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ABSTRACT : .

The need for well-defined approaches to the problems is as
acute as the problems confronting the underdeveloped countries.
The various actors in the state of the underdeveloped countries:
the politicians, the economics, the administrators, and the
sociologists have attempted to see the problems concerned in
their own way. It is the aim of this paper to elaborate a decen-
tralization practical approach to national economie planning in
underdeveloped countries. An attempt is made here to establish
a self-consistent formal planning model by. utilizing mathematical
programming, input-output, and ecost-benefit analysis. Corres-
ponding to the national, sectorial, and project level the model

(*) The author would lke to express his gratitude to al! who contri-
buted directly or indirectly to this paper end In particular fo Dr. AR.G.
Heesterman of Birmingham University, and to Dr. M.S. Hassan of Baghdad
University. Dr. Heesterman critlcised the paper on theoretical grounds.
He agcertained his views on the need to use the dual variables (shadow
prices) derived from the multisectorlal model — where no social or political
censtraints or objectives are to be considered but only economic considera-
tlons — In project evaluaticn. He pointed out also that adding more con-
straints would enforce the medel to glve a satisfactory primal solution
on account of the dual sclution, Dr, Hassan emphasized on the difficulty
of applylng the model particularly for the Iragl ecomomy. -Both these
opinions have heen taken care of tn the' maln context of the paper, How-
ever, it has to be noted that the model has been partially tested by the
suthor uslng Iraqi ecomomy data. The prellminary results highlights the
extent to which the theoretical set up can be modified and the results
ohbtained rellable to be utilized in practice.
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proposes and integrated system consisting of a multisectorial
model, sectorial models, and a suitable criterion for project
evaluation. The interrelationships among the sectors and the
feedhack between the variables of the whole system are being
considered as well. In one version of the model the functional
equations consist of variables relating to different points of
time, and in this sense the model may be used to formulate a
multi-period plan.

The model daes not approach the problem of optimal plann-
ing from the private point of view, but inatead it tackles the
problem from the national point of view by ascertaining the
role of state in national economic planning. The state interven-
tion is created by the existence of economic, social, and political
conditions of the underdeveloped countries. The activities of
the private entrepreneur, however, may be affected to follow
the policy of the state by a system of incentives and disincentives.

In is not the aim of this paper to claim that the proposed
planning approach ‘is applicable in all underdeveloped countries.
This is due to the fact that there exists no universally accepted
concept of the “underdeveloped countries.” However, the model
in its general form is flexible enough to be modified for par-
ticular application if necessary.

I. INTRODUCTION :

Very broadly, to accelerate economic growth in the under-
developed countries® two ways are possible; Firstly, to increase
the productivity of the resources in use by reallocating them in
a more efficient manner; i.e. to minimize the waste of the
available resources. Secondly, to create new productive capacity
by utilizing the idle as well as new productive resources. The
first is a reform of the economic structure whereas the second
is a capital accumulation process. And while the former does

(1) “An underdeveloped country may be generally defined as a country
which due to lack of capital goods and to the low level of knowledge
and technical abllity of the bulk of its populaticn iz unable to provide
productive employment for all those who are otherwisc able and willing
to work., Except when such a country is endowed with exceptionally
valuable patural resources, such a state will also result in a low stan-
dard of living.” Al-Saadl, 8.2. [1], pp. 5-6.
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not necessarily require new capital, the latter needs additional
capital. It is to be emphasized that the efficient allocation of
regources is necessary but not sufficient o achieve the targets
of economic devélopment, since this process would stabilize at
a ceriain level of economic activities whereas economic develop-
ment implies a continuous process of growth over time, However,
both processes i.e. the creation of new productive capacity and
the efficient allocation of regources are essential in the process
of economic development,

L3

Economic development springs from demand for necessities
and ever-increasing human wants in relation to the scarcity of
the economic resources. Hence the efficient utilization of these
scarce resources is the essence of any social and economic devel-
opment policy. And thus the only rational investment decisions
would sustain the pace of development. In practice this fact
creates the need to establish certain criteria for investment
decisions at different levels of the economy and are to be applied
for both private and public enterprises within a consistent
framework of a comprehensive national plan.

In underdeveloped countries it is generally accepted that
structural economic and social changes are required as precondi-
tions for development. Such changes, however, cannot be carried
out by the “weak” private entrepreneurships through the “imper-
fect” market system. Hence the state has to play a leading
role in the course of economic development. In is of course
acceptable too that the public and private activities have to be
regarded as complementary and interrelated rather than mutually
exclusive. But it is the state and not the private entrepreneur
who should take the necessary measures and actions (in terms
of providing the reguired level of investment, contrelling the
process of capital formation, influencing the level of private con-
sumption) against the existing low level of per capita income,
per capita saving (investment level), market imperfections, and,
in general, the unbalanced structure of the economy. State in-
tervention and actions should not be limited only to forecast
the pattern of future development and its prospects but also,
to promote the economy and stimulating all economic activities
in such a way as to increase the national and individual benefits
and to reduce the economic and social costs of development.
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II. DIFFERENT APPROACHES TO NATIONAL ECONOMIC
PLANNING :

To clarify the theoretical basis of the proposed model pre-
sented in this paper, it may be useful to recall the economic
reasoning, social and political conditions of different approaches
to national economic planning. This would implicitly give the
necessary justification of our model.

Theoretically, two main approaches for economic planning
can be distinguished, Each approach reflects a different point
of view; i.e. that of the individual consumers, the government as
a consumer or as an investor, and of the businessmen. From
the private entrepreneur's point of view, economic efficiency and
in turn economic planning(® is to be cohsidered within the
framework of the ideal perfect compétition of the market system
where the private entrepreneur plays his role freely in response
to the consumer’s behaviour. In such a system prices reflect not
only the importance of the products (goods ‘& services) to the
consumers and to the producers, but also when in free-market
equilibrium they would maximize both the consumer's utility as
well as the producer's profit and as a result a certain pattern
of efficient allocation of resource as well as income distribution
ig settled. Prices would be equal to the marginal utility of the
consumer as well as the marginal productivity (cost) of the
corresponding factors of production. The growth of the economy
will continue asg long as the trend of investment always goes
up because more profit lead to a higher level of investment,
which will channel the available economic resources into the

(2) In this context the concept of veconomic efficiency” is defined as
to deal with the following problems :

1) The problems of the efficlent allocation of resources; this Implies

i the problems of establishing criteria for investment.

11 The problem of ecchomlc growth; this introduced a time dimen-
sion into the problem of resources allocation,

1) Problems assoclated with the distribution of national output; this
means the alleviation of Income distribution problem.

Economic planning means & performance of mutually consistent
actions aimed at achleving efficlent solutlons to the problems of
growth, allocation of resources, and the distribution of output (income)
under the prevalllng state of technology and all other economlc, soclal,
and political condltions. .
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production of new capital goods, thus, acting as a motivator for
growth. :

In contrast to the laissez-faire mechanism, the command
“socialist” economy tackles the problem of optimal planning from
,the extreme opposite direction; i.e. from the national point of

view. The justification of this approach is that the concept of -

economic efficiency has its social, political as well as economic
dimensions, and it is not conceivable unless the prevailing non-
economic factors are to be taken into account. In practice, this
takes the form of abolition of the private ownership of the
means of production and the freedom of consumer choice.
Economic planning by this approach could be carried out by
the state — which is supposed to reflect the national point of
view — to draw up a uniform national plan by which certain
economie, social and political targets (state preference) are to
be achieved. The economic reasoning given to support this ap-
proach may be stated as follows : Although there is no freedom
of choice in consumption and labour occupation, the efficient
allocation of resources — for given growth targets — can be
directed by the state instead of the consumers preferences through
a method of “trial and error.” The prices calculated by the
Central Planning Organization (CPO) will perform the task of
the prices in the market system(®, -

In underdeveloped countries, the price mechanism of the
market economy is not efficient to lead the economy towards
the frontier of economic efficiency. This is-due to many
reasons associated with the existence of certain economic,
social and political conditions. Nor is it practically possible
t0 suggest that the mechanism of the “ezleculated” prices of

-~ the command socialist economic systems is suitable for the un-
derdeveloped countries, since the positive way of judgment is
to consider the facts (conditions) of the underdeveloped coun-

- tries as they are and not as they should be.”

.,

IIL. Centralization and Decentralization Planning Procedures :

The proposed model owes its origin to Tinbergen’s approach
of planning by stages, but it cannot be directly related to the

(3) Lange, 0. [13].
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widely known planning procedures. It has some features which
can be explained in view of the practical difficulties rather than
good economic reasoning. The shortcoming of the proposed
procedure, however, can not be assessed only in comparison
with other decentralization planning procedures, but it should
slso be considered within the previiling economie, social, and
political conditions of the underdeveloped countries.

A multitude of planning procedures have been recently deve-
loped to deal with both the market and the socialist economies.
For the market economies two main decentralization approaches
have been suggested. The first follows the classical Schumpeter’s
growth model® where profit-maximization is assumed to induce
the private entrepreneur to play his “decisive” role in the pro-
cess of development. A mathematically developed version of
the model® suggests that an optimization programming model
is to be applied by the private entrepreneur who is assumed to
have a complete knowledge about the changes in market prices,
shadow prices, the state of technology, consumer’s preferences,
and the required supply of 'factors of production. By this model
the leading private firms in the industry would maximize their
profit and at the same time allocate their resources efficiently
among their activities.  This would force the inefficient firms
— those with low levels of profit — either to modify their pro-
duction plans or to get out of business. The micro (firm) model
is then developed, at industry and macro level, to an aggregate
dynamic programming model by which the growth of the eco-
nomy and the optimal allocation of the national resources can
ke achieved. On the national level, the aggregated (macro) model
can be used to forecast the effects of alternative fiscal policies
implemented by the government(®,

The second approach assumes that the decentralized planning
procedure ig to start from the national (macro) level down to the
entrepreneur (micro) level. Econcmists have theoretically sug-
gested that rational investment decisions on the micro-level are
those satisfying the zero-profit optimality condition®, It is

(4) Schumpeter, J.A. [14].

(5) Clgno, A, [5].

(6) Cigno, A: [5].

(7) Dorfman, R. Samuelson, P.A., and Solow, R.M. [7).
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implicitly assumed that set(s) of shadow prices are to be derived-
from a national planning model in order to be used afterwards
by the private entrepreneur for project evaluation and invest-
ment decisions. The national Planning model may be formula-
ted as a mathematical pProgramming problem deseribing the in- .
terrelationships of the planned economy so as to maximize (or
minjmize) a social welfare function subject to a number of eco-
nomie, political, and technical constraints. The values of the
dual variables are, therefore, to be used as efficiency prices for
taking investment decisions on the miero level. This notion is
being elaborated by A.R.G. Heesterman® o deal with the pro-
blem of optimal allocation of the national resources in such a
way as to reflect both the central (national) point of view as
well as the role of prices and cost in a free exchange economy,
By using the efficiency (shadow) prices derived from the (na-
tional) model, a policy of channelling investment in certain direc-
tions leading to the state of economic efficiency may be drawn up.

In the socialist economies, two conventional approaches to
the decentralized planning procedures have been established. The
first assumes that the CPO is to prepare set(s) of prices and
objectives that are to be sent to the responsible bodies at the
lower levels of the economic hierarchy in the form of parameters
to guide them in constructing their production plans and evaluat-
ing their costs. These bodies responsible for the sectorial pro-
grammes and enterprise plans have to report back to the CPO
stating their optimal production (target) plans and their requi-
Tements of resources on the basiy of the CPO prices. According
to the new information the CPO may introduce new sets of
prices and objectives which are to be sent to the responsible
economic organizations in order to modify their targets and re-
quirements if necessary. This iterative procedure is to be con-
tinued unti] a satisfactory solution ig reached(®,

The second decentralization approach may be outiined as
follows : The CPO chooses an initial allocation of the disposable
. Tesources — possible from traditional solufiong — and sends
it to the sectorial and enterprise levels. The CPO’s proposals are

(8) Heesterman, AR.G. [9].

{9) Technically the decomposition methods of a mathematieal programming
problem fit this procedure, See Dantzig, G. & Wolf, P. [6] and
Kronsjo, T.O.M, [12]. .

— 49 __
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to be considered by these bodies in order to draw up their optimal
production (targets) plans and, at the same time, they have to
estimate the shadow prices of their resources (may be the dual
values of their optimization models) and send them to the CPO.
On the basis of these shadow prices, the CPO will improve its
initial solution, and new allocation of resources and targets may
be arrived at. The new solution is to be sent again to the depart-
ments concerned and accordingly they have to change their plans
. and new sets of shadow prices may be derived. This procedure
is to continue until a satisfactory solution for both the CPO and
all enterprises is reached®®,

IV. A Comprehensive Three-Level Development Planning
Model :

Corresponding to the national, sectorial and micro level the
proposed planning model consists of a multisectorial optimiza-
tion model, sectorial 0-1 integer programming model, and an
investment criterion for project evaluation. On the national
level the model aims to maximize the growth of the economy;
to reallocate the available scarce resources — capital and foreign
exchange; to determine the production: and consumption levels,
and to ensure a minimum level of employment. It also permits
the possible substitution of competitive imports by domestic
output. ‘The multi-sectorial model is assumed to be constructed
by the Central Planning Qrganization to reflect the aims and
the economic, social and political constraints restrieting the
economic development of the country concerned. The structural
constraints cover the main macro-relations; ie. the balanced
relations of supply and demand, foreign trade activities, produe-
tion functions, and resource utilization. At the gectorial level
a 0-1 integer programming model is designed to select the pro-
jects of the national plan.. Different Economic Departments (ED)
are assumed to be responsible for constructing and solving the
sectorial models. However, these decisions are not separated
from the allocation pattern of resources and activities on the
sectorial level although project’s evaluation is to be carried out
outside the sectorial model according to a certain investment
criterion.

(10) Kornle, J. & Liptak, T.G. [11].
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The planning process of the underdeveloped economy takes
a form of iterative procedure. In the first stage the values of
the endogenous economic variables on the macro and sectorial
level are to be derived by solving the multi-sectorial model and
accordingly the projects of the plan (to be ‘evaluated separately)
are to be chosen on the sectorial leve] by implementing the
sectorial integer programming model. In the second stage, the
effects of the first selection of the plan's projects should be
assessed on the macro as well as the sectorial level. The multi-
sectorial model should be solved again and new “sectorial” values
of the variables may be obtained. Accordingly, the sectorial mo-
del is to be modified and solved again, and if a new solution is
derived then the multi-sectorial model has to be modified again.
The process has to be repeated until no new solution from the
sectorial model is obtained. The convergency of iterationg has
not been mathematically proven. _Such a proof remains open;
however, from a practical point of view this proof is not neces-
sary since the number of the proposed projects of the plan is
finite. Thus one may consider the convergence state of itera-
tions as the state where no new solution is derived by the secto-
rial integer programming model.

-

V. 1. Gerneral Ect-momie and Technical Assumptions :

The model is based on a number of economic and technical
assumptions. The economic assumptions are made in‘accor-
dance with the general economic structure of the underdeveloped
countries. The technical assumptions are related to the input-
output analysis and linear prograinming technique. To make the
model as practical as possible rather than purely theoretical, the
limitation of the available dats would also be considered. Some
of these basic assumptions are ag follows :

Firstly, capital (investment) is g capacity ereating as well
as income generating factor and it is the most scarce resource
in underdeveloped countries. Likewise, foreign exchange is a
scarce faetor ag well ag being a growth limiting factor. There-
fore, one of the main aims of the model is to allocate, efficiently,

the.available capital and foreign exchange among different sec-
tors and projects. )
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Secondly, the rate of growth of the labour force is assumed
sufficient to maintain the rate of growth of output, and as long
as there exists widespread unemployment of different- types, i.e.
labour supply in excess of what can be employed by the available
stock of capital, labour should not be considered ag a limiting
constraint on development. It is also assumed that a certain
level of employment is necessary to be secured despite the labour
cost. This assumption would serve both in :

{(a) Avoiding the most likely social and political disturbances
during the plan period.

(b) Increasing demand which has a positive effect on the
expansion of the economy, provided that consumption
should be within certain limits determined by the plan.

Thirdly, the model maintains general equilibrium between
supply and demand through the balance relations among diffe-
rent sectors of the economy, the policy and behaviour relations
(i.e. balance of payments, consumption and investment levels).
It is thus assumed that prices during the pland period remain
unchanged arnd all goods are estimated at the prices of the base
year.

Fourthly, a simple type of production function (capital-out-
put ratios) is to be usedV, and a suitable treatment to improve
its estimation is suggested. The production technology of the
plan’s projects and its effects on the inter-industry system are
being considered, ie. the new technology of the new projects
which is supposed to be implemented during the plan’s period
is to be taken into account.

Fifthly, the model covers a period of about five years be-
cause in underdeveloped countries political considerations ne-
cessitate that the projects should bear fruit within a relatively
short period of time02.

(11) In this respect, in fact, we do accept the stability of the capltal-output
ratios at least for the medium term.

{12) ¢This limitation 1g not serious in the typical underdeveloped economy,
in which capital goods (except for construction) are normally im-
ported, and hence the possibility of achieving given levels of pro-
duction 1s practically independent of the sequence of investment”.
Chenery, H.B, & Xretschmer, K. [4] p. 368.
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Sixthly, regarding the investment projects of the plan, it
is assumed that they will add new ecapacity in the same period.
However, in practice the gestation period of many investment:
projects may be longer than the plan’s period. In this case the
new capacity should be considered in the present period as well
as the next period. But initially we might assume that the
economy is working at full capacity — the main reason for this
assumption is most likely to be the.lack of data — but if
there are enough data we can consider additional capacity due
to the implementation of the projects in the previous period.

Seventhly, in introducing a distinction between competitive
and complementary imports the model allows the possible sub-
stitution of competitive imports by domestic products,

Eighthly, the income distribution problem is to be dealt with
through maintaining a certain level of employment and consump-
tion limits.

V. 2, Definitions and Notations : N
(4¢.2.1.) Endogenous Variables :
cP is a scalar, C» is a vector of private consumption of
i each sector i at the target year;
I Is a sealar, I is a vector of investment (by destina- .
i tion) of each sector i at the target year;
- M, is a scalar, M is a vector of competitive imports
! of each sector i at the target year;
ﬁi is a scalar, M is a vector of complementary im-
ports of sector i at the target year;
X; Is a scalar, X is a vector of total output of each
sector i at the target year; - ’
-] X
L is a scalar, I is a vector of investment (by origin)
of each sector i at the target year;
Pro;._i Projéct j in the ith gector :, )
I is the output of ecapital goods of ith sector held

by jtt sector ;

Y is the national income,

— 53 —




202 L'EGYPTE CONTEMPORAINE -

(4.2,2.) Exogenous Variables :

C? is a sealar, C# is a vector of government consump-
tion of sector i at the target year;

E. is a scalar, B is a vector of exports level of each

' gector i at the target year;
Px. is a scalar, Px is & vector of output of each sector
J j at the base year of the plan;

B is the desired leve! of net balance of payments;

L is the minimum level of employment required by
all sectors at the target year;

PCa is the existing production capacity (capital stock)
at the initial year of the plan;

fc total financial resources (private and government
saving plus foreign loans and grants) available
for investment (purchasing capital goods) during
the plan’s period;

1 is a scalar, T is a vector of the minimum level of

! investment of each sector i to be maintained during
the plan’s period;

)_(i is a scalar, ¥ is a vector of the minimum level of
output of each sector i to be maintained at the -
target year, 3 . -

FL total foreign loans.

(4.23.) Parameters and Technical Coefficlents :

a,, technical coefficients express the amounts of out-

. put of the ith industry (sector) which are required
as inputs for one unit of output of the j b industry
(sector) ;

C. ig a sealar, C is a vector of the incremental capi-

! tal-output ratio of each sector i of the ecomomys;

f refers to the total plan’s period, eg. five years;
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85 technical coefficients reflecting the proportionate
distribution of the output of capital goods of it:
sector which is held by jth sector ;

H is & matrix of sector-wise incremental capital-output
ratics;

-am . is value (amount) of complementary imports cur-

't rently used in producing one unit of output in sec-
tor i;

am. . is value (amount of complementary imports cur-

rently used for private consumption of commodities
produced in sector i;

is value (amount) of complementary imports cur-
rently used for government consumption of com-
modities produced in sector, i;

is the propensity to save of the private sector;
is the propensity to save of the government sector;

is the elasticity of demand for output of sector i at
certain reference points (per capita consumption of
the output of sector i and per capita aggregate
consumption).

V. 3. The Formulation of the Multi_-Sectqrial Model
Quasi-Static Version)

The mathematical formulation of the proposed multi-secto-
rial model may be written as follows :

n . n n n
(1) E'cf+zl—zM.='zﬁi=Max.

l '
i=I i=1 =l i=1

2 —27 4 _c
(2) -xi,t+Mi,t _?aijx f—la.huxi,t Ci_t
j J
g 2 f-+1 .
C.t+Ei,t_f-—1‘.T'hij Px‘—-f__l.l;‘0

: . " J B
: : ’ G i=12 .. n) _
(t = the target year)
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[ ]
n 1n . n
(3) T gM - IgM — e E = B
i= j=1 j=
n n n I
(4) £ M,—Eam,; X, —Xamp, Cf—- zamg, C =o
i=l i=1 i=l1 i=1
n
®) z w X =z L
i=1
n
6 x CX < fc + Peca
i=l1
1 n I
(M z Cc X — L = ¥ CPx
| i 1 i
i=l i=1 i=1
P P
8 cC z 0.90 (B, ? ¢ + a;) -~
i=12..mn
P P
9 c < 1.10 (B }l: C -+ a)
i=12..n)
(10) 1, z T
(i=12..n)
(not necessarily all i's)
1 x Sz X,

G=12.:mn
(not necessarily all i's)

Initially it is assumed that the objective function of the
multi-gectorial model is to maximize national income at the tar-
get year of the plan as it is the ultimate aim of economic de-
velopment, i.e. to maximize Y where,
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Y=ch+zcig+zl£ +IE—x—M —xM,
i i i 1 i i

i=12..... n = total number of the sectors of the
economy) But Cig and Ei are assumed to be exogenously

determined ; therefore the objective funetion becomes as stated
in relation (1). The coefficients of the variable of the objective
function are assumed to reflect both the government qualitative
policy regarding the desired distribution of the standard of liv-
ing (per capita consumption) between different social classes, -
the production structure consequent upon a given alloeation of
gross capital formation, and imports policy. In practice, the
coefficients of the preference function can be chosen so as to
reflect the politician’s point of views), Initially, it is assumed
that there is no particular qualitative policy regarding these
variables. "So all the coefficients are assumed to be one. Other
economic targets like the necessity of maintaining certain levels
of private consumption and investment. are to be dealt with by
formulating suitable set(s) of constraints.

System (2) reflects the balance relations .of the economy,
Here, input-output analysis is used to ensure-that output is
uniquely determined as a linear combination of multi-sectorial
demands given certain technological coefficients and final de-
mand. This implies that the output of the whole economy must,
in equilibrium, be equal to the sum of inter-industry (interme-
diate) demand for inputs plus the sum of “final demands” for
output. In contrast to the open “version” of Leontief model
where all final demand categories are exogenously determined
outside the model, the closed Leontief model — which we follow
considers private consumption, investment, competitive imports
as endogenous variables, whereas the other final demand cate-
gories, i.e. government consumption, exports and net inerease

—_—
(13) Professor Ranger Frisch [8] belleves that a compromise preference

function (of dlfferen_t. targets) as well as a compromise weight of the
coefficlents of this function 1= possible to achleve, .
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of inventory (if available) ¥ are exogenously estimated and
hence the output required from domestie production gectors plus
the level of competitive imports to meet those types of demands
are determined endogenously by the model. Mathematically

n
r - . P
)(idrleri-—]_'ila.lj X, —C =1 =C +E @- a)

The transformation process of investment by destination 1
into investment by origin I* is conceivable by multiplying the
sector-wise capital-output ratios by the corresponding level of
output. Explicitly :

here, e % e 2-
where IJ CJXJ_ (2-b)

}_('j is a scalar, X is a vector of net increase of output of j
sector, But I; consists of various types of capital goods and
if this structure is given then the proportionality of I; among

these capital goods can be assumed.

ie. I; = 8y 1 e (2 — C)
clearly % g8 = |
J
By (2 — b) and (2 — C) we get
Iij = uij Cc X
or
. = h,. = (2 — e)
ij i
where,
hij = Bu' Cj

In a matrix notation, relation (2-e) can he rewritten as

‘1*=HX

(14) Net change in stock during the plan’s period may be assumed to be
nil algebrically. At the same time inventory value 1s generally of
.po significance in the underdeveloped ccuntries. Thus we omitted
inventory from the final demand categorles.
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Relation (2-e) may, therefore, be rewritten as follows :

. — P .
Xi-{-Mi—-Eainj—Ehinj Ci +Ci +Ei 2-p)
i - i

. i=1=..n)

For a certain period of time (say five years) relation 2g)
is of a static nature. It implies that investment has to be spent
in ‘the target year of the plan®®, This is not a very realistic
assumption. In this respect a “guasi-static” approach which is
being suggested by A.R.G. Heestermand® is more realistic. It

- considers the dynamic nature of investment over time by assum-’
ing a linear time path for investment over time. Mathematically:
f—1 .
tEo IL* = 15 (£3D) I + 15 () I (2-h)
By (2-h), (2-e) and (2-a), we derive the ‘quasi-static”
balance relation as stated in system (2).

System (3) reflects the foreign trade balance. In most
underdeveloped countries, the balance of payments imposes a
constraint on investment programmes for development. If the
imports level decreases, the gross national product will accord-
ingly decrease unless investment is directed to import substitu-
tions and to increase exports level. In order to avoid bottlenecks
in the economy during the period of the plan and to explore the
scope of substituting competitive imports by domestic products,
imports are assumed to be of two types; competitive and com-
plementary imports. Competitive imports are assumed to be
homogenous with products of the corresponding domestic sectora
and thus they could conceivably be replaced by increasing the
level of domestic output. Complementary imports are those
required during the period of the plan, where it is not possible
to produce them locally. Thus complementary imports used for
government consumption are assumed to be exogenous.

1

(15) In relation (2-g) the capacity creating effect of investment iz taken
ioto account, and if we are Interested only in-the change of the

variables over two polnts of time say t, t + 1 then this relatinn can
be considered as a dynamic one.

(16) Heesterman, A.R.G. [8], pp. 91-92.
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Exports are assumed to be determined exogenously on the
basig of the following :

(i) the trend of exports in previous years;

(ii) the demands of the foreign markets and the possible .
change of prices at the foreign markets during the
period of the plan;

(ifi) the official foreign trade agreements with other govern-
ments.

For the desired level of net balance of payments (B) three
cases are possible :

(i) If B > o, then B is the maximum deficit allowed;

(ii) If B < o, then B is the minimum surplus which must
be achieved;

(iii) If B = o, then we have an equilibrium state i.e. total
exports plus net income from abroad and foreign loans
are equal to total imports plus net income to abroad.

System (4) is the definition constraint of the non-competi-
tive imports.

System (5) expresses the employment “gocial target” con-
straint. One of the main aims of the economic plans in under-
developed countries is to ensure a certain level of employment.
This constraint (objective) may be in some sectors a binding
one because of the necessity of avoiding any social or political
disturbances resulting from the existence of widespread unemploy-
ment (real or disguised). The formulation of this constraint
does not mean that the model considers labour as having no
social cost, which may be true in some cases, but the approach
of the model to the employment problem is to appreciate the
social and political conditions for the success of the plant’s
implementation rather than for a purely theoretical considera-
tion.

Equation (6) deals with the capital requirements. Total
capital available to finance investment projects of the plan should
be exogenously estimated, and its allocation among different
sectors is based on sectorial capital-output ratios in addition to
the other constraints. Total financial resources (fc) are assumed
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to be determined by the propensity to save and by the economie
and political capacity of getting t‘oreigq loans. .

Equation (7) is the definition constraint of investment. It
is derived from its basic relation as follows :

Ii = Ci_ X; — PX) - . “
and )
n n n
ZCGX — = I; = Z C; PX;
i= i=l i=]
where, -

n .
£ C PX; = PCa

Systems (8 to 11) are behaviouristic constraints related to
the minimum level of private consumption, investment and output
variables during the plan’s period. The economic Justification
of these constraints is the fact that the present allocation of
production and resources in the underdeveloped countries is far
from being efficient. Thus it isg necessary to avoid the possib-
ility of having a situation whére the level of these variables at
the target year would be below their levels at the basic year.
This situation would create many economic, social, and political
problemsD. From the technical point of view, these con-
straints should not be introduced in order to force the behaviour
of the model in such a way that the level of certain variables
would follow a certain path of growth. The whole gystem should
not be overdetermined. In particular systems (8 & 9) are
related to private consumption. It is originally based on the
assumption that the level of private consumption from the out-
put of sector.i may be considered as a linear function of total
Private consumption via the elasticity of demand :

(17) This implies a eertaln qualltative policy where it 1s possible elther
to consume in the present anpd postpone investment later om, or to
consume and invest simultaneoyaly. The latter case {s belng follow-
éd and this entalls a certain level of saving,
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P
}-‘:Ci+ai
1

a; is a constant at the same reference points
corresponding to sector i
But this treatment may make the model very rigidi®, A
more flexible assumption is to assume that the consumption pat-
tern is able to vary within about 10% of the range of either side
of the Engel curves as we have stated in (8 & 9)uyn,

System (10) is introduced in order to ensure a certain level
of capital accumulation during the period of the plan, ie it is
necessary to determine the'lower bound of investment at the
target year which should be at least equal to the level of the
base year. This set of constraints is also required to tackle the
situation where certain amounts (values) of investments are
being already implemented as a part of the costs of projects dur-
ing the previous period.

System (11) states that the production lIevel of each sector
of the economy should be at least the same level a3 that of the
base year. The rate of output growth, however, is to be deter-
mined endogenously by the model.

(18) This relation is a linear approximatien cf the following non-linear
function :

P o X (&)

; N ai

P
z C P
. 1,0 C
at a reference (forecast) point (

i » _od
No No

where,
N is population

ai expenditure elasticlty for sector 1 (commodity i) estimated for
cross section and time serles of comsumer behaviour.

See Bruno, M. [2] and Simpson, D. [15].
(19) See Brunmo, M. [2] and Simpscn, D. [15].
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1

N
V. 4. THE FORMULATION OF THE SECTORIAL MODEL : -

For each sector of the economy (i.e. for i- where i=-1, 2.
n), the mathematical formulation of the 0-1 integer model may
be written as follows :

r

1) =z ‘(.SMP)ij Pro = Max.
J=1
r -
i=1
j=1 X
I
iy
J=1 ]
r r
(3) .E qj; Proy _ 2 E
j= ‘
r\
i=1 '
(7) Proij =oorl oo~
‘ T (i=12..n)
- (=12 ... 1)

The sectorial model is of 0-1 integer programming type and
it is assumed to be used by different economie departments (ED)
corresponding to different ‘sectors of the economy in order to-
select the plan projects from a proposed list. Before applying
the sectorial model, each department should evaluate all proposed
projects according to a certain investment criterion. In this con-
text social marginal productivity (SMP) is being suggested as a
yardstick for evaluating each of the proposed projects in each
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sector. SMP concept may be defined as the effect of inereasing
one unit of investment (capital) on several dimensions of the
economy as the national balance of payments and total output@®,
The values of SMP's are then to be used as the coefficients of
the variables of the objective function of the sectorial model
which is to be maximized. Each variable of the objective func-
tion represents a proposed project. (equation (1) ).

Different types of constraints are being considered. These
are related to the following economic relations : *

(i) Total output of the selected projects of each sector of
the economy should not exceed total output of the
corresponding sectors which ig endogenously determined
by the multi-sectorial model. Practically such a con-
straint is not necessary because of the existence of the
capital constraints®). This relation is expressed by
equation (2).

(ii) Total imports of the selected projects in each sector
of the economy should not exceed the permitted level
of imports of the corresponding sector {equation(3) ).

(iii) Total exports of the selected projects in each sector
of the economy should be at least equal to the total
level of exports of the corresponding sector. (equa-
tion (8) ).

(iv) Bquation (4) states that total employment of the
selected projects in each sector of the cconomy should
be at least equal to the corresponding level of employ-
ment which is endogenously determined by the multi-
sectorial model.

(v) Total investment (capital requirements) of all selected
projects should not he more than total investment allo-
eated to the corresponding sector by the multi-gectorial
model.

(20) This definition coincides with Chenery's definition (Chenery, H.B, 31
whereas in AE. Kohn [10] the SMP 1is defined as the marginal
unit of investment to matlonal product only. Professor J. Tinbergen
in his definiticn to the natiomal welfare implies the same meanihg
of our definitlon. 'Tinbergen, J. [16].

(21) This point s to be clarifled in section (V. 8, (i) ).
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V. 5. PLANNING MECHANISM :

The planning process suggested here is of two stages, In
the first stage the multi-sectorial model is to be constructed and
solved by CPO; therefore, the values of output, private con-
sumption, gross capital formation, the number of employees and
a first approximation of .the allocation of the available resources
- (capital and foreign exchange) among.all sectors of the economy
are determined. These values represent the desired changes in
output, private consumption, investment, imports and employ-
ment level, which has to be achieved, during the period of the
plan. Then after deriving these’values the CPO will instruct
. the corresponding ED’s to use these values as either upper or
lower bounds of their corresponding constraints-of the sectorial -
models. In this stage the planning process is carried out not
only on the macro and sectorial levels, but also at the project
levely at which the ED’s should evaluate each proposed project
according to the SMP criterion. Then the sectorial model ean
be applied for each sector in order to select 2 number of projects.

The implementagion of each selected project.— determined
by the final solution of the sectorial model — will affect the path
and the rate of growth of the economy. The -net increase of
output, investment, imports and employment will contribute to
the expansion of the economy by affecting intermediate demand,
imports, the level of ‘employment and of course the level of in-
vestment and private consumption.™ So in the second stage the
.CPO will take all these effects into account and improve the
first solution obtained from'the multi-sectorial model at the first
stage according to the changes brought about by the implementa-
tion of ‘the selected projects durmg the plan’s period. Thus the
multi-sectorial model should allow :

(i) Changes in coeft‘icientsa of the teéhnology matrix (input-
output ratios) by taking into consideration the new tech-
nology of the selected projects. This means that the values
of the intermediate demand would change as a result of,
implementing the projects of the plan. Consequently the
level of private consumption, total output and its allocation
among the corresponding sectors would be changed. This
modification makes it possible to take into account the
effect of the new technology used by the selected projects. :

.-
N — B3 — )
.(B)
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(ii} The increase of imports and exports cbtained from the
first stage will affect the values of the economic variables
the second stage as follows :

(a) In the case of a deficit, if the values of the exports
level are greater than the level of imports, the deficit
gap will be reduced and this of course would improve

. the balance of payments. But if the values ofimports
- dre greater than exports then the gap becomes wider
and this would worsen the balance of payments.

(b) In the case of & surplus, ie. the values of exports
are greater than imports, then the lower limit should
be raised into a higher new level and this of
course hasa positive effect on the balance of payments,
whereas if the values of imports are greater than
exports, then the new lower limit will be less than

. )
the first stage.

(iii) The first approximation of capital-output , ratios will be
adjusted according.to actual figures of output and capital
of the selected projects. - q )

V. 6. ON THE MATHEMATICAL STRUCTURE OF THE
MODEL : .

(i) The multi-sectorial mode! : The nuraber of the endogenous
variables of the model as it has been stated in section (V. 4)
is greater than the number of total constraints. From a
mathematical point of view this means that some of the
activities (total number of the variables minus the number
constraints) will have zero value. From the economic point
of view this situation may be unrealistic because unless an
economic justification is explicitly given, in terms of con-
straints, all economic activities should be always positive.
This situation requires the following mathematftal modifica-

' tion which will reduce the number of the variables without
affecting the structure of the model.

Using the definition constraint of the non-competitive
imports (system (4)) the objective function can be written
as follows : - ' .
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n p n ' n n n
Maxzc —i—EI-EM—( i X;+Za : G
i o, .~ “mp, i
i=l i=1 i=l1 i=1 i=1

P..

.+i§lamg,icig)

In the second and the consequent iterations the incre-
mental ca.pltal-output ratios, input-output coefficients of the
interindustry system and input-output coefficients of the com-
plementary imports are to be adjusted to Ciaj, and am;
respectively. .

(ii) The sectorial model : In practice it is possible that we may
face the situation where in order to satisfy the optimality
conditions of the sectorial model it might be necessary not
to choose a certain proposed project which is.more or less
near the efficiency frontier as determined by the model itself.
Such a situation may arise due to two reasons :

(a) the nature of the integer type problem where most
likely some of the available resources would be wasted;

(b} the limited number of the proposed prgjects.

Both reasons are beyond the planner's control. With regard
to the first one, since the variables take the integer values of
either zero or one then from a mathematical point of view there
is no alternative. 'Concerning the second reason, in reality the
number of the proposed projects is really limited, in fact in some
cases the number of the proposed projects is s6 small that there
is no need even to compare between them looking for the most
efficient one. However, to deal with such problems we may
change the direction of the constraint related to the sectorial
output level. Economically this is justified by the existence of
the investment capacity constraint on the sectorial level as well
as on the micro-level. Actually there is no harm in producing
more output — provided no extra capital is required — or in
other words by changing this constraint the model restricts the
activities of the total number of projects of each sector to maintain
a minimum level of output. This would be consistent with the
behaviour output constraint of the multi-sectorial model. There-
fore, the constraint of the sectorial model would be :
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r N
- pX dij Proij = X (where i = 1,2 ... n)
i=l1

In contrast fo the multisectorial model, the exports and
“imports constraints of the gectorial model are dealt with
separately., The economic reason for this treatment is the need
to maintain a certain level of exports and not to exceed a required
level of imports. But as an alternative, one may suggest that
both constraints could be added such as the following :

r -
j=1

Mathematically this may”’be useful because it reduces the
number of the constraints and therefore it would increase the
degree of freedom for each variable to take different values.
But from the economic point of .view the algebraic values of
both exogenous constraints (imports and exports), and the coef-
ficients of the variables (mjj — gg) may not-lead to satisfying
our basic assumptions regarding the desirable levels of exports
and imports. .

-

-

V. 7. A MULTI-PERIOD VERSION OF THE MODEL :

The muiti-sectorial model of one period could be converted
to a multi-period model which would help in deriving the annual
values’ of the endogenous variables involved, ie. to formulate
a detailed annual plan. The practical problems are the only
restrictions which may prevent the application of the multi-
period model instead of the multi-sectorial “guagi-static” model.
These problems can be summarized as follows :

(i) The number of the variables and the constraints will increase
five times (in case of the five year’s plan) and this may
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make the task of solving the model rather difficult by the
aveilable “computer” capacity.

(ii) The application of the multi-period model requires the annual
values .of the exogenous variables. This is not really a
serious problem as long as the aggregate values of the exo- .

- genous variables are usually derived from the annual
estimates, .

* The:multi-period model can be constructed by adding only
another set of constraints to link two successive pericds by
- dynamic relations of investment and the existing capacity dur-
ing the annual periods of the plan. This dynamie relation can
be defined as follows. Total investment at the end of period
(t) should be greater than or equal to the level of production
capacity at the end of the same period minus production capacity

at the end of the previous period, ie.:
EL = Z:Cyy — I Cay, ) _ e (a)

1 1 . 1
J_where,
]

- Ca is a scalar, Ca is a vector of production capacity ‘of
= the ith gector. -

but, . .
where, ° ) _ o
Ci is a scalar, Cis a vector of capital-output rati-o of the
ith gector, ' - ' o
Xt is a scalar, X is a, vector of output ‘of ith sector at
period t. ~ : t
- similarly, ’
Cap-1 = G X (=) . (e)
by, (b) and (c) we get '
Cit =0y =G (X — Xiop) - .
or, ‘ _ :
Le=G (X=X, ) ST

— 09 —




278 . L'EGYPTE CONTEMPORAINE '

=% G (X~ Xj-1)
i i '
at time t = 1, we have
z Xi,t'—-l = PCa
; :
where,
PCa lS the production capacity of the economy at the initial
year of the plan.

During the whole 'period (ie. t = 1, 2, 3, 4, 5) we have,

TG Xi,.t < PCa 4 Z Ii,l

i i

The objective function, balanced relation, and foreign trade
constraints may be mathematically wntten as follows :.

ii) The balanced constraints :

_ «n P n n
to maximize = I C + 2 I — E-M. t
- =l bt g B oim
o n n p n P
—_ ¥ a .X 4+ Xa C.+Ea.C)
(i-_—l mi ‘i, t i=1 mptL 1 i=1 mgi 1
vt =12 ... 5
ii) The balanced constraints :
n n
r : g
Ml,t + Xl, Ea x C]’t——E hl] Xj’t gci,t-‘i" El,t
G=12 ...... n)
it =12 ...... 5)
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iii} Foreign trade constraint™

n’ noo. . n n -
T oM+ 2 oay X SB+E o B+ ag;Cl
i=1 i=1 : =l i=1

. o

P -
A . + Z 2 mgi Ci,t
i=1
(t=12..5)

w s

V. 8. Some General Remarks on the Model :

Flrstly, the - lmeanty agsumption among the variables of
both the objective function and the contraints may not in some
cases reflect reality where relations are non-linear. The only
justification of this assumption is the practical deflculty of both
formulating and solvmg the model. *

Secondly, with regard to the gestation period the model
has a shortcoming and thlS is caused by practical difficulties
- arising especially when derlvmg the initial values of investment
of the projects under construction. However, a suitable modifi-
cation for the constant values of the sectonal model may be -
adequate to deal with this problem,

Thirdly, the sensitivity of the multi-sectorial model could
be easily tested by changing the parameters (coefficients) of
the investment constraints (ie. incremental capital-output ra-
«tiog), and by changing the value of the exagenous variables the *
impact of these variables on the pattern of growth can be shown.

Fourthly, the application of the sectorial model — for each
sector of the economy — depends on the assumption that there
exist many alternatives for proposed projects, and a complete
list of them is to be ready. In practice in some sectors e.g. ser-
vices, this may be difficult to achieve,

Fifthly, some practical problems; (i) in the case where
it is proposed to expand an existing project rather than building
"8 separate new one; this problem can be dealt with by revaluat-
ing the old.project with its new expansion and ean be considered
\as any other proposed project. In such a case the only measure
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to be taken when applying the sectorial — model is the modifi-
cation of the values of the exogenous variables which are to be
used in the sectorizl model, e.g. :

xl is to be XI “+ Pil

where,

- ' ’
Pxi is total output of the old project to be yielded during
the period of the plan.

ii) Some of the projects have been under construction before the
implementation of the plan. In this case there is no point in
evaluating the project again, but it is necesgary to substract
imports required by those projects from the imports values
which are derived endogenously by the multi-sectorial model.
Capital is also to be subtracted and labour and export values
are to be considered at the stage during which we estimate
them exogenously.

iii) Some projects will be completed after the Plan’s period. In
this case we have to add to the endogenous values of total
sectorial imports, total sectorial capital and to the exogenous
values of labour and exports all the values of the corres-
ponding variables of the proposed project.
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