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CHAPTER I
INTRODUCTION
MOTIVATION OF THE PROBLEM

sThe rise of nationalist movements and the attain-
ment of independence in the fifties and sixties, most
especially, in developing nations of Africa has been
parallelled by an equally rapid growth in the number and
scope of national development plans.l A development plan
is many times viewed by these African states as one of the
main characteristics of sovereignty, since the plan sym-
bolizes an effort and a means of generating rapid improve-
ment in the standard of living of the people. The very
ubiquity of development plans in developing nations,
however, raises questions as to the meaning of the term
"plan". Even more serious doubts are raised by the fre-
quent lack of meaningful economic goals: In 1959, for
instance, the National Economic Council of Nigeria gave
a vague directive that "a National Development Plan be
prepared for Nigeria with the objective of the achievement
and maintenance of the highest possible rate of increase in
the standard of living and the creation of the necessary

w2

conditions to this end . . The current Nigerian

development plan (1970-1974) has an even more ardious task



of expressing the stated national objectives in realistic
economic goals. The stated national objectives are: 1) a
united, strong and self-reliant nation; 2) a great and
dynamic economy; 3) a just and egalitarian society;

4) a land of bright and full opportunities for all citizens;
and 5) a free and democratic society.

- Jan Drewnowski3 defines economic planning as "a
policy which sets its objectives in the form of quantita-
tive targets to be reached at a determined time . . .
Targets set in the plan must be, of course, feasible. To
make sure that they are so, they must be derived by con-
fronting policy objectives with the available resources
of the economy and their possible uses." In essence,
policy formulation lies at the very core of development
planning. While there are general discussions of political
decisions or intentions in the development plans indicated
above, there are no clear underlying economic strategies
by which these intentions are to be realized. Individual
projects and even sectorial programs are determined
independently or without a clear strategy coordinating
them.’ In most cases what is presented as a plan is no more
than a shopping list of miscellaneous projects, which by
themselves may be sound but may be at the expense of some
policy targets. It is not surprising, therefore, that
failure of plan objectives to correspond not only with

actual results but with subsequent government action is



frequently reportedf‘ A number of arguments have been
advanced to explain the causes of the failure of some of
these plans. Amongst such arguments are those based on
a lack of such factors as capital and manpower and
unrealistic plan gcals. While these arguments are
relevant in explaining the failure of the individual
programs or projects, they do not adequately explain the
failure of the plans to achieve the overall plan objec-
tives.’ We submit that a major limitation of these plans
is the wide gap between the policy objectives and program
or project analysisj There is need to bridge this gap,
by relating the project analysis to the overall objectives
of the plans. Such a bridge may be provided by an aggre-
gate econometric model. In the framework of planning, an
aggregate econometric model may provide the linkage
between political decisions and the individual programs.
It is the location in the plan flow-chart where political
intentions‘;;;wéivéﬁ economic content. Furthermore, the
Jimplementation of fhi; stage facilitates interaction
between policy makers and planners on the one hand and
between planners and project analysts on the other hand,
thus matching political intentions with what are feasible
and actual plan performance. ~

The realization of the importance of this linkage
in economic plans can be traced back to the late 1940s and

early 1950s in the United States. This awareness led to



the building of small econometric models like the Klein
(1950), Klein-Goldberger (1957), and Suits (1961) models.
As the economy of the United States developed and became
more complex, these models were extended and strengthened.
Nigeria is at a comparable state of development, as the
United States was in the early 1950s, in that she can
gainfully utilize similarly simple small scale econometric
models. Furthermore, technology is now available for the
analysis of such models at modest costs making them
feasible alternatives. We, however, note the reluctance
of planners in developing countries to employ (albeit in

a modified form) policy models that have been developed
and tested in other countries. The Nigerian plan (1970~
1974, p. 43) points out that "the emphasis of this plan

is on the development of a comprehensive and inter-related
set of policies, projects and programs of action. Model
building of theoretical growth process has not been given
a pride of place, except to the extent that it may help

to throw marginal light on some operational problems of
development policy. National accounting has therefore
been used, not so much as a prop for a particular growth
model, but as a macro-economic frame of reference for
checking the internal consistencies of the plan". Such
statements reflect a lack of faith in the efficiency of
model building as an important process in plan formulation

and execution. On the other hand, the planners in



developing economies may be overlooking the full range and

useful features of planning models that already exist.

A REVIEW OF ALTERNATIVE PLANNING MODELS

A number of macro-economic models have been
developed and applied with some measure of success.
Developing economies, such as Nigeria, can gainfully adapt
some of these analytical models to provide an initial
logical basis for studying the implications of alternative
policies.

The list of econometric models for policy formula-
tion from which they can choose range from the less
restrictive General Systems computer Simulations technique
of G. Johnson et al. (1973) to Theil's approach (1968)
which is more restrictive in terms of application. A
simulation is a means of computing the consequences
through time--in the light of what is known--of contemplated
courses of action. The General Systems Computer Simulation
approach emphasizes a very close interaction between the
planners and the decision makers. Its claimed strength
lies in the flexibility of the model. It is flexible in
the sense that it employs other techniques such as linear
and non-linear programming, equilibrium simultaneous
equations with parameters estimated statistically from time
series data, input-output table analysis and cost and

benefit analysis. Thus different sources of prior



restrictions are utilized. Unfortunately, however, this
claimed flexibility is also a major source of weakness.
Since many of the.pérametars are determined exogenously,
no probability statements can be made about them.
Furthermore, a huge amount of information is required,
thus making the building of the model very expensive and
time consuming. The developing economies are not likely
to be in a position to devote the amount of resources
required to such a model. The General Systems Computer
Simulation model which is an outgrowth of the Consortium
for the study of Nigerian Rural Development (CSNRD) ex-
perience (1969) is designed to indicate the effect or impact
of selected programmes or policies on certain specified

objectives. The model takes the general mathematical form:

Yeop = F [¥(B), alt), g(t), y(£)] .. . . (1.1)

Where,

¢{t) is a given state variable, a(t) is a set of
parameters that define the structure of the system, g(t)
is a set of exogenous variables that influence the system's
behavior and y(t) is a set of variables which can be
controlled to alter the system's performance in various
directions. The model as formulated is a building block
or recursive system composed of inter-related functional
relationships which can be broken into components and

can be solved independently of each other. Further, prior



specification of a single performance criterion to be
maximized or minimized is not required.

A more formal simulation model has been suggested
by Naylor (1970). In the case of a linear econometric

model, the form:

P
AX, + BY, + jilnjyt_j +CZ  + D=0, PR ¢ T &

as specified, where,
xt is a vector of exogenous variables not under control of

policy maker, Y,  is a vector of endogenous variables (tar-

{ o
get variables). 2, is a vector of exogenous variables

e
under control of the policy maker (policy instruments or
controlled variables) and U, a vector of stochastic dis-
turbance terms. A, B, C, D are coefficient matrices con-
taining parameters that can be estimated by variocus statis-
tical methods from time series data. A target or non-
controlled variable is a variable which although of
interest to the policy maker, it is not controlled by him
or at least beyond his control to a sufficiently appreciable
degree. A policy instrument or controlled variable is a
variable over which the decision maker may exercise dis-
cretionary power. It is a means by which he achieves or
realizes the target. Essentially, Naylor's model is a
forecasting model. We solve the set of simultaneous

equations (1.2) for the reduced formS as:

1 1

5 -1 B = ol
Y, = - B Iax, - B @ B,y -8 lcz, - B
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and generate the time path of Y, a vector of target

variables. The exogenous variables X,  are read into the

t

computer as data, Y have been generated in previous

t=]
periods and fed back into the model in period t, the
policy variables are specified by the planner and the
stochastic disturbances are either suppressed or generated
by an appropriate computer subroutine. Thus we only need
to ask the policy maker what target variables are of
particular interest to him and the sets of policy
variables which appear politically feasible. 1In addition
the planner may propose a few policies of his own for
consideration by the policy maker, thus making for a
healthy interaction between the planner and the decision
maker. The policies are then put to similar test. The
decision rule then becomes one of the policy maker select-
ing the policies most compatible with his preference
function (which is unknown to the planner). The applica-
tion of the simulation technique for planning purposes

is limited by the non-linearity of economic systems which
makes solving for the target variables or reduced forms
difficult. Furthermore, the simulations may in no sense
resemble the behavior of the system that they are designed
to emulate., Additional problems arise in estimation if

in a simulation experiment, the coefficients of an econom-
metric model are random. Experience with Klein-Goldberger

model (1957) indicates serious difficulties in solving



the model when this is the case. Moreover, the results
for deterministic simulations are quite different from
those of simulations with additive shocks.

Timbergen's (1952) approach to planning is for
the policy maker to specify a fixed target value for
each of the endogenous variables. For given values of
exogenous, lagged endogenous, and stochastic variables,
the equations of the model (1.2) are solved simultaneously

for the set of values of the policy instruments, 2 that

£
are consistent with the targets. One problem in the
application of Timbergen's technique is that when the
number of policy instruments is less than the number of
targets, a solution is impossible. And when policy
instruments are more in number than targets, an infinite
number of solutions will be possible. Thus the problem
of balancing the number of equations and the number of
policy instruments may be a serious limitation of the
Timbergen approach. An outgrowth of Timbergen's approach
is Theil's approach (1968). Theil also assumes knowledge
of the social welfare function, W, of the policy maker.
But while only targets (flexible or fixed targets) appear
in Timbergen's welfare function, both targets and policy
instruments enter Theil's social welfare function. Thus

with a criterion function of the form:

wt = wt(Yt, zt) e o« . o(1.4)
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the strategy is to find Y., Z that maximize W_ subject

t t

to the constraints imposed by the econometric model of
the form (1.2). The question of existence, and the
problem of a quantifiable approximation to the social
welfare function is discussed later.

When several performance criteria can be trans-
formed into a single basic objective along with necessary
and appropriate constraints on resources, technology and
institutions, R. Day (1963) has suggested the use of
linear/non-linear recursive or dynamic programming models
to determine the best policy from all the alternatives
considered. Day's approach marked the beginning of
sequential decision making in development planning. The
most important use of programming in a policy model is
that it allows, through duality theorems, the develop-
ment of a set of "shadow prices" as implict evaluators
or "efficiency indicators" of fixed resources. An
important limitation in the use of such procedures,
however, is that the optimal solutions cannot, in general,
be stated analytically in terms of the parameters of
the model. Furthermore, non-linear programming methods
are generally very complicated and computationally costly.
As Chenery (1962) has emphasized in the context of
developing economies, "the principal obstacle to the
adoption of the programming solution is the lack of
information and the high cost of increasing it. Given

the existing lack of data, the mathematical programming
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formulation does not correspond to the planner's view of
his problem". Alternatively, Chenery (1962) has proposed
a policy-oriented model similar to the regional input-
output model used by Leotief (1953) and Chenery, Clark
and CaoPina (1959) to explain regional production levels
in different sectors. His supply-oriented model seeks

to explain the sectorial and regional shares in Gross
National Product (GNP) growth in terms of, annual growth
in exports, average income elastjcity of total demand in
each sector, fraction of total supply of each commodity
furnished by each region and regional transfers. Further-
more, GNP, national export and regional transfer are
assumed exogenous to the model. Chenery's model suffers
from the limitations that it focuses mainly on supply
patterns, and that policy decisions are not derived with
a framework of an explict preference function of the
policy makers.

A model placing main emphasis on demand patterns
has been suggested by Taylor (1969). He proposes a simple
simulation model based on the assumption that steady
Domar-type economic growth prevails in a three sector
economy where only one sector (industry) directly produces
investment goods.6 The model fits cross-section regression
equations into input-output accounting relationships from
which it generates value-added shares of three aggregate

producing sectors as functions of income and population.
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The technique thus provides a useful means for evaluating
the importance of the various final demand components
(consumption, investment, etc.) in "causing" structural
change and can be utilized in identifying the main factors
influencing these demand components. The regression

equations used take the form:

InX = a + b(lnY) + c(ln¥)? + d(1nN) ... .(1.5)
where,
X is the dependent variable, Y is per capita income and N
is population. These equations were then estimated by
the ordinary least squares method (OLS). Taylor's results
support the hypothesis that industrial shares in large
countries have a declining elasticity with respect to per
capita income, while the elasticity is constant in small
countries. Furthermore, the service share of GNP tends
to increase with per capita income at a fairly constant
elasticity, indicating a demand shift towards service
sector of the economy as per capita income increase.
Taylor's partial equilibrium approach to development
planning is inadequate in the sense that the model provides
no way of finding out how well the model performs. The
technique as applied merely indicates the presence (or
absence) of structural changes while there is no indica-
tion as to how the magnitude and direction of these

changes can be controlled using appropriate instruments.
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Chenery and TaylorSapproaches represent two
competing views of development models in the literature.
These views are, supply-oriented models of neoclassical
type and demand-oriented of the Keynesian models. In
the case of the former, since there is no explicit treat-
ment of demand, the growth in output is a function mainly
of supply parameters while in the latter, only demand
parameters are important determining factors. Growth
and sturctural change in an economy are, however,
influenced by both supply and demand characteristics of
factor and product markets. 1In the recognition of this
fact, Kelley et al. (1972) propose a model of a dual
economy within the framework of neoclassical assumptions.
It is a generalization of Jorgerson (1961) and Fei and
Ranis (1961) models and it is specifically adapted to
low-income, developing economy characterized by dualism
in production, consumption and demographic behavior.
Kelley et al. incorporate the existence of rural-urban
differences in consumer behavior, demographic behavior
and production conditions in both their static equilibrium
and disequilibrium models, thus providing a strong empirical
evidence of rural-urban dichotomy. Furthermore, their
models investigate inter-sectorial movement of factors
from sectors of low productivity to those of higher pro-
ductivity. A comparison of the results obtained from the

two models highlights the relevance of disequilibrium
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specifications of the growth process in developing
economies. A simulation technique is employed in generating
the line path of the endogenous variables with parameter
values obtained from outside sources. For any given set

of parameter values and initial conditiens, however, a
variety of time paths can be generated for the endogenous
variables, thus limiting the possibilities for exploring
further the qualitative properties of the system. Other
limitations in the application of Kelley et al. approach
include their assumption of a closed economy, whereas
foreign trade is a very important sector in many developing
economies. Furthermore, their models share in a c¢riticism
common to most development models in that they have not
given an explicit recognition to the sogial welfare of

the society in_the determination of the peolicy decisions.

| The conclusioen drawn from the alternative models
discussed above is that it is not easy to develop a single
model that will capture all the relevant characteristics

of an eédnomy. The choice ofapolicy model will depend

very much on what policy guestions are to be answered. Irre-
spective of whether we give more emphasis to demand or
supply chafacteristics, however, a development model

should provide an explicit specification of preference
function of the policy makers as Timbergen and Theil have
done. Above all, for the model tc¢ be of any practical use,

it should be relatively simple and analytically tractable.
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NATURE OF PROBLEM

The suggestion is that within the framework of
Theil's approach, Nigerian planners can evolve optimum
economic policy decisions. Theil amongst others has
stressed the need to specify a social welfare function in
the steering phase of a development plan. The strateqgy
is then to maximize (or minimize) this social welfare
function subject to the constraints of the economy which
he suggests should be of the form:

AY + BX = 0 . . . ) . ) « # » a (1-6)

'y

where,

A is fhe.coefficient matrix of the endogenous
variables (targets); B is the matrix of the predetermined
variables (including policy instruménts}, Y and X are the
corresponding vectors of variables. The argument is that
if we simultanecusly take account of the impact of the
instruments on the targets and the social welfare, we
inevitably select optimum policy instruments.

" The issue on the use of a social welfare function
for'edoﬁdmic policy formulation has generated a lot of
interest and controversies. As these controversies in-
volve very substantive conseguences, these controversies
about a social welfare function must be understood if we
are going to use it for analysis. Even when we are decided

as to a welfare function, a justification for adopting a
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particular structural model or constraint for Nigeria is
needed. The estimated structural model may not be satis-
factorily ven'.fied.? The possibility of this suggests we
seek further information 6n the estimated model by deter-
mining whether the model's optimal economic behavior, with
respect to some specified criterion function, is consistent
with accepted tenets of economic theory. 1In particular, we
need to investigate the dynamic properties of the estimated
structural model prior to its utilization for the study of
economic policy.

The actual form and representation of a structural
model for Nigeria is not known. Moreover, the economy is
conceivably characterized by frequent structural changes.
As a consequence there is, in particular, uncertainty with
respect to the values of the parameters of the structural
model and, in fact, the structure itself., A sequential
analysis of the Nigerian data as more information becomes
available is, therefore, suggested. Furthermore, the need
to design a flexible plan which has a learning process of
adapting to changing circumstances cannot be over empha-
sized. Inventory theory8 has indicated that a policy which
incorporates the future possibilities of learning (and
adjustments) will be qualitatively different from one which
ignores them.

The general problems mentioned above are in the

context of multiperiod forecasting where policy decisions
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taken in one year affect the decisions of subsequent

future years. The dynamic implication is, therefore, that
optimization of policy decisions should be with respect to
the overall planning horizon. Suppose we characterize the
Nigerian economy by the set of linear equations of the form
(1.6). We further assume that the policy makers' preference
function can be represented by a quadratic loss function

of the form:

Q= [y, z]'Fly, z] i s @ atladd
where,

y and z are deviations of actual from desired levels
of targets and controlled variables respectively, and F is
a positive semi-definite matrix. The problem thus simpli-
fies to maximizing the quadratic loss function Q subiject to
the linear constraints (1.6). This is equivalent to select-
ing optimum policy instruments which will maximize the
derived target variables for each of the plan period. The
instruments will be optimal in the sense that we simul-
taneously take account of the impact of the instruments on
the non-controlled variables and the loss function of

which both the targets and instruments are arguments.
THE PLAN AND ORGANIZATION

In Chapter II we analyze some of the controversies
surrounding the use of a social welfare function in

economic policy formulation. The justification for adopting
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a particular structural model for Nigeria is also discussed.
Chapter III discusses the sources of data and the estima-
tion procedure employed for the structural model. In
Chapter IV we investigate the dynamic properties of the
model as estimated by the c¢lassical methods. The solutions
to the economic planning problem and problems of computing
optimal plans are discussed in Chapter V. The deterministic
and Thelil-type certainty equivalence solutions to the
policy problem are taken up in Chapter VI. 1In Chapter VII,
an alternative sequential estimating procedure suggested

by Zeliner (1971) and others is explored. We conclude by
discussing the comparative use of the above techniques in

the context of application to the Nigerian situation.



CHAPTER II

FORMULATION OF THE ECONOMIC POLICY MODEL

The existence, form and estimation of an aggregate
social welfare function is discussed in this Chapter.
A quadratic criterion function is recommended for use in
the Nigerian study. Further, we develop a simple linear
structural model (non-stochastic) for the Nigerian economy.
This structural model is then integrated with the criterion
function suggested as a basis for the theoretical formula-

tion of an optimum economic policy decision.

THE GENERAL OBJECTIVE FUNCTION

In economic theory, we often assume a utility or
preference function which depends only on the individual's
own consumption of goods and services. Further, a
"rational" consumer, is taken to maximize utility subject
to his budget constraint [R.G.D. Allen (1959); Samuelson
{1947)). 1In translating this optimum behavior of a
consumer to the national level, it is arqued in Chapter I
that the policy makers should, in order to attain an
optimum economic decision, maximize a social welfare
function subject to the constraints of the economic

system. The problem then is whether such an aggregate
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preference function for.the.communify as a whole exists.
If it does exist what is its relation to the individual
welfare function and how is it characterized. Questions
of the rational for arguments entering into the function
and the form of the preference functicon also arise.
Finally, there is the problem of estimating the functional
relation amongst different arguments. That is, we need

to know how to establish the weights or coefficients .
associated with the wvariables included as éréuﬁents df

the preference function.

In Chapter I, we argued in favor of using Theil's
approach to economic policy formulation. This approach is,
however, often criticized because of the use of an arbi-
trary preference function. Such criticisms are mainly based
on the questions of the appropriateness of aggregate social
welfare function., In this Chapter, we propose to explore
the various arguments and proposals that have been pre-

sented in the literature regarding these guestions.,

The Theory of Social Preference Functions

The problem of measuring and aggregating the
utility of individuals is immense. Arrow's (1951, 1963)
results are usually cited as the basis for not engaging in
such a measurement or for that matter the optimization of
- models involving aggregate preference functions. Based on
- assumptions of individuality, Arrow explores the possibility

~ of constructing a social ordering which will, in some way,
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reflect all individual o¢orderings of the members of a
society. Clearly if we could find a way of passing from
individual orderings to a social ordering, the task of
specifying a welfare function would be greatly simplified.
Arrow's conditions rule out soecial orderings that do not
reflect the individual orderings of the members of the
society, that give more weight to the orderings of one
member than another or that are imposed upon the society

by force. In his "Social Cheoice and Individual Values",

Arrow seeks to construct a social welfare function based
on value-free axioms but only succeeds in proving that
any attempt to construct an innocucus (i.e. value-free)
social ordering for three or more individuals will fail.
Arrow's work has thus served to cast doubt on the
existence and relevance of measuring social welfare
functions. Moreover, his work has been freguently cited
by individuals not inclined to use optimizing models in
applied peolicy analysis [Naylor (19639)]. Much of the
dissatisfaction with Arrow's formulation of the problem
of social choice rests on Arrow's imposition of the
controversial "Independence of Irrelevant Alternatives”
condition. Arrow's theorem, as revised in 1963 [1972
reprint; pp. 26-28], asserts that the Independence of
Irrelevant Alternatives is inconsistent with universal
domain (i.e. no restriction on individual preferences),

non-dictatcrship, and the principle that unanimity prevails.,
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The independence condition requires that social ranking
of a set B of alternatives shall be fully determined by
the individual rankings of B, and thus shall be independent
of individual opinions concerning the “irrelevant®
alternatives not in B. The main objections to this
condition, and the other axioms are that they prevent
the collective-cheice rule from féspohding to intensity
of individual preferences or interpersonal comparisons
of utility. Moreover they ignore all but discrete rankings
of preferences, thus making the choice rule unacceptable
on a priord grounds [Kemp and Asimakopulos (1952);
Hildreth (1953); Rothenberg (1961)}; Coleman (1966); Qirk
and Saposnik (1968); Sen {1970); Kelly (1971); Blau {1971);
Rausser and Johnson (1973)]. The general contention is
that relative preference intensities are a vital
characteristic of the choice-making process and tha£ if
properly taken into consideration, the possibility of
obtaining surrogate preference functions is enhanced.

| Hildreth has suggested the introduction of a
cardinality concept as a way out of the impasse created
by Arrow's axioms. The idea is that if Uninibile only
barely prefers x to y whereas Itiafa desperately prefers
Yy to x, the sacial system should rank y over x. Rothenberg
in hia_contribution, postulates the "Pertinent Value
Consenéus“ {(PVC) view of public interest. He contends

{1969, p. 29} ". . . it may be that interdependencies

W
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- between peoplc and their interactions.afe'hofé impbrtant
.£hén individual value structures . . . individuals
voluntarily yield certain coercive power to a government
which is somehow charged to discover, articulate and
implement social priorities, or collective wants.” This
view, of course, assumes the existence of a decision-
making group, elected by concensus, charged and alwayé
'ﬁursuing the 'good interest' of the society as a whole.

If there exists such a group, then the focus should be on
this smaller group for determining the prevailing values

of the society. The existence of Rothenberg's pertinent
value consensus means the estimation of an aggregate
social welfare function is possible., As Rausser and
Johnson have pointed out, however, "the resulting function,
to provide a useful guide to decision making, should be
consistent, permit the ranking of a large proportion of the
policy alternatives, and be relevant in the sense of
accurately portraying group values."

More recently there have been other attempts to
dispel some of the gloom generated by Arrow's General
Possibility Theorem. In his illuminating work, Sen
(1970) evolves a 'possibility theorem' in terms of choice
functions as against preference orderings. He shows
that Arrow's 'impossibility' theorem about Social welfare
functions does not carry over to social decision functions

and that we can indeed find a social decision function
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satisfying all the conéitidns éf Affo# tuhrestricted
domain, Pareto principle, independence of irrelevant
alternatives, and mon-dictatorship}. A preference ordering
satisfies reflexivity, connectedness, and guasi-transiti-
vity properties. The crucial difference, therefore,
between Arrow's approach and Sen's approach is the requife;
~ment of full transitive and quasi-transitive property
respectively. Inada (1970) has argued that quasi-transi-
tivity is just as a rational individual behavior property
as transitivity, although this fact has often been ignored.
Quasi-transitivity is satisfied if an alternative x is

more preferable to another alternative y, and y is more
preferable to z, and x is more preferable to z. Then

the following situation is not excluded: x is indifferent
to y, v is indifferent to 2z, but x is preferable to z.
Suppose the difference between x and y, and that between

y and z are so small that they are not discernible, then

it is possible that the difference between x and z is also
so small that it is not discernible. 1In the case that

the difference is large enough to be discernible, intransi? ~
tivity of the indifference relation may arise., This type
of choice does not reflect an irrational behavior on the
part of the individual but rather shows that the ability
of human beings to discern a small difference is imperfect.
Thus, choice has stochastic components [Barten {(1968)]

which introduce fluctuations. The role played by these
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stochastic components is important since their presence
reduces the precision in choice.

The significance of a quasi-transitive social weak
preference relation arises from the fact that the existence
of Sen's choice function rests on the former. The
existence ¢f a choice function is defined by Inada (1970)
ags: for any finite non-empty subset of alternatives, if
there exists at least one alternative preferred or in-
different to all other alternatives in the set we say that
a choice function exists. Sen (1970) demonstrates that
s sufficient condition for the existence of a choice
function is quasi-transitivity. FEarlier, Sen and
Pattanaik (1969), and later Fishburn (1970), and Inada
{1970) had established a sufficient condition for the
gquasi-transitivity of the social weak preference relation.l

More recently, there have been attempts by
Fishburn (1970) Blan (1971), and Campbell (1973) to rescue
Arrow's theorem from its critics. Fishburn, for instance,
demonstrates that the only condition in which Arrow's
other ccnditions are simultaneously compatible is if we
allow infinite number of voters, and that as long as we
have a finite set of voters, Arrow's theorem stands. 1In
his own contribution, Blan explores the consequences of
weakening the controversial "Independence of Irrelevant
Alternatives” condition. This condition had been criticized

as being too strong, and giving rise to the inconsistencies
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in Arrow's theorem. When the indepéndence condition is
removed, Arrow's other conditions are consistent. Blau
seeks a middle-ground by replacing the binary property
of the controversial condition by ternary, and attempts
to derive a ternary social welfare function satisfying
Arrow's other conditions. His result is Arrow's con-
clusion. Hence to reject Arrow's results, the"Independence
of Irrelevant Alternatives" condition has to be rejected
entirely. o _’;: | o

Campbell defehds the above condition against the
objection that it prevents the collective choice rule
from responding to intensity of individual preference. He
- argues that this objection does not hold if intensity
" of preference is measured by an ;bility to make side
payments in order to influence collective decision
making.2 Campbell shows that a modified version of this
condition which takes explicit account of intensity of
preference actually implies the original "Independence
of Irrelevant Alternatives" condition for realistic
environment sets.

. The conclusion that emergegs from these debates,
baéed on the weight of the arguments, is that if we are
prepared to make some non-trivial value judgements, we
can find an aggregate social welfare function or sur-
rogate which can be adequately measured. In particular,

the specification of such an aggregate social welfare

oW
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function is determined by the problem we are dealing with.
The function should, at least, have significant welfare
connotations for different members of the society. In
practical settings, we often fall back on simple specifica-
* tions which are thought to provide reasonable approxima-

tion, in order to facilitate mathematical tractability.

- Specification of Explicit FPunctional Forms

Variables entering as arguments of the welfare
function should be those closely related to the variables

- considered important by the policy decision makers. Such

. variables should also be closely related to the economic

welfare arguments of the groups affected by potential

- policy changes. Many3 have argued that only the ends
-(targets) should enter into the welfare function. While
others4 favor the inclusion of both the ends and the means
(targets and instruments). The contention of the latter

is that the means and the ends are not always “"neutral",
that is, free from value judgements, and hence thé means,
and the ends may not actually be separakle. Our position

in this controvery is dictated by operational considerations.
The inclusion of both targets and instruments as arguments
of preference function is suggested. If some instruments

in the function are relatively unimportant for welfare
directly, we can always assume they have zero weights. This
approach may, however, increase the already difficult

problem of specifying the parameters of the social welfare
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function.

Once we have determined the variables to be
included as arguments of the aggregate preference function,
the problem of functional form arises. Specification of
an appropriate mathematical form involves formalizing
assumptions regarding the substitutions between individual
arguments. Additive, multiplicative, and discontinuous
mathematical forms have been suggested. Van Eijik and
Sandee (1959), for instance, suggest the use of a linear
welfare function. Such a function implies a constant
marginal utility and hence, constant marginal rates of sub-
stitution between the targets and the instruments. Theil
(1968) amongst others has severely criticized a linear
preference function mainly on ground that we ordinarily
expect a decreasing marginal rate of substitution.
Alternatively, Theil suggests the use of an explicit
quadratic welfare (loss) function. Apart from yielding
an expected decreasing marginal rate of substitution
between the targets and instruments, it is relatively
simple function which has a long standing tradition in
applied mathematics and statistics. The concept of
minimum variance and mean squared error are classic
examples of applications of gquadratic loss functions. A
quadratic loss function also facilitates a sensitivity
analysis with respect to variances in particular variables.

On the other hand, however, a gquadratic function suffers
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from the disadvantage of assuming discrepancies of the
same size hut of opposite signs identical in conseguences,

In a recent paper, Encarnation (1971) argues for a
form of social welfare function which appears operationally
more useful than Bergson-type ar Theil-type functions.

His hypothesis is based on the concept of lexicographic
preferences which permits a natural representation of
multiple social objectives in some Qrder of importance

- or priority.5 A social choice can'Be.regarded as
resulting from a series of separate decisions regarding
sogial values and obljectives. Encarnation's hypothesis
implies that each separate decision can be determined by

a simple majority rule. 1In the case when we have multiple
goals Rausser and Johnson (1973) suggest the use of a
scalar valued function tc amalgamate the various dimensions
of utility. This approach has computational appeal.-'

The usual assumption and use of continuous social
preference orderings [e.g. Koopmans (1950) has employed a
utility function constrained by a uniform continuity con-
dition} has been challenged by Kelly (1971). He draws
attention to the serious difficulties in the way ¢f having
continuous representaticns even when the preference
aggregation conditions are met. He argues that continuous
representations require severely restrictive set of con-
ditions citing simple majority voting ( single aggregation

procedure) and the severe conditions that will guarantee a
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soclal preference ordering with a continous representa-
tion as examples. Arrow's single-peaked preferences might
- ensure the existence of a social preference ordering but
such a sccial ordering is not necessarily continuous.
Kelly suqggests the use of social preference functions
_.which are neutral between generations as earlier.éuggésted
. by Ramsey {1928).

Time preference presents additional complications
in the specification of the mathematical form of a pre-~
ference function. . To begin, there are largely unresolved
questions relating to social time preference rates and
discount factors. The usual way of solving the time
dimension problem is to incorporate it in an additive
form by assuming:

1, a constant rate of marginal substitution between
outcomes at different dates in the planning horizon; and

2, the preference relationship for each period to
be stationary and independent of realized outcomes in
previous periods. Some of these assumptions are un-
realistic, in particular, the latter, but we gain in com-
putational ease without seriocusly compromising the
quality of our results.

The length of the planning horizon presents an
additiconal problem in the specification of the mathematical
form of a preference function. For practical purposes,

however, the period preference functions over the entire
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planning horizon, and the'tiﬁé preferencé.aiscount

factor are specified and estimated. The results for

such estimates are readily obtainable in the simple one
period case using "certainty equivalence” approach Theil
{1968) . In the multiperiod case, however, allowance

has to be given to the fact that present estimates

affect estimates obtained in the future. 1In this case
sequential and adaptive control results are probably
more superior to certainty equivalence results.

The choice of an index of comparison between
lévels of preference function does not present a serious
problem, Absolute levels of preference functions are
not regquired, that is, it is not necessary to specify
the preference functieon in cardinal terms. Normally
a function which is uvnique only up to a linear transfor-
mation will serve adequately as an index for ranking

alternative economic outcomes.

Operational Treatments of the Welfare Function Problem

Turning to the quantification of the coefficients .
associated with the variables in the arguments of the
preference function, we find as in the case of an
econometric model, a large number of techniques that can
ke employed. At times, a highly arbitrary methocd may
be required to determine the values of these coefficients.
In general, there are three approaches which might be

considered in attempts to capture these coefficients,
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These are the explicit, the implicit; and thé arbitrary
methods. In practice, however, some combination of these
approaches might be utilizeqd. | o ;
| The explicit approach involves interviewing
techniques to determine preferences. Gergen (1968}
suggests a method of seguential interviewing of policy
decision makers to determine the main issues of concern,
and the individuals or groups who seem likely to signifi-
cantly influence the final outcome of the bargaining
process. The interview technique faces many problems.
One of such problems is well expressed by Naylor (1970,
p. 264). He contends that political decision makers
are often not prepared to reveal their preference
weights in detail since a successful bargaining in the
political process places a premium on not revealing
one's true preferences. Moreover, decision makers'
perceptions of their preference functions as well as
their choice possibility sets may be imperfeét and may
change in response to new information obtained during
the bargaining process. In addition, the interview
procedure is costly and it may be difficult to obtain
access to central decision makers.

The implicit approach isolates the values of
parameters of the preference function from historical
data generated by past decisions. 1In this approach, it

is implicitly assumed that previous decisions do reveal
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the existing and future preferences of the policy makers.
On the basis of these, Niijkamp (1970) has developed a
procedure which, given the mathematical form and argu-
ments of the preference function, the structural equations
relating the endogenous to the controllable variables,
infers the unknown coefficients of the preference function
from actual decisions. Nijkamp's procedure has been
critized by Rausser and Johnson {1973} on grounds that
it presumes the policy maker is a rational and consistent
preference function maximizer, that his preferences
are stationary, and that the policy maker and the
investigator have in mind the same structural model.

| Alternatively, the investigator could specify
arbitrarily the coefficients or preference weights. This
approach incorporates the imaginary interviewing pro-
- cedure suggested by van Eijk and Sandee (1959). "all
available knowledge of private and public utterances
of members of the government or its advisors must be
used., Furthermore, one must interpret the political
relations in parliament and in the Social Econcmic Council,
In short, the presumable outcome of a real interview
must be forecast." This arbitrary approach has an appeal.
It is simple and inexpensive. Procedures of this sort
have been utilized by Fromm (1969}, Holt (1962), and
Theil (1968). But it suffers from the disadvantage that

two investigators could come up with very different
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eéfimates; Moreo?er, the weights are only partially
determined by imaginary interviewing becausc of the
assumption of a separable preference function and thé
possibility of statistical bias in the method of interview.
To summarize, we emphasize the need to employ a .
preference function or surrogate in the analysis of
policy decisions, while recognizing the difficulties =
inveolved in the construction of an aggregate prefeféhée.'
function. In the words of Fromm (1969): “At this time,
I would not advocate the rigorous application of utility
functions for the evaluation of policies. Nevertheless,
employing them in a limited fashion, especially when a
range of arguments and weights are used, is helpful in
acquiring perspective on the relative desirability of
alternative policies", The mathematical form emploved
would depend on the assumptions made about the nature
of marginal utility of the argquments. Both targets and |
decision variables should enter the arqument of the
preference function. When we have multi-dimensional
goals, a scalar valued preference function is suggested
where possible because of its simplicity in computation
and presentation. We can incorporate time dimension
in an additive fashion, while establishing the preference
weights by "informed" arbitrariness would yield good

-

results.
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THE STRUCTURAL MODEL

:;'A structural modei.fbfms the sécaﬁd'segment of a
macro economic policy analysis of the Theil type. The
problem of constructing a structural mocdel to simulate
the entire economy of a country is immense. Such a model
reflects technelogical or institutional comstraints and
behavioral relationships which exist in the economy.
Further, it indicates the adjustment processes which
occur when there is a disequilibrium in a particular
market (such as markets for labor, money, etc.) and
includes identifies or definitions. The equations of the
model bear these characteristics and are called structural
equations. That is, each of these eguations is supposed
to describe some well-defined part of the structure of
the economy. Thus the model embodies a theory or a set
of theories as to the functioning of the economy. |

K. A. Fox and E. Thorbecke (1965} have emphasised
the technological basis for an important class of structural
economic relationships. Firstly they argue that since
from knowledge of interindustry flows technological change
has a strong influence on the value of the input-output
coefficients, there is need to update these coefficients
in the light of such changes. Otherwise policy decisions
~derived with the aid of these coefficients will not be
~ optimal; that is, there is a welfare implication of

changes in technology and hence in quality of the coeffi-~
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cients. Secondly the input-cutput mechanism, is also
involved in transmitting impacts from one sector of the
economy to another over time. TFor instance, a technological
innovation in a sector (say agriculture) of the economy
would eventually affect other sectors of the economy [(say
industry).

Behavioral relatiomns also play a crucial part in
defining the structure of an economic system and the way
in which changes originating in one sector are propagated
into other economic sectors, both immediately and overtime.
Essentially, the relations contain guantitative theories

and hypotheses about empirical economic behavior.

Recursive Vs Non-recursive Structures

Variables and parameters make up the strucﬁural
equations. However, organizing the variables into struc~
tural equations, (specification of the structural model)
raises a number of fundamental guestions. Firstly, it
raises the question of whether the set of economic relation-
ships to be included in the model is of a recursive type
or an interdepencent (simultaneous) type. Structural
equations which show a one~way flow of determination or
causal influence are said to be recursive. By proper
arrangement of the relationships a triangular matrix of
coefficients, relating current values of the endogenocus
vagriables to cne another, can be obtained so that only

zero elements appear above the main diagonal. A causal
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chain model developed by Wold (1957) has the character
that the coefficient matrix of the endogenous variables

is completely triangular with unit elements in the
principal diagonal. Following Wold, a Purely Causal Chain

(PCC) can be written as:

AY, + BY _, + CZ, =0, i w o v slask)
h=1, 2,
where,

Y, is column vector of endogenous variables,

Yt—h and zt are column vectors of lagged endogenous and

exogenous variables respectively, U,_ is a vector of

T
residuals. The ccefficient matrix A, is assumed to be
strictly triangular with unit element in the principal
diagonal. The recursiveness in the coefficient of Al allows
one to treat in each equation the Yo with the unit co-

efficient as the effect variable, and Y and Z, as the

t-h t
cause variables.

The existence of causal relationships within and
between the set of structural equations has a very
important operational implications from the standpoint
of the formulation of economic policy and the estimation
procedure. Firstly, the behavior of the ith decision-
making unit can be given a stimulus-response or cause-

th

effect interpretation in terms of the i equation of the

system only. Secondly, predictive inference is always
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possible in terms of the parametéfé éf'éither the original
system or the reduced form. The structural relations

take the form of conditional expectations assuming that
the residuals in each eguation (whether lagged or non-
lagged) are uncorrelated with the regressor variables

and also uncorrelated mutually. Under such conditions,
the estimation procedures are very simple.6 A variant of
PCC is 'vector causality' developed by H. Simon (1953).

If in eguation (2.1) the veector ¥, is partitioned into

t
column vectors such that the coefficient matrix A can be
conformably partitioned into a block triangular matrix,
Simon showed that we have a relation of asymmetry or
precedence in time that has a causal characteristic.
Wold's concept of causal chain is more strict and explicit
and may be viewed as a special case of Simon's concept of
causal ordering in terms of vector causality.7

The issue of recursive versus interdependent
structural equations has generated a number of contro-
versies in the literature. Tinbergen (1952), Wold (1954,
1%60), and Bentzel and Hansen {1954) have argued that
structural medels are, in general, of recursive nature.
Wold, the main advocate of this view, conceptualizes a
'basic model' in which complete and explicit regard is
taken of all actions of each single economic agent in the

socliety. If the periods are sufficiently short to

correspond to the actions of the economic agents, he
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arques, this type of model is always recursive if it is
construéted on the principles of the 'disequilibrium'
method of the Stockhoim Schopl. On the other hand, T.
Haavelmoe (1243), amongst others, has justified the simul-
tanecus character of the relationships in economic
theory. His argument rests on the lack of knowledge of
enmpirical values of ex-ante variables, the necessity of
aggregation and simplification of different types to
. overcome the difficulties that arise from the fact that
the time-periods of the empirical material at hand do
not coincide with the unit-period of the dynamic theory.
Other important sources of inter-dependency in this
'derived model’' are the static eguilibrium assumptions of
the economic systems such as we have in Walrasian or
Keynesian systems. These c¢lassical equilibrium systems
are characterized by a complete inter~dependency between
the variables. | |
The debate of recursive versus simultaneous is
far from settled. In many cases, the choice of the model
depends on what the model purports to explain and on the
use to which it will be put. But 1f the case for simul-
taneous character of the relationships of economic theory
rests on firm grounds, the ordinary least squares method
for estimation of the set of equations cannot be relied
upon. And if aggregative variables are used to describe

the behavior of the economic system, an acceptable theory
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of aggregation must be developed for the system, relating
micro economic variables to their aggregative counterparts.
Hurwicz (1952), Theil (1954), and Fisher (1962), have
suggested solutions to this so-called aggregation problem
in economics. Hurwicz, for instance, suggests using
statistical decision theory as a guide to optimal aggrega-
tion procedures. Theil develops a normative concept of
'perfect aggregation' which is essentially a proposal
to adjust the aggregating weights so that perfect con-
sistency prevails between micro and macro models. Fisher,
on the other hand, has developed a criteria for aggrega-
tion based on the notion of minimizing expected risk,
such as minimizing bias in a macro-variable.

The second gquestion that arises in the process
of specifying a structural model is whether the relation-
ship between the vériables in the model is linear ©r non-
linear {in parameters). It is often argued that a realistic
structural model should be non-linear, citing non-linearity
arising in the frequently used price times quantity terms
in the identity defining GNP in current prices as an
evidence. Sengupta (1965) advances basic advantages in
utilizing a model with non-linear equations. Such a
model, he argues, offers a wide range of choice of possible
paths for a given linear relationship which is useful for
analyzing economic instability in the form of cyclical

fluctuations. Further, a non-linear model has the capacity
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to shed considerable light on the sensitivity of solutions
of the corresponding linearized model in respect to the
stochastic process underlying the model. A non~linear
nodel, however,'presents problems in the context of
structural specification. One of these problems is that
there is not, in general, a one-to-one correspondence
between the structural and the reduced form models. That
is, the system cannot be solved uniquely for the endogenous
variables in terms of the <xogenous wvariables, lagged
wxogenous variables, and error terms., Further, the
expected value 0f a particular endogenous variables as
calculated from the structure will not be the same as its
expected value calculated from the reduced form.a
A static model and a dynamic model present alterna-
tive specification of the structure of an economic system.
A model is called dynamic if either at least one observable
variable occurs in the structural equation with wvalues
taken at various points of time or at least one equation
contains functions of time. A classic example of the
latter is the treatment of capital stock as the sum of net
investments in the past. Most structural models are
dynamic. The reason for this popular choice of specifica-
tion rests on the fact that a dynamic specification
enables the checking of the nature of the time paths of
the endogenous variables of the model. We need to know

the stability and behavior of these variables in their
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movements towards equilibrium before utilizing the model
for policy formulation.

The three questions raised above are just a few
{albeit important} guestions which an investigator has to
answer in the process of specifying a structural model.
The choice amongst these alternative specifications is
not unigue. He can decide, for instance, on a linear
dynamic simultaneous model specification. Furthermore,
the number of eguations which he considers adequate
representation of the economic system will depend on a
number of considerations including data availability, the
level of aggregation he can tolerate, the ease af com-
putation and, above all, the use to which the model is to
be put. Where computer is available, the mere size of
the model is no longer a ser;ous barrier to the effective
application of a large and detailed model but for purposes

of exposition, a smaller, simpler model may he preferred.

A Structural Model for the Nigerian Economy

| What we have discussed so far has been succintly
expressed by Popper (1959, p. 109) who said "the choice
of any particular theory is an art, a practical matter.
The choice is decisively influenced by the application
of the theory and the acceptance of the basic statements in
connection with this application."™ Encouraged by Popper's
words, we postulate a simple highly aggregative linear

dynamic model for Nigeria. The model is, however,
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suffidiéntly specific for the pﬁiposes we have in mind, The

model in the deterministic form is:

b

C, = @ + 6,Ce_; + a GNP, S I;ﬂ " .. . (2.2)
It.= By * BT 1 + B5G, . -.1'. R - (2.3)
M = _ Tyt Moy *ovsSe | | '..'(2'4)
"flEt_= 0L * 90¥B _.-' '|€ ;f c e - (229)
GNP# - c, R I,-M_ + E, R Gé   _ € ';”;:. - (2.6)

Where C, I, M, E, GNP are endogenous variables
representing Private Consumption, Gross Domestic Capital
Pormation, Imports, Exports, and Gross National Income
respectively, G is Federal, State and local government
current and capital expenditure. YB is the net national
income of Britain, G is a controlled variable, while ¥B,
although an exogenous variable, is outside the control of
the policy makers. o, B8, vy, ¢ are unknowtparameters to be
estimated.

- The system of equations (2.2) to (2.6) represent
a Keynesian type model, and it is characterized by an open
economy with an active public sector. The Nigerian
structural model is linear in parameters, and the equations
are inter—-dependent in character. The model is also dynamic,
although not in a unique way; that is, different lag

structures are plausible.9
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Equation (2.2} expresses the present private
consumption expenditures as a function of last year's
private consumption expenditures and this year's GNP. This
consumption function can be interpreted in terms of either
Permanent Income Hypothesis or Life Cycle hypothesis.
According to Friedman (1957), consumption for the economy
is a function of permanent income, where permanent income
is defined as discounted, expected income. ‘Thus,

2 - 3

n
+ ur Yt_2 + ur"Y + + ur’y n.42.7)

Ct = &+ uY  + urY £-3 £

t t-1

where,
r is the rate of discount, C and Y are consumption

and income respectively.

Similarly,
' _ n-1 '
Cpoqg = @y ¥, ur¥ o 4--—tur Y, _ . . .(2.8)
We apply Koyck's transformation (1954). Multiplying (2.8}

by r and subtracting the result from (2.7), we have that:

C, = (I-r)a, + rC _ t uy, : T « o . (2.8
)

(ignoring the last term urnYt_n

We can rewrite (2.8y as,
Ct = o + uzct___l -+ QBYt

Where,

o)
—
j
P
1
H
o
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]
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=
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Modigliani and Brumbery (1963) suggest that con-
sumption is a function of current and expected incomes and
assets. Thus,

C = + a.Y + o e + a;At-l - . * e -(2.9)

£ = % 2%t 3¥

t

Where,

C.and Y éfe défined.as in above, Y% is expected
non-property income, and A is asset or wealth. We can
combine Y® and A and define the result‘as discounted
expected future streams of income. Note that at present
¥® is not directly observable, but we can approximate the
discounted expected future streéms of income as:

© Y

Zt = 7 t
t=1(1+r)

- I < 22

where, r?
" r is discount rate. _ | _ _

Substituting (2.10) in (2.9) and performing Koyck's
transformation, we have (2.2). The only major difference
between the pérmanent income hypothesis and the life cyele
hypothesis, therefore, is the concept of the time period
that is relevant to the definition of permanent income or
expected non—piopérty income and wealth. The two hypotheses
attempt to build a simple model of rational consumption or
saving behavior by assuming that the consumer attempts to
smooth out (though not necessarily equalize) consumption

over a planning period. In the Nigerian case, it should be
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qualified that, for many individuals, we might have them
consuming all their income at any time period. This would,
in particular, be true of subsistence families. ¥For the
economy as a whole, however, the aggregate consumption
function is heavily weighed with cases in which the
marginal propensity to consume is high (very close to
one).lo
A number of factors explaining capital formation
have been suggested in the literature.ll These factors
include income, government budget, stock of capital and
interest rate. In Nigeria, as in many other developing
economies, there is notably a large governmental supported
investment promotion. Also the problem is not a lack of
demand for output. On the contrary, in most sectors,
the problem is supply failing to meet the ever growing
demand. It is, therefore, expected that the existence
of capacity will promote new fixed investment rather than
hinder it. Besides, there are as yet many opportunities
for profitable investment in Nigeria. This fact, coupled
with the absence of a well developed capital market, means
that the distribution of funds is accomplished almost
entirely through non-price rationing. We note that there
is a high correlation between GNP and government spending
in Nigeria. We have, therefore, excluded GNP as an

explanatory variable in the capital formation demand

function. A further rationale for retaining government
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spending in the function is that we need it as a policy
variable. It takes time to complete investment projects
and today's capital formation reflects government spending
at different times in the past. The current level of
capital formation is, therefore, regarded as a function

of last period capital stock and last period government
spending.

For the foreign trade sector, we postulate that
current import of goods and services is a function of
last year's level of import of goods and services and
government spending for last year. A lag of one period
is assumed to take care of the lag between order and
delivery of merchandise. We rationalize our assumption
that government expenditure helps to explain substantial
fluctuations in imports on the grounds that at all
governmental levels, items such as vehicles, machinery
and equipment, chemicals, are required to execute develop-
ment programs. The level of exports is, to a large
extent, determined by outside factors. One of such
factors is the prosperity of the consumers of Nigeria's
main export products. In 1960, about fifty percent of
Nigeria's export went to Britain and in 1965, this
percentage was about forty, with the European Economic
Community becoming an important market.12 As a proxy
index of prosperity of importers of Nigeria's product,

therefore, we have employed change in the level of
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personal, disposable income of British subjects.

Equatien (2.6) is an identity. It shows the
components of GNP. . _'H N _ | E

The structuraleéQuations (2.2) to E2;é} deal with
the analysis of final demand. An important part of
Nigeria's economic activity is, however, concerned with
intermediate demand. The analysis of such demand is the
subject of input-output of the type first seriously
studied by W. Leontief (1953) and employed by Chenery to
the economy of Southern Italy (1962).

The Nigerian model is similar in many respects to
other econometric models such as Klein, Klein-Goldberger,
and Suits models developed at a comparable stage of
development., For instance, the five egquation model of
Nigeria compares very closely with six equétions Klein's
model. The Nigerian model has four behavioral equations
and one identity, while Klein's model has three behavicral
equations and three identities. Both are highly aggregative
dynamic and are characterized by the conspicuous exclusion
of the monetary and labor sectors. The two models differ
from the Klein-Goldberger and Suits mcdels in size. Klein-
Goldberger has twenty-five equations while Suits model
has thirty-two equations. The differencesﬂip size are due
to two main reasons. Firstly, there a;é ﬁdre detailed
specifications in each of the sectors in the Klein-

Goldberger and Suits models. Consumption, for instance,
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is sub~divided into consumption of automobiles, of other

durables, of non-durables and of services. Secondly, the
models include a detailed specification of the financial

and labor sectors.

Klein's model was developed in 1950 followed by
Klein-Goldberger model in 1957 and Suits model in 1962.
The degree of complexity of the model is in the same
order, starting with the very simple Klein model. It is
alsc important to note that each of the models reflect
the stage of development and complexity of the U.S.
economy at the point of their formulation. Thus, the
Nigerian model could be improved to reflect the complexity
as the economy develops. Perhaps the improvement could

be in the direction of Taylor's model (1969).

THE COMBINED STRUCTURAL COMPONENTS

Earlier in this Chapter, it was argued that a
social welfare function or surrogate exists if we are
prepared to make some non-trivial value judgements.

In particular, it was suggested that a quadratic social
welfare function of Theil's type is adequate to represent
the form of aggregate preference functions experienced

in practice. The optimization principle suggests we
maximize this criterion function subject to the constraints
of the economic system. We have suggested a linear

constraint represented by eguations (2.2) to (2.6).
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With a view to formylating the aggregate social
welfare function, we observe that the policy makers will
not probably realize the desired levels of the targets
and instruments. There are, thus, discrepancies between
the levels of targets achieved and their desired levels
on one hand and hetween the levels of instruments employed.
and their desired levels on the other. These discrepancies
constitute welfare losses, if we assume the actual levels
of targets and instruments ére”bptimal levels. Thus, we
re-formulate our problem as minimizing the welfare loss
due to these discrepancies, subject to the constraints
imposed by the economic system.

In terms of a quadratic welfare loss function and
our structural model (2.2) to (2.8), the square of these

discrepancies for one time period, i.e.:

.5.2_

- A% 2 L L% 2 _
Q = (ct Cu )™+ (It I.)" + (D Dt)
x2 . 42
+ (GNPt GNP )® + (Gt G, )

Where the starred variables represent the desired

levels of the respective variables, and D, = E, - M

t t t!
characterize our aggregate social welfare {loss) function
for one time period. This criterion function does
incorporate certain general targets of economic policy

of Nigerian planners. The general targets include

immediate welfare which we measure by private consumption

Ct’ the future welfare measured by It (or GDCF}, increase
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in GNP and finally, the achievement of balance of payments
surplus.

For a multiple period (T) problem, we sum Q, over
all time periods T. If P, and Zt represent the sums of
squared deviations of the optimal targets and instruments
from their desired level respectively, the multiple
period quadratic welfare (loss) function is given as:

T

Q (p,z2) = L (P

+ 2,)
twl £

=
In conclusion we note an important feature of our
criterion function, that is, both non-controlled and
instrument variables appear as arquments. This is in
conformity with our earlier discussion in which it was
argued that both targets and instruments should enter the

arguments of a criterion function.



¥ CHAPTER III

DATA, CLASSICAL ESTIMATION PROCEDURE AND
RESULTS FOR THE NIGERIAN MODEL
DATA

o
-

-Zf Suitable data for éﬁnstructiné gn econometric
modéltgay be difficult to obtain. Purther, errors of
. concept and coverage in a statistical series can be a
major source of inacéuracy in the estimation and use of
econometric policy models. Hence data collection is an
important aspect of policy formulation. |

: The data employed in the Nigerian model are all
timé series. TFurther, they are secondary. A time series
iz a set of data collected and reported at specific
intervals, say monthly or annually. The degree of inter-
correlation among time series observations on an economy
in which population, real income per capita, prices
and wages are all increasing may be so high that the
estimates of structural coefficients obtained may be
absurd. Information derived from other sources such as
cross—section data could be built into the policy model
in the form of imposed coefficients. - .
The aggregate time series employed in the Nigerian

model include private consumption expenditures, Gross
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Domestic Capital Foxmation {GDCF), CGovermment expenditures,

export and import of goods and services, Gross Naticnal

"~ Product (GNP), and the disposable income of British

subjects. With the exception of the latter series, all
other time series are given in millions of Nigerian pound
(N1 = 2 NIRA = $3.04). The disposable income of the
British subijects is in millions of British sterling, All
series run from 19%1 through 1969 and are at current
prices. The use of series at current prices has been
necessitated by the lack of reliable price deflators for
nost of the series. Table 3.1 and Figure 3.1 show all
the series employed in the study.

Time series data for private consumption expendi=-
tures are not collected as such but are estimated
as Gross Domestic Product (GDP) plus import of goods and
services minus export of goods and services minus GDCP
minus Government expenditures. Thus, the reliability of
consumption expenditure data depends on the reliability
of its components and the procedure employed in the
derivation. |

GDP data are among the weakest df.fhe Nigerian
data employed. It's evaluation is at factor cost. That
is, it is the value of the output excluding indirect taxes
(such as excise duties). Thus value of GDP equals the
total payment to the factors of production plus deprecia-

tion. There are differences in concept and coverage in
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the series for the periods 1951 to 1957 and 1958 to 1969.
These differences make the analysis of the GDP data
difficult since the two periods are not really comparable.
The 1951 to 1957 series are derived from Okigbo (1957)
estimates while the 1958 to 1969 series are derived from
the estimates of the Federal Office of Statistics,

Nigeria (FOS) (1966). Okigbo estimates include data from
Southern Cameroons (then a territory of Nigeria but now
part of the Cameroon Republic) while this territory is
excluded from FOS estimates. The derivation of GDP
arising from agricultural sector has also presented

quite a serious problem to National Accounts Statisticians
in Nigeria. The problem assumes a rather high proportion
in Okigbo estimates. It is not, therefore, surprising
that many otherwise important activities, especially
intra-household activities and land clearance by the
Nigerian peasants were excluded from his estirnates.1 The
first major agricultural survey was conducted during 1955
to 1960 period and it was from this survey estimates of
the absolute level of non-exportable agricultural output
in Okigbo study were based. Estimates from these surveys
were not very reliable. Further, the population base

for the projection of national aggregates was shaky. With
over 50% of GDP derived from agricultural activities,
therefore, the reliability of the 1951 to 1957 series is

in doubt.
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| PIﬁpibvedﬂc6verage of activitiés by P05 since 1960
has increased the reliability of some of the data, notably
those relating to non-exportable agricultural output,
construction and manufacturing. The annual Industrial
surveys conducted by FOS since 1963 have greatly increased
the coverage and the quality of information available on
Nigerian industries.

The problem of estimating capital formation in
Nigeria is just as serious as the problem of estimating
GDP. Although the problem has engaged the serious
attention of many economists in and outside Nigeria,
it remains largely unsolved.3 GDCF is the expenditure
of resources which results in the creation of new or
improved physical assets meant for use in future pro-
ductive processes. It includes the replacement of old
physical assets but excludes repairs and maintenance
which merely preserve the existing productive capacity.
Physical assets include land (including agricultural and
mining development), buildings, civil engineering works,
plant, machinery and egquipment and vehicles., The major
problem areas in estimation afe buildings,leépecially
privately owned dwelling houses and agricultural land
development. Most estimates have tended to ignore these
sections as the easy way oﬁt of the problem.

GDCF series used also fall into two periods--195]1

to 1957 estimates by Okigbo and 1958 to 1969 series by
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FOS, with the FOS the more reliable because of its fuller
coverage. The average annual rate of growth in GDCF for
the period 1958 to 1969 was about 5% compared with its
phenomenal rate of growth of about 30% in the period 1951
to 1957.

Perhaps the most reliable sets of data are the
government expenditure by the federal, state, and local
governments. Within the period of nineteen years covered
in this study, there was a phenomenal increase in govern-
ment expenditure from 25.8 million in 1950 to 330.9
million in 1969. As has been argued earlier the govern-
ment of Nigeria plays a dominant role in economic develop-
ment and this is reflected in its expenditures. A major
item of expenditure not well reported in the time series
between 1966 and 1969 inclusive is the military expendi-
ture. Another weakness which is also true of all the
Nigerian series employed is that there was no complete
national coverage for the period 1966 to 1969 due to the
internal crisis which affected data collection considerably.
For instance, no data has yet been estimated for all the
series for the areas physically affected by the Nigerian
civil war.

There is also a high reliability on data on
imports and exports. Fairly accurate figures of foreign
trade sector have been kept since the British Colonial

era. Favorable trade balanceswere reported in the period
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1951 to 1954 and in particular during and immediately
after the Korean War. This trade boom was, however, short
lived. Between 1955 and 1965, Nigeria experienced trade
deficit. 1966 was a turning point in Nigeria's foreign
trade. Export of petroleum has since helped to usher in

favorable trade balance.

ESTIMATION PROCEDURE

The deterministic specification of the structural
model in Chapter II is incomplete for purposes of the
estimation of the parameters. As Haavelmo (1943) has
indicated, because of the very nature of economic behavior
which depends upon enormous number of factors we cannot
possibly take account explicitly for all the factors in
practice. Thus we need a stochastic formulation to make
simplified relations realistic enough for empirical
applications.

Economic theory is concerned mainly with the
properties of a deterministic specification of a model,
while econometric analysis is concerned with both the
properties of the 'exact' part and the stochastic aspect
of the model. One way to make a deterministic model, such
as the one given in (2.2) to (2.6) stochastic is to add
error terms (U) to one or all of the behavioral equations
(2.2) to (2.5). There are a number of other reasons why

we need to add stochastic disturbance term to a macro
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ecoﬁbmétrié modéi...As‘ﬁéﬁrey (1968) has ﬁointed out, if
the dynamic properties of an econometric model are to be
investigated, "it may not be reasonable to disregard the
impact of the distrubance terms on the time paths of the
endogencus variables. Neither the characteristic roots
nor the dynamic multipliers provide information about the
magnitude or correlation properties of deviations from
the expected value of the time path”. Moreover, Howrey
and Kelejian (1971) have demonstrated that, "the applica-
tion of non-stochastic simulation procedures in econometric
models that contain non-linearities in the endogenous
variables yvield results that are not consistent with the
properties of the reduced form of the model”. Finally,
the inclusion of error terms enables us to replicate the
simulation experiment, make statistical inferences, and
test hypotheses about the behavior of the system being
simulated. The analyst, although not knowing the values
of these errors, is assumed to know the probability dis-
tribution of the random errors.

A number of assumptions about the probability
diétribution of the random errors are usually made in
order to facilitate estimation. The ‘classical' assumptions
about these error terms are:4

1. E(U) =0

r 1

2. E(U,U "y =1%%,t=t t,t =1,2,..., T

t t

|

1l

]
0, t # t
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1 1

3. plin T 'xv’ = plim *'x_,0" = plim 7'¥_ju’ = 0
where,

U is the error term, T is sample size, I is a
positive definite matrix, X is a vector of exogenous
variables, and ¥ is a vector of endogenous variables.

Also U is often assumed to be a multinormal variate.

Based on the assumptions about the error terms, we
then search for an appropriate procedure for estimating the
unknown parameters of the model. 1In selecting amongst the
available procedures, we should keep in mind that the
estimation of the structural model is part of the total
policy model, not independent of the decision making
process. That is, the estimation ©of the structural model
should be viewed as part of decision function theory and
therefore should emphasize the optimization objective of
a policy model. Thus the very purpose of estimation
assumes a critical role [Fisher (1962)].

The unresolved issue of a recursive and simultaneity
(inter-dependency} of economic systems was discussed
earlier in Chapter IJ. It was emphasized that this issue
has a far éeaching étéﬁistical implications in respect of
methods of estimating the unknown parameters of the structural
model. Different estimation procedures may be indicated
depending on whether the system is recursiye or simultaneous.

Haavalemo (1943), and Naylor (1971) for instance, have argued

that if the system is inter-dependent it is not a satisfac-~
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tory method to determine each of the equations separately
from the data without regard to the restrictions which
the other equations might impose upon the same variablea.s
A number of methods are available for estimating the
unknown parameters of the structural mode1.6 These
include, Ordinary Least Squares (OLS), Limited Information
Maximum Likelihood (LIML), Two Stages Least Squares (2SLS),
Three Stage Least Squares (3SLS), and Full Information
Maximum Likelihood (FIML) (including their variants in
restricted forms) methods.7 OLS, LIML and 2SLS methods
are employed on each of the equations of the model
separately, hence they are called single equation methods.
While 3SLS and FIML are known as simultaneous equation
methods because in these methods all equations of the
model are solved simultaneously. The classification
of the estimation techniques into either single equation
method or simultaneous equation method has a deep root
in the identifiability of the parameters of the equations
of the model.

The idea of identifiability refers to the issue
of whether the model is appropriately restrictive so that
when confronted with a sufficiently large sample of data
just one hypothesis is consistent with both the model and
the data. This concept is important and is in a sense

logically prior to the issue of statistical estimation,

because there is little point in attempting to estimate
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structural parameters from a finite sample if even an
infinite sample could not give the desired information
about the parameters.8 When a stochastic model is
involved, limitations on the quantity and variety of the
data used can permit more than one hypothesis to be
consistent with both the data and the model. With only

a finite sample, it is not possible to obtain exact
knowledge of the probability distribution of the stochastic
variables, because of sampling variation and because of the
impossibility of covering the entire rénge of possible
values of each variable. Therefore, with only a £finite
sample, we often cannot be sure whether a éiven hypothesis
is consistent with the data or not.

Observational information cannot in general
distinguish any equation of the model from any other linear
combination of the equations of the model but can distinguish
it from any equation not such a linear combination. Thus
structural estimation is possible if and only if there is
sufficient a priori information on the parameters of the
model to distinguish a given equation from the set of all
linear combinations of the model. -

Suppose we have a general linear model of the form:
AX = U : . - L] L] L] 0(301)

where, L

A is an MxN matrix of constant parameters to be,
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estimated, Xe is an N-component column vector, and Ut is an
M-component vector of unobservable disturbance term (with
variance-covariance ) [Fisher (1966), pp. 23-24].

Let F be any MxN non-singular matrix. Premultiply

(3.1) by F. Thus,

FAxt = FUt
* *
OJ.' A xt - Ut - - - 0{3-2)
where,
* L
A = FA, U, = FU

Observational information alone cannot distinguish equation
(3.2) from the original equation (3.1).

Following Fisher (1966, p. 24) we define a linear
transformation denoted by F as admissiable if and only if

it has all three of the following properties:

l. F is non singular;

*
2. A = FA satisfies all a priori restrictions on

A; and
* w* ) . . )
3. 1 = FrA satisfies all a priori restrictions
on :-

Then the ith equation of the structural model is identifiable

under a priori restrictions if and only if every admissible

th

structure has as its i~ equation some scalar multiple of

the true i equation. An equation which is not identifiable

th

we say is under-identified. The i equation is over
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identified if and only if there exists two different (buf
not necessarily disjoint) sets of a priori restrictions
each of which just identify the ith equation and the

union of the two sets is an independent set of restrictions.
Qver-identification is, therefore, the situation in which
there is more than enough independent information to
digtinguish the true equation from all others in the model.
Such extra information is not, however, redundant, but
does create estimation problems in the over-identified
equations and this is the heart of all simultaneous
equation estimations., This problem has been succintly
expressed by Fisher [(1946), p. 46] who says "“that the
over-identification of any eguation implies the existence
of restrictions....on the parameters of each of the reduced
form equations. Since indirect least squares estimate

the reduced form without making use of such restrictions,
it follows that the reduced form estimates so obtained
will not in general be simultaneously compatible with all
the prior restrictions on the structural equation to be
estimated. The immediate consequence of this is that

when some of these restrictions are used to go from the
reduced form parameters to the structural equation in
question, the structural parameters so derived will
generally obey the unutilized restrictions." Fisher thus
agrees with Haavalamo and Naylor on the importance of

utilizing all the over~identifying restrictions in the
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structural model.

The estimation of the parameters is not possible
if an equation is under-identified. There are, however,
ways of identifying an equation. Amongst such methods
are linear restrictions on parameters and restrictions
on variance-covariance matrix of the system [Fisher (1967)].
The choice of an estimation technique among the single
equation methods and simultaneous egquation methods is,
thus, in the context of either just-identified, or over-
identified equation. 1In the case of a just-identified
equation (or equation systems), there is no preference
among the various techniques since they all give the
same results. Our discussion of the merits of the
alternative estimation techniques will, therefore, be
with reference to an over-identified equation.

The least squares method has the advantage of
theoretical and computational simplicity, robustness and
minimum variance among all methods discussed here. Its
robust property is enhanced by the fact that its estimator
is relatively less sensitive to the presence of multi-
collinearity among the explanatory variables than either
the 2SLS or LIML estimators, for instance. 2SLS and LIML
methods have greater sensitivity to multicollinearity
primarily because the parameters in the reduced form must
be estimated first and then transformed back to the

coefficients of the original model. The presence of lagged
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endogenous variables as explanatory variables, however,
destroys the BLUE property of the least squares method
[Kendall and Durbin (1960)].

The LIML method developed by Anderson and Rubin in
(1949) and (1950), provides estimates of the parameters of
a single just-identified or over-identified structural
equation on the maximum likelihood principle, the likelihood
maximizing being done subject only to the prior identifying
restrictions imposed on the equation being estimated. LIML
estimators are consistent and asymptotically normal. An
alternative to the LIML method for estimating an over-
identified equation containing two or more jointly
dependent variables-2SLS-was developed by Basmann (1957)
and Theil (1958). The 2SLS method gives a consistent
estimator.

The 3SLS and FIML are simultaneous equation meth~
ods. The 3SLS was developed by Zellner (1962) and it gives
consistent estimators. It is efficient in that it utilizes
all the over-identifying restrictions in all eguations to
derive the estimates. The FIML developed by Koopmanns,
Rubin and Leipnik (1950) is consistent and asymtotically
normal. Its efficiency also derives from the fact that
all over-identifying restrictions of the model are employed
in the estimation process.

The choice amongst the classical estimation

techniques enumerated above is not clear cut. Apart from
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the least squares methods, the technigues have largely only
desirable large sample properties. This makes a comparison
amongst the various techniques difficult since the small
sample proprerties of LIML, 2SLS, 35LS and FIML arc not
known yet. Whereas in the real-world situation we deal
mostly with small samples. |

There is limited evideﬁcé,\hbwéﬁer, about the
relative merits of the different estimation methods
when sample sizes are small. There is a set of evidences
given by econometric studies of real-world data in which
two Oor more estimation methods have been used for the same
structural equation or equations. But in most cases,
it is the least sguares and LIML methods that have been
used and again with no clear verdict. Comparisons of
this kind cannot be expected to be conclusive, because
the true values of the parameters are not known.

Monte Carlo experiments provide additional infor-
mation about the relative merits of the different estima-
tion methods when sample sizes are small. A Monte Carlo
experiment is essentially an empirical technigue of
learning about the probability distribution of a statistic
that one is interested in. It involves drawing a large
number of samples from the population in gquestion, com-~
puting the value of the statistic for each sample, and
recording the empirically observed sampling distribution

of that statistic. Results of Monte Carlo studies by
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Wagner (1958), Basmann (1957), and Summers (1859} suggest
that there will be many cases in which simultaneous
eguation methods of structural estimation will'not give
sufficient (if any) improvement over least squares to
justify the extra cost involved in their use. As the ser-
vices of high-speed computers become available, however,
the cost advantage of least squares technigue will diminish,

Some significant points have emerged from the
debate on the relative merits of the estimation techniques.
As has been emphasized by Klein (1969) comparing para-
meters individually doces not serve much as a means of
investigating the efficiency of a technique. What is
important, in the final analysis, is how well the technique
performs in estimating all the parameters. In this case
the search for a criteria for comparison amongst the
techniques should be a search for a loss function of a
sort. It might well be that the overall performance of
the model will be the most appropriate test of the techni-
ques. Furthermore, every actual econometric problem is
unigque and a search for the best method of estimation
should take this fact into consideration. | | |

We have chosen the simultaneous approach and
employed 35LS as agalnst FIML methods in estimating the
Nigerian structural model. Eguation {2.5) is over-
identified while all other equations are just-identified.

The 3SLS has been shown to possess a number of attractive
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properties. It is much simplier computationally than
FIML. Rothenberg and Leenders (1964) have shown that when
the variance-covariance matrix (r) of the disturbance
terms is unrestricted, the estimates have the same
asymptotic variance~covariance matrix as the FMIL method.
Further, under the same condition of unrestricted I matrix,
Sargan (1964) has shown that the difference between the
estimates by the 3SLS methods and FIML is of stochastic
order %, where T is sample size.

The problem with 3SLS is that it involves the
inversion of a moment matrix of a very large order. The
difficulty in computing the inverse matrix accurately,
especially when it may be near singular due to the presence
of inter-correlation among the explanatory variables are
well known [Klein and Nakamura (1962), Summers (1959)]. As
a solution to this problem, Zellner and Theil have
suggested that the equation system be divided into two
groups, one consisting of all over-identified equations and
the other consisting of all the exactly identified equations.
They recommend the use of 3SLS for estimating the parameters
of the former group and ordinary least squares for the
second group, contending that the efficiency of the
estimates is not impared.

When there is uncertainty in the parameters of the
structural model, we can learn more about the distribution

of the parameters by sequential updating estimation
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procedure. This procedure is particularly useful in the
Nigerian case where not much is yet known about the
structure of the economy and where the economic structure
is far from being stable. For the Nigerian example,
estimation is first performed using data for the period
1951 to 1957. Then as more and more information (data)
becomes available in subsequent years, the value of the
parameters is updated accordingly by re-estimating the
structural model, incorporating the data available in

the current year.
RESULTS OF ESTIMATION

The 3SLS estimates of the coefficients of the
structural equations, and their t-values for the periods
1951/67, 1951/68, 1951/69 are presented in Tables 3.2,
3.3, and 3.4. Comparison of our results for 1951/69
period with the results of models that were built at a
comparable period of development in industrial countries
discussed earlier--Vitz, Klein, Klein-Goldberger and Suits
models--should be illuminating but unfortunatly cannot be
intensive since these models differ in details and in the
variables included from our model. A long-run marginal
propensity to consume out of income of approximately 0.79
obtained for the Nigerian model compares favorable with
0.80 obtained in the Klein model, and 0.74 obtained in

the Klein-Goldberger model. The coefficient associated
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with the stock of capital in the capital formation equation
for the Klein and XKlein-Goldberger models were -0.146,
and ~-0.073 respectively. Economic theory of capital
adjustment would support the negative sign obtained in
these two models. The theory of capital adjustment says
that the more stock of capital there is, the less there
is demand for more investment. There is thus an inverse
relationship between capital stock and 1nvestmént. In
the Nigerian model, however, the sign of the capital stock
coefficient is not only positive but highly statistically
significant. As was argued earlier in Chapter II, however,
this result is not as absurd as it seems. Our result
supports Klein's (1965) argument that in a developing
economy, where there are many opportunities for invest-
ment, the stock-adjustment form of investment function
may not be realistic and that the existence of capacity
may promote new investment rather than hinder it. It
would seem reascnable to assume that the acquisition of
vehicles would encourage the building of new roads,
improvements of ports would call forth a net work of
feeder roads, and consequently more plants and machinery.

| Empirical results either from comparable Nigerian
studies or from other less developed countries are scanty.
In a paper on capital formation and fiscal policy in
Nigeria, Pacard (1966} argues, although without any

empirical evidence, that government fiscal policy,
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particularly its expenditures have a significant positive
impact on Gross Domestic Investment. The government
expenditure coefficient in the capital formation function
in our model is positive and statistically significant.
Thus our result supports Packard's claim. In the import
equation, the coefficients associated with lagged imports
and government expenditures are positive and statistically
significant, as will be expected. The governments of
Nigeria import goods and services in large quantities,
most especially vehicles, machinery and equipment,
building materials and chemicals. In Oni's (1970) study
of demand for Nigerian cocoa, he found an inverse relation-
ship between cocoa demand and disposable income of British
subjects (One unit increase in disposable income of
British subjects reduces cocoa demand by 6.3 units). This
is in sharp contrast to the result obtained in the Nigerian
model for the Nigerian exports (One unit increase in
disposable income of British subjects increases Nigerian
exports by 0.128 units). Of course our exports include
other items other than cocoa. It could be that some of
these items are inferior goods and that cocoa falls in
this category but there is no evidence that this is case.
The stochastic specification of equations (2.2) to
(2.6) describe the five endogenous variables, Consumption,
GDCF, Imports, Exports, and GNP, in terms of exogenous

variables only in an implicit way. That is, the system is
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in';§£fﬁétﬁr$i:forﬁ'} with each of its equations describing
part of the structure of the economy. As it happens some
of the equations describe an endogenous variables in
terms of other endogenous variables. For instance,
private consumption expenditures are functions of GNP. We
can, however, express the system in the 'reduced form',
that is, we solve the system with respect to endogenous
variables, describing each of them in year t linearly in
terms of the same variables lagged one year, of the
exogenous variables in the same year, of the exogenous
variables lagged one year and of the reduced form
disturbances.9 |

In Tables 3.5, 3.6, 3.7 we show the reduced form
coefficients for the periods 1951/67, 1951/68, and 1951/69.
The coefficients relating to private consumption expendi-
tures and GNP are very unstable, particularly for periods
1951/67 and 1951/68. This instability is probably partly
explained by the internal crisis of the period 1966 to
1969 which seriocusly affected the economy, and partly by
the high rate of inflation in the late sixties. The level
of economic activity did decline at this peridd.l0 For.
instance, government expenditures dropped from 325.1
million in 1966 to 306.3 in 1968. In 1969, however, they
got back to 330.9. Imports dropped from 257.0 millions

in 1%66 to 193.2 millions in 1968, while exports dropped

from 278.7 millions to 206.5 millions in the same period.
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In 1967, there was a drop of 78.4 millions in GNP com-
pared with 1966. The coefficients for the other variables
show considerable stability between these periods.

The interpretation of the reduced form coefficients
of Table 3.7 is that a unit change in last period GDCF will
change current period GDCF by 0.713 unit, while a unit
change in Government Expenditure will change GDCF by a
smaller amount of 0.143 unit. Similarly a unit change
in Government Expenditure will change private consumption
by over two units in the same direction. While a unit
change in Government expenditure changes GDCF and Imports
by only 0.143 unit and 0,147 unit respectively, and in

the same direction.



CHAPTER IV

THE DYNAMIC PROPERTIES OF THE NIGERIAN MODEL

The estimated structural model will be employed
to formulate policy decisions after we are certain that
it is internally consistent and that it validly represents
the system it is supposed to simulate. Information on
the internal consistency and validity of our model re-
presentation involves the investigation of its dynamic
properties. If the dynamic properties are consistent
with established knowledge and theory then the internal
consistency and hence the validity of our model are
further strengthened.

The investigation of the dynamic properties of
our model assumes particular relevance since the estimated
structural equations include lagged endogenous variables
among the set of predetermined variables. Following
Dhrymes [1970, p. 542], "... it is not enough to estimate
the parameters of a model, casually inspect them, and
pronounce them believable. If the model is dynamic, as
most such econometric models are likely to be, one must
carefully investigate the dynamic properties and verify
that they are not absurd and inadmissible."

In investigating the dynamic properties of our

model, we have to know the sort of time path the stochastic
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and non-stochastic equations of our model will generate
in the absence of additional external constraints or
shocks. 1In other words, do these equations offer an
immediate explanation of our internally generated cyclical
process? It is possible that the long-run predictive
system will simulate the economy very well. On the other
hand, however, it is also possible that this model is
too simple to offer even a qualitative picture of the
Nigerian economy. We also want to know whether the
economy described by our system is stable under large
exogenous displacements. That is, does the solution
resume its unperturbed equilibrium growth trend even
after a strong exogenous disturbance.

Following Samuelson (1965) a system is said to
possess perfect stability of the first kind if in the
entire region over which the system is defined, all of

its motions converge to each other. Formally, a motion
*
t

given positive vector ¢ whose elements are arbitrarily

Y, is said to converge to another motion Y_ if for any

small, there exists some £° such that:

*
IYt - Ytl < ¢ , for t > t°

Occasionally convergence of a sequence obeying above is

said to be strong convergence. The investigation of the

dynamic properties will, therefore, reveal whether, for
the data we have, our model is non-explosive and oscilla-

tory, explosive and oscillatory, non-explosive and non-
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oscillatory, or explosive and non-oscillatory.

. SIMULATION APPROACH

.There Qre.eétéblished'probedﬁreé for investigating
the dynamic implications of econometric models by
analytical methods [Adleman and Adleman (1959), Goldberger
{1964), Howrey (1971), Theil and Boot (1962), Zusman
(1962), Dhrymes et al. (1972}]. In addition, Evans
(1962), Fromm (1968), have proposed a simulation analysis
approach for determining internal consistency of a model.
The comparative appropriateness of the dynamic properties
of econometric models discussed by the authors referenced
above depends upon the nature of the structural medel to
be investigated.1 In this section, we consider a limited
stochastic linear structural mcdel--an estimated structural
model with parameter values treated as constants but with
stochastic structural equations whose error terms are
based on the estimated residual distributions--and the
methods suggested in the literature for deriving the
associated dynamic properties. In general, the guestion
of when to use simulation rather than an analytical
solution has not been settled. Howrey and Kelejian (1971)
have, however, demonstrated that all of the information
about validity and dynamic behavior of linear econometric
models that can be obtained by the use of simulation

methods can also be obtained from existing analytical



8é

techniqués:..But simulation methods have the advantage of
computational ecase especially when high-order difference
equation models are involved. Further, the interpreta-
tion of the simulated time paths of econcmetric models
may prove to be more straightforward than the interpreta-
tion of the analytical solutions. | _

As a preliminary to the discussion of the simula-
tion approach, we can write the reduced form of the

stochastic specification of equations (2.2) te (2.6) as:

t t_l t . t ' L . |. 0(4.1)

where,

Yt is a vectof of endogenous variables in period ¢,
24 is a vector of exogenous variables (including possibly
lagged exogenous variables), and Ut is a wector of
stochastic error terms. A and ¥ are matrices of unknown

coefficients.

Simulated valués of Yt' say §t may be generated

from the reduced form (4.1). Thus we have:
N - A% .{' A l ‘2]
¥, =AY, + Tz + O, .4 _
and YO = Yo
»
Under the usual assumptions regarding Yt-l' Zt, and Yt

[Goldberger (1964), pp. 295-302 and 336-338], and using

either LIML, 2SLS, 358LS or FIML, i, ¥ are consistent
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estimators of A and ' respectively. Thus we can write:

A=A+¢, and 'V =7V 34 ¢

A

where the matrices €a and ey converge in probability to
the null matrix as the sample size increases without

limit, that is,
plim ea = 0 and plim ¢e¢ = 0

We can generate the values of bt from a multivariate
normal distribution. The difference between the observed
and simulated values of Y, is obtained by subtracting
(4.1) from (4.2).

We note here that the specification of our system
is of one period lag. This makes our analysis simple.
In the case the system is of higher order lags, we can
condense it into a one period lag as has been demonstrated
by Theil and Boot (1962).

Subtracting (4.1) from (4.2) we obtain,

-~

Y ~¥, = (¥, o <Y, OAF Ber e ¥ e, &

t-1"A

Ut - Ut e » o +(4.3)

By appropriate backwards substitution and ignoring the
errors in A and f, the difference equation (4.3) can be

written as:

,__ t- ~ t_'
Y. =Y + I (Uj-Uj)AJ c e . . (4.4)
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If we consider the large sample counterpart of
equation (4.2), that is, set A = A and ¢ = ¥, and ignore
the error terms in both (4.1) and (4.2) it is easy to
 see ffom (4.1) and (4.2) that the process generating
?t is identical to the one generating the historical
values Y,. Hence an examination of the time paths of
thé elements of Qt should yield information regarding
the properties of the process generating the elements of
Y, . We can now asmptotically compare Yt and the simulated
Y, by investigating the probability limit of the last

term on the right hand side of (4.4), i.e. observing the

charactexistics of:

[ t_j

e

j=1

But as Howrey and Kelejian [1969, pp. 212-213] have
demonstrated (4.5) is in general not egual to zero, and
it is also related to Qt‘ To show that (4.5} is in
general not equal to zero, let |

t -
Plim I (U - u.yatd
jml R
t el
= plim ¥ (U, - U+ U - U.)A 3
R 3
j
t . t L
= plim ¢ (U, - HAYJ 4 plim 1 (T - 0,)aFd
j=1 J - j=1 )
. o
- 0 + plim £ (T - Uj)At j
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The last term of the right hand side of the above equation

does not vanish even when sample size increases except

T .
when U = % z Uj,where T is sample size. Hence (4.5)
i=1

is not in general equal to zero.
Assume that the simulated endogenous values are
independent of the errors associated with historical

endogenous values; that is,

E [(Yt)'Ut_j] = 0 I3 j = 0' l,a..-; t-l . = .(4-6)

Further, we ignore the small sample errors of A and ©.

Then,

E I(irt)'f:t_jj = ("HY'w, =0, 1,..., t-1
where,

- -~ -

vV =E (UlU;) o« or9o o(4.7)

combining (4.6) and (4.7) we have the covariance matrix

T ' 5 - t=]
E [(¥)) t (U, = UI)A" 7]
£ g1 9 j
C o at=dy iate]
= - 1: (A )'VA - - - -(413)
j=1

I1f the econometric model is stable (i.e. the characteristic
roots of the vector A are inside the unit circle in the

complex plane), then the covariance matrix converges as

t » =
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G iéJa variance-covariance matrix, hence it must
be positive definite. Therefore elements of the matrix
(4.8), say, -A'iﬁ Ai must be negativé. Tt follows that
the diagenal elements of (4.8) are negative which in

turn implies that each element of Y is negatively cor-

t
related with the corresponding element of:

(Uj - Uy

it

- )Aﬁ—j

421 .

From these last two results and the results concerning
errors of measurement [Johnston (1963, pp. 148-150)1,
Howrey and Kelejian concluded that if the elements of Y

t

are regressed on the corresponding elements of Y the

y
slope of the estimated line will be less than unity, and

the constant term will be significantly different from

zero. Their conclusion, therefore, was that even though

the process generating Qt is identical to the one generating

¥ the elements of Qt' on the average, will fail to

t.f
predict consistently the corresponding elements of Y. i
that is,

| E IYt/Yt] # Yt

and hence in the case of linear limited stochastic medels,
simulation approach for describing the dynamic properties
can be misleading. But Aigner (1972) has demonstrated
that this conclusion is wrong. Suppose again we ignore

the small sample errors on A and Y, we have
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~ _ v ~
Y, =AY + "z, + U,

wWhile Uj and Uj are independent, Ytand Yt are in general
not. Observing their marginal distribution we find that

Yt and &t have egual wvariances. Thus,

2

= V(Y,) = v

V(Yt] 'V(Yt) V{AYt_l + zt] +t g

with positive covariance
' Yy ) = T
CC(Y, Y ) = VIAY, 4+ V2]

assuming,

~ 2 .

Ut N{o, ¢7) and independent of Yt' Zt and Ut‘

The scatter diagram of this distribution is an ellipse

with 45° line as its major axis. If Yt‘and Yt were

independent, the covariance term will be zerc and the
scatter diagram will appear as a circle with its centre
on the 45% line. |

Although the regression of either Yt or Yt on

_AY,__, + Vz_ is homogenous with slope equal ta one, i.e.,

'z,1 = AY + Yz,

EY /RY, 4 + 7y £-1 t

the regression of Yt on Yt or Qt on Yt is not. In fact,

under bivariate normalty conditions, the conditional mean

functions are linear with identical slopes:

c(¥,, v,.) cC,, ¥} V@AY, . + T2.)
oo e Yl ST M) t-1 £ 4 . a9

~ “ 2
v(Y,) v(¥,) v(aY, ,+%2 )40
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and identical intercept, {(1-8)yu, where ;; is the (uncon-

ditional) mean of both ¥, and Qt‘ | |

Thus for the case of stochastic simulation the
{large sample) regression of actual on generated values
(or vice versa) should not be expected to be homogenous
with slope one in general as thought by Howrey and
Kelejian. From (4.9) we note that the slope lies between
zero and one. The intercept will be positive and bounded
above by p for u » 0, while it will be negative and

bounded below by y if y < 0. When V[AY + vzt] is,

£-1
however relatively large compared with 02, the slope
approaches one. |

Aigners argument stands if we accept the éssumption
of bivariate normality in the marginal distribution of L9
and % . In any case, the verification of individual

t
equations of a structural model may not be the best
apprcach. As Aligner points out, “he must decide whether
the simulated series are 'close enough' to reality
(collectively) so that according to some loss function
the simulated model will be taken to be a good proxy for
the true structure” [1972, p. 619]. In this respect,
Dhrymes (1970, p. 240] has suggested the use of a statistic
analogous to the single=-equation Rz, to test the hypothesis
that g= 0, where g is the coefficient vector of the
system of equations under consideration. He defines this

statisticg R2 as:
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-~ -~

2 B D b
(Y-eY) ' (Y-eY)

where,
U is the estimate of the error terms of a general

linear model:

¥ Xe+ U

i.e. U=7Y - X8

B is the OLS estimator of £ given by

1

B = (X'X) "X'Y

and e = (1,1,1,...1}" , ?z% v

1 t

]

%

Unfortunately, however, this statistic is dependent on
the unknown covariance parameters of the joint distribu-
tion of the error terms of the system. Dhrymes (1970)
has alsc derived an alternative test procedure regarding
the goodness-of-fit of the reduced form model (the fraction
of the generalized variance of the jointly dependent
variables explained by the reduced form). But as he
points out, this procedure involves the restriction that
the number of variables in the model (endogencus plus
predetermined) be less than the total number of cbserva-
tions. This restriction is generally not fulfilled,

however., A potentially promising criterion for validating
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an econometric model is suggested by Hooper (1362).

It is called the 'trace correlation' statistic and it is
based on the estimates of the canonical correlations.
Currently, however, the distribution of 'trace correlation'
is intractable,

" Non-linear models present a major problem of
validatiOn. Because of the difficulties involved in
obtaining analytical solutions to a system of non-linear
equations and then in performing the integrations
necessary to get the conditional expectations, the reduced-
form equations, in general, will be unknown.2 When the
: reduced- form of a non-linear model is known, Howrey and
Kelejian (1972) have demonstrated that the elements of ﬁt
can be expected to diverge systematically from the cor-

responding elements of Y even though the econometric

£
model is properly specified. Furthermore, multiplier
analysis based on non-stochastic simulation yields

results that do not apply to the corresponding historical
values [Evans and Kelin (1967), pp. 48-49 and chp. 5;
Fromm and Taubkman (1968, chp. 2)]. Thus non-linear models

should not be validated in terms of comparisons between

the elements of Qt and Yt.

. ANALYTIC APPROACH

Analytic methods for describing the dynamic impli-

cations of stochastic, linear econometric models include
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characterizing the stochastic response of the analytical
solution to a system of difference equations (4.1) by
the use of spectral (frequency domain) analysis and
indirectly the derivation of the covariance matrix of the
endogenous variables (time domain). Spectral (cross-
spectral) analysis is a statistical technique that can
be used to obtain a frequency decomposition of the
variance (covariance) of a univariate (bivariate)
stochastic process [Dhrymes et al. (1972)]. There are
reasons why one might consider spectral analysis as a
technique for investigating dynamic properties of a
model.3 Firstly, when we study a stochastic process,

we are interested in, among other things, the average
level of activity, deviations from this level, and how
long these deviations last, once they occur. Spectral
analysis provides this kind of information. Secondly,
in spectral analysis we can construct confidence bands
and test hypothesis for the purpose of comparing the
simulated results of the use of two or more alternative
economic policies. Furthermore, spectral analysis can
be used to validate an econometric model. By comparing
the estimated spectra of simulated data and corresponding
real-world data orecan infer how well the simulation
results compare with the system it was designed to
emulate. An important advantage of the spectral method

over the simulation method is that the results of the
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former are not subject to sampling variability because
the spectra are expected values of the spectral power
function. In addition we do not need to replicate
stochastic model solutions as we do in the simulation
approach.

The application of spectral method is, however,
limited. PFirstly, the length of available time series
may give difficulties. When dealing with aggregative
econometric models, it is not often that we have series
of sufficient length to justify the use of spectral
techniques. Secondly, the dependent variables will,
generally, not have the property of (covariance)
stationary, as required by spectral techniques unless
they have been sufficiently detrended. That is, unless
they have been 'cleared' of their (systematic) mean
function. This requirement implies that in order to
perform tests of comparison on the spectra estimates of
the model and the actual series of observations for the
endogenous variables we must also obtain the spectral
matrix of the exogenous variables. The exogenous
variables may then be decomposed into a deterministic
function (say a time trend) and a (multivariate)
covariance stationary process. Where this latter process
and the process Ut are mutually independent, the spectral
matrix of the exogenous variables z, may be easily

obtained. Methods for detrending and removing a trending
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mean as well as for handling a series whose variance and/
or auto-covariance changes through time are well discussed
by Granger and Hatanaka {(1964), Fishman (1969}, and
Dhrymes (1970). These methods include polynomial re-
gression, first differences and linear time detrending.
Unfortunately, the spectrum we compute from observed time
series is very much dependent on the transformation pro-
cedures applied. This has probably made spectral analysis
less attractive as an alternative for investigating the
dynamic properties of econometric models.

Granger and Hatanaka (1964}, Nerlove (1964),
Naylor et al. (1967), and Black and Tukey (1958) amongst
others, have developed the method of spectral analysis
as applied to econometric models. The basic idea under-
lying spectral representations is that the time series
can be decomposed as a sum of uncorrelated components,
each associated with a particular fregquency. Hence the
variance of the series is egual to the sum of the variances
of the components. The power spectrum shows the variances
of the components as a function of their frequencies and
indicates the relative importance of the components in
terms of their contribution to the overall variance. It
is the sguared amplitude associated with oscillations at
different frequencies. | |

The definition of éome uséful concepts and related
theorems are given in the appendix. In most parts, we

follow Dhrymes (1970}.
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Consider the reduced form equation (4.1), : -

= v
_ Xt AYt_l + Zt + Ut

we can rewrite this equation in an operator representation

form a8=_5,1'”'
* )
C(L?Yt_f C (L)Zt + Ut  : f . o« + (4.8)
Thus the final fForm of (4.8) is:
vy, = [ca)) ez, o+ e, L L L L 4.9
£ 7 LR AR Ey T AR e AR

assuming the operator matrix C(L) is invertible. C({L) will
have an inverse if and only if the roots of:

|C)| = 0

lie outside the unit circle [|C{p)]| is a polynomial in

the real or complex variable p, which is obtained by
substituting o for the operator L in C(L)]. Hence the
general structural model is basically a system of rational
distributed lags in the exogenous variables. Furthermore
from (4.8), it is clear that we are dealing with a system
of stochastic difference equations with constant co-
efficients and 'forcing function' C*(L)zt. From (4.9) the
conditional expectation of the jointly dependent variables,
given the exogenous variables of the system, is:

1

- *
E (Y, /2,) = [C()] "¢ L)z,

The elements of:
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|

- *
[C(L)] "C (L)

are the elements of the matrix of dynamic multipliers.
Dynamic multipliers indicate the response of the endogenous
variables to changes in the exogenous variables. For
short-term policy formulation, dynamic multipliers may
provide a sufficient characterization of the dynamic
properties of a structural model. But to repeat
Haavelmo's warning, if the long-term properties of the
model are to be investigated, it may not be reasonable
to disregard the impact of the disturbance terms on the
time paths of the endogenous variables as we do in
deriving dynamic multipliers.

A property we are looking for in the Nigerian
model is stability. By stability we mean if the values
of the exogenous variables are specified to be finite,
then the conditional expectation of the jointly dependent
variables is also finite. Otherwise the Nigerian economy
we purport to describe by (4.1) is unstable and will
diverge to += Or -«, depending on the initial conditions,
or it will experience oscillations of increasing amplitude.
It is necessary here to differentiate between global
stability and local stability. An equilibrium position is
said to be 'globally stable' if all the variables of the
system approach this position in the limit as time passes,
no matter what their initial values. On the other hand an

equilibrium position is said to be 'stable locally or in
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the small' if for sufficiently small deviations from
equilibrium all the variables approach this position in
the limit as time passes. Clearly if an equilibrium
position is globally stable it is also stable locally too,
but the converse is not necessarily true [Samuelson (1947,
pp. 261-262)]. In an econometric model, however, we are
more interested in local stability conditions since it
is easier to test for these conditions than test for
global stability conditions. Further, it is not clear
whether we can expect anything more than local stability
because our model is a simplification of the system to
start with and our sample size is not large enough.
Nevertheless, we do keep in mind that such tests on
local stability conditions do not guarantee global
stability, or stability over any given range of distur-
bances for that matter.

Stability for a system of difference equations

such as (4.1) is insured if the roots of the polynomial

lego™ - et - 92, L L., - cl=0  ...(4.11)

are less than unity in absolute value. If pi is the ith

th root of (4.11),

root of (3)of Appendix 4 and ¢i is the i
then:

1
pl

¢i =
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. " The following conclusions arise from theorem in
Appendix 4.

{i} The final form (4.9) can be rewritten as:

. A(L) G(L) -
Yt = b—(E'T Zt + BTi—'T Ut o - | - + w0 (4.12)
where;- | :

b(L) = |C(L)|; A(L) = G(L)C (L)
G(L) is the édjoint of C(L) and

A{L) G(L) .
B(Ly * b} a;e rational lag operators and

admit of a power series representation.

{ii) The matrix o©f dynamic multipliers is given by:

CA{1L)
B{1)

{iii) We can write (4.12) as:

A (L) A({L) G (L)
Yt_bL) Wt+m£t+b(L Ut e o+ - (4.13)
where,

Zy = W + ey

Hence except for a deterministic mean, the jointly
dependent wvariables form a covariance stationary stochastic
process whose spectral matrix is the sum of the two spectral

matrices associated, respectively, with the stochastic ’IKHLQ;*

components in (4.13). Thus to determine the spectral//
: . ¥R/



102

matrix of the jointly dependent variables of the system,

we need only know the spectral matrices of the processes:

G (L)
YAl Ee 7 and BTy Ut

which are:

A(6) F_(0)A'(0)

Ib(e) |
and

G{B)Fu(B)G'{B)

5 respectively.
|b (o) |

Hence the spectral matrix of the jointly dependent

variables is given by:

A(a)FE(e)K'(e)

|b(e) |2

G(s)F _(8)G'(p)
+ e 5 .. . (4.19)
|b(e)|

FY(e) =

In particular if we make the assumption that the vector
€ form a set of mutually independent, indentically
distributed random variables with zero mean and co-
variance matrix 2, then the spectral matrix of the

endogenous variables becomes:

Ao)aA' (8) G(e)zG' (o)

+ s ¥ = (hel5)
2ﬂ|b(e)|_2 2n|b(8)12

FY(a) =

An estimator for FY(e) is given as:
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_ A)FR' (o) , G(0)G' (p)
2x |blo) |2 2n|ble)|?

Fy () o 2 o oHRTE)
where,

A(g), 2, G(e), £, and b(s) are replaced by their
consistent estimators [Dhrymes (1970, pp. 528-529),
Naylor (1971, p. 313)]. We can now deduce the cyclical
characteristics of the dependent variables of the system

by studying the spectral densities:

which are the diagonal elements of fY(e).

Estimates of the cross-spectra between each of
the endogenous variables may be obtained from the off-
diagonal elements of %Y(e). These off-diagonal elements
indicate the coherence and the phase of the time series.
Following Granger (1969) we define the coherence as the
square of the correlation coefficient between corresponding
frequency components of xt and Yt' a pair of stationary
time series. The phase measures the phase difference
between corresponding frequency components. When one
variable is leading the other, the phase divided by &
gives the extent of the time lag. Thus, the coherence is
used to measure the degree to which two series are related
and the phase may be interpreted in terms of time lags.

If Xi Y., and Z, are three time series, there may be

t
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misleading correlation and coherence values between two
of them due to the influence on both of the third
variable. Granger (1969) has demonstrated how this
problem can be overcome by the use of partial cross-
spectral methods. He gives the spectral, cross-spectral

matrix between the three variables as:
Fij(B}dB

where,
Fij(B) = FX(B) y 1 = j = X

In general, however, the computation of cross-spectral
densities present some problems since they involve com-
plex numbers. [Granger (1969), Naylor et al. (1969),
Smith (1971)]. To ease computation, Smith suggests we
resolve the spectrum matrix of the system into real and

complex parts. Thus,
Fylg) = Fy(e) + iF,(s8)

The diagonal elements of Flte) are the power spectra at
frequency 6 (those of FZ(B) are identically zero). The
off-diagonal elements of Fl(B) andin{e) are the co-
spectrum and quadrature spectrum respectively. Hence the
coherence statistic is:

2 2
2 Flik (8) + F24x (o)

F jk(e) =
Fljj(o) + Flkk(e)




105

Another interesting aspect of spectral analysis
is revealed in the work of Blackman and Tukey (1958},
Their work shows that the spectral estimates FY(B) have
desirable statistical properties, provided the process
Zt is normal. One property in particular, the statistical
independence of spectral estimates at non-adjacent
frequencies, allows the interpretation of confidence
intervals. Blackman and Tukey further assume that the
theoretical spectrum Fii(e) is reasonably smooth. Thus
the distribution of:

F;;(8)

Fii(e)

2 o
is approximately EE , where k = degrees of freedomn.
k .

Hence in order to gain some information about Fii(a) when

the sample estimate is availlable, one may construct a

{100-a)% confidence interval for

Fii(8)

2
025,k

percentiles of the xz distribution with k degrees of

Suppose a = .05. Let ng?s K and yx be the
. r

freedom. Then,

2 ” 2
X975,k Fii(0) . X025k
r K . (6) K

P } = .95

ar
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-~ -

P, | 57— < F;;(0) <« 55—} = .95
X,025,k/k X.975,k/k

We may be interested in constructing confidence
bands to compare the estimated spectra of two series
that are the result of the use of two different economic
policies [Naylor et al. (1967)]. In this case, we
proceed as above, setting a confidence interval for the

ratio

by the use of an F (variance-ratio) statistic.

In summary, spectral analysis is potentially a
powerful tool for analyzing data generated by an
econometric model. By constructing the appropriate
confidence bands, spectral analysis enables one to
validate a simulation model and to compare the results of
alternative economic policies that are associated with
different series generated by the model. The large sample
size required for its appropriate application, however,
constitutes an important barrier to economists using the
technique for validating models whose data are of short

duration.
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EMPTRICAL RESULTS OF THE DYNAMIC PROPERTIES
OF THE NIGERIAN MODEL
The matrix C(L) derived from the estimated
structural coefficients of the Nigerian model is given in
Table 4.1 for the period 1951 to 1969.
The egquation of the associated determinant (3)

Appendix 4 is:
|C)| = 0= (1-.608) (1-.713p) (.327-.145 ) . . .(4.18)

The roots of this equation are:

1 _ 1 _ -327
P1 T 7608 * P27 T7I3 ' f3 T 7115

ioEo = 1'64J

pl = 1-40'

= 2.26 s o «+(4.19)

P2 P3

We recall that C(L) will be invertible if and only if the
roots of |[C(p)| = 0 lie outside the unit circle.

Thus we conclude that our system is stable since
its roots Pir Pps P4 are all greater than 1. Stability
is one of the properties we would require of a model of
a real world economy. In addition, however, we want the
long-run dynamic multipliers to be of reasonable magnitude.
In this connection, we recall that the form of the system

exists and takes the form:

_ A(L) G(L)
e " bEy 2 * By Y
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TABLE 4.1. MATRIX C(L)

.145L 0 0 0 - .6731
0 I - .713L 0 0 0
0 0 I - .608L 0 0
0 0 0 I 0
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More over, it is know that :
| c(r)] = b(w)

From Table 4.1, the associated determinant of C(L) is:

C(L) = (1-.608L) (1-.713L) (.327-.145L)
= .327-.577L + .3341% - .0631°
Thus,
b{L) = .327-.577L + .334L% - .0631°

The matrix G(L) is the adjoint of C(L), that is, it is the
transpose of the matrix of cofactors associated with the
latter. The matrix G(L) is given in Table 4.2. The

*
matrix A(L) is the product of matrices G(L) and CO, i.e.

- *
A(L) = G(L)C,

C; is the matrix of exogenous variables parameters and

is given in Table 4.3, while A(L) is given in Table 4.4.
The estimated conditional expectation of the final

form is obtained by dividing every element of the matrix

A(L) by b(L), thus giving the matrix of dynamic multi-

pliers. Thus the matrix of dynamic multipliers is:

1 A(L)

fc(ml” b (L) : % @

*
CO(L) = . (4.20)

Evaluating (4.20) after substituting 1 for L, we find that
the matrix of dynamic multipliers is as given in Table 4.5.

An interpretation of Table 4.5 is that if we assume
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(1809 °-1I)
X (I€TL°-I)
X (Isp1°-I)

(7I809°'-I) X
(TETL -I) (ELY ")

(1809 °~1I) X
(T€ETL*-I) (ISPT"~I)~

(1809 °-I) (TETL"-I)-
(T€TL ~-I) (IS¥PT"-1)

(1809%9°*-I) X
(TETL-I) (IEL9" =)

(TETL"-1)
X (IspT°'~I)- (1809°-I) (ISPT*-I)~-
0 0
(TETL*-I) IEL9" - 0

(TETL*-I) (TISPT°-I)

(1809°-I) IEL9"~-
(1809 -I) (IS¥T"-I)

(1€TL°~1) (IEL9"-) (T1809°-I) (I€L9°-)

(1809 *-I) (TETL"~-I)

(IETL ~1) -

(1809 °-I) (TETL"-I)

(1)D XI¥YIWYW

*T'y 19Vl



TABLE 4.3. MATRIX OF PA&AMETERS OF EXOGENOUS

VARIABLES (c
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36.7 0
25.6 .143L
53.0 .148L
30.4 0

0 1L

.128
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government expenditures to be fixed at G (and AYB assumed
zero), then consumption would tend to fluctuate about
-729 + .48G, GDCF about 90 + 3.38 G, Imports about =367
-2.86G, Exports about 190 and GNP about 1910 + 6.57G.
These values are read directly from Table 4.5. On basis
of this analysis we observe that although the estimated
equations as given in Table 3.4, appear reasonable, the
matrix of dynamic multipliers of our model exhibits some
undesirable properties. This result is probably due in
part to the fact that we have not taken the effect of
inflation in the economy into account (nominal values
rather than real values employed in the analysis). If,
however, we increasefby a unit, this increase maintained
forever, will have the ultimate impact of increasing
private consumption by .48, GDCF by 3.38, reducing
imports by 2.86 and increasing GNP by 6.57. The latter
result is consistent with a long run marginal propersity
to consume of .82 obtained earlier for our m.odel.4
As discussed earlier, the properties of dynamic
multipliers may not provide a sufficient characterization
of the dynamic properties of a model. For a more reliable
technique, we turn to spectra representation. Further-
more, spectra representation may serve as a technique for
validating an econometric model. The procedure suggested
is to compare the power spectra implied by our model with

the power spectra estimated directly from the series of
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observations on the endogenous variables. Significant
differences between the two might then be taken as an
indication that the model is not correctly specified.

To cbtain empirical estimates of the power
spectra of consumption, GDCF, Imports, Exports, and GNP,
wé have used a computer program BMDX92 developed by Prank
Massey III and Robert I. Jennrich (1966) of the Health
Sciences Computing Facility, UCLA.

' Estiﬁates of the power spectrum are obtained for
both actual values of the variables and the simulated
values derived from one model. The two sets of estimates
are given in tables 4.6 and 4.7 respectively. We observe
that there is a close relationship between the two sets
for corresponding endogencus variables with the exception
of GNP series. 1In particular, the prominent peaks of the
power are located at {(or near) the same frequencies.

For instance, the greatest power for consumption series
(simulated) is located at a frequency of n/7, while the
greatest power for the same series (actual) is concentrated
at n/6. GDCF and Imports have their relative peaks

centered around n/7, n/6 respectively for both actual and
simulated series. Table 4.8 shows the fregquencies at

which the greatexr power are concentrated for each of the
variables. Thus although there are differences in the
magnitudes of the power of each variable (actual vs
simulated), the general shapes of the power for the simulated

series resemble the shapes of the power for the actual data.
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Figures 4.1 and 4.2 depict this more clearly. The results
thus further strengthen our claim that our model is a good
representation of the Nigerian economic system.

The graphs of the power of our simulated series
show concentration of power at low frequencies while
tailing off at high frequencies. The graphs thus exhibit
what Granger (1966, p. 150) calls the typical shape of
the power of most economic variables. It should, however,
be emphasized that these 'nice' results are probably a
consequence of our employing a simple linear model. The
spectral densities for consumption, GDCF, Imports, Exports,

and GNP are estimated at points:
B = 0!‘ Tl/al' ﬂ/'?.r “/6[ TI/S; 1/4; 'I'l'/'3,|I n/2, mMe

These points correspond respectively to components of
period (in years) as,«,16, 14, 12, 10, 8, 6, 4, and 2.
The period of a power, P, is the reciprocal of freéuency,
that is:
p = 2u
6

The spectra are similar in some important respects
as Table 4.7 and Figures 4.3, 4.4, 4.5, 4.6, 4.7 show. In
the first instance, they all have relative peaks in the
low frequency end. Further, consumption, GDCF, Imports,
Exports, and GNP appear to have substantial cyclical

component of period of about 12, 14, 12, 10, and 10
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respectively. The spectrum period is defined as the
inverse of the frequency at which the power spectrum
exhibits a relative peak (provided one exists). The
substantial cyclical component of period and relative
concentrations of power identifijed in our results indicate
that there is tendency for the series to oscillate with
some degree of regularity. This implies that the response
of the endogencous variables of the system to random
disturbances exhibits a fairly regular cscillation with
a period of approximately 11 to 12 years per cycle.

An interpretation of a power spectrum is that if
a band contributes a large proporticn of the total
variance, then it may be regarded as more important than
a band where the power is less. A frequency is the point
atlwhich the power for a band is assumed to be concentrated.
Thus the peak for consumption power is not as pronounced
as the peak fqr Exports, and GNP power, For Exports,
thé frequehcy'w/S contributes over 30% of the total
variance of the series, while for consumption the fre-
quency =/6 contributes just about 20% of the total
variance of the sefies. Thus it can be inferred that the
export cycle does show a stronger regular tendency than
consunption cycle. The relatively weak peak depicted by
the consumption 3pe¢t£um is,.however, not surprising. It
reflects the volatile nature of the various components of
consumption expenditures--a phenomenum very familiar to

economists.
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Coherehéé values for each frequency are also
estimated. The results are displayed in Tables 4,9, 4.10
and 4.1, The coherency function is very much like the
square of the correlation coefficient between two fandom
variables. It is a measure of association between any
two variables at partilicular frequencies. One significant
result is the high coherence values obtained for con-
sumption and GNP at all frequency levels. This result
is what is expected, however, since we expect the two
variables to be positively highly correlated. Exports
are also strongly related to GNP at all fregquencies. While
there is a high degree of fluctuation in the degree of
correlation between other pairs of the economic variables
considered.

| Granger and Hatanaka (1964} advise that "the
amount of data required before it becomes sensible to
attempt to estimate a spectrum would seem to be greater
than 100". We have employed a small sample of 19
observations. We cannot, therefore, claim very much from
our results. In particular the rather limited number of
obserﬁations used creates several problems in connection
with the construction of significant tests for spectrum
estimates, and significance tests of the oscillations in
the economic time series identified in the spectral
analysis. Howrey and XKelejian [Naylor (1971, chp. 12}]

have effectively used spectral analysis to explore the
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TABLE 4.9. CROSS SPECTRA BETWEEN CONSUMPTION

AND THE OTHER SERIES

Frequency Other Series
B GDCF Imports Exports GNP
0 0.984 0.993 0.980 0.682
n/8 0.524 0.692 0.949 0.707
/7 0.688 0.519 0.542 0.764
n/6 0.474 0.418 0.497 0.807
/5 0.842 0.675 0.545 0.684
/4 D.976 0.563 0.559 0.224
n/3 0.961 0.411 0.391 0.529
n/2 0.793 0.751 0.701 0.631
n 0.242 0.342 0.671 0.975




TABLE 4.10.
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CROSS SPECTRA BETWEEN GDCF AND OTHER SERIES

Frequency Other Series

i} Imports Exports GNP

0 0.969 0.968 0.683
/8 0.550 0.614 0.946
v/7 0.508 0.449 0.986
w/6 0.925 0.751 0.770
n/5 0.710 0.876 0.910
n/4 0.374 0.517 0.069
/3 0.145 0.438 0.371
n/2 0.268 0.497 0.276

" 0.826 0.557 0.221
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TABLE 4.11. CROSS SPECTRA BETWEEN THE SERIES

Frequency  Imports/Exports Imports/GNP  Exports/GNP
]

0 0.993 0.752 0.814
n/8 0.808 0.698 0.830
n/7 0.858 0.437 0.415
/6 0.934 0.551 0.230
n/5 0.787 0.902 0.959
w/4 0.735 0.864 0.881
/3 0.814 0.946 0.660
n/2 0.750 0.968 0.662

m 0.923 0.331 0.667
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dynamic properties of Klein's model I for a sample size

of 21 observations. And our results have shown that even
for a relatively small sample size, spectral representa-
tion of an econometric model provides a useful analytical
tool of validating the model and of checking its dynamic
properties.

Simulation and spectral analysis techniques
represent respectively the deterministic and stochastic
approaches to investigating the dynamic properties of an
econometric model. The choice between the two techniques
is not an obvious one. The more important issue, however,
is not which of the two techniques we employ, but it is
that a model which is to be employed in policy formulation

should be subjected to tests beyond 'casual observation'.



CHAPTER V

APPROACHES TC THE POLICY PROBLEM AND

FROBLEMS OF COMPUTING OPTIMAL PLANS

In fhé previous chapters we.develaped ah afgument
favoring the use of a social welfare function (or:
éuf?ogate loss function) for economic policy decisions.
A quadratic criterion function was suggested, while a
linear structural model was assumed and estimated to
Ireprésent the structure of the economic system. With
knowledge of the criterion function and the constraints,
policy evaluation is in principal, conceptually straight
forward. The principle is to maximize (or minimize) the
expected valuel aof the criterion function subject to the
constraints formed by the structure of the economic
system in order to achieve optimum cﬁntrol. '

If it is possible to measure the state of the
system exactly, that is, if the system we are dealing
with is deterministic, the preblem in obtaining the
optimum contrel is considerably lessened. In the real
world, however, many processes in economic systems are
characterized by uncertainties and decision making (or

control) has to be undertaken in such conditions.
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Assuming certainty as to the real structural representa-
tion of our model, there are other sources of uncertainty
in the relationships comprising the model which cannot be
ignored because of their far reaching implications with
respect to the final solutions to economic planning
problems.

Uncertainty may arise from: 1) many approXima-
tions, including omitted variables, simplifying mathe-
matical forms, and various forms of aggregation which
lead to the specification of stochastic rather than
deterministic relationships; 2) capturing only (small)
sample estimates of the parameters entering the relation-
ships; 3) structural changes; 4) imperfect information on
the future values of the non-controlled exogenous vari-
ables; and 5) lack of knowledge of the way in which the
marginal utilities are affected by changes in controlled
and non-controlled variables.

One solution to the uncertainty phenomena is to
specify the model as stochastic processes, thus allowing
a characterization of the optimization problem, as one in
stochastic optimal control theory. This procedure raises
an immediate issue of whether or not there exists an
optimal policy in the case of a linear dynamic system with
stochastic coefficients as well as additive disturbances.
An important result from stochastic control theory,

however asserts that given a quadratic objective function.2
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an optimal feedback policy for such a linear system will
exist only if the amount of uncertainty associated with
the coefficients is not too great [Wonham (1967, 1969),
Turnovsky (1973)]. It is worth pointing out that this
'existence' problem does not arise if the only dis-
turbances are additive; in this case the system will
always posses an optimal solution.

A very important concept in stochastic control
is the information pattern available to a policy maker
at a specific time, for the purpose of decision making,.
Normally, as the decision process unfolds, additional
information becomes available to the policy maker.
Additional information could come through addition to
sample. The use of sample additions allows learning to
take place regarding, for example, the unknown coefficients
of the constraint functions. Formal procedures for
utilizing sample additions to update probability dis-
tribution specifications include Bayesian methods, Least
Squares revision methods, and Kalman type filters.?
Furthermore, additional information could arise from
sample experiments through choosing a current policy
which is less than optimal from a pure control point of
view in order to gain more knowledge of the system. Thus,
to quote Dreze (1972, p. 15) "a monoplist may wish to
depart from the price which maximizes expected profit,

simply to learn more about his demand function" Thus,
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in stochastic optima contrel, 'learning' is present,
whether 'accidental' or 'deliberate'. The information
pattern available to the policy maker indicates not only
what type of learning is possible at each point of

time, but more impcortantly, whether further learning can
be anticipated and how it could be influenced by present
actions (by a built-in probing device). Since learning
may improve overall control performance, the probing
signal may indirectly help in controlling the stochastic
system. Thus the inherent benefits of the additional
information depend wupon whether or not an improved
representation of the structure results in superior future
control. On the other hand, the benefits (promotion of
learning) derived from probing should be carefully weighed
against the cost of such probing. In general, probing will
increase the expected cost of the system. There is,
therefore, an interplay between learning and control.

This interplay, called 'dual control problem.' is one of
the most important aspects of stochastic control theory
which is pointed out by Bellman (1961, pp. 198-209) and
Fel'dbam (1965).

APPROXIMATE SOLUTIONS

Analytical solutions to dual control problems are
unfortunately not yet possible. The intractable nature

of the problem is due to the interaction between the
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structure of the system and the built-in probing device.
This interaction results in highly non-linear functions,
the expected value of which can only be evaluated
numerically. Moreover numerical solutions procedures
rapidly encounter the 'curse of dimensionality' for even
modest size control problems.4 Florentin (1962), and
Astrom (1965) have worked out simple examples indicating
the dual role of learning and control. A dual control
algorithm which is applicable to a family of large class
of non-linear stochastic systems has been developed
recently by Tse, et al. (1972). These studies present
some simulation results indicating the differences
between active and passive learning control strategies.

With respect to linear stochastic systems, the
state of the art implies a resort to approximate solution
procedures. These procedures involve some alterations
or modifications of the original structure of the problem.
The severity of these alterations dictates the degree of
approximation of the control strategies to the optimal
control solutions. The approximate solution procedures
that have been advanced in the literature includes:5 1)
the certainty equivalence controls; 2) the sequential
stochastic controls; and 3) the adaptive controls.

The above procedures are enumerated in degree of
complexity and approximation, with certainty equivalence

controls relatively the easiest. The derivation of
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analytical expressions for the certainty equivalence and
sequential stochastic contreols may be characterized by
either the Pontryagin Maximum Principle (in its discrete
form) or by dynamic¢ programming. Pontryagin's (1961)
Maximum Principle is a very important idea in control
theory. Assume an optimum control exists and that we
have a social welfare function denoted hy:

T

I = ¢ (L+ r)"tuxyt, C.r X, . . . (5.1)
t=0

Y X, represent state variables, control variables,

£ e %y
and other exogenous variables respectively. r is an
assumed rate of discount indicating time preference
allowance. The system is described by the first order

difference eguations:
Yo = 9I¥ 3, Cor X3, £=1, 2,000, T

Yo=Y, R P -

The control theory problem then is to optimize the social
welfare function J, subject to the constraints of the sys~

tem characterized by (5.2). We fqrm a Hamiltonian
_ -t
.H = {1 + r) {U[Yt' Ct' Xt +-¢‘¥?)]}

Maximizing J implies minimizing H; and from
oE
¢ 0

we determine the optimal control Et'
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Dfnamic programming is a procedure for solving
these sequential decision making problems.6 The essence
of this technique is to break a multistage decision
process into a series of single-stage problems so that
the problem becomes scluable. At each of the staqeé of
the decision system, it is assumed that there exists a
transformation function describing the output state of
the system as a function of the input state and decision,
a set of decision variables that enable a decision maker
to control the process, and a stage return that measures
the utility in terms of input variables, output variables,
and decigions. Under appropriate assumptions7 we can
decompose the objective function, and a multivariable
cptimization model can be solved by utilizing recursive
optimization. That is, we repeatedly apply the optimality
criteria which states that an optimal set of decisions
has the property that regardless of the first decision,
the subseguent decisions must be optimal with respect
to that outcome which arises from the first decision.
o In the case where we have a set of preference
functions, the models described above permit sensitivity
analysis of alternative policy strategies, thus providing
useful and formal insights about the trade-offs implied

by conflicting economic objectives. Sensitivity analysis

-
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of the optimal solutions of a programming model may be
approached in several ways. Saaty (1959), Barnett

{1962}, Courtillot (1962) and Williams (1963) approach

the problem by analyzing the impact of the perturbation

of the parameters on the extremum value of the objective
function. Babbar (1955}, and Tintner (1960) suggest
analyzing the statistical distribution of the extrenum
value of the objective function under alternative variations
in the random components of the parameters of a programming
problem. While Tintner investigates the variations of the
spread between the optimum value of the objective function
and any other value corresponding to a basic feasible
solution wvector.

The applicability of dynamic programming technique
to policy situations has a number of limitations. First,
not more than two instrumental variables can be considered,
otherwise, the problem becomes untractable. Secondly, the
assumptions of separability and monotonicity required in
order to decompose the objective function, limit the
application of the approach [Nemhauser, 1966, p. 56). And
thirdly, the many computations required tend to become
rather burdensome, although if 'certainty equivalence'
conditions discovered by Simon (1956) and generalized by
Theil (1968) are satisfied, the number of computations

required for the solution can be reduced.
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Certainty Equivalence and Optimal Feedback Rule

Methods explicitly admitting uncertainty and
learning processes are, however, available for the
econometric representation. Among such methods are
linear decision rules formulated for maximizing, in a
aynamic situation, a quadratic preference function under
linear constraints when uncertainty is inveolved [Holt,
Modigliani, Muth and Simon (1960), and Theil (1957, 1964)].

o The basig of the theory of dynamic linear decision
ruies is the first period certainty eguivalence [Simon
(1956).and_Theil (1957})]. An optimal strategy formulated
acddfdinélEd.thé'certainty equivalence theorem says that
the first period decisions ©f the maximizing strategy
are identical with the first-period decisions which are
oﬁtained by maximizing.the quadratic prefefence function’
subject to linear constraints after the unknown additive
random variables are replaced by their mathematical
expectations as they are known at the start of the first
period. The first-period certainty equivalence result
generalizes to a dynamic problem. By reformulating the
maximization problem in such a way that earlier decisions
are taken as given, the decisions to be derived become
the first-period decisions; that is, the second period
becomes the first, the third the second, and so on.
Information which becomes available about past periods is

taken as given for the current period in which decisions
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must be made. Thus decisions for successive periods are
obtained by shifting the period of the problem. Theil
(1968) has also proved that, in the static case, a first
order certainty equivalence theorem still holds even
when the coefficient vectors and matrices occurring in

the quadratic function and in the linear constraints are
stochastic. More recently Malinvaud (1969) demonstrated
that the certainty equivalence property can be generalized
into the dynamic case as well, except for singular cases,
as long as the various functions involved are twice
differentiable.

The above method is computationally efficient
only if: 1) the coefficient vectors and matrices of the
constraints have regular structure; that is, the cor-
responding coefficients for different periods are the
same, apart from initial and final effects; and 2) the
number of periods taken into account is infinite or very
large; in which case the optimal decisions for the period
immediately ahead are always the same linear functions
of the mathematical expectations of the unknown variables
for the periods. 1In most empirical applications, however,
the number of periods taken into account does not approach
infinity; typically a far shorter horizon is of interest
and the structure of coefficient vectors and matrices may

not be regular.
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In the case when conditions 1, and 2, are not
fulfilled, decisions generated by certainty equivalence
methods cease to be optimal. We can, however, utilize this
very deviation of the derived policies from their optimal
level as a restoring force to guide subsequent choices of

decisions. Schematically, we have:

Figure 5.1

Criterion
z{t)——y — =~ function I//, x(t)

' Ul(y,x)

4

A ICTCS N

The interpretation of Figure 5.1 is the following: We
have a criterion function U(y,x) acted upon by a set of
decisions x(t) which turn out to be sub-optimal when

all information becomes available. z(t) is the set of
decisions that would have been taken if all information
were available at the time the decisions are taken. The
two sets of decisions are then compared, resulting in a
forcing influence g (x-z) which is exerted on the criterion
function in a subsequent point of decision making. As a
result of this feedback, the equation actually governing

the behavior of the system over time takes the form:

&

= h[x,g(x-2z)],

x(o) = ¢ PR - . )
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The way the feedback information is utilized determines
the form of the function g, which in turn determines

the form of the equation. In many cases the control is
applied in such a way that equation 5.3, takes the simple

form:

g% = h(x) + g({x-z),

x(o) = ¢

The above is the basis of an algorithm developed
by van de Panne (1965) as a numerical technique for
obtaining optimal decisions when the certainty equivalence
conditions (regularity and infinite time periods) are not
fulfilled. Essentially, the 'linear feedback form' as
the technique is called, recognizes and incorporates the
fact that past decision errors cause decisions to differ
from the decisions which would have been taken if no
errors had been made. Van de Panne developed an ex-
pression which expresses the optimal decisions for period
t, given the information available at the beginning of
that period and given the decisions for periods before t
as being equal to the optimal decisions for period t if all
earlier decisions had been optimal plus a linear com-
bination of decision errors made in earlier periods as
perceived at the beginning of period t. Van de Panne
(1965, p. 308) defines a decision error for period t-1 as

the difference between the decisions for period t-1 based
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on the information available at the beginning of period
t-1 {given the decisions for periods before t-~1l) and the
decisions for period t-1 which would have been optimal
given the information available at the beginning of
period t (given the decisions for periods before t-1).
Computationally the difficulty of the feedback form
increases linearly with increases in the number of
controlled and uncontrolled variables, but remains

manageable for problems of fairly large dimension.

Sequential Stochastic Controls and Adaptive Controls

Provided the criterion function is quadratic and
the econometric model linear with known coefficients, the
techniques described above provide a relatively simple
means of finding optimal peolicy. Unfortunately, however,
in most macroeconomic applications, the coefficients are
not known with certainty and are normally estimated using
limited number of historical observations. Besides the
uncertainty about the coefficients arising from use of
small samples, is the problem of structural changes.
Kydland (1973), Lucas (1973), and Lucas and Prescott (1971)
have investigated the effect of policy rule upon the
parameters of structural equations and on the basis of
their results argue that the expectations of future
behavior of economic agents are not invariant to the rule
being used for policy selection. Thus, as expectations of

future behavior changes, the structure of the system shifts,
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resulting in a drift in the parameters, This drift, in
large part, reflects the adaptation of the economic
agents to the changing character of policy makers'
decisions. Hence any policy wvaluation ignoring this
source of drift will lead to inferior policy control.

As noted earlier, Wonham (1967}, and Turnosky
(1573}, have indeed shown that, for linear dynamic
systems and quadratic objective functions, an optimum
control exists provided the disturbances in thg parameters
are not too great and provided the parameters éfelin-
dependently distributed through time. Prescott (1971),
Zellner {1971), and Tse et al. (1973) have investigated
further the problem generated by disturbances in the
parameters using Bayesian approach, while Taylor (1973)
has loocked at the same problem from a non~-Bayesian point
of view. Essentially, they all suggest sequential
decision rules procedure as an approximate solution to
the preblem. This procedure consists of a sequence of
optimizing actions (open-loop sub-problems). These sub-
problems begin in each period of the planning horizon
with an initial value. As policy decisions are made and
as we proceed through time, however, additional informa-
tion becomes available. Such additional information is
utilized to 'update' the value and covariance of the para-
meters of the constraints. The revised estimates are then

employed as prior information for the next open-loop sub-
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problem; and so on. Provided experimentation is not a
relevant consideration, it has been demonstrated [Prescott
(1971), p. 373; Zellner (1971), p. 343] that sequential
stochastic control will be optimal.

But as we have earlier discussed, we often design
experiments in order to improve our knowledge of the
parameters; that is, experimentation is at times a relevant
consideration. In this case, sequential stochastic control
procedures will not yield optimal decisions. Adaptative
stochastic control is suggested as an approximate solution
to this dual control problem [Zellner (1971, chp. 11)].
Adaptive control recognizes the fact that the setting of
control variables in one period affects, in an important
way, the information regarding parameter values for other
time periods. Like the sequential control procedure,
adaptive control provides a sequence of optimizing actions.
The settings of the control variables through time take
account of not only what we learn from new data, but
also the combined and inter-dependent goals of control and
learning about parameter values. Because the future
actions embodied in the control solutions involves the
adaptating of the policy makers actions to new data as
they appear, the multiperiod control problem is referred

to as an 'adaptive control problem.'

Criteria for Evaluating Control Rules

Depending on what assumptions we are prepared to
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make regarding the probability distribution of the para-
meters and the additive error terms of our constraints,
each of the techniques discussed above would yield
optimal controls. The choice among the procedures,
therefore, rests very much on our knowledge of the
economic system in general and on the structure of the
model, in particular. Analytical procedures for selecting
among the techniques include observing and comparing the
loss functions of the control rules [Prescott (1971),
Zellner (1971)]. As a general rule, the smaller the loss
function the better the control rule.

More recently, Taylor (1973) has developed another
criterion for evaluating control rules in multiperiod
problems with unknown para.meters.8 Taylor's criteria is
defined as the limit, as the number of time periods
approaches infinity, of the ratio of the sum of regrets
in each period to an appropriate function of the number
of time periods. Regrets are the deviation from the
'bliss level' of expected loss function due to the unknown
parameters. The 'bliss level' is the minimum value of the
expected loss in each period when the parameters are known.
The criterion is closely related to the concepts of con-
sistency and asmptotic efficiency of statistical estimation
theory--a relationship that makes the Taylor's criteria
operational. Applying this criterion, for example, Taylor

(1973) shows, for a particular model, that the certainty
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equivalence control rule performs nearly as well as any
control rule designed for experimentation. If this
result is shown to hold for more general models, then

the practical use of certainty equivalence rule in models
with long time horizon might be acceptable after all.

In the next chapter, we discuss the certainty
equivalence technique in more detail and apply the
technique to the Nigerian model. Although we shall not
have the luxury of a long time horizon, we shall show
that acceptable results can be obtained using the

certainty equivalence technique.



CHAPTER VI
DETERMINISTIC AND CERTAINTY EQUIVALENCE TECHNIQUES

This chapter begins with a brief discussion of
deterministic control techniques suggested in the
literature. In particular, Tinbergen's and more recently
Pindyck's and Chow's techniques are sketched. We then
apply the certainty equivalence technique suggested by
Simon and Theil as an approximate solution to optimal
decision control to the Nigerian model. A three year
(period) planning horizon is assumed.

Tinbergen's (1952) contribution to economic
policy formulation was discussed earlier in Chapter 1I.
The main features of his approach include a welfare
function W, which is a scalar valued function of target

variables, the instruments and random terms U. that is:

W=W (Yl' ngon-; YIF Zl, 22300.; Z U)

7
where,

Y and Z represent targets and instrument,
respectively. A linear relationship between these two
variables, constituting the constraints of the economic
system, is assumed to exist.

Assuming differentiability, the optimum set of
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instruments by Tinbergen's approach is given by solving

the following set of equations:

a¥y 3
az. = Y3y 37, %3

i b 3

=

« o o o (6.1)

|

]

These equations are the necessary conditions for an
extremum (optimum) provided that the random term U is
identically zero and the second order condition for a
maximum or minimum is fulfilled.

The term %%i in equation (6.1) expresses the
effectiveness of the instrument zj in inducing a change
in the value of the target Yi when all other instruments

are held constant. Thus, the term:

g 9%y

i
3%
J

expresses the sum of all 'marginal' (i.e., partial) effects
of a unit change in a given instrument zj on the variable
Y- The efficiency1 of the instrument Zj is specified

by the term %%_
®

derivative) subject to the boundary constraints.

(and additionally by the second partial

Tinbergen provides a relatively simple approach to
policy formulation. His approach, however, suffers from
the fact that unique values of instruments exist if and
only if there are as many instruments as there are targets.

Thus, in the Nigerian model where we specify five targets
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but only one instrument, Tinbergen's approach has a limited
application.

More recently, Pindyck (1971), Ku and Athens (1972),
and Chow (1972) suggest a technique which avoids the
restrictions inherent in Tinbergen's approach. Their
technigue is, however, similar to Tinbergen's technigue
in that they assume the error term is identically equal
to zero and the parameters, and variables of the constraint
equations are known with certainty. Following Pindyck

(1972), we assume a quadratic loss function,

Q=1/2

[ |

* * * *
((Yt-Yt)x(Yt—Yt)+(xt—xt)ntxt-xt)] sos(6.2)

t=1

and a linear econometric model of the form:

t t"l + th + bt ..o(6.3)

and Yo= ¥

where,

Yt and xt are target variables and instruments
respectively (the star indicates desired levels). K is
aTx T positive semi-definite matrix, and R is an r x r
positive definite matrix. The diagonal elements of K,
some of which may be zero, indicate the relative costs of
deviating from the nominal path of each target variables--

for example, the cost of deviating from GNP relative to

the cost of deviating from balance of payment levels.
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The diagonal elements of R (all of which must be non-zero)
are similarly interpreted.2 They give the relative costs
of deviating from the paths of the contrecl variables.

The optimal control problem is then to find a

control sequence:
[xt, =T caeing "Bl

such that xt and hence it satisfy equations (6.2) and

(6.3). The main idea is to steer Yt close to the target

Y: by choosing appropriately the control variables xt.
Introducing lagrange multipliers At' we want to
minimize the function:
*

L=1/2 ¢

!_ * * * * ]
A (Yt~Yt)K(Yt-Yt)+(Xt-xt)R(Xt-Xt)

23

A - - "
i t(Yt AYt_l BXt bt)

Differentiating the Lagrange expression with respect to

xt and Yt we have,

3 *
7§t =R.(X,-X.) + BJA, = 0, (t=1,..., T} . . . .(6.4)
L _ K, (Y -Y*) - A 4 A' .2 =0
T?t £Vt "¢ t t+l t+1 !
(t=1,..., T-1) . « +(6.5)

From (6.4) and (6.5) and noting that 2 = 0, we have:

t+l

» 1 . —_
RT(XT L XT) + BTKT(YT"YT} - O . . - 0{6-6)
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Substituting (6.3) into (6.6) we have,
R X5) + B'K.(AY. . + B.X +b. -Y) =0
e pkp Pp¥m php + By = Yp) =
~-B'K Y + a
r¥rPp¥po1 + BpXq

*
! '
BTKTbT + BTKTYT

1.8 (RT + B%KTBT)XT

»

>
[l

[ o [l
7 = (Ry+BpKpBr)  (BpKpdn) Yoy

- *
- (Ry#BiK,B.) ~ [RyXp-BrKybo

*
]
+BTKTYT]
Thus,
Xp = GTYT_l + gp e e . < (6.7)
Where,
= = ' -1 '
GT h (RT+BTKTBT) (BTKTAT>
gn = = (R +B K B )-1 [ x*-B'K b, +B'K_Y*]
T RyptBpKpBy RpXp~BpK byt BeKp Yo

To find the control for period T-1, we follow the above
procedure replacing T with T-1 and so on. The result is a
set of recursive equations, which begin with the last
period of the decision horizon and end with the first
decision period.

The result (6.7) is the so-called optimal closed-
loop linear feedback control rule.3 Each optimal decision
it is expressed as a function of Yt-l (which is already
observed). This control rule tends to be 'self-correcting',

that is, if random shocks are introduced into the system so

that at different time Yt moves away from its optimal value
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Y, , the resulting optimal control (in the following period)

*
tl
will force the state variables towards their optimal paths.

APPLICATION OF CERTAINTY EQUIVALENCE THEOREM

If we relax our assumptions and allow for an error
term fadditive term) in egquation (6.3), we have a stochastic
model, and in which case, the techniques suggested above
by Tinbergen, Pindyck and others do not provide optimal
decisions. In the case when the parameters of the system
are known with certainty and the only stochastic elements
are the additive terms, it has been shown that an optimal
control is attainable by appealing to 'certainty equivalence'
theorem [Simon (1956), Theil (1957)]. Certainty equivalence
theorem was defined in Chapter V. Essentially, it suggests
replacing stochastic additive terms with their mathematical
expectations as known at the start of the period. Decisions
for successive periods are obtained by shifting the periods
of the problem forward.

The first step in an empirical application of the
certainty equivalence technique is the formulation of an
objective function (quadratic or linear-quadratic). 1In
Chapter II we discussed the need and problems associated
with an aggregate welfare function. A guadratic welfare
function was suggested, while noting the limitations of
such a function. The objective function should include

the primary objectives of the policy makers. Such
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objectives may, however, be conflicting in nature. But
the maximizing principle adopted in certainty egquivalence
approach takes these conflicts into account and gives
optimal solutions under regularity and infinite periods
assumptions mentioned in Chapter V.

In the Nigerian example, we postulate general
targets (objectives) which include increase in immediate
welfare measured by private consumption, increase in
future welfare measured by GDCF and GNP, and the achieve-
ment of favorable balance of payment. We assume then
that our criterion function can be reasonably approximated
by the sum of quadratic forms:

o = (c-c"y%+(1-1") %+ (B~B") %+ (anP-cnp ") 2

+ (66?2 . & % sGHH
where,

C and I are as defined earlier, G is government
expenditures and B is trade balance. As before, stars on
these variables indicate desired values. We note two
important features of Q:

1. the function is gquadratic to reflect that
there is an increasing social cost of either over or under
fulfilling our objective; and

2. both non-controlled variables and instruments
are its arguments.

It is highly improbable that all the desired values

will be realized exactly. The objective then is to
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minimize the squared differences between actual and
desired values subject to the constraints imposed by the
economic system characterized by equation (6.3). The
criterion function is therefore stochastic and impossible
to minimize.4 Hence the control problem is formulated

as the minimization of the mathematical expectation of
the criterion function.

The general form of Q can be written as:

Q(X,Y) = dX + BY + 1/2(XAX + YBY + XCY + Y'C'X) ..(6.9)
where,

a, b, A, B, C are column vectors and matrices of
appropriate orders, and X and Y are instruments and non-
controlled variables respectively. Expressing the vari-
ables in deviation form and comparing (6.8) and (6.9),
the minimization of the mathematical expectation of Q is
equivalent to the maximization of the mathematical

expectation of:

Qx,y) = = 1/2(xx + yy) o « +(6.10)
Thus,
A=B=~-I, C=20
where,
I and O are unit and zero matrices respectively
of appropriate orders. Since we define the instruments
and non-controlled variables as deviations from desired

levels,
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We now turn to the structure of the Nigerian
economic system as expressed in reduced form of the

econometric model.

Y =AY . + BX +Db +u o o » o£6s1L)
Thus,

Yl = AYO + Bxl + bl + ul
and

» * * *

Yl—Yl = AYO + B(xl~xl) + bl + Bxl-Yl + uy

1.0+,
. M I *

yl = Bxl + S1 .(6.12)

Where,

y's and x's are in deviation (from desired values)

forms, and,

* *

8 1

+ AYO + BX
Similarly,

Y2 - AYl + sz + b2 + u,

* * *
2 + AYl - Y2

¥, = Ay, + Bx, + b2 + BX + u, (6.13)

substituting (6.12) in (6.13)



Yz = ABxl +
= ABx; +
where,
52 =

We obtain Y3

Thus,

Y3 =

where,

sz

sz

2y

+ AS +b2+BX

1

+ 52

* * *
+ b, + BX, + AY, - Y

2

2

in a similar way:

Thus we have:

2

=

2

+ Bx

)

+ Bx

3

3

* * *
2 + AYl - Y2 + u2
1 2 T 9,
b *
+ AS, + by + BX,
+ 8

3

* B *
+ b, + BX, + AYZ - ¥, + 1u

A23x1 + ABx

+ * - ]
AY, - ¥,
2

A Bxl + ABXx

284 3

Bxl + Sl

ABxl + sz
2

A Bxl + ABxX
B D

= AB B
AzB AB

3

2

3

%

+ Bx

2

3

+ Bx., + &

3 3

3
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.(6.14)
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It is easy to see that the matrix of coefficient associated
with the vector x is composed of the final forms of the

set of structural equations (2.2) to (2.6); i.e.

B, AB, A’B, etc.

(6.14) can be written in a compact form as:

Yy =Rx + 8 o s o «16.15)
where,
R=|Ry, Ry, O
L“31 R32 Ry;
B 0 0
=!AB B 0
A°B AB B
Thus,
Ry; = Ryp = Ry = B
Ryy ™ Ry = AB
2
Ry, = A°B

Rll describes the effect of current instruments on current
non-controlled variables. R21 shows the gffect of current
instruments on next period non-controlled variables. And

so on. It is important to note that for certainty
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equivalence theorem, R is assumed to be a non-stochastic
matrix. The zero matrices occurring to the right of the
diagonal blocks imply that none of the non-controlled
variables depend on later instruments. For instance,
present period consumption expenditure level is not
expected to depend on next period government expenditures.

The stochastic column vector

5y

3

is composed of: 1) the constant terms of the reduced form
equation; 2) the initial value of the non-controlled
variable; 3) the desired values of both non-controlled

and controlled variables; 4) non-instrument exogenous
variables; and 5) a linear combination of the error terms

of the reduced form equation. The first four components

are known and can be represented by a constant o. Regarding
the linear combination of the error terms, their coeffi-

cients are assumed constant overtime. Thus,
S = 0 + sU

and,
E(S) = o, since E(u) is assumed equal to zero.
Pooling together the criterion function (6.10) and
the linear constraint (6.15), and applying certainty
equivalence theorem, we obtain optimal decision controls

by maximizing:
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EQ(x,y) = -1/2 E{x'x + y'y) e » o 2(6.16)
subject to:
E(y) = Rx + E(S) e w » x168+17)

substituting (6.17) into (6.16) and differentiating the
result with respect to x, we have the first period optimal

controls as:

»

1

x = =(I+R'R) "R'E(s) e o o #X6:18)
- - x"1y
where,
K= (I + R'R)-l and is a non-negative definite
matrix,5 and h = -R'ES

The result (6.18) implies that the optimal controls are

functions of the Sis. In particular:

»
i

L = £U8,)

»
[N
l

To obtain the second period optimal controls, we just
shift the periods. The second period now becomes the

first period, the third the second, and so on. The second

period optimal controls are derived from:
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2 8y + Ryx;

R x S + R3x1

and the third period optimal controls are obtained from:

-~ -~

Y3 = RygX3 + 85 + Ry Xy + Ryox,

OBTAINING THE DESIRED VALUES OF NON-CONTROLLED

VARIABLES AND INSTRUMENTS

The 1966-1969 crisis in Nigeria did threaten the
economy. Most economic indicators point towards a slack
in the economy at this period.6 It is, therefore, assumed
in this exercise that the policy makers within the period
1967 to 1969 inclusive were determined to restore the
economy to at least, its pre-crisis growth path or trend.
We focus our attention to this period and formulate
quantitative targets of economic policy in order to
realize the policy makers objectives characterized by
(6.8). It should, however, be emphasized that the
quantitative targets are derived in a more or less
arbitrary way, and as such other sets of desired values
can be obtained based on different sets of assumptions.

In the Nigerian case, we assume the policy makers
wanted to: 1) restore the pre-crisis average annual
growth rate in private consumption of 5%; that is:

C} = 1158.6(1 + 0538, (&t =1,2,3)
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2) devote 20% of GDP annual to capital formation as
against 15% pre-crisis rate. A substantial amount of
damage was done to the infrastructure such as roads,
machinery and equipment, vehicles, and buildings during
the crisis, hence the need to step ﬁp the level of capital
formation. Thus,

1:=.2 GDP t = 1,2,3)

£’
3) with the import restrictions and favorable exports,

due in particular to petroleum, 1967 to 1969 was a period
of favorable trade balance. It is assumed in our example
that the policy makers desired this level of trade surplus
to be maintained, 4) realize an annual growth rate of 6%
in GNP. The pre~crisis GNP of 1965 is taken as base value.
Thus:

*
GNP, = 1507.5(1 + 0.06)% , (t = 1,2,3)

Restoring the economy back to its pre-crisis
trend in the period under consideration required a massive
government effort. The main instrument for achieving the
target formulated by the policy makers is, therefore,
assumed to be government fiscal policy (government ex-
penditures on goods and serﬁices). We formulate a simple
exponential growth in government expenditures in this
period. An annual rate of growth of 15% based on 1965

level is assumed to be desirable. Thus,

G, = 296.1(1 + a5, (e =1,2,3)
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In Table 6.1, we show the desired values of both non-

controlled variables and the instrument for the period

1967 to 1969.
CERTAINTY EQUIVALENCE RESULTS

Solution for a three-perigd planning horizon model
is considered in our example. For analysis, a period is
defined to coinside with one year.

When computing the first period (1967) decision
of the maximizing strategy, we consider only the first

component of the three-element vector:

X = -K-lh

The other two components are forecasts for 1968, and 1969
decisions at the beginning of 1967. These forecasts are

revised period after period {year after year). Thus,

- »

gy = Ggq = Ggy = 30.3
~ G* -

g, = Ggg = Ggg = —21.6

A *

Reading the desired levels of G (Government expenditures)

from the last row of Table 6.1, therefore, we have:

G67 = 421.9
G68 = 428.7
G = 448.3

69
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TABLE 6.1. DESIRED VALUES OF NON-CONTROLLED VARIABLES
AND INSTRUMENT 1967-1969. fml.
Year
Variables
1967 1968 1969

Private Con-

sumption 1341.2 1408.3 1478.7
GDCF 305.2 335.0 360.7
Imports 223.5 193.2 248.7
Exports 238.1 206.5 319.7
GNP 1693.9 1795.5 1903.2
Government Ex-

penditures 391.6 450.3 517.8
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In Table 6.2 we show the forecasts and actual
decisions at the beginning of each year. Underlined
values indicate actual decisions.

Table 6.2 shows that at the beginning of 1967,
the decision (Government expenditures) for that year
was f421.9 ml per year. In this same year a forecast of
£429.9 ml government expenditures is made for the 1968
decision. This forecast turns out to over state the
actual 1968 decision by only f1.2 ml. Surprisingly
enough the forecast in 1967 for 1969 decision was very
close to the actual decision in 1969. There was only a
difference of (0.3 ml.

In Table 6.3, we show the decisions, forecasts
of decisions at the first period and values actually
realized for private consumption, GDCF, Imports and
Government expenditures.

On the whole, the forecasts are rather accurate.
The maximizing strategy implies a much higher level of
government expenditures on goods and services than was
actually realized in 1967-1969 period. The strategy leads
to higher levels of consumption, capital formation and
GNP. But imports rose higher than was desired in the first
two years of the plan period. The desired lower imports
were realized in 1969.

The first period loss associated with a first

"
period decision error Ggy ~ GG? in the three years planning
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TABLE 6.2. FORECASTS AND ACTUAL DECISIONS. {ml.
Estimates at
beginning of 1967 1968 1969
1967 421.9 429.9 448.6
1968 428.7 435.6
1969 448.3
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TABLE 6.3. DECISIONS, FORECASTS AND ACTUAL LEVELS
OF THE VARIABLES. jml.
Begigging Decision Forecast Actual
Government Expenditure
1967 421.9 306.3
1968 428.7 429.9 306.0
1969 448.3 428.7 330.9
Private Consumption
1967 1499.7 1321.9
1968 1625.7 1628.2 1364.6
1969 1728.3 1728.9 1428.8
GDCF
1967 259.0 219.4
1968 243.4 243.6 223.2
1969 248.9 243.4 228.6
Imports
1967 271.3 323.5
1968 251.9 252.1 193.2
1969 236.4 236.4 248.7
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horizon is given by the gquadratic form:
a * *
where,

K1 is the first element of the matrix K given in

Table 6.4. From Table 6.4,

* *
Lgg = (Ggg = Ggq) 5.9 (Ggq = Ggq)
= 5.9 g2

This implies that for every unit decision error
committed in the first period the loss is 5.9 ml.

In summary, "whenever a real-world situation can
be approximated by means of quadratic preference functions
and linear constraints...linear decision rules provide a
powerful tool for handling dynamic problems in the face
of uncertainty" [Theil (1968)]. This rationalization
provides the rationale upon which the analysis above is

based.



TABLE 6.4. MATRIX K
11.7 408 1.9
4.8 11.2 3.9
1.9 3.9 9.4

371



CHAPTER VII

STOCHASTIC CONTROLS

In the last chapter we discussed the 'certainty
equivalence' decision criterion and derived associated
decision. The certainty equivalence solution presumes
that the values of the parameters of the structural
equations are known with certainty when infact they are
not. However, as was discussed earlier, in most macro-
economic applications, the coefficients are not known
with certainty. They are normally estimated using
historical data. Besides, Kydland (1973), Lucas (1973),
and Kydland and Prescott (1973) have shown that policy
rules have effect of shifting values of the parameters
of structural equations by changing the expectations
of economic agents. Thus, any policy valuation ignoring
such a drift in the parameters will lead to sub-optimal
control policy. The 'certainty equivalence' strategy,
therefore, involves specification error. The example
treated by Fisher (1962) and Prescott (1971) suggest that
this specification error may be significant when ratios
of the coefficient estimates to their associated standard
errors (i.e. their t values) are less than four. Their

results thus suggest that our results of Chapter VI
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obtained by 'certainty equivalence' strategy may not be
optimal.

In this chapter, we explore one approximate solu-
tion suggested in the literature--stochastic sequential
control strategy--to improve on the shortcomings of
certainty equivalence control strategy. An algorithm
is developed for computing the three period decisions
and a general period decision. Sequential decisions are
optimal under special assumptions and in particular when
experimentation is not a relevant consideration. We
shall relax this assumption and discuss, theoretically,

the effect of allowing for experimentation,
STOCHASTIC SEQUENTIAL CONTROL STRATEGY

Wonham (1967) and Turnovsky (1973) have shown
that for linear dynamic systems, and quadratic objective
functions, optimal controls can be found in the case
where there is uncertainty in the parameters, provided
the uncertainty in the parameters is not too large and
provided the parameters are independently distributed
through time. The problem arising from stochastic para-
meters has been investigated by Prescott (1971), Zellner
(1971), MacRae (1972), Tse, et al. (1973) and Taylor
(1973). A sequential decision strategy is suggested as

an approximate solution to these more general problems.
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Sequential decision procedures involve a segquence
of optimizing actions (open-loop sub-problems). In each
period of the planning horizon these sub-problems begin
with an initial value. As policy decisions are effected
and as we proceed through time, additional information
becomes available. This additional information is used
in improving knowledge about the parameters--in particular
knowledge about their mean valuee and covariances. The
revised or improved estimates are then employed as prior
information for the next open-loop sub-problem; and so
on, Thus, stochastic sequential control strategy at
least partially recognizes the control and learning
elements involved.

Operationally the sequential control procedure -
simply involves solving sequence of stochastic control
problems, one for each period. 1In solving each of these
problems, it is assumed that the probability distribution
of the parameters is invariant to the sequence of new
information (sample data). The first period controls
are employed and the resulting sample information is
utilized to update our knowledge about the mean and
covariance of the parameters. The next period's controls
are then determined by resolving a stochastic control
problem for the updated parameters.

The stochastic control problem can be solved

using the method of dynamic programming of Bellman (1957).
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Bellman's principle of optimality states that: An

optimal policy lhere sequential rules for selecting

values of the centrol vector, Xés] has the property that

whatever the initial state and initial decision are the

remaining decisions must constitute an optimal policy

with regard to the state resulting from the first decision.
Consider the decision on XT in the last period

when the welfare cost will be:

1 x *
Qp = Bp o3 V(X Yg) TRy (YpmYg) "'

. e |

where,

according to our previous notational conventions
Y is a vector of non-controlled variables, and X is a
vector of controlled variables. K is a positive definite
quadratic form reflecting the trade-off for the non-
controlled variables, while R is a positive semi-definite
quadratic form reflecting the trade-off for the instrument
variables. The stars on the variables ¥ and X indicate
desired levels. ETdenotes expectation conditional on
the information available at the beginning of period T.

We want to minimize the welfare cost (7.1) subject
to the constraints imposed by the economic system. That

is, subject to:

Yo = A

T T=1 T
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where,

A, B, b and U are as defined earlier and Y and
X are as defined above. To facilitate the generalization

of (7.1) to other periods other than T, we re-write (7.1)

by substituting for Y,. Substituting {7.2) into {(7.1)
we have:“  - | o
. _
On = Ep {[Ap¥n_y + BoXp + bg = Yol'Ko[A Y, ;3 + BXq +
b~ ] + [X ~X 'R IX ~X"] E U'K U 7.3
p Yo ¥ "Ry X=Xl b+ EqUpK U .- (703
= X'B'K A_Y | b

) s s T

ll!
7% pBpKpBriy +

1 1 —
XTBTKTbT

terms not containing XT.

The necessary condition for a minimum is that:
?..9..?..:0
BXT

Thus,

"

" *
= [Rp + BpKqBplXp = BpKyAqYy o + BoKpbp = BpKy¥o = RyXg

t
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. , -] *
Xp = = [Rp + ByKyBpl “{BpkpAp¥y_ ) + ByKpbp = BpKp¥y
-
- RTXT} e o o «(7.4)

(7.4) then gives the last period optimal control. It is
clear that the last period control depends on all the
information that is available at the beginning of the
last period (i.e. Y, ;) Substituting (7.4) for X in
(7.3) gives the minimum expected cost for the last
period. By the principle of optimality in dynamic pro-
gramming, the optimal strategy for any period say, T-1,
is obtained by minimizing the expected welfare cost from
that period on under the assumption that future controls
shall be optimally set. Thus to obtain decision for
period T-1 given that decision for period T will be

optimal, we minimize:
E, . % {Q ST :
Qpy = Bp_p 7 1Qp + (Wpog = Y1) 'Kp_y g = Yo y)
X. . = X0 )" X X 7.5
+ (T_l T"ll RT"].( T=1 . T_l)} . - -[ . )

subject to:

Ypop = BApo¥pop * BpogXpog t Ppoy * Upy ¢ & HETIE

where,
éT is the optimal welfare loss for period T.
Substituting (7.6) in (7.5) and replacing Xpm by its

optimal estimate Xpe we have:
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Thus,:

Qpoq

. " *
+ B X_ + bT - YT] + [A

-+ + b
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~ *
r - T
Bpop! Bp¥py + By + by = Y1 Ky
~ *
[Ag¥y_; + BgXn + by = ¥l
K - X)) 'R (K - Xo) + MY
T ) Rp K T Yoo1 = Yoo1! Eqog
. .' *
(Yp_y = ¥pq)
X . -x oy X x>
+ (Xp g r-1) "Rpoy Kpoy = Xpy)

] ] Y
+ EqpUpkplp + BpqUpo3Kp-1Up-1

= {[Ap(Aq_Yq_g + Bp_jXq g + bp ) + Ugpy)

~ *
- 1
+ BpX, + bT YT] K

bT + U )

X -1 T-1

+ B ooy ¥

[AT(AT_lYT_2

T-1

+ B X

T T—lYT-Z T-1"T~1

*
-1 " Ypoy ' Kpog g Yo o 4+ By g Xp g

* n L ] - *
+ bT_1 - YThl] + (XT - xT)'RT(xT - xT)

w ¥
Xp_1 = Xpog) 'Rpg Kqpg — X

m-1!

[} L}
+ EqUpRpUp + ET—-lUT--lKT-~1UT--1}_

X1 Bypo1 ApKpPpdo 3 Yoo,

+ X1 ProgKpo1Brog Y2
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N =

+ 3 XpoyBpoy ApKplnBy_ 1 Xp_y
Xp-1Bpo3 Ky BrogXpoy
Xp_1Rpo1¥pe1

+ Xpo1Broy ApKpAgbr g

+ Xy 1By Kpo1Ppy

+
[ S}

+ X By ApKpApBXy

+ Xy Brey ApKyPePy

- X! B! A'KA Y.
-1 Bp- 1 ApEpp Yy

- X' B! v
7=1Bp-1Kp-1 ¥y

- X X
p-1Rp-1%p-1

+ terms not containing X, ,

Differentiating QT~1 with respect to xT—l' we have:

]
o

il

[Bp_1Kp_1Ap_y *+ Bp_jApKpApAp_y1¥p 5
+ [Rp_y + Bp 1Ky 1Bpy +

Bi-1ApApBy_p1 ¥y

+ IBg_1Kp_y + B yAqKpAqlbg o
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+ B ApKpApBrXy
+ By ApKpApby
*

= Bp_ 1 ApKpAqYn
- B! v

r-157-1¥p-1

*
= Rpo1%p-y
Hence,
X -1

p-1 = = [Rp_3 * Bp_Kp 1By y + Bp_jApKpAqBp )
([Bp_1Kp_yAp_y + By AqKphghn (1Y 5
+ [By_1Kp_y + By ApKpAplby_y
+ By AfKpAgBoXy + By i AqKpAgby,

i . . o *
= Bp_yApKpApYy = Bp 1Ky 1¥poy = Rpop¥pop)

-

X has an interpretation similar to that for ﬁT and is

T-1
the T-1 period stochastic sequential control.

To obtain sequential decision for T-2 period,
we again invoke the principle of optimality. To get an
optimal control for T-2 period given that the decisions

for periods T and T-1 will be optimal, we minimize:

_ % o - i .
Qpop = Bpp 7 (Qp * Qp_y + (Yp_p = Y o) 'Ky o Yy

* &
Yp_p) + (Xqp o = Xp o) "Ry_o (Kg 5 = X35} - (7.7)
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subiject to:
o Yo o = AT-2YTf3 + Bo_ oXp s+ Do_s t Ug 4 e e . {7.8)
subsfituting (7.8) into (7.7} and replacing X, and Xm_q1

with their optimal_estimates, we have:

Qo = Ep_p UIAQ(RAq_ ) (Aq_ oYy o + By oXq o + bp_g

)

+ UT-—Z) + B 1

+ bpq +U

r-1%p-1 t Pp_g

| ) . o
+IBTXT + by = Yol 'Ky lag (Ag_; (Ag_p¥q_ 4

+ b + U

Bpo¥pop * Ppop * Upp)

-

p-1¥p-1 t Pp g + U

+ B T—l)'

~

»
+ BTXT + bT - YT]

t [Ap ) Ap_o¥p 3 + By o¥p g + Pp_y + Up_p)

+ B ]'KT_l[AT_1

+ b + U - ¥

p-1%m-1 P-1 1 -1

Bp_y¥po3 ¥ Bp_gXqeg + Py + Uplp)

Bp1%¥p-1 T Ppoy * Upy - ¥

— ]
+ + bT_2 + UT_2 YT_2]

Bp_o¥ro3 + Bp_o¥q

| | | .
Ry [Bp_o¥_3 + By pXp o + by y + Up g = Yo ol
X, - XYTR (K. = X)) 4+ (X . o= k*'.
T o Rp&p = Xp) + (RKqp g r-1) Rpoy

L]

* * ' .*
Kp_p = Xpopd + Kpop = ) 'Rp_ 5 (Xply = Xgp_p)
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Differentiating Q. ., with respect to X + we have the
T=2 T~2

first order condition,

)

T-2

Solving the first order condition gives:

Xp_p = = [Rp_p + By oKy oBp_p + Bi_oAf 1Ky jAp_ 1By,

+ Bl oA AKnAnAy By o] THUIBL oKy oAy

* By A1 KpogPpoiArog ¥ BpopBgo ApKpAphy 1 An ol
p-3 + 1By oKy p *+ Bo_pAq Ky 1Ay
Br2Bpo 1 ApKpBghy_11bp_p + [Bp oAp 1Ky g BpoyBpoy
* Bé-zﬂé-lwaTBT—lliT- * [Bp Ay 3Kp-y *
By pPp 1 ApKpApl by y 4 Bh_pAL_ AfKpBiXy +
Bl Aoy Fabiy = Bl gRe¥n = Bl Ao Kno Ty, =

* *
BroKp_2¥p_n = Rp_oXp 5!

Y

Thus,

-~

Xp_o is the optimum sequential decision for
T-2 period.

Comparing expressions for KT, xT—l and xT-z, that

is, decisions for T, T-1, T-2 periods respectively, we
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observe that a general pattern emerges. Utilizing this
general pattern we can easily obtain the decision for,
say T—kth period without having to find the necessary
condition for a minimum (maximum) first and then solving

th

for X For instance, for T-k = period sequential

T-k*
decision, the first part (inverted element) of the

expression for X will be given as:

-k
= Ry + Br_ Koy By + Bo g A x i 1Kpog41P0o k41 Brok

' ' 1
oo o ¥ BpgBpogyy v oo BpKphp oo
-1
Apk+187k]

As 1s evident, the solution for the decisions
is obtained backward in time, starting from t = T. The
whole problem is broken up into sub-problems and these
sub-problems are then solved as a sequence of optimizing
actions. These characteristics make the sequential
procedure described above an 'open-loop feedback control'
technique. The optimal open-loop feedback control is

linear, and can be written in the general form:

X, = F Y., + G s o o {79}
where,

it is the optimal control for the tth period,
4 is the already observed information on non-controlled

t=1

endogenous variables, F, is the associated coefficient

t



derived from information available at the beginning of
period t, and Gt includes the desired levels of both
target and instrument variables.

For Tth period control,
' *Las
Fp = = IRy + BpKpBpl “BpKpAg
G, = [R, + B'K_B -1( - B'K + B, Y*)
T p * BpKpBpl T (RpXy = ByKpbg + Bpkp¥y
th y
Yor T-3i period control,

o . s -1
Fpop1 = = [Ryy * By 1Ko 1Bypoy + B ApKpfgBo_q]

(1B 1Ky gBqoy + BpoAqpKpdpAg ]
Gpoyp = = IRp_y * By Ko 1Bp_1 + Boo 1 ApKeBgBp_q]

{[B,

* Bp_ 1 ApKpAplby gy +

p-1 PpKpPpBpXy + By lATKTATb
*
~ Bypay TKTATY = B Kpo1¥poy T RpoyXpoy!

Fpop and G,_, are similarly obtained from Xp_pe

=1 T =

STOCHASTIC SEQUENTIAL CONTROL RESULTS

We recall that the optimal decision for period

T, X, is given as:

T
X, = - [R.+ B' B,r]_lIB' y + B'K. b
T T rKp L s s S XL
*
-BTKTYT RyXp]
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In the Nigerian example, T is the period

relating to 1969, and,

A, B, and b are the matrice and vectors of coefficients
of endogehous and exogenous variables given in Table 4.5.
The stars represent the desired levels of the target

and instruments given in Table 6.1. . |

Ta

Deriving optimal decision for 1969, we find that:

! —
BTBT = 8.447

Hence ’
Ir + 845" = 0.1058
™T *
And,
BlA, = [1.8163, 7.5845, -6.2861, 0, 0]

combining the results above with the given values of

*
b Y and XT' we f£ind that the sequential

*
YT—l’ T’ °T'
decision for 1969 is r431.8 ml. Results for 1968 and
1967 are similarly obtained. They are 1488.0 ml, and
{348.6 respectively. Comparing these results with the
target set for Government Expenditures given in Table 6.1
we notice a feature of our seguential results of important

policy implications. The target set envisages a simple

exponential growth in govermment expenditures in the
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three-year period. But what is suggested by the
sequential control results is an easy policy in the first
year, followed by a massive effort in the second vyear,
then a cooling off again in the third period. ©On the
whole, over the three-~year planning horizon, much less
total government expenditures is suggested by the
stochastic sequential technique. In Table 7.1, we show

the sequential decisions and the targets.
SEQUENTIAL VS ADAPTIVE CONTROL,

As in evident from equationg (7.1) to (7.9),
stochastic sequential control treats the covariance of
the parameters as if known and constant. But this may -
not be the case. The covariance matrices may themselves
be stochastic. The randoﬁness may arise from the fact
that both the covariance and the conditional mean of
the parameters are dependent on the random states and
non-controlled exogenous variables. The problem created
by this randomness in parameters is well discussed by
Zellner (1971), MacRae (1972), and Rausser and Freebairn
{1973), who have suggested 'adaptive control' procedure
as an approximate solution by modelling the unknown para-
meters as Bayesian random variables with means and
variances which change as additional information become

available over time.
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TABLE 7.1. SEQUENTIAL DECISIONS AND TARGETS. fml.

Period Sequential Decision Targets
1967 348.6 391.6
1968 488.0 450.3

1969 431.8 517.8
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An important characteristic of adaptive control
is the interaction between direct control and experi- .
mentation. As has been recognized in the literature
[Athans (1972); Zellner (1971); Taylor (1973); MacRae
{1972)] learning and design considerations are involved
in such multiperiod contreol problem. As we proceed
inte the future, we accumulate more information that
permits us to learn more about the unknown parameters.
This accumulation of information could arise out of a
'passive' or deliberate policy. Stochastic sequential
control procedures rely only on information passively
accumulated to update knowledge about the unknown para-
meters. Whereas, adaptive control recognizes the fact
that apart from the passively accumulated information,
we can also learn about the unknown parameters by setting
the control variables, that is by 'designing an experi-
ment'. N | | ." .
Followiné Zellner (1971) we sketch adaﬁtive
contrel procedure for obtaining a solution for a three-
period problem. Suppose we have a loss function Q and
we consider ourselves to be at the beginning of the third
future period T. We can employ the conditional predictive
probability density function for Yoo given Yoo+ xT—l'
YT—Z’ XT~2 and the given sample information, Y and X to

evaluate
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§ (Q/YT_lt XT_ll YT_ZI xT_zr Yl’ x)
T

= g (YT—l' xT_l]' YT‘-2' XT""z, xT' Y' X) - - - (1 -10)

Minimizing (7.10) with respect to X, we have:

T

%, X

i ® X Wriwn Xz Tauis Xpuae To X) ¢ & @iTai2)

iT thus depends on as yet un-observed values YT-l and

Yp_or the as yet undetermined values of X, _, and X, o

and on the given sample data.

Substituting iT for xT in (7.10) we obtain an
expression:
g(YT._lf xT_lr YT"‘Z' xT,_zl xTr Yr X) . . .(7.12)

we repeat the procedure by taken expectation of (7.12)

with respect to Y, , to obtain the setting for Xp_y say

-~

xT—l:
Where,

Xpoy = Xpoq Mp_or Xp_oe ¥, X) o« o +(7.13)
We then substitute X, , for X, , in

E g(YT_l, xT-l' YT—2' xT_z, xT, Y, X) to obtain
Y
T-1

h X, Y) o o os(T34)

Yp-2r Xpor Xpoyr Xqe
We again take expectation of (7.14) with respect to YT-Z

to obtain:
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D¥q_ge Xp_gr ¥poyr Zpe

T-2

E X, ¥) _ - - -(7.15)
Y
Minimizing (7.15) with respect to X, ,, we obtain optimal

setting for X say Xq_gv where,

T2

Xpp = Xp ¥ X} 0y SRR A

As'ié clear from (7.16), X depends only on the given

T-2
sample information,'hence can be computed at the beginning
of the first future period.

. The procedure described above is such that the

optimal setting for X in (7.16) takes account of how

T-2

. the future information Y can be employed in optimizing

T—-2
in the second and third future periods, T~1 and T; and

how the first period setting for X will affect decisions

T2
in the second and third future periods. Further, the
last future setting XT = iT incorporates all the sample
information available at the beginning of T. One
important feature of adaptive control technique that needs
emphasizing is the fact that the choice of control in
the first future period affects the future values of
parameters. Thus we can learn more about the unknown
parameters by appropriate designing of the first future
control.

| A close look at open—-loop feedback sequential

technique discussed earlier and the adaptive control

techniquc sketched above reveals some similarities. Both
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solutions are.obtained.by ﬁoﬁing backward in time; and
minimization oflthe loss function is accomplished on
the assumption that the decisions of the periods ahead
are optimally chosen. In Zellner's example actual com-
putation of decisions can only follow after the first
future decisions are derived from the sample information.
This in practice is what will happen. In the Nigerian
example where our future periods were 1967, 1968 and
1969, the daﬁa are already availakle. Hence futufe'.
decisions can be computed as they are derived. By
adopting the seqeential approach, - we have denied ourselves
the option of exﬁeriﬁehting with the first period control.
It should be emphasized, however, that there is no
inherent value in experimenting for its own sake in the
decision making problem. The only value comes from
improved future contrecl, and the costs are those
incurred by sacrificing current control for experimenta-
tion.

Eﬁisting results indicate that expected loss
for adaptive control solutions is smaller than the
expected loss for sequential control solutions [Zellner
(1971, p. 197); MacRae (1972)]. However, the difference
will often be small for long planning horizon and when
the target values are not large. This is partly due to
the fact that when planning horizon is long, adaptive

control procedure tends to place too much emphasis on
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experimentation; that is, there is excessive experimen-
tation when adaptive control technique is employed in

a long planning horizon model.
SENSITIVITY TEST OF THE CONTROL TECHNIQUES

One advantage of the certainty equivalence and
sequential control techniques is their adaptability to
sensitivity tests. 1In policy formulation, we are often
not sure of the exact levels of targets. Frequently,
therefore, plans fail to meet their objectives because
the targets are set unrealistically. Since certainty
equivalence and sequential control techniques are being
recommended to Nigerian planners as a guide to taking
optimal decisions, a sensitivity test of these techniques,
involving levels of targets is carried out. That is,

for each of the techniques, we seek:
aX
.
Y

where,

X is a vector of decisions and Y* is a vector
of targets variables. It might be the case, particularly
in a developing economy, that there are a number of
exogenous variables over which the policy makers have
little or no contreol, but which have a substantial effect
on the target variables. An example in the Nigerian

model is the disposable income of British subjects,
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which affects Nigerian exports.

Results of the sensitivity test based on the
assumption that the Nigerian planners overestimated
the original targets by 5% are given in Table 7.2. The
results for certainty equivalence control show that for
every unit decrease in the targets, there is 1.7 units,
1.8 units, and 1.2 units decrease in the first, second
and third period decisions respectively. In the case
of sequential control, a unit decrease in the targets
leads to 0.%24 unit decrease in the first period decision,
a unit increase in the second period decision, and 1.7
units decrease in the third year decision. The conclusion
based only on our results is that certainty equivalence
technique is more sensitive to changes in the targets
and hence more sensitive to uncontrollable 'outside'
influences. This result probably arises from the fact
that for certainty equivalence approach a steady state
is not only assumed in the economic structure but the
parameters are also assumed known with certainty. For
a technique that is very sensitive to changes in non-
controlled variables, caution should be exercised in
its use as a planning tool.

Another interesting sensitivity test which will
be useful to perform is the test on the sensitivity of
decisions to values of parameters which are of interest.

The knowledge of the response of decisions to parameters
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woulé help.idenﬁify ﬁossible profitable areas and
intensity of experimentation if and when adaptive control
techniﬁue is to be employed to obtain optimal decisions.
Thus, following from equation (7.9} we seek the solution
to the equation: . . |

g, TR et ¥
ti ) ti

ar

™"

where,

S

X, ¥, F, G are as defined earlier, and Bti is

the estimate of the ith

parameter in the structural
equations. If the decisions are sensitive to changes iﬁ
particular parameters, the suggestion would be to ex-
periment with such parameters. B

We conclude by noting the difference.in poliéy
decisions iﬁplied by the certainty equivalence and the
sequential control results obtained for the Nigerian
model. The certainty eguivalence procedures would imply
a gradual growth in government expenditures over the
three-year planning period, whereas the sequential control
procedures would suggest an easy policy in the first year,

then a massive government expenditures in the following

year, followed by an easy policy in the third vear.



CHAPTER VIIT
CONCLUSIONS

The development of macro-econometric models over
the past two decades has provided a means for studying the
relationships between economic variables and their
response to policy instruments, such as, government
expenditures. Computer simulations of econometric models
have been developed to compare the effects of different
economic policies, test these policies and eliminate those
whose economic effects are found undesirable [Naylor
(1970), Glen Johnson et al. (1969)]. The more recent
development of computationally tractable algorithms for
efficient solution of sets of simultaneous difference
equations has enhanced the usefulness of the computer
simulation technique. Although it is an extremely useful
tool for economic planning and analysis of stabilization
policies, computer simulation does not provide a direct
means of obtaining a policy that is optimal with respect
to a given set of objectives over multi-period planning
horizon.

Recently, there has been an interest in optimal
control theory as a possible tool for economic planning.

Given an econometric model which is acceptable as a
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reasonable representation of the economy and given an
objective function presumed to represent the goals and
objectives of economic planners, then the design of an
economic policy can be easily characterized as a problem
in optimal control. The optimal control problem can be
viewed either as a deterministic formulation or as a
stochastic formulation. The former is a simplification
which assumes a deterministic system. Since much of our
work is often done under the guidance of simplification,
we might choose to ignore any stochastic properties of
our model or else make the necessary simplifying assump-
tions about them to facilitate application of the
'certainty equivalence' theorem in obtaining a solution.
But ignoring the randomness in estimated co-
efficients of econometric models has been shown to imply
mis-specification of the model and consequently resulting
in sub-optimal decisions [Prescott (1972)]. Stochastic
sequential control technique is, therefore, suggested
and has been shown to give optimal decisions when un-
certainty in the parameters is not large. As we proceed
in time new information acguired enable us to update the
probability distribution of the parameters. This tech-
nique, thus allows for 'passive' learning. A techniqgue
allowing for both uncertainty in the parameters and
'active' learning is the 'adaptive control'. Adaptive

control procedures incorporate experiments with levels
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of decisions to learn more about the economic structure.

It should be emphasized that the techniques
discussed here are only approximate solutions to the dual
control problem arising from interaction between control
and learning. In our application of the techniques,
we have followed others [Simon (1956); Theil (1957);
Zellner (1971); Prescott (1972); and MacRae (1972)] in
assuming a linear econometric model, and a quadratic
criterion function. Such formulations are necessarily
restrictive but yield an attractive property of computa-
tional tractability. Attempts have been made to solve
dynamic optimization problems with more general criterion
function.1 In the Nigerian case, however, we were willing
to believe that a quadratic specification does not seem an
unreasonable approximation to the definition of the policy
makers' preception of society's economic goals and
preferences.

Specification of a linear model probably presents
a more serious restriction than a quadratic criterion
function. Many econometric models are at least quasi-
linear in structure, but sometimes the more interesting
aspects of their dynamic behavior arise from the non-
linearities. Livesey (1971) has solved the optimal deci-
sion problem with a continuous non-linear model of the U.K.
The large amount of computational work involved in the

conjugate gradient method he employed, however, raises the
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guestion of whether non-linear optimization is worth all
the computational difficulty it entails. The answer to
this guestion depends very much on how much of the
dynamic behavior of the economic system is explained by
the non-linearities in the structure. This problem is
made more complex because the existing analytical tools
for dealing with the dynamics of non-linear systems are
still meager.

The attractiveness of control techniques as
economic planning or policy tools, with particular
reference to developing economies, tends to depend on two
important factors. Firstly, they must be computationally
tractable. And secondly, it should be easy for the
policy makers to experiment with different values for
the parameters in the criterion function, with different
forms of criteria function and different time-path for
non-controlled exogenous variables,

Our theme is that adaptive control techniques
are feasible tools of economic planning. Developments
in these techniques have reached the stage at when they can
be applied by developing economies. This we have tried
to do. 1In particular we have applied the "certainty
equivalence control' and 'stochastic sequential control'
techniques to the Nigerian economy. The results obtained
seem encouraging and do suggest that if these techniques

are applied by the Nigerian planners, the pattern of
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'failures' in Nigerian economic plans might be reversed.
These failures we have argued, are partly due to the
fact that there 1is, in most cases, no close relationship
between national gcals as expressed by the policy makers
and the individual economic programmes as expressed in
the plans. In order to achieve an internal consistency-- -
that is, harmonizing policy targets and programmes—-we
need to confront policy objectives with the available
resources of the economy and their possible uses. This
is precisely what adaptive control technigues do.

| In the Nigerian example we have characterized the
policy objectives as a gquadratic loss function, reflecting
immediate increase in welfare, potential increase in
welfare and balance of payments surplus. We have con-
fronted this policy objective with a simple macro-
economic model reflecting the contraints imposed by the
Nigerian economic structure. While not much is claimed
for the simple aggregate model, we believe it is adequate
for the illustration of the techniques suggested for
planning. The adequacy ©0f the model is reflected by the
values of the parameters obtained. In most cases, they
are consistent with economic theory and available results
from comparable models. The believability and adequacy
(dynamic properties) of the Nigerian model is further
shown by the 'nice' results obtained by the use of

spectral analysis technique.
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Finally, if the 'nice' results obtained in our
analysis are due in part to the simplifying assumption
we have made all the way, then these findings point to
areas of future research. In particular, more work is
needed on the form of loss function and the use of non-
linear models as constraints implied by alternative

economic stiructures.
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FOOTNQTES
CHAPTER I

Ghana, Kenya, Nigeria, and Tanzania have each
proposed a couple of development plans since the
attaintment of independence. See R. H. Green (1965)
for a comprehensive survey of Development Plans in the
four countries.

1962/68 Nigerian Development Plan. = . -

J. Drewnowski, "Planning Economic Growth", in
University Textbook for African Students, U.N.E.S.C.O.,
Parlis, Quotation taken from R. H. Green, "Four

African Development Plans: Ghana, Kenya, Nigeria, and
Tanzania", Yale University Economic Growth Center,
Centre Paper, No. 68, 1965.

This point is succintly made in R. H. Green's paper
referenced above.

The reduced form of an equation expresses the endo-
genous variable as a function of its lagged values,
lagged and non-lagged exogenous variables, and
random errors.

Domar specifies a growth model of the type:

Y = oK
where,

K is the stock of capital, ¢ is the capital coeffi-
cient or marginal productivity of capital, and Y is
output.

E. D. Domar, "Capital Expansion, Rate of Growth, and
Employment", Econometrica (April, 1946); and
"Expansion and Employment," American Economic Review

. (March, 1947)

Such results have been reported by C. Holt (1962).



3-

4,

203

CHAPTER II

Sen and Pattanaik{1962) establish a sufficient
condition--called 'value restriction'--in terms of
restricted individual preferences for every binary,
decigive, neutral, and non-negatively responsive
social decision process to yield a quasitransitive
social weak preference relation. While Fishburn

- {1970) establishes a sufficient condition for the
" quasitransitivity of the social weak preference

relation under the method of majority decision.

Bergstrom (1970} has presented a set of assumptions
which guarantee that such side payments will give
pareto optimality, .

Tinbergen (1952) is foremost in this school of thought.

Theil (1957} argues strongly for the inclusion of
both targets and instruments in the welfare function
on the grounds that there is an adjustment cost of
deviating from the desired level of instruments.

Let V‘=(Vi, Vi, « . . . V } and Vv —(Vl, V2’ « e .

be any two n-dimensional vectors. Using L to mean
Yis lexlcographlcally less than," the lexlcographlc
ordering on points in n-space is defined by V'LV* if
Vk-(Vﬁ for the smallest integer k (0< k «<n) for which
Thus, L is clearly a complete strong ordering
[Qulrk and Saposnik (1968)].

*
, V)

Ordinary Least Squaresmethod can he employed.

Wold (1954} defines causality as : Z is a cause of
y if, by hyvpothesis, it is or would be possible by
controiling 2 indirectly to control y, at least
stochastically. But it may or may not be possible
by controlling y indirectly to control Z. A causal
relation is therefore in essence asymmetric, in
that in any instance of its realization it is
asymmetric.

See Naylor (1969) on validation of non-linear models.

See Dhrymes (197Q) and Koyck (1954) for different
lag structures.

Per-capital income in Nigeria is low (less than $400}),
hence we expect a high marginal propemsity to consume.
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‘See for instance, M. K. Evans, Macro-economic Activity:

theory, forecasting, and contrgl, Harper and Row,
New York, 1969, pp. 73-198.

See Annual Abstract of Statistics 1966, published

by Federal Office of Statistics, Nigeria.

CHAPTER III

See Felleiner's (1966) analysis of the problems and
estimation of Nigerian National Accounts.

There was no complete coverage in the 1952 Nigerian
population census. _

I. I. U. Bke, 'The Nigerian Naticnal Accounts: A
c¢ritical appraisal”, Nigerian Journal of Economic
and Social Studies, Vol. 8, November, 1966.

See Dhrymes (1970, p. 146) and Goldberger (1964, .-hd
p. 162). . _ , o

The disadvantage, however, is that if such restric-
tions are wrong, not only will the estimates of

the parameters of tho equations with the restrictions
be biased but all other parameters will also be
biased. :

See Goldberger (1964, pp. 357-363) for a thorough
discussion of the alternative structural estimation -
methods.

They all come under the general name of K-class
estimators [Goldberger (1964, pp. 336-338, pp. 341-
342} 1. T

For full discussion on this see F. Fisher (1966).

We need to distinguish between restricted reduced
form and unrestricted reduced form, since over-
identification of any equation implies the existence
cf restrictions not only on the structural parameters
but also on the parameters of the reduced form
equations. If Indirect Least Sguares method is

used to estimate the parameters, we obtain unrestricted

reduced form estimates because Indirect Least Squares
method does not make use of the restrictions on the
structural parameters. It follows that the reduced
form estimates so obtained will not in general be
simultanecusly compatible with all the prior
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restrictions on the structural eguations [F. M.
Fisher (1966; p. 46)1.

CHAPTER IV

See Rausser and Johnson (1973) for a comprehensive
discussion and compariscn of the different approaches.

In general therg is not a one to one correspondence
between non-linear structural models and reduced
form models. Furthermore, the expected value of

a particular endogenous variable as calculated from
the structure will not be the same as its expected
value calculated from the restrictedreduced form and
the reduced form residuals are not linear functions
of the structural disturbances. For a rather
complete discussion on non-linear structural models
as well as some specific examples, see Goldfield
and Quandt (1968).

See Naylor et al. (1969).for full discussien on this.
Marginal Propensity to consume derived from . -

1 AG

AGNP = —“ype— el

CHAPTER V

Economic agents often make decisions under uncer-
tainty. Alternative expectation medels that have
been suggested to capture the formation of their
expection include extrapolative, adaptive, rational,
implicit and Bayesian approaches. See Nerlove {1858},
Koyck (1954), Muth (1961), and Mills (1962) for
comprehensive discussion this problem.

an objective function in our analysis is a formal
characterization of the policy of the Nigerian
Planners.

For exposition of Bayesian methods see Raiffa and
Schlaifer (1961), and Zellner (1971): for Least
Squares revision methcds, see Albert and Sitter
(1965); for Kalman filters, see Kalman {(1960) and
Jazwinski (197Q).
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The simple pedagogic models investigated by
Marschak (1963} and Ying (1967) illustrate the
computational burden inveolved for numerical solutions.

See Rausser and Freebairn (1973} for detailed dis-
cussion of other approximate solutions.

For an excellent discussion of this approach see
G. L. Nemftauser (1966].

See G. L. Nemhausser (1966) for the appropriate
assumptions.

Taylor's criterion, called the 'bliss level
criterion’, is discussed in apprendix 5, o

o

CHAPTER VI

Here efficiency is defined as the response of
welfare W to changes in the level of the it
instrument when other instruments remain unchanged.

Although the off diagonals of the matrix R are usually
zero, in general, we can represent trade off by
taking derivations.

The closed~loop property implies anticipation of how
future learning will be accomplished and how it can
be utilized. The feedback property implies solution
is derived backward in time. As Tse (1973) has
pointed out, the frequent interchange in the usage
of closed-loop and feedback does not clearly bring
out the dual characteristic of control. The fine
distinction between feedback and closed-loop is in
the information pattern available to the controller
at each instant of time. Feedback control systems
will ignore the possibility of future learning and
perform control action in a cautious manner. Thus
for a feedback system, learning is ‘'accidental’'.
While for the closed-loop, the controller can take
account of possible future learning.

Since C, I, B, GNP and G are random, Q will be
random. ©Q, therefore, will not have a maximum or
minimum. :

This is a required condition satisfying first and
second order conditions for the existence of an
optimal decision.

%
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6. See Table 3.1 and figure 3.1 for Nigerian economic
indicators.

CHAPTER VIIL

i. sée for instance, D, A. Livesey (1971}.
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APPENDIX 4

Following Thrymes [1970; pp. 382-393],
the stochastic process,

[x(t):te T]
where, T is a linear index set, is said to be
covariance stationary (or weakly stationary) if the
covariance function exists; that is, if

K(t,s), t,s T
is finite,and it is a function only of

|t - s
Furthermore, the mean function of a covariance
stationary process should be a constant over the
index of the process for practical purposes.
Let,

{x(t):teN, Y(t):teN}
be two stochastic processes with mean function:

Mx(‘h 1‘5{('1.
respectively. Their cross-covariance function (or
kernel) is defined by

Kyy(t,s) = B (IX(t) - M (t)] [¥(sT - M,TsT1}
Two stochastic processes

{X(t):teN, Y(t):teN}
are said to be jointly covariance stationary if each

is covariance stationary and in addition,



222

The Lag coperator L is defined by:

¥x (L) = X(t-k)} k=0,1, 2,
where, the operator corresponding to k = 0 is said
to be the identity operator and is denoted by I.

Similarly, we define a polynominal operator a(L) as:

Thus,
Y(t) = a(L) X (t)
has the meaning:
m

Y(t) = ¢

a, X
k=0 ¥ tk

Consider the reduced form equation {4.1)

= T
Y, =AY g+ T2 +u

t
which can be rewritten in an operator representation

form as:
ok . R s (i)

cL)y, —.c (L)z, + v, - v e :

If the operator matrix C(L) is invertible, then the

final form of eguation (4.1) may be explicitly

expraecssed ass

1 1

= lcm etz + 1ew T, C e ()

t

C(L) will have an inverse if and only if the roots of

[C(p)] =0
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lie outside the unit circle [|C(p)| is a polynomial
in the real or complex variable p which is obtained

by substituting p for the operator L in C(L)]



 ApPENDIX 5

Consider a control problem of the types:

Yt = AYt_l + th + b = ut, t=1, 2, ...
where, E

Yt is a vector of endogenous variables, Xt is a
vector of current control variables and u, is a vector of

t
unobservable random variables which is independently and

normally distributed with zero mean and finite variance.
A and B are unknown matrices of coefficients,

Assume a quadratic loss function with a mathe-
matical expectaticn W:(Xt). The 'bliss level' for an
infinite horizon model with known parameters can be
obtained either by use of a constrained minimization
procedure or a dynamic programming approech [Chow (1970),
{1272)]. Both procedures lead to a bliss control rule
(X,) found by minimizing W, (X,).

If, however, the coefficients A and B are not
inown, another control rule is used. Let.{it} represent
any such alternative contrel rule with an expected loss

- -~

function Wt(Xt). It is possible that X, might have the

t
*
same form as Xt' with the least squares estimates of A

-~

and B replacing the unknown values. Alternatively, Xt

night have an entirely different form than Xt, perhaps

reflecting risk and experimentation to obtain more infor-
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mation about the unknown parameters. However &t is
defined, its behavior will depend on the unknown para-

meters A and B and the unknown distribution of ut.

Taylor {(1973) suggests a criterion for evaluating
the different control rules. He defines his criterion

as a limit of a normalized sum of regrets defined by:
T -~ * _
n . tilE(wt —Wt) N ..-_i
C({Xt}) = lim C
Tsm f(T)

where,. -
| f{T) is a positive increasing function of T

defined so that the limit exists and is non-zero. The
expectation is with respect to the random variables it'

Under this criterion {it} is preferred to
A basic requirement of the bliss criterion is that

- *

t)
which implies the mean sqguare cévergence of s
(Xt - Xt) to zero. ] ;f% B

The difficulty in meeting the above requirement should be
noted. E(h?t - W:) does not in general converge to zero
guickly enough, most especially when the estimates of A
and B upon which it is based are not consistent. This

problem shows up, for instance, in the simulation results
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obtained by Tse, et al. (1973). Furthermore, bliss
control criterion might fail to distriminate between

some control rules.
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