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A theory of the behavicr through time of a set of economic variables

¥ys evo » Yp cun be expressed in the following general form:

where T is a transformation, By s0op By ATS predetermined variables repre-
genting previous condltions or exogenous influences which do not need to be
explained by the theory, and Uy reep Wy aro random disturbances having a
joint probability distribution W . The , are known as jointly dependent
variables, g = 1, evep Go

A structure is defined as a pair (I,, \lr,), where T, is a completely
specified tranzformation T and ¥ o 1s a completely specified joint distri-
tution ¥ , For example, in a simple case where G =1 and K = 0, the pair

T yl' 4ol = “1
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18 not a structure because certain parameters ,/,aando- are not specified;
if we assign specific values to them, such as< = 3.87, _4¢=0, and
o~ = 1,26, then (2) becomes a structure.

Another example of a structure with ¢ = 1 and K= 0 is given by the

following graphs, representing a completely specified pair (To, 2?0):
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Figure 1.

Fach structure expresses a completely specified hypothesis aboul the
behavior of the set of economic variables y,. Consider the set G of all
conceivable structures; it is an infinite set. If we state no a priori
restrictions which we believe the true structure mist satisfy, then any
member of C is a priori admissible &s a hypothesis. If we do state cer-
tain restrictions upon the structure, then some of the members of C are
no longer admissible a priori because they violate the restrictions. Ve
will define a model U a8 a set of a priori admissible structures, i.e.,
the subset of C whose members do not violate the given a priori restric-
tions (if any) upon the structure.
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The set C of all conceivable structures can be divided into an infinity
of infinite subsets Gy, each subset C; containing exactly those structures
which are compatible with some conceivable state of nature, i.e., with suame
probability distribution of the observed values of the variables Yg and 2.,
=1 sosy Gand k=1, .ev, Ko It is clear that/there is an infinity of
the C; because the number of conceivablm infinite, and that
each Ci is infintte because any state of nature can be explained by an in-
finity of hypotheses. Lvery structure of C belongé to at least one C;3 the
C4 need not be disjunct because there are hypotheses which will explain
everything (these are meaningless, of course).

The structures which are left to us as possible hypotheses after we have
placed our a priorl restrictions (if any) on the set C of conceivable struc-
tures, thus cbtaining our model 1§, and after wo have observed a certain state
of nature, say the jth, are those belonging to the intersection of 11 and CJ,
where Cj corresponds to the observed §™ state of mature. Let us call this
intersection Aj. Then AJ SN Cje

if AJ is empty for some j, say ;jo, we have placed too savere a priori
restrictions on the structure -- we have no possible hypothesis in case the
joth state of nature mﬁerializes. If A 5 has two or more members for some j,

say ,12 , then we have not restricted the structure enough - we do not know
which hypothesis to choose in case the jat'h state of nature matcrialiges.
ir Aj has exactly one membexr for some j, say :}1, then our hypothesis is
uniquely determined if the J,*" state of rature materislizes. Ue say a
structure is identified within a model X if il belongs to a set A 5 which
has exactly one member. We say an identified structure is overidentified



.

Af 1t remains identified when some of the a priori restrictions are removed;
a set of restrictions which can be so removed is called a set of overidentie
fying restrictions, We would like to choose the model I in such a way that
to each state of nature there corresponds exactly one structure (hypothesis),
or equivalently, so that each st.ruc ture in the model is identified,

A gimple example of a model is prov:lded by equations (2) above., If ce
is known, all structures belonging to this model are identified. If teis
not known, none of its structures I« ideﬂtified.

Another example of a model, again with G = 1 and K =0, is the following,
¥here "y"l is the mean of a set of observed values of ¥yt

¥y is ordained by Fate if $,=0

= 7 <
- ¥ - v :’
TWoh=% 5o
(3) F(u) is the distribution~F  shown in Figure 1.
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This is a perfectly permissible model, though it has little to make it plausi-
ble. A T of this kind (mims the :;vstical touch) might be used, however, with
gero-mean distiybances, in case one knew for sure that ¥y was a random variable |
with positive mean, .

Practical work with a model is much more convenient if the model is a
parametric family of structures and has a simple general form, preferably
linear in variables but at least linear in paramsters. Hodels of any desired
complexity can be approximated by such a parametric family, with the help of

polynomial expansions and restrictions on subsets of the paraneters. Accord-
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ingly we shall consider only models which ars parametric families of structures,

linear in the parameters. Such a model looks like this:

T: /53" +[ 2t = |
@ 3 &r (u) = some explicit parsmetric function of u
whera/g Landrare matrices of parameters (both having G rows), and y?, &',

(k)

and u' are colum vectors of jointly dependent, predetermined, and random
variables, respectively. If the equations are linear in variables as well as
in parameters, then /B is square G x G, and y* and u' have G clements each.
If the equations are not linear in variables but only in parameters, then /8
is not square but has more than G columns; ut still has G elements, however,
In this latter case, sdme of the elements of y may be functions of other
elements of y, or functions of other elements oi: y and elements of 2, and
gimilarly some of the elements of z mey be functions of other clements of 3,

provided, these functions have no unknown parameters. E.g., we may have

N ] z

5 T |
V= ¥y 327 %
V3= 95 23 = 23
Ty =9 % 3,7 % %
y5 = yh - ¢001 31 55 = g
Y, = (yh - 001 zl)/y3 ete.
ete.

Tg= 9,775
Formal conditions for the identification of structurss within such a
model have been developed. Ve will consider here only models whose structures

are all identified.
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~ The state of nature {i.e., the probability distritution of the variables)
is not observed.exactlygronly a sample from it is observed, Therefore the
valucs of the parsmeters in the structure cannot be found exactly; they may
be consistently estimated via the maximization of their likelihood function.
This of course assumes that the model includes the true structure among its
members. The efficiency of the estimates decreases if less a priori infore
mation in the form of restrictions on the structure is used, and becomcs
zero if the restrictions are reduced until the structure is no longer. identi-

fied.



