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Suppose we want to predict the extent. of shortage (or surplus) which
will occur if the government fixes the price of a commodity at a certain
level. At this priece level, supply of the commodity may be equal to deg
mand, but it may also exceed or fall short of demand. When 1 say that
we want to predict the extent of shortage, or of surplus, of the commodity
i.e., the difference between demand and supply, resulting from fixing
the price at a given level, I use the term prediction in a sense different
from that in which Mr. Stone used the term a few minutes ago. When
discussing M. Fréchet's report on the results of the questionnaire on the
scope of probability theory in social science, Mr. Stone said that, because
of the stochastic character of economics, economie prediction is not possi-
ble. That is true under a narrow definition of prediction, a definition which
if applicd rigorously, would exclude prediction from almost all empirical
sciences, inasmuch as almost all empirical laws are, “strictly speaking,
stochastic relations similar to the economic relations that 1 shall
treat tn my example.

Let us define prediciion as the estimation of the probability distri-
bution of a certain random variable or of the joint probability distribu-
tion of a set of random variables (the “predictand” set), given the values
of certain other variables (the “predietor’” set). In that scnse, the shortage
which we shall denote by y, can be predicted if we can estimate its
conditional distribution, given p*, the price fixed by the government.
“The best known, though not the only possible technique of estimating
any distribution is the ‘“parametric’” estimation: one or more parameters
of the distribution arc estimated on the basis of statistical data, after
having used some previous knowledge independent of those data, to
specify in advance other parameters, and the form itself, of the dis.
tribution funetion. Similarly we can speak of the parametric estimation
of a stochastic relation such as the relation

(]) /(7/! }’*)-_-‘U’

where » 18 a non-observahle random “disturbance” with zero-mean.

* This article will be included in Cowles Commission TPupers, new series, no. 32,
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The form of the distribution function of #, as well as the form of the funec-
tion f relating » to the observable variables y, p*, have to be specified
@ priori before proceeding to the estimation of the parameters of these
functions on the basis of observations. A particular case of (1) is the
prediction equation of y for a given p*, such as

(2) y = R(p¥) + v,

where ¢ is a ‘prediction error’”, distributed normally with zero mean
and with unknown variance o, while R( ), a “regression function,”
is speeified with respeet to its form (e.g., linear) but not with respect.
to all its parameters. It follows that, for every fixed valuc of p*, the
predictand y will have a normal distribution characterized by the expec-
tation (mean) of y given p*,

(3) C(,)(‘.I/IP*) = R(p*),

and by the variance of y given p*, 7.e., the square of “‘the standard error
of the estimate,”

(4) o (y| p*) = o

Hence the estimation of the unknown parameters of the regression
function R( ), and of the unknown parameter o, of the distribution
of », will sufficé to estimate the stochastic “‘prediction relation™ (2), and
also to predict the vaviable y.

1 shall now try to show that useful prediction requives different pro-
cedures according to whether cxperiments are or are not possible.
Economies will be shown to require techniques not developed in experi-
mental sciences. Specifically: the economist may have to predict the
results of introducing price control, not on the basis of experiments
with price control but on the basis of observations which were made in
the absence of price control.

Denote by @¢ the demand, and by af the supply, at time . TTence,

shortage y, =2’ —af, Let p_be the price which is either the free market
price or the government fixed price as the case may be. Suppose that
for any ¢, the behavior of buyers and that of sellers is described, respective-
ly, by

(3) @ == ud + L(p, 25 «’):  demand equation; and

(6) afy = uy + Lip,, 2z e supply equation.

Here both demand and supply depend on price and, in addition, on a
whole set of “predetermined” variables such as weather, tax-rates, past
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erops, ete.  Some of these variables may appear in both equations, others
in only one of the two equations. We denote the set of all predetermined
given variables by a single symbol z,. Both the demand and the
supply functions are linear, as indicated by the symbol L( ); but they
have different and, in general, unknown coeffieient-sets, ' and a* respec-
fively. For brevity, we shall also use a single symbol « = (o9, ).
Finally, the behavior of both sellers and buycrs is stochastic: we suppose
both to be subject to “random shifts,”” or disturbances, uS, 1. These
are non-observable random variances and covarianees forming a matrix

Here 0% need not be zero since buyers’ and sellers' behavior shifts may
b correlated.  The average “violence” of these disturbanees is measured
by o™, o, respectively.

The parameters & of the demand and supply functions are properties
of hehavior or technology; so are the distribution parameters o. All
these parameters are necossary to describe the “structure” of the market.
They are, however, not sufficient. The stochastic system (5), (6) consists
of only two equations in the thrce variables % a3, p,) that are not
determined by outside forces. 'Therefore, the values of these variables
are not yet determined.  The system becomes complete if supplemented
by a third equation. Under price-control, this equation is

(7’) ])x =1)!*:

where p* is some eonstant chosen by the government for the time £ Tn a
free market we may have, instead,

) 7 =

if we assume that sellers adjust production instantancously to wipe out
tlie shortage or surplus, shown by decrcasing or increasing stocks on
hand—the simple static theory of economic textbooks which at best
ts a first approximation. (A somewhat more realistic, dynamic theory
might introduce a positive lag X, as in 55, = 2% or in p,,, — p, =

Eat —at), k> 0.
We can combine equations (7') and (7”) into a single one,
(7) (af — a8 + (p - pFe = 0,
(= (1, 0) in frec market;

where (8, £) <
L= (0, 1) under price control.
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The “structure” of the market is then deseribed by the numerieal
values of the parameters («, o, 8, ¢). We sec that structuve depends on
men’s behavior, technology, legal rules.

Now let me proceed to our problem of predicting the extent of shortage,
y, = % — 4%, as the result of fixing the price at p, = p *. Usually, obser-
vations will have been collected under the condition that (3, ¢) = (1,0).
But prediction is to be made for the situation (8, ¢) —= (0, 1).  There is
a change of structure—a known change to be sure—between the time
of observed and the time of predicted events.

This is characteristic of the non-experimental case. I shall call it
(ase B. When experiments arc possible 1 shall speak of Case A, In
our economic problem, an imaginable experiment would consist in deli-
berately fixing the price at various values and observing the results. I
shall briefly study this imaginable Case A before proceeding to the actual,
non-experimental Case B. _

Let us, then, assume that we can fix prices, from experiment to ex-
periment, at varying values p.*, p.*, ... py*. That is (8,e) = (0, 1) fort =1,
«.., . Our object is to predict the shortage, say, ye — ,1';{’1_41;1,
when, at time 7'41, the price is fixed at p,*. This prediction is
obtained by at least two, logically distinet procedures. Both occur in
experimental sciences. 1 shall call the two procedures, the specific ea-
periment and the general experiment, and denote them, respectively, by
Al and A2. fixamples of specific experiment are the testing of model
bridges, or the testing of airplanes in aerodynamic tunnels.  Here the ex-

periment consists i reproducing the specifie structural change whose
effect one wants to predict. 'The original structure is not the subject of
investigation. (leneral experiments, on the other hand, are designed,
not to predict the results of a single specific structural change, but to
make possible the prediction of the results of any possible structural
change. Experiments made in physical laboratories to establish funda-
mental laws of physics or chemistry are of this kind. ‘The time required
to boil an egg can be estimated by boiling eggs; but, in prmeiple, it can
also be estimated by studying first the general properties of protein
molecules, in which ecase not only the answer of the cgg-boiling question,
but of many other questions as well, will be prepared.

In our economic case, a specific experiment, (A1) would run as follows.
The experiment—eonducted, say, in a small community—replaces the
random variables p, in (3), (6) by constants p,*, for { running from 1
through 7'--1. Therefore, if we define

(8) v =1l — u and
(9) B = a' — a%, we have

(10) yo = v+ Lp*, 25 B), =1, .., T+1.



JACOB MARSCHAK 293

Since v, is, by (8), normally distributed with zero-mean, equation (10) is
a prediction equation, exactly like (2).  As in (3), (4), the conditional
mean and conditional variance of the predictand y,, are functions of

given values of the predictor set (p*, z,):
(1) me.o= Gl p*oz) = Lip*,a;B)

[ |

N
(12) o, = <L (e~ 1, )2 PFam b= oy ot =200 by (8),
[ J

We see that the distribution parameters Ky, 9w of the predictand are
obtaiuced without estimating the structural parameters «, o. Instead we
obtain unbiased and efficient) estimates of g and o, directly from the
o T
observations (y., p*,z;¢t =1, ..., T) by minimizing Xe7  with respect
1
to B and o,,: (the method of least squares). We can thus estimate, for
given p..,* and z;,;, the conditionai mean of Y1 by (11); (and the
conditional variance o,. = o, That is, we can predict y,,,, without
estimating the structural parameters o, o.

\\’e can also use our economic example to illustrate the experimental
procedure A2, the use of general experiment.  Structural parameters are
estimated; from these estimates, the effect of any given structural change
Is predicted as the need arizes.  The experiment itself will again consist
(in our example) in replacing the random variables p, produced in the
free market, by fixed constants p,* (t =1, ..., T'). But this time we mea-
sure not the shortages y, directly, but, scparately, the demand 2¢ and
the supply i The relation between the single random variable @
(or 2%) and the predetermined variables p*, z is again like that in (2).
We can therefore estimate the structural parameters «f, a® by two least
square regressions of, respeetively, 2 and 2* on the predetermined vari-
ables p*, 2; and we estimate the structural parameters o%) o® from
the regression residuals. 'T'o predict the shortage yy,, for given py,*,
Zyes We obtain the parameters B and o,,, and hence the parameters
MYreys Oy, by (9), (11), (12): that is, we are able to predict the effect of
the transformatian of the original free market structure («,o, 1, 0,) into
the controlled market structure («, ¢, 0, 1). But in addition, we can now
also predict the result of any other given change undergone by the origi-
nal free market structure: for example to predict what happens if a tech-
nological change raises some of the coefficients o of the supply equation
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by a given percentage; or if an expected change in tastes or in popula-
tion raises in a given proportion some of the demand cocfficients o*, or,
possibly the violence of random demand shifts o', ete.

Consider now the Case B: the non-cxperimental situation, usual in
economies. In this case, no observations are available except those made
in the frec market, with priees p, determined by supply and demand,
and therefore depending on their random shifts u"tI, uf(\ Thus for ¢t =1,
..o, I, the structure is (a, 0,1, 0). But for ¢ = T4 1, the structure is
(, o, 0, 1). Equation (10) is valid for t = T—i—], but not for earlier time
points. Kstimates of B, o, necessary, as before, to predict y,; from
(10) cannot be obtained from past observations on (y,, p,*, z,) since, for
t=1,...,7,we havey, = 0, and p,* is not defined. During this past pe-
riod, price p., was not fixed. Instead, it was a:random variable having a
joint distribution with the variable 2, (by which we shall now denote
both demand and supply since both were equal); this joint distribution,
conditional upon the values of the predetermined variables is, under the
conditions of the probleni, again normal. Denote by y the parameters
of this joint distribution of the observables x,, p, (that is, the set y
consists of the vonditional mcans and variances and covariance of i,
and p,.

Since p,, w, depend on w9, u,*, the parameters y are uniguely
determined by the structural parameters o, «. If the converse were
always true, the structural parameters «, o eould always be determined
from the knowledge of v; while the parameters y of the joint distribu-
tion of p,, x, can, of course, always be estimated from observations
on these variables. Whether, in a particular case, the parameter sets
«, o (or some elements of them, e.g., the coefficients o' of the demand
function) are in fact uniquely determined by y, depends on the assumed
econoinie theory, or “model”.  For example, if in the model (3), (6),
the set of predetermined variables z is represented by a single vari-
able (say, income tax-rate z’) in the demand equation, and by another
single variable (say, rainfall 2”) in the supply equation, then it can be
shown that only one structure can be compatible with a given distribu-
tion of x, p.  In such a case we say that the model makes the whole strue-
ture identifiable. In some other case the mocel might make only a part
of the structure—such as the demand coefficients of~—identifiabie; or no
single parameters might be tdentifiable.  This does not depend on the
number of observations in hand but entirely on the model which the cco-
nomist has assumed on the basis of some previous knowledge. The
conditions of identifiability have been given by Koopmans and
1 u b1 nfor an important class of cases. The concept itself was defined
by Koopmans and has been further studied by L. Hur wicz (all of
the Cowles Commission). In a less rigorous way economists have been
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aware of the problem for a long time but more especially since H a a v -
e 1 m o pointed it out in his book Probubilily Approach to Economelrics.

Suppose then that the chosen model is such as to make all the parame-
ters of our structure identifiable. Then a and o can be derived from y
but y can always be estimated from the observations on p, x, being the
sot of parameters of their distribution, hence « and ¢ can be estimated.
Therefore, 8 and 7, can be estimated, because of (9), (12): and the shor-
taze y can be predieted, since its conditional mean and its variance are
determined by (11), (12). ,

Knowledge of the structure can help not only in predicting the result
of the structural change just considered, viz., the introduction of price
control; it can be also used to predict the result of any other structural
change, provided the change can be spelled out as a well-defined trans-
formation of the original structure (e, o, 1, 0) which prevailed when the
observations werc made. Thus, in our non-experimental Case B as well
as in the casc of general experiments A2, prediction is preceded by struc-
tural estimation. Then the knowledge of structure makes it possible to
predict the effect, not only of one given struetural change (as is the case
with specifie experiments, A1), but of any well-defined structural change.
The estimation of structure, the establishing of a theory, whether with
or without the help of experiments is therefore not only a matter of scien-
tific curiosity, it has also the practical value of providing for a number
of future contingencies.

The case of general experiments (A2) and the case of non-experimen-
tal observations (B) have in common the same aim of estimating the ori-
ginal structurc, rather than producing the changed structure by specific
éxpcriments (Al). ] But this aim is reached by different methods.  Ex-
periments are common to Al and A2. In the present example, they
call for the application of the method of least squares, which arises as a
special cage of maximum likelihood estimation. In Case Al the proba-
bility density of y given p*, z, taken at the observed point (y,, ..., y¢), was
maximized with respeet to the estimated parameters, and this is equiva-

T
. . 04 oy
lent to maximizing— Sy (the exponent of the normal probability den-
1

sity function considered), 7.e., to minimizing the sum of squares of the
residuals »,. In Case A2 the probability densitics of the independent
variables ', a® were similarly maximized, each one separately, In the
Case B, maximum likelihood estimates are obtamed by maximizing the
probability density not of a single variable but of two jomtly dependent
ones o, p: this is a generalization of the least squares principle.  In Eco-
nometrica 1943, Haavelmo pointed out the joint dependency of variables
in economic models, and M anu and W ald studied the properties
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of maximum likelihood estimates of structural parameters. At the
Cowles Connmission the method has been developed by Koopmans and
Rubin for the estimation of all structural parameters simultaneously.
When one or more struetural equations are to be cstimated separately,
more flexible though less efficient procedures are applied, developed at
the Cowles Commission by T.W. Anderson, Girshick and
Rubin for the case of a single cquation, and by Rubin for the case of
several equations.  All these methods include cases where the jointly
dependent variables ocenr with time lags.

The economist faces the combined disadvautages of the metcorolo-
gist and the engineer. At least until artificial rain was produced a few
weeks ago, meteorologists were not able to experiment with weather; nor
cid they need to, as they did not consicler it their task to change weather.
Engineers, on the other hand, are required to predict the results of their
interventions with nature; but in this task they are helped by experi-
ments.  The economist is deprived of experiments that change the strue-
ture, yet has to predict results of policies consisting in struetural change.

This picture is incomplete. Some economic policies consist, not in
changing the stracture but merely in fixing the values of exogenous vari-
ables. Also, structural estimation may call for different methods in
economics, where observations cannot be duplicated; and, say, in astro-
nomy where they ean.  The prineiples as well ax the techniques of strue-
tural estimation require much further study.



