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FOREWORD

/  cannot see why the lessons oj experience, which are the deposit 
of everyday life, should be denied a place among the acquisitions 
of science. It is not the pecularity of the things we study, but 
the stricter methods of verification and the search for far-reaching 
connections which are the essence of scientific work.

4

Sigmund Freud
The Psychopathology of Everyday Life

In this paper I have tried to set the model of British economic growth which I and my colleagues 

are building within a wider framework of political decisions and administrative needs. I have 

also tried to illustrate the organic conception of the model, whereby its various parts are con

tinually being modified in the light of experience and of new information. Finally, I have tried to 

bring out the dual aspect of the model, an aspect which we have always had in mind but which 

has only recently come into focus. This duality finds expression in the interaction between the 

long-run model of steady growth originally described in the first paper of this series [7 ] and a 

short-run model on which we are now working and which is designed to carry the economy through 

the transitional period preceding the steady state.

I cannot emphasise too strongly that the main purpose of this kind of economic model- 

building is to increase the flow of information available to the active forces in society that have 

to take economic decisions. Its aim is to improve, not to overthrow, existing methods of decision 

making, whatever these may be. This Is true not only of the models now appearing in almost 

every part of the ‘western' world, but also of those now being developed in the socialist countries 

It is an encouraging feature of our times that the need for such endeavours is coming to be more 

more recognised in responsible circles, quite independently of me political environment. It
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is left to extremists, either of the right or the left, to argue otherwise.

This paper was written for and presented at a study week held in October 1963 by the 

Pontifical Academy of Sciences to discuss the role of econometric analysis in economic develop

ment plans and in controlling economic fluctuations. While it will appear in the Proceedings of 

the Academy, it is reproduced here, with some additions, for the benefit of those readers who look 

to this series as the main source of information on the progress of our work.

In concluding this foreword I should like, in the name of all the friends of econometrics, to 

thank the Pontifical Academy of Sciences for its stimulating initiative in taking econometrics as 

the subject for an international conference.

Cambridge
December 1963 Richard Stone
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h  The Background

It has long been a commonplace that an economy is a system, an exceedingly complex probabilis

tic system. According to the classical theory, the information flowing in this system consists of 

price signals. Constrained principally by the law and public opinion on the one hand and by the 

state of technology on the other, individuals and groups respond to these price signals mainly In 

terms of self-in terest. First, the productive part of the system produces as efficiently as possible 

what the consuming part wants to consume. Second, in every p^lrt of the system strong tendencies 

exist to check any departure from equilibrium. Third, not only is every firm efficiently operated 

but new ideas and inventions are adopted as soon as they become profitable and so the standard 

of living grows as fast as human ingenuity can make It. In other words the system is efficient, 

stable and progressive. It gives the maximum scope to individual desires and initiatives and,

like a physical or biological system, is regulated by means of viable governors set in motion by the

system itself and not by any outside organ of control. To Its other virtues, therefore, a final one

is added: compatibility In the highest degree with human freedom.

There was a time, not so long ago, when the rulers of the world wished to believe this

story and, generally speaking, succeeded in doing so. But the imperfections of laissez-faire  as

a mode of economic organisation are so glaring that it has been either thrown out altogether, as

in the socialist countries, or modified out of all recognition by state intervention even in countries

devoted to the principle of free enterprise. So angry have men been at the abuses, injustices and 
%

waste of resources around them, so strong has been their desire for change, that they have shown 

very little appreciation of the good points of the system they were destroying and so have made 

very little effort to incorporate them in the system that was to take its place.

\



MODELLING ECONOMIC SYSTEMS

The purpose of this paper is to discuss how economic models might help us to reconcile 

the advantages of central planning with those of individual initiative. The basic ideas are simple: 

first, whether we consider a private firm or a government agency, sensible decisions cannot be 

reached unless there is an adequate amount of information flowing within the system and available 

in the right place at the right time; and second, since some kinds of information are expensive, if 

not impossible, to transfer from one decision centre to another, it makes a great deal of difference

which decisions are taken at which centre.
As to the first point, private firms and government agencies usually try to enrich the flow 

of information in their neighbourhood by making special surveys, projections and so on. But just 

because the economy is a system, because, that is, its different parts are interdependent, the task 

is very difficult for any institution acting in isolation. Without a centralised service of consistent 

projections which concerns itself both with social objectives and with practical possibilities, 

individual forecasts are likely to be unduly conservative. For example, a realisable plan might 

require the output of a particular industry to double in a decade, but if no such plan exists the 

industry in question can hardly be expected to try to double its output in the next decade if in the

past its market has been expanding at a much slower rate.

As to the second point, in operating a system that is not deterministic, adjustments of one 

kind or another are constantly needed at all stages. There are costs, not to say dangers, in re

quiring all decisions to be referred to a central authority. Accordingly, we should examine care-  ̂

fully the sources of information in the system, the costs of transferring information and the rules 

needed to ensure that centralised and decentralised decisions will not conflict.

2. Models and their Environment

The main discussion of this paper will centre round a computable model of the economic 

system. Before we come to the general features of such models and to the particular example 

that I shall give, which is a revised version of that described in [7], it may be useful if I try to 

set an economic model in its environment, that is relate it to the objectives it is intended to 

serve, the administrative arrangements needed to make it work and the general experience of

economic life which it modifies and by which in turn it is modified.

Following the treatment in [ 37], the essence of the situation as I see it can be represen

ted graphically as in diagram 1 on p. 3 opposite.
The combination of theories with facts gives rise to a model. Since economics is largely
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Diagram 1

A MODEL IN ITS ENVIRONMENT

)w
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concerned with quantities, the model must be quantitative; and since we need to know not only 

how the system would behave if left to Itself but also what would be the problems and results of 

trying to change it in various respects, the model must be readily computable. Model-building is 

a scientific activity but I do not think that a usable model of an economic system can be built by 

a group of scientists working in isolation, for the simple reason that, however well—endowed the 

group may be, it cannot possib4y know as much as it needs to know about all aspects of the eco

nomy without the cooperation of many people engaged in a variety of practical tasks. The model- 

builders can of course build a prototype, but they will be very unwise if they do not seek a great 

deal of practical advice before they go fully into production.

The combination of a model with a set of objectives gives rise to a policy. This is where 

the politician comes in: he formulates the objectives. He may specify objectives in detail or he 

may delegate his responsibility, as when, with whatever safeguards he thinks desirable, he
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accepts the principle of consumers' sovereignty: this means that consumers may spend their

money as they please, and the economic system must try to provide the goods they want and not

some other goods. Thus, just as the initiative in model-building lies with the scientist, so the

initiative in formulating the objectives lies with the politician. But neither works on his own;

each is dependent on social acceptance and the cooperation of others.

The combination of a policy with a set of administrative procedures, or what I have called

controls, gives rise to a plan. This is where the administrator, both private and public, comes in

But he too may delegate his authority and indeed in many cases must do so if the cost of basing

all decisions on sufficient information is to be minimised. The relationship between centralised

and decentralised decisions has been the subject of recent papers by Malinvaud [23] and by

Kornai and Llptak [ 20, 21 ].

When the plan is put into practice it comes up against events and this gives rise to our

experience of the part of life with which the plan deals. As a result every element that led to the

plan may to some extent be modified. It is inconceivable that initially we should have succeeded

in building a perfect model, specifying a perfect set of objectives or designing a perfect set of

controls.. The possibility of these modifications is indicated in diagram 1 by the feedbacks from

experience to theories, facts, objectives and controls, from which the effects of experience spread

to the model, the policy and the plan.

Of course this is a very simplified presentation of a very complicated process. In fact.

each stage in the process throws light on the preceding stages as well as on the succeeding ones.

and each part of the system interacts to a greater or less degree with most of the other parts, so

that actually there is much more feedback between the boxes than is shown in the diagram. For

example, the model is to some extent determined by the objectives it is designed to serve, and the

objectives are likely to be modified in the light of calculations made with the model. Again, the

policy is bound to be affected by the structure of the existing control mechanism, while this is

likely to be modified in the interests of the policy. And so on. In the next chapter we shall

examine these connections in greater detail.
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1. : Models

The purpose of building a model of anything is to understand how the thing works and, if possible , 

to make it work better. As Ball has argued [2 ] in reviewing the model of economic growth that I 

and my colleagues are working on in Cambridge, the great thing is to make a start and to follow 

this up by intensive work on the less satisfactory components of the initial version. It is a mis

take to try to perfect all the components at the outset. Such an attempt may easily result In no 

model at all, for one never achieves initially a degree of perfection In the components that makes 

one entirely happy about leaving them alone. Furthermore, as he says, the adequacy of particular 

types of relationship can never be properly judged in isolation but should be evaluated In terms 

of their role in the complete model. Our motto, therefore, is solvitur ambulando.

The decisions to be taken In building a model can be grouped under four main headings:

(a) the variables with which the model is concerned; (b) the relationships by means of which the 

variables are connected and the precise form that these relationships are to take; (c) the s ta tis ti

cal and other methods by which the parameters in the relationships are to be estimated; and (d) 

methods of numerical analysis to be used in calculating the parameters and the unknown ele- 

lents in the system. Let us now look at each heading in turn.

Variables, The basic concepts of economics are production, consumption and accumulation,

to which may be added, since national economic systems are never isolated, foreign trade.

The variables relevant to these concepts can, as everyone knows, be set out in a system of

national accounts. These accounts have the merit of all accounts: their entries satisfy certain 

arithmetic and accounting identities.

Ji
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The entries in accounts are values: sums of money. If an entry relates to a product,

whether final or intermediate, or to a primary input, it can be decomposed into a quantity and

price. Thus values, quantities and prices have their places in an accounting system. Consistency

requires, therefore, that we set up at least the main variables in our model within an accounting

framework.
The technique of doing this is called social accounting and consists essentially in sub

dividing the national accounts. For example, in input-output analysis we subdivide the national

production account so as to provide a separate account for each group of commodities that the

economy produces, tthen we start doing this we find that different parts of the economy habitually

use different systems of classification. Our system of social accounts should accommodate these

different classifications and show how they are reconciled. In this way we can establish beha

vioural or technical relationships for different parts of the economy which reflect the categories

habitually used by each part. For example, private consumers’ expenditure is usually expressed

in terms of a classification of goods and services which follows the lines of a consumer’s shop

ping list; and public consumers’ expenditure is usually expressed in terms of various purposes,

such as education, health and defence. Neither of these classifications has a one—to—one

correspondence with the industrial classification of products, and these products, in turn, are not

in one—to—one correspondence with the industries in which they are produced. Consequently, if

we wish to be able to establish relationships for the components of each of these categories we

must make sure that each of them is properly represented in.our accounting system. Some thoughts

on this subject are given in [8, 36],

Relationships, The general nature of the relationships connecting production, consumption,

accumulation and foreign trade was defined long ago by the great economists of the second

half of the nineteenth century, such as Jevons, Walras, Marshall and Pareto. Their contribution

was, precisely, to formulate an economy as a system. These general ideas were set out fully

and explicitly by Bowley [4], who remarked in his introduction that ‘there seems to be no book

in existence, at least in English, that presents in a coherent form the mathematical treatment of

the theory of political economy which has been developed during the past eighty years or more’

This was said in 1924.

But these general ideas provide no more than a guide. In tiydng to formulate the economy

as a system, the great writers of the past naturally made many simplifying assumptions. For

>1
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example, in the theory of consumers' behaviour they assumed that an individual tries to maximise 

the utility of his consumption subject to a fixed set of prices and a budget constraint. In this 

theory individual preferences are assumed to be fixed. If, like these writers, we are concerned 

with formulating economic relationships in a general way, this is a legitimate assumption which 

leaves us free to concentrate on the constrained—maximum problem whose solution is the outcome 

of the theory. But if we are interested in empirical demand analysis we cannot make such an 

assumption since we know that individual preferences change partly because the circumstances 

of the individual change with age and partly because, with time, new commodities appear and 

social attitudes and fashions change. Thus in studying the pattern of consumers' expenditure over 

time, it may be more important to find a way of allowing for changes in preferences than to have a 

very sophisticated means of allowing for responses to income and prices.

The earlier writers were aware of such complications, but their first concern was to realise 

their vision of the economy as a system, not to work out its operating characteristics. Marshall 

said in 1896: ‘the nineteenth century has in great measure achieved qualitative analysis in eco

nomics; but it has not gone farther. It has felt the necessity for quantitative analysis, and has 

made some rough preliminary surveys of the way In which it is to be achieved: but the achievement 

Itself stands over for you'.

During the last fifty years or so, the development hoped for by Marshall has slowly 

gathered momentum and has been accompanied by a great deal of useful theorising. Our first 

task now is to perfect, in the light of the vast mass of quantitative information available, the 

relationships sketched out by our predecessors: production functions, consumption functions and 

so on. But just as the simplifying assumptions of the earlier theorists restrict particular rela

tionships to the point where they cannot be applied, so also do they sometimes restrict the field 

of phenomena that should be considered in an economic model. Thus our second task is to formu

late new relationships wherever experience shows them to be needed.

An example of this is the distribution of skills which accompanies any technique of pro

duction. Labour is a factor of production, and everybody recognises that there are many different 

kinds of labour, which require different kinds of education and training. Nevertheless, in produc

tion functions labour is usually treated as homogeneous. This is acceptable as a first approxi

mation provided one Is confident that in some unspecified way the right kinds of skill will be 

produced and flow to that part of the system where they are needed. But will they? Granted that 

demand tends to create its own supply, may we not find, in a period of rapid technical change, a
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serious lag between the skills needed for the new techniques and the skills in fact provided by

the system of education and training? The answer seems to be *yes\ in which case education and

training become a necessary part of an economic model, not something which can be left on one

side as a social process irrelevant to economics.

Another important point to keep in mind about the relationships in an economic model is

whether they are to be used to answer questions or to ask them. For example, if the model-

builder knew enough about the alternative techniques of production that will become available in

the near future in different industries, he could say what changes in labour productivity could and

should be brought about in order to reach certain objectives. In practice, however, the model-

builder is most unlikely, at first, to know as much as this. But he can work out on reasonable

assumptions a set of changes in labour productivity in different industries which would enable a

given vector of output to be produced with a given quantity of labour. Then, instead of answering

the question 'what increase in labour productivity is needed in each industry' he could ask the

question 'could the increase in labour productivity I have worked out be achieved and, if not, what

are the obstacles to achieving it*. By bringing such questions out into the open and showing what

is needed if certain results are to be obtained, a great deal can be learnt and the people respon

sible for action can be provided with useful information.. It may be that an industry simply cannot

do what a model initially suggests; but it may equally happen that it could do as much or more if

it believed in other results of the model, for example the estimated future demand for its products

In this case the model—builder is simply providing agenda for industry discussions. This may

often be more useful than trying to anticipate the outcome of these discussions, since the dis

cussions themselves may provide information to the model—builder more reliable than he could

possibly have reached on his own, and may thus enable him to produce statements about the

possible future of the economy which are realistic as well as consistent.

The final point I want to make about relationships concerns time—horizons. Any discus

sion of how best to operate the economy so as to achieve certain ends involves comparisons

over time and leads to a variational problem. In theory there is no reason to stop at any parti

cular point in the future and so we are led to a consideration of an infinite time—horizon. Valu

able insights can be gained by this method, as in Ramsey's theory of saving [34], but the weak

ness of the method from a practical point of view is that it calls for knowledge that we cannot

possibly possess. This suggests that we should reformulate the problem with a finite, indeed

fairly short time-horizon, a practice that is in fact adopted in all centrally planned economies
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(c) Estimation. Having decided on the variables that are to enter into the model and on the forms 

of the relationships by which they are connected, the next thing to do is to estimate the para

meters in these relationships. This may be a matter of simple arithmetic, as when an input—output 

coefficient is estimated by dividing the input of product; into product k by the output of product k. 

So simple a method however, is only resorted to when there is an extreme shortage of information; 

more generally, statistical methods, and in particular regression analysis, are involved. In any 

case the estimation procedure that must inevitably be followed at the outset can be described as 

the econometric analysis of past observations.

The methods of estimation available to econometricians have improved very considerably 

over the last generation. In particular it has come to be realised from Haavelmo's original paper 

on the subject [16] that the fact that an economy is a system in which different influences may 

operate simultaneously has a bearing on the appropriate method of estimating economic relation

ships. This is called the problem of identification: in relating the price of a commodity to the 

quantity of it sold, how can we identify the parameter as a demand parameter, a supply parameter 

or some mixture of the two; alternatively, how can we arrange our estimation procedure so that the 

estimate we obtain is, let us say, a demand parameter? This problem has been the subject of 

intensive study at the Cowles Commission [ 11, 12] and more recently has been given an elegant 

form of presentation by Hurwicz [ 18] and, in terms of statistical estimation, by Durbin [ 13],

Important as these developments are, they certainly do not solve all the problems that the

model—builder has to face. One of the main problems arises from the fact that relationships are

constantly changing. I have already given consumers’ preferences as an example of this. Another

example is offered by the techniques of production: a past input—output table will not be a good

description of present intermediate technology; a fortiori it will not be a good description of the

Intermediate technology of the future. How then are we to proceed? The best thing to do is

undoubtedly to consult outside experts about the way in which inputs have been changing, and to

get from them an estimate of future input structures in different industries. But such information
%

can only be expected from a limited number of highly articulate industries. In other cases one can 

sometimes find time—series of input-output coefficients and project these into the future. Often, 

however, this approach is closed too, and there is nothing to be done but to project input-output 

coefficients by a general method of extrapolation. A means of doing this is given in [ 36] and, 

in greater detail, in [9 ],

Another practical problem arises from the fact that, in formulating relationships, we usually

I
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begin by considering only the more general influences which we believe to be at work. For example, 

in formulating demand relationships we usually begin by allowing for the effects of income, prices 

and changing tastes on the demand for different commodities. We know of course that other, more 

specific, influences are at work: an abnormally cold winter or hot summer, the temporary rationing 

of some commodity, a particular advertising campaign. Such specific influences are numerous and 

difficult to take into account, and their effect on the broad pattern of consumption is not very 

noticeable; but in accounting for the detailed pattern they may well be important. In such cases 

it may be useful to follow a hierarchical principle. Thus we might start by estimating how, in 

given circumstances, total consumption would be divided among its main constituents, namely 

food, clothing, household expenses etc. Ue might then try to estimate how the expenditure on 

each of those groups would be divided among the group's components and what specific influences, 

if any, might affect each component. And so on. As we got into greater and greater detail, how

ever, we should expect any manageable system of demand relationships to break down. At this 

point we should have reached a position where our demand model was no longer specific enough 

and where, accordingly, we needed outside help, as in the case of the input—output relationships 

discussed above.

What I have just said brings out the fact that with the information at our disposal there is 

a limit to the amount of detail we can handle. It is sometimes argued that if only we could 

increase the size of our models we should get correspondingly better results. I do not think this 

is true. If, for example, we were to multiply the number of industries we distinguish, and were to 

represent each industry in the detail necessary to operate it, we should have to make the relation- 

ships of our model altogether more sophisticated. In practice we could not do this. I suggest 

therefore that the proper way to introduce great detail into a model of the economy is not to expand 

that model beyond a certain point, but to set up separate sub—models for different industries, re

lated to the general model but established and operated by the industries themselves with all the 

expert knowledge that this would make possible. The final outcome would result from an iteration 

between the general model and the industry models, somewhat on the following lines. The general 

model would indicate the output levels required and the distribution of these outputs over uses.

The industry models would then convert these demands into specific products and decide how 

these products could best be produced. The general model would then check the total primary- 

input requirements of the productive system and indicate whether any primary inputs were in short 

supply and, if so, to what extent they should be economised on. It would also change its initial
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cost structures and indicate revised output requirements. Such a treatment would allow for a 

manageable expansion of the initial model and at the same time would ensure that the information 

available was put to the best use.

By the various methods I have suggested we may hope to increase the amount of informa

tion that the model can absorb. But cases may still arise where we are unable to formulate some 

of the relationships we need: some processes of real life cannot be represented m the model. All 

we can do is to observe certain influences and certain effects; we cannot relate the two. We must 

then turn to the 'black box' technique as adapted to economic and industrial problems by Beer [3 ].

Reduced to its simplest terms this idea can be formalised as follows. In the real world 

there is some system, the economy in our case, which produces a certain outcome: in a circuit 

diagram we could represent this process by an arrow leading from a box marked E to a box marked

O. By studying this system we make a model of it and use this model to formulate a plan: this 

conceptual activity could be represented by an arrow leading from a box marked M to a box marked

P. The two sides of life are connected: the model is based on the real world, and so an arrow 

leads from E to M; and the plan influences the outcome, and so an arrow leads from P to 0 ,

5 Diagram 2

A CORRECTIVE DEVICE FOR ECONOMIC MODELS

)
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Now, the model consists of certain relationships and these control the plan* If some of

these relationships change in the real world but not in the model, then the plan determined by the

model will always be wrong and the situation will get out of control. Ue could avoid this happen

ing if between the model and the plan we could insert a device, the ‘black box', B, which, being

controlled by the economy and by the plan, would correct the instructions given by the model, as

illustrated in diagram 2 on the preceding page.

A familiar, if somewhat formal, example can be given to illustrate this scheme. Suppose

that the purpose of the model is to tell us how much to produce of a certain commodity and, under

free market conditions, what price to charge. Suppose, further, that market conditions are not

always free but that at certain times the government imposes price control. If we set up the model

in terms of a demand relationship and a supply relationship, we may assume for purposes of

argument that the quantity demanded, y^, is a homogeneous linear stochastic function of the price,

y^, and of an exogenous demand variable, x the quantity supplied, y^, is a homogeneous linear
_ ^

stochastic function of the price, y and of an exogenous supply variable, x ; under free market ̂ y
conditions the quantity supplied is equal to the quantity demanded; and under price control the

actual price is equal to the price fixed by the government, a: . In its reduced form this system
3

can be written as

In (II.1), the a 's  and b*s are demand and supply parameters, the e^s are disturbances and A is a

number which takes the value 7 under free market conditions and 0 under conditions of price con
trol.

In terms of the diagram, the model consists of the first two equations in (II. 1) and the

purpose of the black box is to ensure the appropriate value of A at any time. If the model was

established under free market conditions, it will operate initially with A= 7. But if market

1
i t

c
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conditions change to a state of price control, the black box must find this out and switch over to 

\  = 0. As indicated in the diagram, it does this by continuously comparing the price calculated by 

the model with the price actually charged in the real world. If they differ, it changes the value of 

A. For under free market conditions the actual price and the model price will be the same, but if 

price control is introduced, the tw'o prices will, in general, diverge unless X = 7 is changed to 

X = 0, With this change, the actual price and the model price will be the same as long as price 

control persists. If, however, price control is abolished, the two prices will, in general, again

diverge unless K = '0 is changed back to X= 7.

Thus the purpose of the black box is to ensure that the model stays in touch with reality. 

As I have said, the example is a formal one, but there is no necessity in practice to restrict the 

device marked B to a single, instantaneous decision.

ar
Computability. With a large model, computability presents a problem at every stage: in the 

preliminary processing of data, in estimating the parameters and in reaching solutions for the 

system of equations. I have already emphasised the importance of making a start and later modi

fying and extending the initial model; if to this is added the need to reach solutions for a wide 

range of initial assumptions, it is clear that some special steps will have to be taken if the com

puting problems are to be kept under control. As explained in greater detail in [7 , 44], a number

of straightforward techniques are useful for this purpose.

First, the extensive use of matrix algebra, in addition to its notatlonal convenience, has 

the advantage that in the numerical manipulation of matrices a fundamentally simple set of opera

tions is repeated a fixed number of times. This number depends on the order of the matrices and 

can be regarded as a parameter of the programme. Accordingly, if the number of categories in 

some classification has to be increased, it is only necessary to change a parameter and continue 

with the old programme.

Second, great convenience lies in the computer's facility for handling iterative or relaxa

tion processes. By requiring a sequence of operations to be repeated until some numerical con

dition is satisfied, the same master programme can be retained when linear relationships, which 

would themselves admit of direct analytical solution, are replaced by more complex relationships 

which would not. To do this, a general method of solution must be adopted at the outset.

Third, the programme can be subdivided into Independent parts each of which can be 

contained, data and programme, in the high-speed memory of the computer. This allows each

r '
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14 MODELS, POLICIES AND PLANS

stage to be developed and tested independently so that, as research progresses, it can be replaced

by more complicated versions without necessarily upsetting the remaining stages.

Fourth, the programme can be used to compile ‘ready reckoners' which make it possible to

trace the effect of changes in the initial conditions without the need for further runs. For example
f

the matrix multiplier (!—A)  ̂ is a ready reckoner whose elements show the additional output of;

which will follow directly or indirectly from a unit increase in the final demand for k. Analogous

matrices can be compiled to show the effect of unit changes in the elements of final demand on

complementary or competitive imports, on investment requirements, and so on.

Finally, once an initial model has been set up, it is necessary to establish an order of

priorities in improving its various parts. For this purpose, sensitivity analysis, that is the syste

matic exploration of the model to find out what is sensitive to what, would probably be very useful

2, Policies

Policies express what we want from a system after we have reconciled competing object

ives in the light of a model; they provide therefore a set of consistent aims. As I have said, the

formulation of objectives is primarily the responsibility of the politician, just as the construction

of models is primarily the responsibility of the scientist. But the politician. like the scientist.

cannot perform his task unaided and simply hand down a set of objectives to the model-builder

without discussion. Three reasons for this have been suggested by Hitch in [ 17], One is that

there is seldom a clear-cut national objective which can be ‘given' in all its details by a central

authority; an obvious example of this is the composition of consumers' expenditure. Another

reason is that objectives are multiple and conflicting: many of them can be satisfied in several

ways which have substantial, differential effects on others. Finally, it is impossible to state

the objectives that make up a policy without knowing a great deal about feasibility and cost. In

each case the necessary knowledge can only come from the kind of analysis that a model is
designed to provide.

An important question at this stage is the range of problems that the politician would like

to see integrated. For example, if the model is a national model with no regional dimension, it

can say nothing about locative problems. If there is to be a regional aspect to economic policy,

then the model must be capable of providing solutions for the different regions, A regional dimen

sion to an economic model is useful because it makes people think why they want particular

things to take place in particular localities and enables them to compare the costs of the
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alternatives.

Thus we see that the politician needs the help of the model—builder in formulating a 

policy, just as the model—builder needs the help of many other people in building his model. We 

also see that the objectives from which the policy will be shaped get into a model in various ways.

An objective may be built into the model. This is the case where it is agreed that private 

consumers should be left to decide how they spend their money. In effect the policy maker says 

to the model—builder: I shall tell you how much money to assume available for private spending; 

your job is to find out how this spending will be allocated given the shadow prices that emerge 

from your model, and what indirect demands it will place on the system. In the course of drawing 

up the policy, alternative calculations are sure to be needed, but the maximisation of the average 

consumer’s utility forms an integral part of the model.

Or, an objective may form a constraint on acceptable solutions of the model. For example, 

having fixed the terminal conditions at the end of the transitional period, we may agree to choose 

a path through that period by maximising consumption subject to the terminal conditions and, of 

course, to the operating conditions of the period itself. For any given set of conditions we can 

use the model to work out a path. If the path is unacceptable we must reconsider the conditions 

that determined it.

Or again, the model—builder may require some numerical data from the policy maker. For 

example, he will need to know how much is to be spent on public health, education, roads and 

other items of government consumption or investment in social capital. He will also need to know 

the input structure of these expenditures. Since all demands on resources compete with each 

other, it will be possible to settle priorities, including the level of total private consumption, only 

when the implications of these proposed demands have been worked out.

It will be noticed at this point that there is a need for a number of government sub—models 

just like the industry sub—models advocated earlier. The operation of a health service or a de

fence system is a complicated matter which cannot be built into a general model. What is required 

is a separate sub—model for eachi of these activities. Given an amount of money to spend and 

a set of prices, each sub—model would be used to decide how this money should be spent. From 

this a cost structure would emerge for use in the general model. The general model might show 

that some revision in the sums to be spent would be necessary. As in the case of industry, there 

would have to be iteration between the model and the sub—models. Social cost—benefit analysis 

should prove of great value in this field of research [14, IS].



Ir

MODELS, POLICIES AND PLANS

To sum up, the main features of policy-making for a system are, in my opinion, as follows.

First, the different objectives of policy should, as fas as possible, be considered together. The

fact that in my examples I did not mention the maintenance of full employment, say, or the relief

of poverty is of no significance; I was not trying to list all the aims, either present or future, of

economic policy. In practice we shall certainly have to begin with something narrower than we

wish. Thus even if we succeed in getting policies for education and training or for regional

development into the general picture, it will be some time before we can do the same for urban

renewal, to say nothing of mental health or crime. Nevertheless I believe that our aims should

ultimately cover the whole socio-economic system.

Second, each objective must be expressed in sufficient detail to enable alternative methods

of meeting it to be considered, and the demands which any of these methods places on the system

to be worked out. In this way we can begin to compare objectives, and as a result perhaps make a

better use of our resources.

Third, the existence of conflicts of interest should be recognised and as far as possible

faced. For example, two towns may compete with one another to attract, say, a new power

station or motorway. The choice between them can be greatly improved by an analysis of its

consequences.

Fourth, policy makers should see that they have adequate information on which to base

their decisions and should try to assess costs and benefits wherever possible. For this purpose,

existing market prices are extremely useful; but they are insufficient, because many of the things

we value are not priced on any market. Examples of this are uncongested roads and quiet sur

roundings: only recently has a partial attempt been made to put a price on road space by means

of parking meters; and the cost of noise to health and productivity has so far received more

attention from physiologists and psychologists than from politicians or economists.

Two conclusions emerge from this summing up: there must be close cooperation between

the policy maker and the model—builder; and there must be a conscious effort to supplement the

market mechanism by calculating costs and prices for activities which lie outside the market

economy or which have important aspects which the market does not value.

i. Plans

A plan tells us how to set about achieving our policies given the operating characteristics

of the system. It can be identified with administration or control. These words can in turn be
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PLANS

identified either with coercion, exemplified by the policeman, or with a means of self—regulation, 

exemplified by the Watts governor or the thermostat. The opposite of plan is no—plan, or anarchy

In theory, laissez jaire is not an example of no—plan; it is a perfectly coherent plan for 

operating an economic system. Its strength lies in the fact that it is self-regulating. This is 

achieved by placing decisions in a large number of centres each of which is intent on maximising 

its advantage. An examination of biological and ecological systems suggests that they owe 

their robustness to similar forms of control: the predator—prey relationship cannot be understood 

by identifying the predator with a policeman. The fundamental objection to laissez faire as a 

form of planning is that it works with limited values and limited information: the values of the 

market place and the information provided by current prices and by the prices on a small num 

of forward markets.

The reaction to laissez jaire has taken two forms: central planning and government inter

vention in specific aspects of economic life.

The first reaction has the merit that it places the determination of policies squarely where 

this belongs, in the class of political decisions. Its shortcomings, which derive largely from its 

political origins, lie in an exaggerated notion of the possibility of concentrating all the information 

at some central point and in believing that all decisions can sensibly be taken at this point. The 

difficulties that follow this approach are Increasingly recognised in centrally planned economies 

and the natural dialectical process may be expected to produce a better balance between the 

centre and the periphery.

The second reaction has the merit of recognising the fact that different decisions belong 

to different centres. Its shortcomings, which derive largely fcora the partial abandonment of one 

coherent political philosophy without the acceptance of a new one, lie in an exaggerated notion 

of the usefulness of modifying some part of a system while ignoring the others: specific acts 

are justified in terms of the necessity to do something in the area concerned and of the immediate 

effects intended. The bad consequences of this kind of sporadic planning are becoming every day 

more obvious, but it is not yet realised that the more one tries to plan a system without studying

it as a whole, the less one is likely to succeed.

Thus it is a mistake to associate planning with collectivism and anti-planning with pri- 

 ̂ ownership. We should make better progress if we thought in terms of good planning and bad
%

planning;-that is, of functional and unfunctional design. In other words, having agreed bn what 

the system is supposed to do, we should make sure that the operating controls are designed so as
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to get it done. If we look at planning from this point of view, we are likely to discover that the

key problems of economic organisation are the following.

First, the administrative machinery, public and private, which has grown up historically

will often exhibit cases where a given function is duplicated and cases where a given function is

simply not performed or where the arrangements for performing it are unsatisfactory. An example

of this in Britain is the large number of agencies, both public and private, concerned in one way

or another with the problems of redundancy and retraining: obviously this part of the administra

tive machinery must be considerably modified and coordinated if the labour force is to accept

mobility and equip itself with modem skills.

Second, even where the machinery exists, we may question the criteria on which it oper

ates, on which, that is, administrative decisions are taken. It used to be generally believed that

optimal or near optimal decision-rules were inherent in the modus operandi of private enterprise.

Experience has shown, however, that this Is not always so, even if we agree to consider only

private costs and benefits In determining efficiency. Still less is i t  so if we consider social costs

and benefits which the market does not value. Many writers, such as Lerner [22], have tried to

formulate effective and mutually consistent rules for economic decision-making. These ideas

should be followed up and as far as possible put into practice.

Third, the application of any set of administrative criteria presupposes an adequate flow

of information to enable the controls to work properly. We must therefore examine the flow of

information in the system and ensure that the necessary information is available in the right place

at the right time. We must also keep in mind that If a system is to control itself by virtue of the

information that flows in it, this information must not be distorted by interference; if it is, the

system will work badly, and if the interference is insistent enough, the system will break down

altogether. A good deal of the information available in any economy comes from the movement of

relative prices and costs; without such information, derived either from the working of the market

or, in the form of shadow prices, from the working of a model, the decentralisation of decisions is

virtually impossible. So we should make the most of price signals as a source of information and

should beware of fixing or changing them arbitrarily in the Interest of some specific policy, or

they will defeat their own purpose. The stop—and—go measures adopted by Britain In recent years

for the sake of balancing the balance of payments provide a good illustration of these dangers.

The objection to these measures is not that they are unduly authoritarian or unduly laissez jaire,

but simply that they are inappropriate to a system. They do indeed enable the country to muddle
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through, but at a considerable cost in bad business planning at home and loss of prestige abroad.

Fourth, if we want to do away with sporadic interference, we must examine the robustness 

of the system in reacting to unforeseen events and try to build stability into it wherever we can. 

An example of such an administrative arrangement is Meade's proposal [25] to vary social secu

rity contributions automatically with the level of unemployment so as to offset short-term fluc

tuations in purchasing power. These devices, as Phillips has emphasised [ 28, 29, 30], must be 

very knowledgeably designed, since a good control mechanism should keep a variable at a chosen 

level and not allow it to fluctuate.

These problems are encountered in any system and therefore in any economy, whatever Its 

political complexion. A wider recognition of this fact may be expected to bring the operating 

characteristics of eastern and western economies much closer together over the next generation.
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III

GROWTH

1, A New Development

I shall now exemplify the ideas on model-building expressed in the first section of the preceding

chapter in terms of the model of the British economy on which I and my colleagues are working.

Four reports on this work have already appeared in this series [7, 8. 9. 10]. In the first of these

we began by setting up a single model for a future state of steady growth and, in our conclusions,

hinted at the need for an extension of the model which would help us to plot out a path from the

present to the future state. This extension is now beginning to take shape.

In this short chapter, I shall outline the two parts of the model and explain how they

interact. In chapter IV. I shall review in greater detail the structure of the first part, our original

model, and discuss a number of modifications we are bringing to it. Finally, in chapter V, I

shall describe the structure of the second part, on which we have recently started work.

In my exposition I shall try to bring out: the organic character of the model, that is, how

its structure and relationships tend to change as knowledge is accumulated; the receptiveness of

the model to observations from different sources, including estimates from industrial experts and

others, which can improve its realism; and the degree of consistency which we try to impose on
the model [ 41 ].

2. Steady States and Transient States

In planning for the future, we should recognise, first, that what we do now affects to

some extent what we can do in the future and, second, that what we shall want to do in the future.

and what facilities we shall have to do it with, becomes less and less clear as we try to imagine

times which are more and more remote. We cannot work forward into the future without setting a
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target and we cannot derive this target from the remote future because we have no information 

about it. Accordingly, we have set up our model of growth in two parts, and our solution comes 

from iterating between them. One part is concerned with the rates at which the outputs of differ

ent products might grow after a transitional period ending, say, in 1970; this is the long-run or 

steady—state model. The other part is concerned with th^ problem of adapting the economy during 

the transitional period to meet the initial conditions of the steady state of growth; this is the 

short-run or transient model.

The structure of these two models and the relationship between them can best be seen by 

concentrating on essentials and leaving all detail for subsequent treatment. The two structures 

are shown in diagram 3 overleaf.

Each structure involves a building block for each period, containing five components: 

assets, labour, output, investment and consumption. We can describe the relationships between 

these five components in two ways. On the one hand we may say that given amounts of assets 

and of labour enable us to produce a certain amount of final output which will be absorbed either 

by investment or by consumption: this is the order that appears in the transient model. On the 

other hand we may say that investment and consumption add up to final output and that, given the 

labour available, the production of this output will require certain quantities of assets: this is 

the order that appears in the steady—state model. In each case the building block is the same; 

what differs is the nature and direction of the arrows which show the relationships between the

components.

In each model the building block is repeated for as many years, or tim e-periods, as are 

necessary. In the transient model these time—periods stretch from a base year, in our case 1960, 

to the end of the transitional period. In our case 1969, and culminate in a single component, the 

stock of asse ts, as a terminal stock. This stock Is shown In the right-hand top corner of the 

upper half of the diagram, enclosed in a double square. In the steady—state model, the tim e- 

periods stretch from the first post—transitional year, in our case 1970, into the indefinite future.

In terras of the highly simplified account I am now giving, the purpose of the steady—state model 

is to determine the minimum initial stock of assets required In the post—transitional period.

This Initial stock is, of course, the same as the terminal stock of asse ts of the transitional period 

and is shown in the left-hand top corner of the lower half of the diagram, also enclosed in a

double square to indicate that it is the link between the two models.

Our first step is to use the steady—state model to determine the stock of assets that must
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Diagram 3

A DUAL MODEL OF ECONOMIC GROWTH

t i m e T r a n s i e n t  M o d e l

t i m e S t e a d y - s t a t e  M o d e l

exist at the beginning of 1970. This is done on the assumptions that consumption is to take a

certain value in 1970 and to grow steadily at a given rate from 1970 onwards. For this rate to be

possible, there must take place in 1970 a certain amount of investment which can be thought of
%

as determined by the stock of assets and work in progress needed at the beginning of 1971, which

in turn is determined by the assets and work in progress needed at the beginning of 1972, and so

on. In fact the whole future of the structure of assets is involved although, if we do not try to

push the rate of growth of output up to the technological ceiling of the system, we may expect

subsequent requirements to have a rapidly diminishing influence on the assets needed at the
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beginning of 1970.

Once we have determined these initial assets which, given the labour force and the tech

nology expected to be available in 1970, will depend partly on the level of consumption in 1970 

and partly on the rates at which its components are to grow, we can pass to the transient model. 

l\e have a known stock of assets in the base year and a required stock at the end of the transi

tional period. Given the labour force and technology expected to be available throughout the 

transitional period, we now try to maximise consumption over this period subject to the base—year 

stock of, and terminal requirements for, assets; and subject also to some restriction on consump

tion, for example that it should not fall below a certain level or that it should not fall below the 

level of the preceding year.

The attempt to solve this problem will show whether or not it is solvable. If it is not, 

we have either put an insufficient restriction on consumption during the transitional period or we 

have set our sights too high for the post—transitional period. In any case we can make a modifi

cation and try again until we obtain a solution.

Once we have a solution we can examine the whole time—path of consumption. Before the 

base period, consumption moved in a known way; we have just calculated its path through the 

transitional period; and we have arranged that it shall be able to grow at such and such a rate 

after the transitional period. Taken as a whole this path may be unacceptable because, let us 

say, it is too uneven: it may show a certain rate of growth up to the transitional period, fol

lowed by a slower one which increases enormously at the end of the transitional period to meet 

the initial conditions of the steady state, followed by the long-run growth rate. An acceptable 

path should, one might suppose — though this is a political question — be reasonably smooth.

One way of smoothing it would be to reduce the level of consumption assumed for the beginning 

of the steady state; in other words, to make the take-off into steady growth start from a lower 

level. The purpose of iteration between the two models is to reach an acceptable path.

In the following two chapters I shall show how the basic simplifications adopted in the 

above account can be removed both in theory and in practice. There is, however, one important 

point that must be mentioned here since it affects the relationship between the two models. 

Briefly, it Is this. I have so far assumed fixed relationships between the assets available to an 

industry and its capacity to produce, and between the assets installed in an industry and the 

investment necessary to instal them. Consequently, the investment of the transitional period 

could in principle take place at any convenient time without affecting the composition of the
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stock of assets at the beginning of the steady—state period. This has enabled me to speak of 

the assets needed at the beginning of 1970 independently of the distribution of investment 

through the 1960's, and thus to make a sharp distinction between the two models. In fact we know 

that the relationships I have assumed to be fixed do change with time, and therefore that we can

not calculate exactly the assets needed to provide a given capacity at the beginning of the 

steady-state period until we know the timing of investment through the transitional period. Here 

again, as in the case of consumption, the problem can only be solved by iterating between the 

two models.
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3, Why a Dual Model?

Questions are sometimes raised about the method I have just outlined. Why, it is asked, 

do we need two models? Could we not work out a path which would carry consumption into some 

preassigned rate of growth as soon as possible? My answer is that at the present stage of the 

work it seems easier to divide the problem into two. With a single model it would be impossible 

to say in advance when the growth rate of the path calculated by the model would approximate to 

the growth rate preassigned for the steady state. In other words, it would be impossible to say 

how long the transitional period would last: the model would be a transitional model without any 

time limit. Consequently, it would be necessary to take a view on preferences, technology, and 

other variable factors, for an indefinite time—span in the future.

Alsq» the desire for a single model is sometimes accompanied by a belief that it must be 

possible to move smoothly into a faster rate of growth without ever falling below the initial 

growth rate of the system. We may hope that this is true, but it does not seem sensible to found 

an analysis on the assumption that it is. In any case, the dual model is intended to explore 

several possible paths to the steady state and to indicate the good and bad points of each alter
native.

However, as illustrated by this series of papers, our approach to model—building is essen

tially organic. In time the dual aspect of the model may come to seem less important and the

two models may become more closely integrated and even be merged into one. This is not a 

matter of principle but of practice.
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THE STEADY-STATE MODEL

De
1. Introduction

The structure of this model as It stood eighteen months ago was explained in detail in [7 ], A 

further addition relating to labour skills and to the system of education and training on which they 

depend, together with some preliminary results for 1970, were set out in [S ]. Thanks to the gene

rosity of the Bank of England and other Institutions in the City of London in response to our 

appeal for research funds, we are now starting work on the financing side of the model. This 

means that we shall study the flow of capital funds between different sectors of the economy, the

saving behaviour which adds to these funds and the preferences of different sectors for holding 

particular portfolios of assets and claims.

In this chapter I shall outline the model following the order of section 1 of chapter II above 

I shall not go over every point described in [5, 7] but shall try to show how our ideas have deve

loped, why we have abandoned certain details that appeared in our original presentation and what 

our intentions are for the future.

The Variables

The basic variables of the model are brought together in a social accounting matrix, SAM 

for short, which at present contains 253 accounts grouped into fifteen classes. The complete 

matrix for our base year, 1960, is given In detail In [8 ]; a summary version for 1962, showing the 

totals within each class, is given in table 1 below.

For obvious statistical convenience we have keyed in our main totals to the official esti

mates of national income and expenditure [48], At certain points, however, we have departed 

from the treatment followed in these estimates. The most Important difference lies in the fact
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THE VARIABLES

that we define consumers* durables not as consumption goods but as fixed assets. This means 

that in bur treatment these goods are bought on capital account and their consumption is measured 

by depreciation. Nevertheless, our estimates of total private consumption plus net investment in 

consumers* durables are equal to the official estimates of consumers* expenditure.

As can be seen from table 1, the accounts in SAM are simply a logical development of the 

four national accounts [42], and can easily be reduced back to them by appropriate consolidation, 

The use of fifteen classes of accounts instead of four is largely dictated by the need to reconcile 

different classifications. This can be illustrated by considering the four classes which appear as 

the first four rows and columns in table 1 and which, taken together, constitute the national 

account for production.

Class 1 relates to commodities, that is to say products or groups of products which are 

characteristic of British industries. The entries in column 1 show the sources of these commo

dities: £44,272 million come from British production and £2,458 million, to which must be added 

£134 million of customs duties, come from abroad in the form of competitive imports. The entries 

in row 1 show the uses to which these commodities are put: £20,943 million go to industries as 

intermediate products; £13,249 million go to private consumers; £1,761 million go to public con- 

sumers; and so on until, as can be seen from the entry in columnTS, £5,128 million go to the rest 

of the world as British exports. In our complete matrix, class 1 contains at present thirty—one 

commodities.

Class 2 relates to the productive activity of the thirty—one industries which produce these 

commodities. It can be seen from row 2 that the whole output of these industries, £44,272 million, 

flows Into class 1. The cost of producing this output is shown in column 2, thus; nearly half 

the total cost, £20,943 million, relates to the intermediate inputs, namely raw materials, semi

finished products and fuels, absorbed in production; £638 million represent Indirect taxes (less 

subsidies), which we charge direct to industries; £18,855 million represent factor incomes, namely 

wages, profits etc., paid out by the industries; £1,786 million represent depreciation, of which 

£1,200 million correspond to the value of assets estimated to have been scrapped during the year 

and the balance, £586 million, Is available to finance extensions, that Is additions to the stock of 

assets; —£136 million is not a real entry, but corresponds to the residual error which appears in 

the official accounts; finally, £2', 186 million represent complementary imports, that is to say 

imports of products which are either not produced in Britain, like crude oil and raw cotton, or 

produced there in relatively small quantities, like raw wool.

•  .1
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We have adopted this distinction between commodities and industries because there is not

a one-to-one correspondence between the two concepts. Most of our basic data make use of the

distinction and so it is convenient to follow it in setting out these data, although for input-output

analysis we get rid of it and make use of a table which shows the commodities needed to produce

commodities, as is explained in detail in [9].

Class 3 relates to consumers* goods and services, or private consumption. These goods

and services are classified in SAM under forty headings, corresponding broadly to a shopping list

In this form they lend themselves better to demand analysis, but they still have to be related to

products in the industrial classification: again, there is noone—to—one correspondence. For

example, in the consumer classification the category ‘clothing* includes the principal products of

five industries: textiles, clothing, other manufacturing, transport and distribution. For this

reason we carry out our analysis of consumers* demand in two parts: first, an analysis of this

demand in terms of consumers* categories; and second, a conversion from these categories into

commodity categories and hence into demands on industries.

Class 4 relates to government purposes. Like private consumers, government departments

habitually classify their expenditure in a manner different from that used for industrial products.

But this time it is not a shopping list that is used but a classification by purposes: health,

education, defence and so on. In order to form any view of future demands for these purposes

we must work with this classification, but in order to relate these demands to demands on indus

tries we must convert them into a commodity classification.

It is for these reasons that we have four classes of production accounts. As a consequence

we have an elaborate accounting system which many people may regard as tedious and technical.

So, in principle, it is. But in principle does not mean in practice, and a realistic representation

of the actual world inevitably requires such technicalities.

I shall not continue with a list of classes and the reasons for adopting them; all such de

tails can be found in [8]. Instead, I shall mention one part of the existing structure that we hope

to change and a number of directions In which we hope to develop.

The change will come not In the structure Itself but in the numerical value of the entries

As I have mentioned, we divide capital expenditures between replacements and extensions. In

SAM, replacements are calculated by reference to past capital expenditures and to the life-spans

of different kinds of asset, which are assumed to be fixed. We know perfectly well, however, that

while there may be an average life-span for any asset, the actual life will depend on economic
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circumstances. A more realistic approach, therefore, would be to assume that assets are scrapped 

when they cease to earn a return. We should like to substitute this assumption for the one we are 

making at present, and our current work on production functions points to a way in which this 

might be done.

The first development I shall mention relates to the distribution of incomes. At present, 

households are a single sector in SAM, and so have a single Income and expenditure account. As 

a consequence, our model can say nothing about the distribution of income's by size: it can neither 

say what changes, if any, in the present distribution might be expected in any particular circum

stances nor can it say what consequences would follow if a particular change were to come about. 

In order to study these problems we should have to subdivide the income and expenditure account 

of households into separate accounts for different Income groups. This could certainly be done; 

it is entirely a question of time and money. The first problem would involve dividing the incoming 

side of the account by income group and classifying the incomings by industry of origin and type 

of income; this would be comparatively difficult to do. The second problem would Involve divi

ding the outgoing side of the account by income group and detailing the expenditure patterns of 

the different groups; this would not present much difficulty. As a second step, however, it would 

be necessary to work out how the average expenditure pattern would change if the distribution of 

income changed; this could be done by an extension of our present demand functions.

A second development on which, as I have said, we have just started to work relates to 

problems of financing. In terms of variables, this means in the first place a large extension of our 

institutional capital accounts. Class 14, so as to introduce a flow—of—funds statement into the 

system. For this purpose we intend to increase considerably the number of sectors in this part of 

the accounting system so as to distinguish many different kinds of financial intermediary, and to 

add a new class of accounts relating to different kinds of financial claim. In the second place It 

means a serious attempt to construct sector balance sheets, an aspect of the social accounts 

which, in Britain, has only recently been pioneered in the work of Morgan [26] and in the as yet 

unpublished study of the national capital on which Revell has been working at the Department of 

Applied Economics.

A third development which seems to me desirable is to add a regional dimension to the 

model. As our model stands at present it is a purely national model and therefore has nothing to 

say on the regional aspect of any economic activity. But regional problems are obviously impor

tant. Again, it is a matter of time and money.
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(a
i .  T h e  R e l a t i o n s h i p s

The relationships of the steady-state model, as they stand at present, can be summarised tc
t

conveniently in a flow diagram which I have already made use of in [5] and which is reproduced W
here as diagram 4. This consists of four interacting circuits which enable the model to be built

up gradually and the complexities of the real world to be introduced bit by bit. In my description
r<

I shall mention two further circuits which do not appear in the diagram.
J

Diagram 4

THE STEADY-STATE MODEL
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The circuit oj real jlou's. If we begin at the beginning of this circuit, we find two boxes 

labelled consumption demands and rates oj growth in demands. Consumption demands relate 

to both private and public consumption and include, so as not to complicate the diagram unduly, 

investment in consumers' durables, housing and social capital such as schools, hospitals and 

roads. For the moment let us assume that we have succeeded in calculating the level of these 

demands in 1970, have converted them into demands for industrial products, and for each product 

have calculated the growth rate which would accompany a given growth rate in consumption as a 

whole. The first relationship we have to consider connects this information with the investment 

demands of industry. We can ignore replacement demands since, until we improve our production 

functions, these depend, as I have said, on past investment and on the fixed life—spans assumed 

for different assets. We need therefore a relationship connecting consumption demands and their 

rates of growth with industrial extensions.

To obtain this relationship, we first write the basic flow equation for products in the form

q = Aq + v + e (IV.l)

where q, v and e denote respectively vectors of output, industrial investment and consumption, and 

where A denotes a current input—output coefficient matrix. Equation (IV.l) states that output is 

divided between intermediate demands, A q, and final demands, (v + e); and that final demands are 

divided between investment demands, t;, and consumption demands, e.

Second, we write the relationship between investment demands and the growth of output 

from one year to the next in the form

V = K Aq (IV.2)

where Aq denotes the excess of next year’s output over this year’s output and K denotes a capl-
4

tal input—output coefficient matrix.

Finally, we consider the case in which the components of consumption are to grow expo

nentially. This can be expressed in the form

E e = (I + r) e (IV. 3)

where £  denotes an operator which advances by one year the variable to which it is applied, so 

that E e  denotes next year’s consumption vector; / denotes the unit matrix; and r denotes a dia

gonal matrix of the growth rates of the components of consumption.

It has been shown in [7 ,4 3 ] that on these assumptions

V = E  - . -10 0 A ) \ r e (IV.4)
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This is the relationship we need. It has been shown in [24] that the infinite sum in (IV.4) will

converge provided that the largest element of r does not exceed the smallest latent root of
- 7K (I — A ) . This problem is also discussed in [ 17].

If the components of consumption are assumed to grow linearly rather than exponentially,

then (IV.3) is replaced by

= (/ + 6r )e (IV. 5)
and (IV.4) is replaced by

V = K(l  -  A ) ' ‘ 7e (IV.6)
which is simply the first term of (IV.4).

It has been shown in [7] that (IV.4) is capable of two generalisations. First, if techno

logy, as summarised in A and K, is changing in a known way, the expression corresponding to

(I\.4) can be derived. Second, if allowance is made for different investment lags, then (IV.2)

must be rewritten. To do this we need information about the work that must be done on investment

goods in the successive years of their construction. If we have this information, then, again, we

can rewrite (I\.4) in an appropriate way. The information is important if the growth of the com

ponents of the output vector deviates from linearity. The problem has therefore a particular bear

ing on the transient model, as will be shown in section 3(e) of chapter V below. So far, however

we have not done any work on the decomposition of K.

Having thus determined investment demands, the next thing to do is to determine output
levels. This follows immediately from (IV.4), since

•1= (I -  A ) (v + e)

-J oo

0=0
AA ) I r e (IV.7)

The elements of q are gross outputs. Their units might be physical, such as tons of steel or

kilowatt hours of electricity, but in practice, because of the coarseness of our product classifi
cation, they are values.

Our problem now is to pass from gross outputs to net outputs, or values added, since these

are the output measures which influence most directly the industrial distribution oj labour and the

industrial distribution of assets. To handle this problem we shall assume an initial vector, p say.

of product prices. How this vector is determined and modified in successive rounds of calculations

\^e shall see when we come to the price circuit. F*or the moment let us take it as given.

*
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If we use / to denote a vector of primary inputs per unit of output, then, corresponding to 
(I\ . 1), we can write

(IV.8)

or

= (I A ' )p (IV.9)

where ^  ̂is the transpose oi A, If we use y to denote the vector of net outputs, then

y = gf

-  q(l  -  A ')p (IV.IO)

on premultiplying (IV,9) by q. The elements of y are now to be related to the labour and capital 

inputs they require.

In our original exposition [7 ]  (where, incidentally, we did not distinguish oetween q and 

y)t we proposed to relate outputs to primary inputs by a modified form of the Cobb—Douglas func

tion. This modification, proposed by Pitchford in [ 31 ] and by Arrow and others in [ 1 ], Is design

ed to generalise the Cobb—Douglas function so that the elasticity of substitution between labour 

and capital, though still a constant, need no longer be numerically equal to one. This type of

function can be written in the form

y = a [ ( l (IV. 11)

where the suffix s denotes the s th element of each vector. Thus y denotes the net output of5
industry j, and I and k denote respectively the inputs of labour and capital Into industry s,

s  s

three parameters a, b and c can be given an economic connotation: a is associated with the
S  S  S  5

efficiency with which labour and capital are used in industry s; b is associated with the shares 

of labour and capital in the net output of industry s; and c is associated with the substitution of 

labour and capital in industry s. The elasticity of substitution between labour and capital in 

industry s is equal to ( I  + c , and so, as c 0, (IV,11) approaches the simple form of the
s  s

Cobb-Douglas function.

In order to use (IV,11) or a similar relationship to determine the industrial distribution of 

the labour force and the associated stocks of assets needed to produce a given vector of net 

outputs, we must know how large the total labour force will be and on what criterion it should be 

distributed. For the size of the labour force in 1970 we already have official estimates. For the 

criterion on which it should be distributed we have the familiar condition that the marginal physi

cal products of labour and capital should bear a common ratio to one another In every Industry;
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this is equivalent to saying that we must choose a distribution such that it could not be improved

by any redistribution.

On further reflection, however, we have decided not to use relationships of the form of

(IV.11). Two reasons are perhaps sufficient to explain this decision. First, technical progress

gets into (IV. 11) by allowing a to increase with time. This is not satisfactory because it implie

that output will increase over time for given inputs of labour and capital independently of the

amount of investment that is being carried out. But if no investment is being carried out the

quality of the capital stock cannot improve, and it is hard to see, therefore, how any substantial

amount of technical progress could take place. Second, if c < i  it is possible to substitute

capital for labour indefinitely and thus to produce any amount of output with a given labour force

simply by giving it more and more capital to work with. But we know that this is not true. At any

given time new plant will embody about as much capital as can profitably be used and it seems

doubtful whether much more capital would be used even if capital were a free good. The reason

is that, typically, techniques do not exist for using much more capital. Accordingly, there is a

limit to the substitution of capital for labour and we could not, even if we wanted to, increase

output indefinitely with a given labour force.

Our latest ideas on this subject have been set out in [ 33] and lead to a production func

tion for industry s at time t which can be written, on the assumption that plants have a fixed
life-span, in the form

St St
+ + a*f* ) dr

S s T  ' (IV. 12)

In this equation, and denote respectively the net output of, and labour employed by, industry

s at time t; y* is the investment undertaken by industry s at time r expressed in wage units, and

r  ̂ is the initial rate of return on plant which comes into operation in industry s in year r; and

parameters. The integration spans a period of 6 years equal to the fixed life-span
of the plants.

Ue have already seen, when discussing SAM, that the assumption of fixed life-spans is

not satisfactory because actual life-spans depend on economic conditions. We can allow for this

by integrating over an interval which is different from year to year and which for each year is

chosen so that a plant is assumed to be scrapped only when the real wage becomes such that the

value added by the plant would be less than the wage bill, even if it were operating at full

I
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capacity. This can be expressed by writing (IV.12) as the functional

r\

St
+

St
R(t)

(1 + a*r*)dr
S s T (IV. 13)

where R (t) is the set of values of r which satisfy the no—scrapping requirement at time t in indus

try j-

We are only now assembling the data necessary to estimate a*, fc* and R (t). So in the pre

liminary estimates for 1970 given in [5 ] we had to adopt a simpler approach based on [32],

Let us now drop the subscript s. Let Ay denote the increase In capacity net output In a 

particular industry in a particular year; let x denote the capacity added in the year as a result of 

new plant coming into operation; and let s denote the capacity subtracted through the scrapping of

old plant. Then

Ay = ;c (IV.14)

Correspondingly, let A/ denote the increase in employment; let n denote the labour added to man 

the new plants; and let r denote the reduction in employment due to plant retirements. Then

A/ = n (IV.15)

Finally, let p denote the net output price, which is equal to the cost of labour and capital per unit 

of output, and let ta denote the wage rate. Then if we multiply (IV.14) by p and (IV.IS) by w and

subtract, we obtain

-  w M  ^

(IV. 16)= (px~

If plant is scrapped when it ceases to earn a return, that is when ps ~ wu

Now let us define the initial rate of return, r*, as the gross rate of return to capital embo

died in new plant in the first year of its operation. Then, denoting gross investment in new plant

by t;*,

= (px ton ) / V

= (p — zo A/)/V

from (IV. 16), on the assumption that plant Is scrapped when it 

(IV. 17) can be rewritten either as

p Ay = w M + r* i;*

(IV.17)

s to earn a return. Equation

(IV.18)

which shows the value of the change in capacity net output, p Ay, divided into a part due to 

labour, to Ai, and a part due to capital, r* v*; or as
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At = (p Ay — (IV.19)

which shows the change In employment, A/, as equal to the value of the change in capacity net

output, p Ay, less the part due to capital, r* v*, all divided by the wage rate, w. As described in

[ 5], estimates can be made of the terms on the right-hand side of (IV.19) over a future period,

and this enables us to calculate Al for the different industry groups.

On this basis, the initial stock of assets required in 1970 is determined by capital-output

ratios. The allocation of labour to the different industries (i) is such that the labour force expect

ed to be available is fully used and (ii) implies that the initial rates of return (or pay-off periods)

are the same as, or related to, those observed in an earlier period. The required changes in

labour productivity in the different industries emerge from these calculations and average out to

the productivity implied by the total increase in output and the total labour available.

The results obtained by this method are based on less information than would be supplied

by production functions. As a consequence they are provisional and are certainly not demonstra

bly achievable. They do, however, provide a ground for discussion with individual industries

until we have developed our production functions.

The price circuiu At the moment, prices enter explicitly into the model only as determi

nants of the composition of private consumption, government consumption being treated

in a simpler way indicated in section 4 below. Many of the effects of prices appear implicitly.

however, in the projection of input—output coefficients, which will also be discussed in section

4. There is, of course, nothing final about this arrangement; it is simply a reflection of practical

difficulties.

In terms of diagram 4, we see total consumers* expenditure and domestic prices coming

together to determine consumption demands* The level of consumers* expenditure is fixed by

assumption and left unchanged through each run of the calculations, but relative prices can,

initially, only be guessed at. However, as the model simulates the productive process, it builds

up a cost structure in each branch of activity and this makes it possible to revise the initial

estimates of prices, as follows. Given an average wage rate as a unit of account and the corres

ponding rates of profit implied by the efficient distribution oj labour and assets, we work out the

future costs of labour and capital per unit of output in each industry and thus obtain values added

per unit oj output* To these we add the cost of intermediate inputs and of indirect taxes and thus

obtain the cost, or price, of a unit of output in each industry. If these new domestic prices are

t
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different from those we had assumed at the start, we must alter the figure for total consumers* 

expenditure to correspond, and repeat the cycle of calculations until our estimates of prices cease 

to change.

If in the model future consumption is to be sensitive to future prices, two things are needed 

(i) a set of price-sensitive demand functions; and (ii) a set of future prices. Let us now see how 

each of these requirements is met. In the following treatment I shall restrict myself to private 

consumption and I shall find it convenient to set out the analysis on a per head basis; to apply- 

the results to the whole community all that is needed is to multiply them by the population.

As explained in [ 7 ], our model of consumers* behaviour is a variant of the linear expen

diture system which allows explicitly for changes in tastes and habits. The version we have

used so far can be summarised in the following three equations:

pe = b p + ( I b i ' )  c p

= pc + b(p  -  p ' c ) (IV.20)

I -

al

i

b̂  := b* + 6 b ^ (IV.21)

and

% =  ^ + 6 ciek (IV.22)

In (IV.20), p denotes a vector of commodity prices and p denotes a diagonal matrix formed from 

this vector; e denotes a vector of quantities of the different commodities demanded per head of 

the population; ^ = p 'e  denotes total expenditure per head; b and c denote vectors of parameters 

restricted only by the fact that i 'b  = 1; and, as usual, i and / denote respectively the unit vector 

and the unit matrix. In (IV.21) and (IV.22), 6 denotes a particular year; and the starred b* s and 

c 's  denote vectors of parameters restricted only by the fact that 1 and i 'b"^= 0,

The second row of (IV.20) makes possible a simple Interpretation of the elements of b and 

c. The elements of c represent the components of the average consumer's basic standard of 

living and are bought whatever values are taken by ^ and p. When these purchases have been 

paid for, the amount of money left over is ^ — p'c ,  and this is allocated to the different commo

dities in proportion to the elements of b.

An obvious criticism of (IV.20) taken in isolation is that the elements of b and c are un

likely to remain constant over time. The simplest means of meeting this criticism Is set out in 

(I\.21) and (IV.22), where the elements of b and c are all made linear functions of time.

The results of fitting the model consisting of (IV.20), (IV,21) and (IV.22) to annual data
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for Britain relating to eight main commodity groups from 1900 to 1960 are given in [45]. On the

whole the fit is good, and in two cases where comparisons were easy to make, namely food and

clothing, we found close agreement between the total expenditure elasticities derived from the

model and the corresponding estimates derived independently from family budgets. A still better

fit was obtained with quadratic trends in b and c [39], But such simple trends are certainly not

ideal for projection purposes and we are now working on more complicated varieties.

The model can be fitted simultaneously to time-series and budgets [39] and can be gene

ralised to cover adaptive behaviour, that is, gradual responses to changes in circumstances [7,35]

The model is decomposable and so can be applied hierarchically. This means that we can

start with an analysis of main groups, then analyse separately the sub-groups of these mam
groups, then the sub groups of the sub-groups, and so on [ 7], At each stage we can check on

the performance of the model. This is necessary because we may expect that its performance will

get worse as we go into greater and greater detail unless we are able to take the special features

of individual markets into account. As with other parts of the main model, we are working at

present on improving it, and are trying to obtain outside comments on the projections it yields.

This brings me to the second requirement: estimates of future prices, Ue start with an

extrapolation of current price-trends and adjust the base-year expenditure to allow for this

change in prices. This adjustment is based on the constant—utility price—index implied by the

model [19], which can be written in the form i f /u  where

= p;c,  + (,1. - (IV.23)

Here the suffixes 0 and 1 denote respectively the base year and the projection year; and

denotes a geometric index of price ratios (year 1 in relation to year 0) with the elements of

b appropriate to the projection year as weights. The value of is then a multiple of the

multiplier depending on the increase in real consumption assumed between the base year and the
projection year.

Once we have reached the end of the circuit of real flows, we obtain, as in (IV,8), a vec-

tor, /, of primary inputs, or value added, per unit of output. From this we can recalculate the

price vector from the relationship

p = ( l - A ' f j (IV.24)
We must now recalculate ^  and continue until the price vector in the projection year to
change. Only a single cycle of calculations is shown in diagram 4.
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The joreign trade circuit. The introduction of foreign trade complicates two of the rela

tionships given so far and adds a new one.

First, in calculating investment demands we must allow for exports and their expected 

rates oj growth. If we denote the export vector by x and the rates of growth of its components by 

s, then, in place of (I\ .4), we have

V  = [K ( I~A) ( r ^  e + s^ x) (IV. 25)

)n

res

Second, we must allow for the fact that part of the goods needed by the economy will 

come from imports, and so the demands on domestic production will be affected. We divide im

ports, the elements of a vector m, into two categories: competitive imports, m , namely goods like 

steel, cars and clothing, which are produced in large quantities in Britain as well as being im

ported; and complementary imports, m̂ , namely goods like crude oil, raw cotton and wool, which 

are either not produced in Britain at all or are produced there only in relatively small quantities. 

We assume: that m depends on the amount of money available from export sales and income 

received from abroad, after allowing for the necessary expenditure on complementary imports and 

for the sums required for gifts or lending abroad; and that the elements of m̂  are proportional to 

those of q, the vector of output levels. If we denote by /S the balance oj trade, that is the 

excess of the value of exports, p'x, over the value of all imports, p*' m + m , where the p*'s 

denote vectors of joreign prices, then, following the argument of [ 7],

m = m + m 2 2

-f p^  ̂ a (p'x  
1 2  ^

a '  p*q3 ^2 ^

/3J] + a ^ (IV.26)

where the vectors a and a contain the intercepts and slopes in the linear equations assumed to

connect the elements of p*m with their total, p^'m : and the elements of the vector a are the^ 1 1  ’  W  i  3
factors of proportionality relating the elements of m̂  to the corresponding elements of q. The 

only element of'(IV.26) which is so far unknown is q. It can be worked out from a revision of 

(IV.1) which, with the complication of foreign trade, can be expressed as

q = A q + v - \ - e - > t X m

= ( l - A - p * a  a 'p ^ )2 3^2 '
- J [t; + £• + ( /  — p'  ̂ a p ' ) X + p-2 ^ 0 a B -  a ] 2 ^  1

(IV.27)

Third, we must allow for the fact that domestic prices are now affected because some of



i :

I

M

1 . 1  I

THE STEADY-STATE MODEL

the inputs into British production come from abroad. Let each element of a vector h denote the

share of domestic production in the total supply of a competitive product; then in place of (IV.24)

we have

A' [hp  + (I -  h)p*] + a p* + /
X X

(I -  A'h) '^ [ A ' ( I -  h)p- + “ 3 P2 + / ] (IV.28)

The account just given of the treatment of foreign trade is only one of three variants pro

posed in [7], All three, however, are highly simplified because they represent an attempt to do

without foreign trading functions, on which foreign trade may be supposed to depend. The esta

blishment of such trading functions is quite beyond our present scope; in time, however, a co

operative venture may make it possible to extend the model in this way. Looking forward to that

time, the following sketch may indicate the kind of information needed.

Let us begin by rewriting (IV.27) to indicate a separate flow equation for complementary

imports, and let us now define these imports as goods which cannot be produced domestically

Then we can write

q
«  •

m
2

A : q V + e + X — m
• 1

• • • + 1

A*: 0 m m* ̂ 2 ^ 2 ^
- -

( i - A  r 0 V + e X — m1

A*(I - A  f 1 m*2

(IV.29)

Most of the symbols in (IV.29) have already been defined. The new ones are: m*. the elements
2

of which are the complementary imports flowing directly into final demand; and A*f the elements

of which represent the input of complementary import j into a unit of output of k.

Suppose that we know v, e and m* but not x ox m • From (IV.29) we could calculate a
2 1

provisional value of the vector \ q , i. Given the price of each product in each trading region,

we could try to allocate the demand for each element of {  ̂• m 1 over the sources of .supply by

means of a price-sensitive variant of the linear expenditure system [ 38]. This means that for
the j th element of q we should use

(c + C p) + p b [ ll
 ̂ J n  7 '  J J V

p ' ( c  + C ,pJ]
/ ; /; / (IV.30)

P'
b

I
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where  ̂ is a vector whose elements are the amounts of commodity j which come from domestic

production or from one of the possible foreign sources of supply. Initially is unknown and must

be adjusted until i ' g  is equal to the j th element of q. The matrix C is a symmetric matrix of

parameters and Is of order equal to the number of sources of supply. A method of estimating the

elements of this matrix is suggested in [ 38].

If we applied (IV.30) to each commodity in each region we should generate a complete set

of imports and exports. These would then have to be added and subtracted to give {t; + c + a:  —

wt • 1 and the whole exercise would have to be carried out again with this vector in place of

the provisional 11; + e * m* j. This process would then be continued until it converged.2
At this point we can recombine the estimates to give a three-dimensional regional trading 

matrix: region by region by commodity.

From all this information we can construct a region by region trading matrix, T say. The 

element t say, of T shows the total exports of region r to region s, while the element t shows
rs

the total exports of region s to region r. For slmplicitly, I assume that all transactions in T are 

recorded in terms of a single currency, the conversions to this currency being made by means of a

supposedly consistent set of exchange rates.

The balances of trade of the different regions are given by the excesses of their total 

sales over their total purchases. If these balances are the elements of a vector t*, say, then

t = ( T  -  T ' ) i (IV.31)

It is to be expected that 1*4- {0, 0, ..., On the assumption that trade balances are 

determined by buying and selling, let us consider how to adjust the rates of exchange between the

currencies so that with the new rates of exchange C* = \ 0, 0, 0 ).

Consider first one region, r say, and one commodity, j say. From the demand equations 

we can set up a matrix of order equal to the number of regions, D say, the elements of which arer/
the derivatives of the expenditure in region r on commodity j obtained from region s with respect 

to the price of j in any one of the regions. For commodity j we can do this for each region. Now

' I
I

let us form D p where

n
-  y .  D p/ ; “  n

(IV.32)

where n denotes the number of regions. Having done this for one commodity, we can do it for 

every other. So let us define Dp as
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m

m n

= E E 0.. P;n (IV. 3 3)

where m denotes the number of commodities.

Now let the initial exchange rates be the elements of a vector and the adjusted exchange

rates be the elements of a vector x . Then

(Dp)  z -  i )  = ( T '  -  T ) i (IV.3 4)
that is

J [/ + (Dp)-' ( T ' -  T ) ] i (IV.35)

The elements of Dp tell us how the total expenditure of region r on the products of region s

changes with a uniform change in the prices of each of the regions. The elements of x‘^ — t
represent the changes in the exchange rates expressed as a proportion of their initial levels. And

the elements of ( 7 ' — T)i  represent the corrections to the Initial balances of trade required to

give \0, 0, 0 1, Consequently the set of exchange rates which will lead to a redistribu

tion of purchases such that all the trade balances balance is given by (IV.35). Evidently there

is no difficulty if we wish to put t*= in place of t*= \ 0, 0, 0 !.

For each trading region the initial prices would come out of a model analagous to our

main model. Having balanced all the balances of trade by changing the exchange rates, we should

alter in each region the relative prices of goods obtained from different sources of supply. When

we returned to the demand equations we should obtain a new set of demands. These would

balance the balances of trade but, In general, would alter production levels in the different re

gions and so would alter costs and prices. And so on.

Perhaps enough has been said to show why, in the first instance, we adopted a shortcut

to the problem of foreign trade.

The circuit oj education and training* The purpose of this circuit is to try to match the
f .  ____ _ J _____ _ _  1 . 7  * 7 7  ■ «  1 •  • •future demand jor skillst as determined by future output levels and techniques in different------------  — A AAA 4  W  ^  J  4  u  w W  V . / U L ^ U i .  A W V W i O  € U A \ 1  1 1  lA  i  U  ̂  O  AAA V l A A A V A W l

industries, with the future supply qj skills, as determined by the demographic characteristics of
t  «  ♦  «  ^  ^

the population and the system of education and training* The idea Is a simple one: to get away

ot
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from the assumption of homogeneity in the labour force which is usually made in empirical work 

on production functions, and to accord to labour skills an importance equal to that usually accord

ed to changes in capital equipment. If the productivity of labour is to rise, new techniques must 

be adopted, but this will not come about easily unless more people are trained in the appropriate 

skills. Nowadays technological change is particularly rapid, and a failure to realise this may 

mB.k6 it impossible to take full advantage of the improvements that science is offering.

The work we have done so far on this subject is contained in [ 5 ,6 ] , It relates entirely 

to the demand for skills and suggests that, in Britain at any rate, the supply of the higher and, 

more particularly, the medium skills is not keeping pace with demand. This indicates the need to 

increase the number of technicians and craftsmen turned out by the system of education and train- 

The craftsmen, in particular, must be trained in the newer craftsj there are many crafts that 

are dying and do not need replacement. -

But given that we know how the demand for skills is changing, how are we to change the

supply to meet this demand? Our intention here is to set up an activity model of the system of

education and training, including the very important element of retraining. By this means we

hope to be able to work out the activity levels needed in different branches of the educational

system to provide in the future an educational distribution oj the population which, after allowing

for ‘wastage’, that is for skills not used in the productive process, will ensure an appropriate

educational distribution oj labour and thus remove the discrepancy, or ^rror, between supply and 

demand.

These calculations will produce an educational programme relating to the transitional

period and beyond, which will replace in our model the rather crude educational projections with

which we are making do at present. In its turn, this educational programme will produce a certain

pattern of educational expenditure in 1970 and thus affect our estimates of consumption demands,

since these include, as I have said before, all expenditure on education, both private and public, 

current and capital.

Dt

(e) The financial circuit. This circuit is not shown on the diagram because our work on it is

not advanced enough. Our existing model, being set in an accounting framework, automa

tically generates enough income, and therefore saving, to finance investment at home and abroad. 

This does not mean, however, that the community will necessarily want to save the amount implied 

nor that its various sectors will want to hold the portfolios of new assets and claims that will
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emerge as a consequence of what is happening on the real side of the economy. For this reason, 

the relationships which we intend to study first will be concerned with saving behaviour and 

preferred portfolio patterns in different sectors of the economy. By such means we may hope to 

discover whether a given programme of growth is likely to lead to financing difficulties and, if so,

what steps would be needed to overcome them. The only work we have published so far on finan

cial relationships is concerned with personal saving [46],

h I

f

The circuit of research and development. This circuit is also not shown on the diagram and 

and indeed forms no part of our immediate programme of work. It is, however, important 

in connection with the increases in productivity which emerged from the first circuit. If these

increases cannot be met as things stand, perhaps research and development could bring us nearer
*

to meeting them. Although it is difficult to find a relationship between productivity and research

and development, it is fairly clear that one exists. Further study should show where the 
opportunities lie.

mam

:
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The Methods oj Estimation 

Like the relationships of the model, the methods of estimation go through various stages 

of development. This is true both of the initial values and of the parameters. The typical pro

cedure is to start either with existing estimates or with the econometric analysis of past obser

vations. The parameters in both the consumption functions and the input-output relationships 

vary systematically with time, and so the next step is to calculate their values in 1970. These 

results are then scrutinised with the help of casual empirical knowledge to see how far they seem 

sensible, and some adjustments are made. Finally they are discussed, whenever possible, with 

outside experts, and further adjustments are made. So far we have not got much beyond the early 

stages of this process; in particular, our main attack on the last stage is only just beginning.

Let me now illustrate this sequence by outlining the methods of estimation we have used 

in the order in which they occur in the calculations.

| i  i  «

L
t  •

Exogenous jinal demand. This category can be divided into five components.

(i) Private consumers* expenditure. Here we began by applying the model consisting of 

(IV,20), (IV,21) and (IV.22), and a similar model which makes use of quadratic trends, to eight 

major groups of expenditure. The parameters were estimated from annual data covering the period

ii
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1900—1960 with the exception of the years 1914—1919 and 1940—1947. This was done by means of 

an iterative, two—stage, least—squares procedure, as follows.

We begin by guessing values of fc* and fo**' in (IV.21), which I shall here denote by and 

We then form a vector, say, of type n x 1, where n denotes the number of groups of expen

diture; thus

y e  -  -  V *

We also form a matrix, say, of order ra, where

-  [ /  -  (b* + o b * ^ ) i ' ] p
0 0

Apart from a randon element, and are connected by the relationship

% -

If, denoting successive time—periods by 7, 2, ..., t, we now define

-  .......

(IV.37)

(IV. 3 8)

(IV. 3 9)

= i V . V , !

we can write, apart from a random element,

= Xg

where X ^ [ Y  \ 6 Y ] and g = \ c* [ The least-squares estimator, ĝ  ̂ oi g is

^ = ( X ' X )
-j

Given ĝ , we can form a vector, zOq say, of type n x l , where

-

and a matrix, say, of order n, where
u

* + 19 c*";]

+ 9 c p ] /

Apart from a random element, and are connected by the relationship

•  •  •

(IV.40)

(IV.41)

(IV. 4 2)

(IV.43)

(IV.44)

(IV.4S)
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\b*: b**\. The least-squares estimator, , of A is

Given Â , we can return to (IV.38), replace A* and h** by A* and A=̂  and calculate the next
approximation to g, namely g = {c**2 2 * 2 If we continue in this way until the estimates cease to
change, we shall have reached a solution.

We can see from (IV.44) that is a scalar matrix, and so in estimating A the system of

equations breaks down into a set of single equations. From (IV.37) we can see that Y is not a
6

scalar matrix, and so in estimating g we are, in effect, obtaining average values derived from all

the equations. From (IV.20) we can see that A/z appears as a separate term on the right-hand side,

and so, since p'e  = y., it follows from the adding-up theorem that the constraint i "A = /  is auto

matically satisfied by least—squares estimates. This result carries through when A is replaced by

the more complicated form in (IV.21).

Further details of this procedure and of the results and projections obtained by it for the

eight expenditure groups are given in [ 39, 45]. We are at present working on combining these

estimates with those obtained from family budgets and on analysing the components of each main
group by the same procedure.

Until this work is completed we have to use more rough and ready methods. What we do is

to estimate the levels of expenditure on the components of each main group by reference to their

changing relative importance within the group; for example, within the food group the proportion

spent on bread and cereals tends to fall with time, whereas the proportion spent on meat, fruit and

vegetables increases at a rate well above the group's average. We also try to allow subjectively

for the tempo of substitutions, such as an acceleration of the substitution of electricity and oil
for coal as domestic fuels.

Once we have estimated the future values of these components, which correspond to the

forty categories into which we divide consumers* expenditure, we then have the further task of

! *
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converting them into demands for the principal products of our thirty—one industries, demands for

complementary imports such as tea, cigars and wine bottled abroad, demands for direct labour

such as domestic servants, and payments of certain indirect taxes. Here we have based our cal

culations largely on our classification converter for 1960.

Eventually, in view of the increasing importance of consumers' durables, for which the

process of adaptation is relatively slow, we hope to use the adaptive version of the demand model

described in [7, 35].

(ii) Public consumption. Here we have made use of the trends suggested in the report of

the National Economic Development Council [50], Eventually we hope to get a new view on some

of the components of public consumption through the addition of new circuits to the model, such

as the circuit relating to education and training.

(iii) Public expenditure on social capital. These estimates are rough and subjective.

For example, investment in educational buildings is assumed to rise in proportion to current ex

penditure on education; the road-building programme is assumed to treble between 1960 and 1970.

Gross investment is dwellings is similarly estimated at the present stage.

(Iv) Exports. Here we have again based ourselves on the work of the N.E.D.C. [ SO] but

have scaled down their annual growth rates for 1961-1966 in making our estimates for 1960-1970

(v) Industrial replacements. These are based on a study of investment sta tistics and of

the life-spans of different types of asse t in different industries [ 10]. We have not yet reached

the stage of replacing this physical determination of scrapping by an economic one.

Endogenous jinul denuind. This category can be divided into three components

(i) Industrial extensions. These are based on a calculation of the type of (IV.25) and

thus involve projected input—output matrices, both current and capital, as well as levels and

growth rates of exogenous final demand. The capital coefficients were estimated with the help

of the material relating to the years 1948—1960 brought together in [ 10], amended In many cases

in the l i ^ t  of outside information.

(li) Investments In stocks. These are related to changes in output levels on the basis of

experience in the 1950's.

(iii) Imports. These are based on a calculation of the type of (IV.26). The first step is

to set a figure on the balance of trade to be aimed at in the future. If this is subtracted from

export proceeds, the total value of imports is obtained.

i  i
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Complementary intermediate imports are estimated by fixed coefficients applied to the out

puts of the various using industries, in exactly the same way as any other form of intermediate

input. These coefficients are based on postwar trends and at present are very rough, because the

classification of imports has only been carried out for the three years 1948, 1954 and 1960.

Individual groups of competitive imports, as explained in section 3(c) above, are treated

as linear functions of the total amount of money available for competitive imports as a whole

These coefficients are roughly assessed on the basis of recent experience.

Considerable improvements could be made in all these estimates simply by a more tho

rough analysis of existing foreign trade statistics. We hope to undertake this work before long

Intermediate demand. The last element needed in calculating total output is intermediate

demand. With the help of a projected current input-output matrix we can then bring all the

estimates together as in (IV. 27),

The methods we have used to bring up to date and project the input-output coefficients

are described in detail in [9]. Apart from complications arising from changes in classification

and similar practical problems, our procedure can be outlined as follows

First, we bring the coefficient matrix estimated directly for 1954 [47] up to 1960 by adjust

ing the rows and columns of the corresponding transaction table to agree with marginal totals of

intermediate outputs and inputs. These adjustments are based on the assumption that changes in

coefficients are due to three factors: (i) price changes; (ii) substitution effects which influence

all the elements in a given row; and (iii) fabrication effects which influence all the elements in a

given column. On the further assumption that the second factor operates uniformly along the rows

of the matrix and that the third factor operates uniformly along its columns, the problem and its

solution can be formulated as follows.

Let A denote a known, initial matrix of input—output coefficients, and let A denote the

unknown matrix for period 1 which we wish to estimate. Let p denote a price vector whose ele

ments are the ratios of prices in period 1 to prices in period 0, and let r and s denote vectors of

unknown constants. Then, on the assumptions made.

(IV.50)

If we have, for period 1, an intermediate output vector, u say, an

It)
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intermediate input vector, v say, and a vector of total outputs, q say, then

A q = u (IV.51)

and

q A' i  = V (IV.S2)

We can make an initial estimate, u say, of u by remultiplying q by A*. Thus

 ̂ = w
0

(IV.53)

In general u, but we can force an equality by an appropriate multiplication of the rows of

Thus

(uu'^ A*)q = u (IV. 54)

If we regard the term in brackets as an estimate of A  ̂ it can be seen that it satisfies the row con

ditions but not the column conditions. These can be satisfied by a substitution for A from (IV.54) 

into (IV,52), followed by an appropriate multiplication of the columns of /4*. Thus

q A*'"uu^^i V
0

(IV.55)

and

A * 'u u '^  )i =
0

V (IV. 56)

If we regard the term in brackets as a revised estimate of A  ̂ we can see that it now satisfies the 

column conditions, but not, In general, the row conditions. We can, however, repeat the cycle of 

operations until we obtain convergence with both the row and column conditions satisfied. Thus,

after n +  ̂ iterations, we shall obtain

^ -J(u u ' 0 •  # u A* V V
n 0

^ -I \
. . .  V )qn

= Un+i (IV.S7)

For a sufficiently large n, the term In brackets in (IV.57) can be taken as an estimate of A, This 

we call the RAS method.

The Belgian tests described in [9 ] show that the RAS method works-well, provided that 

it is possible to estimate the controlling totals, u and y, accurately and that certain coefficients, 

whose determination Is different from that expressed by the theory, can be detected and estimated 

directly. For example, there has been a general tendency for coal input—coefficients to fall as 

a result of the competition of electricity and oil; but this tendency is at work only where coal Is 

used as a fuel and not where it is a raw material, as in coke ovens. Since the theory is incapable 

of handling such exceptional cases and since coke ovens use a lot of coal, it is important to,
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estimate the Input of coal into coke ovens Independently, remove this amount of coal fro

transaction table and the controlling totals, and add it back after the remaining items in the

matrix have been calculated.

An up to date matrix obtained in this way can only be approximate, and the next thing to

do is to discuss the entries with experts in the different industries^ In many cases significant

Improvements can be made in this way, but there will always remain a number of Industries for

which little or no up to date information can be obtained and which will still have to be handled
in a theoretical way.

For purposes of projection, the theory can only offer the simple method of extrapolating

the coefficients along exponential trends. Thus if ,4 denotes the estimated coefficient matrix

for year 1, and if denotes the coefficient matrix for a future year, 2, expressed at the prices
of year 1, then

A = r A s 
12 1 (IV.58)

If the intervals between 0 and 1 and between 1 and 2 are the same, then 6 =

The effect of this method of projection will be to change each coefficient in the way that

it has been changing In the past. This can be only approximately correct, and so it is of particular

importance to get as much direct information from outside as possible. For example, In Britain

between 1954 and 1960 the oil component of the input of fuel Into electricity generation rose from

a very small figure to nearly 20 per cent. A continuation of this trend would make oil the domi

nant fuel input by 1970. But we know that this particular trend will not continue as in the past

because of the kind of fuel used in generators that have been built very recently and are planned

for the immediate future. The direct Information can come either from current statistics of input-

output coefficients which are available in a limited number of cases, for example coal used in

coke ovens, or from outside knowledge, as in the case of oil used in the generation of electricity

We have used such direct information wherever possible and then applied (IV.58) to the

remaining elements of the input—output matrix. We have then discussed the results of this

exercise cell by cell and changed the projections subjectively If this seemed desirable. The

results of such a survey are illuminating. For example, we were surprised to find that in our pro

jections the coefficient for machine parts and repairs into agriculture rose, indicating a greater

use of machinery, while the coefficient for petroleum products fell. We were told that this was
m

not really surprising because of the substitution of the less processed and cheaper diesel oil for

petrol and that our results were a reflection of this particular type of fuel economy. We therefore

X
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did not change our provisional result In this case, although we did in many others.

or

Output levels. If we bring together the foregoing calculations, we can estimate output 

levels in 1970. In the preliminary calculations described in [5 ] we found that the in

creases of output required of our thirty—one industries during the decade of the 1960's varied 

from zero to over 100 per cent. Apart from the allowance, already mentioned, for a trend projec

tion in the prices of the main groups of private consumption, the estimates were all made at 1%0 

prices. In other words, only one cycle of calculations was made. We did not calculate shadow 

prices for 1970 and allow these to modify the composition of consumption or the technical coeffi

cients of production. We plan to do this as soon as our production functions are ready for use.

at

om

The industrial distribution of labour. These calculations were based on (IV. 19). We first 

estimated the labour force available to our thirty—one industries in 1970, starting from 

official projections of the total labour force [49]. We allowed for 1.5 per cent of unemployment 

and for government demands in line with our estimates of government expenditure on different 

purposes. The result was a 5 per cent increase in labour available over the decade compared

with a 50 pet cent increase in output.

In applying (IV. 19) we took the increases in output at 1960 prices, already calculated, to 

represent p Ay. We based our estimates of the initial rates of return, r*, on the experience of the 

period 1948—1960, subject to a minimum rate of return of 5 per cent. We estimated Investment in 

fixed assets over the decade, y*, as five times the sum of the 1960 level and the 1970 level, the 

latter being obtained by adding together our estimates of industrial replacements and extensions. 

We estimated the industrial real—wage rates over the decade, w, by increasing the 1960 wage 

rates in the different industries by one half of the increase in labour productivity required over 

the decade in industry as a whole. On this basis, the total labour demanded was 4 per cent in 

excess of the estimated supply. This suggests either that more capital would be needed in 1970, 

or that investment through the 1960’s would have to average more than the arithmetic mean of the 

initial and terminal years, or tha.t initial rates of return in the 1960's would have to be a little 

higher than in the 1950's. We did not attempt to resolve these questions in [ 5] but simply in

creased by a constant proportion the initial rate of return in each industry, thus changing the allo

cations of labour until, in total, they were equal to the supply.

From these calculations we obtained preliminary estimates of the changes required in the
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distribution and productivity of labour during the 1960*s. We found that virtually the whole of the

increase in labour would be absorbed by the distributive and service trades, leaving a stationary

labour force to be shared by the rest of industry. The calculated increases in productivity varied

widely from industry to industry. On the whole they were higher than in the 1950's but often not

sensationally so; in some cases they were lower.

We propose to discuss these estimates with outside experts as opportunity arises, but we

shall not go out of our way to do this until our work on production functions is complete.

Changes in the spectrum oj skills. The work we have done so far on this subject is des

cribed in [5 ,6 ], We have divided the labour force into three main functions, managerial,

clerical and technical, and have subdivided the last of these into five categories, qualified man

power, technicians, craftsmen, operatives and unskilled. From the census of population of 1951

we can estimate the number of men and women in each of these seven classes for each of our

thirty-one industries and for government services. For 1961 the census results are not yet

available and so we have made provisional estimates based on statistics of unemployment and

vacancies. In making these estimates, we have tried to allow for the economic fluctuations,

technological changes and sociological pressures which affect the labour market.

The picture which emerges from unemployment statistics we take to represent a past state

of technology, and the picture which emerges from the statistics of vacancies we take to repre

sent a future state. Our estimates for 1961 are obtained by giving each picture equal weight. We

found that some skills, namely managers, qualified manpower, technicians and operatives, appear

to have moved in line with the demands of technology over the I950's. We then worked out the

weights that would best reproduce the 1951 position for these four skills and found that they were

0.9 for unemployment and 0.1 for vacancies. We then reversed these weights and applied them to

all skills to obtain a first approximation to the spectrum of skills for 1970. Obviously this is a

very crude method of estimation, and we have only used it as a first device to feel our way into
the subject.

We now have for 1970 a provisional vector showing the distribution of labour by skills

and, from the calculations described under (e) above, a provisional vector showing the distribu

tion of labour by industries. If we consider an employment matrix with skills in the rows and

industries in the columns, we see that these two vectors provide its marginal totals for 1970. We

can now try to fill in this matrix for 1970 by the RAS method, using the corresponding matrix for

II
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1961 as a starting point and the 1970 vectors as controlling totals.

We have carried out this exercise and found that convergence is almost immediate. Since 

the marginal totals were estimated independently, this result suggests that it may be possible to 

derive a simple relationship between changes in productivity and the skill distribution of the 

labour force in each industry. But at present this is a surmise whose verification must await

further analysis.

5. The Computing Sequence

The model has been programmed for EDSAC 2 at the University Mathematical Laboratory 

and, more recently, for Ferranti's Atlas, The programme is written in stages, each of which can 

be modified as the need arises without disturbing the others. The present computing sequence, 

which does not include either the educational or the financial circuit, consists of seven stages. 

These are summarised in table 2 below, taken from [44],

:e

r

t

Stage

Table 2

THE COMPUTING SEQUENCE

Operations performed

Prepare estimates of private and public consumption, expenditure on social capital 
and foreign demands for exports in 1970, and their trends through that year.

Convert the elements in stage 0 into demands for the products of the thirty—one 
industries, complementary imports, etc., and the rates of change in these demands.

Project past input—output matrix and combine with outside information to give 1970 
matrix.

Combine stages 1 and 2 to give estimates of the outputs of industrial products 
based on (i) demands from stage 1, (ii) capital expenditure to provide for growth in 
demand and (Hi) indirect requirements for intermediate products, allowance being 
made for import requirements and the need to achieve a trade balance.

Convert the outputs of stage 3 Into production levels in the thirty-one industries

Allow for changes in the productivity of labour and capital, and estimate require
ments for them in each of the industries.

Combine the foregoing results with certain other information and print out a provi
sional social accounting matrix for 1970.
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THE STEADY--STATE MODEL

So far, only the first five stages, 0 through 4, have been fully programmed. We are now

engaged in programming stage 5, which had previously been calculated separately, and this will

enable us to introduce shadow prices into our results. Stage 6, the final compilation, has still 
to be carried out by hand.

Some idea of the size of the programme as it now stands can be gained from the following 

figures. The numerical inputs, that is the parameters and conditions, needed for a computer-run 

number between five and six thousand. A run involves about thirty million multiplications: on a
f

desk calculator this is equivalent to some sixty man-years of work; on Atlas it takes twenty-two 
seconds.

t\
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THE TRANSIENT MODEL

7. Introduction

This model is still at the preparatory stage. The variables are the same as in the steady—state 

model. The relationships, already described in [40], are outlined below. The estimation problems 

are similar to those in the steady—state model. The computations are carried out by dynamic pro

gramming. We are assembling the material for a trial run with a four—industry model and have

written a programme in which the calculations proceed year by year. In this way the full model 

is kept within the capacity of the computer.

Since we have not yet made any calculations with this model, I shall describe here only 

the relationships we propose to use, first considering the case of a closed economy with constant 

parameters, and then indicating how these simplifications can be removed.

i

2. The Basic Relationships

The basic relationships of the model are set out below. Unless otherwise stated, the

notation follows that developed in the preceding chapter.

First, in the base year at the outset of the transitional period, the vector, s, of the eco

nomy’s stock of capital goods is equal to a given value, s say. That is
( V . l )= s

The elements of j  and 7 relate to the total stock of capital goods, grouped according to the pro

ducing industry, not according to the using industiy'.

Second, at the end ‘of the transitional period, which runs from 6 = 1  to 6 = r — 1, the ter

minal stock vector, s, must have a certain minimum value, s say, to make possible the produc

tion levels in the first year of the state of steady growth as determined by the long-run model.
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That is,

E s  > (V.2)
Third, at all times there must be adequate capacity to make possible the level of produc

tion decided on. That is,

E s > K E q

> K(I -  A f  E^(e + v)

> F E (e + Es  -  s) (V.3)
-Jwhere F ~ K ( l  — A ) . Equation (V.3) can be written in the form

F E ^ e  < (I + F ) E ^ s  -  F E ^ ^  s (V.4)
which, when written out in full for the whole of the transitional period, gives

Fe

F Ee

%

•

<

♦

F E^'^ e_

'(l + F)

(l + F) • •

•  • (I + F) -F_

(V.S)

Fourth, at all times the labour force must be large enough to make possible the level of

production decided on. If A denotes the total labour force and /* denotes the vector of labour re
quirements per unit of output in the different industries, then

E ^ \  > E^l* 'q (V.6)
Fifth, if the demand functions of (IV.20) are premultiplied by it follows that

F E ^ e  = Fg + F hE ^n (V.7)

where g = ( I - .hp ')c  and h =p b. When written out for the whole transitional period, this gives

F e '

F Ee

•

•

f'g
•

•

-t-

•

I
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THE BASIC RELATIONSHIPS

Equation (V.4) states that the stock of capital goods needed directly or indirectly to produce 

consumption goods in year 0 cannot exceed the total stock available at the beginning of that year 

less the stock needed directly or indirectly to produce capital goods in that year. Equation (V.7) 

gives the linear form of the Engel curves for consumption goods implicit in (IV.20). If we bring 

together (V.4) and (V.7), we obtain

F h E ^ ^  < (I + F )  E ^s r E s — F g iy.9)

Sixth, we should probably wish to ensure a minimum level of consumption in each year of

the transitional period. This can be expressed as

> P (V.IO)

where fi* denotes a preassigned minimum level. Alternatively, we might prefer to ensure that con

sumption did not fall during the transitional period, in which case fi* in (V.IO) would have to be 

replaced by E^'^fi,

inally, (V.l), (V.2), (V.6), (V.9) and (V.IO) form constraints which limit any short-run 

policy; the outstanding question is, what policy to pursue. Since the terminal conditions ensure 

that the long-run policy can be realised at the end of the transitional period, the obvious course 

is to maximise the utility of consumption during the transitional period subject to the above con

straints. If we denote the utility of consumption in year 6 h y  E x*  then

£  X = <f>[U(E^e^ (V .ll)

where ^  denotes an arbitrary monotonic function and ^  denotes the typical commodity. Thus we 

should have to maximise

r-l

s

e=o c  ^
(V.12)

In order to make use of this expression we should have to assign a form to cf). The simple thing 

to do is to put (f) = log; in this case we maximise a weighted sum of the logarithms of the ex

cesses of the consumption of the various commodities in the different years over the quantities 

that enter Into the basic standard of living. This form is only possible if at all times each ele

ment in round brackets In (V.12) is positive. An even simpler practical alternative would be to 

replace x  hy /r, that is, to maximise not utility but consumption itself.

Experience with models embodying only a single sector suggests that even If we try to
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maximise (V.12) with <f> = loĝ  and a fortiori if we put 0  = 7 or try to maximise fi, there is a ten

dency for the rise in consumption to be concentrated largely at the end of the period. In other 

words, the maximum can only be achieved if we use our expanding resources not to satisfy our 

immediate wishes but to build up the stock of assets for the future, that is, if we accept a certain 

measure of abstinence in the early stages of the period. If this consequence carries through into 

multi-sectoral models and if we do not like it, we must make explicit our attitude to intertemporal 

comparisons of utility. In (V.12) we are implicitly assuming that a given increase in utility 6 

years from now is as valuable to us now as would be the same increase realised immediately. In
s

fact it may not be, and we could allow for this by weighting the utility to be realised in each year

of the future by a discount factor. Thus, if the community’s rate of time-discount is denoted by 
p, then (V.12) would become

r-J
= E  <^[n (E ^e .

e=o /- 4
(V.13)

Evidently p cannot be set very high, since its introduction will prevent Investment in any project 
which does not yield at least as much as p.

It is sometimes argued that there is something unethical about introducing a rate of time- 

discount into social, as opposed to private, calculations: we ought to treat our children, and in

deed all future generations, exactly like ourselves, valuing equivalent benefits equally, indepen

dently of when they occur. One may agree with this point of View, but if people in general do not

think this way, it may be better to adopt a moderate rate of time-discount than to propose a plan 
that nobody will accept.

The maximisation of (V.12) or of one of the variants I have suggested, subject to (V.l),

(V.2), (V.6), (V.9) and (V.IO), is, for practical purposes, a problem in dynamic programming. The

attempt to solve it may show that there is no solution, because the terminal requirements embodied

in s cannot be attained: we have set our sights so high that we are asking for the impossible.

There are two ways of dealing with this: we can either lower the rate of steady growth originally

decided on, or we can reduce the level of consumption from which we enter the state of steady 
growth.

By varying the precise form of the maximand, (V.12), the rate of steady growth and the con

sumption level from which this is to begin, and by keeping in mind the adjustments necessitated 

by the timing of investment through the transitional period which I mentioned at the end of section

\h ••

: f
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2 of chapter III above, we may hope to determine a goal and a path to it which are generally

acceptable.

i .  Some Relaxations

In order to present the basic relationships of the transitional model as clearly as possible, 

I have so far carried out the argument on simplified assumptions which, when discussing the
s

steady—state model, we have already seen to be unrealistic. I shall now try to show how these 

simplifications can be removed, treating the different problems roughly in order of difficulty.

(a) The consumption junctions, \\e have already seen that the vectors b and c in (IV.20) vary

systematically with time. This means that the vectors g and h in (V.7) also vary with time 

But since these changes depend on the changes in b and c, all that happens is that g and h take 

different known values in each year of the transitional period.

?ct

e -

1-

D-

ot

(b) The replacement oj capital goods. In the third line of (V.3) I made use of the equality

V = As, This implies that I was ignoring for the moment investment for replacement pur

poses and was concentrating on extensions. On the assumption we are using at present, namely 

that capital goods are replaced at the end of a fixed span of useful life, different of course for 

different capital goods, then a vector of known constants, which change from year to year, must 

be included in the second bracket of the second row of (V.3). The problem will become more 

difficult when we are able to allow replacements to be determined by economic considerations, 

but I shall not discuss this question here.

le

ied

1
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(c) The matrix, A, oj current input—output coejjicients. The matrix F = K ( l  — A ) , which

appeared in many of the equations of the preceding section, depends on A, In section 4(c) 

of the preceding chapter, I explained the steps we are taking to allow for future changes in 

current input-output coefficients in the steady-state  model. To allow for similar changes in the 

transient model, a fixed F must be replaced by E F, different but known for each year. A change 

in A may also be expected to change the price vector, p, but we shall come to that under (h)

below.

(d) The matrix, K, oj capital input—output coejjicients. The matrix F also depends on K,
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and so we are faced with the problem of allowing for future changes in the elements ol K, 

Not only does the productivity of the stock of capital goods employed in the different industries 

change with time, but the composition of these stocks changes too. We have already had to face 

this problem in building the steady-state model, and the effect here is the same as that we have 

just seen in the case of

t .

' I

li;

Differences in investment lags. So far I have assumed that investment undertaken in one 

year would result in usable capital goods at the beginning of the following year. In 

general, however, it would not, because many capital goods take more than one year to build and 

instal. As we shall see, this fact would be irrelevant if all the elements of the output vector, 

q, where in a state of linear growth. But in the transitional period this can hardly be the case, 

and so investment lags are particularly important in analysing transient states of the economy. 

As was indicated in section 6 of chapter VIH 5f~f7], the information needed to handle thiIS pro

blem can be represented by partitioning K so as to show the contribution of different stages of 

construction to capital goods requiring different lengths of time to build.

Let us consider the case in which the longest construction period of capital goods is 
three years, and define a matrix A* as

A* =

A , A K11 12  13
K K 0

21 22

31

(V.I4)

connected to K by the relationship

= [I I I]K* \I I I I (V.15)

The submatjices of K* are partitions of K, The rows of K* relate to the stage of the work, the 

columns of K* relate to the date of completion, and the secondary diagonals of K* relate to capi

tal goods with different construction periods. Thus K , K and K relate to first yearns work11  12  13  ^

on capital goods that take respectively one, two and three years to complete; K , K and K
^ 11 *  21  31

relate respectively to first, second and third year's work on capital goods that will be completed 

at the end of the year; and K , K and K relate respectively to first, second and third year'sI ̂  iC 31
work on capital goods that take three years to complete.

An economy working at capacity which wishes to achieve certain increases in output in

I
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the future must: (i) finish the capital goods needed for the increase in output next year; (ii) carry 

out first or second year's work on capital goods needed to increase capacity in the following year; 

and (iii) carry out first year's work on capital goods needed to increase capacity in the year after

that. Thus

V =

= [ l l l ] K ^ \ ^ q E L q E ^ ^ q  I (V.16)

Equation (V.16) shows that Investment does not all add to capacity next year but results partly in 

unfinished capital goods, or work in progress. Accordingly, j  is no longer the concept of stocks 

which governs production possibilities; we must introduce a concept of completed stocks, j* say.

where
(V.17)

In the course of this year, work wUl be done to complete the capital goods needed for next year s

increase in output. But the earlier stages of the work must have been done in the past. We must
%

therefore introduce a concept of investment, v* say, relating to the accumulated expenditure on 

capital goods that will be completed within the year, where

V* = Aj *

^  K ^ q

= V U K _  + (V.18)

^ t^q = [0, 0, 0 ! for all values of d, and soIf the components of q grow linearly, then E 

V v^= V, but in general this is not the case and we may expect that t;* < v.

Thus, in allowing for changes in work in progress, we must make two modifications.

First, we must replace j- by j* while at the same time retaining v = as the relevant concept 

of investment; this means that (V.5) must be replaced by equation (V. 19) on p. 62 overleaf.

Second, we must recognise that new constraints are imposed on the solution because at the be

ginning of the transitional period work in progress is inherited from the past and all that can be 

done is to complete it; this means that some of the elements of E^v for small values of 6 are fixed. 

It is mainly for this reason that we have taken 1970 as the end of the transitional period rather 

than, say, 1965: the higher steady-growth rate which we are aiming at will almost certainly in

volve an adaptation of the capital structure of the economy which might be achieved in six years

but could hardly be achieved in one.

As a gloss on what has just been said, it should be added that tim e-lags may arise in
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Fe / 0 . . .  0 - F  0 . . .  0

F Ee 0 I . . .  0 0 - F  . . . 0
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• *  •  •  •  «
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0 0 . . .  / 0 0 . . . - F

E s*

E/^s

(V.19)

current input-output relationships too: the implicit assumption that intermediate goods can always 

be produced in the year in which they are wanted is not always true. In this case, however, the 

time-lags are certainly shorter than in the case of capital goods and may reasonably be ignored, 

at least in a first approximation.

Changes in the productivity oj labour, /*. Changes in technique, usually embodied in new 

and better capital goods, alter the amount of labour required per unit of output. With an 

almost stationary and fully employed labour force, greater productivity can be achieved mainly 

through a transfer of labour from old to new techniques which make possible a higher output per 

head. In section 4(d) of the preceding chapter we have already seen a simple method of work

ing out changes in the distribution of labour over the 1960*s, which, if realised, would enable the 

labour force foreseen for 1970 to produce the output planned for 1970, Better results could be 

obtained with the help of production functions of the kind described in section 3 (a) of the same 

chapter: by means of these we could estimate for each industry an initial set of labour coeffi

cients which changed regularly over time; this regularity could then be modified where necessary 

in the light of the development of investment through the transitional period.

■

Foreign trade. So far I have assumed a closed economy, but foreign trade is so obviously 

important that a solution without it would be no solution at all. In [.7] three simplified 

methods were suggested for handling this problem in the steady—state model; one of these, in 

which it is assumed that export performance and the balance of trade are fixed, has been

I I
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described again in section 3(e) of the preceding chapter. In order to apply this method to the 

transient model, we must take a view on the course of exports and of the balance of trade through 

the transitional period and also on the probable trends in foreign and domestic prices.

iw

Future shadow prices. Most of the modifications of the model that have been introduced 

in this section not only lead directly to changing coefficients but also indirectly to chang

ing prices. A change in the price vector, p, changes both g and h in (V.8) and, further, if we de

cide to maximise consumption, /z, rather than utility, y ,  means that we must be careful to maximise 

consumption expressed at constant prices.

In order to see how to calculate E p, let us begin with the simplest case, in which there 

is only one primary input, labour say. The units of quantity in the model are in each case the £’s 

worth at base-year values. Accordingly, if we denote by a vector whose elements represent 

the cost of the one primary input per unit of output in each of the industries in the base year, we

can write

A ' p  + / 0 ^ 0  0̂

A ' f ]0 '  V

= I (V.20)

r

since

(V.21)

In relation to prices in year 0, prices in year 6 are the elements of a vector p ^ ,  say, where

^00 =
(V.22)

In (V.22), A f '  is the transpose of the input—output coefficient matrix in year 0 , the elements
u

being valued at the prices of year 0; and the elements of are the reciprocals of the changes in 

labour productivity in the various branches of production. Thus p ^ can be measured from projec-
\

tions of input—output relationships and of labour productivity. We may note at this point that 

is connected to the corresponding matrix recalculated at the prices of period 0, by the rela

tionship

i d ‘Id id (V.23)

Equation (V.23), when combined with (V.22), gives
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0(9 4  “  ôd (V.24)

In (V.24), each element of the vector (I is that proportion of the price of a product which

goes to reward the primary input. When each proportion is multiplied by the price of the corres

ponding product, we obtain, as we should expect, the value of the primary input per unit of out-

The next step is to divide primary inputs between labour and capital. Here a new problem

arises: we must decide how, in the future, the return on capital will be related to the wage rate.

In order to answer this question properly we need, again, production functions.

Finally, allowance must be made for complementary imports since these, like labour and

capital, enter Into productive processes from sources other than current domestic production. Here

we must make projections of foreign prices and relate them to the domestic wage rate and return 
on capital.

At the beginning of this subsection I suggested that we might be forced to maximise con

sumption rather than utility. In this case we should have to construct a constant—utility price 

index—number, say, where ^  ~ each year of the transitional period; the expression

for with 0—1 f has already been given In (IV.23). The maximand must now be replaced

by ( iIq /  JTq ).

This is as far as we have got with the transitional model. The suggestions I have made In 

this section are tentative but should enable the model described in the preceding section to be 

applied with some degree of realism. The next step is to make empirical tests. As I have said, 

we are now actively engaged on this task.
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I shall bring this paper to an end by summarising the philosophy of economic model-building which 

we are trying to follow in our work.

First, it is useful at the outset to picture a model against the general background of know

ledge, objectives and controls which would have to be taken into account if the model were used 

for practical purposes.

Second, the main use of a model is to help us in exploring possible worlds; in examining, 

that is to say, not only how a particular economic system works but how it might work, and In re

lating the performance of the component parts to the needs of the system as a whole.

Third, a model must have coherence and realism. Coherence can be achieved by giving 

the model a suitable structure; realism is quite a different matter. To achieve realism we must 

use relationships which recognise the changing character of preferences and technology. Our 

initial efforts to do this may not give very accurate results, partly because of the difficulty of 

formulating relationships which are both realistic and manageable and partly because the factual 

information relating to the past is Incomplete. But this does not mean that we should stay con

tent with first approximations.

Fourth, in choosing the relationships that are needed, such as consumption functions, pro

duction functions and so on, accepted economic theory provides a valuable guide. In formulating 

these relationships, however, economic theory Is much less useful because most of Its elaborated 

parts are based on a narrow, static view of the world. Within this narrow view, great generality 

is usually sought and frequently achieved. In practice It is often necessary to adopt a formulation 

at the same time less general than theorists would like within the range of phenomena they consi

der, and less restricted In its range. For example, the consumption functions we are using cannot
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handle complementary or inferior groups of commodities but they can handle systematic changes 

in preferences and also adaptive behaviour.

Fifth, in assembling observations on which to base our projections, we can achieve a great 

deal by the careful processing of existing data, but however thoroughly we do this our knowledge
remains incomplete. We must therefore try to gain the cooperation of outside experts in practical 

walks of life, who may be less well placed than we are to attempt a synoptic view of the whole 

economic system, but whose specific knowledge is always greater than ours. The realism of our 

projections can only increase as we succeed in getting more reliable information into the model.

Sixth, to be a useful tool for policy-making a model must enable us to make not just one 

but many alternative projections based on different assumptions. When it has reached this stage 

the model becomes in its turn a source of information in the light of which a policy can be drawn 

up. If this policy is carried out, the model can then be used to make predictions.

Seventh, no policy can be carried out without a control system which keeps the plan in 

touch with events. This control system consists of a mixture of centralised and decentralised 

administrative machinery, including all private arrangements for the management of businesses, 

cooperatives, labour unions and so on. The model can be used to review the control system 

show how administrative methods might be modified so as to improve the economy’s inherent ten

dency to stability, I have not tried to formulate this range of problems because as yet we have 
done very little work on them.

Eighth, it is impossible to plan unless one knows what one is planning for. With this in

mind, we have divided our model into two parts, a long-run model and a short—run model, and a

solution comes from iterating between the two. The purpose of the long-run model is to help in

choosing a direction and a rate of steady expansion to be achieved from 1970 onwards; and the

purpose of the short-run model is to choose a path to this goal. If the model were used for

policy-making, it would of course be necessary to take a new view of long-run objectives at 
regular intervals.

Ninth, an economic model should cover all aspects of economic activity. As it stands at

present, our model is restricted*mainly to the real side of the national economy, but we are now

beginning to extend it into the financial sphere and hope eventually to develop it in other direc
tions as well.

Finally, we have started with a purely economic model, conceived on traditional lines, 

because there we felt on reasonably firm ground. But we believe that the main motive forces of

I
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economic growth are to be found in human abilities and attitudes: organising capacity, accept

ance of education and training, response to innovation, labour mobility, and so on. However, we 

could hardly have begun with these indefinite and on the whole badly documented areas of interest; 

and in any case it would have been useless to do so until we could embody them in a coherent 

picture of the socio-economic system. So,’naturally enough, we decided to build out from the 

familiar and to use our working experience as the starting point for our work.

Pythagoras’ remark, apx?/ Sf I'oi fffnav mzvros , 'the beginning is half the whole', applies 

to social and economic model-building as it does to all complicated human endeavours. The 

only practical course is to build a prototype and then improve on it in the light of experience and 

needs. It is fairly safe to say that the modern aeroplane would never have come into being if no 

aeroplanes had been flown until they were as good as they are today.

i
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