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A Model To Develop Egyptien Agriculture To

Solve The Problem Of Unemployment And Low

Per Capita Income in Egypiian Agriculture
i. M., I. Arman¥**

I: Introduction

This paper describes research into an optimization model
for Egyptian agriculture using computerised linear'programmihg
techniques vhich could greatly increase labour absorption,
whilst requiring very 1ittle capital, and could increase ag-
gregate farming profitability.

The background to this research is the failure of Egypt's
development policies to solve the increasing problem of surplus
labour and disguised unemployment in agriculture. It should be
stressed nere that from the sppraisal of the development strategy
‘and theory on which it is based on, it can be said here that
the failure of the applied strategy and policies, is due to the
A_fact that many of the assumptions and arguments for the cpplied
strategy'and policy of encoﬁraging industrilization are not
applicable to Egypt, where the country has remained relatively
poor and has been and still is unable to provide the enormous
amount of capital investment required to accelerate the rate
of development of the industrial sector in order to solve the
problems of agricultural.labour and disguised unemployment in
agriculturel. In the light of this capital constraint and the

*Phe Author whishes to extend his thanke and gratitude to lir.
R.F.De La Mare, Senior Lecturer in Bradford University who has
helped the author in building the mndels ’ ' :

*% Dr. Armsn is the Senior Econpmic,Planning& Manpower Consultant
to the Ninistry of Manpower And Vocational Training,Cairo-Egypt.

1.The applied development strategy and policies were presented
and discussed and appraised in Chapter 2,3 and 4 of an un pub-
lispned FPh.D. thesis presented by Dr. Arman in 1976 to Wales
Universitiy; also in a paper published in 1981 by the same auth-
or. : :
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the fallure of the adopted strategy to fulfll its objectives,
Egypt has to contlnue to rely on ‘agriculture as the mainstay
| of her economy and solutlon to the growing employment problems
are 1ncreas1ngly being sought in agriculture, Policies for
agrlculture are being sought that will increase its income and
employment in the sector and provlde greater investable surplus
for it, The development of agriculture along with labour inten-
. sive strategy was found to be a more appropriate method of
stlmulatlng economic progress.. It is this new approach that
has made~the objective of this research to seek to identify
a plannlng model for Egyptian agrlculture, which can contribute
towards finding a strategy to meet these objectives.'Thé model
is an optlmlzatlon model which intends to contribute towards
dentlfylng a cropping pattern that will be both practicable
and will increase both labour abso;ptlon and farm income beyond .
their ex1st1ng level,

The following parts of this paper are concerned with
outlining the optimization model, discussing the data used for
the matrix as are the various constraint and assumptions used
during the running of -the model until finally a successful
solution was acheived.

II: Methodology

. Linearvprogramming. The optimization model concerned
can be described as a mathematical tnol which can be used to
describe and anaiyse the existihg relationships between the
avaiiable resources and enterprises on the f:rm, regardless
of whether such relationships are explicitly ox implicitly
involved in the formulation of the progrcmme. It can also be
used to express and transform these relationships into quanfi_
tative terms and to indicete the optimal use of the available
resources, as well as to identify a cropping pattern that will

be both practlcable and will increase both labour absorntlon
and farm 1ncomes beyond thelr existing levels,

The sugges*ed model is based on the assumptlon vhat in

any optlmlzatlon problem there are constraints whlch limit the
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solution., These constraints, or limits, reflect the minimum
‘and maximum reQuirements that can be met. The suggested model
applies the 1inéar programming methodology of computation.

The methodology is entirely a mathematical technique which
determines the optimal solution of a problem. The economic
content of the linear programming methodology is entirely nil.
The methodology is based on the assumntlon that all the
relationships between the variables involved are of a linear
typel and that the linear function of the problem is minimigzed
or maximized subiect to a system of linear non-negat:ive
inequalities. The general format of the model is to find
values for the variable 2 =( j=1, ..., n ) that maximize:

Y = ylzl + y2Z2 + eevovoeoe ynzn ' (1)
Subject to:

and Zj ) O ) j =1’..l,n (3)
Where the parameters Vi » aij and K. may be positive, negative
or zero.

The standard format given by equation (1) to (3) is
quite general, and if a linear function to be minimised the
problem may be written in the standard format by maximizing the
negative values. If a constraint is of the linear form >. ,
the inequality may be reversed to conform to ( <:) by multl-
plying through by -1, If the ( i th.) constraint is a strict
equality, it may be represented by two weak inequalities £
and ), . The second inequality may then be reversed by multi-

plying through by -1.

To prepare algebraic solution for a linear programming‘

1. Baumol (1965), pp.70-75, 270-271; Henderson and Quandt (1971)
PP.334-335; Barnard and Nix (1972), pp.281-371; also

Dorfman et al. {1958), pp. 1- 34.
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problem by making use of a computer will require two basic
sets of inputs. The first concerns the problem itself and is
contained in a matrix or a two-way tablel. The second set
conéerns the programme and consists of instructions about the
menipulations to te performed on the matrix. The validity of
the solution obtained by making use of a computer depends not
so much on the computer as on the accuracy of the data on
which computation is based as well as on the skill and under-
standing with which relationships between the variables are
translated into the matrix form.

It should.be stressed once more that the validity of
the solution obtained by making us of a computer depends not
so much on the computer as on the accuracy of the data on
which the computation is based, as well as on the skill and
understanding with which relationships between the variables
are translated into the matrix form.

1II: The Hathematical Formulation Of The

Optimization Model For Egyvtian Agriculture

The model concerned employs lincar programming
techniques to determine:

(i) which of the 75 crops, cultivated under the present
pattern of production in Egypt, to choose to satisfy
" the given objectives;

(ii)the required area of e-ch of the chosen crogs to cult;yate
to fulfil the given objectives.

It should be noted tast the model was built to investi-
gate the possibilities of identifying a solution to the growing.
employment problems in agriculture. The general format of the

1. The size of the matrix is specified as m x n where m is
the number of rows and n is the number of columns.
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model can be summariseé in the following way:-

Let bikj be the level of ith activity in land type k
in month j;

Py be the level of profit per feddan (the unit of
production) of activity i in land k, where
profit is egual to the gross income of one
feddan of activity i ir lend type 1 minus the
cost of cultivation of one feddan with activity

i in land type kj;

1abikj be the level of reguirement of labour input to
cultivate, =ervice and harvest cnec feddan of
activity i in land type k in mcnth J;

watikj be the level of requirements of water to irrigate
one feddan of activity i ir. land k in month J;
Xikj be the permitted land reguirement of activity i in

land type k for month jj;

Ly be the land constraint of type k in month j; land
should be used to cultivate the most profitable
crop for the farners, as well as absorb addit-

ional labour;

Ij pe water constraints in month [; whiclh should not
be exceeded;

D be the binding on activity i; which can satisfy the
given objectives such as sustaining the level
of acreage cultivation with cash and foreign
exchange Crops;

Mj be labour constraints in month J; which shoul be ex-

hausted to solve the problem of unemployment
partially in Egyptian agriculture.

Then, the objective function is

4

75
Max Z z-_ Pk Xik
i=1

k=1



Subject to:

1. mand constraint of the form

75 12 4
y } 5- Pixj Xikj &ij
=1 k=1

i=1 j

2. Labour constraint of the form

75 12 4
E E E 1abikj Xikj §§§NH
i=1 j=1 k=1 >

3, Water constraini of the form

75 12 4
E E E watiyy Xikj <I;
i=1 j=1 k=1

4. Boundaries constraixt of the form

75 4 _
> Z by X Qi
“ia k=1 |

Where:

(i= Ww + SS + Nn + Vv + Hh = l, 2, 3, eeo0eo oy 75),

(W, = winter crops = 1, 2, 3, «...y 10),
(Sg = summer crops = 1, 2, 3, eoey 1),
(Nn = Nile crops = 1, 2, 3),

(H, = horticulture crops = 1, 2, 3, 4),
(v, = vegetable crops = 1, 2, 3y eoeee),
(k =1, 2, 3, 4),

(j = 1’ 29 3’ 4, EEEEE) 12), and

(b is parameter).

The relationships between resources and activities in
Egyptian agriculture were coded into a form saitable for pro-
cessing by linear programming; The matrix shown in Diagram 1
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illustrates the general layout of the translated relationship
between resources and activities., The activities head the matrix
since the first entry is their contribution to the objective
function, the latter constitutes the first row, the level of
resources and constraints appear'in the first column of figures,
while the input requirements and output contribution of the
activities appear in the body of the matrix. The size of the
matrix is specified as 148 rows, which represnt the ¢ifferent
constraints (i.e. land, vater, labour, profitability of each
crop per unit), x 174 columns, which represnt the different
crops which &ould be cultivated on the different grades of

the agricultural land. It is not necessary to write the dis-
posal activities as these are formed automatically in the
computer from-instructions given in the programme. The matrix
is interpreted vertically. Reading down a column shows the
amalgam of resources and constraints required by a particular
activity together with any output from it; while reading
across a row shows the demand and supply situations in re-
“spect of given resource or constraint. The function introduced
here is linear because, irrespective of the actual level of
chosen activity which may range from all activity A and no
activity B to all activity B and no activity A, their net
profit and their unit requirement of input resources (i.e.
labour, land, water and other fixed resources) are assumed

to remain unchanged.

- The validity and yiability of the model will be discussed
in the following part of this paper.

IV: The Validity And Viability of The

Optimization Model for Egyptian Agriculture

1

Appraisal of method~. The choice of the linear program-

ming methodology for constituting and analysing all the existing

1, The evaluation is based on Baumol (1965), pp.70-75, 270— Tl
Henderson and Quandt (1971), pp324- 35; Barnard and Nix
(1973), pp. 281- 371; also Dorfman et al.(1958), pp. 1-39.
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relationships between the available resources and enterprises

on Egyptian farms to specify the optimal solution for the em-
ployment problems of Egypt does not mean that the chosen method
is necessarily the best one which could be used for national
economic planning purposes. The method was chosen beccuse it

was a convenizant method which could fit in with ths availability
of both the data and computational facilities. For this research
it could provide acceptable results regzrding the'real farm'
situation. Other method such as dyramic linear programming or
input/output analysis could have served the purpose of this
study if the required information and computational facilities
had been available. However, Linear programming may be appraised
under two headings. The first concerns its conceptual character-
istics as an optimization techniques. The second concerns ite |
practicality as a practical planning tool; ‘in-short, its

. operational feasibility. '

1) The conceptual characteristicsl. The conceptual characterist-

ics of linear programming may be appraised in the following

four points,

(a) The first main advantage of linear programming compared
with other optimization techniques such as integer programming
and Mont Carlo method is that complex situations can be studied
in a more comprerensive and realistic manner because computations
are carried out by the computer and not by the planners. For
example, a problem may be studied in greater depth, as when

in planning a livestock farm a whole range of potential feeds-
tuffe is included instead of the simplifying assumption being
made of a set pattern of feeding which may be unavoidable with
budgeting and programme plenning. Or again, a far greater ran e
of plans may be encompassed by changing the assumption in re-
spect of resource availability, prices and input/output coef-
ficients, because of the ease with which fresh data can be in-

1, This point is based on: Barnard and Nix (1974); Carlsson
and Lundgren (1969); Dorfman et al. (1958); also Luftsgrand
and Heady (1959).
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corporated and new solutions obtained. In this way, the farmer
can gain a general picture of the lines along which the farms
might develop instead of just a single solution based on present
resources and practices, On the other hand, other technigues
such as Integer programming or the Monte Carlo method can be
very costly; nor they do provide a greater range of plans,
because of the limitations on their use}.

(b) The second main edvantage of linear programming compared
with other methods of optimization is that linear programming
gives a greater degree of objectivity than other techniques
because, in the process of collecting and énélysing‘data for

the construction of the matrix, issuses such as the welfare

- economics of the farm; decision-making from the programming
standpoint, etc., which might'be glossed over in other methods .
of planning, have to be faced. For example, the need to specify
labour availability and requirements on arable farms means that
this aspect is more likely to be critically reviewed than would
otherwise be the case. Or again, the task assembling planning
'déta can be a salutary excrcise for the farmer, because it shows.
him just how much he does and does not know of the many resources-
enterprises relationships on his farm which may be vital to
successful busipeés management., On the other hand, other tech-
niques such as Integer programming do not provide this great
degree of objectivity and in most cases do not give an Opiimal
solution for the given problem2.

(c) The third main advantage of linear programming is that it
directly produces'an optimal solution for any problem wheras
other planning techniques are unlikely to do so or likely to
do so only in a simpler case3. .

1. For further detail, see Barnard and Nix (1974);: also Baumol
(1965).

2. For further details on Integer programming and the point
raised, see Barnard and Nix (1974); also Baumol (1965),

3. Barnard and Nix (1974); Boumol (1965); also Carlsson and
Lundgren (1969).
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(d) The fourth main advantage is that linear programming is
relatively cheaper to run and does not require a complicated
system or language like systems dynamicsl. Similarly linear
programming does not require as muéh data as the Monte Carlo
method or systems dynamics. All information and data required
to build a linear programming matrix are available for Egypt.

2) The practical characteristicsz. Criticism has been levvelled
against the practical characteristics of linear programming

as an optimization technique. The first point of criticism is
that the benifits of producing a unique optimal solution by
linear programming are averstated. This is because:

(2) The optimal solution produced is optimal only in terms of
"the efficiency with which that matrix has been constructed

and the accuracy of the data.

‘(b) Solutions produced do not represent the ‘real farm' situat-
ion, therefore these solutions should be interpreted too lite-
rally, but rather should be used as a signpost to potential
‘development. In practice it would be exceptional for a first
solution to be adopted in its entirety.

(c) There are likely to be other solutions that may differ

quite fundamentally from optimal solutions, but which have
almost as high a total revenue and which may be more acceptable
to the farmer, perhaps because they involve less change or are
considered less risky. Consequently, the danger that the optimal
solution may blind the planner to other potential avenues of

development is there.

(d) Optimal solutions may not be optimal in terms of profit
because it is net revenue that is being maximized. This may
result in an activity entering the solution at a level that
of specialized machinary.

1. Coyle (1974).

2. The argument here is based on Dorfman et al. (1958);
" Loftsgrand and Heady (1959); Barnard and Nix (1974);
'~ also Henderson and Quandt (1971).

N ——
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These criticisme can be disputed. Solutions produced
by linear programming continue to be.optimal as long as the
prices of the input variables are unchanged. Similarly, they
are optimal in the sense that they .dig deeper than other
methods to find the solution which maekes the best use of the
scarce input resources as well as the inrut variables that are
found in excess. Also they are optimal in the sense that they
include the'real farm' situation in building the matrix, when
all information involved is real and obtained from the produc-
ing units. For example, solutions may suggest that some of the
resources in excess supply may be discarded or intensified to
make the best profit out of tham.

The second main criticism of linear programming is that
it is not a practical o»timization tool where it calls for a
large volume of very precise data which is unlikely to be
available, for example, for Egyptian farms. Similarly, since
it is a computer technique that requires a specialized know-
‘lédge of matrix building and access to a computer laboratory

- with trained staff, it is not likely to be a practicable

technique for Egyptian farms.

This eriticism can also be disputed. Linear prograiming
compare with other optimization techniques such as the Monte
Carlo method or Systems dynamics, does not require as much
detailed information and data. In addition, in areas where
there is a reasonable homogeneity of at least some of the
major resources, particular natural factors such as soil
types, topography and climate( as is the case in Egypt),
linear programming can be used to obtain solutions for a
'representative Model' farm situation in order to guide
planning on individual farms. In such cases, the necessary
information and advisory services on farming and resources
utilization could be collected and undertaken by governmental
agencies, In this way the difficulties relating to collection
of data, access to a computer and cost of operation could be
overcome, o

The third criticism of linear programming is that it



