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Abstract

This paper discusses some reasons why system control theory has had only a
limited impact on economic analysis, especially on government policy-
making. First, in engineering targets are well formulated and known to
the controller; in economics, government’s targets are often unknown or
misperceived by the public. Second, in engineering the distinction
between manipulated and non-manipulated variables is given, and the
effectiveness of each manipulated variable established. In economics, it
is often unclear which manipulated variable is actually used for peolicy.
To this purpose, Granger causality tests — which in fact relate to
causality in prediction and not to causality in control - seems
inadequate. The paper also discusses some possible uses of the concept of
cointegration for inference about unknown targets.
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1. Introduction

Control theory is extensively  used 'in -economic analysis.
Indeed, intertemporal choice problems - the core of ‘modern economics
- are formulated as if agents solved optimal control problems. Be it
a government body, a representative consumer or a firm, intertemporal
economic behavior is interpreted as the choice of a time path of
decisions m(t) over a specified time horizon, subject ‘to some dynamic
constraints (the laws of motions) and to some feasibility conditions,
and selected according to a performance criterion defined over
decisions and consequences. A fairly general formulation of an

optimal contrel problem could be:
T
max E f G(m(t), y(t), d(t), t) dt (1)

m(t) 0
subject to
yi(t) = £(y(t), m(t), d(t), t)
y(0) =y,
m(t) e M. for some t

y(t) ¢ Y for some t,

where G(.) is the performance criterion; ¥(t) is the outcome of
decisions (for example, a new state for the economy) and y’(t) is its
first time derivative: d(t) is an external disturbance of known
probability distribution; E is the expectation operator based on this
distribution; M, Y are feasible sets for m(t) and y(t): T is the time
horizon, possibly infinite. For the sake of generality, m(t), y(t)
and d(t) are vectors.

Models like (1) are formulated in almost all areas of modern
economics., To name a few: finance, consumption/saving decisions,
investment decisions, growth theory, dynamic macroeconomic theory.
Within this broad framework, then, a control problem in economics is
synonymous with dynamic optimization problem, and control theory is
synonymous with methods to solve problems like (1).

In particular, a large number of economic models - especially
of government policy-making - are formulated as target-oriented
control problems, a subclass of control problems that has been a
traditional domain of engineering. One example of these problems is

the tracking problem, where the choice of decisions or control



actions m(t) 1is purposefully determined to force the outcome y{(t) to
follow a specific trajectory of values r(t), or to satisfy a final
value r(T). A second example is the stabilization problem, where the
choice of m(t) is based on the criterion of minimizing deviations of
the actual values of the outcome from desired values. In both cases,
the definition of a target 1is essential to the formulation of the
problem.

In this paper, the attention will be focused on this specific
subclass. It is well known in the engineering literature that in a
stochastic environment a feedback solution scheme - where m(t)
depends in general on both the actual and the desired values of the
outcome - is superior to a feedforward scheme - where m(t) is simply
defined as a mapping between time values and values of m ¢ M (see,
for example, Astrom [1970]). Thus, the class of target-oriented
control problems will be identified with the feedback scheme of
Fig.1l: ¢ is the controller, whose output is the control vector m,
determined from knowledge of targets and disturbances, and from
feedback of actual values of outcomes. S is the system under control,
whose output is the outcome y (for simplicity, no distinction is made
between observations and system state). Since 1in general many
alternative control actions can be available to achieve the same
target, the controller’s problem is in general formulated as an
optimal control problem. Given the emphasis on the concept of a
System, target-oriented control problems will be referred to as
system control problems.

Examples abound in the engineering literature of how the
development of system control theory - from the early single output-
single input servomechanisms of automatic control theory to the
modern multi input-multi output state space theory - has led to
substantial improvements in the quality and accuracy of control of
industrial processes, chemical plants, electronic systems, guidance
systems, and so forth. This proven ability to solve satisfactorily
real-world target-oriented control problems prompted several
engineers/economists to seek similar advantages for economics,
particularly in the area of government policy-making. From the early
studies of Simon [1952] and Phillips [1954] to the later works, among
others, of Chow [1975}, Aoki [1976], Currie {19787, Feichtinger
[1982], applications to economics were investigated on the assumption

that concepts and methodologies could be easily transferred from the



FIGURE 1 - A target-controlled system
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engineering literature to problems of controlled economic growth, of
stabilization policies, etc.; or even to problems of design of
economic control apparatus (for example, as in Martos [19871).
However, it is a fairly common assessment among economists that these
efforts do not appear to have produced noticeable advancements for
economic research (for further discussion, see for instance Prescott
[1977], Sims [1982] and Currie [19851]).

The purpose of this paper is to review some old reasons and to
discuss some new reasons why system control theory has had only a
limited impact on economic analysis. Section 2 discusses the problem
of target indeterminacy in economics. Whereas in engineering control
problems the desired target is well formulated and known to the
controller, the concept of a target has often no role in economic
analysis. This fact has not received due attention in the economic
literature. An implication is that target-oriented control problems
are incomplete models of economic behavior, particularly, in relation
to government’s policies. Since economic theory offers only few
insight on how a government establishes or should establish its
targets, government’s targets are often unknown or misperceived by
the public. Some implications of target indeterminacy are discussed.
Section 3 reviews known differences between economic and engineering
control problems (dependence of models of the economy on changes of
government policies; time inconsistency). Section 4 adds some
arguments to the debate on causality and manipulability. In systems
theory the distinction between systems inputs actually used as
controls and systems inputs left as disturbances is clearly
determined, and the effectiveness of the control variables to drive
the system on target is established. In economics, in addition to
target indeterminacy, it is often unclear which variable is actually
used for policy. These questions do not seem to be adequately
addressed with Granger causality tests, which in fact relate to
causality in prediction and not to causality in control - a concept
yet to be developed. Finally, Section 5 discusses the possibility of
using the well-accepted empirical fact that many macroeconomic
variables appear to be integrated of order one (that is, their
changes are stationary), and that some appear to be cointegrated, to
the purpose of shedding some light on the problem of inferring

unknown targets from available observations.



2. Target indeterminacy in economic theory

Though the controller’s problem is a special case of (1), there
is 'a different emphasis between economics and engineering. In
engineering, control actions are purposefully determined with the aim
of driving a given system on target. Thus, the emphasis is .on. the
system (the physical object to control) and hence on the target,
Optimality, that is the opportunity of choosing among alternative
control actioms, is only a secondary aspect of the system control
problem. It is the specification of the target - in essence,; the
formulation of the control problem - that generates the problem of
choice. Without this specification the control problem  would be
indeterminate, and the opportunity for choice would not occur.

In economics the emphasis is on the concept of rationality of
behavior, that is on the agent's ability to establish a complete,
transitive ranking among available alternatives. Economic rationality
is identified with constrained optimality, and thus what is "system"
for engineers becomes for economists simply the set of constraints
that reduce the availability of alternatives. Plausibly, the
different emphasis between engineering and economics stems from the
fact that in engineering the system to design and/or to control is
given, and the targets are established outside the domain of
engineering; whereas in economics the focus is on modelling rational
human behavior, in which targets - when in fact agents formulate them
- are necessarily internal to the domain of investigation. It turns
out that formulating targets may be an unnecessary intermediate step
in the agents’ ranking of available actions.

To see this, consider for example the standard intertemporal
consumer  problem in which consumption/saving decisions are obtained
as the solution to an optimal control problem. This problem can be
formulated as in (1) with no explicit definition of targets:

max E e Tt U(e(t), w(t), A(t)) dr (2)
c(t) 0
subject to
A'(t) = rA(t) + w(t) - c(t)
A(0) = AO
c(t) > 0 for all ¢

where ¢, w, 4, r are respectively consumption (the decision), income



(the disturbance), asset capital (the outcome), and the interest
rate; A’ is the first time derivative of A.

Alternatively, as discussed for instance in Ermini [1988], a
notion of target - and correspondingly of a target-oriented control
problem in the sense of Figure 1 - can be introduced by decomposing
the overall intertemporal choice problem (2) into a two-level
hierarchy of subproblems. If A_ denotes asset capital at time T< w,

T
the performance criterion in (2) can be rewritten as

T

E f e yc,w,4) dt + E re'rt U(c,w,4) dt.
0 T

This formulation indicates the existence of two decision problems

coupled to each other through the definition of the intermediate

target AT. That is, problem 1:
T -rt
max E J e Ulc,w,A) dr
c(t) 0
subject to

AT(t) = rA(t) + w(t) - c(t)

A(T) = AT

A(D) = Ao

c(t) > 0 for all ¢ ,
and problem 2 %%ich is identical to (2) except for the limits of
integration.

For any given value of AT the two problems can be solved
separately. 1In particular, the first problem becomes a target-
oriented control problem. (Several intermediate targets Ai’ i =
1,..., m, could be introduced, but the extra structure would not add
clarity.)

To ensure that the corresponding optimal solutions are the same
as from (2), the wvalue AT must be properly chosen, This is
accomplished by solving a "coordination® problem of target
determination of the type

-T
iax Vl(AT) + {1+r) VZ(AT)

T
subject to appropriate constraints. Here Vi(AT)’ i =1, 2, are the
optimal values of the utility from problem 1 and 2; the maximand is
the indirect utility of the target.

In other words, the compact problem (2) can be replaced by a



two-level hierarchy of subproblems: the higher-level subproblem
determines the optimal target value by maximizing the indirect
utility function of targets. The lower-level contains a sequence of
two subproblems, of which the first is a target-oriented control
problem and determines the optimum consumption path for a given
future value of asset capital,

A similar example of decomposition can be based on the upper-
level sub-problem determining a bliss value of consumption for the
entire life-cycle, and on the lower-level sub-problem stabilizing
actual consumption along this bliss value. Again, the lower-level
reflects the scheme of Fig. 1.

As argued in the cited reference, though such decompositions
have an interesting (potential) appeal as propositions of consumers'’
behavior, they become redundant - in the context of economic
rationality - without costs of decision-making or costs of decision
implementation. In the absence of these costs, 'a rational agent has
no need to determine. intermediate capital targets or bliss values in
order to plan life-cycle consumption: alternative actions can be
directly ranked through the utility function as in (2), without
making them conditional on targets or on levels of bliss. It follows,
for example, that all models of consumption stabilization that have
appeared in the literature must be viewed as incomplete models of
consumption behavior: they correspond to an incomplete two-level
hierarchy, as the upper-level problem of determining the optimal
bliss value is missing,

In conclusion, in consumer theory there is no role for the
concept of target, unless consumers can be decomposed, by virtue of
costs of decision-making, into short-run automatic controllers (or
stabilizers) and long-run planners. This conclusion, of course, holds
for any intertemporal choice problems, and therefore it applies to
firm's and government’s dynamic models as well.

Another example of how the concept of target can have a role in
economic theory 1is offered by producer theory. 1In fact, the
decomposition between long-run planning and short-run target-oriented
control is imbedded in the theory of the firm through the
identification of the cost function, without appealing to costly
decision-making. Firm's decisions are obtained by solving the
following problem (it could be formulated as a dynamic problem

without affecting the nature of the discussion):



max p(q) q - c(q)

Conceptually, this latter problem reflects the control scheme of
Figure 1. Thus, by virtue of the cost function c(g), the firm's
problem is decomposed into the "manager's problem" of planning
production and into the "control engineer’s problem” of achieving the
planned production level despite external disturbances.

The government case is conceptually similar to the consumer
case, though the examples of incomplete system control problems are
more common. On the one hand, the literature abounds with models
where alternative policies are directly ranked through a global
welfare function - for example, the utility of a representative
consumer, as often adopted in the analysis of fiscal policy (for a
survey, see Aschauer [1988]). On the other hand, the literature also
abounds with models where govermment policy is the choice of actions
to achieve or stabilize exogenously given targets, along the scheme
of Figure 1. For the same Teasons seen in the consumer case, these
target-oriented problems of control or stabilization correspond to an
incomplete two-level hierarchy of models, in which the upper-level
problem of target determination is missing. Economic theory, in fact,
offers few insights on how the government establishes or should
establish its targets, and few insights on which economic variable
should be targeted. For a recent contribution to this problem, see
McKibbin et al [1987]. (Incidentally, since the government problem
does not seem to pPossess special features that make system control
theory more suitable to it than to consumer or producer theory, the
common understanding that govermment policy problems are the natural
recipients of system control theory is probably the result of the
scheme of Figure 1 being traditionally more easily recognizable in
government behavior than in consumer behavior.)

Remaining in the area of government policy, an imperfect

knowledge about government targets generates several problems and

government policy-making. In one instance, the imperfect information



held by the public about government targets, apart from offering an
interesting case of asymmetric information for the analysis of  the
repeated game between government and  the public, prevents
disentangling the estimation of the controller from the estimation of
the controlled economy. The necessity of knowing the targets in order
to interpret macroeconometric models is compellingly discussed, among
others, in Nickell [1985].

Another issue is a degree of confusion between the normative
and the descriptive purpose of solving government control problems;
that is, the issue of whether control problems are solved to design
government policies, or to interpret observed government behavior.
Apart from institutional considerations, the idea of an incomplete
two-level hierarchy for government behavior can rest on some
appealing descriptive grounds: only the lower level task of control
and/or stabilization can be formally modelled as economic rational
behavior, as the upper-level task of target determination seems to be
more often carried out through rules of thumb, -past experiences;
political bargaining, etc., which all escape formalization within the
current received theory.

In this regard, however, it seems that rules of thumb or
incomplete control schemes - for instance, schemes with no feedback -
still prevail in the literature at the lower-level of policy-making
as well. Examples are the two main menus available to drive the
economy to full employment. The Keynesian menu suggests a high tax
rate and a low money growth rate in period of booms, and vice-versa
in periods of recession. The Friedman menu suggests money supply
growth at a constant rate, consistent with an (average) desired level
of inflation, and suggests a fiscal policy such as to generate over
the business cycle a desired average level of deficit.

Another problem associated with the lack of theories about
target determination is the existence of many possible targets, and
the corresponding problem of choosing which policy instrument for
which target. Rules of thumb abound in this area too. . For example,
untill the early sixties it was common practice to view fiscal policy
as the instrument to control full employment, monetary policy to
control economic growth, and exchange rate to control the balance of
payments, with no sensible aknowledgment of possible cross-effects
among instruments, or possible side-effects on other economic

variables (for further discussions, see Swan [1960], Currie [1985],
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Vines [1987]). Incidentally, the existence of many targets, of which
some may not be explicitly stated in formal models, could be partly
responsible for differences in menus. This view adds an extra insight
to the commonly held view that differences in Keynesian and Friedman
menus are only due to a fundamental disagreement over what is the
correct model of the economy, and particularly over what is the
correct agents’ mechanism of expectations formation (for example,
Sargent [1979]).

Another problem in the applicability of system control theory
to government policy-making stems from a confused recognition of the
existence of a hierarchical order ameng targets. For example, once
the policy of setting money growth at a constant rate is decided upon
(to achieve, say, a specified target of inflation rate), a
subordinate "servomechanism” must be set up to achieve the desired
money growth rate. The control scheme of Figure 1, thus, can assume a
rather complicated structure, with several control actions nested
into one another in cascade. Figure 2 reports the cascade structure
corresponding to the case discussed in Litterman [{1983]: in order to
reduce the inflation rate r, money growth rate is set at a desired
value m, achieved by forcing the Federal Fund rate to a specific
value i, which in turn is achieved manceuvring the supply of federal
funds through open-market operations.

It seems quite reasonable to believe that the methods developed
by engineers in designing control structures in cascade could be
usefully transferred to this and other similar cases. Consider, for
instance, such important issues for policy-makers as the frequency
and/or the timing of control actions (at any level of the cascade),
or the coordination of performance criteria (for instance, as in
Litterman, a trade-off between achieving the target m exactly and
reducing the volatility of the Federal Fund rate).

Similarly, it seems reasonable to believe that system control
theory can also contribute to solve other problems mentioned above.
However, it 1is important to keep in mind that, given target
indeterminacy, system control theory can only contribute to analyze
incomplete models of government behavior, where targets are
exogenously set. In this respect, system control theory is a tool for
normative policy-making: it addresses questions of what policy should

be enforced and how and when, for a given specific set of targets.
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But it may be unsuitable for descriptive economics. Not only because
of target indeterminacvy per se (consider the ambiguity in the
literature about which targets the government was following at any
particular time), but also because target indeterminacy affects the
public’s (and the economists’) ability to infer correctly the

behavior of the whole economy.

3. Targets and the structure of macroeconomic models

One of the most common reasons proposed in the literature to
explain why system control theory has had a limited impact on
government policy-making is that economic systems, unlike engineering
systems, are "intelligent" in the sense that they can incorporate
knowledge (and expectations) of policy rules in their response to

policies (for instance, Sargent {19791, Currie {19857]).

This “"rational expectations” wview provides a convincing
argument to the conclusion - referred to as the Lucas’ critique
(Lucas [1976]) - that the structure of economic systems, unlike

engineering systems, changes if policy rules change, and if policy
expectations are not invariant to such changes. However, the idea
that system control theory has limited scope in economic analysis
because only economic systems have such a property cannot be accepted
by engineers. The notion of rational expectations as the use of
models of the system to derive expectations about its future behavior
has always been implicitly incorporated in engineering practice.
Furthermore, it is not true that engineering problems entail only
games against nature, as opposed to government policy problems that
entail games against other "intelligent™ players. A classical example
is the gun-guidance system of anti-aircraft defence.

In effect, the reason that economic systems are intelligent and
engineering systems are not should be replaced by the reason that in
engineering the targets are well specified, whereas in economics
government targets (to remain in the area of govermment behavior) are
often ambiguous, elusive and ill-perceived. In the example of the
gun-guidance system, both players know that the system’'s target is to
destroy the oncoming aircraft. In the government case, the public may
have difficulties in knowing whether at a particular point of time
the government target is employment, or the inflation rate, or the

trade deficit, or exchange rate volatility, or even defence spending,
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etc., or some of the above suitably coordinated.

Since the structure of the economic system depends on which
target is perceived by the public to be behind a given policy, a
change in perception about targets leads to a change of structure.
This property of economic systems, then, derives more from a
confusion about targets (and hence from a confusion about policies)
than from an alleged "intelligence" of economic systems in contrast
to engineering systems.

The following is an example of how two different perceptions
about monetary policy can affect agents’ behavior (see Currie [1985]
for further discussion): if money growth is perceived to be targeted
on a specific rate, then when the actual money rate overshoots the
target, the exchange rate will appreciate because agents know that
the money supply will soon be reduced in order to bring the money
growth rate down on target. This increases the interest rate, which
in turn appreciates the exchange rate. On the other hand, if money
growth is perceived to be non targeted to a specific wvalue (for
instance, it is perceived to be irreversible), then the resulting
price increase will be viewed as permanent, and consequently the
exchange rate will depreciate. As another example, the permanent
income. hypothesis of consumption  behavior offers a case of how
consumption can react differently to a change in tax rate, according
to whether this change is perceived as permanent or transitory. In
the first'instance, the permanent income would be affected to a much
larger extent, and hence consumption would too.

These different perceptions can be the result of a lack of
knowledge by the public about which targets the govermment is
actually pursuing. This asymmetry of information about targets could
be purposefully sought after by the government itself, if one
subscribes to the modern view of rational expectations theorists
whereby, for example, the monetary authority can influence the real
economy only if it has some extra information that is not available
to the public. If this view is accepted, it follows that the main
difference between economic and engineering systems - elusiveness of
targets - does not rest on an intrinsic structural property of
economic systems, but stems from a purposeful government strategy
aimed at having an effective role in the economy.

Finally, the dependence of economic systems on policy changes

raises the important issue of inconsistency of optimal policies - or
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equivalently of sub-optimality of consistent policies - as discussed
particularly in Kydland and Prescott [1977] and Prescott [1977].
Briefly, a consistent policy is the optimal policy for a given
current situation. It can be shown that, if the economic system
depends on future policies (for instance, through expectations), this
policy is in general different from the optimal policy evaluated in
the past for the same time period. Therefore, there is an incéntive
to renege on previously determined policies; that 1is, these policies
are inconsistent. '

As argued in the cited references, the incentive to renege
optimal plans can contribute to economic instability, or make a
stable economy unstable. Given the viewpoint of this paper, however,
it should be noticed that the literature in this field assumes that
agents know both the targets and the policy instruments adopted by
the governing authority. The effect of target indeterminacy, or of
uncertainty about instruments, on time inconsistency, if any, have

not yet been explored.

4. Manipulability. and causality

Manipulability is used here to mean the ability of the
controller to affect a system variable through changes of other
system variables. Causality is intended in the Granger sense, as
defined and discussed in Granger [1969] and Granger [1980]. For a
brief review of the concept of Granger causality, suppose that we are
interested in assessing whether an economic time series X, "causes"”

another series Ve In the Granger sense, x_ causes Ve if it contains

unique information about future wvalues of'gf which is not available
in other economic time series. Thus, Granger causality is a relation
of predictive power, conditional on specific information sets. Let Jt
be the information set containing past and present values of Ve and
other economic wariables, but not of X, - Let Jt’ be the set
containing also past and present values of X, - JC’ could be the
universal information set. Let f(yt+n{JC) be the conditional

probability distribution of Y en given Jt’ Then:

gl) X, does not cause Y 40 with respect to Jt if

£V einde) = £ 7
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(ii) X, is a "prima facie" cause of Y ein with respect to Jt if

£ # £y, 19,).

The qualification "prima facie" reflects the possibility that, by
enlarging the information set Jt with inclusion of more variables,
the causality of X, disappears. Of course, “if X, does not cause Y een
with respect to Jt' it will not cause it with respect to any enlarged
information set. To make these definitions operational, it ig
customary to restrict the attention to the first moment of the

distribution, so that

(iii1) X, does not cause Yein in mean with respect to Jt if

Ely inldcd = ElY V'] (3)

{(iv) X, is a "prima facie" cause in mean of Y e4n with respect to Jt
if

ElYpqlVed # Ely,, 19,7]. (4)

It is also customary to limit  the definition of causality to the
next-period value, Va1 This is also done here, so that definitions
(3) and (4) applied to Y41 will be simply referred to as "x Granger
causes y". It is important to note. that if X, is a deterministic
function of some of the series in Jt, then it does not cause y.

This definition of causality is, of course, controversial. For
a review of the criticism and a defence, see Zellner [1979] and
Granger [1980]. Its misuse can lead to paradoxical cases of spurious
causality, as for example the case discussed in Granger [1980] of
lightning and thunder: since lightning helps predict the occurrence
of thunder, lightning Granger-causes thunder, even if in fact the two
events are generated by the same (unobserved) cause at different
times,

A typical case of misuse of the concept of causality is when it

is ambiguously interpreted as physical causation, even if empirically



15

where tests of Granger causality are mistaken for tests of policy
effectiveness (that is, of manipulability). To establish the relation
between manipulability and Granger causality, suppose that the true

model of the economy is

y = f(xl,..., xn) (5)

in the sense that any change in a single variable of X = {xl,..., xn}
changes y, but any change in any variable contained in the complement
set of X does not. So, X is the set of "physical™ causation. The
variables in this set are the variables that enter the agents’
decision rule, including mechanisms of expectations formation. (A
parallel example from physics would be that pressure is a physical
causation of the boiling temperature of liquids, in that a change of
the former affects the latter.) Manipulability is obviously
associateed with X: a controller having the ability to set some of
the x’'s at will has the ability to affect y.

Instead, Granger causality is associated with the econometric

model that economists can build for (5), of the type
y - g(zl,..., zm) + u (6)

where Z = (zl,..., zm) is the set of exogenous observed variables,
and u is a stochastic error which captures, inter alia, the effect of
not observing some of the x’s, the fact that g usually belongs to a
restricted class of functions for mathematical tractability, the
randomness introduced by aggregating over agents, etc. Since the =z
variables are included in g(.) only on a purely statistical basis
(correlations), Granger causality is obviously associated with the
set Z.

It is easy to see that the set Z does not contain the set X,
nor is it contained by it. Thus, in general, Granger causality is not
a sufficient nor a necessary condition for physical causality.
Moreover, physical causality does not imply manipulability, as only
some of the variables in X are in general available to a controller,
An example of a variable of physical causation that is not present in
Z is the case of common factors, as discussed in Granger [1984]: the
decision rule (5) wusually contains a number of agent-specific

variables, such as age, occupation, education, location, sex, race,



16

etc; and a number of factors common to all agents, such as interest
rates, tax rates, publically announced forecasts, ete. Granger shows
that under certain circumstances, when aggregating individual
decision rules over the entire population, the statistical relevance
of some individual factors may disappear. Thus, physical causality
does not imply Granger causality.

A case of a variable of Granger causation that is not present
in X is the previous example of lightning and thunder: the relation
of spurious causality between lightning and thunder is due to the
existence of a common cause. Another example of common cause, cited
in Kalman [1982] in a different context, is offered by the biologist
Francis Galton who found a very high correlation between fathers'
height and sons’ height. Whereas the great predictive power of
fathers’ height for sons’ height would allow one to conclude that the
former causes the latter in Granger sense, it is certainly not true
that the former is a physical causation of the latter.

Incidentally, in both examples it is possible to dismiss
spurious causality as a case of unobserved common cause only because
some extra structure, or some extra knowledge, is available to the
investigator. For example, the knowledge of the physical process of
electrical discharge in the case of lightning and thunder, or the
knowledge of the process of transmission of genetic codes linked . to
human height. If all the z variables not included in X were found to
be caused by some subset of X (including some unobservable x's) - for
instance, because some extra knowledge is available to recognize the
presence of common causes - then Granger causality would imply
physical causality. However, for example, the literature on the
effects of sun spots on the real economy shows that, under specific
circumstances, predictions based on wrong  Granger .. causal
relationships can be fulfilled, thus demonstrating that sun spots -
which of course cannot be caused by any x - belong to Z but not to X.
Thus, Granger causality does not imply physical causality.

Another argument against the use of Granger causality tests for
policy effectiveness is that feedback control schemes destroy the
link - if any - between manipulability and Granger causality. To
discuss this issue, suppose that the true model of the economy - (the

system S of Figure 1) is

Y. = a yt-l + b mt~1 + ¢ Xt-l + u, (7)
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where u, is a white noise disturbance, m, and X, are system inputs,
and Ve is the system output. Suppose also that the public knows that
the government policy instrument is m and not x; that is, in terms of
Figure 1, dt - [ut, Xt]' Notice the time lag at which system inputs
affect the output: in (7) it is implicitly assumed that physical
causality cannot be instantaneous. (For a discussion on the
plausibility of this assumption in a discrete-time framework, see
Granger [1980b] and Granger [1985]). It is also assumed that the
economy consists only of government and public, and that whatever
action the government takes, it will not affect the structure of the
economy. Finally, it is also assumed, without loss of generality,

that if an agent observes the three series yt, m , x

‘ £ the parameters

of the economy can be estimated without error.

Suppose the government has a target r, for Y., and determines
at time t-1 the wvalue of the control m._q
quadratic deviations of output from target. Then the optimum control

would be:

80 to minimize the

-1
mt-l = - b "[a yt-l + ¢ xt-l - rt~1] (8)

where Ty indicates that the government knows the target for ¥, at

time t-1. By implementing (8) we get:

Ve = rt-l + u, . (9

Equations (8) and (9) form the basis for the criticism against
the use of Granger causality tests in control situations (see, among
others, Sims [1972], Sargent [1976] and Buiter [1984]). For any agent

having access to the information set {yt-j’ J>1}, the

x ., r,_ .,
control m cannot possibly appear as a Granger—c:;ge o;:; because (8)
is a deterministic relation. Moreover, if the target is non random
(as usually assumed in the literature), then from {(9) the best model
for output would be a deterministic component plus white noise,
observationally equivalent to (7).

The conclusion that by nature of feedback control a Granger
causality test will always fail, even though the variable in question
is indeed wused for control, is challenged in Granger [1988]. To

counteract this conclusion, Granger introduces an implementation
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error in the control action:

-1
m_q =" b [ a Veop * € X, q0° rt-l] + Uy g (10)
with u,. ;@ white noise series. Consequently
Ve = r..;* b Uy * u, (11)

and clearly with respect to the same information set as before m_ now
causes Ve in the Granger sense, since it contains, as seen from (10),
unique information about Uy, - Incidentally, the presence of a non
systematic error in policy implementation finds theoretical support
in the rational expectations view that a policy to be effective must
be contaminated with noise.

The main conclusion is that if a wvariable m is physically
causing y and if it is indeed used for a feedback control action,
then there may exist circumstances in which Granger causality tests
fail to detect manipulability, and others in which these tests do not
fail. In other words, if one knows the government target and the
policy instrument actually used, then it is not necessarily true, as
claimed in some literature, that Granger tests convey no information
about policy effectiveness.

However, this conclusion does not address the really ‘important
questions about policy effectiveness: how can an "external"” observer,
such as the public, infer from the available observations whether the
economy 1is wunder government control; and if so, which control
variables are used, and for which target.

For example, if the public observes the same information set

available to the govermment, {yt—j’ J>1), the

Xejr Teepr By
public readily concludes that the economy is under control by
regressing the equation of the economy (7) and the feedback rule
(10). However, it would be impossible for the public, in the absence
of extra structure, to infer whether the government is using m_ or X,
(or both) as control. With the given information, the public can

estimate, instead of (10), the following feedback rule:

-1
¥.g~= ¢ lay ;tbm , - Tyl - bleuy,

and a Granger causality test would determine that X, causes Ve with
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respect to {y , j>1}, even if in fact the government is

e-j’ Pe-jr Te3
manipulating m, . This example shows that even if Granger causality
tests do not fail, they still do not convey the type of information
about manipulability that one would expect in judging the
effectiveness of government policies.

In conclusion, three different possibilities arise against the
use of Granger tests as test of manipulability: (i) even if a
specific variable m physically causes y without feedback control, it
is possible that when feedback control is applied the causal relation
disappears; (ii) even if a specific variable x physically causes y,
it is not necessarily the one used as a control variable; (iii) it
may be possible that an economic variable is chosen as policy
instrument to target a certain outcome, even if in fact it does not
physically cause that outcome.

A final remark relates to the importance of knowing the target
r,. Suppose the public observes all the variables in the economy,
except the government target. Then the public estimates the model of

the economy (7) and possibly the feedback rule:

-1 ;
mt-l = - b "[a yt-l + ¢ xt-1] + uBt-l (12}

where now Ug, is not necessarily a white noise series.

Correspondingly

Ye = Ugpg t Y,

and hence with respect to the information set {yt~j’ Jj>1} the

X,
series m_ would still be seen as Granger causing ;t{ since it
contains unique information about Ug, - However, this type of Granger
causality cannot be interpreted as a form of manipulability, because
the public has not enough information to distinguish whether (12) is
the result of a purposeful government action or it is simply an
additional equation of the model of the economy, with the economy
under no apparent control. Thus, when the public does not know the
government target - provided there is one - Granger causality tests,
even if positive, do not help in establishing whether the economy is
under control or not. The public does not have enough information to

disentangle the controller from the system.
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5. System stability and cointegration

The fact ‘that many important economic variable appear to be
integrated of order one - that is, to have the property that their
changes are stationary (integrated of order zero) - and the recent
development of a concept of cointegration (Granger [1983], Engle and
Granger [1987]) might provide useful insights to the problem of
inferring government targets from observed macroeconomic variables,

For a brief review of concepts, Y. integrated of order one is
indicated as Ye = I(l), so that Ayt ~ I(0). I(0) processes have
bounded variance, have finite or exponentially decaying memory, and
cross their mean wvalue - say zero - in finite average time. I(]l)
processes have a variance proportional to the time elapsed since the
process started, have infinite memory, and cross their mean value in
infinite average time. In general, if yt and r are I(1), so are all
linear combinations of these variables. However it is possible that
for some processes there exists a constant b such that (y - b rt)
I(0). In this case, Ye and r, are said to be cointegrated. Thus,
while Ve and r, wander around with only some very chancy crossing of
the mean line, that particular linear combination is frequently zero.
For this reason, cointegration is obviously associated with the
notion of equilibrium in the economy: economic theory provides a
reason for certain variables to be in equilibrium - that is, y = b r
- but in practice these equilibria are not attained at every period,

Cointegration can also be clearly associated with the relation
between outcome and target in a control problem (with b = 1),
provided both variables are I(l1). In fact, it is certainly not true
that the outcome is driven precisely on target at every period.
Equations (9) or (11) support this notion: if both Ys and r, are
I(1), then their difference under optimal control is a white noise
series. Nickell [1985] provides a broader theoretical support for
this notion, by considering optimal controls based on minimizing
costs of adjustments, in addition to square deviations,

On the ground that, in order to make sense, a control action
must generate stationary deviations, Granger [1988] derives some
necessary and sufficient conditions for the parameters of the model
of the economy and of the control rule, so that Ye and r, are I(1)

but their difference is I(0). In particular, it is found that if the
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outcome of a controlled system is observed as I(l1), then the target
must necessarily be I(l) as well. This result, for example, entails
that, since GNP appears to be integrated of order one, if the
government 1s targeting GNP to full employment, then the mnatural rate
should also follow an integrated process of order one. It is also
found that in general the control variable and the outcome under
control are not cointegrated.

In what follows, additional results will be derived for the
special case in which the control rule is a linear function of
current and past deviations only, in line with the early tradition of
PDI (proportional, integrative, derivative) automatic controllers in
engineering. For simplicity of notation, the reference to both
disturbances X, and u, will be dropped. Thus, indicating with B the
lag operator, that is Ve = B Y the control scheme is based on the

two following equations:

¥, = P(B) m (13)
m_ = C(B)(rt - yt) (14)

where P(B) is the model of the economy and C(B) the control rule.
Thus:

Yo = 6B r,, G(B) = P(B)C(B)/[1 + P(B)C(B)]  (15)
m_ = H(B) r., M(B) = C(B)/[1 + P(B)C(B)] (16)

Firstly, consider that any instability of the economy (any root
of the polynomial P(B) greater or equal to one in absolute value) can
be eliminated by designing a control rule ¢(B) such to cancel
unstable roots from the product P(B)C(B). For example, if r, =~ I(0)
and one observes Y. to be I(0) as well, but economic theory says P(B)
= Q(B)/(1-B) with Q(B) stable, then the control rule C(B) = (I-
B)C'(B) with C’(B) stable would stabilize the overall controlled
system G(B).

Furthermore, suppose that both P(B) and C(B) are stable. Then
Ye = I(1l) <=> r, -~ I(1). This result clearly follows from (15).
Moreover, from (16) r, o~ I(1) <=> m,_ -~ I(l). By stationarity of C(B),
however, from (14) if e = I(1), then (r-y) ~ I(l) as well; that is,
target and controlled outcome are not cointegrated. It follows that

(r-y) ~ I(0) only if C(B) = C’(B)/(l1-B). Notice that in this case
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both G(B) and M(B) remain stable. This result shows that if r, and Ve
are I(1l1), then in order to stabilize the deviations between target
and controlled outcome, the controller manipulates - as a linear
function of the deviations - the rate of change of the controlled
variable, and not its level.

For example, if the manipulated variable for GNP targeted on
full employment is the govermnment budget deficit, this result is
consistent with the simple Keynesian menu of increasing deficit in
periods of recession and decreasing it in periods of booms. Note that
with such a control scheme, the deficit will follow an integrated
process of order one, and thus will cross its zero mean value in

infinite average time.

6. Conclusions

This paper discusses some old and new . reasons why system
control theory has had only ‘a limited impact on economic analysis,
The lack of knowledge about targets - typical of many applications in
economics -  emerges as the most important difference between
engineering systems and economic systems. Whereas this 1lack of
knowledge would not pose any problem in normative policy-making, it
generates several problems . for descriptive economic analysis.
Possibly, some light on the ability to infer unknown targets. can be
shed by the use of some recent empirical and theoretical advancements
in time-series analysis, such as cointegration,

Another problem is posed by the lack of knowledge about the
policy instruments that the government is actually manipulating in
any specific situation. To this regard, Granger causality tests do

not seem helpful.
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