z g2ction ectination of income elas-
ticities of the 28 commodity catcgorics to be modelled
here - I had to take the following /and rather question-
able/ noursec.

I pickea first the incomez elasticity coefficients
of a Deaton-lluellbauer model estimated for Hungary by
Muszély /4/12. About helf of the 33 cormodity categories
selected by fuszély coincide with those of mine. The
coefficients of these categories could be applied to
my model directly. Ten out of the 21 income elastici-
ties still missing I cowld compute from a /not very
recent/ study of the Central Statistical Office on
family income /5/13, analizing the consumption in 55
commodity sectors. This "computation'" was no more,
than simply marking the given income elasticities up
or down, using the categories coinciding with those
of Muszély’s as a numeraire. For the remzining 11
commodities no cross section elasticities could be
found. I had to pick the stazrting values of these
coefficients from different consumption functions
based on time series. ,Hulydk: /6/, Hulydk - Losonczy:
/1y Eltets: /6/ / Then I scaled them to fit into
the range of the cross section parameters.

Income was calculated to be the sum of consump-
tion from the 38 catégories plus the personal savings

obtained from the national account statistics. The

12. This estimation was based on the family survey .
data of 8500 households from 1976 to 1978.

13. On the 1969 data of 4000 families Engel curves
were estimated.
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income clasticities trhen were converted to lincar income
coefficicnts and cczled by the program. The long run
average ratio of consumption to inceome turned out to

be .96 . This figure seems to b= rather high, especially
because our narrcwcd definition of inceme and consump-
tion should lower this figure.

The grouping which was selected is showvm in
the Appendix; Subgroups were selected only within the
FOOD group. Then I made a series of rough estimations
to find out the proper value of A . The equations
have been estimated with ,)\0 = .3, .5 and .7. To
my surprise, the results of the _/’-b = .3 case were
elready acceptable, since all own-price elasticities
were negative, and complementarity appeared only
within the MOTCRCARS AND OPZRATION group, as
presuned. Inspite of this sudden success the
improvement of the functions - both in terms of
economic and statistical plausibility - should
follow.

For some sectors - as I mentioned before -
‘special explanatory veriables had to be used to
capture the "shortage' effects not incorporated into
the original modcl. For reasons of programming
convenience, these "special' variables - if used -~
replaced the first difference of income term in the
linear part of the respective equations. The follow-
ing time series were applied as special explanatory
variables:

- A time trend beginning in 1970 is assumed to
represent in some cases chznges in the quality of

supply after the introduction of the so called
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"new economic manzgament’ in 1908, or in other ccses
just changes in tastes. Where to use this trend vari-
able was decided simply on empirical basis. It was
used in the equations of licat Products,; Other lMeat
and Fish Products, Spirits, Misc. Textiles, Other
Services and of Other Products.

-~ Instalment loans are limited in Hungary
and they are given to get rid of surplus supply in
a market with unflexible prices. The variable of
instalment loans is a semi-price variable playing
the role of discounts.

- Supply constraint variables were applied to
represent the effects of limited supply on consump-
tion. The time series of non-alcoholic beverages
production and imports of personal motorcars were
used in the corresponding equations.

~ The data on construction of state owned
apartments serves as a proxy to represent the
substitution between housing at nominal and
effective prices.

— The stock of personal motorcars is assumed
to determine the demand for spare parts and repair
services, as well as car fuel.

Besides these 14 special varizbles were used
successfully, I made some other attempts to improve
the plausibility of some equations. £.G. the time
series of socizl fringes for education and health-
care were believed to representAthe substitution
between free and purchesed consuzption of these
services, but complementarity occured. For the

case of cars I tried a different approach. In the
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cars’ mzrret e scui-legal secondhnnd mor¥et has
developed; where the rcallocation of used czrs cen
take place cn the basis of consurers’s choices. It
is of no question, that there is & market clezring
second hand price. That is why 2 situation can arise
when second-hand prices are higher than the price
of a new car. Therefore in the demand function an
estimsted second-hand price was tested instead of
the centrally fixed price of new cars. This test was
made without satisfactory resuits.

Applying special variables did alter the
range of the estimzted within-group elasticities,
but did not effect the intergroup relations. This
way it can be shown how the supply of non-alcoholic
beverages modifies the consumption /and price
elasticities/ of tobacco, but it camnot be detected,
how many more shoes are sold in lack of soft drinks.

The estimation results are not less satis-
factory than those of the model for Belgium /see the
Appendix /. Own-price elasticities range from -.230
for Car Fuel to ~1.449 for Underwear and Socks. The
within-group range of own-price elasticities is
reassuring about the appropriateness of the grouping,
since the values significantly differ from - ;Zb
in most of the groups. Only the cowmodities in the
groups of STINMULANTS and DURABLES occur to be
independent.

The results show that price and income are
doing an important part of the explaining. However,
the high average absolute percentage errors /AAPE/

of some sectors /e.g. Household liachines, lotorcars
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)

and Car YTuel/, s will oo the high cutccorreloticn
of residucle /RHD/ in the mojority of equotions
suggests thot the improveuoent of the podel wowld be
worth trying. ’

A possible - and maybe fruitful - way of
modelling the Hungsrian consumption with Almon’s
system of functions would be to work out a method
suitable for the estimation of the unobservable
/theoretical/ "market clearing' prices. These
proxy-prices should incorporatve the cost of gqueu-
ing, the "price" of rstioning, and the other
shortage phenomena. Neturally, the income is to
be redefined to express the propensity of consumers

to wait, to substitute and to save. Any ildea concern-

ing these problems is welcore.
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THE ESTIMATION OF THE INVESTMENT
FUNCTIONS FOR THE ITALIAN MODEL

M. Ciaschini

This is a report on the estimation of the investment functions for
the construction of a dynamic econometric interindustry forecast-
ing model of the Italian economy (1) The model is built for the
purpose of medium or lona term analysis. The basic idea is to fore
cast, year-by-year for ten years ahead, industry output, employ —
ment, investment, and other final demands within the framework of
an input-output table. The model lacks the price side and income
side of the economy; they are research projects for the future.

The model is part of the INFORUM (INterindustry FORecastingmodel
University of Maryland) international input output forecastingsystem.

The Italian model will be linked via a central trade model to similar
model.to similar models of eigh industrial countries.
The general structure of the model is explained in Section I. The

data for the estimation of the investment functions is then descri
bed in Section II. Section III explains the investment equations
used in the model, the results obtained in estimation and the si-
mulation results with the estimated investment functions.

(1) INFORUM and INTIMO (Modello Italiano Interindustriale) are the
organizations involved in constructing the model. A1l the ne —
cessary data were provided by INTIMO and the modeling techniaues
by the INFORUM staff.
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I. STRUCTURE AND SOLUTION PROCEDURE

Any model is based on a description of the economy. Macro models
rely on the summary descriptions offered by the tables of the na —
tional accounts; input-output models rest on the expansion of the-
se accounts to distinguish types of products and the users of each
product. Figure 1 shows schematically the table used for the Ita —
1ian model. The output of the economy is divided into 44 branches
or products. The sales of anyone of these branches in a particular
year are shown across a row of the table in Figure 1 in the column
corresponding to the buyer. There are a total of 113 of these buyer

columns as follows:

Matrix Number of
Name - Buyer Columns Content
A 44 Intermediate sales: The sale of one pro

duct to be used in making another, e.g.

steel sold to auto makers.

B . 23 The buyers are 23 sectors, aggregates of
the 44, for which annual spending on ca
pital investment, equipment and plant,

is available. The sellers are 15 sectors

other rows of B are all zero.

G 4 Four columns of government and non-govsr

nment spending are distinguished:

(1) - Health
(2) - Education
(3) - Other

(4) - Non Government Social

Institution.

C 40 Consumption: The "buyers” are categories
of consumption from the family-budgets in

national accounts.

1 Exports
1 Imports
1 Inventory change

total 11y
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The elements to the right of the double 1ine in Figure 1 are known as
final demands. The sum of all the final demands is the gross domestic
product.

The forecasts consist of tables such as this, one for each year out
ten years or so into the future. The basic logic begins with the fo-
recast of consumption, exports, imports, and inventory change, pro —
duct-by-product. Column totals for other final demands are forecast

" and distributed to industries according to their percentage structure
in the base year. Then we take the vector sum of all the final demand
columns, and calculate, by solution of linear equations, the outputs
which would be necessary to yield these final demands, due account be
ing taken of the requirements for intermediate goods. Thus, a final
demand for clothes necessitates production not only of clothes but
also of textiles, chemicals, electricity, coal, and so on. From out —
puts so obtained, employment may then be calculated.

In order to forecast the personal consumption portion of final demand
however, we need to know personal disposable income. We start the pro
cess by assuming a future course for this variable. Logically, we may
then revise it in either of two ways:

1) so that the resultant employment matches a projection of the la-
bor force

2) so that the disposable income resulting from the wages, divi —
dends, interest and rental payments, less the taxes, should be
equal to the disposable income assumed in the consumption functi
ons.

We use technique 1. A1l short-term macro-economic models use techni —
que 2.

Obviously, Number 2 requires a complete system of wage, income, and
tax equations to spell out the disposable income implied by the indu-
stry outputs and employment.
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At present, this complete structure is available only for the U.S.
model. Even for this model, however, the second technicue is seldom
used because it assumes no changes in tax policy. For forecast-
ing ten years ahead, it seems safer to assume that taxes will be re
vised to give satisfactory employment levels, and thatiswhat tech
niques 1 assumes. For one or two years ahead , we can use the dispo
sable income forecasts from a macro model.

One further problem remains with the basic logic of solution: some
of the final demands depend on the levels of output in the same year,
namely investment, imports and inventory change. In the case of im-
ports and inventory change, the dependence is substantial and direct
in the sense the imports, say, of a product depend on the domestic
demand of that same product. The import and inventory change equa —
tions are, therefore, simply included in the simultaneous solution
of the equations for the outputs. This solution is accomplished by
what is known as the Seidel process. In this process, initial gues-
ses are made of the solution, then all of the demands for good 1 are
computed and the guess for good 1's output revised to be equal to
its demand. Then, with the revised value of good 1's output, the
demand for good 2 is computed and jts output revised,and so through
the whole 1ist of 44 and then back to good 1 and through the whole
1ist again and again until the solution converges. (Three or four
times through is usually sufficient because we can both start with
good guesses and also take the sectors in a sequence which puts
first the ones close to the consumer - thus clothes come before
textiles and automobiles before steel). In this process, it is a
simple matter to use the import and inventory equations each time
the demand for a good is being calculated to say how much will be
supplied by imports and how much required for inventory building.

A different approach must be used to account for the dependency of,
say, investment by the apparel industry on the output of apparel,
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for investment by apparel effects not only apparel output but also
output of machinery. Fortunately, this dependency is weak. We deal
with it simply by calculating investment on the basis of our first
guess of outputs, comp]éting the Seidel solution of the simultane
ous equations for outputs, then going back to the investment equa-
tion, recomputing investment, and then coming back through the Se
idel computation. (Twicé through this process is generall enough).

When the outputs for one year have been computed in this way, we
can move on to the next, and then on to the next. Thus, we build
up the.sequence of tables such as one shown schematically in Figu-
re 1.

The main data source is the I/0 table for 1975 current prices, the
family budgets, the current and constant prices output index from
1959-'80 compiled by ISTAT (Istituto Centrale di Statistica). The
I/0 table shows the sales of 44 branches to intermediate use by the
same 44 to personal consumption, to investment, to government,to
exports, and to inventory changes.

Offsetting imports are shown by branch. A1l the figures in the I/0 ta
ble are in producer's prices. The family budgets are arranged in
40 consumption items corresponding to the 40 consumption sectors.
For the estimation of investment equations we have the ISTAT seri
es of the investment by selling and purchasing sector from 1970

to 1978; the purchasing sectors are 23 according to the N.Aclassi-
fication. The ISTAT input-outnut tables give only one column for gross
capital formation. Because the investment decision is made by the pur
chasers of the investment goods, we wish to estimate investment by
purchases and then to distribute it over the 44 sectors by using a
capital flow matrix. The capital flow matrix (B) showing sales
from each of the 44 producing sectors to each of the 23 equipment
purchasing sector is available for the Italjan economy 1975.
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FI1.  INVESTMENT FUNCTIONS

The estimation of sectoral investment functions for Italy is not a
minor problem. On the one hand the available series are short and
their profile rather flat and sparse, on the other hand sectoral in
vestment is influenced in different measure by particular phenomena
such as the change of technologies through replacement and the unu-
sed capacity. Given such a situation our study concentrated on the
essentials of investment behaviour: the capital output ratioand the
pattern of the lag between increases in outputs and the increase in
capital stock they stimulate, leaving to a further investigation so-
me programmed hypothesis on the sectoral investment functions.
Investment data for Italy distinguish 23 investing industries and
1nc1uées équipment and plant.

Total investment is the sum of replacement plus expansion investment.
If replacement is proportional to the stock of capital, and stock is
proportional to output, or better, to smoothed output, then replace-
ment is proportional to the smoothed output, thus:

Replacementt =r k Q
where k is the capital output ratio, r is the replacement rate, and
Qt is smoothed output. Expansion investment we take to be just the ca-
pital-output ratio times a distributed lag on changes in output, thus:

N

Expansmnt = K § wi A Qt-i
i=C
where:
n
2 w, =1
i=0 *

n
V=rk0+k§w£\0t_i (m
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or:

tyg 17 Tt-1 (2)
with =
ZIwi 1
For smoothed output we took
0, = .50, + .30, *+ .20, ..

where Qt is output of the investing industry in 1975 prices, To enfor
ce the requirement that the w's sum to 1.0, we set:

W, =1 - w. - W

Substituting this equation into (2) gave the actual regression equa —

tion for the three years lag (n=2).

Vo= k (r D ¢80, _,)%k wils O, =80, J+k w (80, -40, ] (3)

t-2

Only three parameters, k, ka, and kw1, are estimated by the regres-
sion. For use in the forecasting model, kw2 is calculated from:

sz = k - KwD - kwl

We emphasize that the main point of this equation is to obtain a reaso
nable estimate k for forecasting the investment responses to increases
in output. It would be easy to improve the fit to historical data by
adding, for example, an intercept or a lagged value of the dependent va
riable.
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We tried the estimation of the three an four years lag (n=2, n=3). Given
a capital replacement rate equal to 10 percent we obtained the results
shown in table 1 and II. The goodness of the fit in terms of the avera —
ge absolute percentage error (aape) in slightly better in the four-years-
lag estimation but this is obtained with an higher percentage of wi's bee
ing negative. For some investment equation the fit in terms of AAPE seems
to be reasonable: in seven cases AAPE is smaller than 10%. In eight cases
AAPE is equal to 10-13%. In four cases equal to 18-20% and in the remain-
ing for equal to 30%.

A1l capital output ratios appear sensible in terms of the standard error
of the coefficient; while at least in one third of the cases the w{s show

‘a standard too Tow.

Other estimation experiments were performed with different assumptions on
the capital replacement rate for the three and four years lag.

" Tabel IIT show how the fit of each investment function varies, in terms
of AAPE, when varying the capital. replacement rate. In general we can say
that the fit investment functions with aape not greater than 13% in the
orevious estimation (r=10% becomes better when varying the capital repla-
cement rate in the range from 2,25% to 25%. In the other cases aape varies
much slightly even for substantial variations in r. The fitting of some
investment equation is shown in tab IV. The simulation of the entire mo-
del was performed using the coefficients shown in tab. V for the sectoral
investment functions.

An aggregated summary of the results obtained from a preliminary simulati-
on experiments is shown in table IV. Even is not refined the investment
functions seem to work reasonably in the simulation. The last
kown data for investment in the 78 figure. Next values for the
rate of change of investment show a 12.45 per cent for 79 a 9.40 per cent
for 80 abd a decrease of 1.88 per cent for 81.

REFERENCE

C. ALMON - D. NYHUS:

The INFORUM International Systems of Input Output Models
and 8ilateral Flows - UMIVERSITY OF MARYLAND, 1977.
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TABLE | - RESULTS OF THE ESTIMATION OF THE SECTORAL INVESTMENT FUNCTIONS WITH REPLACEMENT RATE EQUAL 10 PERCENT

20.

2.

4.

CAPIOUT 50 4Q(t4) SEE RHO AAPE

AGRICOLTURA, SILVICOLTURA E PESCA 1.148 0.440 0.529 196.90 0.451 763
{0.038) {0.182) {0.155)

PRODOTTI ENERGETICI 0877 0.242 0.242 189.003 0273 8.16
{0.025) {0.082) ©.081}

MINERAL! E METALLI FERROSI E NON 0678 0316 0.084 588.36 0834 55.65

FERROSI {0.143) {0.205) 0.239)

MINERAL! € PRODOTTI DI BASE 01 061 0.212 0.257 10596 0.301 18.59

MINERALI NON METALLIFERI {0.044) {0.243) (0.158)

PRODOTT! CHIMICI E FARMACEUTIC! 0.783 0.268 0.040 17580 0578 13.19
10.038) {0.078) (0.080)

PRODOTT! METALLICI ESCLUSO 0317 0.118 0.082 80.73 0.078 18.76

MACCHINE, TRASPORTO 10.028) {0.067) {0.061)

MACCHINE AGRICOLE 0.309 0.166 0.028 6196 0.348 16.17
0.017) {0.041) {0.051)

MACCHINE PER UFFICIO, STRUMENTI 0.382 0.153 0.108 30.308 0723 a2t

EOTTICA 10.046) {0.030) 10.081)

MATERIAL! £ FORNITURE ELETTRICHE 0.343 0.1538 0.087 76.662 0.345 21.58
(0.027) (0.085) 10.065)

MEZZ) 01 TRASPORTO 0625 0.403 0.1 £9.956 0.338 3030
{0.026) {0.058) {0.057)

ALIMENTARI, BEVANDE, TABACCO 0.168 0.040 0.030 56.154 0.455 10.66
10.006) (0.023) {0.025)

TESSILI, ABBIGLIAMENTO PELL!, CALZATURE 0.201 0072 0.051 120.147 0372 2092
(0.018) 10.042) {0.038)

CARTA, CARTOTECNICI 0273 0.082 0.088 30.179 0352 10.50
{0.011 (0.021) 10.025)

GOMMA, MATERIE PLASTICHE 037 0287 00N 99,632 0.733 40.14
(0.058) {0.136) {0.175)

LEGNO, MOBILI € ALTRI INDUSTRIALI 0.103 0.054 0.005 65.114 0.555 ny
(0.014) (0.032) {0.033)

COSTRUZION} 0.141 0.185 ang 83873 0.481 Rl
{0.006) (0.032) 10.042)

COMMERCIO 0.588 0.53§ -0.035 244.199 05858 1240
{0.030) {0.153) {0.204)

ALBERGHI E PUBBLIC! ESERCIZ! 0.410 0.181 0075 38324 0.364 8.01
{0.013) {0.080) {0.085)

TRASPOAT! 1.464 0643 0.145 108.448 0.335 470
(0.026) {0.087) {0.107

COMUNICAZIONI 3018 0.276 1613 257.721 0.658 2.4
{0.265) (1.684) (0.914)

CREDITO E ASSICURAZION{ 0.396 0.082 0.168 91.532 0.754 18.95
{0.025) (0.147) (0.136)

SERVIZ!I VARI an 1737 1518 1007.532 0373 158
(0.110) (1.019) {0.796}

SERVIZ!I NON OESTINABILI ALLA VENDITA 1.395 1.249 0459 816N 0.755 11.59
{0.070) (1.085) (1472)
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20,

AR

2.

AGRICOLTURA SILVICOLTURA E PESCA

PRODOTTI ENERGETICI
MINERALI E METAL]I FERROS! E NON
FERROS!

MINERAL! E PRODOTTI DI BASE DI
MINERALI NON METALLIFER!

PRODOTTI CHIMIC! E FARMACEUTIC!

PRODQTTI METALLICI ESCLUSO MACCHINE

TRASPORTO
MACCHINE AGRICOLE

MACCHINE PER UFFICI0, STRUMENTI
EOTTICA

MATERIALE E FORNITURE ELETTRICHE

MEZZ] DI TRASPORTO
ALIMENTARI, BEVANDE E TABACCO
TESSILI, ABBIGLIAMENTO PELLI,

CALZATURE
CARTA, CARTOTECNIC!

GOMMA E MATERIE PLASTICHE
LEGNO, MOBILI E ALTRY INOUSTRIALI

COSTRUZIONI

COMMERC!IO

ALBERGH!, PUBBLICI ESERCIZI
TRASPORTI

COMUNICAZIONI

CREDITO E ASSICURAZIONI

SERVIZI VARI

SERVIZ! NON DESTINABILI ALLA VENDITA

CAP/QUT

1.150
{0.037)

0877
{0.025)

0.958
{0.153)

0613
{0.038)

0.782
(0.036)

0317
(0.025)

0.308
{0.015)

0.345
(0.046

0.344
(0.29)

0.624
(0.025)

0.167
(0.006)

0.201
(0.019)

0.279
(0.011}

03N
{0.058)

0.098
{0.013)

0.139
(0.005)
0.588
(0.030)

0413
(0.003)

1.468
(0.023)

3.058
{0.145)

0.385
(0.025)

3.166
{0.102)

1.350
{0.057}

167 -

alt)

0.409
(0.176)

0.219
{0.100)

0.133
(0.234)

0.338
(0.224)

0.312
{0.097)

0.112
(0.074)

0.110
(0.048)

0.137
{0.086)

0.119
{0.067)

0451
(0.078)

0.056
{0.031)

0.073
(0.081)

0.092
(0.024)

0.281
(0.184)

0.087
{0.037)

0.149
(0.040)

0.559
(0.164)

0.134
0.019)

0517
(0.101)

0422
{0.928)

0.112
(0.181)

1.824
{0.836)

1.802
{0.852)

Agle-1)
0.428
{0.181)

0.297
(0.090)

0.026

- (0.183)

0.444
0471

0.025
(0.089)

0.076
(0.087)

0.018
{0.044)

0.088
(0.090}

0.066
(0.063)

0.118
{0.055)

0.035
(0.025)

0.051
(0.095)

0.0s3
{0.025)

£0.068
0.177)

0.013
(0.030)

£0.065
{0.057)

40.051
(0.207)

0.022
(0.021)

0.185
(0.084)

0.065
{0.603)

0.174
(0.135)

2.048
(0.835)

0.558
{0.145}

5(1-3)

0.154
(0.160)

0.066
{0.125)

1.005
(0.390)

0.323
(0.191)

2.102
{0.134)

0017
0.074)

0.078
(0.044)

0.047
{0.108)

0.680
{0.068)

£.066
(0.078)

0.027
(0.036)

-0.003
(0.095)

0.000
{0.039)

0017 |

(0.140

£0.092
{0.064)

0.038
(0.029)

0.077
{0.206)

0.162
{0.013)

0.19
(0.105)

2391
(0.521)

-0.068
(0.147)

0.970
(0.744)

-1.867
{0.765)

RESULTS OF THE ESTIMATION QF THE SECTORAL INVESTMENT FUNCTIONS WITH REPLACEMENT RATE EQUAL 10 PERCENT

SEE

187.447

186.157

446613

92.322

170.491

80.489

§3.469

29.994

71.362

89.956

54.432

120.138

30.178

99.546

8.769

35.789

242288

9.34

92.719

141.033

90.454

923.996

296.753

RHO

0.659

0.378

0.355

{0.182

0.182

0.127

40.265

0.785

0.524

0.683

0.221

0.365

0.355

0.736

0.462

0.572

0.634

0.268

0.108

-0.005

0.720

0.106

0.270

AAPE
760
6.39
32.96
13.58
13.56
18.37
11.77
32.10
20.01
10.58

10.63

20.89
10.49

39.36

28.94
9.45

12.12

4.01
13.97
1844

753

9.12
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20.

21

23.

TABLE V :

AGRICOLTURA SILVICOLTURA E PESCA
PRODOTTI ENERGETIC!

MINERALI E METALLI FERROSI E NON
FERROSI :

MINERALI E PRODOTTI Ol BASE DI
MINERALI NON METALLIFERI

PRODOTT! CHIMIC! E FRAMACEUTIC!

PRODOTTI METALLICI ESCLUSO
MACCHINE TRASPORTO

MACCHINE AGRICOLE

MACCHINE PER UFFICIO, STRUMENTI
EOTTICA

MATERIALE E FORNITURE ELETTRICHE
MEZZ1 01 TRASPORTO
ALIMENTARI, BEVANDE £ TABACCO

TESSILI, ABBIGLIAMENTO PELL,
CALZATURE

CARTA, CARTOTECNICI

GOMMA E MATERIE PLASTICHE
LEGNO, MO8ILI € ALTR! INDUSTRIALI
COSTRUZIONS

COMMERCIO

ALBERGHI, PUBBLIC!I ESERCIZI
TRASPORTI

COMUNICAZIONI

CREDITD E ASSICURAZION}

SERVIZI VARI

SERVIZI NON DESTINABILI ALLA VENDITA

rk
0.11506
0.08780

0.09688
0.06131

0.07821

003174

0.03086
0.03452

0.03446
0.06248
6.01678

c.02018

0.02797
0.03720
0.00980
0.013%8
0.05851
0.04140
0.14830
0.30554
0.03954
031686

0.13502

172

INVESTMENT FUNCTIONS COEFFICIENTS USED IN THE SIMULATION

%0

040945

0.21976

022173

0.27624

0.11223

0.10476
013775

0.118G2
0.40835

0.04877

0.07263

0.0s28s

0.23781

0.04502

0.10174

0.45769

0.12763

0.517680

0.

0.08583

138620

064629

bl

042915

028767

002367

0.29085

0.02294

0.07642

0.
0.08817

0.06645
0.10681
0.03078

0.05075

0.05885
G
0.00881
0.
0.
0.
0.18583
6.05714
0.14868
1.88772

0.

w2

0.15739

0.29448

0.5283

0.10045

0.48289

011123

0.12888
0.07185

0.07862
0.10356

0.08822

0.07844

0.12546
£.119386
0.04622
.01
0.12740
0.13217
0.57210
0.89829
0.15083
0.20266

0.70389

w3

0.15464

0.6604

0.88227

0.

0.01751

0.07497
0.04738

0.08048
0.
0.

0.

0.00045
0.01481
0.
0.02631
0.
0.15417
0.19182
2.10098
0.

0.
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CHANGES OF INPUT COEFFICIENTS AND
POSSIBILITIES TO FORECAST THEM:
AI'FINNISH CASE

0. Forssell

Characteristics of the Finnish project, sensitivity of input
coefficients, preliminaty results of observed changes of
coefficients and possibilities to forecast coefficients are
considered in this paper.

1. Characteristics of the Finnish InpuwOutput Model System.

Several circumstances affect on compilation of a national
model. The most important ones are the goals of the model,
characteristics of the project and available statistical data.
The Finnish input-output model system (FMS) is built in order
to evaluate the alternative strategies for the development of
the Finnish economy in the long range. Strategies are examined
in connection with (a) the realization of the economic possibil-
ities of social goals, (b) the projections of the perspectives
of international trade to the possibilities of the development
of the Finnish economy, and (c) the new possibilities and the
needs for adjustment created by tecnological change. This means
that the model is more a simulation than forecasting model.

It has some characteristics of growth model, when it is used
mainly for analyzing long range development. It should have
links with international trade flows. Technological change

should have special considerations in formulating the model.

- 174 -
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The model building project is going on in the Department
of Economics at the University of Oulu 41 . This means that the
project has academic features. We try to get as solid theoretical
base as possible for it: simple structures, behavioral equations
clear and wellfounded solutions for problems. This is at least
the aim, but when construction of the model is in practice,
as much art as science, some compromises must always be made.
Another acadenic feature is lack of finance and very limited
resources. This leads to stepwise development of the model.

We start with a slim version and then proceed little by little
toward a more developed system. The Academy of Finland has
financed us during three years about 4 research years and from
other sources we have got % research years. In addition we
have had about 2 assistant years. Use of computer time is free
in the university but programming must be paid for or made by
oneselves.

The members of the team pursue their studies at the
university simultaneously as they work at the project. It was
then purposefull to divide responsibilities in the project
so that the members could do their doctoral thesis on the
subject they study in the model. Sectors like incomes and their
use, investment and growth,'foreign trade were responsibility
areas. This kind of organisatory division seems to work and
members of the team learn by doingq.

. Available statistical data affects on structure of
the model, classification, and estimation possibilities.
The starting point for industrial classification in the model was
the latest available input-output table of the Finnish economy.
It was for the year 1970 and it had 65 industries. As an input-
output man I prefer the model with as a detailed industrial
classification as possible. It is always easier to aggregate
than to disaggregate. But we had a lot of trouble and work to be
done in order to get time series for gross outputs, final demand
and primary input items, prices, employment, and capital stocks.

1 The team works at the Department of Economics at the University

of Oulu and its members are Osmo Forssell, Jukka Kirrymiki,
Ilmo Maenpda and Rauli Svento.
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Time series are not available in national accounts according to
the same industrial classification as input-output table has.
This was the first reason to reduce number of industries to 38
industries. Another reason was heavy work in gathering,

formulating, quessing, linking and deflating data. Making of

the data bank for the model took about 2/3 of the time available
for the project and the figures available are not final, yet.

It was necessary that the real work, let us say productive

work, the model building itself had to be started.
Classification problems were not finished yet. In Central
Statistical Office the revision of SNA was going on and as

a result of that work still another classification scheme
appeared. Unfortunately it has fewer industries than we planned
in the beginning of our work. So the final or better to say
updateted industrial classification which we now have comsists
of 30 industries.

Revision of SNA had some advantages also from our point
of view. Income accounts are better and consists more suitable
information for building income and outlay submodel. However
input-output table is not a consistent part of national accounts.

2. The 59 most sensitive input coefficients

The following table indicates how the 59 most sensitive input-
output coefficients are distributed among industries of the
model. Coefficients are arranged by rows and by columns. The
row coefficients indicate that the output of the industry is
sensitive for intermediate demand of its products (output).
When we examine coefficients columnwise their sensitively is
studied from production process point of view (inputs). For
instance we take the industry n:o 22 Basic metal industries:

it has four coefficients on output side and three on input side.
They are the following ones:

output of basic metal industries were used by

- basic metal industries 1,21
- manufacture of machinery 6,57
- manufacture of electrical machinery 9,57

manufacture of metal products 11,09
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The 59 most sensitive input-output cocfficients

éut»in- The clzssification of industries
hut pu

—opmd.

3 01. ‘fgricvlture, hunting and fishing

02, Forestry and logging

03, lMining and quarrting

04, Slaughtering, prevairing and preserving ncat

05. IFanufacture og dairy products

06, Grain nill products, nenufacture or bakery products

07. Otrcr manulfacture of food products

08, Beverage ard tobacco industries

09. Manufacture of textiles

10. llanufacture of clothings, fur and leather products

11. Sawing, planing and preserving

12, Other manufacture of wood

13. Pulp mills

14, Fanufacture of paper and paperboard

15, l'anufacture of pulp, paper and paperboard articles

16, Printing and publishing

17. lianufacture of chemnicals

18. lanufacture of chemical products

19. Petroleun refinerics, miscellaneous products of petroleun
and coal '

20, lianufacture of rubber and plastic products

21, Pottery, glass and earthenwarc products

22, Basic metal industries

23, llanufacture of metalproducts

24, ianufacture of machinery

25, llanufacture of electrical machinery and related products

26, Shipbuilding and repairing

27, Other menufacture of transrort equipment

28, Other ranufacturing industries

29, Electricity, gas and water

30, Building

31. Other construction

32, Trade : :

33, Restaurents and hotels

%4, Transport

5. Cormunications

36, Letting and ovpcrating of dwellings

37, Other real cstate, financing, incurance and business services

38. Private soclial and personal services

b S N NS T A AN S N AV AC A AR
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basic metal industries used inputs produced by

d —value2

_ TS
- basic metal industries 1421
- mining 2,19
- manufacture .of metal products 9,33

The measure drs indicates how many percent an input coeffi-
cient a,q may change such that the output of any sector does
not change more than one percent. The final demand is supposed
to be constant. The smaller the value drs is the more important
(sensitive) the coefficient a_..

There are only three industries which have no coefficient
among those 59 most sensitive coefficients. On the output side
there are ten industries and on the input side nine industries
without their own coefficient among the most sensitive ones.
There are 14 diagonal coefficients among the 59.

The most sensitive 59 coefficients are ohly 4,4 % of all
the coefficients (1363 coefficients). Their d-value varies from
1,21 to 11,73. These coefficients are rather evenly distributed
among three blocks of industries.

2 Ilmo Maenpaia has studied sensitivity of input-output
coefficients [ 3]. He used the following d-measure:

9
ir
X, + 0.01bsr)

where &g = rs—-element of the original input coefficient
' matrix A;
bir' b = elements of the original ILeontief's
sT -1
inverse matrix B = (I-A)"
XXy = original gross products of the sectors i
and s.
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output input
block of industries side side
agriculture, food, beverage, tobacco
and textile industries (1,4-10) | 14 13
foresty, wood and paper industries
(2,11-16) 12 10
mining, metal industries (3,22-27) 14 _ 8
building and construction (30,31) - 9
other indusiries _19 19

TOTAL 59 29

It is then purposeful to study changes of the most sensitive
coefficients by set of industries, which are closely related
to each others through interindustrial flows. Causes of changes
may be expected to be similar or at least related to each
others inside the block of industries.

The changes of the most sensitive input coefficients of
the Finnish Input-Output Model System has not been examined .
yet. The earlier studies indicate that changes are rather greata.
It is then important and necessary to find out possible causes
for changes in other to be able to forecast these coefficients
in the future. |

3 The change in the greatest input-output coefficients of
manufacturing industries were observed to increase with
the length of the observation period in 1963%<65, 1956-59,
1959-62, 1959-65, 1956-63 and 1956-65.

The regression equation between the square of median of
weighted absolute change in ingut-ouput csegfecientsﬂ

on rows and time was: (median)™ = 0.0074t~°".

Consequently the median of changes in input-output coeffi-
cients was 8.6 % in the first year and later increased less
than proportionally. After 10 years it was 21.7. The size
and rapidity of changes could not be considered to be
different from those observed in other countries. 2
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3. Studying impacts of changes of input coefficients on inter-

mediate.demand

In studying changes of input coefficients annual input-output
tables would be needed. In most countries this kind of full
information situation does not exist. Input-output tables are
available only for some bench-mark years and spaced years must

be covered by data on gross output, public and private expen-
ditures, fixed capital formation, change in stock, imports and
exports. Data is usually got from national accounts. Necessary
data on final demand is then not available by industries, but

must be generated by transformation matrices. These matrices
relate industrial final demand to different expénditure categories.
Transformation ﬁatrices can usually be compiled only for the years,
which are covered by input-output tables. All this means that
only limited information is available for making observations on
changes of input coefficients. Observations are then subject to
different sources of errors.

I suppose that the case of Finland is typical. We have input-
output tables for 71959, 1965, 1970 and 1978. These tables have
different classifications, there are minor continuity between
tables and tables are not consistent with national accounts. 1In
order to get estimates on final demand by industries, the fol-
lowing conversions and adjustments had to be done:

Private consumption expenditures are available from national

accounts for 30 expenditure categories4 at marked prices.

4 1. Bread and cereals 16. Heat and light

2. Meat 17. Furniture

3. Fish 18. Household equipment

4. Milk, cheese and eggs 19. Other household consumption
5. Fats and oils 20. Householdservices

6. Fruit and vegetables : 21. Healt and cleannes

7. Sugar and sweets 22. Private means of conveyance
8. Coffee, tea cocoa 2%. Expences of private means of

conveyance

9. Other food 24. Public transportation

10. Non-beverages 25. Communication
11. Beverages 26. Personal things

12. Tobacco 27. Entertaimet and cultural service
13. Clothings ' 28. Books and magazines
14. Footwear 29. Hotels, restaurants and cafes
15. Housing 20. Other services

Classification of indirect taxes is (1) import duties and levies,
(2) sales tax, and (3) other commodity tax, net.
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Time series are at constant and current prices. These series
were converted to the FMS industrial classification at producer's
prices by a matrix converter available from 1970 input-output
table. Summation across the 30 categories for individual compo-
nents gave the estimate of private consumption expenditure
demanded from an industry.

Public consumption expenditures are available from national

accounts for such categories as health services, educational
services, etc. It was assumes that every public consumption
expenditure item produced by an industry developed as the expendi-
tures on an average. These items are usually only a small part

of the output of the industry. '

Gross domestic fixed capital formation is available from national

accounts for the following four categories:

1. Residential bildings

2. Non-residential buildings

3. Other construction

4., Machinery, transport and other equipment

Market price time series are available at current and constant
prices. These series were converted to the FMS industrial classi-
fication at producer's prices by a matrix converter estimated
from the 1970 input-output table. Summation accross the four
categories for individual components gave the estimate of fixed
capital formation produced by an industry.

Change in stocks and statistical discrepancy is known from natio-

nal accounts only as total sum. It was assumed, that the same
fraction of output as in 1970, was every year delivered from an
industry to this item of final demand.
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Exports and i@ports are presented in foreign trade statisties
for goods classified by commodities at f.o.b. and c.i.f. prices.
These goods were classified by producing industries (the FMS
industries). Time series for export and import items were got

directly on basis of these classifications. Price indeces were
calculated according to foreign trade statistics information.
Constant price series were estimated by means of these indeces.
Exported and imported services were evaluated on basis of infor-
mation got from balance-of-payments statistics.

Time series for final demand of industries were got summing
across_the five component estimates given above. When these

time series were not consistent with final demand of input-output
table used in studying changes of coefficients they are adjusted
to the level of the input-output table.

When the estimaﬁes on final demand by industries are available
the impacts of changes of input coefficients on intermediate
demarid may be examined as follows:

n Eﬁaij(o)xj(t)

x; (£)+m; (£)-y5 (¢)

_ i=(1,...,n)
were aij(o) is a base year input coefficient including
both domestic and imported flows
xi(t).isthe output of industry i at the year t
mi(t) is imports of commodities characteristic to the
industry i at the year t
yi(t) is the final demand of industry i at the year t

The measure inficates how much in percents the observed interme-
diate demand deviates from the corresponding demand evaluated by
fixed input coefficients. DPositive measure means that input
coefficients have decreased. Measures are symmetric.
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In the Finnish case the calculaitons were made by 1970 coeffi-
.cients for the year 1971-75 and by 1965 coefficients for 1966-
1975. It is planned to continue these calculations up to 1978
and to make similar evaluations by 1959 coefficients for 1960-

- 1978. Some preliminary results of the calculations are presented
next. There are some industries, where deviations are rather
tolerable. Measures are presented for 1965 and 1970 coefficients.

1966 1967 (1968 (1969 [1970 1971 972 1973 N974 1975

Agriculture -.0719-.044-.063-.094-.064-.133- . 174 . 173~ . 169-.136
hunting and F ' -.071-.123-.121-.124-.090

fishing : :

Forestry and -.107-.090-.085-.129-.063-.188-.197%-. 231-.279-. 234
logging , ) - . 060 . 130+ .160-.209~.152
Pulp mills -.07%5-.02§-.064-.023~.053-.108-. 264~ .308-. 254 .011

~ .064r-.08%-.1%%-.087 .182
Printing and .090; .013 .03% .021 .079—.192—.2OOF.36Or.154—.168

publishing - - .039-.05%-.1%%-.044-.035
Manufacture of | .001 .OE?..O69 474 .24 313 410 437 .45 394
chemicals ' .086| .169 .18 .20] .156
Basic metal -.0%8+-.05%-.109-.084-.0449-. 358 . 410+ . 393}~ . 328~ . 506
industries -.152F . 145 .1321-.101-. 208
Manufacture -.025-.054- . 171-.3%33-.044- . 008} . 049 . 017} .013~-.173
of metal -.0%6}.052-.012+.024-.150
products '
Electricity -.070+.038-.064~.069~.060-.040}-.034f -.001] .021 .070
gas and water .059 .053 .094f .129 .192
Trade .004—.009—;108—.24q-.159—.105-.077 .028 .05q .076
i .074] .099 .197| .22 .243
Transport -.007%4-.051-.07 —.073—.092-.113r.124~.O99f.054 .055

-.0261-.0471-.03%1 .11 .116

These industries have delivered major part of their output for
intermedeiate demand.

The following examples are industries which have great changes
of input coefficients. Major part of their output is used as
final demand. “
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1966 11967 1968 [1969 [1970 11971 1972 1973 l1974 |1975
Manufacture 1,061 |.119 |.170 |.255 [+.657|-.310]|-.218}-.031 |-.765 |-.024
of dairy .088| .118| .178}-.067| .188
products '
Sawing,planing-.317|-.247|-.357 |-.122|-.247 |-.217 |-.424 |-.412 |-. 303 |-. 734
and preserving | ~ |-.016|-.225 |-.199 }-.100|-.517
lianufacture of .171| .158| .169) .315] .438] .399| .293| .365]| .333| .288
rubber and ’ -.118|-.372|-.255 |-.329|-. 400
plastic p. . , '
Manufacture og-.zéz -.155|-.372 |-1.763-.106 | .105|-.267} .007| .144] .263
machinery - : .187]-.188] .094| .217] .309
Shipbuilding | .056| .522|-.103[-.097] .326 | .494| .547] .385] .580 }1.325
and repairing ' o 0451 .094 |-.225| .0491.097
~Building -.146] .008(-.205-.117|-.069 |-.094 |-.113 |-.112 | .007] .030
| -.026 |-.037 }-.037| 0.50] .062

The following reasons have generated the extent of the discrepancy
between fixed coefficient intermediate demand and the corresponding
estimates got by different approaches:

1. Imperfections in the underlying statistics, for
instance lack of stock statistics

2. Unstability of convertes with fixed distributions

3. Problems related to deflation to constant prices

4, Changes of input coefficients

These preliminary results with the Finnish data point out that it
is too early to make conclusions on'changes of input coefficients.
The third first mentioned reasons have obviously so great impacts
on results. Used data must be further elaborated.
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4. Possibilities to forecast coefficients

Possibilities to forecast charges of input coefficient depend on
the lenght of forecasting period. In short term forecasts and in
updating input-output tables more mechanical approaches may be
used than in long term forecasts. Observed trends of individual
sensitive cofficients as well as forecasting errors of the whole
intermediate demand of an industry may then be utilized.

When changes of input coefficints are analysed in the
longrange evaluation concerns first of all technological develop-
ment. It is closely related to return of invested capital and
changes of relative prices of inputs. Substitution among inputs
are then relevant phenomenon to study at. Evaluation of substi-
tution among inputs from technological development point of view
may proceed as fallows:

1. Analysis of trends in technological development and
specification of the input coefficients directed by
these trends.

2. Evaluation of time-path of substitution process.

3. Forecasting of future changes of input coefficents
according to time-path of substitution process.

This approach demands much detailed work. In our case it can be
applied at most to the most sensitive input coefficients. When
technological development is international phenomenon some
international project (for instance at IIASA) studying technolo-
gical trends were useful perhaps for several countries.
Evaluation of changes of input coefficients in the long-
range is a difficult problem..Many factors have effects on cahnges
and many purpose oriented measures may steer these changes.
Acconrding to our aims it is then purposed to study which were
the most desirable and reasonable technical development patterns
for the Finnish economy. Consideration of different alternatives
gives more range with in which to move for the study. The model
system should be build such a way that choices of technologies
according to return of capital or according to some other goals
may be analysed by the model.
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INTERCOUNTRY PATTERNS OF
STRUCTURAL CHANGE IN ECONOMIES

A. Smysleaev

ABSTRACT

The purpose of a comparative study of the economic structure
between developed countries is to discover, numerically, the simi-
larities in economic growth, i.e., to identify the main factors
influencing the great difference in their pattern of structural
changes. This paper considers a set of interrelated indicators of
the economic development and of the production structure for six
developed countries (USA, United Kingdom, France, Federal
Republic of Germany, Canada, Japan) during the period of 1960-
1977 years. Attention is given to the intercountry data, this is
necessary in such a long-range prediction (10 years ahead). Some
questions of the usage of the econometric techniques on pooled
data (time-series for different countries) are also raised.

1. Problem

Frequent use is made of most Input-Output modeling elements in applied
economic forecasting when the interaction between industries (branches of an
economy) is represented by demands for intermediate products
X(i.7)s = a(i,j)e*X{7)¢. The total demands (values of the industries’' outputs
X(i):) are generated by exogenously given final demands; this also applies to the
exogenously given so-called technical coefficients a(i,j). Summing all the
values of X(i,j) and the final demand components we find that the value of X (1)

needs to produce:
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X(i) = YX(i,j) + Final Demand (i)
J
If we look at any global, multiregional or national multisectoral forecasting
rﬁodel (static or dynamic) it will definitely contain the exogenously given a{i,j)r
and for models of a very different level of aggregation the same expression
“technical coefficients” is used. The interindustry interaction is treated by con-
stant or changing over time coefficients a(i.j). Therefore in order to find only N
values of industry gross outputs X(i) one needs to have a precise prediction of

N*N parameters a(i,j).

Our interest relates to the long-term economic forecasting, i.e., to the
prediction_ of an economic structure for 5-10 years. It can be said that this time
interval is quite uncertain and that the problems of a 5 year forecast are rather
different from those for a 10 year forecast, but i_t is not a case, assuming that
we have a rnulf.isectoral model, and start with a forecast for the year 1985 in
1981. Thus the starting point is 1981 and the time horizon is only 5 years but
the last input-output table a(i,7) can be available only after 2-3 years of the sur-
vey being carried out. If the table of a(i,j) for 1978 is available in 1980, and if
we have also reestimated all the model parameters according to this new data
within the year 1981, then the interval will be 7 years. If the last table is avail-
able for 1976 only, and a new one for 1979 or 1980 has ﬁot been published,
then the lag will increase to 9-10 years. In both cases care should be taken
that the gap between the data available year and the year of forecast to be
developed is approximately 7-10 years. Such great lags can be definitely be

found in models applied in the past few years.

It should be also noted that such lags do not exist for other parts of mul-
tisectoral models. Elements of final demands and labour inputs are generated
by statistical offices without any gap, or with only a one year lag between the
starting year and the data becomes available year. For example, the structure
of the personal consumption expenditure can also be given by a system of equa-

tions developed for different income groups on old surveys but nevertheless

i
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the corresponding components of consumption used in a model run are given
for each year and the equations can be adjusted to these data prior to the
starting year. Therefore one has a priori knowledge about N elements of con-
sumption which can be used to adjust a model that will generate the same N
inputs in the fnput —Output model. For the elements of X(i,7) we find only 2*N
values of the corresponding sums (by rows and by columns)

‘f:lX(i.j) = X(j) - Value added(j)

and

f:lX('i.j) = X(i) — Final demand (i)
to produce N*N value,s of a(i,j). Some artificial tables for the later years can
exist but their development is also based on some models, for example the RAS
technique is frequently used. Thus the a(i,j) matrix is an unique part of a
model in that it cannot be adjusted to the current statistic data so well as other
components of a model. Note that in most studies using an input-output model
for forecasting the explanation of the a(i.j) projectibn technique is very short

and vague.

In long-term forecasting we find rather simple equations to connect
directly most parameters of the interindustry structure with the final demand
growth. This enables the use of some simple approaches in order to forecast
X (i) over time and in our opinion an intercountry set of data should be applied

in long-term economic forecasting.

2. Model

It is assumed that the entire set of interrelated structural characteristics
is moving in time to the commeon "intercountry” pattern of growth. A generali-
zation of historical patterns of economic growth across nations is usual in

macroeconomic studies. The aim is to determine some stages in economic
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growth that influence global changes of an economic structure for every
nation. In other words the approach is the quantifying of general trends of

economic structure development in several economies.

The analytical purposes should be divided: the first is to understand
whether there are common “intercountry” patterns of economic growth and
the second is the estimation of parameters to be applied in the long-term fore-
casting of a particular country's development. The application of such esti-
mates cannot be done on the statistical data for every single country. There-
fore, the results of modeling can be used in diﬁere‘nt ways and estimates of
the parameters are not the only goal of an application of models. Some con-
clusions can be also drawn on the impact of short- and long-term changes in
explanatory variables. The strong implicit assumption is that the evolutionary
development of an economy, represented for example by GDP (GDP is Gross
Domestic Product) rates of growth and its level per capita, determines the
main structural changes in every economy. The GDP per capita level for
different countries can be interpreted as the factor which reflects an
impact of some other macroeconomic variables on the movement of economic
structure. However for. every economy there are some changes in time that do

not depend on the rates of economic growth.

Some geographic indicators such as climate, availability of resources, avai-
lability of trade partners should be also included in the list of explanatory
variables and the comparison of long-term trends of the structure of

economies across countries can orient us in searching out those factors.

The average or the common tendency of economic development is named
"intercountry pattern” and the differences between the trend of a particular
country and its "intercountry pattern” are of main interest. Theoretically the

question of the similarity of economies cannot been proved without guantita-
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tive analysis. It means that if we have a model to explain why countries' pat-
terns are different then we can estimate the impact of these differences on
the structure of macro variables based on the development of each nation.
Applications of the intercountry analysis show a similarity in the main tenden-
cies across developed countries. It is possible to distinguish some essential fac-

tors determining most gaps of the economic structures.

The most significant trends in economic structure related to the increase of

GDP per capita are frequently cited in intercountry studies. Many papers
{
Energy Consumplion
GDP

investigate ratio across nations in order to estimate

the effect of an energy price change on the rates of energy consumption. The
comparison of product structure is, in itself, of interest, but its greatest value
is as a starting point for investigations of the causes or consequences of interna-
tional differences and of those socio-economic structural features of economies
usually associated with the level of wealth or income per capita. Many macro
and micro-economic studies are also concerned with the causes of industrial
structure differences, and also with the consequences of consumption patterns
and resource availability on industrial structure. These include international
comparisons of enefgy consumption to determine whether the USA is particu-
larly wasteful in its use of> energy. Because a valid comparison and modeling
requires price comparability such macroeconomic studies also require informa-

tion on relative prices.

Some obvious trends in economic structure can be easily predicted; the
slowdown in the share of agriculture in the labor force for example. We should

stress that less obvious trends at least at the aggregated level of economic

X('i)s.t

structure such as
GDP&.S

can be also predicted for all N industriesi =1,...N

only if certain characteristics of the future, such as GDP rates of growth, share
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of investment and the share of equipment in investment, are given. {(Note that

s is an index for the country (s = 1,...,8), t is a time variable and

GDFP is
L

GDP per capita). Various indicators of a country economic "history” deter-

mine existent gaps between its own trend and the intercountry pattern, and

Graph 1 shows the standard situation in applying regression techniques to the

pooled data for industry output per GDP.

Graph 1. Clusters of data and "intercountry pattern” produced by the

regression Xt =a+ g* GDFas
. GDP, , Lox

{

. A

GDP

The aggregated econometric model consists of about 20 equations that
reflect changes in gross output and energy inputs. In such study the industries
should be divided in two groups. The first one includes those which development
(and relative level) is mostly associated with the growth and composition of final
demand. Obviously it is rather difficult to obtain good results for them unless
some socio-economic and resource variables are included in analysis. The
second group consists of industries whose growth is related mainly to other

industries (through interindustry interaction process).

Thus the model of intercountry interindustry interaction is as follows:
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X(i)se GDFs
—_— — 7t |
GDF; ; L

for the first set of industries, where Z;; are predetermined variables in /-0

=F[

modeling, and

X(i)ss X(5)et X(k)s.t ]
GDPF, ; GDP;: ' ' GDP, it

for the second set of industries where j,....k are those industries mostly using

= F|[

products of i —th industry.

3. Usage of Econometric Techniques

There are many problems related to the econometric analysis of such data
and therefore developed techniques should be used. It is easy to convert all the
data in a "homogeneous" set by applying a "Dummy'" model, i.e, if we add a set
of binary dummies that imply different levels of the dependent variable for each
of the countries to each equation. This means that, between countries, we
equalize all the mean values of the dependent variable by the binary dummies
and therefore the causes for the very different levels of the industry develop-
ment between countries are removed from the study. The formal reason for the
rejection of such modeling is that most of differences of the "pooled” dependent
variable are explained by the "dummies"” which themselves cannot be explained
and R® is an inappropriate estimate of goodness of fit for dummy models based
on pooled samples. For the dummy variable model the greatest part of the

dependent variable variance

Var X(i)es = LI X()sy - X(0) I
is ezplained by the dummy variables, ‘r'>ut not by the real variables, because the
average value of the dependent variable (X(i)) used in the calculation of R? is
assumed to be the same for all the data, and the difference between this value
and the corresponding average values for countries is mostly reduced by the

dummies.
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The main reason for using rather simple equations for the second set of
industries is that only a few of the significant interindustry interactions in
economic growth between industries exist. If the relation between industries is
strong across economies then few parameters can be found instead of forecast-
ing all the values needed in /-0 model for each int:lustry output. The compli-
cated interaction which exists between rates of economic growth measured by
GDP per capita and rates of investment and changes in the composition of

industry output should also be investigated.

Note that in intercountry analysis it is necessary to distinguish between
the impact of the level of economic growth (or of the level of wealth of nation)
and the impact of the rate of economic growth on the economic structure by

using more complicated models.

Thus in order to find sensible relations between indicators of socio-
economic growth and economic structure the approach is to combine the /-0
methodology with econometric techniques. For example, if we divide energy
consumption between the most energy intensive industries with the correspond-

ing values of output (X(1).....X{(#)). we then obtain a consistent forecast of the

Energy Consumption
GDP

according to obvious changes in industrial structure:

Energy Consumptlions; _ i’: X{(i)ss
GDP, , & GDpg,

Moreover, if some of the technical coeflicients a (i,7) for all countries are known
we can implement them into the model as a priori given restrictions on values
of 8;. Therefore, the general simplified model to be estimated in a linear form

for each industry looks as follows:

X(i)s.t _ ])st a)st ‘GDPs.t
GDP,, °+E“’ GDP,, Zﬂ“ GDPy: 7 L.,

where £(i), . is an error term, and Time is time trend. Dividing all the values by

+6*Time +e(i)gy (1)

GDP we eliminate possible heterogeneity of errors, because the scale of
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economies is quite different. We assume that the variance of the residuals
should be roughly equal in percentage to the size of economy (represented by

GDP value). Note that it looks very similar to the balance equation:

X@hs = B Xlies + Tra¥(@es @)
where Y(a)g; are final demand components given exogenously in forecasting
and therefore they should be considered as pfedetermined variables in the
model rather that X(j)s: which are endogenous variables. All 'the parameters
in (1) can vary in time and space to reflect some essential features mentioned
above. At the first stage of the study they are supposed to be constant, there-

fore we can use standard regression techniques.

The first set of industries’ outputs can be estimated by the ordinary least
squares. For the second set we must take into account errors in explanatory
variables if some of them are industry’ outputs expressed as regressions in the
first set. The simplest way to improve the quality of parameter's estimates is to
use a reduced form for the second set, i.e., to consider all X(i),; as functions of
predetermined variables only (right-hand variables of regressions in the first
set). It means that we propose a recursive system of econometric equations
whose parameters can be estimated by the ordinary and the two-sfage least

squares techniques.

4. Data

As it is stated above, we carried out the efforts at the aggregated level of
industry output. These selected industries cover about 85 percent of the total
industry output (mining and manufacturing) for every developed country. The
first problem arising in a comparative study is the availability of homogeneous
data and their capability for applying econometric techniques. International

comparisons of changes in economic structure over time depend mainly on the
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quality of data for a selected set of countries. This study confines comparisons
to the last 20 years. Investigation of long-term trends and patterns of economic
structure development needs a reliable set of variables for all countries to be
made on similar assumptions {same methodology). Therefore, valid modeling
requires a price comparability that cannot be obtained by use of exchange rates
to convert different currencies to one common currency. It stems from the fact
that only small parts of goods are exchanged (in trade) between countries and
such calculated ratio as that, selected for foreign trade goods cannot be applied
to an economy as a whole, especially for any certain aggregated industry out-
put. It is also obvious that the weights to be applied in the calculation of con-
verting coeflicients to composite industry (as far as our study of aggregated
industry is concerned) can be derived by no one strict method. The use of two
countries' price weights would yield two different industry output comparisons.

Fisher's ideal index is computed to reestimate all the outputs into the FUSA.

This study deals mainly with values of gross output for selected aggregated
industries, therefore we began with an aggregation of activities (products) from
3 digit ISIC to 13 industry classification according to the system based on the
USSR statistic methodology (the concept of the material product acecounting)
used in the model of interindustry interactions [1] - [3]. The values of gross out-
puts for 3 digit /S/C are available in national currency for all countries. We
developed the time-series of the outputs in constant 1970 prices for all coun-
tries and then reestimated them in 1970 $USA. To do this we needed to apply
purchasing power parities for all products or for aggregated industries. These
values have been developed in the Institute of World Economy and International

Affairs of the USSR Academy of Sciences.

With the exception of the Gross Industry Outputs values, the Energycon-

sumption values by type of fuels are used in this study. These values are meas-
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ured in physical terms and have been taken from " WorldFnergySupplies”. The

value of the output of construction as a branch of an economy is also used.

In the first stages, we operated with only one indicator of socio-economic
development: Final Domestic Product (FDP). Its value is was obtained from the
corresponding (GDP) components measured in constant $USA. The difference
between FDP and GDP is attributed to the fact that in an examination of the
interindustry interaction we had to test the connection between exchange of
materials and services and growth of industries. Accounting of economic indica-
tors in the USSK is based on the concept of two kinds of activities in economy:
productive and nonproductive spheres. It considers such services as finance,
housing, health care, and education, as nonproductive activities. The reason for
this is proved by the system of distribution of value added in an economy.
Those services whose output is a result of redistribution of material sphere
profits are excluded from GDP to obtain FDP value. Nevertheless, intermediate
deliveries to nonproductive services are included in FDP as a part of final
demand; they are elements of government consumption {social consumption),
and these differences do not gigniﬁcantly change those ranges of qountries
measured By GDP or FDP per capita (see for example the difference between
Notional /Jncome and Net Material Product estimated by two techniques for the

most developed countries [4,p.123]).

To obtain the comparable data for FDP we used the values of the Purchas-
ing Power Parities (PPP) developed by Kravis and et. [5] for all components of

GDP for most countries.

Thus, all FDP values are measured in constant $USA for the year 1970 by
usage PPP (one exception is the Canada data). Because the USA and Conada
economies are strongly interconnected and the majority of products are on

trade between countries, this was a reason enough to use an exchange rate
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equal to 1.01 in the reestimation of all Canadian data to the FUSA.

5. An Example of the Econometric Model (Preliminary Results)

To clarify the technique wused we concentrate on one industry,
Ferrous Metals. It is clear that there is no strict relationship between FDP per
capita and ferrous metals industry gross output per FDP across 6 countries,
but there is an obvious decreasing trend (in time or in respect to an increase in

FDP per capita) for the six countries' sample.

If we estimate simple regressions with dummy variables

X(l)l ¢ 8 .

i Tt L + B,* + 3
FDP, ; .ngu.mmy, Bi\*FDP" + &4, (3)
X(1es _ & o

—F‘_D.IJ‘T_— E_)lDummy, + Ba*Time + g4 . (4)

the goodness of fit are found to be quite appropriate: £* = 0.8181 and 0.9316,
V = 13.4B% and 12.31%, respectively; the parameter estimates of 8, and 8, are
-0.0037 and -0.0007 and both are insignificant. (Here and below, R? is a
coeflicient of determination, V is an average error in percentage to the average
of a dependent variable, values in parentheses (below parameter estimates) are
standard errors of those estimates). Note that in both equations only the dum-
mies’ estimates are significant that is clarified by the simplest form in which

only the dummy for each country is an explanatory "variable":

X(1) _ ¢
7 8§1Dummys + Egg (5)
. " s " . X(l)s.t . 2 _
The dummies are "explaining” the variance of TP . with R* = 0.9147 and
[

¥ = 13.69% and all the estimates are significant at 95% level. In respect to the

U.K' level the dummies have a positive effect on the values of ;{gg for FRG

and Japan and a negative impact on those for Canada,France and USA.

The very opposite approach considers the relation between the values
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X(1
}—%%ﬁ- and FDP per capita assuming that the slope coeflicients are the same
8.0

in space and time. It is clear that the results of estimation are very poor:

X(1) _ _ 0.0170+ FPP_
Spp = 0:0999 — 0.0170+ = (6)

(0.0082) (0.0034)
with R? = 0.1907 and V = 41.34%.

X(1

= 0.0845 + 0.0187*
FDP 5+00

FDP _ o oorar Z22y: o

(0.0213) (0.0191) (0.0041)
with R% = 0.2148 and V = 40.92%.

x(1) _ _ WFDP _ o oenoury /FDP
P = 0-1569 = 0.0305% =~ 0.0532%(1/ =5 (8)

(0.0283) (0.0072) (0.0253)
with R® = 0.2234 and V = 40.69%.

Thus the list of explanatory variables for the Ferrous Metals industry have
to consist of the outputs for at least two metal consuming industries:
Machine Building and PBasic Building Moterials Producing industry. The last

one can be expressed by Construction industry output itself.

Assuming that the error term ¢,, has zero mean value and a constant
(equal across the countries) variance we can estimate the parameters of a
model by ordinary least squares. This means that we believe in roughly equal

errors for all countries included in the pooled data. This is proved partly by the

Industry output

fact that the dependent variable is measured as the ratio FDP

Note that in future we shall use the following abbreviations for the vari-

ables:

X(i)s k2R

industry output per FDP is written as z(i); i.e., z (i) = DR
8.t

Jdp is used for FDP per capita value;
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Inv denotes the share of investment in FDP (in percentage);

Equi denotes the share of equipment in investment (also in percentage);

and the following indices are used:

1 = 1 is an index for the Ferrous Metals industry,

i =7 — for Machine Building industry,

1 =10 — for Basic Building Materials Producing industry,

i =14 — for Construction;

T denotes the average (for each country) values of corresponding x;ariables;

z’ denotes the deviation on time of z around its mean value, i.e.,

z = z — .

An important variable should be added into the model: the ratio between
levels of the basic building materials producing industry output and construc-
tion output :—J&—Z)L reflecting the structure of raw material inputs in con-

struction.

Although there are many explanatory variables, not all of them are seri-
ously correlated and we can choose those which are approximately orthogonal.
Obviously there is no need to represent in the model the level of metal consum-
ing industries output z(7), z(10). z(i4) because they are closely connected
with the predetermined variables fdp, Inv, Equi.

With the full set of the variables mentioned above, the model looks as fol-

lows:

z(1) = Bo + B1*z (7)+ B2*x (14) + Ba*fdp’ + Ba*Inv’ + Bs*FEqui’ (9)

+ Be'ﬁ%*‘ Br*Time + Bg*fdp + fo*Inv + Bio*Egqui + &,

By this approach one does not need any “unexplained” dummies for each

country because intercountry differences in the dependent variable are
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neglected by the whole set of real explanatory variables.

Assuming that the level of FDP per capita effects the development level of
the Ferrous Metals industry {measured by its mean values for each country),
and that the growth rates of the two metal consuming industries effect the
growth over time of the Ferrous Metals industry, we have estimated the alter-
native versions of the model and the results of the estimation of the model with
the above mentioned full set of variables are given in Table 1. This means that
the output of the Ferrous Metals industry is closely connected with the growth
of the Mac;tine Building and the Basic Building Materials Producing indus-
tries. As far as the levels of the both industries are in close relation {and is
considered so in the model) to the FDP per capita and inv, equi the terms
Z(7) and Z(14) can be replaced by the last terms. The parameters estimates of

(9) are shown in Table 1.

Because not all estimates are significant, we found that simplified ver-
sions of the model are preferred when some variables are omitted, for example

fdp'. It gives approximately the same R? at 0.96 and V at 9.5%.

The similar equations can be estimated for this industry in logarithms:

tog[ z(1) ] = Bo + By*log z"(7) 1+ Ba*log [ z"(14) ] + Bs*log [ fdp” ]
*log[ fdp" 1+ Ba*log[ Inv" ] + Bs*log[ FEqui” ] + Be*log| iJ(i—Z)L] (10)
+ Bo*Time + Bg*fdp + Bo*Inu + Bio*Equi + &5

where z" denotes the ratio E:jll) and high estimates of elasticities are found

z (1)
(see also Table 2). Thus 1% average annual growth in z(7) and z(14) leads to
1.2% and 0.7% growth in z (1) respectively. That seems reasonable in view of the

great impact of technological progress, i.e., -2.75% (see B, in Table 2).

This "intercountry” approach is also fruitful for finding other important fac-
tors that determine existed large differences in patterns of economic growth

across developed countries. In future, it is useful when testing the results in
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Table 1. Parameters’ estirnates for the general linear model (9).

B: when insignificant variables consequently are omitted

-~

Bo -0.1536 -0.1B40  -0.1538  -0.1577 -0.1137
(0.0118) (0.0181) (0.0118) (0.0118) (0.0078)
B 0.1375 0.1582 0.1373 0.1080 0.2076
(0.0315) (0.0322) (0.0313) (0.0284) (0.0204)
[ 0.3169  0.4026 0.3695 0.1706  0.2295
(0.1870) (0.1012) (0.1019) (0.0338) (0.0341)
Bs 0.0383  0.0808  0.0387  0.0444
(0.0099) (0.0103) (0.0098) (0.0095)
Bs -0.0014  -0.0019  -0.0017
(0.0013) (0.0008) (0.0008)
Bs -0.0002
(0.00086)
Bs 0.3664  0.3656  0.3662 0.3675 0.3462
(0.0135) (0.0132) (0.0135) (0.0137) (0.0141)
[ -0.0023  -0.0021  -0.0023 -0.0027 -0.0015
(0.0003) (0.0004) (0.0003) (0.0003) (0.0002)
Be 0.0080 0.0110 0.0080  0.0082  0.0067
(0.0014) (0.0019) (0.0014) (0.0014) (0.0015)
Be 0.0033  0.0038  0.0033  0.0033  0.0032
(0.0001) (0.0002) (0.0001) (0.0001) (0.0001)
Bio 0.0001 0.0005
(0.0008) (0.0002)
R? 0.9657 0.9653 0.9637 0.9621 0.9539
V(in%) 8.85 8.90 9.07 9.21 10.11

applications obtained by the usage of complicated models, if between trends an
increasing gap is given for different economies. Obviously high or low rates of
FDP per capita are associated with significant long-term shifts in the economic
structure and these shifts are more similar in developed countries than one
would expect. This is not surprising because the interindustry interactions are
strong enough in every economy with respect to restricted amounts of

resources to be allocated between them and because the impact of different
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Table 2. The most important parameters' estimates for the log-linear model
(10) obtained for the reduced samples with one particular country dropped.

Country name that is dropped from the sample

Estimate of 8; No FRG  Cenada Japan France USA UK

-~

B 1.1938 1.3374 1.2854 0.6976 1.0858 1.2453 1.2877
(0.1495) (0.1500) (0.1829) (0.1808) (0.1511) (0.1189) (0.1755)
32 0.8893 0.8542 0.8420 0.5072 0.8121 0.4970 0.9141
(0.1833) (0.1735) (0.1838) (0.1434) (0.1919) (0.1468) (0.1914)

Be 1.1432 1.2738 1.1171 1.2642 1.0020 1.0058 1.4048
(0.0491) :(0.0573) (0.0487) (0.0841) (0.0780) (0.0403)  (0.0998)
B, -0.0284  -0.0208  -0.0288  -0.0276  -0.0203  -0.0274  -0.0250
(0.0108)  (0.0034) (0.0034) (0.0027) (0.0038) (0.0026)  (0.0043)

R? 09343  0.8227  0.9342  0.9608  0.9174  0.9691  0.9425
V(in%) 4.41 4.07 4.47 3.43 4.41 3.33 4.30

industries in economic growth measured by FDP is not the same.

Some preliminary results show that expansion of intercountry analysis to
interindustry interaction modeling provides a consistent basis for long-term
forecasting when all industry output values are generated by a system of simul-
taneous equations estimated on the pooled data. However changes in time for
every economy do not depend only on the rates of economic growth, so we

need to assume that the level of FDP per capita is not the .only main factor.

The results of estimation do not change significantly when data from one
country is dropped from the sample (see Tables 2 and 3). However we notice
difference between fitted and real values are large for two countries (Canada
and USA), therefore it is better to use the data for the model when those coun-
tries are considered as one region or dropping both of them. This is also justified
by the following test. Assuming that all parameters' estimates differ slightly for

each specific country, we can reestimate them singly by the following:

To find 7, ¢ and ¥, ; for the model
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Table 3. Parameters' estimates for the linear model (9) obtained for the re-
duced samples (the results correspond to the 5-th column of Table 1).

Country name that is dropped from the sample

Estimate of §; No FRG Canada Japan France Usa UK

Bo -0.1577  -0.1480 -0.1855  -0.1441 -0.1794  -0.1380  -0.1491
(0.0118)  (0.0141) (0.0118)  (0.0158)  (0.0184) (0.0118)  (0.0208)

[ 0.1080 0.1332 0.0862 0.0908 0.0875 0.1484 0.1028
(0.0284)  (0.0295) (0.0297) (0.0398)  (0.0329) (0.0280)  (0.0310)

B2 0.1708  0.1875 0.1575 0.1577 0.2077 01817  0.1684
(0.0338)  (0.0384) (0.0321)  (0.0410)  (0.0383) (0.0322)  (0.0440)

Bq 0.0444  0.0367 0.0525 0.0277 0.0568  0.0311 0.0480
(0.0085)  (0.0095) (0.0088)  (0.0152)  (0.0112) (0.0084)  (0.0112)

Bs 0.3875 0.3843 0.3815 0.3714 0.3939 0.3424 0.3047
(0.0137)  (0.0153) (0.0133)  (0.0147) (0.0228) (0.0140)  (0.0300)

B, -0.0027  -0.0025 -0.0030  -0.0022 -0.0028  -0.0024  -0.0028
(0.0003)  (0.0003) (0.0003)  (0.0004)  (0.0003) (0.0003)  (0.0004)

Be 0.0082  0.0078 0.0104 0.0084 0.0093  0.0047  0.0053
(0.0014)  (0.0020) (0.0014)  (0.0015)  (0.0018) (0.0015)  (0.0039)

Bo 0.0033  0.0033 . 0.0033 0.0033 0.0034 00034  0.0031
(0.0001)  (0.0001) (0.0001)  (0.0001)  (0.0001)  (0.0001)

R? 0.9821 0.9484 0.9652 0.9842 0.9539 0.9727 0.6848

V(in%) 8.21 9.78 7.99 .91 8.56 8.20 9.88

z(1) = Vo0 + Vel Bi*z (7)+ Bo*z'(14) + Ba*fdp’ + By*inv’ + Bs*Equi’  (11)

+ 38'2:! 10?

z(14)
where B; is the i—the parameter estimate found for general sample. The follow-

+ 37'7’1:771.2 + 35"]70!;) + ﬁg“]_'n;} + Bm‘Eq_'lz:i ] + €g.¢

ing set of ¥, estimates is usually obtained:

Country

FRG Canada Japan France USA UK

0.940 0.278 0.970 0.815 0.543 0.936

One can find that the smallest slope soefficients are for USA and Canada

and for every model the greatest errors are attributed to these two countries
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therefore the following results were obtained on a sample including only

FRG, Jopan, France, UK:

z(1) = ~0.1538 + 0.1178% (7)+ 0.1654°z(14) + 0.0442°7 dp’ + 0.3633* 21X

(0.0144) (0.0351) (0.0342) (0.0118) (0.0158)

—~ 0.0029*Time + 0.0078"}3‘—;—) + 0.0034*nv
(0.0004) (0.0024) (0.0001)
with R? at 0.9688 and V at 7.69%, and 8, = 1.4531, 8, = 0.3218, B = 0.9794,
B> = —0.0287 for the log-linear model with #? at 0.9690 and V at 3.44%, in com-

parison with the results given in Table 2.

During 1960-1977 the residuals in the regression are of different signs for
every country and their absolute level has decreased over the last years. It is
very useful to incorporate this equation into a forecasting model. The validity of
the equation is proved by the stability of slope coefficients when the size of the
sample has been changed (see tables 2 and 3). The level of economic growth
and share of investment in FDP, together with share of equipment in invest-
ment, provide a significant goodness of fit. Other for pooled sample equations
were estimated to check the nonlinear effects in the intercountry pattern of

structural changes.

By this approach one can predict the future structure of an developed
economy with a priori knowledge on the GDP rates of growth and about the
investment policy. Also, it is necessary to take intc account that the quality of
the future structure prediction will be good enough because the estimates of

the recursive model parameters are quite stable.
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INTERNATIONAL TRADE LINKAGES IN INTER-~
REGIONAL I/O ECONOMIC MODELING: THE
MODEL FOR THE TUSCANY CASE STUDY

A. Cavalieri

1. INTRODUCTION

Even if the national economic variables of regions within
a nation and the linkages between them are the core of the ana-
lysis in most interregional and multiregional models, in some
regions, the international trade linkages have a specific and

relevant local role.

The impacts of the changes in the international division
of labor over a nation are not uniform with respect tothe single
regions. In fact, the national import and export figures are
pure statistical entities, because the different export and
import specialization and foreign market orientations at regional
level.

In addition, some regions have a specific role in acting as
trade intermediaries towards foreign countries by distributing
import flows and by collecting export flows via interregional
trade.

In spite of these considerations, international trade flows

are very seldom regarded as affected by regional determinants.

This paper deals with the treatment of the international
linkages and relationships between foreign flows and interre-
gional ones in the context of a biregional I/O model which will

- 208 -



= 209 -

be built for the Tuscany region, within the Tuscany Case Study

Project.*

The specific interest in analyzing the international trade
from a bottom-up point of view, derives from the fact that the
regional export, in Tuscany, has shown a high elasticity of its
weight on national export according to the international demand

cycles (A. Cavalieri, 1980).

The regional high specialization in some tYpical "mature"
products is the main explanatory factor of such strong flucta-
tions. The reaction to the international variables affecting the
export of the kind of commodity is fairly different in Tuscany and
in the rest of Italy. A top-down appraoch based on fixed share
of national export flows does not produce, in this case, signifi-
cant results at the regional level.

In addition, the model is aimed to take into consideration
the interrelations between interregional and international trade
which is normally neglected, even if they plan an important role
in a small, open regional economy.

In the first part of the paper, different approaches are
surveyed with reference to some existing models including regional
I/0 matrices even if they were not designed at a biregional level.
In fact, we have faced the nature of such models by reformulating
them in order to carry on some possible approaches in treating
international and interregional trade in an I/0O biregional model.

The choice of the models as well as their reformulation into

a biregional context, is a very personal one.

Our selection was made in order to introduce the second part
of the paper which aims at describing the approach we have fol-
lowed in designing the model for the Tuscany region with respect
to the international trade components.

*This project is being carried out by the Regional Development
Group of IIASA in cooperation with IRPET (Regional Institute for
Economic Planning of Tuscany) and IASI (Institute for Systems
Analysis and Informatics).
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2. SOME EXAMPLES ON DIFFERENT APPROACHES IN THE TREATMENT

OF INTERNATIONAL AND INTERREGIONAL TRADE

As we stated above, in this paragraph, some examples derived
from existing models will be shown. It is important to note that

we will not deal with the procedures used in estimating the trade

coefficients or the gross flows; attention will be given only to

the approach used in including the international and interregional

trade into an I/0 model.

Because the models analyzed were designed in order to focus
attention on different aims, the original structures are quite
different. The examples we have chosen are nevertheless the
closest to the model specified for the Tuscany region, even if
this one is a biregional one whereas most surveyed models are

multiregional ones.

An extensive comparative study of multiregional economic
models is currently performed by the Regional Development Task
at IIASA, and the Free University, Amsterdam (see Nijkamp and
Rietveld, 1980). Within this study, a preliminary comparison
on interregional and international. linkages in multiregional

economic models was carried out by F. Snickars (1981).

Our limited survey is strictly oriented to the specification
of the biregional I/0O model for the Tuscany region; for this
reason, a common list of relations is used in order to make
easier the comparison between the different approaches and the
scheme designed for the Tuscany model.

In the rest of the paper, therefore, the following notations

are used:
Variables:
Xoo XR = gross production vector in Tuscany and the rest of
Italy;
FT, FR = internal final demand vector in Tuscany and the rest
of Italy;
R T
MT' MR = interregional import vector in Tuscany and the rest of
Italy;
E¥, Eg = foreign export vector in Tuscany and the rest of Italy;
W . , . .
MT’ Mg = international import vector in Tuscany and the rest of

Italy;
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ET’ ER = interregional export vector in Tuscany and the rest of
Italy;
Eg, EZT = vector and scalar of national export;
NET, NER = net interregional trade in Tuscany and the rest of Italy.
Parameters:
AT’ AR = I/0 matrix of technological coefficient;
Hps Hg = diagonal matrix of foreign import shares of demand
components, Tuscany and the rest of Italy;
ﬁ&, ﬁk = diagonal matrix of foreign import shares of gross
production, Tuscany and the rest of Italy;
u'T, u'R = diagonal matrix of foreign import shares of intermediate
consumption, Tuscany and the rest of Italy;
u"T, u"R =Adiagona1 matrix of foreign import shares of internal
final demand, Tuscany and the rest of Italy:
Mn, Mp = diagonal matrix of interregional import shares of
demand components, Tuscany and the rest of Italy;
m%, m% = diagonal matrix of interregional import shares of
gross production, Tuscany and the rest of Italy;
m'T, m'R = diagonal matrix of interregional import shares of
intermediate consumption;
m"T, m“R = diagonal matrix of interregional import shares of
internal final demand, Tuscany and the rest of Italy;
€pr Eg = vector of foreign export share of national export
(scalar), Tuscany and the rest of Italy:
e'T, e'R = diagonalumatrix of foreign export share of national

export (vector), Tuscany and the rest of Italy.

2.1 The Scheme of the REGAL Model

This multiregional optimization model for the allocation of
private and public investment, production, employment and popula-
tion over economic sectors and regions, (see F. Snickars and A.
Granholm, 1981) is not aimed to treat explicitly interregional and

international trade.

Nevertheless, the linkages between the regional economic

variables and the external trade flows are treated in a way which
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is normally followed in many other interregional models based on

the top-down approach.

If we reformulate the REGAL model in a biregional one, and

we specify only the external flows, we get the following struc-

ture:
XT + M¥ + M? = (ATXT + FT) + E¥ + Eg ’
Xp t Mg + Mg = (AgXp + Fa) + Eg + Eg '
where
Mp = fpXp 5 Ep = e EE ; Ep = Mp = X
MY = fiXx, ; Ep = ep EZJ ; Eg = MY = MXp -

In terms of the multiplier, we have:

- /\V ”~ . -1 . w-
XT = [(I + o + mT) - ATJ (FT + € EN + meR) .
X, = [(I+ 4, +m) -Aa]"1 - (7, + 2 4 hx.)
R~ Hrp T Mg R (Fp * €r &N Mplqp) -

Both the imports from the other region and from the rest
of the world are determined endogenously as a fixed share of the
regional gross production; in the current literature that it
means they are supposed to be of a complementary type. The import
flows do not affect the matrix A and the final demand components
according to the scheme: final demand + I/0 matrix + gross pro-

duction + import.

No specification is given on the import share of the I/0
coefficients and of the final demand components as can be shown

in Figure 1.
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Figure 1. External trade scheme in the REGAL model.

Looking at Figure 1 it is also clear that the interregional
trade does not include foreign production, i.e. it is supposed
that the regional import meets only complementary needs inside

the importer region itself.

As far as the regional export flows to the rest of the world
are concerned, they are estimated as a fixed share of the national
vector, which is exogenously derived from a national model where
constraints by BOP (Balance of Payment) are supposed to exist.

This model is designed in order to focus attention on the
interregional impact of some planning policies. All the variables
that are not subjected to planning policy (as the international
flows are) are treated in a simple way whic¢h becomes even simpler

when the model is reformulated in a biregional form.

2.2 The Scheme of the VERDI Model

This biregional input-output model (P. Costa, L. Malfi, D.
Martellato, 1980) was designed in order to analyze the interde-

pendencies between a single region and the rest of the country.
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It is an open and static model where the components of the final

demand are exogenously determined.

The input~output model is closed only with regard to inter-
regional trade, according to the Chenery-Moses approach (Chenery

and Cao-Pinna, 1953), applied to Italy more than twenty years

ago.
The general structure of the VERDI model is the following:
- = _ ¥ _ R W R
XT = [(ATXT + FT) MT MT] + ET + ET P
- W T W T
Xp = [(AgXp + Fp) - Mp - Mp] + Bp + Ep
where
W _ - . R _ T = —_—
MT = Un (ATXT + FT) : ET = MR me (ARXR + FR) ’
W _ - . T _ R - =
Mp = Mg (BgXp + Fp) 7 Ep = Mp = mp (AgXy, + Fp)
by substituting, we have:

—3 - - - —1n - - W
Xpn = [T (1-mp=uq) Ag] ((1-mp-up ) Fp + mp (ApXp+Fp) + Enl
X, = [I - (1-m_- )A]'1 [(1-m_-u_)F +m(AX+F)+EW]

R R "R’“R R HMR’TR AR s i T

The imports from the other region as well as from the rest
of the world are specified as a fixed share of the demand com-
ponents, both intermediate and final ones, excluding export flows

as shown in Figure 2.

The internal demand is split into domestic and external
components; by this way, imports are supposed to be competitive
and the multiplier effect is estimated according to the following

scheme: final demand (reduced by import propensity) -+ I/0 matrix
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(where the coefficients are reduced by the same import propen-
sity) =+ gross production.
REST OF THE WORLD

TUSCANY REST OF ITALY |

Figure 2. External trade scheme in the VERDI model.

As in the former model, also here, the foreign production
goods are not included in the biregional trade which is concerned
only with national production consumed inside the country.

The model is designed in order to evaluate the impact effects
on the economy of a region from changes in the national economic
variables, with particular reference to interdependencies due to

the trade patterns between the regions and the rest of the country.

2.3 The Scheme of the MORSE Model

The MORSE model, (L. Lundgvist, 1981), is a dynamic multi-
regional I/0 model aimed to integrate economic, employment and

energy planning in a regional perspective.

Theoretically, the model combines traits from input-output

analysis, interregional programming and equilibrium growth theory.

As the model is concerned mainly with an objective function
representing goals in economic, employment and energy planning,
the external trade flows are not the core of the analysis.
Nevertheless, some specifications in the treatment of the linkages
to the rest of the world within a top-down approach, could be
interesting even in a biregional I/0O model more oriented to a

better specification of the international trade.
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By reformulating the MORSE model's structure into a bi-

regional model, we get the following structure:

Ko + M¥ = [(AgXy + Fp) - Mg] + Eg + E? ,
Xp + Mg = [(AgXp + Fp) - Mg] + Eﬁ + Eg ,
where
Mp = BpXp ;o Bp = Mpo= mpAcxp * mgFp i Ep = ¢y Epy o
Mg = ﬁRXR ; Ep = Mp = MpApXy + Mpfp Ep = R E¥N

In terms of the multipliers, we have:

= Y - -t =1 R —_ [ " W ’
Xp = [(I+uT) (1 mT)AT] [FT(1 mT) + mpAXe + mpFp + eqEq
X, = [(I+ﬁ ) = (1-m')A ]_1 s [P, (1=m") + M)A X + m"F_ + e'EW
R R R’ R T R pipiy T Mo RUTN
W

As far as the scalar of national export is concerned, ETN

is constrained at the national level by BQOP goals:

W o _ =5 _ W

Epy = BOP - My

EN = BOP - (I.X. + 0.X)
TN T R°R

A specific feature of this model is the different treatment
of import between interregional and international flows (Figure
3). Whereas the first ones are considered as competitive and
therefore are linked to demand components, the second ones are
supposed to be complementary and are linked to regional gross
production.
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Figure 3. External trade scheme in the MORSE model.

In addition, by permitting different rates of self-sufficiency
for intermediary goods and for final demand, the Chenery-Moseé
framework is somewhat extended.

As in the other models surveyed until now, the interregional
trade is concerned only with domestic production demanded inside
the country.

As far as the regional export is concerned, a matrix share
is used to breakdown at the regional and sectoral level the total

national export which is derived from a national econometric model.

In order to avoid the strong assumption on the fixed coeffi-

cients of that matrix the parameters e/}, eé are subjected to change

over time, according to the trends in the sectoral mixing of the

national export.

The same procedure is adopted for parameters ﬁT,-ﬁR which
link regional import to gross production in the region.

In matrix terms, the vector si (in region and region

T R)

as well as the diagonal matrix ﬁ (in region and region R), is

T
split into two components in the following way:



o ™~ N t
61 e1 1) e1 |
. . where
. : . . E...
t t N1 .
] * T ——
ei . ai ei Ei EW at time t ,
. TN
g' . . .
| ] L? “n)  L%n_
and
-A - r * — - ﬁ
My @ H3 @ My s
. e . . S
= * . .
My Hi Hi
» . A . . * L] t
| 2 T I ux | Lo g
where

U, = —— at time t

While both the diagonal matrix e* and u* are taken as fixed
over time, the diagonal matrix ut and the vector et are subjected
to change over time, according to historical trends or short-term
forecasts.

In this way, the consistency between the sectoral mixing at
national and regional levels is achieved for each time t.

The model contains a typical national policy variable in
order to constrain the foreign flows: the balance of payment (BOP).
Because of the high dependence of the export from exogenous inter-
national variables, by determining BOP, the model (closed with
respect to the other final demand components) indicates the level

of the gross production which is consistent with the export flows.
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2.4 The Scheme of the REGIS Model

The REGIS model (R. Courbis and G. Cornilleau, 1978) is a
reduced form of the national REGINA model. Both models are of
the multiregional, inderdependent kind, build around a core con-

stituted by a production model of input-output type.

The sectoral disaggregation, as well as the territorial
one, is highly detailed; the model takes into account the inter-

regional mobility of many economic and social factors.

Even if the REGIS is one of the most comprehensive and
sophisticated multiregional models, the interregional trade is
not specified in terms of gross flows. On the other hand, the
REGIS model is a good example of a detailed and theoretically

justified treatment of foreign trade at a regional level.

By reducing the REGIS model to a biregional one, we lose the
main specific characteristics of this model; in addition, by
focussing our attention on the external trade flows at a regional
level, we analyze a part of the model which is not specified as

the multiregional trade is concerned.

By bearing in mind these strong limitations, the biregional
structure of the REGIS model is a very simple one:

— W W
XT = (ATXT + FT) MT + ET + NET ’
\
= ) W
XR = (ARXR + FR) MR + ER + NER ,
where
NET = -NER .

The multiplier of the model is the traditional Leontieff

inverse matrix:

_ -1 W W

XT = [I - AT] (Ff - MT + ET + NET) ,
_ _ -1, _ N W

XR = [I AR] (FR MR + ER NET) .
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In this structure no direct impact of the interregional
trade flows is supposed to operate in the production and demand
formation (see Figure 4), where as many other factors (not taken
into consideration here) have many indirect effects wvia interre-

gional mobility or interdependencies.

REST OF THE WORLD

TUSCANY THE REST OF ITALY

Figure 4. External trade scheme in the REGIS model.

The REGIS model employs import and export functions econome-
trically specified at the regional level; there is a different
treatment of import with respect to competitive or complementory
products. Here the difference between competitiveness and com-
plementarity is more theoretically based than in most models.
Competitiveness is assumed to be determined only by national
variables. In this case, the regional import is estimated as a
fixed share of the national one:

W W W W

Mp = Ko My Mp = Rg My .

For complementary goods, instead, it is assumed that import
flows are linked to the growth of regional demand and to the pro-
duction prices related to import prices, via an econometric

function at the regional level:

Wo_ bT . CT
M7 = ap DTq (P/PM) '



o=
o

where
DT = vector of regional total demand (index numbers) ;
P = vector of production price at the national level;
PM = vector of import at the national level;

b,c = elasticity parameters (demand, relative price).

Foreign export is also estimated by econometric functions
with regional specifications based on different elasticity para-
meters, where the independent variables are the export prices
at the national level (PX):

E

W K
T YT + BTPX T ,

E

K
W R
R YR + BRPX ;

In addition to the equations there are national sums corres-
ponding to regional export and import, both endogenous. Thus,
foreign trade is altogether regionally specified in this model,
which is a very unusual property in the current modeling practice

where the top-down approach is normally used.

3. A BIREGIONAL I/O MODEL DESIGNED FOR THE TUSCANY REGION

This model is designed in order to have a core to which are
linked some submodels oriented to analyzing specific aspects of
the regional realty and the interdependencies with the rest of the
nation and the rest of the world.

The core of the model is constituted by the I/O matrix for
the Tuscany region which is at present available for the years
1975 and 1977 (built by an indirect procedure) and for the year
1978 (built by a direct survey procedure).

The linkages between Tuscany and the rest of Italy are based

on the trade coefficients matrix which links the Tuscany I/O matrix
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and the rest of Italy, and on an interregional population model

which will be developed into a demo-economic interregional model.

The linkages between Tuscany and the rest of the world via
international trade are provided both by a regional model of
export (bottom-up approach) and by a breakdown from the INFORUM
project (top-down approach) on which IRPET is working in order
to link Italy to the INFORUM model (C. Almon and D. Nyhus, 1977).

Particular emphasis is given in the model to the treatment
of public components of the final demand in order to achieve a
detailed specification of the linkages between the public autho-
rity expenditures (especially at the local level) and the produc-

tive sectors.

The general scheme of the models system that is developed
within the Tuscany case study is shown in Figure 5.

This paper deals only with the parts of the model, as well
as their linkages, that are concerned with external trade. These
parts are shown in the scheme by doubled-lined squares; they are
concerned with regional export and tourism model (box A), inter-
national export and import lIinkages - INFORUM (box B), regional
linkages demand for consumption (only tourist consumption) and

exports (box C-1), and interregional trade linkages (box C-2).

3.1 General Structure of the Model with Reference to

Interregional, International Trade Flows and

Their Linkages

The interregional trade interdependencies are treated in
this model, to some extent, as in the VERDI model:; in addition,
a linkage between interregional flows and international ones is
modeled in order to take into account also the re-exports from

the importer region, according to the following two schemes:

foreign production + foreign regional import -+ inter-

regional export

foreign regional export + interregional import + re-

gional production
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Foreign regional import is not supposed to be re-exported

(via interregional trade) to foreign markets.

According to these assumptions, the general structure of

the model can be designed in the following terms:

_ W R W R
Xq [(ApXp + Fp) o = Myl + Eq + Eq
_ W T W T
Xg = [(AgXp + Fp) Mp - Mgl + Ep + Ep
where
W * K
Mp = pg (AgXp + Fp) + Mo mp (AgXp + Fo)
Mw = (A + F + X* A X + F.)
R = Hr ‘ARER gr) T Hg Mp BpXq ¥ Fp) o
and
M2 = m* [((AX. + F.) + n** ENY]
T r | (ApXnp T T B ’
ML = [(AX. + F.) +m T gV
R - Tr RR R my ER)1
by taking into account that
R _ T T _ R
ET—MR ’ ER—MT r
we have
_ K x L o W Kk W
xT (1 “T mT)(ATxT+FT) + (1 uT) mR (ARXR+FR) + mRER + (1 mT) ET
Xo = (I-ph-mi) (ALX +F_) + (1-le) Mo (A X +F.) + MeEN + (1-m.) EN
R = (1-up=mp) (ApXp+Fp) + (1-ug) My (ApXp+Fq) + mpEq + (1-mp) Ep

The final structure of the model in terms of input-output

inverse matrix is given by the following equations:
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_ * % -1 * %
Xp = (1 - (1—uT-mT)AT] . [(1-uT-mT) Fr
+ (1-J;) m; (AgXp+F L)
dok W ok W
+ mR ER + (1"mT) ET] ’
_ _ _ Kk x -1 . _ * %
Xp = (1 (1 Hp mR)AR] [ (1 Hp mR) Fo

*

Kk
+ (1-uR) M (ATXT+FT)

+

k€ W Aok W
Mo ET + (1-mR) ER] .

The interregional and international trade flows are connec-

ted as can be illustrated by Figure 6.

REST OF THE WORLD

TUSCANY THE REST OF ITALY

e iy Yy

Figure 6. External trade scheme in the Tuscany model.

As it is shown in this figure, the interregional trade is
concerned also with imported foreign production and with exported

domestic production.

The split of the national import into two parts (used inside
the importer region and traded outside the imput region) is clear

when we aggregate the two regions.
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By defining ATXT + Fp = DT and ApXp + Fp = D, we obtain
(xT+xR) = (DT+DR) - (uTDT+uRDR) - (”RmTDT+“TmRDR)

B W W *
Xy = Dy My

W, W
oo
where
W* X . . . . .
MN = national import used inside the importer
regions (Tuscany and the rest of Italy);
* %
Mg = national import trade outside the importer

regions (re-exported import).

3.2 The Treatment of Import Flows and Interregional Trade

As far as the import flows are concerned, the main distinc-
tion which is usually made is between competitive and complemen-
tary imports. Whereas in the economic theory such a distinction
is clear (complementary when no domestic substitute is availa-
ble in the region, competitive when it is), in reality, as well
as in modeling work, it is not so. Firstly, by working on a
sectoral level (branches of the input-output matrix), each sector
includes both competitive and complementary products. Secondly,
even if goods are produced in the region, the level of the
regional production could not be high enough to meet the needs
of the internal demand.

In the regional modeling work it is often assumed that all
the import flows are either competitive, or complementary; in
addition, by applied fixed coefficients also in the treatment of
competitive imports, the distinction with the complementary import
is smooth and it has no real economic basis. Taking into account
these problems, the imports are often considered either as compe-
titive or complementary according to a very crude assumption. If
the import does not affect the production formation, the produc-
tion is determined by the following equation.



X=(-2a)"" (+E |,

whereas the imports are determined by a second equation:
or M=m(D + E),

In this case, the import flows are supposed to be comple-
mentary.

In an opposite way, the imports are treated as competitive
when they are included in the determination of the production
via the following equation:

X = (I - ma)")

(D + E) ,
if they are competitive with respect to the intermediate products
demand, and via the following equation:

X = (I - a)""

(D+E-M) ’
if they are competitive with respect to the final demand com-

ponents.

In this last case, the imports are modeled in a similar
way to that used in the Keynesian models within an open economy.
Taking into account these crude definitions, in the biregional
I/0 model for the Tuscany region, the imports are considered

competitive both for interregional and international flows.

In fact, this approach implies only the assumption that a pro-
portional linkage is supposed to link import and internal demand
components via fixed coefficients, i.e. no substitution effect

between internal and foreign production is taken into consideration.

As far as the interregional trade coefficients are concerned,
the traditional Chenery-Moses procedure is modified in order to
include in the interregional trade also the foreign imports and
exports. The trade coefficients equations are reformulated in

_ - - * * %
the following way if m; = m, = m;; and my = m, = m .
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W w
(1-mT)(DT+ET) + mR(DR+ER) ’

el
H
+
A
|

W W
(1-mR)(DR+ER) + mT(DT+ET) ’

where (1-mT), as well ‘as (1—mR) are the self-sufficiency rate
with regard to interregional trade.

M¥ and Mg are linearly dependent both from the regional

demand and from the interregional export (i.e. import of the

other regions) demanded for internal utilization through the

parameter51u$, uﬁ and p%*, ui*. If u% = u%* = Uq and u§ = ui*
= uR, we get:
Um = Mg and Uy = Mg
i Y = o,
T DT mRDR R DR + mTDT

As in the MORSE model, the parameters Hep and ug are subjec-
ted to change over time according to the expected changes in the
sectoral mixing of the import at the national level derived via
the INFORUM model.

Future steps in the modeling work will take into account
the possibility of treating import flows (or some of them) as
real competitive ones. A possible approach could be the one
used in the REGIS model, where an economic function links the
import flows to some independent variables such as regional
demand, price levels, etc., via elasticity parameters. Even in
this case the INFORUM model could provide consistent scenarios
at the national level.

3.3 The Treatment of Export Flows and Tburism

Because of the important economic role of the linkages to
the foreign markets, the model for the Tuscany region devotes
great attention to a regional determination of the export flows,
both of commodities and services (tourists).

A bottom-up approach is used for those commodities which

have a high weight in the export mixing of the region and, at
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the same time, are supposed to have specific behavioral functions

as far as the regional level is concerned.

On the other hand, for commodities whose export functions
are not supposed to have regional specifications, we assume that

a top-down approach is the most appropriate one.

Whereas in the first case (bottom-up approach), econometric
functions at the regional level are used, in the second case
(top-down approach), the regional vectors are derived from
national forecasts, achieved via INFORUM model to which Italy

will be linked in the near future.

In both cases transition matrices are used in order to
convert commodities into I/0 sectoral branches (31 in Tuscany
I/0 matrix).

In addition to a highly detailed commodity disaggregation
each commodity export function is separately estimated for some
groups of foreign commodities, between Tuscany and the rest of
Italy. '

Figure 7 describes the submodel for the export flows of
commodities as it is designed in the Tuscany biregional I/O

model.

The following notations are used:

E:,g,c’ E?,g,c = export of Tuscany and the rest of
Italy by commodity g (UICC classi-
fication*) and country c;
Ez,g,c = export of Italy by commodity g (SITC
classification**) and country c;
TETSC ’ T?fgc = transition matrices converting com-

modities in SITC and UICC classifi-
cation into I/O sectoral branches;

*

UICC (Unione Italiana Camere di Commercio) classification is
adopted in Italy for export and import data at the provincial
level, derived from foreign payment flows.

*

SITC (Standard International Trade Classification) classifica-
tion is adopted by the United Nations and by OECD for the inter-
national trade.
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(%) W

Et,i(o,m)’ Er,i(o,m) = vectors of regional export by

sectors (o-m), derived from
the bottom-up approach;

W W _ .
Et,i(m,n), Er,i(m,n) vectors of regional export by
sectors (m-n), derived from the
top-down approach;
W W W W ) W
E ; E ;i E = E H E H
n,g t,g r,g g n,g,c g t,g,c r,g,c '
W - W W .
n,i{(o,m)’ “n,i(m,n) t,i{o,m) r,i(o,m)y '
W )

B

.

. + .
t,i(m,n) Er,l(m,n)

The econometric regional export functions are estimated by
techniques applied to independent variables at the international

and national level.

Both time series and cross-section data are used, the latter
by grouping the single countries into market areas. All the

variables are expressed in constant prices.

The regional specification is achieved by estimating diffe-
rent elasticity parameters between Tuscany and the rest of Italy.
In addition, by getting each set of parameters for each country
and commodity combination, the country share composition, by
itself, implies different estimations of the export trends between
Tuscany and the rest of Italy, even if the elasticity was the
same.

Regional exports are treated by an additive demand and

price relationship:

D T,g,cC c
W c T,g,C
E = X + a D+« = * RP
T,g,cC T,g9,c T,g.C ( c DN) g,c
b
D R,qg,cC c
EN = (D, » ==) - rRp_ _ Rv9sC

= K + a
R,g9.,cC R,qg,cC R,qg,c c D
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These functions assume that only a part of the exports are

price and/or demand dependent due to the constants KT g,c and
4 14

K .
R,q9,C
The variable RPg c is the index of the relative export prices

14
as they are taken into account by the foreign customers. RP is

g.,c
equal to the index of the national export price, divided by the in-
dex of price in country C; finally, the result is multiplied by the

index of exchange between Italy and country C.

The second independent variable is a composite one. The index
of the domestic demand in countryc(Dc) is, in fact, corrected by
the ratio between the same index and that of domestic demand in Italy.

Here it is assumed that a partial substitution effect
between foreign market and the national one can influence the

business cycle of regional export.

The role of the foreign demand is reduced or amplified accor-
ding to the differentials in the growth rate between the foreign
demand itself and the national one.

By adopting this composite variable, a linkage, even if a
very simple one, is established between the regional foreign
export and the interregional trade which is dependent, via trade
coefficients, by the domestic demand in both regicnsa.

As far as the part of the regional export vector derived
from the national forecast (via the INFORUM model) is concerned,
the following algorithm is used:

W W
N N

ta

’

for sectors i from m to n (see Figure 7).

Due to the role of external tourism in Tuscany, the tourist
flows are treated as an additional commodity. The procedure is
similar to that applied for the export flows, i.e. an econometric
function in estimated for each country of origin (including the
rest of Italy and Tuscany).

The dependent variable is the number of the tourist-days
(Tc), whereas the independent variables, are the matrix of the

demand in country c(Dc) and the national price index, deflated
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INFORUM

TOP DOWN

BOTTOM UP

Figure 7. Export flows scheme.
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by the price index and exchange index in country c(RPC); this
last variable is assumed to be equal to 1 for the Italian tourists.

The function used has the following form:

C
c _ . T,c , T,c
Tp = Kp o *ap g * D RP ;
b
R - . T,R
Tp = Kp, gt 2p,r * Dy i
c _ .~ R,c R,C
TR KR,c + aR,c D RPc ;
b
TE = K, _ + a_ , * DT

The estimations of the tourist-days are converted into the
tourist-consumption through a transition matrix of the sectoral

tourist comsumption by sector i and countryc (tc.

l,C) according to

the following scheme:

'?r:_

where
CE = consumption of non-residents;
C?E = consumption of residents;
C; = total private consumption in the region.

In the biregional model, the total private consumption, as
a component of the final demand, assumes the following form in

Tuscany and in the rest of Italy.

T

T_ W
c” = cq T

R
+ CT + C
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R

C, =C R

1)
R R

T
+ Cq ¥ C
It should be noted that a regional specification of the

tourism functions, as well as those for export, is made possible

by the availability of regional data over a long period of time.

4. CLOSING REMARKS (to be written)

The international trade is a weak point in many multiregional
economic models, especially as far as the treatment of export is

concerned.

The most common treatment of the export flows is to region-
alize results of a national economic model. This methodology is
appropriate for commodities where export functions are not sup-
posed to have regional specifications. On the other hand, for
those commodities supposed to have specific behavioral functions
at the regional level, a bottom-up approach is preferred.

The model for the Tuscany region devotes great attention to
a regional determination of the export flows both of commodities
and services (foreign tourism), as well as the interdependencies
between international and interregional trade. Even if the metho-
dology adopted in modeling such linkages is a very simple one,
the external trade relationships at the regional level is, to

some extent, more comprehensive.
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1. - In the investigation of controlled syslems with the
aid of mathematical models when there are several opera~
tion indicators for the system under study, use is made of
the following basic approaches, which enable us to analyze
the properties of the system and to give the person making
the decision (PMD) the ability to choose the most suitable
input signal to the system: 1) Estimation of the values of
the indicators when there are a finite number of versions
of the signal to the system (the simulation approach)'; 2)
mathematical contraction (combination) of the indicators
into a single indicator and subsequent optimization of it,*
or solution of a series of optimization problems with
gradual refinement of the nonformalized contraction of
the tndicators that is available in the representation of the
PMD (vector optimization)®; 3) construction of the set of
effective (nonimprovable) values of the i{ndicators or the
signals (the Parctoset in the gpace of indicators or con-
trols).} In this article we present a new approach to the
analysis of controlled sysatems with several indicators,
an approach based on constructing generalized sets of ac~
cessibility.

2, Any mathematical model can be regarded as a set
of constraints singling out admissible values of the vari-
ables among all possible values. If the number of vari-
ables is finite, then the model can be represented in the
form

Sov. Phys. Doki. 25(2), February 1980
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x€G,CX, - : )

where X is the vector of variables, Gy 1s the set of admis-
sible values, and the space X of variables of the model
can be either finite~dimensional or some function space
if, say, a part of the constraints consists of differential
equations. Since the system under study is coatrolled,
more than one point x € X satisfies the equations of the
mode! (1). Suppose that the operation of the systein is
evaluated by a finite-dimensional vector of indicators f
which is connected with the variables of the system by a
mapping F,

f=Fx, f[EK. 2
The proposed approach i{s based on the construction of the
set Gf of all accessible valuey of the indicators f from the
pownt of view of the model (1).

Definition. The set G; defined by the relation
Ge= VfEL". [=Fx, x€G, I, (3)

will be called the generalized set of accesasibility (the set
of poteatial possibilities) of the model (1) with respect to
the indicators (2).

This definition gives the set Gf in implicit form. By
the approach on the basis of generalized sets of accessi-
bility we mean the construction of the sets Gf in explicit

© 1980 American Institute ot Physics
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FiG. 1

form and their investigation. The proposed method makes
it possible to investigate alt possible values of the indica-
tors (uniike in the simulation approach) and does not re-
quire us to contract the indicators in this or that form, as
ia done in vector optimization. Part of the boundary of G¢
i{s the Pareto set in the spade of indicators, and for convex
sets Gx and linear indicators (2) the set Gf is convex, i.e.,
it can be (at least approximately) represented as the inter-
8ection of a finite number of half-spaces, while even in
this case the Pareto set is not convex (see Fig. 1, where a
typical set Gy is pictured; here the Pareto set is the curve
ACB). For sufficiently aggregated linear modeis and in-
dicators the set Gy can be constructed numericaily with

the help of the the methods presented here. Up to the pres-
ent time sets of the type Gy have heen used for explaining
vector-optimization methods, but have not been used di-
rectly in the investigations because of the absence of ef-
fective methods for constructing them.

3. If X is the n-dimensional Euclidean space EN and
the set Gx i5 polyhedral, then the set Gy can be constructed
as follows. The relations (1) and (2) determine a certain
set Y in the direct sum of the spaces EM and ET:

Y= {ix fl: x€G,CL" [E€E" [=Fxi. (4

The set Gf is the orthogonal projection of the set Y into
the space ET. Methods for constructing the projections
of polyhedral sets specified in the (orm of a system of
linear inequalities were considered in Ref. 4. Certain
modifications of these methods requiring less operational
computer memory and compiemented by devices for dis~
carding those inequalities in the description of the poly~
hedral sets whose removal does not change (or changes

" only slightly) the set described make it possihle to con-
struct the sets Gy for many practically interesting sys-
tems in the form

IGy= f: Dfsd), (5

where D is a matrix and d is a vector. If the model (1) is
nonlinear, but the set Gy is convex, then G¢ can he ap-
proximated by a polyhedral set.

4. Suppose now that (1) is a linear dynamic model
with linear constraints on the controls and phase coordi-
nates, t.e., the model is described by:
the equations

i=0,.. . N -1, ()]

Yisr TAy B+ ay,

where y; € EMy is the vector of the phase coordinates,
uf € EMuy is the control vector, and Aj, Bj, «i are speci-
fied matrices and vectors;

the system of constraints

Cly * CluKe,  i=0,... N1, Q)

where C{, Clz' cq are specified matrices and vectors;
the initial condition

)‘oEroCE"y- (8)
where ['; is a specified polyhedral set.

This dynamic model can be reduced to the static mod~
el considered in the preceding section if we introduce the
vector X = (Yo, ¥ys. o s ¥N» Ugs+ . o » UN=y), Which has dimen-
sion (N + 1)m,, + Nmy, alter which we construct the gen-
eralized sei of accessibility Gg by the method described
above. [fowever, it is possible to approach the construc-
tion of the set Gf on the basis of the usual set of accessi-
bility 'y, i.e., the set of all points of the space of phase
coordinates EMY into which the system (6), (7) can be
transformed from Iy after N steps. If we take the vector
f to be the vector of the phase coordinates yx;, then the
generalized set of accessibility Gy coincides with the set
N (this is the origin of the term "generalized set of ac-
cessibility"). The sequence of sets of accessihility [y,
I'yy..., N can be constructed in the form (5 also byv
using algorithms for orthogonal projection of polvhedral
sets,’ after which, for arbitrary indicators depeunding on
the final state of the system, the set Gg can easily be ob-
tained from the set 'y and the relaton (2), where the
image depends only on those coordinates of the vector x
that represent yy. But if some linear fndicator has "in-
tegral® form, then it i{s known® that this case can be re-
duced to the previous introduction of an additional phase
coordinate.

5. Suppose that the model (1) under study is a system
of controlled differential equations on the segment of time
{0, T|, but differs from the model (6)-(8) in that the dy-
namics of the phase variables is described by a differen-
tial equation instead of a multi-step equation. Then under
certain natural conditions it turns out’ that the set of ac-
cessibility I'(T) of this system can be approximated by the
set of accessibility of a multi-step system of the Lype (6)-
(8), and, thus, the problem of constructing the generalized
get of accessibility Gy for such a system reduces lo the
problem considered in Sec. 4.

8. The set Gy constructed can be represented to the
fnvestigator or the PMD in the form of two-dimensional
projections on the coordinate axes of the space ET of the
indicators, as well as in the form of ail possible two-di-
mensional sections, The Computing Center of the Academy
of Sciences of the USSR has now fmplemented the first
version of a package of applied programs designed for
coustructing and anatyzing ordinary and generalized sets
of accessibility both in an automatic mode and in a dialogue
mode with representation of the projections and sections
on the screen of a terminal unit and on an aiphanumeric
printer.

To illustrate the approach described we consider
some results of an investigation of one region in a model
of the world economyv. The cionomy of the region was
described with allowance for the extraction and cleansing
of pollutants, on the basis of a modification of the world-
economy® madel presented in Rel, 9 and plausible infor-
mution. The model had the form consideresl in Sec. 3.
The following vector of indicators was chosen: [, is a
scalar characteristic of the consuimption, (2 is a charac-
teristic of the cleanliness of the environment, {, is the
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balance of ioreign trade. The section of the get Gf for

f; = 0 is depicted in Fig. 1. A typical feature is the pres-
ence of a turning point C on the PPareto curves ACB such
that on AC the growth of consumption f; leads to insignifi=
cant pollution of the environment, but after the level C, a
relatively small increase A, in the consumption leads to

a sharp increase )\, in the pollution. Th!s example demon-
strates in an explicit graphic form the ability of the pro-
posed approach to represent the limiting possibilities of
the systems under study.
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ON THE STRUCTURAL CHANGE OF THE
RELATIONSHIP BETWEEN CONSUMPTION
AND PRIMARY RESOURCES IN THE GDR
ECONOMY

U. Ludwig, M. Kraft, J. Behr

The article outlines the structural change of the input

of labour, fixed capital and primary energy cauged by

the growth of private und public consuption in the TOies.
The standard input-output wmodel compiled with empirical

data ig used to find out the interdependence of the various
inpute and the growth of consumption according to individual
needs, The article presents sonie resulte obtained by cone=
parigong of actual input-output tables from 1972 and 1977.

1« Introduction

2. Analyses of the development of structures of consumption
ag well as of the employment of regources

2.1« Development of the consumption according to complexes

of needs

2¢2. Development of the structure of labour and fixed capital
input for the satigfaction of consunptiive needs

2.3. Development of the energy consumption according to
complexes of needs

3. Conclugion
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1 Introduction

The national economy of the GDR year by year supplieg the
population with a growing volume of commodities that serve the
increasing satisfaction of privete and public needs. Thig is a
bagic feature of the unity between socialist economic and social
policy in the GIR.

The division of leabour, specialization and cooperation in the
cource of the history of social production together with its
indugtrielizetion have resulted in a general stage of development
where between the extraction of raw materials and the manufactu-
ring of firel producte which are the direct object for the
gsatisfaction of private and public needs, there are continually
emerzing more mediating links, Thus only pert of all produced
goods and servicesg is included in the final consumption whereas
their majority is used for productive purposes., The link between
the production of goods and the setisfaction of needs becones
more and more complicate, Investigating this relationship in

the highly developed modern national economiesg requ{res the
application of certain mathematical techkniques, by meang of
which the interdependence between the extreme moments of each
reproduction process of the nationasl economy, i.e. between the
gtege of production and the stage of congsumption, can be repre-
gented in quantitative terms, Iationel input-output tables are
well suited for this purpose, since they reveal the relationschip
between social production and final demand not only in terms of
volume but also in structural terus.

With the aid of national input-output tablesgs can be calculated,
whether the goals of final demand get up in long range prograng
of social and economic developuent can be met materially by the
national econony. This ien't a task faced »y the planning
authorities only but a2lso a challenge to funcdamental economic
research., Discarding the nuumerougs iediating links concerning
the production of commodities for the final use, their supply
boils down to the proportionate allocation of tne entire gocial
labour to sectors, branchee and stages of the reproduction
process of the national eccnony as well as to their efficient
utilization, Input-output odels are suiteble to invegtigate
vhlg problewm too, allowing to deduce conclusionsg origineting

at the given level of technological and orgenizetional developwent
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of the national econouny from the volume and the structure of
final demand and resulting in the allocation of entire social
labour in the form of primary resourcesz., Simultanousgly, by this
a step can be done to reduce the analysis of the development

of market relations necesgitated in the framework of private
congumption to its underlieing.essence, i.,e. to the reallocetion
of the entire social labour according to the ghifts of needs.
Subject of this paper ig the presentation and analysisg of the
relationghip between the congumption and the input of labour,
fixed capitel as well as of primary energy resources, calculated
on the base of two actual input-output tables of the GDR economy
from the 70ies. The paper presents results of gimilar research

efforts continued from former years.1

2. Analyses_of the developuwent of structures of congunption
as well ag of the employment of resources

2¢1s Development of the consumption according to complexes
of needs

Depending on the detailed cheracter of an invesgtigation of the
mentioned interrelation and on its horizon in time, it is
appropriate to distinguigh different levels of abstraction .

In investigations for the short«range planning of the national
economy, a relatively great degree of gpecification is necessary.
Thug algo the firgt calculation as a starting point for the
annual plan of the GDR is performed by means of a static input-
output model of about 600 items.2 For the long=range planning,
on the contrary, investigations with a lesser number of gtronger
aggregated pogitiong provide more indications. To thig end,

in the GDR, input-output models of a medium agsgregation level
with about 30 iteme are suggesting themselves.

Sonething. similar applieg to the final usge.

A number going into the +thousands of different serviceg and
goods are congumed. Their combination into homogeneoug entities
which are called complexes of needs ig advocated by the fact
that according to our experience, there are certain dependencies
between the satisfaction of various needs (accomodation and
furniture, motor cars and fuel ...). Becides, it has been

proved by consumption regearch that major aggresgates of needs
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are more correlated with such economic variables as the national
income., Additionally, the formation of complexes of needs which
are relatively independent of each other, provides the pogsibi-
lity to define additive utility functions which correspond well
with the starting point of the linear equation of the gtatic
input-output model.3

In the concrete formation of such complexes of needs, it is
necessary to take into account a series of other conditionse.
Thusg, for instance, the horizon in time of the investigation,

the degree of homogeneity of the aggregated goods and gservices,
the uniquenegs of the attribution of goods and services to needs,
the organizational structure of the economy, the manner of the
acquigition and of the proceggsing of statistical data, as well

as o%her factors are playing a major role in this resgpect.

Each ordering of the goods and services according to complexes
of needg is therefore up to a certain degree a compromige solu-
tion between the aim of the analysis and the available statistics

Here, we are proceeding from the following complexes of needs:4
1= nutrition 5- edueastion/culture/recreation
2- clothing 6= communication/information

3= accommodation T= trangport

4- health care 8- general public needs

Thege complexes of needs are easy to survey and they develop

in a relatively independent manner. From them, it is pogsible

to better invegtigate and guide by purposeful meagsures certain
continual changes of the gtructures of needs and of consumption
habits, then this would be poggible, if individual products are
neasured in igolation from each other. The definition of the
conceptions for development and the subgtantiation of priorities
or ranking scales in the satisfaction of needs for longer periods
of time are faecilitated in this manner.

Proceeding from the bagic equation of the standard static
input-output table
Y = (I-4)X (1)

at first, the individual componentg of the consumption vector
are attrivbuted to the 8 complexes of needs, For this end, on
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the basig of various statistical documents, it is estimated,
which goods or services mugt be attributed to which degree to

5

the individual complexes of needs.,

We use the following designations:

A - inter~-indugtry coefficient matrix

X - column vector of the gross domesgtic output

Y ~ column vector of the final demand

CD -~ vector of consumption expregssed as a diagonal matrix

» - matrix of the distribution of the goods and gervices
of the economic sectors for the consumptive final demand
according to the complexes of needs

N(k) - column vector of those goods and services from matrix ¥
" which constitute the complex of needs k
Z -~ bridge matrix transforming the nomenclature of goods and
services by sectors into the nomenclature by complexes
of needs.

The digtribution of the individual goods and services of the
congumption according to the complexes of needs ig calculated
then from the equation:

N = ¢z ()

In the invegtigation, we here proceed from time-independent,
congtant elements of the matrix Z.

Table 1 conveys an impregsion of the dynamism of growihand

of the gtructural development of thoge consumer goods and
services which were provided in 1972 and 1977 for the individual
complexes of needs of consumption. These changes are in accor-
dance with regularities in the upward development of needs.,

Thus with regard to the dynamism of growth, it is posgible to
state a more than average development in the provigion of such
congumer goods and services which gserve to satisfy the complexes
of needs of trangport, general public needs, health care, as
well ag of education/culture/recreation. There has been an
average dévelopment in the provision of congumer goods and ser-
vices for the complexes of needs of accommodation and communi-
cation/information. However, in this respect, it is necessary

to bear in mind that the indications about accommodation do not
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include the final product for residential construction snd for the
rniodernization of housing which belongs to the investmerts. There
has been a below than average rise in the provigion of congumer
goods and gervices for the complexes of needs of nutrition and
clothing.

In this menner, in the seventies, in the GDR e regularity has
been gtrengthened which could be obgerved within former periods
of tine, according to which in the entire structure of the final
consumption the relative share of those needsg which can be called
primary, elementary or basic needs in a certain gense, in the
entire needs, according to their limit of saturation remeins
rather congtant or is even decreased. In the other complexes

of needs which can be called in the same limited sense asg secon-
dary, raiged or luxury needs and which are more derived from the
gocial development of kan and of the gocial ingtitutions, an
opposed tendency ig imposing itgelf., This structural shift between
primary and secondary needs can be attributed above all to a
relative decline in the increage of those goods and gervices
which can be included into the complex of needs of nutrition.
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Teble 1

Structure and growth of the final demand for consumption
in the GDR from 1972 to 1977 according to complexes of need

Complex of needs Structure of Average annual

congwaption growth rate
_in 5 in &

1972 1977

Nutrition 46,8 42,7 3,3

Clothing 12,1 11,6 4,4

Accomodation’ 16,6 16,8 545

:E Prirary needsg 75,5 71,1 4,0

Health care. 4,7 545 8,5

Education'/culture/

recreation 3,2 3,3 6,2

Communication/

information 4,0 3,9 4,9

Trangport 8,1 10,8 11,4

General public

needs 4,5 5,4 9,2

:E Secondary needs 24,5 28,9 8,8

Congumption total 100,0 100,0 5,2

1without the non-productive investments in regidential

congtruction, the health service and the education gystem

Source: Calculations of the Central Institute for Zcononic
Sciences
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2.2 Development of the structure of labour and fixed capital
input for the gatisfaction of congumptive needs

The subdivigion of the final demand according to complexeg of
needs gerves the aim of making accesgible to gcientific analysis
the extent and proportionality of the digtribution of entire
goclal labour according to the individual complexes of needs

and the changes occurring in this procegs. Within the framework
of the standard input-output model, such a pogsibility existse
above all on the level of calculating the total input of labour
force and of fixed cepital.

For &ll complexes of needs of consumption there applies:

x(8) o (gop)=Tn(®) (3)
L(k) o Dx(k) (1)
alk) o gPx(k) (5)

Here, the following designationg are used:

L - vector of labour coefficients per unit of gross
domestic output by sectors, expressed as a diagonal
matrix,

GD - vector of capital coefficients per unit of gross
domestic product by sectors, expressed as a diagonal
matrix,

L(k) - vector of total labour input of the sectors for

the complex of needs k,

Gck) - vector of total fixed capital input of the gectors
for the complex of needs k,
X(k) - vector of total gross domegstic output of the cectors

for the complex of needs k.

After these calculations, each vector NCk), XCk), L(k) and
G(k) is further summarized by the addition of its components.
From an invegtigation of the linking of labour force and of .
fixed capital for consumption it is shown that the efficiency
of social production in the seventies was increased above all
via relative savings of live labour. The growth of consumption
from 1972 to 1977 by almost 30 per cent was obtained without
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any subgtantial change of the number of labour force. Hence, the
increase in the final product for consumption was entirely based
upon the rise in the productivity of labour in the time under
review.

A comparison of the linking of the labour force to the individual
complexes of needs reveals congiderable differences. If one dig-
cards problemg connected with the acquisition, eveluation and
aggregation of data, then they result from the various conditions
in which the individual products are manufactured. In 1972, in
the national economy of the GDR, 48 persong of the labour force
were engaged in providing to the population goods end services
worth one million marks for nutrition. The level of labouxr pro-
ductivity expressed in this number has increased by 1977 in the
corresponding production and processing lines. In 1977, about

43 working people were needed for thia'purpose. While the total
input of labour for 1 million marks worth of goods for nutrition
wag in 1972 below the then average level of labour productivity
for the production of consumer goodg in general, this input rose
in 1977 above this average; however, Thig is connected with the
fact that the productivity of labour for the satigfaction of the
other complexes of needs has increased substantially faster.

The relative low increasgse in the productivity of labour along

the production and procegsing lines for the satisfaction of the
need of nutrition furthermore entailed the fact that the level

of labour productivity which was above the average in 1972 in

the satigfaction of the prirmary needs hag fallen below the average
in 1977. The gsatigfaction of the secondary needs took place in
1977 on a higher level of productivity than was the case for the
primary needs.

We hed a gimilar differentiated development in the field of
fixed capital. Whereas the gatigsfaction of the primary needs
required year by year 1,7 per cent more fixed capital per

1 million marke worth of goods and serviceg for consumption, in
the case of secondary needs a relative release of capital can
be noted.
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The input of fixed capitel for consumption increased from 1972

to 1977 in abgolute ahd relativ terme. The correspondent decrease
of the output capital ratio based above all on its decline in

the framework of satisfying the need of nutrition. This tendency
couldn't be made up for nor by the growing output capital ratio
in the framework of satisfying the most-expanding coniplex of
needs of transport nor by the growing or remaining congtantly
output capital ratio in the framework of satisfying the other
complexes of needs.

Table 2 gives a summarizing survey of the effects due to the
differentiated growth both on the side of labour productivity
and of the output capital ratio, and on the gide of consumption,
effects which affected the structure of the input of fixed
capital and of labour. Prom the different dynamism of structural
changes in goods and services for consumption on the one hand anc
in the total input of labour and of fixed capital which is
necessarj for this purpose on the other, within the same period
of time there has taken place a reallocation of the entire social
labour over the individual complexes of needs. This was connectec
with a certain change in the employment of resgsources. If for the
gatisfaction of the primary needs in 1972 still about 75 per

cent of the labour forces and 71 per cent of the fixed capital
stocks were engaged in the field of production for congsunption,
then in 1977, it was still 73 per cent of the labour force

and 69 per cent of the fixed capital. In 1977 in comparison

with 1972, a higher share of the entire gocial labour could’ ‘

be allocated to those complexes of needs which are not elenien=-
tary vitel needs any longer.
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Table 2

Structure of the total labour and fixed capitel
input for consumption in the GDR according to
complexes of needg in %

Complex -
of needs Labour fiXed capital
1972 1977 1972 1977
Nutrition 44,8 47,2 42,6 44,2
Clothing 12,8 10,4 9,7 8,5
Accomodation 17,3 15,2 18,5 16,4
2 Primary needs 74,9 72,8 70,8 - 69,1
Health care 441 4,3 551 5,6
Bducation/culture/ ' .
recreation 3,6 3,1 3,0 3,2
Cormunication/informa=-
tion 4,4 4,5 4,3 3,8
Transport 3,3 10,3 11,4 12,5
General public needs 4,7 5,0 5,4 5,8
25 Secondary needg 25,1 27,2 29,2 30,9
Congumption total 100,0 100,0 100,0 100,0

Source: Calculationgs of the Central Institute for IFEconomic
Sciences
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2.3+ Development of the energy congumption according to
complexes of needs

The allocation of the entire social labour is oriented not only
according to the extent and structure of the needs to be satisg-
fied, as well ag according to the state of technologicel and
organizational development of production, but also depends on
the type and amount of the available raw materisls and energy
carriers. The scarcity in some fogsile energy carriers led to
gtructural changes a2also in the GDR's econony in the gecond half
of the seventies. In order to make this development amenable

to a scientific analysis, the interrelation between consumption
according to complexes of needs and to the primary energy con-
gsumption is investigated ingreater detail,

The analysis of the consumption of primary energy by meansg of
en input-output table of a medium level of aggregation is made
more complicate owing to the fact, thiat the consumption of
specific energy carriers is not expressed as the utilization of
any primary resource but is contained in the intermediate con-
-gumption within the first quadrant of the table, Hence, according
to the basic equations of the input-output table the supply of
primary energy carriers represented as the output of individual
gectorg of the economy lastly appears to be limited only by the
availability of labour and fixed capital. Due to thig different
acquigition of data the total input of primary energy carriersg
for congumption cannot be calculated gimilarily to the total
input of labour and fixed capiteal.

By a disaggregation of those branches in which primary energy
carriers are supplied, it is possible, however, to determine the
total input of primary energy carriers in terms of gross output
for the satigfaction of the individual complexes of needs.

This characterigtic contains dauble countings, but nevertheless,
the gpecial structure of the input coefficients of the branches
supplying primary energy allows to uge that total input coefficien
of primary energy carriers in terms of grogs output as a good
approximation for the total input according to the wvalue of the
primary energye.

The following designations are used:
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augmented inter-industry coefficient matrix which is
formed by separating the branches of primary energy
from matrix 4,

W - matrix of aggregation coefficients which surmmarizes the
colurms of (I-A)~7 into nomenclature of A,

H =~ matrix by which all coefficients which are not related
to primary energy are eliminated from an initial matrix,

s - matrix of the total input coefficients of all the gectors
supplying primary energy

EN - matrix of the total input of primary energy eccording
to complexes of needs.

Then the following equationg apply:

H (T-3)" Tw (6)

By = EgN (7

The sum of the rowsg of EN gives the total input of primary
energy in terms of grogs output according to complexes of needs.

The investigation revealed that in 1977, as expected, the
utilization of primary energy carriers varieg according to
complexes of needs.

In general, it was revealed that the satisfaction of the
gecondary needs as compared with the satisfaction of the
primary needs required the 1,7-fold amamt of the total input

of primary energy. The gtructural change of congumption towards
the secondary needs fherefore aggravates the tense situation

of the primary energy balances.

3. Conclusgion

The main regult of the invesgtigation is the trade-off revealed

in the uge of different primary resourcesg according to the
satisfaction of primary and secondary needs., VWhile the allocatiorn
and utilization of the entire social labour in the form of
employees and of fixed capitel to the satisfaction of primery

and gecondary needs was more or legs in line with the structure
of the consumer goods and services in 1977, it wag clearly
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digtinet from it with regard to the utilization of primary
energy. Pavourable results are digplayed above all by the complex
of needs of nutrition which claims in comparison with the great
entire share in the consumption of 42,7 per cent only about

20 per cent of the utilization of primary energy.

Hence, concluding any reallocation of production in favour of
the satisfaction of primary needs, however, cannot be justified.
Rather thege regults point out, where new energy-saving techno-
logies rnugt be developed and used most urgently from the view-
point of the gatisfaction of consumptive needs.
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