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CHAPTER I

INTRODUCTION
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The selection of the problem of economic development planning for Sudan
in this study is dictated by the following factors: firstly, this problem
is a source of frustration not only to Sudan but also to many other developing
nations; secondly, literature and data in this field are more available than
for other problems; thirdly, the author is familiar with some of the develop-
ment plans for Sudan. The author's experience with the planning process
started in the year 1970 while being in charge of the preparation of the
manufacturing sector's plan and its coordination for the country's second
comprehensive economic development plan, the five-year plan (1970/71-1974/75].
Also, the author participated in the discussions and evaluations of the
"Interim Action Program' during the years 1973 and 1974 when working in the
preparation and steering committees for the'First Sudanese Engineers National
Conference'.

From this short experience and from the literature surveyed one would
doubt the effectiveness of the planning process, if any exists, for Sudan.
What is meant here by the nlanning process, is the application of a rational
system of choices among feﬁsible courses of investment and other development
actions, while the principal agents of a planning process can be conceived
as to encompass: pclicy makers, planners, statisticians, and researchers.
The flow of information betwsen these agents is multilateral, involving im-
portant feedback at all levels. The ineffectiveness may be due, among other
things, to either the nonexistence of the last three agents or to their being
superceded by the first agent. Rational choice has no meaning when the
alternatives are derived in the absence of some model, since plans are rarely
developed without some formal economic models to help planners to learn more

about the aggregate problems and intersectoral relations of the growth and
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development process. Planners need also to use the results from such models
as part of the information flow between them and the policy makers. This
ineffectiveness may be responsible for the deviations from what is planned
and the termination of all the plans before the end of their periods.

Beside the conceptual probiem, the framework for planning in Sudan is
also deficient, As an example, the five-year plan had been put to public
debate in the year 1970 before its discussion and coordination within the
different ministries and other bodies whose individual plans are usually
highly dependent on others. Also, the "Interim Action Program' had been
adopted for some years before transferring it into a form of a consistent and
feasible plan.

The major objective and contribution of this study is to demonstrate
that the planning process in Sudan can greatly be improved, even in the
absence of complete data, by following a few simple scientific techniques,
The study will simulate the planning process where the activities of the
four principal agents are incorporated. The approach will be to:
model the economy, relate planning to implementation, and finally
apply multiple objective decision making (MODM) models and methods.

Modeling The Economy

Input-output modeling methodology will be used in this study because the
technique can be transformed easily into a consistent mathematical model.
Due to the absence of a recent input-output table, and also to avoid borrowing
other countries' tables, the study will devise a new methodology for con-
structing a new input-output table for Sudan from an existing obsoclete tgbie.
The methodology makes use of historical data available in the form of annual
national income accounts. Lecomber (1971), in a critique of the methods of
adjusting, updating, and projecting matrices, notes the failure of

these methods to utilize the range of information generally available. The



methodology of this part is not oanly original in that it leads to the develop-
ment of a new table from an obsolete one, but its application can extend to
borrowed tables, It can also contribute to the development of an adaptive fitting
technique of input-output tables for developing countries.

For most developing countries, however, the problem is not only the
absence of a recent table, but also the nonavailability of accurate and reliable
statistics in a form suitable for direct insertion into an input-output table.
This is the situation faced in this part of the study where in some instances
the data is compiled from detailed statistical publications.

Planning and Implementation

Shen (1975) suggests that a new constraint representing the capability of
the government of a developing country to implement the plans should supersede
the constraints imposed by scarce resources. The answer to this suggestion can
be found in the argument by Frisch (1962): that it is useful for practical
purposes to consider separately the selection problem and the steering or
implementation problem which are involved in an overall planning problem. The
selection problem, according to Frish, can be stated as:

"A selection model is primarily useful for the purpose of

describing a constellation of the volume figures or the

figures in actual technical units which has been realized

or might be realized or one would like to see realized,

provided one can find ways and means (institutional, ad-

ministrative and financial) of bringing this constellation

about.'
On the other hand, the implementation problem is to find how to steer the
economy (i.e., what institutional arrangements to make, which economic policies

and measures to use; and how tc use them) in order to achieve the real economic



constellation selected as being the best one. The optimization of such an
overall planning problem can be performed in one of two ways: in two stages
or in one stage. In the two stage approach we first find the optimal
solution to the selection problem (the state variables) which consists of,
for example, a preference function, resource limitations, balance relations,
and production relationships; the second stage is to find the optimal so-
lution in the implementation problem (the instrument variables) which pro-
duces the results arrived at in the first stage. In the one stage approach
the problem is to find the optimal solution of the overall planning pro-
blem when expressed in terms of both the state and instrument variables
(assuming the targets and instruments are flexible).

The optimization of the selection model does not usually pose any
difficulty as the problem is amenable to formalized and quantitative
analysis. However, the implementation problem may not be reliably repre-
sented in a formalized model, and consequently it may prove more practical
to rely on intuition and practical judgment and experience instead of op-
timization. The selection model by itself is useful only if there is a
high probability of selecting a result which will prove feasible to im-
plement. The planning models in socialist countries tend to be of the
nature of the selection models. In other situations the results from the
selection problem are usually unrealizable in practice, therefore, the
choice is either to try to change the institutional, administrative, and
financial structure (if they constitute the difficulties for implementation
and attainment of goals), or lower the set of goals.

Most of the plans of Sudan are characterized by highly set goal levels
without due consideration to their feasibility and consistency, not to

mention optimality. Also there is no clear or precise coupling of the



planning and implementation problems, although the latter constitutes the
biggest obstacle to plan realization. The solution of a model incorporating
all elements and aspects of the implementation problem of Sudan will be
quite formidable. Consequently the study will include only some of the
quantifiable economic policies and measures with the idea that both targets
and instruments (policy variables) are flexible. Also plans in Sudan and
other developing countries are usually considered as blueprints instead

of regarding them as working plans to be reviewed constantly and revised
periodically. Thus this study will attempt to introduce a correction to
this misunderstanding and other implementation problems by intrinsically

incorporating them in the modeling methodology and construction.

MODM Models and Methods

It is very rare to find a comprehensive development plan with only
a single objective; most of the time many objectives of conflicting
nature are included in a plan: the best decision with respect to one ob-
jective may not be optimal for others. For Sudan the objectives range
from five to sixteen in the three plans developed so far.

The development planning problem of Sudan will be approached by two
linear MODM models; the first is a terminal year model (TY), and the
second is a year-by-year (YBY) model. In the TY model the terminal
conditions are endogenously determined from the specification of the base
year values and the exogenous values; the model thus aggregates over time
to reflect the scope of investments and other requirements during the plan
period. The YBY model is to complement the first model by interactively
tracing the development planning path (interactive path control) followed

to reach these terminal conditiomns.



MODM methods have been recently classified (Hwang and Masud, 1979)
into four categories according to the articulation of preference infor-
mation given: none, a priori, progressive, and a posteriori. In spite
of the fact that methods from the third category might be more suitable
for developing countries where the interactivity or DM-Analyst dialogue
at each iteration induces the DM to learn more about the problem, Tantasuth
(1875), Yoon (1977), and Masud (1978) used GP from the second category,
although the latter used a new interactive method (ISGP). Others (Spivey
and Tamura, 1970; Wallerius et al, 1976; Despontin and Vincke, 1977) used
either the second or the third for solving annual economic policies with
econometric models for the U.S. and Finland,

From the third category the step method (STEM) by Benayoun et al
(1971) will be used for solving the two MODM models of Sudan. Another
method from the same category, namely the method of satisfactory goals,
will also be used for solving the two models.

A characteristic of this study is in the attempt to make the plans of
developing countries operative, operative in the sense that the use of
two MODM models provides a flexibility of the planning process; the
TY model provides the scope under the given potentials and restrictions
while the YBY model provides a dynamic MODM methodology (with respect to
time) with feedback. The study is expected also to contribute in improving

some of the MODM methods.



Organization of Contents

Chapter II presents the basic theory of input-output models, how input-
output tables are prepared and maintained, and their relationship to the
national accounting system. The different planning models in use, and the
criteria for choosing a model are also presented. The experience of some
developing countries with input-output models is surveyed.

In Chapter III the development plans of Sudan are critically reviewed
and compared. The three development plans of Sudan are exposed with respect
to their formulation and the problems in their implementation. A diagnostic
approach is followed in order to find the common problems of the three plans
with respect to formulation and operation.

In Chapter IV, first a survey of the existing models of Sudan is made,
then the RAS method of updating input-output tables is explained in detail
with its algorithm, flow diagram, and a computer program stated. Finally the
methodology of developing the new input-output table for Sudan is stated in
step by step form. Real data is used to construct the new input-output table.

In Chapter V two MODM models for the development planning problem of Sudan
are constructed. The first is a terminal year model (TY) which aggregates
the plan through time, while the second is a dynmamic year by year (YBY) MODM
model. The construction of the models is such that the actual data of the
six-year plan (1977/78-1982/83) can be used in the solutions. Two MODM methods
are then used to solve the two models. Finally the results by the two models
from the two methods and the actual plan figures are compared.

Chapter VI presents a summary, concluding remarks, and proposed future

studies.
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1. INTRODUCTION

Although the origin of input-output analysis can be traced back to
Francois Quensnay's Tableau Economique of 1758 the first empirical application
of the input-output model in the U.S.A, was in 1936 when Leontief
published an input-output system of the United States economy. Leontief's
input-output method has been one of the best contributions to both
theoretical and empirical economics. The post-war reconstruction
period led to its application in countries like Norway, the Netherlands
and Italy. Some countries in Asia and Africa starting their development
programs mostly used input-output techniques from the beginning. The
development of electronic computers has also made the application of input-
output models to empirical problems more practical.

Input-output technique breaks the economy into sectors or industries,
and the flow of goods and services among sectors or industries is recorded
to indicate the systematic relations among the sectors or industries; the
relations are known as input-output relations because they tell what inputs
a sector needs to produce its output. Thus the input-output technrique by
disaggregating an economy into finer units is capable of tracing out effects
not possible to detect in macroanalysis.

A profound grasp of input-output techniques requires a thorough under-
standing of the basic structure of an input-output table which is the basis
of all input-output work. An input-output table is defined as a collection
of data describing the particular structural characteristics of any econo-
mic system, and/or as an analytic technique for explaining and influencing
the behavior of the system at a certain point in time or over the course of
time. Its major theoretical and practical value is that it can easily be
transformed into a consistent mathematical model and utilized either as a

forecasting tool or as a framework within which consistent and comprehensive



economic plans can be drawn up and carried cut. Input-output tables,

however, require a great deal of statistical data for their development.

2. BASIC THEORY OF INPUT-OUTPUT MODELS

2.1 Basic Identities

The most simplified illustration of the main blocks in an interindustry

table is shown in Figure l.

Sector Sector Sector
1 2 3
Sector 1 '
Intermediate Final _ Total
Sector 2 + =
Inputs Demand Qutput
Sector 3

Primary Inputs National

Accounting

Total Input

Figure 1. Basic Blocks of an Input-Output Table.
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The intermediate inputs block shows the delivery of output from each
sector (industry) to all sectors of the economy for use in the production of
each sector. The primary inputs block represents the primary inputs (in-
direct taxes, labor, depreciation, profits, and imports) to each of the
sectors. The sum of these two blocks is the total input block.

The final demand block represents the part of outputs by each sector
devoted to final use. The sum of the corresponding rows of the intermediate
inputs and final demand blocks is the total output by each sector.

The last block of national accounting, or the direct factor purchase
block, is only necessary for accounting purposes -- e.g., measuring gross
domestic product.

For a better illustration of the input-output table, a simple hypotheti-
cal economy consis;ing of three sectors -- agriculture, manufacturing,
services -- will be considered. Table 1 is a numerical example. Each
sector (for the moment ignoring the f;gures in parentheses) appears as a pro-
ducer of output and a user of inputs. For example, the manufacturing sector
produces 465 units of which the agricultural sector uses 12 units as one of
its inputs, manufacturing uses 3 units (the table is more or less a repre-
sentation of a developing economy), and the services sector uses 30 units.
The three sum to 45 units (12 + 3 + 30 = 45) of output by manufacturing
delivered as an intermediate input (intermediate demand) to the other two
sectors and itself. Columns 6 to 9 show the deliveries of the manufacturing
sector to each of the final use (final demand) sectors (household, government,
capital formation, and export); these total to 420 units (320 + 20 + 40 + 40 =
420) of total final demand.

Column wise, the manufacturing sector, in order to produce 465 units

of output, must use 100 units of agriculture output, 3 from its own output,
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and 67 from the services sector, i.e., a total of 170 units of produced inputs
(100 + 3 + 67 = 170). In addition the manufacturing séctor must import 75
units and use 220 prime input units (labor and capital), thus making a total
input of 465 units (170 + 75 + 220 = 465) which is equal to gross output. The
entries of Table 1 can be either in physical quantities or in money value; in
this example we take them as money values, and an explanation will be made
later in the chapter.

Imports are usually shown as a row vector (row 5 in Table 1), but for
clarification, especially for the case of a developing country, it is broken
down in detail and included in each cell between parentheses. This is as if
we have two input-output tables -- one for domestic products and the other for
imported products. This disaggregation of imports is usually not practical,
although the impact of demand on domestic and foreign supplies can be thoroughly
analyzed, and in the case of developing countries they provide a deeper insight
into the economy and aid in the planning process.

To develop the mathematical relations Table 1 is written in symbolic terms
as Table 2 (negiecting the import matrix). The output of the three sectors as
inputs intermediate to each other and to final use is represented by the following

equations:

X, + X, + X +Y =X (L)

An implicit assumption in Equation (1) [BM6, 43] is that each sector produces
a single good which can be used interchangeably for consumption, investment,

as an export, as an intermediate good, etc. A second assumption is that a
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single process production function exists in every industry. This is quite
a strong assumption; it implies that there are constant returns to scale
and that no substitution among inputs is possible. This leads us to the
definition of the constant "technical coefficients of production". For
example, in Table 1 we can see that in order to produce 465 units of
total output, the manufacturing sector must purchase 12 units of agricultu-
ral output for its intermediate inputs. This means that for every unit of
manufacturing output 0.026(= %%s) units of agriculture output will always

be needed. Similarly, .065 units of output is needed from the services sector.

X1 23 22
X

Mathematically these can be stated as a, = —7r3 a,5 = 3;;3 8y, = 3§;-0r

X, .
generally aij = T%l-= constant (technical coefficients of production) where
j

i, j = number of sectors in the table.

Thus we can write:

a., X, +a.. X, +a,, X,+Y, =X (2)

3
or X, = ) a,, X, +7VY, (3)

or in matrix and vector notations:

AX + Y = X (4)
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where A is an n x n square matrix of technical coefficients of production.
By rearranging we obtain the well known Leontief matrix, (I - Aj):

(I -A)X=Y (3)

and solving for X we have:

X=(1-A471Y (6)

Equation (6) is the core of the input-output table since usually we know A,
and we decide on Y and must find X.

This mathematical manipulation could also be extended to the other
blocks to obtain the necessary coefficients, i.e., we can find the coeffici-

ents for imports, indirect taxes, labor etc.:

T
i * X
1
Ty
tIL:-f._ (7
1
Ly
e g
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2.2 Uses of Input-Output Tables

The major theoretical and practical value of an input-output table is
that it can be easily formulated into a consistent mathematical model which
can be utilized as an analvtic and forecasting tool in market economics, and
as a framework for consistent and comprehensive economic development plan-
ning as in centralized economics.

Input-output analysis can tell the effect on output of a given change

in final demand. The inverse matrix of Equation (6), (I - qul, could be used

to assess the effect on the productive system of a given level of final
demand. The impact on the productive system due to any change in the compo-
nents of final demand or primary inputs can also be analyzed; for example,

a change in final demand, AY, on total output:

aX = (1 - AL ay, (8)

the impact of this change on employment in the economy:

n
Al = ) 4 AX, (9)

(10)

Input-output tables can thus be used to check intersectoral and final demand
consistency for national income accounts. They can also show the sources

and uses of government funds and the current account of the balance of

payments

For planning purposes input-output analysis has become the most widely

used technique; this will be covered later.
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2.3 Input-Output Tables and National Income Accounts

The national-income accounts record all the final goods and services
produced in an economy during a specific year by each of the following
four sectors: Business, household, government, and export (the rest of the
world). The data for these sectors (columns no. 4, 5, 6, 8 of Tables 1
and 2 are found in the 'value added" row (row 9 of Tables 1 and 2)
of an input-output table. The national-income accounting is also a systemat-
ic summary of economic activation,except that it differs from input-output
in detail and method since the input-output table usually divides "the business
sector into many industries. The two systems are in fact complementary, and
nearly all the information pertaining to national-income accounts is also
obtainable from an input-output table. However,the converse is not true
as the national-income accounts are concerned with national totals rather
than individual industries. The Gross Domestic Product (GDP) can also be
computed from expenditures which are divided into household consumption,
capital formation, government expenditures, and net exports in a table of
nationél-income accounts. The same result can be found from an input-output
table (columns 5, 6, 7, 8 in row 10 minus imports in row 5 and ceolumn 10).
The other national-income accounts, like Net National Product (NNP) and

National Income (NI}, can also be obtained from an input-output table

since:
NNP = GDP - depreciation*
NI = NNP - indirect business taxes**

Mathematically the relation between input-output accounts and the national

* Row 8 and Column 4 figures in Table 2.1 and 2.2.

#%* Row 6 and Column 4 figures in Table 2.1 and 2.2.
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income aggregates can be developed as follows:

For the rows of Table 2 we have:

X.=ZX..+Y., (11)
j

and for the columns we have

<
n

R

+ M. + V, 12
L ¥y (12)

J

Adding up each of the balance equations above for rows and columns respec-

tively:
DXy =1 DX+ 1Y (13}
i i3 i
X, =] ) X.. v P Mo+ )V, (14)
4 4 44 % 4 % §

Since ) X, = ) Xj, therefore equating Equations (13) and (14), and eliminating
i J
we get the basic national accounts identity - the gross domestic product

(GDP) :

Yy, - I M =7}V (15)
; :

This is also the "value added", which usually includes wage payments, dep-

preciation (cost of using capital equipment), business taxes, rent, interest,

and profit or loss,.



3. DYNAMIC INPUT-OUTPUT MODELS

The input-output models we have considered so far are '"static" input-
output models which neglect entirely the effect of the time element. Also
the model considers investment as an autonomous final demand like private
consumption, government consumption etc. It must, however, be realized that
the relation between capital accumulation and output is subject to a con-
siderable variation depending on which of the following three assumptions
is used [BM1, p. 71]:

1. building ahead demand by industry,

2. operating at some level of "economic capacity', or

3. forced-draft operation near the maximum technological capacity.
There are also many ways to overcome production bottlenecks, e.g., by:

1. varying final demand, or

2. using substitute materials, or

3. working overtime, or

4. expanding existing plants, or

5. building new plants.

In most of the work with input-output models the assumption is usually
that excess capacity in each sector is zero. Dynamic input-output models
[BM1, p. 71] have been proposed by Hawkins (1948), Leontief (1953a), and
by members of the U.S. Airforce planning staff, as reported in Holley (1953).
Although dynamic models are generally superior to static models , [BM8, p. 141]
because the former are capable of tracing the path of economic growth, they
face some data and computational limitations and other problems.

The development of a dynamic input-output model from a static model
can be summarized as follows:

Instead of writing the input-output balance equation, equation (3}, as
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Gross output = Intermediate demand + final demand
we can rewrite 1t as:
Gross output = Intermediate demand + Induced investment + final demand.

To obtain the relation for the second term on the right-hand side of
the above balance equation let Sij(t] represent the stock of commodity i,
produced by sector i, purchased as capital goods by sector j at time t. .
The rate of increase in that stock from(t - 1) to period(f) = Sij(t) - Sij(t -1}.

The new balance equation is

[535(8) = S50t - 1] + ¥, (0) (16)

J

E

n
X, (t) = Z a.. Xj[t) +

j=1 1

If we adopt the same methodology for explaining the intermediate flow
equations (Xij = aij Xj) by constructing a corresponding set of n x n
structural capital stock relationships for Sij’

8:x Blbsa K 17
1] 11 3] (7

where bij's are the economic system's capital coefficients, i.e., the amount
of capital input needed per unit of output for sector j, then we can have
n x n matrix of subsectoral capital coefficients, B, as the square matrix,

A, of technical coefficients of production:

Sij(t) - Sij (t -1 = bij[xj(t) = Xj(t - 1] (18)

Substituting equation (18) into equation (16) gives

I ~14

X, () =

n
; a. . }(j{t) + 321 bij[Xj(t) < Xj(t - 1]+ Y () (19)

1 Y



or in matrix and vector notation:

X(t) = A X(t) + B[X(t) - X(t - 1)] + Y(t)

which is the dynamic model in matrix and vector form.

25

(20)
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4. PREPARATION OF INPUTjOUTPUT TABLES

What has been mentioned in the previous pages is the basic theoretical
framework of an input-output table; in the hypothetical example only three
production sectors were assumed. Generally, however, the input-output tables
break an economy into many sectors, and in addition the actual productive
structure of an economy is much more complicated than our example shows. Thus
in practice a numerical input-output table for a real-world economy is often
enormous and complicated. This is because there are many problems, both sta-
tistical and conceptual, which are usually encountered in the preparation of an
empirical table; these problems may be problems of aggregation, classification,
and manipulation of statistical data. Conceptual problems arise as to whether
the value figures in the table are to be stated in producer's or purchaser's
prices, how to treat imports (competitive and noncompetitive), what is to be
done with unallocated inputs and outputs, etc. The treatment of all these
problems is anyhow arbitrary, although some rules of procedures must be estab-
lished; these rules are usually set according to the availability of data.

An input-output table should be constructed in physical terms [BM9, p. 59]
in order to reflect the true technological aspects of production. Although
is it theoretically possible to construct such a table, in practice it is
extremely difficult and the best common measure is money value of output. The
advantage in using money units is that we can sum over a column as well as a
oW,

The most practical source of statistical information te construct an
input-output table is an industrial census (an overall census of the economy)
which collects detailed information on inputs and outputs of the individual
industries [BM1, p. 140]. Although a large volume of output data can be

obtained from other sources like the national-income statistics, a
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census is the only way to provide input data in sufficient generality and

with sufficient detail. The table is usually referred to by the year of census.

Before designing a statistical system for an industrial census

[BM8, p.

1.

88], some essential points should be considered, e.g.,

the ultimate use of the table,

the availability of data,

coordination of the efforts between the organizations or indivi-
duals conducting the census,

the intended classification of sectors for the economy in order

to determine the level of detail of the worksheets.

The procedures for constructing an input-output table [BM9, p. 63] can

be listed as follows:

1)

2)

3)

4)

5)

Selecting a definite time period to be covered.

Classifying sectors or industries.

Establishing output totals for each sector or industry to be used
as control totals.

Tracing the intersectoral of interindustrial flow of goods and
services,

Cross-checking, reconciliation and adjustment of all entries.
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5. PRACTICAL APPLICATIONS

The input-output tables can be utilized to analyze the economic impact
due to a change in final demand and thus aid policy makers in decision
making. Questions as to the effects of a change in final demand on the level
of total industrial employment in the economy and on the balance of payments
can readily be answered. When the resources of an economy
are fully utilized or limited in quantity in the short run, then bottlenecks
will appear for some expansion in output. Input-output analysis will then
aid in detecting such possible bottlenecks, and appropriate measures
can be taken. The analysis can also show the relation between imports and
national income. A variation in the composition of final demand may affect
imports without a change in the level of income [BM1, p. 55]. The separate
effects of a change in the proportions of investment, consumption, and
exports or imports in gross national product can be detected.

The effects of any change on the input side can also be analyzed.
The changes in the prices of output of each sector due to a change in tne
rates of payment to the primary inputs (labour and capital) can be estimated.

The relation between the prices and primary inputs [BM8, p. 124] is:

p=(I- ah? W + ) (21)

!
where p is a vector of the price per unit of the n products, A is the trans-

pose of A, w and y are the vectors for wages and profits, respectively. For
example,what are the effects of increasing the wages in sector 3 by 10%?
The same arguments can also be extended to the effects of increasing

indirect taxes.

Input-output analysis has become perhaps the most widely used tool of

economic analysis for planning purposes [BM4, p. 25]. The role played by
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-

input-output tables in planning can be summarized in three points [BM8, p. 133]:

1. It provides an estimate of the intermediate demand for commodities
required to meet the postulated level of final demand.
2. It is used to a greater or lesser extent to make the division between
imports and domestically-produced goods.
3. It is used in determination of price levels.
The use of the static input-output models in development planning has a
drawback. This is because the static input-output model considers invest-
ment an autonomous final demand like consumption, government spending,
export etc..., which is not true in development planning. However, by

using a dynamic input-output model this drawback is avoided [BM7, p. 80].
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6. DEVELOPMENT PLANNING AND INPUT-OUTPUT MODELS FOR DEVELOPING COUNTRIES

Generally economic plans are formulated in accordance with some parti-

cular mathematical or statistical model which is tnought to be most repre-
sentative of the unique structural conditions in an economy during the
intended planning period. Economic models can be micro, aggregate or

macro. Whatever model is used, it will usually provide a logically systematic
and internally consistent operational framework basea on an important set or
structural interrelationships in the economy.

Planning modes can be classified into three basic categories according to

the degree of structural complexity and the use to which the model is

put [BM7, p. 10]. The order in increasing complexity is:

1. the aggregate model which deals with the entire economy in aggregate
components such as consumption, production, investment, saving,
exports, imports etc. The well known Harrod-Domar is such a model.

2. the sectoral model which has two different approaches to development
programming. One approach is to divide the economy into two or
more main sectors. The second approach is to have a sector-
oriented model.

3. the interindustry model which is  highly disaggregative with
quantifiable relationships between the various sectors of the
economy. A simple taxonomy of the planning models of this type
[BM5, p. 796]is:

1. input-output models

2. simultaneous equation models of a behavioral nature

3. models combining both features of input-output models and
behavioral models.

A developing country's choice of a planning model depends on a number

of considerations, e.g.,
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1. Stage of development

2. Institutional structure

3. Availability and quality of statistical information

4. Operative constraints

5. Objectives and priorities

In almost all countries (developed or developing) in which planning
models have been constructed, input-output analysis has been used [BM4,
p. 25]. Some doubt the usefulness of constructing input-output tables for
some developing economies [BM2, p. 201] due to the drastic lack of statistics
and the fact that intermediate material transactions are negligible (empty
boxes or zero interindustry transactions) compared to economies that have
achieved a certain degree of industrial development. However, although detailed
or large input-output tables may not be available for developing countries
the preparation of a rough input-output table is often a useful way to organize
the data that do exist and to locate statistical inconsistencies and deficiencies;
even the existence of empty boxes provides an excellent means to evaluate the
introduction of new industries. To apply input-output techniques in developing
countries some modification has to be introduced to the basic framework used
in developed countries. For example, developing economies are oriented towards
foreign trade, and thus estimates of import requirements, import substitution
etc. are essential. Other questions or objectives pertaining to developing
countries are: the choice among export in promotion alternatives, labor and
manpower analysis, efficient investment allocation, etc.

Developing economies usually face some resource limitations or con-
straints; hence not only the consistency provided by input-output analysis

is needed, but also the making of efficient choices among alternative



uses of resources. Thus the complementary technique of linear programming
for development planning can also be used.

Table 3 shows the countries which have compiled national input-output
tables [BM8, p. 160]. Table 4 shows 18 countries which used optimization
techniques for input-output models in development planning [1, p. 65].

India, as one example among developing countries, found the input-
output approach to be ideally suited to a comprehensive planning effort
[BM3, p. 12]. The first input-output table (12 x 12) was constructed for
India in the Indian Statistical Institute under the direction of Goodwin and
Choudhung in 1950.

In Africa a few countries have input-output tables. The first input-
output table for Egypt was constructed in 1954 [BM2, p. 199]; the table
contains 83 productive sectors which were aggregated to 33 and then to 7
sectors. Final demand is composed of six sectors: household consumption,
government consumption, capital formation by private sector, capital
formation by government, stocks, and exports. The transactions are
valued at producer's prices, imports on c.i.f., and export on f.o.b.

Inputs of domestic origin are separated from imports in each cell. The
interdependence of the sectors was found to be very high, 542 from 1056
cells containing entries from domestic production. This represents about
50% compared to 73% in Italy, which is more developed than Egypt. Eleish
[BM2, p. 202] also cited the input-ocutput matrices of some African countries
where, for example, the Gold Coast had only 3 out of 30 cells receiving
deliveries from domestic production.

When adopting input-output techniques in developing countries an
important feature should not be overlooked. Input-output tables need to

be revised or updated for developed as well as developing countries, but
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in the latter the technical structure of the economy is bound to change

rapidly, and hence more frequent updating is required.

7. CONCLUDING REMARKS

Input-output tables are based on the assumption of fixed proportion. This
assumption is justifiable for a given technology, but in fact technology does
change over time. Many studies are being conducted on the stability of input-
output coefficients, and on the seriousness of errors due to instability.‘
This instability is considered one of the factors unfavorable to the utilization
of input-output models in development planning of some developing countries,
where technological changes are rapid.

In spite of these drawbacks, input-output tables are considered one of
the best achievements for structuring the economy in the last few decades.
In the early days of their introduction, inpﬁt-output methods were considered
as having bridged the gap between the theoretical economists and the working
statisticians. They did not only make use of the growing volume of economic
statistics, but also stimulated the collection and organization of statistics
in a consistent and rational manner.

In developing countries statistics necessary for input-output tables
might readily be available in the country but it is dispersed rather than
scarce. The adoption of input-output methodology will even spur the collection
and organization of statistical data if it is not already available, such
as the experience of developed countries. The problem of changing technology
can be approached by using updating techniques suitable for developing countries.
In summary, what is needed is an adaptation of the technique rather than the

preclusion of developing countries from the benefits of input-ocutput methodology.
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DEVELOPMENT PLANS OF THE SUDAN
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1. INTRODUCTION

Development planning in Sudan, which gained its independence in 1956, can
be traced back to the 1940's when it was under British rule [10]. These efforts,
however, were more or less in a form of two 5-year development programs for the
public sector covering the periods 1946-50 and 1951-55. They were lists of
""longer term" investment proposals by the various government departments.
These programs were approved under a separate development budget, and no attempt
was made to study the economy's resources and the effect of these programs on
the whole economy.

Post-independence economic development efforts started in the years 1957-
60. In this period an interim 'mew schemes'' program was followed on an annual
basis. In this period also the economic features or the structure of the
economy was formulated into an input-output table referring to the years 1955/56
[3]; other I/0 tables were also available for the years 1961/62 and 1962/63 [9].

The Sudan's 10-year plan of economic development, 1961/62-1970/71, repre-
sented the first attempt of the government to formulate and execute a compre-
hensive development plan. This was followed by a second comprehensive development
plan of 5-years, 1970/71-1974/75. However, this 5-year plan was modified by
the introduction of the "Interim Action Programme', into a 7-year plan, 1970/71,
1976/77. The most recent economic plan is a 6-year plan, 1977/78-1982/83,
which is considered a first phase of a prespective plan extending over eighteen
years, 1977/78-1994/95, which is to be implemented in three phases of six years

each.
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2. THE TEN-YEAR PLAN

As mentioned earlier this had been the first comprehensive plan; under
this development plan the government tried to encourage and stimulate the private
enterprise as well as establishing its own industrial projects [1].

The objectives of the 10-year plan were:

1. To achieve a substantial increase in real per capita income

(5% overall growth rate).

2. Broadening the structure of the economy.

3. Increasing exports, besides import substitution.

4. Improvement in social conditions and services and creation of new
employment opportunities(a shift of 800,000 workers from the trad-
itional to modern sector).

5. The maintenance of a relatively stable price level.

A growth model encompassing these objectives was made [6] where aggregates
of saving, consumption, imports, exports, and employment were projected. The plan
used techniques such as cost-benefit analysis, and input-output tables. The
plan was also tested for feasibility and consistency.

The shares of the public and private sectors in the total investment were
60% and 40% respectively. The sectoral distribution of the gross fixed in-
vestment is shown in Table 1.

The planned finance of the plan was by domestic savings, 74%, foreign
loans, 25%, and from foreign exchange reserves, 1%, [6].

The main structural elements in the Sudanese economy at the beginning
of the plan [4] were as follows:

1. A thinly populated country with population growing rapidly at 2.8%

annually.

2. The traditional sector producing 50% of the national income while it

encompasses about 75% of the population. The sector's growth rate is

about 3% annually.



Table 1, Distribution of sectoral investment

48

LS Million In %
SECTORS Private Public Total of total

*Agriculture including fisheries and 30 90.1 120.1 21%
forestry
*Industry including public utilities,
building and civil Eng., mining industry 65 41.9 106.9 19
*Transport distribution 32 63.0 95.0 17
*Social services, including housing,
health, education administration 60 90.0 150.0 27
*Total expansion investment 187 285.0 472.0 84
*Replacement investment 41.4 52.0 93.4 16
*Total gross fixed investment 228.4  337.0 565.4 100

Source: Ten-Year Plan of Economic and Social Development 1961/62-1970/71.
Explanatory Memorandum on 1965/66 Development Budgets, Ministry of Economics

and Finance, YXhartoum, 1565, p. 5.



49

3. The modern sector produces agricultural products for export. Its
annual rate of growth is about 6.5%; it has also started to diversify
its products.

4. A small but rapidly growing industrial sector, constituting 2% of the
gross national product, and a large transport sector.

5. The budget revenue highly dependent upon taxes on fereign trade (55%).

6. The public sector participating by about 60% of the investment in
development which has produced an annual growth rate of about 5% in
the recent past.

Table 2 shows the expected annual growth of population and per capita in-
come in each of the two major sectors, traditional and modern. It should be
noted that the increase in productivity in the traditional sector is in part
due to an indirect effect of growth in the modern sector} i,e., the migration of
800,000 from the traditional to the modern sector [4]. The increase in gross
domestic product can be split up into the three factors which lead to this
increase, Table 3. Thus 50% of the increase in GDP (53 + 60) is due to popu-
lation growth, 35% {51 + 29) is due to increase in productivity, and 15% due to
structural effect-the expansion of the modern sector [4]. Appendix I shows
the financial aspects of the 10-Year Plan.

Gusten's [4] study concentrates on checking the underlying assumptions of
the plan and whether the targets set in the plan are pitched too high or are
feasible. As an example he argues that the movement from the traditional to
the modern sector will lead to lower productivity in this sector contrary to
the plan as there will be real migration, and usually those who migrate are the
most vigorous and enterprising men. To solve for this expected loss in pro-
ductivity he suggested the increasing of direct measures like extension service
advisory facilities, insect and pest control, etc.

He also computationally shows that the targets set for the plan (i.e., a

5% growth rate of GDP, 3.3% for traditional, and 6.7% for modern sector) require
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Table 3. Sources of the increase in GDP (in Million LS)

51

Population Productivity
Sector Extensive Intensive Structural Total
Growth Growth Effect
Modern 53 51 33 137
Traditional 60 29 - 89
Total 113 80 33 226
% 50% 35% 15% 100%
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a 13.4% annual growth rate for the secondary sector (industry, mining, building,

and public utilities), which is a very high rate at this state of development,
especially with 67% of investment in industry left to the private sector.
Reducing the growth rate of GDP to 4.5% he arrives at an annual growth of
only 10% for the secondary sector.

Wynn [10] reviewed the framework and execution of the plan in the first
six years. He agrees with Gusten that the target growth rates are ambitious
and that is why by the end of the six year period the actual growth rate of
the modern sector was about 6% per annum instead of 6.7%, real income improve-
ment was about 4.5% per annum (allowing for 1.5% annual increase in factor
prices), which was to some extent less than the planned income growth of 6.1%
per annum for the modern sector. The Incremental Capitol Output Ratio (ICOR)
for the modern sector for the first five years was about 5:1 while the plan
assumed a value of 4:1 which is the 1956-60 actual ratio.

The evaluation of the implementation and performance of the plan is discussed
also in [5,6,7], which can be summarized in the following:

1. Investment was above the plan level, especially in the first five years.
There was deviation from the sectoral allocation of.investment. Man-
agement of the plan suffered from the lack of managerial skills. The
multiplicity of government bureaus and departments involved made it
difficult to coordinate planning, and to control and make policy
decision. There was deviation from the plan by including additional
investment projects and excessive government expenditure, failure to
raise enough domestic savings, and lack of sufficient foreign finance.

2. Some of the above problems were met with immediate corrective actioms,
especially the financial side of the plan which had led to financial
disequilibrium in the economy. The government consequently expanded
the money supply which actually exceeded the overall growth rate of

the economy. However, it did not lead to a rapid inflation due to the
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fact that there was increased demand for money for transactions

and also because it is used as a medium of savings in the traditional
sector of the economy. Other corrective actions included imposing
higher import duties on consumer goods, rescheduling of investment,
tax increase, etc.

Some objectives were not fully met: the economy's rate of growth was
less than the target; the financial equilibrium was not maintained;

no big improvement in per capita income was felt; and broadening of
the industrial structure was not very successful,as in some situations
plant construction was carried on without provision for raw material
supplies; infrastructure and industrial investment were undertaken in
the absence of forward and backward linkages; and there was no pro-
vision for the utilization of the by-products. However, the gains
achieved in the manufacturing sector led to the broadening of the
economic base and diversified the domestic economy.

The broadening of the agricultural sector was more successfully ful-
filled where its expansion and new investments resulted in significant
gains in output, cultivated area, and application of modern agricultural
methods. The agricultural output had consequently increased more rapidly
than population, and at the same time new products were introduced on
a large-scale basis.

Another contributing factor in the failure to attain the objectives,
besides implementation drawbacks, may have been the civil war in south
Sudan at that time. Also, the plan objectives might have been set on
an incorrect assessment of the potential performance of the economy
(ICOR of 2.5 for the plan). However, this had been in fact the

country's first experience of such a comprehensive plan.
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3. THE FIVE-YEAR PLAN

Before the end of the 10-year plan period and due to the deviation from

the plan, a new plan was conceived to cover the period 1969-73; the plan was

announced in early 1969 but was cancelled following the military coup in May,

1969.

A reformulated S-year plan was put into effect by the end of 1970.

The objective of the revised plan were [5,6]:

1.

To attain a 7.6% annual growth rate in gross domestic product
(from LS 567 million to LS 816 million).

To increase domestic product per capita by 5.5% annually.

To raise the agricultural production, livestock production, and
industrial production by 60.8%, 75.5%, and 57.4% respectively.
To achieve a surplus in the current account of the balance of payment.
To develop urban and rural power networks so as to provide all

cities and villages with electricity and drinking water.

To promote the prosperity of the people through raising productivity,
achieving full employment, and increasing the technical capability

of the employees.

The plan, however, was subject to some revision. Due to the political

instability in the early two years the execution was not completely in line

with the plan, although actual investment in the first year was 69% but

dropped afterwards [7]; the sectoral distribution of investment is shown in

Table 4.

This situation led to the draft of "The Interim Action Program" in

1973 which lists some projects and long-term aspirations; it was adopted by the

end of 1973 for the period 1973-1977, even before its total investment require-

ment was determined, programmed or phased out. The broad objectives of the

"Interim Action Program' [5] were:

L

25

To achieve self-sufficiency in essential goods and services.

To achieve better balance between production and consumption.

To minimize the burden on the economy of government budgetary expenses.
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The introduction of this "Interim Action Programme' (IAP) was also com-
plemented with a new financing technique-the "Umbrella Budgeting". Toc explain
this [2 p.6]:

", ...The major objective of the Umbrella System was to ensure
flexibility so that execution of any development project was
not hampered for want of funds. It was assumed that the major
factor limiting the actual size of investment was the executive
capacity of different Ministries and government units and not
the lack of financial resources. The allocations of units
which showed poor performance were to be transferred, during
the financial year, to better performers. In this way, the
government sought to prevent the locking up of funds and to
provide the budget with flexibility to achieve the highest
possible utilization of financial resources. ...."

The plan's initial formulation was to achieve a high rate of growth by relying
on vertical development or increase productivity to a great extent by the utili-
zation of idle capacities in the economic sectors. It was also formulated so as
to minimize foreign loans and depend more on local resources. One of its out-
standing policies was to rely on projects with quick returns so as to generate
more investment in the future. Consequently the incremental capital output ratio
(ICOR) is very low, 1-55.

During and following the formulation of the initial plan and its related
revisions, however, the political atmosphere was not favorable to the plan,
and it lacked real understanding, acceptance and coordination. Thus a
genuine evaluation of the framework and execution of the plan is difficult.

By the third year of the plan an alternative was sought, and instead of a
new plan it was complemented by the IAP. The IAP, however, was put into action
even before its scope or implications were fully studied. Following this step

the 5-year plan seems to have been dissolved, and consequently it would be very



hard to evaluate the implementation of the true 5-year plan; also the intro-
duction of IAP led to the extension of the plan period from five to seven years.
According to the Ministry of National Planning [2] neither the S-year nor the 7-
year plan performance can be accurately assessed due to lack of reliable and
current data; however, a tentative assessment is as follows:

1. Annual growth rate of GDP is between 4 and 5% in real terms (17% in

monetary terms) instead of 7.6%.

[§]

Actual investment was stationary in the first three years and started

to shoot up in the last two years.

[}

The annual development budget was in no way according to the plan.
4, Instead of a 20 million surplus in the balance of trade, there was a
deficit of 122.2 million.
The reasons for the underattainment of the target growth rate of GNP were
[2 pe L]n
1. Soaring energy prices
2. International inflation
3. Low investment performance both in the private and public sectors.
The increase in investment in the last two years was due to the escalation of
project costs, changes in the scope of projects, and inclusion of new projects
from the IPA. The consequences of the unique policy of "Umbrella System of
Budgeting'" (USB) for the last two years wag evaluated by the Ministry of Nat-
jonal Planning as follows [2 p. 7]:
"... So long as the spending capacity of the Ministries and
other government units was rather limited, high budget allo-
cations under the Umbrella System did not pose any major prob-
lems. But development expenditure rose to Ls.122.7 million in
1974/75 from Ls.44.7 million in 1973/74, and Ls.29.6 million in
1972/73 making it increasingly difficult for the government to

provide adequate funds for development. In the absence of any
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savings by the public sector as a whole, internal liquidity

posed a serious problem. Umbrella budgeting came under

serious criticism in 1974/75."
As can be seen there is some contradiction as to whether USB posed any problems
and no mention of the effects of the obligations incurred by USB over the suc-
ceeding years as many projects were consequently signed under this unbounded
system.

Another effect of USB finance can be related to the sharp price increases
in the last two years, as can be seen from Table 5, due to the large expansion
of money supply in this period. Table 6 shows the actual to the planned develop-
ment expenditure, while Table 7 shows the actual to the projected USB and the
percentage deviations.

The plan expectation was far away from the actual as can be seen in Table 8&;
the public sector's saving was zero compared to a projected LS 105 million,
while deficit finance contributed to 68% of the public sector's development

expenditure.
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Table 5. Prices and Cost of Living Indices

Year Wholesale Consumer Base year 1970 - 100
Price Index Price Index Cost of Living Index

(Calendar Years)

Low High

Salaried Salaried
1969/70 98 109.4 106.7 105.5
1970/71 99 106.8 108.2 106.8
1971/72 101 112.8 120.9 115.5
1972/73 114 127.9 141.6 133.7
1973/74 140 154.9 178.6 165.9
1974/75 170 191.6 221.4 200.9

Source: Department of Statistics.

Table 6. Planned vs. Actual Expenditure ( L§ million)

1970/71 1971/72 1972/73 1973/74 1974/75
Planned development 36.0 41.5 44.5 48.0 45.0
expenditure
Actual expenditure 25.0 28.0 29.6 44.7 122.7
(excluding technical
assistance)
Rate of execution (%) 69 67 67 93 273

Source: [2]
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Table 7. USB vs Actual Expenditure (LS Million)

1970/71 1971/72 1972/73 1973/74  1974/75
Budget estimate 37.2 66.0 656 100.0 194.3
Actual expenditure 25.0 28.0 29.6 44,7 122.7
Rate of execution (%) 67 - 42 45 45 63

Source: [2]

Table 8. Planned vs Actual Sources of Finance for the Public Sector (LS Million)

Plan % of Actual % of
{1970-75) Total (1970-75) Total
Total development 215.0 100.0 250.0 100
expenditure
Source of finance:
1) External resources 110.0 51 80.3 32
2) Public sector savings 105.0 49 0.0 0.0
3) Deficit Finance 0.0 0.0 165.7 68

Source: [2]
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4, THE SIX-YEAR PLAN

This is the latest plan, and its execution has entered the third year.

The preparation of this plan involved a wide participation of experts from

the universities, higher educational institutes, research centers, ministries,
departments, public corporations and private sector in addition to a number of
international experts [2].

The 6-year plan is the first phase of an 18-year perspective plan (1977/78-
1994/95). The general objectives of the perspective plan are to transfer the
economy from the take-off to the self-sustained growth stage and achieve a re-
gionally balanced, self-reliant, and accelerated development so as to triple the
real income per capita by 1995 with equitable distribution.

The overall goals and quantified targets of the perspective plan are:

1. To attain 8.5% average overall growth rate of GDP, and a 6% per annum

increase in income per capita in real terms.

2. To increase the nonagricultural share in GDP from 60% to 70% by 1995.

3. To increase the basic services at an annual rate between 9 and 10%.

4. To attain a proper regional and structural distribution, that is to
broaden the structure of the economy and achieve diversification of
output and export of final goods besides an increase in the domestic
production of inputs and intermediate goods.

5. To achieve a gradual improvement in the balance of payments and the
mobilization of savings so as to close the gap between investment and
savings, and the import-export gap.

6. To mobilize the people and institutions in order to insure their greatest
participation in the development process.

The 6-year plan (1977/78-1982/83) aims to achieve an accelerated

and balanced growth in the economy by combining development with sccial equity.
The plan objectives are [2]:

1. To attain an annual growth rate of 7-5% in constant prices, with a sub-
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12.

13.

14.

15.

16.
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stantial increase in per capita income in real terms through the devel-

opment of both modern and traditional sectors.

To conserve the country's natural resources.

To develop and modernize the traditional agricultural sector.

To increase the productivity of all the sectors of the economy and
improve the rate of implementation.

To expand the productive employment opportunities and limit unemploy-
ment, with the ultimate goal of eradicating it.

To develop industry as a complementary sector to agriculture, with
first priorities given to agro-industries and import-substitution.
Additional investment opportunities would be tapped, particularly in
the field of mineral prospecting in order to broaden the base of the
economy.

To attain self-sufficiency in certain food and other agricultural
commodities and inputs.

To consolidate and expand the basic infrastructure, especially in the
field of transport, communications, power resources, marketing and
storage facilities.

To improve the balance of payments through expansion of exports and

production of import substitutes.

To encourage both the foreign and local private sector in order that it

can play its role fully.

To develop the cooperative movement.

To provide more social services and upgrade their standards.

To pay more attention to rural development.

To increase and mobilize public and private savings.

To work for the development of the administration by raising the
standards of organizational and administrative cadres.

To base central development planning firmly on regional planning.



4.1 Macro-Economic Projections and Structure:

The plan calls for more emphasis on the provision of infrastructure. Man-
ufacturing is assumed to grow at a high rate of 9.5% annually while agriculture
will grow at 6.5% annually. Table 9 shows different sectoral growth rates and
the percentage share of each sector in GDP.

The structure of demand must conform to the changes in output resulting
from the planned sectoral. growth rates. Table 10 shows the planned structure
of demand, where government and private consumption are to grow at lower rates
than that of GDP.

Investment requirements are estimated in the light of the target growth
rate and by an estimate of the incremental capital output ratio (ICOR) equal to
3. The ratio of gross investment to GDP is projected to rise from 17.5% in the
base year to 22.5% in 1982/83. Row six of Table 11 shows gross investment for
each year of the plan. The projected gross investment of LS 2910 million for
the plan period consists of LS 2670 million for fixed capital investment and a
LS 240 million increase in stocks.

Exports,as can be seen from Table 11,are projected to increase at the rate
of 11% annually at constant prices, while imports are projected to grow at a
rate of 10% per annum. Import substitution is expected to be high so that the
expansion in imports will be mainly due to import of capital goods.

Resource balances, Table 11, indicate that LS 1327 millions of external
capital are needed.

Although the policy is to encourage the private sector to play a great role
in the development plan, the public sector still has a dominant share in in-
vestment as it is essential to create the basic infrastructure to pave the way
for future development. Table 12 shows a comparison of the shares of both
sectors in the three development plans since 1960.

The allocation of the public sector's investment in the various sectors of

the economy is based on past experience, existing commitments, resource constraints
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Table 9. Planned Growth Rates and Sectoral Changes (%)
Sectors 1976/77 1982/83 Annual Growth
% % Rate %
Agriculture 39 37 6.5
Manufacturing § Mining 9 10 9.5
Electricity § Water 1 1 8.0
Construction 4 5 9,0
Transportation 6 6 7.5
Commerce, Finance & Real Estates 24 24 8.0
Government & other services 11 11 73
GDP at MP 100 100 7.5
Source: [2]
Table 10. Planned Structure of Demand
Expenditure on GDP 1976/77 1982/83 Growth
% of GDP % of GDP Rate %
Govt. final consumption 14 13 6.5
Private consumption 77.5 74 6.7
Gross capital formation 175 22.5 12.1
Exports of goods & services 12 14 11.0
Imports of goods & services 21 24 10.0
Total expenditure 100 100 7.5
Gross domestic savings 8.5 13
Foreign debt servicing 3 3
Gross capital inflow 12 12 .5

Source: [2].
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Table 12. Shares of Public and Private Sectors in Total Investment (LS Million)
10-Year Plan 5-Year Plan 6-Year Plan
(1960-70) (1970-75) (1977-83)
Amount % Amount % Amount %

Public sector 337 60 215 56 1570 59

Private sector 228 40 170 44 1100 41

Total 565 100 385 100 2670 100

Source: [2]

Table 13. Investment Sources of Finance (LS Million)
Public Sector Private Sector(a) Total
Investment
Amount % of Amount % of Amount % of
Total Total Total
TOTAL Gross 1,570 59 1,100 41 2,670 100
Investment
Financed by:
I. Domestic
Resources 735 28 550 20 1,285 48
(a) Public
Savings 450 17 -- -- 450 17
(b) Private
Savings -- -- 550 20 550 20
(c) Deficit
Financing 285 11 -- -- 285 11
II. External
Resources 835 31 550 20 1,385 52

Source: [2]
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investment ambitions of various sectors, and the overall development strategy.
The domestic financing of the plan is from three sources: public savings,
private savings, and deficit finance. The projected share of each of these threce
resources and the external resources required for the plan period are shown in
Table 13. The external resources constitute 52% of the planned fixed invest-
ment while deficit finance constitutes 11%. With a growth rate of total consump-
tion not more than 6.6% a year domestic savings are expected to rise from 8.5%
of the GDP in the base year to 13% in 1982/83. Concerning deficit finance the
plan calls for some limits [2 p.61]:
", ... The annual amounts of deficit finance would have to be
determined in the light of emergent inflationary trends provided
that the amount will not exceed LS. 285 million in real terms
during the plan period. In current prices, the annual amount
would be limited to 18% of public investment or 63% of public
savings, which ever amount is the less."
The balance of payment position as envisaged in the plan period is shown
in Table 14, where the projections of imports and exports are made at constant
prices. The relative share of consumer import goods is expected to decline as
import substitutes for basic commodities by local production is attained.
The plan is expected to provide about 1.424 million jobs, of which 1.369 are
for the new entrants in the labour market and those who are presently unemployed,
while .065 million jobs are to absorb portions of those performing jobs which

can be categorized as disguised unemployment.
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5. DEVELOPMENT PLANNING: PROBLEMS AND REALIZATION

The most noticeable trend in the first two plans, the 10-Year and the 5-
Year, is that neither plan has been carried to the end, as can be seen from
Figure 1. The idea of discontinuing the 10-Year Plan and formulating a new
plan emerged at the sixth year of the plan, while for the second plan the IAP
was introduced in its third year. By tracing the political changes which took
place since independence, Figure 1, some explanation may be found to this trend;
i.e., plans are more or less politically inspired.

Another common characteristic for the three plans is that the state usually
has the highest proportion of investment as can be seen in Table 15. Augoda [1]
sees the state as so much involved in the economic activity that the people
look to the state for great improvement, and consequently excessive political
promises led to overly ambitious development plans. The overly engagement led
to an overburdened government machinery characterized by a shortage of well-
trained civil servants and weakly disciplined government employees. There is a
lack of coordination between different units and an overlapping of responsibilities,
overstaffing and overprotection of civil servants, the performanﬁe of the state
run economic activities is very poor, the management of the economy has been
weakly administered with no check on growth of money supply and no control ovsr
wage increases.

There is also a continuing deviation from the plan by excessive expenditures
and inclusion of unplanned projects.

The planning exercise does not seem to be founded cn a complete and real
assessment of the economy, and except for the first plan, no economic census
prior to the plan was performed. The 10-Year Plan was tested for its consistancy
and feasibility with respect to the targets set using techniques such as cost-
benefit analysis, input-output table, etc. The other two succeeding plans did

not follow the same procedure in their formulation. The 6-Year Plan was even
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Table 15. Some Assumptions and Projections for Plans
10-Year Plan 5-Year Plan 6-Year Plan

Annual growth:exports (%) 4.7 11.8 11
Annual growth:imports (%) 2 5.4 10
Annual growth:public

consumption (%) 6.2 6.5
Domestic sources of finance(%) 73.5 71.4 48.1

Public savings (%) 38.8 273 16.8

Private savings (%) 34.7 44.1 206

Deficit finance (%) 0.0 0.0 10.7
External sources of finance(%) 26.4 28.6 51.9
TOTAL (%) 100 100 100
Public share of investment(%) 60 56 59
Private share of investment (%) 40 44 41
Capitol-Output Ratio 2.5 1.55 3
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prepared before the final national income accounts for the three years preceding
the plan were made.

A simple comparison of some of the quantifiable targets for the three plans
is shown in Table 16. As can be seen, the second and third plan targets are
set very high, and due to the lack of data, no proper evaluation of the actual
attainment can be made. However, the 5-Year Plan annual rate of economic
growth is roughly estimated [2] to be between 4-5% in real terms or 17% in mon-
etary terms,.

The different assumptions and projections for the plans can be seen in
Table 15. A noticeable low figure for capital-output ratio, 1.55, was assumed
for the second plan while a figure of 3 is assumed for the third plan although
it involves more investment in infrastructure. The comparison of actual to
planned could only be made in the sources of finance for the first and second
plans as in Tables 17 and 18. In the 10-Year Plan no deficit finance was fore-
casted, but for just the last five years of the plan, deficit finance accounted
for about 35% of the total finance for this period, while for the 5-Year Pian,
and contrary to expectations, the public saving was zero at the same
time deficit finance amounted to 68% of total investment instead of zero.

To Lee [5] the shortfalls to achieve development plans objectives would
imply that goal formulation was very unscientific. He points to four types of
constraints affecting development in the past three decades. The first is the
investment climate which determined the responsiveness of the government to
private foreign investment. The second is the availability of infrastructure
like roads, other means of transport, electric power, etc. The third is the
absorptive capacity which reflects the ability of the local ecoﬁomy to pro-
ductively utilize new additions to the capital stock. The fourth constraint
is the availability of foreign exchange. Table 19 shows how the relative
importance of these constraints varied in the last three decades; according

to this evaluation the present development plan will face the severe problem



Table 16. Targets Set for the Plans

10-Year 5-Year 6-Year
Objective (Planned) (Planned) {Planned)
Annual growth rate for GDP (%) 5 7.6 7.5
Employment (number) 800,000 950,000 1,434,000
Deficit finance 0.0 0.0 285
(LS million)
Annual growth rate of
private consumption (%) 4.8 6.7




Table 17. Sources of Finance Expectations (LS Million)
10-Year Plan 5-Year Plan 6-Year Plan
Sources Amount % Amount % Amount %
Domestic Sources 416 73.6 275 71.4 1285 48.1
Private sector 196 34.7 170 44.1 550 20.6
Public sector 22 38.9 105 27.3 450 16.8
Deficit finance 0.0 0.0 0.0 0.0 285 10.7
External sources 1489 26.4 110 28.6 1385 51.9
Total 565 100 385 100 2670 100

Table 18 Actual Sources of Finance for Public Sector (LS Million)

Last Five Years 5-Year Plan
of 10-Year Plan
Sources Amount % Amount %
Public savings 17 12.3 .0 0.0
Deficit finance 49 35.5 170 68
External sources 72 52.2 80 32

100 250 100

w
(o]

Total 135
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Table 19 Fluctuation of Investment Constraints in Sudan 1956-80
Type of Investment 1956-60 1961-65 1966-70 1971-75 1976-80
Constraint

Investment climate 4 4 1 1-4 nil
Infrastructure 1 1 3 - 1
Absorptive capacity 3 2 4 4-2 g
Foreign exchange 2 3 2 3-4 nil

Note: Number 1-4 indicate ordinal ranking of constraint.
No. 1 indicates most severe constraint, and

No. 4 indicates least severe constraint.

Source: [5]



of infrastructure and the absorptive capacity limitations.

In spite of the lack of information about the performance of the present
6-Year Plan, some preliminary indications show that it will-face the same
problems as the previous plans, especially as it is incorporating some of the
burdens left over from the second plan, particularly those generated by the
IAP and its complement the USB. In regard to the mechanism of individual pro-
ject inclusion in the development plans in the last decade, it has been noted
that acceptance of some projects originates in the higher political levels
without being studied in detail for feasibility and implications, and scheduled
and fitted into the overall plan.

The third plan, as can be seen, depends from the start on deficit finance.
The experience, however, of some developing countries with inflationary-financed
development plans is not a good one [8]. Due to the inadequacy of savings and
the difficulty of channeling them into productive investments, governments of
some of the developing countries (Brazil and Argentina as examples) have relied
on deficit finance so as to raise the level of investment in the modern sector.
The rationale is that deficit-financial inflation itself can lead to an increase
in investment: first, by inducing more investment due to the increased profits
and higher return on private investment; second, because of low interest rates
on borrowed capital; and third, inflation is believed to create an indirect
mechanism of transferring real income from non-savers to the saving-groups who
are more potential investors. However, some of the studies conducted in some
developing countries did not prove that inflation has contributed to the flow
of saving [8]. The Brazilian experience {8] has shown that inflationary finance
has social costs: the gains from such growth tend to be very unevenly dis-
tributed; it leads to the expansion of capital-intensive rather than labor-
intensive industries; and it can create undesirable patterns of demand which

consequently reinforce the existing dualism. Deficit financing reduces the
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level of voluntary savings as people bid up prices of durable consumer goods.
Investment may be distorted by the building of luxury housing and the stock
of inventories to guard against further inflation. Finally, inflation tends
to feed upon itself; i.e., more budget deficits, wage hikes, and frequent
devaluations, all leading to more inflation. Although inflationary finance
may sometimes contribute to high rates of industrial growth, it frequently
reaches this at the expense of more unemployment due to capital-intensive
industry and rural urban migration, worsening the distribution of personal

income, and reinforcing dualistic tendencies [8].
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6. CONCLUDING REMARKS

In this chapter three development plans have been examined separately and
as a group with respect to their formulation and implementation. The diagnosis
of the three plans indicates that they share a number of characteristics.

First, none of the expired plans was carried to the end, and deviations from
what was actually planned were excessive. Their formulation was not preceded

by complete information and data about the structure of the economy; the targets
were set unrealistically high; there was misuse of some policy variables; and
finally, the public sector had the biggest share in investments.

The problems of economic growth and policies for Sudan need to be ap-
proached from two angles, the political and the planning process itself. How-
ever, this study is oriented towards the planning process rather than the political-
economic side.

Generally, the planning process in Sudan suffered from the lack of a quali-
fied organizational bedy or institution for a long period. The first plan was
prepared mainly by expatriates, while the second by Russian experts. Little
efforts were made to improve the basic statistical and economic information,
and the plans seem to suffer from lack of a thorough understanding of the
economy's resources and problems. Thus the planning process has become a pelitical
tool where the main objective is to support the aspirations of politicians and
create a symbol of political change to attract public approval, rather than to
foster continuous growth and development on a well founded scientific basis.
Also, much is spent on aggregates of a plan while little time and effort are
spend on the sectors or projects; the planning process is not seen as a con-
tinuous excercise in implementation and evaluation-feedbacks.

If efforts were continued since 1956 to improve the input-output table,

the development plans of Sudan would have been on better bases today. The
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representation of Sudan's economy with a mathematical model would be of
great help in understanding the structure of the economy and policy making,
especially if other noneconomic and nonquantifiable factors are incorporated
in such a model so as to follow and test the behavior of the system under

variable assumptions.
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CHAPTER IV

INPUT-OUTPUT ECONOMIC MODEL OF SUDAN
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1. INTRODUCTION

Input-output tables for Sudan were developed as early as 1955/56 [5, p.ll]
by Harvie and Kleve from a census of the economy at that time. Other input-
output tables were also available for the years 1961/62 and 1962/63 [23].

In spite of this, one can hardly find reference to the utilization of these
input-output tables in development plans of Sudan except possibly for the first
one, the ten-year plan.

In Section 2 of this chapter a brief survey of the economic models for
Sudan will be presented. Section 3 is a detailed presentation of the RAS method
for updating input-output tables. In Section 4 a new input-output table is heu-
ristically developed for Sudan in order to utilize it in the following chapter.
The methodology consists of recomstruction, updating, then validating the 1962/
63 input-output table of Sudan. Real data of Sudan is used in this procedure.
Finally, in Section 5 conclusions and suggestions for future extensions are

presented.

2. ECONOMIC MODELS OF SUDAN: A SURVEY

2.1 Input-Output Models

As mentioned, the first input-output table for Sudan was constructed
as early as 1955/56 [5]. In that table the economy is aggregated into fourteen
sectors as can be seen in Appendix I. Of the 196 cells in the production side
of the table only 40 cells (about 20%) contain entries of both domestic pro-
duction and imported raw materials and consumer goods. The demand side is of
six sectors: export, government, nongovernment education, households, capital,
and stocks. It seems that no other tables, or even updates of these tables, have
been constructed for the economy, although the ADAR report referred to

a 6 x6 input-output model [1, p. 70].
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2.2 Econometric Models

The most recent macro-economic model of Sudan is the econometric
model developed by Marzouk [15] for the ADAR study [1]. It consists of
62 variables, 20 exogenous and 42 endogenous; of the 42 equations of
the model,21 are stochastic and 21 are identities and definitional equations.
The economy has been divided into five aggregate sectors: primary activities,
mining and industry, infrastructure, commerce and finance, and transport sector.
The model parameters are estimated from a 15-year sample, ending in 1970.

The model was validated by a comparison between its dynamic simulated values
and actual values. However, it is not tested for its sensitivity to coefficient
change, to exogenous shocks, or to random perturbation. The dynamic simulation
was performed by a computer program utilizing the Gauss-Seidel itératicn method.

Since this has been the first trial and because of the sample size and the
inaccuracy of data, the author has pointed to the limitations of the model and
recommended future research on this line. These recommendations can be sum-
marized as follows [1, pp. 130-139]:

1. Updating and improving the model whenever new data is available,

2. Model maintenance by re-cstimating the coefficients, revising the

individual equations, and validation testing of subsystems,

3. Adding more significant new variables when available,

4. Increasing the number of sectors,

5. Using data from more Trecent years to re-estimate the input-output

table coefficients to capture the effects of changing technology,

6. Testing the sensitivity of the basic model to coefficient changes,

exogenous shock, or random perturbation.
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The Econometric Model of Sudan developed by Marzouk is critically evaluated
by Sapir [20],who indicated that the techniques used in this model are similar
to those applied in studies of Brazil, Mexico, and the U.S. This methodology,
according to Sapir, results sometimes in meaningless estimators, and he doubts
the long-run investment multipliers derived from this model. Instead of re-
lating the value added in each sector to components of aggregate final demand
through empirical approximations of input-output coefficients, Sapir emphasizes
the necessity of making imports an explicit part of the model. His proposed

methodology (with some modification) is:

Let
A =n x n matrix of technical coefficients, [aij],
Fi = final demand for commodity i,
Mi = imports of commodity i,
Yi = value added in sector i,
X, = gross domestic output of sector i,
then
n
Xi + Mi = ‘E aljxj + F.1 (1)
j=1
n
Y, =X, - L aini {2}
3 4=

in matrix form (1) and (2) become:

X+M=AX + F (3)
Y = BX 4
where B=nxn matrix = (I - A")

substituting the value of X from (3), after rearranging, equation (4) becomes

Y = B(I - AT (F-M (5)

If there are p final demand sectors represented by a p-vector, R, and assuming

the share of each final demand sector from each commodity is a constant ratio
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which can be represented by an nxp matrix, H, then final demand can be written
as:

F = HR (6)
Also imports can be written as

M=m X (7
where m is an n x n diagonal matrix of a vector of import coefficients.
Thus a link between value added and imports is made by substituting for X from

equation (4):
M=mB " Y (8)

then substituting for F and M in equation (5):

Y=8(I-ATMHR-nBTY] (9)
or

y=r+sa-atastea-n"tm (10)
If P=1+B(I- A}_l m Bt (11)
and Q = B(I - A]'l H (12)
then Y = (P71Q) R (13)

The columns of the matrix P-lQ must sum to not more than unity, which is not
the case in Marzouk's formulation. Sapir warns against pitfalls when intro-
ducing input-out relations into macroeconomic models and describes Marzouk's
results:
" .. Marzouk's results cast doubt on long-run (investment) multipliers
which could be derived from this model: in particular, fiscal policy
would appear to have more impact on gross product than it actually

should."
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The ADAR study, also developed agricultural and transport models in
addition to the macro-economic model. Saaty [19] in his paper outlines the
methodology adopted in developing an adaptive master transport plan based on the
above econometric model of the economy under four scenarios - the reference
projection, agriculture for export, balanced regional growth, and Arab-African
interface. According to the author the study used an emerging operations
research theory of hierarchies and priorities, then the scenarios were com-

bined to generate a composite scenario,

2.3 Models for Planning

In spite of the availability of some economic models for Sudan, there
is no explicit reference in the formulated plan documents or the literature
surveyed to a standard or formal model utilized in drawing any of the plans
except for the first plan, 10-year plan, where input-output models were used.
One of the problems encountered in Africa and other developing countries is that
most of the time a significant amount of information of a factual and
quantitative nature is already available at the operative level which if
used could lead to substantial improvements in the formulation and execution
of development policy [22]. Except for the first plan there were no quantitative
studies to show the structure of the economy just before the plan; even the
national income account data were not available for some recent years prior to
a plan [21]. This is of course true of many developing countries [15] where
there is increasing contradiction between what is planned to happen in four
or five years time and what is actually happening at the moment.

Government policies need to be shaped in the light of evidence concerning
past economic growth, current problems, and prospects for the future. This

requires reascnably reliable statistical estimates be available concerning past
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and present successes and failures. The Sudan has the problems of faulty
statistics [14], data gaps, and lack of comprehensive data gathering by govern-
ment and semi-official bodies. Many of the problems encountered in the first
two economic development plans are elaborately discussed in [2, 12, 14, 33]

as mentioned in the last chapter.
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3. THE RAS METHOD

The ideal situation for having an up-to-date input-output table is to
construct it annually in conjunction with the estimation of national accounts;
this procedure is followed in the Netherlands and Norway. However, it is
not practical for countries which do not have the resources to compile such
statistical data on an annual basis.

Since most of the coefficients are usually found to be sufficiently stable
over the period of a few years, there is no need for full annual tables [25].
Besides, it takes at least two to three years to prepare.input-output tables,
Therefore, techniques have been developed to update existing input-output tables
from a past year to a current year when certain national accounting data is
available. These techniques can take care of the regular changes in input-
output coefficients, and are reasonably accurate over a period of five to ten
years [25]. The decision of how frequently input-output tables should be estimated
depends on the resources available, the stability of input coefficients, and
the accuracy of updated tables.

The basic method of updating known as RAS was developed by Professor Stone
and his colleagues at Cambridge during the early sixties. National accounting
data usually provides estimates of final demand vectors, the primary inputs
into industries, and foreign trade (imports and exports). If commodity taxes
are also included in this information, then all entries of an input-output
table are available except the flow matrix. The problem is thus to adjust a
matrix to fit new constraints.

The RAS method consists of finding two sets of multipliers, omne to
adjust the rows (called substitution multipliers),and the other to adjust
the columns (called fabrication multipliers) so that the elements of the
adjusted flow matrix will sum to the desired row and column totals relating
to the current vear. Thus an implied assumption is that each effect works

uniformly.
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Mathematically the RAS method is as follows:

A = R A, S (14)
where
Al = the new coefficient matrix
A0 = the basic-year coefficient matrix
ﬁ = a matrix with vector R in diagonal
§ = a matrix with vector S in diagonal
KO = Ao QD (15)
or
A =x Q! (16)
o o ‘o
where
xo = the flow matrix for year '0' (basic year)
Qo = a matrix with vector Qc (the total output of the basic year) in the

diagonal.
To find the vectors R (substitution multipliers) and S (fabrication multipliers)

we have:

e
1

1 A1 Ql

® A, 8 Q an

Let U equal row totals vector; then

U, = X, i (18)
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where 1 is a unit column vector.

U = (RASS) Q i

=RA Q St

=R, Qs (19)

o]

Let V equal column total vector; then

v, = x} i (20)

1 = 31
Vit X
=.! ~ A~ A
i' (RASS) Q

- i ‘ -~ -~ ~
i' RA QS

">

= R' (A, Q) (21)

Solving (19) and (21) simultaneously will give the values of R and S

vectors and hence find A, of equation (14) and then X However, the usual

1 1°
and most convenient algorithm for solving them is an iterative one.

For this study a computer program using FORTRAN language is developed; a flow
diagram and the program listing is shown in Appendix II. The algorithm for the
iterative method is:

Step 1. Given the base year flow matrix, Xo’ gross output vector, Qo’ TOW sum
vector, Uo’ and column sum vector, Vo' Given also for the current
year the total output vector, Ql’ the row sum vector, Ul’ and the

column sum vector, Vl.
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Step 2. From Year '0' information

Step 3. Assuming no technical change then

Step 4. From the value of Xl in '3' calculate u and v, the row sums and column

sums, respectively, and compare their values with u and v of year
minus one. A discrepancy means that the assumption of unchanged
coefficients is not justifiable and it is then necessary to adjust

the matrix X; to fit the constraints v and u.

Step 5. To adjust X,, start with row multipliers, Rl’ where:

1]

e e

1
and multiply each row with its corresponding Rl so as to meet the
constraint U.
Step 6. Compare the column totals resulting from Step 5 with V and find the

set of column multipliers, Sl’ where:

Step 7. Step 6 may lead to a discrepancy between row totals and U, therefore
a second set of row multipliers, RZ’ is obtained.
Step 8. Columns may then require further adjustments and consequently obtain

52, etc.



Step 9. When no further adjustments are needed then R and S are found by:

R = RlRZRS"'RN-l RN =

and

I
un =
o)

S = 515283"'SN-1 SN = 5
i=1

where N is the number of iterations.

As a simple illustration let the input-output matrix be 3 x 3 and:

-] [+] Q
PR o e A
o} n e °
41 830 23
o o Q
Bzp Bz #1331
i g
P 3.1 311
211 12 13
A, = al al a1
1 21 22 23
1 .
233 %32 33
then
R AO 5 = Al
— =T 7 7] 1 1 1]
o -] a
Ry 0 0 a), 231, 3| Sy 0 0 311 %3 %3
1 1 1
o o a -
0 Ry O 351 23, 33| |05 831 35 23
0 0 R al a’ as 0 0 S a1 al al
3 51 %32 %33 | 3 %31 %32 %33

or
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[R. (a°.) S. R. (a®.) S o " a1 1 :

1 (@) S Ry (a) S, R, (a/3) S iy %z &3
o S R Q o - l 1 l

R, (a31) 81 R, (a55) S, R, (2,50 S5 31 32 33
R . . 1 1 1

R5 (331) 51 Ry (355) S, Ry (a55) S5 & 2 =

: d | 31 32 33

Bacharach [3] showed that the RAS method produces a unique solution, and
if a particular cell was zero in the base matrix, it will remain zero in the
final matrix; i.e., no negative cells appear in the final matrix. Another math-
ematical property is that the method soon converges on the solution and thus
requires less computing time. Tests have shown that when a matrix is estimated by
RAS from a previous year it will give a somewhat better estimate of a succeeding

year than a matrix of a previous year; i.e., R Ao S is closer to A, than AO is,

1

The RAS method can also utilize exogenous information when some coefficients
or inputs are preidentified and thus can be excluded from the adjustment process.
In such a case these known cells are brought to zero in both Ao énd Al while
their values are deducted from U_, V_, Gl’ and Vl. This modified RAS method
leads to a greater improvement in the accuracy of the updating method as its
application to U.K input-output tables has shown that substantially improved
results can be obtained when relatively small amounts of additional information
about some preselected major coefficients are incorporated into the updating
process [25]. It should be pointed out, however, that when using the modified
RAS method the row and column multipliers have no economic significance.

The RAS method in effect minimizes a particular distance function just like
the other four methods of Friedlander, Matuszewski etl., Theil, and Almon, each
of which minimizes a different distance function. The distance function which
is to be minimized in the RAS method has the curious expression [13]:

X, .
log ( —)]

x;j

z [xij
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In conclusion,the RAS method is by far the simplest of the methods and
it also preserves signs. Its associated multipliers can be interpretted

economically and used as a basis for projection.
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4, DEVELOPMENT OF A NEW INPUT-OQUTPUT MODEL FOR SUDAN

In order to develop the new input-output table for Sudan, six successive
steps are performed:

Step 1. Convert the 1962/63 input-output table of Sudan to the form that
conforms with the existing classification of the national accounting
data - obtain the reconstructed 1962/63 input-output table.

Step 2. Update the reconstructed 1962/63 table by 1972/73 national accounting
data.

Step 3. Validate the input-output table of 2 by testing it with 1973/74 data.

Step 4. Improve the model obtained in Step 3 by exogenous information and
conception of the new structure of the economy,i.e., by fixing the
values of some cells and adding others.

Step 5. Use the input-output table of Step 4 as the basic table for the future.

Step 6. For the purpose of this study the basic table is updated to 1974/75.

Diagramatically the methodology is shown below:

Original
I/0 Exog.
Table Information

Reconstructed
I/0
Table

I

Improved
1 1/0
Table

Updated
1/0
Table

Adjustment

alidity
Test

No
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4.1 Detail of Development Steps and Results

This section shows the details of each step and the results obtained.

Step 1.

Step 2.

The original 1962/63 input-output table for Sudan is as shown in
Appendix I. The classification of the economic activities according
to this table were abandoned by 1966 to follow the '"System of Nat-
ional Accounts" - (S.N.A.) [24]. The equivalence between the old
grouping of economic activities and the new categories is given in [6],
Appendix III. The conversion or reconstruction is done arbitrarily.
The reconstructed 1962/63 input-output table is shown in Appendix IVv
This step is performed using the RAS method to update the reconstructed
1962/63 table by 1972/73 data. The source of data for this step and
other steps is the National Income Accounts [9] and other references
[4-11, 17, 26-29]; use is also made of general information about the
system and methodology of the adopted classification found in
[24,30-32]. However, some of this data is far from being in a form
suitable for direct insertion into the input-output table. Final
demand is subjectively allocated most of the time, and although in

the input side more detailed information is provided, still some
subjective allocation of imports and import duties was practiced.

The producers of government services and the producers of private
nonprofit services to households were considered as producing sectors
to conform with the classification followed. The 'producers of govern-
ment services' was taken to be exogenous to the RAS method. The

data used in this step are all the entries shown in the table of
Appendix V except the upper left hand quadrant which is the updated

interflow matrix.
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Step 3. To test for the validity of the table derived in Step 2, the total
output data of 1973/74 is used to predict the intermediate input for
1973/74, which is actually given. The validation is done as follows:
(a) Predict the intermediate input row vector of 1973/74, v} from

the coefficient matrix, A, of 1972/73 and the total output of 1973/74, Q.
Ve = QA' i
(b) Find the percentage deviation vector, o, of the predicted input,

v*, from the given input vector for 1973/74, v.

v-v¥*
g = 5 100

If | 9; | < 10% then the 1972/73 table is acceptable; otherwise go

to the next step.

(¢) Investigate those o's where | 9, | > 10% and their corresponding

statistical data are given or estimated for detection of outliers and

their correction.

In this exercise, however, only two values greater than 10% are detected;
the values are as shown in Table 1. As can be seen sector 7, the transport
sector, has the highest deviation of about 20%; when looking at the trend of
intermediate inputs for this sector for four years (1971/72 to 1974/75), it
shows a low value for 1972/73 compared to the previous years, and since no
major technical change in this sector could be justified, it is assumed
that a misrecording has taken place and the value is adjusted in accordance
with the trend. The same procudure was applied to the compensation of employees
for this sector. Other minor adjustments were performed on the estimation and
breakdown of import duties for which different values were given in some
records.

The procedure leads to an imprcved input-output table for 1972/73 as shown
in Appendix VI. The percentage deviations for the calculations from this table

are acceptable as can be seen from Table 2.



Table 1

Sector No.

Percentage deviations, o.

O 0o~ O U B N

—
— O

% Deviation

.81
.44
.33
.47
.69
.1

20.
13.
.91

04
63

1.52

0.

0

100



Table 2.

Percentage deviation,o, from validated 1972/73 Table.

Sector No.

1

w o~ Oy B W N

—
- O

0
B

Deviation

9.
-5.
-5.
2.
.69
.03
.53
.35
.91
w92

27
74
75
45

101



Step 4.

Step 5.

Step 6.
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In this step exogenous information for updating is incorporated and
thus the modified RAS method is used. As an example, the percentages

of electric energy consumption among some categories of the economy

are [19]:
Residential 50%
Industrial 38%
Agricultural 3.5%
Interdependent 8.5%

Some cells which were originally zero are perceived to be non zero,
such as input of petroleum products into manufacturing and the electricity
and water sectors, etc. Four zero cells are thus modified, as well as
seven cells of government services being exogenously recorded. The
results of this step are shown in Appendix VII.

The input-output table developed in Step 4 will now be designated as
the basic table for future use.

In order to utilize the input-output table for the next chapter it
needs to be updated to the base year of the plan, 1976/77, but since
the National Accounting data for Sudan is only available for 1974/75,
the basic table is updated to this year. Appendix VIII shows the

basic input-output table updated to 1974/75. The modified RAS method
is used again where cell values of the producers of government services

are exogenously given.
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5. CONCLUDING REMARKS

In this chapter a brief survey of economic models for Sudan is conducted.
Also the RAS technique of updating input-output tables is elaborately explained
and the alogrithm is stated in a more usable and programmable form.

The data for this chapter represented the biggest challenge, and although
the main source of data is from the statistical data publications for Sudan, it
is not, however, in a cast which makes it readily insertable in the input-output
table and hence its adaptation required a huge effort and many references.

Thus this chapter has successfully developed a new rather than updated
input-output table for Sudan from a 25-year old table by reconstruction,

RAS, and feedback techniques which represent a new methodology of procuring
an input-output table for a developing country instead of relying on borrowing

other countries' tables.
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APPENDIX I

Original 1962/63 input-output table
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Appendix II

The flow diagram and program listing

of the RAS method
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QUHAT HATKIx WITH THE VECTCR QT IN DIAGCNAL

QNYHAT MATRIX WITH THE VYFCTDR GNY IN DIAGCNAL
RHAT MATRIX WITH THE VECTOR R IN CIAGCNAL
SHAT MATRIX WITH THE VECTOR § IN CIAGCAAL

KORK VECTGRS AND MATRICES

M NS X 1

L NS x 1

0 DETERM INANT OF MATRIX INVERTEC
Dp ODUUBLE PRECISION MATRIX

DUH DUMMY MATRIX

FEFEXECEFFFFFERFASFEXFX LT F XS EFESIXN AR FEF RSN S SR RRTE LB AR EEFEEE T IR AKX

DIMENSIGN QO(11),U0011),vO(11),QNY{11},USKY{L11),VSNY[11),RiLL),
*S(11)sUNI{ 1) +VNI{L11) o XC{L1Ls11),ACT11,21)+XNY{11,11)sANY(11+11),
*GOHAT{11,11),QNYHAT{11,21),RHATL12,11)¢SHAT{11,411)},DUM{1L,11]),
M{1Ll),L{11),RM(11},C¥{LL),UVI11) ,UVERAT(L1,11)

DUJBLE PRECISICGN D,DP(11,11)

FURMAT

FURMAT(10F8.51

FORMATIEF10.51

FURMAT {*=* s T15,11('SECTOR"+2X)s4X+*ROW"+» 11X, 'TOTAL")

FULRMATIY 2 o T17,11(02,€X),,*MULTIPLIERS")

FURMAT (20", T12,105(%=1})

FLRMAT(*=* (T2 ,*SECTOR', TS +12,T15,11[F7.3,1X}45X.FE.32,5X,F8.3)

FURMAT{'0" , T4, 'COLUMK ")

FURMAT(* " 4y T2+*MULTIPLIERS',T15,11(F£.3,22))

FURMAT('1%," '}

FORMAT [20X+12,38X,12,13X,11)

FLRMAT(' LY ,T43,*UP-DATED INPUT-OUTPUT TABLE FCR 11X,

*'YEAR 1,10X, 'N1 =%,14)

12 FURMAT('L1? 4743, (I=-A}')

13 FORMAT('1'",T43." (I-A) INVERSE ')

la FORMATI'-? ;T{E16.6,2X)}])

1> FORMAT{'=? ,v%%«x ROWS & COLMUNS TCTALS CF BASIC MATRIX NCT EQUAL',
Ftaxeks) 1 SUML VL,FI0.3,' SUM2 ', 2F10.3)

lo FLRMAT(?—t ,**s¥x RPCWS & CCLMUNS TCTALS CF KEhw MATRIX NUT EQUAL',
*VEERxl i SUM3 1, F10,.32,' SUM4 ',F10.2)

17 FGRMATI('=? ,T2,"SECTCR",T9,12.:T15,11(F9.6,+1X))

FOOENO W WN =

—

RE&D DATA FUR BASIC YEAR

READ(5,10 NS, NYY, NMOD

KEADIS 11 L {XCUT,J)yJ=14N5), I=1 NS}
READL5,21{QCIT},1=1,N5)
READ(5+2){UCLTI)yI=14NS])
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KEAD(5,21(VC(1)+41=1,NS)

NI=0
NY=1
U0 23 1=1,NS
Uvii)=1.0
RM{1l}=1.0

23 LHL1)=1.C

REAL DATA FGR SUCCESSIVE YEARS

50 READIS»2) (USNY(1) I=1,NS)
READIS,23(QNYII)+I=14M5)
ReADI5+2) IVSNY (1) ,41=1,K5)

TEST kOm TOTALS ARE EQUAL TO COLUMNS TOTAL
SUM1=0L.0
S5uUM2=0.0
SUM4=0.0
DG 138 1=1,NS
SUMl=SUM1+U0{I}
SUM2=SUMZ+VDI( 1)
SUM3=SUM3+VSNY (1)
SUM4=SUM4& +USNY (1}
1d LONTINUE
PRINT15,SUM] ySUM2 ,SUN2 ,SUMSG
IF( (SUMLl-5UM2).GT.0.0C1.0Ra {SUM1-5SUM2}.LT.-.COL)GC TOD 100

YECTGR &b AND QNY AS DIAGCNALS OF MATRIX CCHAT & ONYFAT
CaLL CYDMIQOD,Q0HAT,NS,C)
CALL CVDM{CNY ,QNYHAT 4A5,0)

CUMPUTE THE CDEFFICIENT FATRIX AD
LatL CONVTUNS,NS,1,QCHAT,DP,0!
CALL DMINVIDP,NS,C,L,¥)

CALL CULNVT (NS NS,2,5CHAT,0P,0)
LALL GMPRD(XD,QCHAT,ACsNSsNSyN5)

YEAK U CGEFFICIENTS APPLIED TO YEAR 1 CLTPUTS,X1= (STEP D)
CALL GMPRD {AD,QNYFAT  XNY ;NS NSy NS)

RGim COUNSTRAINTS AND CALCULATTION OF R
CALL RSUM{XNY,UNI NS,AS5,0])

DO 20 I=1,NS
IFCUNI(TI}D 201,262,201
201 K(I)=USNY(I)/UNI(I)
GL TO 20
202 kilJ)=0.0
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2u RMLI)=RM(]1)*R(1)

ADJUSTMENT OF MATRIX ALCAG RCOWS & CALCULATICAN CF S
4U LALL CVDM{R,RHAT,NS,0]

CALL GMPRU [RHAT :XNY,DUM,RS¢NS,NS)

CALL MCPYI(DUM,XNY NS,K5,0]

CaLL CSUMIXNY VNI 4NSsN540)

NI=NI+1

DU 21 I=14NS
IFIVNI(1))211,2124211

211 S{1)=VSNY({I)}/VNI(I1)
GU TG 21

212 Sili=ta.v

21 CMU11=CM(II*5(1)

TEST I F VYNI=VSNY
1=1
NSS=NS+1
60 TF{EVSNY(I)=VNI{I)).GTe0.0001.0R.{VSNY{I]}=-VNI(])}.LT.-0,0001)6C
*T0 6l
1=1+1
IFII.EQ.N3S)IGC TC 30
GL TO &0

ADJUST MENT OF MATRIX ALCNG COLUMNS & CALCULATICN OF R {STEP F)
6l CALL CVDM(S5,SHAT,N5,0]

CALL uHPRUIXNY.SHAT.DLM.NS'NS-NS)

CALL MLPYLDUM, XNY NS54N5,0)

CALL RSUMIXNY ¢UNT 4NS,N5,0)

DG 22 1=1,NS
IFIUNI(T}1221,222,422]
221 w1 I=USNY( TI/UNTLT)
GL TO 24
222 kill)=0.0
22 RMLI)=RM(I)*R{I)

AVULD UVERFLIW DF MULTIPLIERS WHEN USING MCDEFIED RAS METHCD { NMCD )
I=1
IFIKMLD ) 24 925,24
24 IF(RMI1}.GE.L1D0.0)G0D 10 241
IF(CMII)aGE.100.0)G0 TO 242
GG TU 243
241 KM{1)=99.0
GL TO 243
242 C(ML1)=99.0
243 1=1+1
IF({1.EQ.NSS)GC TO 25
GO TO 24
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25 CONTINUE
IF{Nl«GT.100.0)G0 TO S5

TEST IF UNI=USNY
I=1
42 JF({USNY{I)=UNI(I)).GT<0.0001.0R{USNY{I)~-UNT(T)}.LT.~-0.000L)GLC
*TU 40
I=1+1
1F(1.EQ.N5S)GC TO 30
GL TD 42

30 IFINY.EJ«NYYIGO TC 95

SET AU=aNY , UC=UNY , VC=VNY , QO=QNY
CALL MCPYU XNY,XO,NS,NS,0)
CALL RSUMIXO,U0:NSNS Q)
LALL CSuM( XD.,YO¢NSyNS,0]

DU 31 I=L+NS
31 CLELI=QNYLT)

NY=NY+1
6L TC 50

95 WRITE(6,11)NI
nRITE(6,3)
WRITEL6y4) [1+]1=14NS1)
WRITELG,5)
DU 33 1=1,NS

33 WRITELG,6) ToUXNYL1,J) ¢d=1oNS) RM{1},UNILI)
nRITE(6,5)
WRITE(6,7)
WhITE{6:s861ICHIJ) s J=1,N5)
WRITE{6,9)

CUMPUTE THE (CDEFF. MATRIX ANY
CaLL CONVT INSyNS,; 1,QNYHAT,DP,0)
LALL DMIKY(DPyNS+DeLo¥)
CALL CONVT (NSyNS, 2,QNYHAT,DP,0Q}
CALL GMPRD {XNY,QNYHAT ,ANY 4 NS+NS¢NS)
DL 39 I=1.:NS

3% mRITE(Ls LT II 4 LANY{T4J)4J=14NS)
LALL CYOMIUV,UVHAT,N5,0]}
CALL GMSUB (UVHEAT, ANY, DUM,NS,NS)
WRITELL,12)
DG 37 I=1.NS

37 KRITELBG, LT Y(DUMTITJ)4J=14NS)
LALL CUNVTINS/ NSy 14DUN4DP 0}
CALL DMINV{DP NS, C,L,V¥)
CALL CONVT {NSy)NS,2,CUF,DP40)
KRITE{6,13)



BG 38 I=1l«NS
38 wkITElL6,14)1(DUM(T4J) +J=1¢NS)
hRITE(6:9)
GU TO 9%
100 WRITE(G,15)50UML,SUMZ,5UM3,5UM4
GU TU 99
101 whiTElo, L6 )5UM3, SUMS
99 STLP
END

CEFFEFERE TS R RFFRFFE IR TR DA G R IR RS IS RGN ER R SRk RN T bRk k b ek pkd %
SUbkGUTINE CVDM

PUKPLSE
CHANoE A VECTOR TATC 2 DIAGGNAL MATRIX

JSAGE
CALL CVUKIRsA4N,MS)

DESLRIPTION ODF PARAMETERS

R NAME UF INPUT VECTOR OF LENGTH N

A NAME LF OUTPUT MATRIX

N NUMbER DF ROWS & COLUMNS IN MATRIX A

M5 ONE DIGIT NUMBER FGR STORAGE MCLE CF MATRIX A

U= GENERAL
1- SYMMETRIC
2= DIAGONAL

SUDRLUTINE E FUNCTYION SUBPROGRAMS RECQUIREDR
Lac

alelalaNslalalsloNalalalsEnlelaialal ol aNal nl

(+3exd¢ s xR FE R FEIEREX AT FF Tk E X SRR R RS R EFT X FRFERTRFTFEFIXIEEF
{ SUBRUWUTINE CVDM

SUBROUTINE CVDM{R A5 N4MS)

DIMENSIUN RI1),AL1)

L0 3 J=1lak

LALL LGLlJdyJdsIJdsNaNy¥E)

All Ji=kiJ)

KET URN

END

'

(R R R PR R I F I LR RS T R F A F IR EF I X I RE SRR AR AR BT TR RIS EE
C

[ DLUBLE PRECISICN MATRIX INVERSICN SUBRCUTINE

C

CHEH bR R RN ERCE TR R AR AL I SR SRR E TR R AR AAFF I FEXE A FE IR RETFER R ZF TS S
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10
15

20

25

30

3g

4u

SUBROUTINE DMINVIA,N,CyL.M)
UDIMENSIGN A(1)y L1}, M1}
UbUBLE PRECISION A,D.BIGA,HOLD

SEAKLH FOR LARCEST ELEMENT

D=1 .0

NK==N

Du bd k=14 N
k= NK+ N
LIK)=k
Min)=K
KK=NK+K
blGA=ALKK)
DU 20 J=KgN
li=Nh#(J-1)
Du 20 l=KkyN
IJd=1Z+1

IF{DAcSI{BIGA)-DABSIA(IJI)]) 15,20,20

blGa=All1d)
LiK)=1
Mi{K}=J
LLNTINUE

INTERCHANGE RORWS

J=L (K]

IF{J=K) 35,35,25
~KI=K-N

DU 30 I=14N
Ki=KI+N

HOL D==ALR])
JI=KI=K+J
alKI)=Aldl}
A(J1} =HGLD

INTERCHANGE CCLUMAS

I1=M(K)
JP=h={1-1)
DO 40 J=1,N
JR= Kt d
JI=JF+d
HOLD=—ALJK)
A{JRI=ALJID
AlJI} =HULD-
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laNaNal

laEalal [alalnl

[gN ol ol

45
46

48

55

&0
62

a5

Tu

75

80

109

105

CIVIDE COLUMN BY MINUS PIVOT (VALUE CF PIVCT ELEMENT IS

CONTAINED IN BIGA}

IF{BIGA] 4B,46,48
D=0.0

KET URN

0L 55 I=1«N

IFLI-K) 50,55,50

I K=NK+1
&{IKI=A(IK)/{=BIGA)
CONTINUE

REDUCE MATRIX

DG &5 I=1«N
In=NK+1
HuLD=A{IK]
ld4=1-N

DU 65 J=1,N
IJ=1J+N

IF({I-K) ouUs65,60
IF{J=K) b& 465,462
Ka=1J=1+K
AflJI=HOLC*ALKJY+2(TJ)
LOUNTINUE

DIvIDE ROW BY FIVCY

KJ=K—=N

UG 75 J=1,N
KJ=KJ+N

IF{J=K) T0.75,70
A{KJ)=ALKJ) /BI1GA
COUNTINUE

PKODULT OF PIVCTS
C=D*blGA
KEPLACE PIVOT BY RECIPROCAL

AlKKI=1.0/BIGA
CUNTINUE

FINAL KOW AND COLUMN INTERCHANGE

K=N

k={K=1]

IF(K) 150,150,105
I=L{K)
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110
120

130

150

IFLI=-x) 120,120,1C8
JU=NE(K-1)
Jk=N*¥( -1}
DU 110 J=1.N
JK=JQ+J
HCGLO=A(JN)
Jl=Jk+J
a{dkl==al(Jl)
A(J1} =HLLD
J=M LK)
IF(J-k} 100,100,125
KI=K=N

DL 130 1=1N
KI=KI+h
HULD=A(KI}
JI1=K1-K+J
Al{KIi=—ald 1)
Atdl) =ALLD
GO 1O 1l
RET UkN

END
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The equivalence between the old and new grouping
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Before 1966 After 1966
1) Agriculture — Agriculture
2) Live stock » Live stock
3) Forestry - Forestry
4) Fishing § Marine products Fishing § Marine products
S) Transport § Distribution Transport
6) Minerals ‘S;* — Mining & Quarrying
7) Manufacturing \\\“ Manufacturing & handi-
crafts

8) Public Utilities'——d"’—”’,,; » Electricity & water

9) Craft Industries
10) Building & Civil Engineering Building § Construction

11) Banks & Insurance > Finance, Ins. R. Estate
& Business Services

12) Domestic Services
Commerce

13) Miscellaneous Services —» Community, Social §
Personal Services

14) Ownership of Buildings

15) Non Government Education = producers of private
non-profit services to
household

16) Producers of Govt. Services = Producers of Govt.

Services
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Reconstructed 1962/63 input-output table
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Appendix V

Updated input-output table for 1972/73
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APPENDIX VI

Validated 1972/73
input-output table
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APPENDIX VII

The basic input-output table
(1972/73)
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APPENDIX VIII

1974/75 updated input-output table
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MULTIPLE OBJECTIVE PLANNING MODELS FOR SUDAN
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1. INTRODUCTION

Development plans for Sudan are characterized by a multipficity of ob-
jectives just as with many other developing countries. The three develop-
ment plans so far formulated have five, sevén, and sixteen Objectivés respec-
tively.

Some d;antitative econemic models are known to enhance the decision pro-
cess greatly, and when applied to development plans they. lead to the checking
of the consistency of the plan and the feasibility of the targets set and
thus assist in policy making. In aﬁdition to feasibility, optimality planning
will indicate the maximum value ap obj;ctive or a preferénce function will take
given the available resources and the existing economic structure. This chapter,
however, will consider preferred-solution planning rather than optimality planning
since the planning problem is of a multiple objective rather than a single ob-
jective nature, and hence calls for a best solution rather than an optimal solu-
tion.

In most of the literature, whether concerning single objective or multiple
objective development planning, usually one model is used, for example, Yoon [18],
Masud [12], Tantusuth [15], Joe [8], eéc. This paper, however, wili approach
the development planning through two multiple objective models., The first is
a Terminal Year model (TY) while the second is a Year by Year model (YBY). The
TY model is to serve as a perspective planning tool while the YBY model is to
serve as a detailing and an implementing tool. Although the utilization of
the TY model precedes that of the YBY model, its construction will follow that
of the YBY as will be shown in the next few pages.

Two MODM methods are used to solve these models, the STEM method and a
modified version of the Method of Satisfactory Goals. The solutions of the two
models by each method are compared and a final evaluation of the two MODM methods

is made. Finally, conclusions and suggestions for future extensions are pre-

sented,
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2. MODM MODELS FOR SUDAN

Dynamic input-output models incorporate an accelerator-type investment
theory in which demands for investment depend on future growth of output, i.e.,
investment is treated as endogenous to the model. Optimization of these dynamic
models by linear programming has found many applications, for example, the
models for India.by Eckaus and Parkin [5]. Their optimality planning models
were used in some studies like that by Joe [8] for economic planning in Korea.
The models incorporated many features of developing economices and also include
gestation lags instead of the simple accelerator relationship in the Leontief
dynamic model. However, they require a lot of information which for some
countries might not be available.

For Tunisia, Martens and Pindyck [11] used an aggregated modified version
of a large simulation model which was developed as a planning tool for Tunisia's
Ministry of Planning. The model aggregates the economy into five sectors and
contains 68 variables, of which 47 are endogenous. Instead of linear or non-
linear programming they used optimal control theory. The study, however, 1is to
demonstrate that linear-quadratic optimal control can be applied to long-term
multisectoral planning, and they considered only the problem of investment

allocations between sectors over time.

2.1 The Year By Year MODM Model for Sudan

In spite of the fact that a number of optimization planning models were
surveyed, for both developed and developing countries, the preferred-solution
planning model for Sudan is constructed so as to conform with the 6-year plan
(1977/78-1982/83). This has three objectives: the first is to test the model
with some real data, the second is to check the 6-year plan itself, and the

third is to demonstrate its practicality and applicability for future planning.
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2.1.1 The Structure of the Model

The model breaks the economy into 11 sectors to comply with the
input-output table developed for Sudan in Chapter 4. It consists of 38
variables, of which 34 are endogenous and 4 are exogeneous.

List of Endogenous variables:

X(t) = column vector of gross output of each sector

C(t) = total private consumption

AL(t) = increase in wages (employment)

N(t) = new total fixed investment

Z(t) = column vector of additional capacities for each sector
S(t) = total domestic savings

DF(t) = deficit finance

v(t) = annual rate of inflation

GDP(t) = gross domestic product - in real terms

Y(t) = a vector of the shares of the sector in GDP in real terms
Ml(t] = total raw materials imports

Mz[t] = total consumer goods imports

Ms(t) = total imports of capital goods

M(t) = total annual imports.

Exogeneous Variables

W(t) = increase in stock

G(t) = government consumption

E(t) = exports of goods and services

F(t) = foreign loans

Parameters

I = n x n identity matrix

A = n x n matrix of technical coefficients
P =

n X n capital coefficients matrix
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W = a vector of stocks distribution (n)

g = a vector of government consumption distribution (excluding services)
c = a vector of private consumption distribution (n)

e = a vector of export distribution (n)

b = a vector of incremental capital/output ratios (ICOR) (n)

T = planned rate of growth of real income

3
|}

= income velocity of money

R(t) = percentage of GDP as domestic savings

o = a vector of boundary values for the proportions of sectors in GDP (n)
my = a vector of raw material imports coefficients (n)

m, = a vector of consumer goods imports coefficients (n)

m, = a vector of capital goods imports coefficients (n)

k = a vector of the ratios of foreign exchange in ICOR

a. Production constraints

These show the relations between the supply and demand sides for each
sector. The supply side consists of the gross output, where the latter
includes both domestic and imported goods. Both raw materials and consumer
goods imports are included in the intermediate input since they usually
flow through the different sectors for a developing economy. The demand
side consists of requirements for goods as intermediate input, and for
final demands which include those for inventory, private and government

consumpticn, export, and for new capacity. In equation form:
AX(t) + W(t) w + C(t) c+ G(t) g + E(t) e +Z(t) < X(t) (1)

Equation (1) is based on the assumptions that the technical coefficients, matrix A,
remain stationary over time and that there are N0 excess capacities in the

sectors.



a Intermediate Input:

AX(t) =[xy, (0)], t=1,2,...,T

(2)

This is the standard Leontief relation where xij is the output of

sector i going as an input into sector j in year t.

a2 Increase in stock:

W(t) w=W(t) w

a, Government Consumption:

3
G(t) g = G(t) g
a4 Exports:
E(t) e = E(t) e
ag New Capacity Added

2(t) = PIX(t) - X(t - 1)]

(3)*

(4)*

(5)*

(6]

where P is an n x n capital coefficient matrix, and Pij represents the required

input from sector i to provide one unit of new capacity for sector j.

Equation {6; assumes that the addition of new capacity is instantaneous;

this is tc make the model conform to the six-year plan.

b. Private Consumption Constraint:

C(t']-); t=1321"':T

7

c(t)

C(a)

C(o

)
* fi(t), G(t), E(t), determined outside the model.

(7)

(8)



Instead of incorporating a minimum rate of growth as in other models,
the constraint requires that consumption of the current year should be
greater than that of the previous year,since C(t) is one of the objectives
and its rate of growth is implicitly conceived by the decision maker (DM)

in his trade-offs between objectives.
c. Total Capital Investment
N(t) + W(t) £ Ms(t) + S(t) + DF(t) (9)

The planning process for developing countries in general and for Sudan
specifically requires an explicit statement of the amount of capital to be
invested each year and the sources of this capital. Constraint (9) has the
feature of being unbounded,i.e.,the right hand side can increase indefinitely;

however, other constraints will limit this unboundedness.
cl. Annual Fixed Capital Investment:
N(t) = b' [X(t) - X(t - 1)] (10)

Annual fixed capital investment is assumed to include replacement

investments.
¢2. Domestic Saving:
S(t) = B(t} GDP(t) (11}

Domestic saving is expressed in terms of GDP to comply with the 6-year
plan, while the equality constraint is to force the model to rely on domestic

saving before running to deficit finance.

¢3, Deficit Finance:
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DE(t) < %{GDP(t)[l + v(t)] - GDP(t - 1)} (12)

By assuming a constant annual rate of real income growth, r, equation (12)

can be written as:

t-1
DE(t) < %-GDP(O](l + 1) () + 1+ Tv(t)] (13)

Equations (12) and (13) are the Cambridge equations of quantity of
money. More information about deficit finance and these equations can be

found in [13, p. 83].
d., Balance of Payments. Constraint:

Ml(t] + Mz(t) + MSCt) < E(t) + F(t) (14)

dl. Raw Materials Imports:

M (t) = m X () (15)

d2. Consumer Goods Imports:

M (t) = m; X (1) (16)

Consumer goods imports are determined endogenously rather than exogenously
because the classification of imports of the Sudan [4] for this category

incorporates goods which might be considered as inputs for some sectors.

d3. Capital Goods Imports:

M (t) = kb[X(t) - X(t - 1)] | (17)
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where b is an n x n matrix whose diagonal element is the vector b; k'b can be

termed the "Foreign Incremental Capital-Output Ratio."
d4. Foreign Lloans:
F(t) = F(t) + AF(t - 1) (18)

where F(t) is the given value of the foreign loans for year t and AF(t - 1)
represents the remaining or unused foreign loans in the previous year,

while it is assumed the Af(0) = 0.
e. Employment Constraint:
1
AL(t) = 2 [X(t) - X(t - 1)] (19)

This relation is usually derived from the Leontief input-output tables;
however, it does not give a good reflection of the employment level in
each sector for a developing country due to substantial differences in

wages [14].
f. Value Added by Each Sector:

Y(t) = (I - A - &3) X(t) (20)

~

where Mg is an n x n matrix whose diagonal element is the vector m, -

g. Gross Domestic Product (GDP):

GDP(t) = i Y(t)

£ (= & = ng) X(t) , 21)

where i is a unit vector for summation.
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h. Sectoral Growth Constraints:

Y(t) 2 GDP(t) a (22)

The vector of boundary values, a, is to control the growth of sectors

so that some sectors are not expanded beyond acceptable limits at the

expense of other sectors during the preferred solution planning process. It
will also aid in complying with the six-year plan policy of raising or
A summary

lowering the shares of some sectors to some percentage of GDP.

of the YBY model, after substitutions, is shown in Table 1.
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Table 1. A Summary of the YBY Model (After Substitutions)

a) Objectives
1. Gross Domestic Product
Max GDP (t) = i' (I - A -nfs) X(t)
2. Increase in Employment
Max AL (t) = 2'[X(t) - X(t-1}]
3. Inflation
Min v (t)
4, Private Consumption
Max C(t)
b) Constraints
1. Production
AX(t) + W(t)w + C(t) ¢ + G(t)g + E(t)e + P[X(t) - X(t-1)] < X(t)
2, Private Consumption
C(t) = C(t-1)
3. Total Capital Investment
br[X(t) - X(t-1)] + W(t) j.k'S[X(t) - X(t-1)] + B(t)i'(I-A‘~ﬁ3)X(t) + DF(t)
4, Deficit Finance
DF(t) f-__%—GDF’(O)(lﬂ)]t-l [v(t) + T + rv(t)]
5. Balance of Payments
miX(t] + méX(tJ + kK'B[X{t) - X(t-1)] < E(t) + [F(t) + AF(t-1)]
6. Sectoral Growth

(I—A'-ﬁé} X (t)

AV

i (I-A'-ﬁs) X (t) o
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2.2 The Terminal Year MODM Model for Sudan

The annual model has the disadvantage that it requires the specification
of a complete set of variables for each time period, i.e.,the model is highly
disaggregated both by sector and by time period,leading to a large number
of variables. For the development planning process it is more suitable to
start with a terminal year model (TY), that is, to find the terminal year
values of the objectives and other variables given the initial or base year

values and the constraints.

Manne [10] developed a consistency model to cover the planning period;
he termed it the 'dynamic inverse'. He used the accelerated principle
to develop the relation between the initial output vector and the post
terminal year output vector in terms of the technical coefficients and the capital
coefficients matrices, and the final demand vector. His model could be
used to construct a relling plan or for consistency check on a tentative
plan or for a check on the data to be used in a dynamic input-output model.
The structure of the terminal year preferred.solution planning model

for Sudan is as follows:

a. Production Constraints:

T . T-t
HX(T) + )} (PH ') [W(t) w + C(t)c + G(t) g + E(t) e]
t=1
1. T-1
< (PH ™) PX(0) (23)

where H is n x n matrix = (A + P - I). Appendix 1 shows how the equation is

derived.
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b. Private Consumption Constraint
Assuming a uniform annual rate of private consumption growth, equation

(7) can be written as:
C(t) = C(0) [1 +p]" (24)

Equation (24) can be approximated by the following linear relation (see

Appendix 2 for its development):
C(t) 2 C(0) [1 + top] (25)
c. Total Capital Investment:

N+ WZ< M3 + S + DF (26)

cl. Total Fixed Capital Investment:

N(t) = b [X(T) - X(0)] (27)

=
1]
H r~1-4

t=1
c2. Domestic Saving

S = 38 GDP (28)

where B is the average proportion of gross domestic produce (GDP) for the

whole period as a domestic saving. For the derivation of GDP see Appendix 3 .

c3. Deficit Finance:

1
DF <7 GDP(0) [R + v + Ry] (29)



where R (=(1+Y}T-1) is the effective rate of growth for the plan period.
d. Balance of Payments Constraint:

My + My + Mg < E+F

dl. Raw Materials Imports:

T
M= m {(A-I)7T[PX(0) -]Q(t) - HX(TD)] + X(T)}
t=1

where
Q(t) = [W(t)w + C(t)c + G(t)g + E(t)e]
H = (A+P-I)
Appendix 3 shows how equation (31) is derived.

d2. Consumer Goods Imports:

T
M, = m3 {A-D) 71 PX(0) - § Q(e) - HX(T)] + X(T)}
t=1

Same comments as dl.

d3. Capital Goods Imports:

=
]

~ T
k'o ] [X() - X(t-1)]
t=1

kb [X(T) - X(0)]

d4. Foreign Loans:
T

F =) F(t)
t=1

e. Employment Constraint:

g
t

AL [X(t) - X(t-1)]

1

il o~

g [X(T) - X(0)]

150

(30)

(31)

(32)

(33)

(34)

(35)

(36)
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f. Value Added by Each Sector:
Y(T) = (I-A'-m;) X (T) (37)
g. Gross Domestic Product:

For the terminal year:

GDP(T) = i' Y(T) = 1! (I-A'-ﬁs] X (T (38)
For the whole plan period:
T
GDP = i' (I-A'-m) @-1)71PX0) - T Q) - HX(T)] + X(T)} (39)
t=1
where H and Q(t) are as defined in dl' See Appendix 3 for the derivation of
equation (39).
h. Sectoral Growth Constraints:
Y(T) £ GDP(T)o (40)

A summary of the TY model is shown in Table 2.
3. OBJECTIVES FOR THE PERIOD BY PERIOD MODEL:
1. Gross Domestic Product:

This is one of the most common objectives in development planning, whether
for developed or developing countries. It may take the form of the rate of
growth of GDP or the rate of growth of per capita income when population
growth is taken into consideration. When using inpuf-output models, it can be
determined either from the supply side, summation of value added by each sector,
or from the demand side by the summation of final demand minus imports. For

this study it is considered from the input side so that

GDP (t) = i (I-A'-és) X(t)
where i' is the transpose of a unit vector for summation, and A' is the
transpose of matrix A.

Recent trends, however, do not consider the growth of GDP by itself as

an indicator of development and economic well-being, especially for developing
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Table 2, A summary of the TY MODEL

a) Objectives
1. Gross Domestic Product
Max GDP(T) = i! (I-A--isj X(T)
2. Increase In Employment
Max AL = X[X(T) - X(o)]
3. Inflation
Min v
4. Private Consumption
Max p
b) Constraints
1. Production

T
i) + = (H TP miew + co)es6(t)geEde] < (D) TP (o)

t=1
2. Private Consumption
C(t) > Clo) [1 + tp]
3. Total Capital Investment
N+Ws<M +5S+DF

3.1 N =b'[X(T) - X(0)]

1]

W(t)
1

|3}
~
=
n
n 1 oej

t

[&2]
[¥3]

M, = n'H[X(T) - X(0)]
3.4 S = B(GDP)
4, Deficit Finance

DT < £ GDP(0) [R + v + Rv]
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(continued)

Balance of Payments

M.+ M, + M3 <E+F

T
5.1 Ml = mi{(A-I)-l[PX(o) - £ Q(t) - HX(T)] + X(M)}
t=1
1 T
5.2 My =my {(A-D)7" [PX(0) - I Q(f) - HX(T)] + X(T)}
t=1
T
5.3 E'= I E(t)
t=1
T
5.4 F= I E(t)
t=1

Sectoral Growth

GDP(T) a

Allv

(T = A ﬁs} X(T)

6.1 GDP(T) = i' (I-A'-m;) X(T)

Gross Domestic Product For Plan Period

T
T Q(t) - HX(T)] + X(T)}

GDP = i'(I4'-m.) ((A-I) T[PX(0) -
5 t=1

7.1 Q(t) = [W(t) w + C(t)c + G(t)g + E(t)e]

7.2 H=(A+P-1)
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countries, unless equality of income distribution is considered. This study
will consider GDP only as one of its objectives, i.e.,
Max  GDP (t) (41)
2. Increase in Employment:
Increase in employment in each of the sectors is assumed to be proportional

to the output of each sector,i.e.,

1
AL = 2 [X(t) - X (t-1)] (42)
The same comments on constraint (19) are applicable here; if the average wages
for each sector are available better results might be obtained; however, for

this paper the second objective is:
Max AL (t) (42)

3. Rate of Inflation:

The principal inflation theories are classified by economists as demand-
pull theories or cost-push theories. Demand-pull inflation is the rise in
price levels because demand for goods and services exceeds the supply available
at existing prices. Demand-pull inflation is thus related to money supply as
can be found in economic books and the theories behind it. In this study,
however, the objective is to minimize inflation, v, resulting from inflationary-

financed growth. Thus the third objective 1is:
Min v (t) (43)

4, Private Consumption.
Instead of expressing private consumption in the form of a behavioral relatiom,
it is considered an endogenous variable in the production function of equation

(1) and constrained so as to ensure that it is greater than the previous year
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without specifying a minimum growth rate, since the DM in the interactive solution
process will automatically build his trade-offs on some rate of growth for

private consumption. Therefore the last objective is:
Max C (t) (44)

4, OBJECTIVES FOR THE TERMINAL YEAR MODEL:
1. Gross Domestic Product
The objective here is to maximize the terminal vear, T, Gross Domestic

Product, i.e.,
Max GDP (T) (45)

2. Increase in Employment:
The objective is to maximize the increase in employment for the wnole plan

period, i.e.,
Max AL (46)

Rate of Inflation:

[#2]

The objective is:

Min v (47)
4, Private Consumption Growth

Max p (48)

5. DATA FOR SUDAN

The data for this study is mainly from the 6-yvear plan [2],although some
adapted data from other countries is used. The input-output table of Chapter IV
is the backbone for the two models. It should be noted that even the 6-year
plan was prepared in the absence of the final national accounting data for the

preceding three years, as mentioned in Chapter I1I. The 6-year plan also
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incorporates some conflicting and not clearly stated figures; however, some
educated guesses and simple assumptions successfully resolved the problem of
data.
5.1 Sector Classification

The sectoral classification of the economy is shown in Table 3, which is
in accordance with the input-output table developed for Sudan in the preceding
chapter. The actual plan, however, aggregates some of these sectors into one
sector.
5.2 The Base Year Data

The base year data (1976/77) for some of the endogenous variables is

shown in Table 4. The values for X were computed from the relation:

X(©) = 60P (0) [i'(1-a' - m17}
5.3 Exogenous Values

The values of these variables are from the 6-year plan. The stock of
inventory is given by the plan as a lump sum of LS 240 million; it is con-
sequently assumed that the stock buildup is at the same annual rate as the
"Gross Capital Formation', 12.1%, and hence the annual values of stock are
computed as shown in Table 5 with the other given values.
5.4 Parameter Values

Parameter values for these models are from three sources: those given in
the plan, from the developed input-output model of Chapter IV, and values
borrowed or adapted from other sources and countries. Those belonging to the
first source are the planned rate of growth of real income, r, the percentage
of GDP as domestic savings, 8(t), and the vector of boundary values for the
proportions of sectors in GDP, a. The matrix of technical coefficients, A,
imports coefficients (ml, m, mSJ, and the vectors of sectoral share of final

aggregate demand for stock, w, government consumption, g, and export, e,
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Table 3. Sector classification

Aggregated Sector

Included Sectors

10.

11.

Agriculture

Mining

Manufacturing

Electricity and Water
Building and Construction

Commerce

Transport

Finance Services

Community Services

Private Nonprofit Services

Government Services

Agriculture, Livestock, Hunting,
Forestry and Fishing

Mining and Quarrying
Manufacturing and Handicrafts
Electricity and Water
Building and Construction

Commerce, Restaurants, Hotels,
Bars, etc.

Transport, Storage and Communication

Finance, Insurance, Real Estate and
Business Services

Community, Social and Personal
Service

Social, Recreational and Related
Community Services

Economic¢, Community, Administrative,
Social and Personal Services
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Table 4. Base year (1976/77) data
(Rounded to the nearest integer)

Variable Value in LS Million
Xl(O) 899
X, (0) 12
XS(O) 454
x4{0) 43
XSCD) 155
X6(0} 638
x7(0) 230
XS(O] 163
X9(0] 24
xlO[O) 32
XII(OJ 259
GDP(0) 1822

c(0) 1412
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are those obtained from the input-output model. It is assumed that the dis-
tribution of these aggregate values will be in the same constant pattern as
the base year and will continue through the plan. Although this might be an
oversimplification for the actually intended shares, it is adopted due to the
lack of detailed data. The values for the above mentioned parameters are shown
in Tables 6 through 8. Values for the matrix of capital coefficients are ob-
tained by adapting those used by Eckaus and Perkin [5, p. 67] in their models
for the third plan of India. For the incremental capital-output ratio again
the values for India and Eygpt [ 1, 5] were adjusted to resemble the conditioms
of take-off for the economy; for the producers of government services sector a
value of 1.76 is used compared to a high vlaue of 2.15 [3, p.44] obtained more
than twenty years ago.

The 6-year plan calls for a rise in gross domestic savings from 8.5% of
GDP in the base year to 13% in the terminal year.

Income velocity of money for this study is computed from the relaticn:

7=t (50)

I3
1

GDP
where M, 1is the broader definition of the growth of money supply. The value of

M, used here is for 1974 [9, p. 87]:

L}

M2 = 92.75 + 107.69 + 39.15 = 238.59

while GDP (1974/75) is LS 1511 million.
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Table 8. Values of parameter vectors
Sector W g c e m m, ms b k
1 .3103 0 .372  .7902  .0390 0 .0062 1.63 .4
2 .0079 0 .0034  .0038  .1905 0 L0952  2.45 .42
3 .0395  .0048  .0683 .1035 .1616 0 0357 2,2 .52
4 .0099 .0019 .0143 0 .0277 0 .0930 5.3 .65
5 .0474  .0048  .0089 0 0 0 .0238 .4 .12
6 .4703 . 0091 .2990 L0812 .0374 .2510 . 0085 18 .05
7 0 .0029 .0175 .0202 0 0 .1871 4.9 .51
8 0 0 .0194  .0011 0 0 0 8.2 .05
9 0 0 .0174 0 0 0 .0049 .16 .06
10 0 0 . 0227 0 0 0 0 1.6 .37
11 .1146 . 2650 . 0854 0 0 0 .0049 1.76 24
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or money supply in circulation is 15.8% of GDP.
The plan gives values for structural changes as shown in Table 9; in
this study some flexibility is given to this policy by bounding some of the

sectors as presented in Table 10.

6. RESULTS AND DISCUSSION
1. The Year by Year Model

The model contains 31 endogenous or decision variables and 36 rows. It
is to be solved period by period for six periods (six years), the relation
thus being recursive where some of the objectives and constraints depend on
the solution variables of the preceding period. Such a model could be reduced
to a standard linear programming by using timed variables for each time period.
However, this would lead to a large number of variables and the model would
become computationally hard to manage; also, the sequential nature of the
MODM process would be lost.
1.1 The STEM Method
1.1.1 Details of STEM Solution Steps

The STEP-method (STEM) is appropriately useé in the absence of an a priori
definition of what is the best compromise between the conflicting objectives of
a MODM linear programming problem and when the decision maker is much involved
in the solution process. STEM is an iterative procedure which involves a
sequential exploration of solutions follwoing these steps:
Step 0: Construction of pay-off table:

In this step each objective is maximized (or minimized) in turn subject to
the set of constraints. The optimal value for each objective is the "ideal

solution'. For each of the optimization problems the values of the remaining

objectives, beside the ideal solution, are also computed. This will give a
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Table 10, Sectoral bounds (% of GDP)

Sector Lower-Limit Upper-1limit
1. Agriculture 0 *®
2. Mining U ®
3. Manufacturing 10% =
4, Electricity and Water 0 =
5. Building and Construction 4.5% =
6. Commerce 0 @
7. Transport 6% @
8. Finance Services 0 ®
9. Community Services Q =

10. Private and Non-Profit Services 0 =

11. Government Services 0 10%



167
square matrix of the values taken by the objectives where the diagonal represents
the ideal solution. The rows of this matrix are the values taken by the n ob-
jectives in each of the solutions. The columns of this matrix show the max-
imum and the minimum values each objective, and hence the range, can take
given the set of constraints.

Step 1: Calculation Phase:

In this step weights [nj, j =1,2,...,n) which are to give the relative
importance of the distances to the optima are calculated. The following linear
programming at the mth cycle is then solved.

min A

s.t. A 3_[fj* - fj x)1] “j’ J = L2 cawyl
x e x™

A>0 (51)

The problem above is to find a feasible solution which is the 'mearest'',
in the MINIMAX sense, to the ideal solution fj*. For more information about
this step and the necessary calculation see Hwang and Masud [6, pp. 171-173].
Step 2: Decision Phase:

The values of the objectives, vector f?, are then presented to the decision
maker (DM) who is to compare them to the vector of the ideal solution f*. The
DM is then to look for those objectives which are satisfactory and to indicate
by how much, Afi, these satisfactory objectives can be relaxed in order to

improve the remaining ones OT those which are considered unsatisfactory. In

the next iteration the problem is formulated:

min X
s.t. A > [£.* - £.()]m, j#i, j=1,2,...,n
- =3 i J
£, > £.™ - af, i=1,2,...,n
i-"1 i



j#i,3=1,2,...,n

x>0 (52)

The weight(s) T, are set to zero and the calculation phase of cycle m + 1

starts.

The final solution is obtained when all the objectives are satisfactory,
If none of the objectives is satisfactory then there'is nb solution
to the problem. Sensitivity analysis can also be conducted to show the
behavior of the different objectives during any cycle, thus reflecting to
the DM the trade-offs between the objectives.

1.1.2 Solution

All the problems, which are linear programming problems, in this study
are solved by IBM Mathmatical Programming Systems/360 (MPS/360).

Following the conventional optimization or multiple objective solution
method for this development planning problem will yield a pay-off table as
shown in Table 1l which is for year one of the plan. What is meant by
conventional is that in most of the literature surveyed on the optimization
of multisectoral development planning problems no trace of control is
kept on the growth of the individual sectors during the optimization process.
From Table 11 it can be observed that two values of the first objective gpp,
are below that of the base year (=1822), also two cells of the second objective,
AL, are zero, Finally,the rate of inflation is zero for all the cells.
Observing the sectoral contribution to GDP for each of the ideal solutions,
Table 12, one would find the answer from the wide and illogicallvariation of
these percentages,which is attributed to the fact that the sectors of the

economy are allowed to grow without constraining their growth within some



Table 11. Pay-off table for year 1 - without sectoral
constraints, *
GDP(1) AL(1) v(l) 1)
GDP(1) 2053 82 0 1412
AL(1) 1886 166 0 1412
v(1) 1607 0 0 1481
C(1) 1734 0 0 1673
*GDP(t): gross domestic product for year t (LS Million)
AL(t): increase in employment (wages) for year t (LS Million)
v(t): rate of inflation for year t
C(t): private consumption for year t (LS Million)
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Table 12. Year 1: secctoral

without sectoral constraints

% shares in GDP-

170

Objective *

Sector
Max GDP(1) Max AL(1) Min v(1) Max C(1)
1) Agriculture 35.35% 35.18% 37.96% 40.49%
2) Mining 0.37% 0.22% 0.12% 0.19%
3) Manufacturing 11.11% 5.96% 0.0 % 3.83%
4) Electricity § Water 1.37% 4.16% 10.31% 6.51%
5) Building & Construction 6.41% 2.46% 0.0 % 0.94%
6) Commerce - 20.56% 18.91% 19.69% 21.73%
7) Transport 4.91% 4,22% 4,11% 4.70%
8) Finance Services 5.61% 5.13% 3.62% 7.43%
9) Community Serivces 4.74% 1.07% 1.32% 1.38%
0) Private Non-profit Services 0.76% 0.82% 1.0 % 1.05%
1) Government Services 8.8 % 21,86% 16.86% 11.73%
GDP (1)** 99.99% 99.99% 99.99% 99.98%

*GDP(t); gross domestic product for year t (LS Million)

AL(t): increase in employment (wages) for year t (LS Million)

v(t): rate of inflation for year t

C(t): private consumption for year t (LS Million)

* %

Does not add to 100 due to rounding.
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reasonable or practical limits. As an example, in Table 12 the share of
the manufacturing sector in the total value added drops to zero when the
inflation rate is minimized, rises to 4% when maximizing private consumption,
and then to 6% and 11% when maximizing the increase in employment and GDP,
respectively. The actual share of the industrial sector at the base year
according to the plan, Table 9, is 9% and one of the targets of the plan is
to raise it to 10%. The same observations can be detected in other sectors.

Although the variation is the core of the problem solution and can
reflect the key sectors in the linear optimization of each objective, it
would be irrationmal and misleading in the MODM problem since the ideal solution
is the flaring light to which the whole procedure and solution is oriented.

The effects of the introduction of the sectoral constraints can be
detected in the pay-off table, Table 13, where the cell values are quite
rational. Table 14 shows a reasonable variation in the percentage shares of
the sectors with respect to GDP.

A summary of the ideal solutions for each of the six years of the problenm
is depicted in Table 15, while the final solution is shown on Table 16, for
the complete solution of year 1 see Appendix IV. 1In Table 16 the values of
GDP are in real terms rather than money GDP; to obtain the money GDP the real
values are to be multiplied by one plus the rate of inflation for that year
(I+v). The rate of inflation, due to money supply, ranges from roughly 2%
to 17%. This seems very high for a planning exercise which is supposed to
be over optimistic, but the 6-year plan itself calls for a deficit finance
of about LS 285 million compared to LS 366 million in the sclution. The
actual government deficit for the years 1977 and 1978 is 181.3 and 131.9
million Sudanese pounds, respectively [7], while the average annual

rate of inflation for the period 1970-1977 is 4% [17]. However,



Table

13. Payoff table for year l-with sectoral
Constraints.”

GDP(1) AL(1) v(l) C(1)
GDP(1) 1996 51 0 1412
AL(L) 1967 81 .1280 1412
v(l) 1921 48 0 1519
C(1) 1957 63 L1773 1550
*GDP(t]: gross domestic product for year t (LS Million]
AL(t): increase in employment (wages) for year t (LS Million)
v(t): rate of inflation for year t
C(t): private consumption for year t (LS Million)
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Table 15. Ideal values of the objective functions
for each year.

Year
Objective *
1 2 3 4 5 6
GDP 1996 2121 2237 2377 2557 2749
AL 81 69 87 98 118 135
v(%) 0 0 0 0 0 9]
C 1550 1630 1722 1811 1921 2035

*

GDP(t): gross domestic product for year t (LS Million)
AL(t): 1increase in employment (wages) for year t (LS Million)
v(t): rate of inflation for year t

C(t): private consumption for year t (LS Million)



Table 16. Values of the objective functions for

each year.
Year
Objective *
1 2 3 4 5 6
GDP 1958 2060 2185 2338 2500 2687
AL 62 44 60 68 72 87
v(%) 3.6 9.5 12.8 16.9 1.7 10.8
C 1510 1600 1695 1780 1878 1991
*GDP(t]: gross domestic product for year t (LS Million]
AL(t): dincrease in employment (wages) for year t (LS Million)
v(t): rate of inflation for year t
C(t): private consumption for year t (LS Million)
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these high inflation rates can be reduced in the model by either adjusting the
sector's incremental capital-output ratios down or increasing the percentages
of domestic savings as is exercised later. Values for GDP and consumption can
best be compared by their annual growth rates as shown in Table 17, where the
overall incremental capital-output ratios are also shown. The goals set by
the plan for the four objectives are as shown in Table 18. The plan does not
indicate the values for annual rates of inflation or deficit finance, while
the increase in employment is not in terms of an increase in wages; the plan
projects the values of these objectives in terms of uniform annual rates of
growth,

The solution vector of the endogenous variables is shown in Table 19.

The plan does not state any values for the gross output of each sector nor
the other variables of Table 19 except for total imports. Other solution
values for the sources of finance are also obtained as in Table 20.

Table 21 compares the values of those variables whose magnitudes are
given in the plan to those given by the solution vector. In general the
percentage deviation from the plan is small as can be seen in the last row,
which may indicate that the model construciton, the assumptions made, and the
parameters estimated, are viable. Thus the study might humbly claim that it
provided a scientific approach to the problem in spite of its lack of complete
data and having to rely on assumptions and borrowed or estimated data; it
thus answered and filled many of the gaps pertaining to the plan and provided
combined planning and implementation exercises.

1.2 The Modified Method of Satisfactory Goals (MMSG)
Another interactive method for solving MODM problems is the '"Method of

Satisfactory Goals" which uses the "Bounded Objective Method" interactively
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Table 17. Rates of growth and incremental capital-output ratios.

Year
1 2 3 4 5 6
GDP Rate of Growth*% 7.5 5.2 6 7 7 75
Private Consumption
Rate of Growth % 6.9 6 6 5 5.8 B
Incremental Capital-
Output Ratio 2.0 3.2 3.3 30 3.0 3.1

* Rate of growth of real income.
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Table 18. Values of the objectives according
to the six-year plan.

N Year
Objective
1 2 3 4 5 6
GDP 1959 2106 2263 2433 2616 2812
AL NA NA NA NA NA NA
v(%) NA NA NA NA NA NA
5 1507 1609 1716 1829 1950 2077

NA; Not Available

*GDP(t); gross domestic product for year t (LS Million)
AL{t): increase in employment (wages) for year t (LS Million)
v(t): rate of inflation for year t

C(t): private consumption for year t (LS Million)



Table 19. Solution values for other endogenous variables
(in Million LS)

Year
Variable
1 2 3 4 5 6

Xy (t) 936 1000 1070 1142 1223 1316
X, (t) 14 14 15 16 17 19
X3 () 478 503 534 b71 611 659
X4 () 46 48 51 54 57 61
XS (t) 192 190 194 212 226 253
X6 (t) 695 725 772 822 872 937
X7 (t) 230 242 256 274 293 315
X8 (t) 173 182 193 205 218 234
Xq (t) 46 54 47 59 72 73

Xlo[t) 34 36 39 40 43 45
Xll(t) 281 288 308 325 344 366
N (t) 264 330 419 468 490 582
S (t) 179 188 240 257 325 349
DF (t) 33 55 71 92 36 79
My (t) 144 151 160 172 183 198
M, (t) 174 182 194 206 219 235
Mg (t) 82 120 145 161 175 206

Mo(t) 400 453 499 539 577 639




Table 20. Sources of finance for the new capacity
[LS Million]

Year Plan
1 2 3 4 5 6 Total

Domestic Sources
[S(t) + DF(t)] 182 210 274 307 315 376 1664
1. Savings [S(t)] 149 155 203 215 279 297 1298

2. Deficit Finance

[DF(t)] 33 55 71 92 36 79 366

External Sources
[Ms{t}] 32 120 145 161 175 206 ~889
Total 264 330 419 468 490 582 2553
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to determine a satisfactory solution; see Hwang et al [6, p.145]. In this method
the DM is asked to state a set of acceptable initial goal levels which must be
feasible, and then determine which one in the set of goal levels, L, is the

least satisfactory (LS). This objective is then maximized subject to the
original constraints formed by the remaining objective functions. Thus the
problem is solved iteratively and interactively between the analyst and the DM
until the best solution is obtained. The method is capable of solving both
linear and nonlinear models, although the dual values from nonlinear models

are hard to obtain. Another difficulty with this method is the determination

of the set of initial feasible goals. In this study the problem is overcome

by introducing a pay-off table like that of STEM in which the ideal solution for
each objective is determined and also the values taken by the other objectives
for each optimization run. This "Modified Method of Satisfactory Goals"

(MMSG), besides saving the time required to determine the set of initial feasible

goals, has other properties which will be explained later,

1.2.1 Details of MMSG Solution Steps -

To solve by the MMSG the following steps are to be used:
Step 0. Construct a Pay-off Table and Select a Set of Acceptable Goal Levels
The construction of the Pay-off Table is exactly similar to that of STEM
mentioned earlier. The DM is thus in a position where he can select his
jnitial values of acceptable goal levels, Ll, from the pay-off table. The
constraints of the problem and the set of L1 less one (the objective to be

selected as the LS in Step 1) should form a feasible region for Step 2.
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Step 1. Select the least satisfactory (LS)objective:
The DM is required to identify the objective which is the least satisfactory

among L4 (9 is the iteration number).

Step 2. Optimize the LS objective:
In this step the LS objective is maximized subject to the constraints of

the original problem and the set of L4 except the LS objective, i.e.,

Max. fLS(x)
s.t. gi{x) <0 i=1,2,...,m
£,0) 2 qu j =1,2,...,k, and j#LS (53)

Step 3. Decision Phase:

The analyst would first check whether fLS is greater than the level set for

this objective in L, If it is not, or if the DM is not satisifed with fLS’ the set
of goals is revised and new goal levels are obtained, Lq+l[< Lq), with the

help of the dual variables associated with the binding fj[x)'s in Step 2. The

dual variables show the trade-offs between fLS(x) and the binding fj(x)'s.

If the value of f. . is higher than stated in Lq, the DM is then asked if

LS
the value obtained for fLs(x] can be relaxed in order to improve the other
objectives. If the value of fLs(x] can be relaxed, proceed to the next step;

if it cannot be relaxed then the solution is the best attained level of goals.

Step 4. Selection of New Goal Level:
The DM should'specify the amount of relaxation, AfLS(x), which is

acceptable, then set q = q+1 and return to Step 1.
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For more information and simple examples for the Method of Satisfactory

Goals, see Hwang and Masud [6, p. 145].

1.2.2 Solution

The same model and data for STEM are used here except that the values
for the '"percentage of GDP as domestic savings', 8(t), are slightly raised to
reflect more optimistic domestic savings; the percentage values for each of the
six years are 9.15, 10.5, 12, 13, 13, and 13, respectively.

To explain the MMSG the solution for year 1 {the model and parameter values
being identical in every aspect to STEM)will be shown in the following:
Iter. #1
Step 0: Construction of Pay-off Table and Selection of the Set of Acceptable

Goal Levels:
Table 22 shows the pay-off table. The DM chose the following set of

acceptable goal levels:

=
#

t
(7]
]
e~
E:
<
(@]

—

= (1921, 51, — .10, 1490)

Step 1: Select the LS Objective:

The DM chose fv as the least satisfactory objective.

Step 2: Optimize the LS objective:

Min. fv {x

.
fGDP > 1921
f,2 51

f. > 1490



Table 22, Pay-off table for year 1 *

GDP

*GDP (L) :
AL(t):
v(t):
C(t):

GDP AL v c
1996 51 0 1412
1967 81 128 1412
1821 48 0 1519
1957 63 .177 1550

gross domestic product for year t (LS Million)
increase in employment (wages) for vear t (LS Million)
rate of inflation for year t

private consumption for year t (LS Million)



The solution to the LP problem is

£ 0.0

v =

fGDP = 1924
f&L = 51

fC = 1506

Step 3: Decision Phase:

The DM indicated that the value of fU is satisfactory and that it can

be relaxed.

Step 4: Select the New Goal Level:

The DM relaxed fu i.e.
Af = -,0365
v
and the new set of goals:

L2

~J

Iter, #

Step 1: Select the LS Objective:

The Dm selected fGD

Step 2: Optimize the LS objective

Max fGDP
s.t. X eX
faL > 5l
f < .03485
g
fc > 1506

The solution to the problem;

fGDP = 1966

(1924, 51, -.0365, 1506)

2
p from L™ as fLS'

186
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fAL = 57

f = .0365
v

fC = 1506

Step 3: Decision Phase:

The DM was satisfied with the value of fGDP and it could be relaxed.
Step 4: Select the New Goal Level

The DM relaxed £ i,

GDP

&fGDP = -8

and the new set of goals:

13 = (1958, 57, -.0365, 1506)

Tter. #3
Step 1:

The DM indicated that fC from L as the fLS'
Step 2:

Max. f

f < .0365
v

The solution to the problem:

fc = 1525
fGDP = 1958
fAL = 57
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Step 3:

The DM indicated his satisfaction with fC and his readiness to relax it.
Step 4:

The DM relaxed f. by 15 and the new set of goals were:

C

I..4 = (1958, 57, -.0365, 1510)

Iter. #4
Step 1:
4
The DM selected fAL as the fLS from L
Step 2:

Max. f

f. > 1510

and the solution teo the problem:

fAL = 62
fGDP = 1958
f = .0365
v

fc = 1510

Step 3:

The DM was satisfied with the value of fAL and did not want to relax it
from 62. Thus the procedure was terminated and the values of the best attained
goals are:

(1958, 62, -.0365, 1510)
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The final compromise solution for vear 1 of the plan is as shown in Table 23.

In the same manner the model was solved for the succeeding years as in
Tables 24-25 inclusive. Table 27 shows the corresponding rates of growth for
GDP, private consumption, and the capital-output ratios.

2. The Terminal Year Model:

The computations for equation 23, 31, 33, 39, are performed by the
computer where two FORTRAN programs are written.

The terminal year model (TY) in its reduced form incorporates the private
consumption variables, C(t), for the years t=1,2,...,T, in all the above
mentioned equations. The C{t) variables are then replaced by their equivalent
expressions as in equation (25); thus the TY model now has p instead of C(t)
for private consumption which is in YBY model.

2.1 Solution by STEM

This model was solved by following the same steps and using the same con-
straints as in the YBY model. The values of the shares of the sectors 1in
total GDP are not, however, identical to those of the YBY model which ne-
cessitated the addition of some sectoral constraints. This was adopted for
two sectors only, the mining and commerce sectors where the new censtraints
give them a lower limit of 0.3% and 20% of total GDP, respectively. Tables
28 and 29 show the pay-off table and the problem solution, respectively. The
value of the first chjective, GDP(T), is for the terminal year while AL and v
are for the whole plan period. 'o' is the rate of annual growth of private
consumption. It should be pointed out here that B is assumed equal to 11% of
total GDP for the pericd.

2.2 Solution by MMSG

The same terminal year model of STEM is used here except that the

value for 3 is assumed equal to 12% of total GDP for the period. The pay-

off table and the solution for the model are shown in Table 30 and 31.

"H



Tabie 23. The final solution for year 1

variable” Value Variable Value
Feg 105 T 2
foop 19538 Yl 734.033
tAL 2 YZ 6.551
£ 0365 Y 195.800

v 3
fC 1510 Y4 27.690
YS 97.343
X 936.376 Y6 411.458
X, 14.039 Y7 117.480
XS 478.466 YS 117.493
Xy 45.600 Yg 37.698
X 192.201 Y 16.653

5 10
X6 694 .942 Yll 195.800
X7 229.888 N 360.615
XS 173.315 DF 33.038
Xg 45.764 M1+M2 317.639
xlO 34.339 MS 82.260
Xll 281.330 S 179.157

*
GDP(t): gross domestic product for year t (LS Million)
AL(t): 1increase in employment (wages) for year t (LS Million)
v(t): rate of inflation for year t
C(t): private consumption for year t (LS Million)
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Table 24, Ideal values of the objective functions for
each year.
Objective= 1 o 2 3 4 5 6
GDP 1996 2130 2253 2401 2567 2762
AL 81 75 88 101 119 140
v(% 0 0 0 0 0} 0
c 1550 1643 1728 1829 1931 2047
GDP(t): gross domestic product for year t (LS Million)
AL(t): increase in employment (wages) for year t (LS Million)
v(t): rate of inflation for year t
C(t): private consumption for year t (LS Million)
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Table 25. Values of the objective functions

for each year

Objective = 1 2 3 4 5 6
GDP 1958 2079 2207 2350 2513 2689
AL 62 46 60 66 74 82
v(%) 3.6 5.0 6.0 4.0 5.0 4.0
C 1510 1602 1682 1777 1875 1992
*GDP{t}: gross domestic product for year t (LS Million}
AL(t): increase in employment (wages) for year t (LS Million)
v(t): rate of inflation for year t
C(t): private consumption for year t (LS Million)



Table 26. Solution values for other endogenous variables

(in million LS)

Year
Variable
1 2 3 4 5 6

X; (t) 936 1001 1067 1142 1223 1315
X, (1) 14 14 15 16 17 19
X (t) 478 508 539 574 614 657
X, () 46 48 51 54 57 61
Xg (t) 192 185 198 210 227 245
Xg (t) 695 728 773 821 874 934
X, (t) 230 244 259 276 295 316
Xg (1) 173 183 193 205 218 233
Xg (%) 46 71 72 74 84 84
X1t 34 36 38 40 43 45
X;;(B) 281 288 306 324 344 366
N (1) 264 355 416 463 507 542
S (t) 179 218 265 305 327 350
DF(t) 33 40 47 42 50 49
Ml(t) 144 151 161 172 184 197
M, (t) 174 183 197 206 219 234
Ms{t) 82 130 141 158 176 195
M (t) 400 464 496 536 579 626
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Table 27. Rates of growth and incremental
capital-output ratios.

Year

GDP Rate of Growth (%)* 7.5 6.2 6.2 6.5 6.9 7.0

Private Consumption
Rate of Growth (%) 6.9 6.1 5.0 5.6 5.5 6.2

Incremental Capital-
Output Ratio 2.0 3.0 3.2 3.2 3.1 3.1

* Rate of growth of real income.
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Table 28. Pay-off table for terminal year model®
GDP(T) AL v p

GDP(T) 2944 378 .8706 3

AL 2816 536 1.1449 3

v 2477 312 0 3

p 2568 367 .3056 7.9

GDP(T): gross domestic product for the terminal year (LS Million)
AL: increase in employment (wages) for plan period (LS Million)
v: rate of inflation for plan period

p: percentage rate of growth of private consumption
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Table 29. Solution values for the terminal year model’

GDP (1) 2687 X, (D 1296 N 2447
AL 393 X, (T) 17 S 1439
v ~ .5318 Xy (T) 657 DF 394
0 6.14 X, (1) 60

X (T) 318 GDP 13082
Xy (T) 908
X, (T) 315
Xg (T) 228 M, +M, 2355
Xg (1) 100 M, 853
X (T 39 M 3208
X (T 348
11

*
GDP(T): gross domestic product for the terminal year (LS Million)
AL: increase in employment (wages) for plan period (LS Million)
v: rate of inflation for plan period

p: percentage rate of growth of private consumption
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Table 30. Pay-off table for terminal year model*
GDP(T) AL v 0
GDP{T) 2944 378 .5888 3
AL 2816 536 .8635 3
v 2477 321 0 3
o 2568 367 . 0064 7.9
*
GDP(T): gross domestic product for the terminal year (LS Million)

AL: increase in employment (wages) for plan period (LS Million)

v: rate of inflation for plan period

p: percentage rate of growth of private consumption
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*

Table 31. Solution values for the terminal year model,
GDP(T) 2689 Xl (T 1296 N 2445
AL 390 X2 (T 17 5 1570
v 2353 X3 (™ 657 DF 262
e B, 15 X4 (T) 60
X () 306 GDP 13082
Xg (T 908
X7 (T 316
XS (™ 228 M1+M2 2355
Xg (T) 108 Mé 853
X;6(T) 39 M 3208
Xll(T) 348

*
GDP(T): gross domestic product for the terminal year (LS Million)
AL: increase in employment (wages) for plan period (LS Million)
v: rate of inflation for plan period

p: percentage rate of growth of private consumption
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(92]

Comparison of the Two Models by the Two Methods

.1 The Two Models by STEM

(92 ]

The most suitable procedure for comparing the STEM solutions of the two
models is by aggregating some of the endogenous variables and other values
for the whole plan period as shown in Table 32, The results indicate how the
YBY model aggregated values deviate from the TY model. However, when con-
sidering the approximations and the assumptions for the TY model, the per-
centage deviations of the YBY values from the TY are very reasonable and quite
acceptable. The highest deviations of DF and S are due mainly to approximating
the value of S as 11% of GDP in the TY model; the deviation will be reduced to
4% when DF and S are added together to represent domestic sources of finance.
The next two high percentage deviations, GDP and Ml + M2, are due mainly to
the approximation of the TY model by assuming equalities for the years 1 to 5.
The incremental capital-output ratios, ICOR, are almost the same for the two
models. The sectoral gross outputs, Xi(G), for the last year of the plan,
year 6, as can be noticed from Tables 19 and 29 are roughly equal.

The TY model was also tested by substituting the solution values of
private consumption, C(t), for the years 1 to 5 instead of substituting the
expression

C(t) = C(0) (1 + tp),
and the results are nearly identical with the model using p.

3.2 The Two Models by MMSG

The same comments on the comparison of Table 32 of the previous section

are also valid for the comparison of Table 33 of this section. In fact

Tables 32 and 33 look identical in most respects which is in effect a cross



Table 32, Comparison of aggregate values for
the two models' solutions by STEM,

Q,
4
% 0

Aggregate for Deviation of
Plan Period YBY TY YBY from TY
GDP 13728 13082 5
AL 393 383 0

C 10454 10293 1.6
DF 366 354 -7
S 1538 1439 7
My+ M, 2218 2355 -6
M‘S 889 853 4
M 3107 3208 -3
N 2553 2447 4
ICOR 2.9 2.8 —

*
GDP(T): gross domestic product for the terminal year (LS Million)
AL: increase in employment (wages) for plan period (LS Million)
v: rate of inflation for plan period

p: percentage rate of growth of private consumption
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Table 33. Comparison of aggregate values for the
two models' solutions by MMSG.

-]

Aggregate for ’ Deviaéion of
P lan Period YBY TY YBY from TY
GDP 13796 13082 5
AL 390 390 ' 0

C 10438 10296 1.4

DF 261 262 - .4
S 1644 1570 o
M1 + M2 2219 2355 -6
M3 882 853 3
M 3101 3208 -3
N 2547 2445 4
ICOR 249 Z2x8 —

*

GDP(T): gross domestic product for the terminal year (LS Million)
AL: increase in employment (wages) for plan period (LS Million)
v: rate of inflation for plan period

p: percentage rate of growth of private consumption
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check of each model by the two methods and of the two comparisons, i.e., the

percentage deviations in the two tables.

3.3 The Two Methods for the Year by Year Model.

It is highly appropriate to give some comparison of the two MODM methods,

STEM and MMSG, when applied to the period by period model of this study. The

two methods are evaluated on the following criteria:

1.

6.

7.

Number of iterations

CPU-Time on the computer

Quality of results

Total time required for solving the problem
Ease of understanding

Information for intialization

Information to guide the DM

Table 34 shows the statistics for the six years for the first two

criteria while Table 35 depicts the results obtained by the twomethods and

the ideal solution for the first year. The total time required to solve the

problem, criteron number 4, is estimated as follows (excluding pay-off table

as it is same):

for STEM

for MMSG

15 hrs.

2.5 hrs. X 6

1.25 hrs. X 6

7.5 hrs.

n

thus only half the time is required for the MMSG. A summary of the evaluation 1is

found in Table 36 , from ywhich it can be concluded that the MMSG is superior

to STEM in each of the mentioned criteria. For more information on comparative

evaluation of MODM methods, see Hwang and Masud [6, pp. 306-309].
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Table 35. Quality of results (Numbers rounded
to the nearest integer) - for year 1+

Methed fGDP* fAL* fv* fC*
1) Ideal Solution 1996 81 0 1550
2) STEM 1958 62 . 0365 1510
3) MMSG 1958 62 . 0365 1510

f...*: 1ideal value for gorwth domestic product (LS Million)

fAL*: ideal value for increase in employment (wage) (LS Million)
va*: ideal value for rate of inflation
£ 2 ideal value for private consumption (LS Million)
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Table 36. Comparative evaluation of STEM

and MMSG

Criteria STEM  MMSG
1) Number of iterations X Y
2) CPU-Time (secs) X 4
3) Quality of results 4 %
4) Total time for solution X Y
S) Ease of understanding X v
6) Information for intialization Y v
7) Information to guide DM v v

NB: Y indicate superior

X indicate inferior



7. CONCLUDING REMARKS

In this chapter two multiple objective models have been developed to
suit the existing six-year plan of Sudan. The objectives explicitly con-
sidered are: gross domestic product, increase in employment, inflation due
to deficit finance, and private consumption. The main features of these
models are as follows:

(1) They are complementary where the TY is a static MODM model to pro-
vide the scope of the plan, while YBY is a dynamic MODM model
interactively tracing the development path,

(2) They combine planning and implementation with the assumption that
both targets and instruments are flexible,

(3) Their construction incorporates the features of a developing
economy, and a control methodology to give a meaningful programming
excercise.

The models have been tested against each other to show their concurrence and
complementarity by two methods for solving MODM problems. The models' re-
sults are also critically evaluated and compared with those of the actual
six-year plan.

In spite of the lack of complete data and the dependence on assumptions
and estimations in some situations, the models proved to be valid when being
cross checked against one another and against those values given in the plan.
The models not only provided most of the information incorporated in the plan,
but also gave more information and thus filled some of the gaps and dis-
aggregated some of the values in the existing six-year plan in a more scientific
manner.

The manipulation of the models by sectoral constraints has contributed

much to the good performance and sound results obtained in this study. The



recursive solution of the YBY model is in effect an interactive dynamic
multiple objective decision making methodology with an implied feedback; this
can be considered also as an attempt to make the plans of developing countries
more operative.

Solving the two models by two interactive MODM methods not only pro-
vided a check on the results and a validation of the models, but also led to
the modification of the existing method of satisfactory goals by removing
one of its drawbacks and making it superior to the STEM method which is one
of the highly recommended methods for development planning problems.

However, since these are the first MODM development planning models for
Sudan, it will not be claimed that they are the best or unrevisable, especially
when more accurate and complete information becomes available. It is also
recommended that future studies should take into consideration the gestation

lags which are natural in the development planning process.
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APPENDIX I

Terminal -year production relationship
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The Leontief dynamic input-output model can be written [16, p. 84]

X(t) = AX(t) + Q(t) + P[X(t) - X(t-1)] (1)
Gross _ lntermediate _ Final Demands 4 New Capacities
Output Demand for Consumption  Requirements

In equation(l)above it is assumed that matrices A and P remain stationary over

time. Rearranging equation (1):

"

X(t) = (A +P - 1)1 [PX(t-1) - Q(£)]. (2)

If we let H= (A + P - I}, and provided Ht exists then equation (2) becomes:

1

x(t) = 0l oexe-1) - 8571 Qe (3)

n

By induction on the system of nT equations, equations (3), may be reduced to
n restrictions:

xm = @0 -] wnTrt e Q. (4)

t

It r~—13

1

Multiplying both sides by H equation (4) becomes

o Tl T g Bt
HX(T) = (PH ")  PX (0) - } (PH ")  Q(t), (5)

t=1

Rearranging equation (5) and substituting for the final demand

T .3 Tt o T=1
HX(T) + ] (PH™)  [w W(t) + cC(t) + gG(t) + eE(t)] <(PH ")  PX(0)

t=1
(6)
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APPENDIX II

Linearizing the private consumption constraint



Equation(24)of Chapter V is:

C(z) > C0) [1 +0]°
for t = 1.

C(1) > C(0) 1 +p]
for t = 2,

c(2) > c(0) [1 +0)°

C(3) > €(0) [1 +9)°

etc.

The series [1 + p]t can be expanded as follows:

[L#pl% =1 +tp + t(t-1) p2 + t(t-1)(t-2) »
21

for (-1 < p < 1)

by neglecting the second order terms

[1+01% = (1 + to)

Equation(l)is thus approximated by

C(t) > C(0) [1 + tp]

(1)

(2)

(3)
(4)



APPENDIX III

Total GDP and imports during the plan period
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The Leontief dynamic input-output model can be written as:

X(t) = AX(t) + Q(t) + Z(t) (1)
Gross _ Intermediate _ Final Demands _ New Capacities
Output Demand for Consumption Requirement

For a finite planning horizon T,the summation of the two sides of equation (1)

gives;

T
X(t) = A ] X(t) +

T
Qt)y + ) Z(t) (2)
1 t=1 t =

1 t=1

n o 3

I~

t

It should be noted that the last term in equation (2) is:

T

T
7 z(t) = ] PX(t) - X(t-1}] = P[X(T) - X(0)]
t=1 t=1

By rearranging equation (2) becomes:

T T
[A-1I] J X(t)=P[X(0) - X(D] - ] Q) (3)
t=1 t=1
or
T-1 T
[A-1I] © X(t) + [A- IJX(T) = PX(0) - PX(T) - ZQ(t]
t=1 t=1
T-1 T
[A - I] T X(t) + [A +P - 1] X(T) = PX(0) - I Q(t)
t=1 t=1
T-1 .1 T
g X(t) = [A-I177[PX(0) - T Q(t) - HX(T)] (4)
t=1 t=1

where H = [A + P - T}

The final demand vector Q(t) can be split into two vectors, one for the
exogenous values, Q*(t), and one for endogenous value of private consumption,

C(t)c. Thus:



T T
YoQe) =} [Q*(t) + c(t)c] (5)

and

T T
I ctye=11 ct)le (6)
=1 =]

Total GDP for the plan period is found by adding X(T) to both sides of equation

R . T
4 and multiplying by 1'(I - A' - ms) i.e. GDP = 1'(I - A - mS) Y X(t)
t=1

N ~qm3

= i'[I - A - ) [(A-D)T [PX(0) - Q(t) - HX(T)] + X(T)} 7

t=1

In the same manner intermediate and consumer goods imports for the whole plan
period is

M1 + M2

i
(m, +m,)" ) X(t)
1 2 |

n

i)
L Q(t) - HX (T)] + X(T)} (8)

(m; + mz)’ {(A-I)'l [PX(0) -

t=1
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APPENDIX IV

The STEM scolution for year 1.



Step 0. Construction of pay-off table

The ideal solution, f;, for each of the objectives, fj’ is found by
solving n LP problems:
T

max (min) fj(§) = cj X

For each of the n optimization problems (n=4 in this study) the values of the

other three objectives are also computed. The pay-off table for year 1l is:

fGDP fAL fv fC
fGDP 1996 51 0 1412
fAL 1967 81 .128 1412
fv 1921 48 0 1519
fC 1957 63 .177 1550

Iteration No. 1l:

Step 1. Calculation phase

a) Calculation of weights

« _ in
£&op flgnp 1

E&op

GDP

1996-1921 1
1996 2.02

= .0186



AL

1]

GDP

it

L0127

. _ gmin B
fAL fAL 1
f*
AL k
£ (C.AL)2
. 1
L i=1 1
81 - 48 1
81 1.1567
. 3522
fmin . g
v v 1
min
f / k 5
v z (c\.))A
S
177 - 0 1
177 1
1.0
g« _ g mn -
C c 1
£ 7 "
c z (c?)z
i=1 * |
1550 - 1412 1
1550 1
.0890
“Gpp
%cpp T %aL T %y T %
L0186
0,18 + .,3522 + 1 + .0890
L0186
1.4598
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D28

AL 1.4598

L2413

e
1.4598

It

.6850

.0890
& 1.4598

L0610

b) Solve the LP problem

min A
(X,A) -
s.t. Ao> [ -1 (X)] =
GDP GDP GDP
A [EF - f (@]
AL AL AL
Ax[Er - £ (9]
v v v
Az [f*-f ()]
c c C
X € X
P
A >0

The solution to this problem is:

f} = (1%61, 70, .1773, 1507)
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Step 2. Decision phase

1
The DM indicates that £ is satisfactory and can be relaxed, i.e.,
AL

f =
A AL 8

The feasible region is now to be modified for the next iteration cycle, i.e.,

1

X

f > 1961
GDP

X2 = ~q f > 70 - 8 = 62

AL

f z 1773
g

f > 1507
c —

Iteration No. 2:

Step 1. Calculation phase

a) Calculate weights

. - L0186
GDP L0186 + 1 + ,0890
= ,0168
ﬂAL = 0.0
i = .9029
v
ﬁ = ,0803
c

b) Solve the LP problem

min py
{(x,2)
2
s.t. X € X
A >0

The solution to this problem is:

f? = (1961, 62, .1767, 1538)
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Step 2. Decision phase

The DM finds that fi is satisfactory and can be relaxed, i.e.,

Af = 28
c

The feasible region for the third iteration cycle is thus:

1
X
£ > 1961
GDP
5 _ £ > 62
X" = T AL
f < .1767
e
fc > 1538 - 28 = 1510

Iteration No. 3:

Step 1. Calculation phase

a) Calculate weights

?GDP = ,0182
KAL = 0.0

T = ,9818
v

m 0.0

C

b) Solve the LP problem

min A

(x,A)

s.t X € X3
Ao> 0

The solution to this problem is:

-

£7 = (1968, 62, .148, 1510)



Step 2. Decision phase

The DM indicates that f3 is satisfactory and can be relaxed, i.e.,
GDP

Af = 10
GDP

The feasible region for the fourth iteration cycle is:

sk
f > 1968 - 10 = 1958
GDP
4
X = < fAL > 62
fv 5_.148
T > 1510
o C -

Iteration No. 4:

Step 1. Calculation phase

a) Calculate weights

T =0
GDP

T =0
AL

T = 1,0
v

T =0

c

b) Solve the LP problem:

min b

(x,2)

s.t. X € X4
A >0

The solution to this problem is:

£ = (1958, 62, .0365, 1510)

[§¥]
(03]



Step 2. Decision phase

The DM indicates that all the objectives of f& are satisfactory, thus

: ; : : 4 . .
f% is the final solution (the compromise solution x is shown in Table 17).

o



CHAPTER VI

SUMMARY AND CONCLUDING REMARKS

[RS]
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The major objective of this study was to demonstrate that the overall
gconomic development planning process in Sudan can be greatly improved, even
in the absence of complete data about the economy and its structure, by
following a few simple scientific techniques. For this end the study managed
to:

(1) model the economy by input-output methods,

(2) relate planning to implementation in Sudan,

(3) use multiple objective decision making (MODM) models and methods

suitable for Sudan and other developing countries.

In Chapter II, the basic theory of input-output models is presented. The
overview is to provide the readers of a developing country with a simplified
concept of input-output tables: how they are prepared and maintained, their
practical applications, and how they are related to the system of national
accounting. It also explains the different planning models in use and how to
choose a model for a developing country. In additiona quick survey of the
experience of some developing countries with input-output tables and the
arguments for and against input-output models for developing countries is
presented.

The development plans of Sudan through a quarter of a century are pre-
sented and compared in Chapter III. From available literature and the ex-
perience of the author in the formulation of the manufacturing sector's plan
and its coordination during the five-year plan of Sudan, and also his part-
icipation in the preparation and steering of the first "Engineers' National
Conference'" where development and the "Interim Action Programme' are part
of the theme, the three development plans of Sudan are exposed with respect to
their formulation and implementation. A diagnostic approach is adopted in order
to find the common problems for the three plans with respect to formulation

and operation.
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In Chapter IV a new input-output model is developed: first a survey
of the existing models of Sudan is conducted, the RAS method of updating
input-output tables is explained in detail with its algorithm presented in
a form suitable for computation, finally the methodology followed in developing
the new input-output table is stated in a step by step form. The data used to
obtain the results in this chapter is from real data of Sudan.

Two MODM models for Sudan are developed in Chapter V. The first is a
year by year model (YBY), and the second is a terminal year model (TY). The
models are solved by using real data of the six-year plan of Sudan and
parameters computed from the developed input-output table of Chapter IV.

Two MODM methods are used to solve the two models, STEM and the '"Modified

Method of Satisfactory Goals'' (MMSG). The MMSG is a method developed in this
study from the existing 'Method of Satisfactory Goals' for solving MODM problems.
Comparisons of the results of the two models and the two methods are finally
performed. The solution to the planning problem of Sudan indicated that the
models not only simulate the plan well but also give more information than
provided by the actual six-year plan. The modified method of satisfactory

goals (MMSG) not only succeeded in resolving the difficulty of the original
method it also proved to be superior to the STEM method in this application.

The possibilities of future study to extend the work reported in this
study are discussed next:

On Improving the Input-Output Table and the Methodology:

In spite of the success of the procedure and methodology used to develop
a new input-output table for Sudan from an obsolete table more improvements
are still required. The input-output table can be improved greatly if the
data is provided in the form compatible with the entries of the input-output

table, and if more external or exogenous information about some sectors are
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available. Concerning the methodology used, also a great improvement will

be achieved if all historical data of national income accounting is utilized
for validating and adjusting the input-output table from the simulation re-
sults of the table. This form of adapting the coefficients of an obsolete
input-output table by some accumulated historic data of national income
accounts can also be used to adapt input-output tables imported from countries
of similar economic structure, that is, in other words, the construction of
input-output tables by an adaptive I/0 method.

Improving the MODM Models of Sudan:

The two models perform very well when the plan is in the form presented
in the six-year plan of Sudan, however, more improvement is expected to take
place in the planning process and consequently the models may require some
improvements. Instead of the simple assumption of instantaneous investment,
lagged investments may deem more appropriate. The capability of the economy
to service debts and principal payments may be necessary to incorporate into
the model. Imports of consumer goods, after proper classification, are better
treated as controllable rather than endogenously determined. Another important
extension necessary for the models of Sudan and other developing countries is
the incorporation of non-economic or non-quantifiable factors which usually
prevail in developing countries and obstruct the plan implementation and
operation. The optimization or MODM solutions can thus be tested for
sensitivity not only with respect to changes in parameter values but also to
these and other random factors. This could be in a form of a system dynamics

MODM model.
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Economic development plans of Sudan and other developing countries have
been a source of disappointment to their people by failing to improve their
standard of living. From the short experience of the author in the planning
field and the available literature it seems that the Sudan suffers, beside
other things, from the ineffectiveness of the planning process, and a defective
framework of planning. Thus the objective of this study is to demonstrate
that the planning process of Sudan can greatly be improved, even in the absence
of complete data, by following a few simple scientific techniques. This is
approached by: modeling the economy, combining planning and implementation,
and finally the use of multiple objective decision making (MODM) models and
methods.

In the absence of formal economic models, especially multi-sector input-
output tables which have the characteristic that they can be transformed
easily into consistent mathematical models, the usual procedure is to borrow
other countries' models. Instead of importing an input-output table the
study will develop a heuristic methodology to obtain an updated input-output
table from an obsolete one and from the annual national income accounting data
for Sudan. The same methodology can be extended to borrowed input-output
tables. The methodology consists of reconstruction, updating, validating,
adjusting, and an exogenous modification of the technical coefficients of the
table.

An overall economice development planning problem should include, for
practical purposes, both planning and implementation in one model. Plans in
Sudan and other developing countriés are usually considered as blueprints in-
stead of regarding them as working plans to be reviewed constantly and revised
periodically. These problems of planning, implementation, and flexibility can
be handled by intrinsically incorporating them in the modeling methodology and

construction. In this study, in addition to incorporating the planning and



implementation problems, the overall plan is rendered operational by using two
models. The first is a terminal year (TY) model which gives the scope and
terminal conditions for the overall plan; the second is a year by year (YBY)
model which traces the path followed to reach the terminal conditionms.

Preferred solution planning is more compatible with the overall planning
problem than is optimization planning, because the problem is usually char-
acterized by a multiplicity of conflicting objectives. In this study multiple
objective decision making (MODM) techniques are used to solve the two models
(TY and YBY) whose construction is in fact coupled to this téchnique.

The simulation of the models and methods is carried out by a set of real
data of Sudan (the six-year plan, 1977/78-1982/83, data). Two MODM methods
are used, the STEP-method (STEM) and a modified (modified by this study) method
of satisfactory goals (MMSG). A comparison of STEM and MMSG is also made. The
YBY model is solved recursively for the six years of the plan. It is in effect
an attempt to introduce a dynamic interactive multiple objective decision making
methodology (DMODM) with an implied feedback.

In addition to simulating the planning and implementation process the
study also provides a capsule of the input-output method and its related
aspect for a developing country, a description of the updating technique known
as the RAS method together with a detailed algorithm and a documented computer
program in FORTRAN, and also a critical review of the development plans so
far made for Sudan.

While some improvements and refinements may be needed to make the three
models (the input-output model, the terminal year model, and the year by year
model) for Sudan a reliable planning tool, the models proved to be valid and

meaningful and can greatly help the planners and researchers in Sudan.



