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A VATHEMATICAL MODEL OF AN ECONOMY

|
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The deficiencies of economic models are%well known:
either they are very aggregative and their féw variables do

il

not permit describing the economic phenomena with sufficient

detail; or they contain unacceptable hypothescs of linearity,

or they are obtained by statistical fitting ﬁsing variables for
: !

which the statistics exist but which never p?rmit reproducing

the causal relations satisfactorily. Moreov%r9 they do not per-
mit studying the influence of extra~economic;factors.

Hardly ever are they very susceptible o% improvement: each
change means beginning the whole job over ané, in cases in which
mathematical solutions in terms of explicit %ormulas are sought,
the introduction of small modifications in the relations used

can fundamentally c@ange the order of diffic?lty of the proclem.

The method of simulation, or numerical éxperimentation as

i :

some prefer to call it, seeks to ovqrccme thcse difficulties by
! k
dint of minutely detailed work and the use of many hours of

H
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electronic computation (which is not cheap).

In principle, the method permits introducing, with all the
necessary flexibility, all the variables thaﬁ appear important

or interesting for Qescribing the economy. ?n practicex this

has two limitaﬁionsi a) the proliferqtion_c% variables--each

one of which has its own evolution in timefméan conque more than
it clarifies: all analysis must have a limit in order to be useful;
b) the capacity of modern computers is not uglimited'and can be
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surpassed if one isjtoo ambitious. :Moreoverﬁ it is important
il :
. I
to point out that the more variables there are, the more data
_ :

i
i

fodel in time and

|

is needed, and that adds to the cost of the
money. _
What a s}pulation‘model tells us—~like %ny other kind of
dynamic model-—is how the e¢onomic variables evolve during a
‘ i

certain period (it is anticipated for 10 or 15 years), if the

hypbtheses of the models are fulfilled. i

These hypotheses are of four kinds: |
a) Values of the variables at the begi?ning of the

"numerical experiment" (initial values).

€

b) Values of the parameters which appear in the -
°

relationships.

¢) Logical or mathematical form of the, relations
‘

between the variables.

d) The surrounding conditions.
These four types of hypotheses have diﬁinishing reliability.
The initial values are obtained directly froﬁ the statistics, if

they exist. The parameters are obtained by %ell known statisti-
' J W .
cal methods: it is the central problem of econometrics. On the

|}

other hand, the form in which variables are related in economics

is much more subject to argument than in phﬂﬁies or chemistry.

ff

As for the conditions of the social and poliiical environment, it

can even be argued whether they are susceptﬁrle to precise defini-
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tion. For example:
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How does the consumption of famllles depend on disposable
|
income, Y.D? Is it a linear functlon, orLdoes \/ or Q/

or log YD come into it? FPFurthermore, is it likely that YD is
|
the only factor which determines consumption? Do not the previous

|

habits of consumption, the interest on time payments;, the rate
appre01ab1e
of 1nf1at10n9 etc., also have/lnfluence? And if soy; how does one

express this influence? And what are the socio-psychological
. . ‘ .g :
motivations for consuming? - Can the goveﬁnment guide consumption?
The specified social conditions, whﬂch will serve as a
Iy

frame for the model (and which can vary ﬁn time and from one case

. ) fi
to another), should determine the character of global consumption.

After much discussion, perhaps the fbrm é = a + b\/§5 is adopted,

and surely there will not be unanimity. iBut once that formula

is adopted, it is easier to reach an agréement on the values of

a and b and, much easier still, to Know How much YD and C are in

the initial year of the model.
To construct a dynamic model means ﬁo assign by hypothesis

causal relations among the variables, inia way that, if values

of the parameters are also given, one cam calculate step by step
(for example, each 20 days) the ev01ut10n in time of each varlable.

The calculationsmade, one has the hlstory of that economic system

for 10 years. The surrounding condition% are represented by using:

special forms for those relations or by means of exogenous variables,

!.
whose law of evolution during those 10 years is not determined (or

only partially) by the model, but is alsd determined by explicit
b ‘

hypotheses.
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In this way, one obtains, then, only;ohe particular case:

if some country sﬁould exist whose variables fulfilled those

inter-relations and with those initial va}ues and parameters,
| |

its history could not be other than that,Lprovided the exogenous

hypotheses are also fulfilled. ’ .!
This is valid for any dynamic model,ﬁincluding that of

M p
Harrod-Domar. Therefore, up to this poin?, the advantage of
i

Fonsist only in allow-

! :
ing calculation of large, detailed, and complicated models. This

introducing electronic computation would

)
F by the slight relia-

bility of data and relations which becqme% apparent as one analyzes

I\

I

advantage would be rapidly counterbalance

an.economic system in some detail.
The true advantage consists in that,wthanks to computers,

it is possible to repeat the calculation many timeslin a short

period,_each timg introducing changes in ihe values, in the form

otheses. Each calcula-

tion is a numerical experiment, carried opt under different con-

of the relations, or in the exogenous hyp

ditions. The number of experiments can b% in the thousands. If

after that some'éeneral conclusions canno? be extracted, it can

be concluded that'the blame is on the exp%rimenter, not the method.
An example:‘ suppose that one wishesfto verify the exactness

of a statement such as "a decrease of 4% %n the consumption of

the upper classe; would permit the finahc%ng of a growth of 3%

annually.“v A model then would be constru?ted where these variables

would appear and all the related ones that must be taken into




account in the judgment of the model makeﬁp The carrying out
of numerous tests with this model, using dlfferent exogenous
hypotheses and different parameter values con31dered "reason-
able", would permit arriving quickly at some conclusions. If
the national prodhet never hehaves as preﬁ?etedg the statement
is at least riskyjand the policy should np% be applied without
great precautions. If, on the other handgfit always behaves
thus, the statement acquiresvreliability. gThe next step would
be to test with other models, propoéed pef@aps by other economists,
where the“relations between the variablés ére.not exactly the same,
or new factors previously ignored appear. éIf on trying these new
models, the statement continues to be conflrmed it will begin to
enter the category of natural law in whlchione will have to believe
more &s more experiments confirm it. L
Most probably the statement will be c%nfirmed by some tests
and not by others, The analysis of the di&ferences among those
experiments will make it possible in princ?ple to determine under
which explicit hypotheses it is confirmed.? Thus, one will know
what additional m;asures it is'neeessafy to take in order that
that policy will be useful. o ;
Stated in another way: everyone has in mind a model of
reality when he tries to foresee the resul@s of_a_proposed measure.
Each gffect that is predicted is based on Lertain hypotheses about
cause-and-effect %elations among the economic variables. In the -
mind of the layman, those hypotheses are ery blurred and are pre-

b
sented one by one, rapidly losing their guﬁding thread. The cross
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effects cannot be and are not taken into ?ccount._ An eebnomist
is capable of seeing with more ciarity eaéh step of the reason-
ing, but there is no human mind that can &ollow the network of
the lateral, mutual and sequential effecté produced by a éingle
initial ﬁeasureﬂ g

Simulation makes it possible to clea% up this confusing
mental picture, focusing on its parts qneaby one in order to
give it an explicit form and taking adva%%age for this purpose
of the experience of all the economists t%at one wishes.

In this way, all the hypotheses thaﬁ%operate mote or less
obscurely in the reasoning of each indivihual are formulated
explicitiy. This pbligation of stating ﬁhearly what are the
basic propositions, not in general but iﬁiconcrete applications,
is perhaps one of the greatest practicalimerits of this-technique.

It is often said that it is not poss1b1e to apply mathemati-
cal methods when there is no clear correlatlon among ‘the variables
which permits joining them in an unquest%onable formula. This
comes from an ancient conception of math%matics which identifies
it with infinitesimal calculus or with aigebraic equations or
ineQualities. Applied mathematics o£ toéay permits the exact
translation of any type of reasoning, kegping its elements of un-
cortainty if necessary. It is a contradiction to state that one
can make deductions that cannot be expregsed matheﬁétically unless

by deducing or reasoning we mean operatlons that are not communi-

cable to other human beings. But there we Cross the dividing line

i

between science and fiction. : }
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If the economist has at hand a hypotPesis about the

connections between certain variables that can be understood

by his colleégues, it can be expressed by}logicalmmathematieal
relations, The true difficulty is that, ﬁn general, different
hypotheses exist simultaneously among whi;h it is not known
which to choose gnd9 in consequence, in the usual "literary"‘
reasoning, they are hopelessly mixed. Th;y can now be expressed

4 ]
and experimented on separately. '

At the risk of stating trivialities,; it should be pointed
b |
out that if an economist says: "I believe that the consumption

function is F, but only if there is socia?‘tranquilitys while

il
a1

in case of disturbances I am inclined to G," there are not two
: o

k
hypotheses but only one. However it is the economist must de-
: , e

fine clearly what he is going to cail "tr%nquility" and "dis=
turbance®, so that the model can tell in éach instance which of
the two situations reigh and apply theé the corresponding
function. |

If one is not capable of defining thbse terms practically

3

then what one says lacks meaning. It should be pointed out A

that, although the ideal would be to be able to define a variable,
, ;[

"level of tranquility", that would dependfonly on other variables

of the model; it;is not inconvenient if that dependence is only

It

- i
partial or if it is a question of a totally exogenous hypothesis.

Moreover, the term. "variable" does not ha%e to be interpreted as
B

a real continuous variable. It may be thét this variable permits
ll

only two values: tranquility or nonftramjuility9 or a half dozen.

i
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values if.it is thought necéssary. These hypotheses const}ﬁf%é
the model of the economist. | €
Another important advantage of the simulation model is

that it is not indispensable to formulaté each hypothesis by

a formula in the usual sense. It can have the form of simple
logical alternatives, as for example: if unemployment is Ereater
than so much and the balance of payments less than so much,
foreign investments will be reduced by so much. It should‘be
recognized that computers permit instructions of this kind, com-
pléte with the remaining alternatives. |

In our opinion, then, it is not possible to be against the

use of models, since there is no other wéy of thinking about the
future. One can, of course, criticize pérticular models for being
inadequate as one criticizes so many men for their inadequate
image of reality. But nothing prevents adding factors to a model,
correcting its defects, improving its relations, in the light of
all the existing_knowledge on fhe subject and arriving thus at

an image of reality as élear_and as complete as possible. Until
now, such a task was useless; since there was no way of making

the model "functibnﬁ% the mathematical tools only permitted solv-
ing véry simple, inadequaté cases. That is the bottleneck which
computers have overcome .

| Let us emphasize, finally, that the simulation models do not
serve to optimize in the sense of linear programming- and other
techniques of opérations_research. Numerical experiments are

limited to describing what would be the‘resuit of taking certain
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economic measures, under certain hypotheses. One can then e

choose the poliey which appears best among all the ones tried

but there is not any assurance that it will be "the best pos-
|]| i

sible". The selection of policies to try must not be made

then with very restricted criteria.
ﬁ This does not mean that the techniques of optlmlzatlon

ar? preferable. They only serve when the objective function
|

1slsc§1ar9 Wthh is generally an inadmissible simplification.
Il'wha believes that the state of the country’s economy can
bemmeasured by one number--per capita national product, or any

other--can optimize. Those of us who believe that the economy
] . L

,is described by a vector function, in which the national pro-

+

) : , . .
duct is only one component, cannot even define an optimum

Hunénimously. And when we speak of choosing the best policy

éi

L

am%ng the ones tried, we refer to the value criterion of the

person or institution that chooseg. The ‘same simulation model

then can be useful to persons of different normative criteria;

che evaluation is a posteriori. Models of optimization have

;thgrvalue judgment built in aAEriori, and for that reason must

e R

‘use extremely simplified criteria.



