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INTRODUCTION

During the elaboration of a development plan, a number of alter-
natives are usually prepared. The task of the coordination unit is to
appraise their consistency and efficiency and to evaluate their effective-
ness in realizing the country's main objectives. In the absence of pre-
conditions for constructing optimization models, techniques have to be
developed in order to evaluate alternatives, introduce amendments, and
suggest economic policy instruments, so as to approach optimality as far
as possible.

Assume that there are only two prepared alternative plans. The
task then is to select one of them. One approach is to construct a
formalized model which will not be considered as a third alternative but
to use it as a test to see which one of these alternatives pass in terms
of consistency and efficiensy. This paper is concerned with this approach.

There is, however, another approach which transfers the targets of
one alternative to be constraints in the other alternative. This approach
will be considered in a separate paper: Criteria for Evaluation of
National Plans, which is under way. These two papers along with another
study: A Discussion with Norwegian Model-Builders, though each study
can be considered as self-contained to some extent, will be revised to
form one topic: Plan Appraisal and Plan Evaluation, suggested by the
Iraqi Ministry of Planning and sponsored by the United Nation Development
Program.

The main theme of all of these studies is based on narrowing the
gap between theoretical analysis and its practical application in a develop-
ing country under conditions of relative abundance of capital resources,
with rapid growth envisaged for the Iraqi' economy, but with limited absorptive

capacity and other physical and human constraints.



PLANNING: PROBLEMS AND APPROACHES

The Planning Problem

The planning problem can be interpreted as a constrained maximi-
zation type | l[or in the form of generating‘feasib¥gup{ans by
evaluating all constraints in the economy l2|. The planning pro-
cedure of the first type of the planning problem can be summarized as
follows: the object is to choose the value of a variable, say x, in
such a way as to make the value of something dependent upon x, say f(x),
as large as possible. If the maximization problem is unconstrained,

i.e. there is no restrictions on the values of x that might be chosen, then the
solution is to find the value of x at which %é = 0, and the second order
conditions for maximum are satisfied.

If the maximization problem is constrained, i.e. x must be chosen
from within a specified set of values, say x must be positive, or X must
not exceed some number m in absolute value, then the solution is to
choose x so as to maximiée f(x) subject to g(x) = 0. The term f(x) is
referred to as the objective function which has to be constructed and
its nature has to be examined |3l. The term g(x) represents resource
constraints and technical constraints governing production. The certain
features of these constraints is that they can be varied within limits
over long enough time periods and their variations depend on the economic
and social plans being adopted and their time-horizon.

The planning procedure of the second type of the planning
problem could be summed up as follows. The plaqner collect and evaluate
information about the future and confronting the existing constraints
with target values that are either feasible or infeasible. The criterion
of the optimal plan then is to choose an efficient target vector t in
such a way that there is no other feasible t' that is at least as great as
in all components, and strictly greater in some.

Some planners prefer adopting the first type of the planning
problem over the second. For instance Heal |1| on page 23, has preferr-
ed the first type. His conclusion is that a constrained maximization
type is required to be solved in all cases. If feasible targets are
chosen, then it is needed to investigate about the efficiency of the plan.
If infeasible targets are chosen, then it is required to find the feasible

stat of the economy.



However, in this paper, the two types of the planning problem
are assumed to be two alternatives for the following reasons: (i) because
of considerable diffisulties involved in constructing an objective
function needed for the first type, the second type has been used in
practice, and (ii) the preference of adopting one over the other depends
on certain circumstances related to the stage of social and economic
plan-making development and the plan coverage. In fact, the second type
of the planning problem is adopted for comprehensive national plans
while the first type is related to sectoral, regional, or partial plans,

since the aim of this study is to narrow the gap between theoretical

analysis and its applications.

Possible Approaches

The possible approaches to the two types of the planning problem
may be isolated according to distinct characteristics. For the sake
of discussing consistent and efficient plans, it seems desirable to
characterise these different approaches separately. They are: prediction,

conventional, optimization and compromise approaches.

(i) Prediction Approach

Some planners believe that the future development of a country
is determined by its given existing conditions. This approach has
different implications. If it is based on merely forecasting or syste-~
matizing alternative guesses without attempting to influence the course of
affairs, then the attitude of these planners is simply that of "an on-
looker" to use a Frisch phrase |4|. If this approach is based on
equalizing abstraction with the reality, then it would be a "fatalistic

philosophy of planning", Kornai |2

. For example, using a static

Leontief-model where no substitution between activities is assumed for the

sake of simplicity. This is an abstraction and not an attribute of reality.
However, these planners rely heavily on econometric and stati-

stical techniques for estimating future needs and long-run trends. The

results of this approach supplemented by value judgment are to be taken

for planning purpose. In discussing the difference between econometric

forecast and judgment forecast one has to consider that the former is not a



substitute but a supplement to the latter. Econometric forecast yields
consistent forecast components, save labor, and protect objectivity.
The econometric forecasters can identify where they went wrong. They
can also analyze the impact of particular policy actions that are

proposed |5|.

(ii) Conventional Approach

If emphasis is placed on influencing the structure of the economy
by using some instruments, then this philosophy may take the "ad-hoc
instrument approach", Frisch i4|. The inadequacy of this approach is
implied by many preconditions, such as: a predetermined set of objectives
is required, a number of feasible plans are to be defined, data on which
the plans are based are reasonably accurate and complete, the resulting
plans are internally consistent (see below), and the social needs or the
objectives of the decision-makers are adequately reflected by the
targets |3|. Furthermore, an important question related to the use of
this approach is when and what instrument is to be used l4].

Though there are techniques |3| based on minimizing the loss,
if any, in not meeting all the targets, and on sensitivity analysis of
various combinations of loss functions to estimate the relative importance
of the objectives, there are difficulties for applying them in practice.
The main source of these difficulties is based on the definition of the

approporiate targets and relative loss functions.

(iii) Optimization Approach

The philosophy of this approach is closély realted to conventional
approach in that both require a priori knowledge of the decision maker's
preferences. But preferences are assumed here as objectives rather than
targets. A set of feasible plans is given. The task of the planners is
to seek optimal solutions in light of these objectives, given the

available resources. |2|, |3], |4

. This approach may be taken as a
solution of the first type of the planning problem. The solution is in
the form of an optimizing problem of a constrained minimum or maXimum case:
the planner should choose that plan which satisfies the feasibility
constrained (i.e. the consistency problem) and which is preferred to any

other feasible plan (i.e. the efficiency problem).



The central problem in this philosophy is that the objectives
of the political decision-maker are not well-defined before the beginning
of the planning process. This is so, because they do not know what they
want prior to knowing what they can have. On the other hand, the
short-run problems of less developed countries are very specific and

do not lend them selves easily to treatment by models based on this

approach l6

(iv) Compromise Approach

The philosophy of this approach is based on generating feasible
plans by evaluating all quantitative and qualitative social, economic,
and political factors that will affect the future development of a
country in question |2|. This approach is taken as the solution to the
second type of the planning problem. The main difference between the
two solutions is that preferences are revealed only ex post after
evaluating comparable alternatives in the second type where as preferences
are revealed ex ante in the first type based on a preconstructed objective
function. _

In accordance with the aim of this paper and because the preconditions
for optimization are absent in the less developed countries, the second
type of the planning problem is assumed and thus the compromise approach

will be adopted hence forth.

PLANNING: CONSISTENCY AND EFFICIENCY

Plan Consistency

Y

Any particular approach to any type of the planning problem will
meet different requirements for consistency in different degrees.
Richard Stone |7|, has presented seven classes of consistency. Their
relevancy to the present study permits listing them and comment on them.

They are:

(1) Consistency with Arithmetic Identities.
(2) Consistency with Accounting Identities.

(3) Consistency with what we know about Past Behaviour and
Technology.

(4) Consistency with what we expect about Future Behaviour and
Technology.

(5) Consistency with Transitional Possibilities.




(6) Consistency with all Aspect of the Problem.
(7) Consistency with all our long-term Aims.
One added:

(8) Consistency with International Relatioms.

The philosophy which guides the suggested approach should now
be clear. Any other approaches can be passed on the basis of some of
the requirements. Requirements (1), (2) and (3) may be more relevant
to the prediction approach. If one added requirement (4) and (5), then
conventional and optimization approaches may pass. But for the compromise
approach, all seem to be relevant and that is the definition of consistent
planning we may suggest.

Richard Stone's analysis was independent of the degree of aggre-—
gation and made it to be applied as much to high aggregation as to high
disaggregation. The aggregation problem may be defined as a process
where by a part of the information available for the solution of a problem
is sacrificed for the purpose of making the problem more easily and
manageable |8|. While consistent aggregation may be defined as reaching
the same results of the analysis of the problem at hand from the use of
information more detailed than that contained in the aggregation |8].
However John Green left some factors to be studies later.

Leif Johansen |9| presented a study where the relationships
between the detailed description and the aggregated description of policy,
exogenous factors and resulting states of the economy were analyzed. The
analysis included both quantitative variables and qualitative factors,
with aggregation problems encountered in planning. These problems were
grouped in three categories. The first is related to "operationality"':

An operational plan is that one which contains specific meaningful
messages to the agents to execute the various parts of the plan. The
second is concerned with "evaluation'": The description has to be as
detailed as required by the authority in order to judge the desirability
of the state. The third category deals with problems of "inference' or
"accuracy" of analysis which is related to the previous two categories,

and with respect to the plan elaboration.



Plan Efficiency

If a national development plan was to be evaluated in terms of a
single objective, then the task of evaluation would not be so difficult
as if there were multiple objectives. But inactual planning there are
several objectives and some of them conflict with each other. For example,
the Iraqi national preference composes two objectives: accelerating
economic growth and equity in distribution of income. Therefore, there
is a strong need for techniques for evaluation based on multiple objectives.
One common procedure may be used in such a case is that of trade-offs
between the different kinds of objectives.

Examining the mentioned welfare function, one realizes by inspection
that there are two distinct and separate parts. The first is related to
economic efficiency of production based on objective analysis where
optimization techniques can be applied. The second part is concerned
with social efficiency of distribution based on ethical and subjective
judgment where optimization techniques can't be applied. Thus can the
two parts be combined?

To some economists, the two parts cannot be combined |10|, while
to others, the combination of the two parts is conditioned on appropriate

specification of welfare function, and a simple process for the deter-

mination of a social welfare function does not exist |11 .
After Arrow's demonstration of the impossibility theorem which

is based on ordinary polls to obtain a useful assessment of a social welfare

function, ideas such as the search for dominance among subsets of the

alternatives were formalized |12|. Dominance exists if one alternative

results in an equal or higher value for all objectives than do all other

alternatives, and if at least one ébjective has a strictly higher value.

Dominance can be a useful method for reducing the number of alternmatives

|2

members of a group.

. The results can be obtained in practice, by compromises between

One main method for evaluating economic efficiency such as consumers'
surplus (as utility in terms of money,) based on willingness to pay ‘13[
can not be taken as the criterion for the allocation of public resources
regardless of who receives the benefits. Hence, a distributional
criterion such as the compensation principle based on Pareto optimality
|14| is needed. But the value of compensation is difficult to be determined,

especially on the national level, and particularly in less developed

countries.



Other criteria such as cost benefit method assume the existence
of a unique objective function, and it also has other deficiencies with respect
to monetary valuation and measurements of benefits and costs |15|.

Since the theoretical literature does not provide an operational
procedure for plan efficiency evaluation, and since the Iraqi national
preference combines both quantitative and qualitative objectives, further
search, especially on the practical level, is desirable. The evaluation
of any plan requires a careful balance between the economic efficiency
and the social efficiency.

The following section presents examples on plan consistency and
plan efficiency. The basic principles of such evaluations are outlined
but those who require a more detailed exposition of,the subject should

refer to some of the work listed in the Notes and References.

APPLICATIONS: APPRAISED AND EVALUATED CASES

In order to develop practical criteria suitable to- the Iraqi
conditions, one has to simulate actual planning procedures so as to
learn about their properties with respect to accuracy, evaluation and

operationality.

Example 1. Informational Decentralization Procedure

The first example illustrates a procedure for decentralizing
plan elaboration based on iteration method in solving information problem
with the achievement of consistency as the main objectives. The iteration
method is to indicate a series of simple steps which approaches approxi-
mations to the solution of a big problem. The main purpose of this
example is to show that in the process of convergence towards the correct
solution of overall problem will be much consistent and efficient if it
can be subjected to intuitive evaluations based on general insight and
practical experience. We shall follow the path of Leif Johansen |16[‘iﬁ
presenting how a Central Planning Agency (CPA) and a series of lower level
units can cooperate in eleborating a plan without using optimization
approaches. But let the CPA informs each of the praduction sectors about

the desired final output plus intermediate output from the sector:

1) _ 5
1 1 %5 s wer X0 =X

n



where X ooy Xn are total output from the various sectors, and

1!
. <(8)
Yl’ ceos Yn represent final demand, and Xj is proposed output plan

for sector No. j in stage No. S of the procedure.
Assume that the sectoral input-output coefficent (A) in the matrix
form: X = AX + Y, i.e. aijQis known to the sector but not to the CPA.

Then the needed input deliveries will be calculated by the sector:

(2) _ (D) (2) _ (D)
(2) le = aljxj s eees an = anjxj

and to be compared with the proposed output. The sector informs the
CPA about the result, (i.e. consistency). If the proposed output
is met by the input requirements with no other effects on other sectors,
then the plan is said to be efficient.

This type of procedure will be carried on between the CPA and
each sector. The CPA will add all the requested input deliveries for
intermediate goods. Then the output plans including the final demand for

the output produced by sector 1 is

n
+ I X
j=1

(2

L (2)
(3) X7 =¥ 10 e
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From the given an arbitrary initial approximation to the solution,
this procedure indicates how the solution must be modified in order to
produce a better approximation to it. Successive applications of the
modification prdcedure lead to better and better approximation. This
is known as an algorithm or routine planning prqcess.

The exchanges between the éPA and the sectors continue until all

sectors are covered, then:
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or in the matrix form:
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Either of the last two results corresponds to a well known
method of iterative solution of linear equations. This procedure is
equivalent to a step-wise elaboration of a consistent plan. By a repeated
application of (5) the result will be:

(8) = (I + A+ A2 + ... AS)Y

(6) X
where I is the unit matrix with n element. The expansion formula for
inverse of the matrix (I-A) is:

(1) (@AY =T+a+a%4 A3 L.

and the solution of the system X = AX + Y is:
-1
(8) X = (I-A) Y

The central idea, here, is that the series in (6) after stage S approximates
the correct solution when the series in (7) approximates the true inverse
matrix (I—A)—l.

This paper is concerned with the proporties of this procedure:
Monotonicity and feasibility l2[. The strict monotonicity property
indicates a process with each step leads to a new plan with a higher value
of the target than that in the previous plan (unless the previous plan
was a solution to the system). The property of monotonicity refers to
when the plan proposed at each step is at 1east‘as good as the previous
one. If every plan proposed during the iterative process is feasible.
Then the second property is achieved. Another property related to this
analysis is the convergence. The sufficient conditions for convergence
are the non-negativity condition for input-output coefficient:

a,. >0 for i, j=1,2, ..., n, and the sum of input coefficients for inputs

1]
to a sector to be:

for j=1, ..., n

[ e I =1
(Y]
A
=

1 Y

or for at least one sector j

1 4

M3
[}
A
—

i
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The property of convergence is less important than the two other properties
in practice. But in theory the property of convergence is used to

indicate at the latest stage of a series of stages, the plan will converge
to local and global optimum |2].

From the applicability point of view, it has been argued that this
"administrative iteration" between the CPA and the lower units of the
economy is related to the USSR plan elaboration |16|.

This procedure can be shown in terms of non-linear input coefficients
|17| and in terms of shadow prices i18|. Also, this procedure can be
adopted for information exchange between the CPA and consumers for private
consumption plan elaboration |19|. Finally, this procedure can be used
for analysis related to the constraints: limited labor force and limited

capacities in the various sectors |20].

Example 2. The Norwegian Approach

Let the idea of "consistent" and "efficient" comprehensive national
planning mean that the various parts of the plan are not contradictory
|21| on the one hand, and the organizational aspect of the plan emphasizes
the quality of interdepartmental communication and the type of the model
the different agencies ought to possess from the point of view of the
overall coordination on the other hand |22|. A very brief account on how
the Norwegians approach these aspects of planning, with the other examples,
may help for the establishment of practical but fruitful avenues for plan

appraisal and plan evaluation.

National Budget as a Tool for Planning

(D Up to about 1960, attempts for improving the coordination of
decisions made by the various government agencies controlling the
allocation of reaources were based on national budgeting. Causes for
deviations between the national budget projections and the corresponding

ex post magnitudes were numerically analyzed by Bjerve |23| and were tested
by a simple numerical Keynesian model made by Amundsen |23|. This
extremely simple model contains two behavioral equations: one describes
gross national product as a function of total consumption; and the other
describes total import as a function of consumption, gross investment and
total exports. The model has one definitional equation: gross national

product plus imports equal total consumption plus gross investment plus

Lt
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exports. This gives a system of three equations in five variables. If

two of these variable are determined outside the system, the model
determines the remaining three variables. All variables are measured at
constant prices. According to Bjerve, there were no other better analytical

models available, at that time.

(2) In the process of approximating the unknown system where all the
behavioral relations is completely specified with no instrumental vari-
ables included, the planner faced a fact. The fact was that regardless
of how the endogenous variables, instrument variables, and exogenous
variables are estimated, all of these variables must be consistent with
the identities of the Norwegian national budgets, which were in the form
of a double entry book-keeping system |24|. The aims and concepts of
national budgets with their deficiencies and the planning model can be

found in detail elsewhere |25].

The Role of Input-Output

(3) Because of certain defects in using national budgets in planning
with respect to consistency and efficiency such as using different assump-
tions and different forms in the sub-budgets, there was a need for a more
formalized budget model. According to Sevaldson |26| with the traditional
process, a test for the impact of alternative assumptions may be impractical.
Hence, the Norwegians choose the input-output table which can be transformed
into a full set of national accounts |24|, and the choice of input-output
type model was formed with the accounting principles. It was not explained
in terms of general equilibrium analysis nor was' it in terms of mathematical
programming. The reason for this choice was to construct an operational

input-output national budget model.

(4) From input-output analysis, the following relation can be derived

from a system of n linear equations and n unknowns.

X. =0 (i =1,2 ... n)

>
e
1
.
[ e =]
[}
e
(S
.

For any solution other than Xi = 0 for all i, the equations must be consistent.
]

Taking all Xi s into account, and knowing the value of output level of

only one sector, (e.g. the household sector whose value is assumed given)

the values of the elements of the table can be determined. Let the given

o
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household sector value be iﬁ and in terms of value—added be §i, Then

with K equations:

n—-1 _
X - % a .X.=a X =S8 (m=1, 2 ..., K)
m . . mjj mn’ n
j=1
K K _
For consistency, L a . = a_. and L X =X.
=, mj nj C.om n
m=1 m=1

This procedure is followed in the Norwegian model |24].

To keep the flow of discussion free from further mathematical
notations, tests for consistency on input-output closed system (all sectors
are endogenous) or open system (one or more sectors are predetermined)
can be carried on for proving or disproving consistency by applying the
theorem of linear algebra. In words, "... a system AX + B =0 of m
linear equations in n unknowns is consistent if and only if the coefficient

matrix A and the augmented matrix |A, B| have the same rank" | 27] .

System of Plans

(5) The national budgeting model based on input-output frame work

and extended to include relations for income generation, taxation and
private consumption demand, was named MODIS I (a MOdel of DISaggregated
type) and used for the first time in 1961. Later it became to be a series
of "MODIS" and "PRIM" models, to predict industrial output, prices and
income distribution |28|. In these models the major final demand aggregates
are predicted exogenously, and coefficients are)not estimated by the
prediction approach. However, these models are used for short-term planning
and policy analysis. ‘In other countries, model of input-output type are used
for medium and long term plans. With respect to perspective analysis of 15
~20 years, long term projections were worked out on the basis of a multi-
sector model built by Professor Leif Johansen. This model can be classified
as a disaggregated neoclassical growth model with over 30 sectors of
production. Unlike other countries, this model and other Norwegian planning
models are used in the regular administrative planning process by the
Ministry of Finance. They are fully integrated in the process of policy-

making in Norway |25].
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(6) MODIS IV. It may be defined as a consistent macro-economic scheme

uniting several submodels with various assumptions, with intention to

fit the whole model into the administrative system of policy making and

to replace informal models and heuristic reasoning. The backbone of

MODIS IV is its close connection with the national accounting system, in
current use in Norway in real and financial flows, MODIS IV combines a
disaggregated input-output framework with a number of additional relatioms,
]28l and auxiliary assumptions with emphasis on inter-sectorial and
intra-sectorial accounting consistency with attention to institutional
structures like tax systems. The main feature of MODIS IV is to analyze
the system in terms of commodity-sector-activity for practical use rather
than for an academic exercise. The potential advantages of MODIS IV are:
(i) to bring detailed information from the unknown system into a consistent
and comprehensive accounting frame work, (ii) to assess the combined
effect of a great number of detailed assumptions about the functioning of
the economy, and (iii) to evaluate the impact on the working of the known

and unknown sub-systems.

The Norwegian Co-ordination Decisions

(7 The Norwegian approach to the planning problem is based on
splitting the overall problem into main small manageable parts: the
quantity submodel, the price sub-model and direct and indirect taxes sub-

model. The basic relations for the quantity submodel is:

AA

]
>

where A = a vector of activity level
X = a vector of addition to stocks by commodity
A = a matrix in which the typical element aij gives net output

of commodity i per unit of activity level j.

Consistency is achieved when the sum total of addition to stocks equals

the sum total of activity levels (with transformation activities excluded).
(8) The basic price equation is:

\
A bx tt=7p,
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where:

b a column vector of commodity prices in basic values

pz = a column vector of prices of activity levels in market values
The column vector t is the net value of commodity taxes per

unit of activity level. For consistency to be achieved with respect to

price input-output model if unit value of output is equal to unit value

of commodity input plus primary input, if gross product (in current values)

is equal to final demand (in current values), and if interaction between

input prices and output prices are taken into account [29].

(9 Linking the two submodels the commodity and the price together |30]:
(1) M =X
|
(2) A b_= Py (excluding t)
It follows
\] 1
(3)_ be = pAA

1 1

(4) eA=¢eX

1
where (3) is in current values and (4) is in fixed values, and e indi-

cates element unit. Total values of stocks should equal total values
of activity level (net) is required for consistency.

This procedure can be compared easily with that of USSR (see
Example 3). MODIS IV used in the preparation og the revised national
budget for 1974 has benefited from the accumulated experience in planning
and from the improvement in the national accounts |31|. One can give
a couple of these benefits without difficulties in analyzing them:
(i) in accordance with the new national accounts, the flows of goods and
services were grouped in the input-output accounts for production by both
industry and commodity, e.g. the T account for production has thousands
of grouping commodities. The uses of these commodities were classified
and added which had to be equal to the resources (locally produced and
imported) for consistency purposes. (ii) MODIS IV show more detailed and
precise picture of the Norwegian economy |31|. For example, without

having a separate direct tax model, the effects of changes in direct
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tax rates, both in real and in financial terms may be analyzed by this
model |31|. Since the model can predict both the annual and the four

year program data, better coordination is arrived at.

(10) Evaluation: MODIS IV has advantages and also it has disadvantages.
Besides what it has already been mentioned, the model is useful in handling
different problems such as 1973 currency revaluation, annual and four year
projections, and income settlement. However, the determinants of private
investment and aspects of technical change are analyzed outside the

model |[30|. MODIS IV like other MODIS's contain far more variables than
relationships. Also, each new MODIS has more new variables which are
greater than more new structural relationships |[31|. Nevertheless, the
model is flexible with respect of handling exogenous variables such as

wage rates and labor productivity. This provide some link between the
planner and the decision-makers based on the compromise approach. The
purpose of the model is to taste government decisions with respect to
consistency and efficiency, and to replace the informal procedures which
can be used in planning but not to substitute value-judgﬁent. Of-course,
these remarks are incomplete to cover all aspects. For an excellent
reference see "Trends in Norwegian Planning, 1945-1975" by Petter Jakob
Bjerve in "National Accounts Models and Analysis" in honor of 0dd Aukrust
Sixtieth Birthday, Oslo, 1975. Also, a written discussion with Norwegian

planners is under way.

Example 3. General structure of an intersectoril model USSR

The purpose of calculating the intersectoral balance at the
initial stage of long term planning is to evaluate the consistency of
the projections made by the sectors |32].

Consider first the distribution of goods produced:

Atz+PX+Y=Z (1)
where

At = matrix of normatives describing technological inputs into

production of the commodity (product by product);
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Z = volume of production n groups of goods in physical terms;

P = normative of input of all products per domestic currency
unit of the sector's output; and

Y = end product

X = volume of production in value terms.

Consider secondly the production equation: Formation of volumes of

production in value terms
QZ +AX=X (2)

where

Q = average prices of the commodities produced by each sector;
and
AO = a diagonal matrix each of whose elements represents the

the proportion of the sector's output not included in Z.
Equation (2) determines X, and:
X=(E - Ao)_lQZ | 3
can be obtained.
Where
E = unit matrix of order (mxm) for sectors.

Inserting the value of (3) in (1):

z=[1-[a2+PE- Ao)"iQ]'1 ]y (4)
where

I = Unit matrix of order (nxn) for quantities.
Or

Z = [total input coefficients]Y

This physical-value intersectoral balance, which is the basic model, is

designed for use in preparing plans of long-terms, five year and annual.
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If there is a single resource constrained, for example, man

power ecpressed by:
n (5)
T < 5
izl Rj (th) Lt

where:

ﬁj = the amount of labor Qj(th) required to produce a gross output
f X., in sector j
of th e i

Lt = a function of limited man power in the national economy as a

whole in year t.

The system of equations (4) and (5) makes it possible to calculate
coordinated sectoral decisions taken into account the limitations of

man power resources and at the same time to perform the coordination of

sectoral decision from the production standpoint |32

Example 4. The Hungarian Co-ordination Decisions

The National Office of Materials and Prices has prepared, among
other models, short term planning models and the price models |34|.

For the short-term planning models, at the present (1974) only
input-output models are applied in short—term national economic planning.
They are used regularly for analyzing the initial conditions of planning
(second type of the planning problem) and for the final coordination of
the plans (compromise) approach.

The medium—~term price models are in two variants. The £first
presents price development in 15 branches on the assumption that prices
will change parallelly with costs and costs will as they have over the
past decade. The second model variant allows not only‘for changes in
costs but also consider modifications in the incentives and their
influence on prices. Certain optimality conditions have been incorporated
in the model and the cinsistency of valume and value indicators has also
been ensured. Shadow prices obtained with different objective functions
in the programming model are used for medium and long-term price planning,
thus creating the conditions for the consistent evaluation of changes at

the two levels.
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Example 5. The USSR Co-ordination Decisions

The USSR uses models of intersectoral links which are constructed
on the basis of the balance ratios governing the distribution of the gross
output of the sectors. These models provide the coordination of sectoral
decisions from the stand point of the national economy.

The following model outlines the main procedure |33|. Let the

national economy be a set of n interrelated sectors:

n
.= f.. . + U. i=
(1) Xlt .§ ij (XJt) Ult (i=1, n)
j=1
where:
Xit = gross output
fij = gectoral cost functions
Uit = fund of nonproductive consumption of the output of sector i.
The system of balance equations can be written as the operator:
= +
(2) X, =Qx) + U,
where:

X
t

Ue

]

the vector of gross output

the vector of nonproductive consumption

Q(Xt) = non-linear operator

Consider the ith component of the nonlinear operator Q(Xt)=
t

(3) Qi(xt) = .
J

/I s =]

£.. (X.
RTRUR

(a) Data of the fij(xjt) are obtained from the models of the
individual sectors

(b) 1If monotonic of its argument, then the operator Q(Xt) is
also monotonic.

(c) The convergence of the method of successive approximation is

established when the conditions of non-negativity are met.
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Example 6. Plan Evaluation Silent Models

(6-1) A Simple Evalution Test (USSR)]|35]

where

Y = the net domestic product

e, = the efficiency of capital investment; the ratio of net
national product increment during the period under review

to the volume of capital investment

Tt = the annual volume of capital investment

Ct = personal consumption, public consumption non-industrial
investment and non—industrial capital repairs

bt = the relationship between capital investment and net national

product not used for personal consumption, it is equal to

(Y, - ¢
T
t
Pt = labor productivity
Lt = the number of persons engaged in production

e and Pt are the efficiency indicators
¥

(6-2) The Intersectoral Balance Models (USSR) |35]

(1)

(2)

(3)

The balances of production and distribution in physical terms:

X. =% % a ., x', +3 a. %
1 1] h| il

+ Y.
1 1

1

The coordination for production indicators in monetary and physical

terms
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171 1
where
Xi = the output of type i products in physical terms in the
national economy as a whole;

Xi = idem in sector (ministry, department) 1;

aij = the direct input coefficient in physical terms in sector 1;
fixed for type j product;

n

X1 = the gross output of sector 1 in money terms

a;y = the product i direct input coefficient (in physical terms)
per a currency unit of sector 1 gross output

Yi = the end product of type i

X} = the share of sector 1 in total national output of product j

1 . .
Pj = the price of product j produced by sector 1
r, < the share of other types of product, not among the items of

" the quantity-value balance, in the gross output of sector 1.

(6-3) Use of the Concept of mathematical separability (FRANCE)

The frame work of a general optimization model for removing the
main difficulty raised by the sectoral approach (i.e. to reconcile the
general criterion of efficient resource allocation and compliance with the

constraints of macroeconomic equilibrium) is as follows:

Target function of the allocation officé
F (1®° ... 1i% ...)

Constraints

(i) The relationships of the sectoral models

Sectoral model 1 Sectoral model i
¥y (1®° ... i® ...) =0 v, (I® ... i ...) =0
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(i1) Macro-economic cinstraints

The variables X: denote the economic policy objectives in the
medium term projections, e.g. growth rate of GDP which is determined from
the sectoral variable by aggregation.

The problem is then to find a sectoral choice criterion which
would be consistent with both economic efficiency (function F) and the
pursuit of economic policy objectives Xh(...) = X:.

In another form
Max F(wl, cee cel) + 2 8hXh(°°i vee)
h
Subject to constraints:
Viley) =0
where 8h being the dual variable linked to the constraint

X: = Xh(...). For further analysis and conclusions see |36].

Concluding Remarks

The above brief account of actual cases of planning help to give
supporting background for the various ways to appraise and evaluate plans.
In some countries in the early stages of planning, an aggregated model
projecting the main social and economic indicators might be used as a test
for consistency and efficiency of a plan based on administrative planning
procedures. The results of which may be used also later in more detailed
sectoral models, whose results again could be used as a test for consistency
and efficiency for a plan based on detailed sectoral models and they would

be used also by various branch sub-sectoral models later on.
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RECOMMENDATIONS

In my search for a consistent and efficient plan during my stay
in Oslo, Norway for the first quarter of 1976, I have reachéd the following
guidelines. Though the period seems to be too short to cover all aspects
of planning, but with the assistance of the adminstrative staff at the
Institute of Economics, University of 0slo for the first three weeks and
at the Central Bureau of Statistics for the remainimg of the period, much
time was saved. I am very thamkful to the assistence received from all
of these agencies and in particular the Norwegian Agency for International
Development (NORAD). The following recommendations were based on my
independent study as well as on oral disscussions with high power planners
at the Institutes and at the Bureau. Also, several visits were made to the
Ministry of Finance, the Planning Division and one to the Economic Division.

I have also visited the Chr. Michelsens Institutt at Bergen.

Recommendation I

(a) Decompose the Planning Problem

The planning problem should be decomposed into smaller and managable
parts. The decomposition is to be on two levels. One is vertical:
Center-Sector-Project with highly aggregated plans, intermediate plans, and
the smallest detailed plans. The second level is horizontal: One‘problem
is partitioned into smaller problems side by side on the same line, say,
among different sectors or ministeries. For this recommendation to has
an effective results, certain requirements are'to be met such as decent-
ralizing the power and the quality of exchange of information. The former
means that each sector has the power to regulate certain definite processes
affecting the structure of the economy. The latter indicate that each
sector has the ability to revise the tentative solutions of the problem.
Hence, the planning problem may take the first type form at lower level

and the second type form at the higher level,

(b) Decompose the Plannigg Time

Horizon. The familiar time dimension: short~term, medium term,
and long-term planning is important for comparing plans at a macro stage,

sector stage and project stage. The lower level of planning project and
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sector should satisfy canditions determined by the macro stage with
respect to time dimension{ The lopng-term lower level planning should
be cohpatible with the long-term macro plan. This will satisfy the
necessary conditions for exchange of information apd mutual adjustment‘
through iterations.

(o) Decompose the Planning Appreach

The planning approach should be splitted in at leagt two major
approaches. The optimization apprpach is more relevant to project and
sectoral plans through which a survey of the sqciety initial situation
could be provided to the leadership regarding the best possible basis on
which te build its decisions. The compraomise approach is more relevent
to the macro stage, where the trade-off in the national preference function
could be established e.g. between accelerating economic growth and trans-
formation to gocialism through time.

The links between what was just suggested and the type and the
approach of the planning problem can be seen as fpllows:

f y ) '
figgr;ation .The Decision The Planning The Planning
through time maker 7 Problem . Approach

R maéro o

macro A macro Second .
' ediu T ~ Comprom
long term mediun short term type mpromise
sector ’ .

sector . sector Rirst . .

‘ med: B Optimjzatio
long term i short term} type pt »1 kien

Ied e JIV SRR USSR SUS )

Prpject Project * Project
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Recommendation 2

a) Develop an adequate national accounting system (or material balances).
This is essential for all planners. For the statistician he needs this
system for fundamental consistency controls. For the model-builder, he

needs the system for analyzing the interrelationships among the planning
variables. For the decision-maker, he needs this system in making consistent
set of goals. In the absence of adequate time-series data, this system

will serve the backbone for planmaking. Data collection should aim

at maximum efficiency.

b) Develop an acceptable methodology for widening the national
accounting system for further uses. All types of budgets: State,
national, and fiscal is deduced from such system. Social indicators,
which make it possible to establish the link between end results are
related to this system. One example is the link between, as it is well
stated by the Iraqi national preference, the level and structure of
production (accelerating economic growth) on the one hand, and income
distribution with other social indicators such as health or educational

status, etc. (transformation into socialism) on the other.

c) Develop an institutional dialogue between national and regional
authorities in the course of planning and decision-making process.

The national accounting system should play the common language providing
such links. These remarks are incomplete but they give the essential ideas
which stress the complexity of socio-economic reality and the lack of
unifying concepts necessary for the integration of different fields. This
kind of dialogue is essential in planning, based on different approaches,
for the linkage's convergency. The number of %teration is important.

The number of iteration should be minimized but increasing the number of
iteration improves the accuracy of calculations and the convergence of

the decicion process.

bt i
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Recommendation 3

a) Construct (or improve) a traditional input-output model which
transforms the objectives and the final requirement of the utilization
of the resources in terms of objectives and production requirements of
goods and services. This could be achieved by a set of matrices which
explain production in final demand, taking into account the intermediate

requirements determined by the intersectorial productive process.

b) Construct a dynamic input-output model which is a special case of

linear activity analysis model, developed by Koopmans, 1951, 1957 |37, 38
In such a model there is a one-to-one correspondance between commodities
and activities and each actitity can be regarded'as the activity of
producing the corresponding commodity. This model has several versioms, it
can be presented for a situation in which there is no joint production.
Also, it may have fixed input proportions for the production of any one
commodity. For the input requirements; flow requirements are distringuished
from stock requirements. It would be better to think about them in physical
terms. There is also a need for certain variables to be determined

outside this model, by using some submodels, for example; income submodel,

price sub-model, foreign trade submodel, etc.

c) Avoid elaborating a national development plan which is based on
complicated models for which the data available are far too weak to
approximate the economy. These weak data may not be able to specify or
to implement a structurally and behaviorally sound representation. In

such a case, most hypothesis testing such as best linear unbiased estima;grs,
and the like are then wholly irrelevent. Alan S. Manne has presented a
comparative analysis om multi-sector models for development planning

¥
|39

among other things, that with no explicit objective function, an open

. Manne table is reproduced here in an appendix. Manne table shows,

consistency model, dynamic input-output has been used in many countries.
According to Wassily Leontief: Norway makes the best use of the input-

output table among 120 countries.
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.. Appendix. This table has been reproduced from Alan S. Manne: '"Multi-Sector models for Development Planning:
Technical report no. 91, march 1973. Institute for Mathematical Studies in the Social Sciences,
Standford University, California.
Table 1. Some characteristics of 18 development planning models.
Reference. Country Objective function, Open~ or |Solution technigue Problem size Labor substitution
basic case closed~ {(if other than AT possibilities; human
loop linear programming) 4, 88 % - capital formation
yole 2 gl g 8 3D
O {0 wolo A Plo 4
AP IG NEB- L
Lyl clf SSEIE S
g_g g g g » O g gﬁ @
2SR ANEAS 02T
Adelman (1966) Argentina |Alternatives: (1) maximize dis-{Closed 4 |20 9 6 Substitution between
counted GNP; (2) maximize GNP, educational levels for
terminal year; (3) minimize dis- each labor skill type;
counted sum of net foreign capi- human capital formation
tal inflows. for all labor skills.
Adelman et al. (1969) South Korea |No explicit objective function. |Open Consistency model, 7 7 43 1
dynamic input-output.
Blitzer (1971) Turkey Maximize GNP, terminal year. Closed 5 |15 8 6 Human capital formation
: : for all labor skills
Bruno et al. (1970) Israel Maximize discounted consumption {Open Static input-output 6 |15 30 2
. ’ plus value of terminal capital matrix was inverted
' stocks. to reduce the number
of rows and columns
: in the linear prog-
i ramming matrix.
Celasun (1971) Turkey Maximize GNP, terminal year. Closed 3 8 13 0
Clark and Taylor (1972) Chile _ |[No explicit objective function. {Open Consistency model, 10 L 10 17 8 Partial substitutabi-
dynamic input-output. lity between labor
Terminal year output types.
targets obtained
through static linean
programming, applyin#
a stock-flow conver-
sion factor for
investment.
Eckaus and Parikh (1968) India Maximize discounted consumption,|Open 10 {30 11 0
subject to consumption growth
constraints.

A Survey".
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Table 1 (continued)
Reference rCountry Objective function, Open- or Solution technique Problem size Labor substitution
basic case elosed- (if other than ' NP possibilities; human
loop linear programming) <l O | ol capital formation
waale © e 5 83
O njo Wwolo A »low
AR PRI 5 PR
solbE g8 Vo885 q
HEEEESE LR
2= Pl Al A m Oz A O
Goreux (1973) Ivory Coast|Maximize discounted utility of |Open 5 |25 3 Import of labor; dimini-
consumption from individual shing marginal productivi-
commodities, assuming want ty of unskilled urban
independence. labor in the traditional
service sector.
Gupta (1971) India Maximize discounted consumption {Open 10 {10 L 2
Johansen (1968) Norway No explicit objective function. |Open Consistency model, 9 {27 28 1 Capital-labor substitution
dynamic input-output in all 28 sectors through
Cobb-Douglas form of pro-
duction function.
Keesing and Manne (1973) Mexico Maximize consumption, subject to]Open 6| 18 15 5 Capital-labor substitu-
gradualist growth constraints. a tion in agriculture
ony; human capital
formation for all lsbor
skills.
Kendrick end Taylor (1971) |Korea Meximize discounted utility Open Conjugate gradient 30 | 30 L 1 Capital-labor substitu-
of consumption. method of optimal tion in all 4 sectors
control. through CES form of
e production function.
Kornai (1969) Hungary Alternatives:E/ (1) maximize Open Multi-level program- | 1 5 ho1 1 Capital-labor substitu-
consumption; (2) maximize foreign ming; an approxima- tion through changes in
exchange surplus with: a) capi- tion to Dantzig-Wolfe the mix of each item's
talist or b) socialist countries; decomposition. output from 3 vintages
(3) minimize gross investment; of equipment: old,
(4) minimize labor inputs; (5) modernized and new.
minimize prime costs. .
Manne and Weisskopf (1970) |India Maximize consumption, subject to|Open Preliminary data pro-| b4 8 30 0
gradualist growth constraints. cessing to reduce
number of rows and
columns in the linear
programming matrix.




Table 1 (continued)

Reference Country Objective function, Open- or Solution technique Problem size Labor substitution
basic case closed- (if other than al A~ possibilities; human
loop linear programming) 8l 28 nd oA capital formation

G ot |Gt D 3 O o o ot

O ujo Wolo A +lox

PN PO a2 P < e | R
ISR Y
ELICERICERY IEEE
Z P AAE o OfE A o

Martens and Pindyck (1973) Tunisia Kinimize the welghted sum of Closed Linear quadratic 15 15 5 1
squares of deviations from a tracking method of
"nominal” path for each state optimal control.
and comtrol variable.

Mursksmi et al. (1970) Japan Maximize capital stocks, Closed Composition of ter- 8 8 10 0
terminal year. minal capital stocks

: computed through
- characteristic vec-
tor associated with
largest characteris-~
tic root of dynamic
Leontief matrix.

Ujlaki (1971) Hungary Altematives:f'-/ (1) maximize Open L | 20 20 1 Capital~labor substitu-
discounted consumption; (2) max- tion through changes in
imize capital stocks, terminal the mix of each item's
yehr; (3) maximize discounted output from 3 vintages
foreign exchange surplus. of equipment: old,

modernized and new.

Westphal (1971) Korea Maximize discounted utility of |[Open Mixed integer pro- S 110 11 0
consumption. gramming.

Note:

a/ In each case, there are predetermined bounds on the macroeconomic variables.
These bounds are targets derived from official Hungarian five-year plans, and are
based upon traditional planning methods, not upon mathematicel programming.
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