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INTRODUCTION

This paper presents a multi-sectoral, multi-period quadra-
tic programming model of an economy which depends on the
production and export of one primary product and in which
foreign trade plays a major role. The model is intended to ans-
wer the following questions :

— What is the optimal allocation of primary factors between
the main raw material production and the other alternative
uses ?

— If there are different varieties of this main crop, what is
the optimal production of each variety ?

— How should the crop be distributed between exports and
domestic industry, which eventually will lead to promoting
exports of manufactured or semi-manufactured goods or
will substitute for initial imports ?

— Finally, assuming the country has a large share of the world
market for its main crop and that it could affect the world
price, what are the prices which would maximize the net
foreign exchange earnings of the economy ?

The model will be developed to fit the structural features
of the Egyptian economy. However, it may be more generally
applicable to the group of raw material producing countries
which have a large share in the total world production and trade
of the raw materials they produce. The model will be fitted
with nine producing sectors involved in the growing and manu-
facturing of cotton either as direct producers or as suppliers of
intermediate inputs and capital goods to the cotton producing
sectors. The nine sectors produce respectively the following
commodities :

This paper is a summary of the Doctoral Dissertation submitted by the
author to the EHiconomics Department at the Massachusetts Institute of
Technology, in August 1967.



166 L’EGYPTE CONTEMPORAINE

1—Long-staple cotton @

2—Medium-staple cotton @

3—Short-staple cotton @

4—Cereals — namely wheat, rice, barley, maize, millet.

5—Cotton yarn — this sector corresponds to a 4 — digit indus-
try.

6—Cotton fabrics — this sector corresponds also to a 4 — digit
industry.

T—F'uel and power -— this sector corresponds to a 2 — digit in-
dustry, it does not include electricity.

8—Chemicals — this sector corresponds to a 2 — digit indus-
try and is introduced in the model mainly because it sup-
plies fertilizers to agriculture.

9—Engineering and metallurgical products — this sector is
the aggregate of three 2 — digit industries, namely : basic
metallic industry, engineering and metallic industry and
means of transportation industry.

Following the classification applied by the Ministry of Plan-
ning, the exogenous sectors are Irrigation and Drainage — the
High Dam -— ZElectricity — Transport, Communications and
Storage — the Suez Canal — Housing — Public Utilities — Ser-
vices. The endogenous sectors of the model belong to Industry
and to Agriculture. We should note that some of the more im-
portant industrial sectors are not included within the model :
extractive industries, food processing, wood industries, rubber,
non-metallic industries, rural industries ... Demands from these
excluded sectors are regarded as exogenous. Also, we should
note that an important portion of agriculture has been excluded
from the model : cotton and cereals together represent only a-
bout half of the net agricultural production; the production of
fruit, vegetables and animal products constitute the other half.

I
THE MODEL
A.—Main Features of the Model

The model is dynamic in the sense that for any one optimal
solution, the variables relate to different periods of time. The
periods considered are not of the same length. We limit our

— 6 —
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analysis to two periods. One extending from 1966 to 1970, the
other from 1970 to 1980. During the first phase, the productive
capacity is assumed to be fixed and investments during this
period do not increase the productive capacity until the second
phase. The second period is long enough to allow us to ignore
investment-output lags, so that investments in this phase are
assumed to increase output within the same phase.

The objective of the study is to maximize foreign exchange
earnings (or alternatively to minimize the required inflow of
foreign loans and aid) in the terminal year of the plan, namely
1980, subject to a predetermined set of final demands. This ap-
proach is thought to be more meaningful than that of maximi-
zing consumption or output in the context of our model. This
model is not an economy-wide model, but rather it is concerned
with a portion of the economy, and minimizing costs seemed to
us to be more suited to this partial equilibrium analysis than
maximizing consumption of cotton goods which does not cor-
respond to any acceptable index of welfare. Maximizing fo-
reign exchange earnings (or minimizing the inflow of foreign
loans) appears to be a more appropriate choice, for it contri-
butes to solving the main problem of the economy under inves-
tigation, namely the balance-of-payments deficit.

The objective function is quadratic rather than linear, al-
lowing for the possibility that the country is able to influence
world market prices of the primary product of its specializa-
tion; this follows directly from the large share of the country
in total world trade of this commodity. An assumption which
would have the same effect on the solution as that of a falling
demand price is that of rising supply price of exports, explain-
ed by increasing costs of production or the necessity of ship-
ping to more distant markets additional production and of in-
curring more selling costs. = Whenever the export price of a
product is found to be constant, an upper bound to exports will
be imposed to prevent indefinite expansion of output and ex-
ports in this direction. Import substitution is allowed at the
margin — in the sense that any increase in supply would be
realised through imports or domestic production depending on
the comparative cost of the two activities.

Finally, investment over the plan period is assumed to
grow exponentially. Investment in the terminal year is relat-
ed to the change in capital stock between the initial and ter-
minal years of the plan as well as to the change in the rate
of growth of capital over the same period. This formulation is
similar to the Sandee-Manne approach® in that it relates in-
vestment in the terminal year to cumulative investment over

N, A
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the plan period; it differs however in that it accounts for the
effect of the change in the investment growth rate on invest-
ment. This aspect of the model will be considered further in
the Appendix.

Other assumptions underlying the analysis are

1) The marginal rather than the average input-output
coefficients are constant. This assumption allows a certain
flexibility in the average coefficients and implies that the elas-
ticity of output with respect to any given input (measured as
the ratio of the average to the marginal input-output coeffi-
cient) will be closer to unity in the terminal year of the plan
than it was in the initial period.

2) The incremental capital-output ratios in all sectors are
constant.

3) Additional output in most sectors, particularly the ma-
nufacturing industries requires imported capital equipment in
fixed proportions to output increments.

4) Inventory investment is a fixed proportion of output in-
crease over the period.

5) For each period, an investment balance must be satis-
fied which restricts investments to total domestic savings plus
the annual inflow of foreign exchange resulting from a positive
trade balance or from a net inflow of foreign loans and gifts
or both.

6) Land, fixed capital stock and foreign exchange are the
only scarce factors. Actually, in the case of Egypt, water
rather than land is the scarce factor; but no satisfactory mea-
sure to this factor was found, therefore, cultivable land was
taken instead as the scarce factor, cultivable land itself being
primarily determined by the extent of irrigation which is exo-
genous to the model. Foreign exchange is not a primary fac-
tor in the same sense as land, for it could be produced within
the model through excess exports over imports. Finally, labor
supply is assumed to be adequate.

B.—Model Formulation :
The main variable for which optimal values for the var-
ious phases of the plan are being sought are the level of output,

investment, exports and imports by sector and variety of goods

—8



H. XHEIR-EL-DINE — Optimal Pricing and Use of Cotton in Egypt 169

¥
and the export prices — Domestic consumption is assumed to
be given exogenously.

In what follows, subscripts 1, 2, 3, 4 refer respectively to
long staples, medium staples, short staples and cereals, 5 refers
to cotton yarn, 6 to cotton fabrics, 7 to fuel and power, 8 to
chemicals and 9 to engineering and metallurgical products.

The constraints of the initial programme can be read from
Table 1 in the Appendix.

The thirteen first constraints hold for the first phase of
the plan, the other constraints are for the second phase. Cons-
traints (1) through (6) are balance equations for the three
cotton varieties — long — medium — and short — staple cot-
ton —, grain, chemicals and machinery respectively. — The
following general restriction covers the material balance for
the 1969 - 70 incremental flows of commodity 4 over the initial
magnitudes :

4 — year increase in domestic production of i net

of current endogenous additional input demand and
inventory accumulation

} absolute level of imports of i in 1969 - 70

+

absolute level of exports of i in 1969 - 70

|
]

=
|

—+

investment demand for i by the endogenous sec-
tors in 1969 - 70

A
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4 — year increase in household, government and
exogenous sectors demand for ¢

imports of ¢ in 1965 - 66 [

+
exports of 4 in 1965 - 66 |

—_— _—

investment demand for ¢ by the endogenous sec-
tors in 1965 - 66

—_ —

Note that each sector is either an exporter or an importer.
No sector is allowed to be both. Furthermore, the variables do
not exist for all sectors — e.g. only machinery contributes to
fixed investments; capacity increase in the chemicals sector
and in machinery is exogenous over this phase of the plan and
is therefore shifted to the right-hand side of the inequality.
This formulation of the commodity balances in incremental
form implies either that the productive capacity in all sectors
is fully utilized in the initial period or that the rate of capacity
utilization remains the same as it was in the initial year of the
plan. This assumption might not be justified empirically but
it had to be made since data on the degree of capacity utiliza-
tion in different sectors are scanty.

Constraints (7) through (9) restrict the possibility of in-
creasing land productivity in individual crops by setting a ma-
ximum to the growth rate of output of agricultural commodity
i (4 = 1, 2, 4) due to productivity improvement. These restric-
tions say that given the acreage of crop %, production of i can-
not rise at more than 3.5% per annum, of its initial level, due
to vertical expansion and to the use of chemicals. Over this
phase of the plan, a 4-year lag is required to put additional
land in cultivation. These constraints are of the form :

— 10 —
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4 - year increase in output of ¢ due to productivity
improvement

N

[(1.035)* —1]

initial 1965 - 66 absolute level of production of ¢

where i = 1, 2, 4.

Constraint (10) defines intermediate consumption of raw
cotton by the spinning industry. The cotton yarn coeffictent
is assumed to be the same for all cotton varieties implying that
all varieties of cotton are equally suited to produce any kind
of yarn and that either all varieties of yarn require for their
production the same quantity of cotton or else that the output
of each kind of yarn changes in the same proportion as total
yarn production. This assumption was imposed by the unavail-
ability of statistics. Constraint (10) says that:

Sum of additional cotton of different varieties
(long, medium, short staples) available to the
spinning industry

7

exogenously determined additional input require-
ment of cotton fibres by the spinning industry

—

(11) and (12) define respectively the increase in agricultural
output due to the use of fertilizers and to vertical expansion
and the allocation of additional land to different crops. This
latter constraint says that the demand for additional land should
be at most equal to the new supply of agricultural land.

Finally, (13) is a saving constraint asserting that :
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Sum of investments in the endogenous sectors in
1969 - 70 including planned inventory accumulation

+

Total exports by the endogenous sectors in 1969-70

Total imports by the endogenous sectors in
1969,/70

<

Total savings available to the endogenous sectors
in 1969 -70.

For the second phase, the following general constraint
covers commodity i’s balance :

10-year increase in domestiec production of i net
of current endogenous input demand and of in-
ventory accumulation

|

Additional imports of 4 over the period 1969 - 70
to 1979 - 80

+

—_12 —
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JR—

Incremental exports of i over the period 1969-70
to 1979 - 80

-

s -
Increase in the rate of investment demand for i by
the endogenous sectors in 1979 -80 over the pre-

vailing rate in 1969 - 70

\

10-year increase in household, government and exo-
genous sectors demand for ¢

<

These material balances are represented by restrictions

(14) to (22).

Constraints (23), (24), (25) set the maximum annual rate
of increase of various crops due to productivity improvement
at 3.59%. Implicit in this formulation is the assumption that
during the second phase of the plan, the area cultivated with
individual crops increase linearly each year, whenever it chan-
ges. These constraints are of the following general form :

10-year increase in crop i due to productivity im-
] provement

— [1.035'0 — 1]

Sum of the 4-year increase in crop i (over the first

phase) due to both productivity improvement and
to acreage expansion.

— 13 —



174 L’EGYPTE CONTEMPORAINE

i( 1.035 )8 —1 s}

10-year increase in crop i due to acreage
expansion '

< [(1.035)10 — 1]

initial 1965 - 66 absolute level of crop ¢

| ———

where i = 1, 2, 4. ’

(26) like (10) expresses the fact that the additional supply
of cotton fibres of all varieties to the spinning industry should
be at least equal to the increase in current input requirement
of this industry.

Total increase in supply of different cotton varie-
ties to the spinning industry over the period
1969 -70 to 1979 - 80

+

— —_—

Additional current input requirement of cotton
fibres by the spinning industry over the period
1969 - 70 to 1979 - 80.

< O

(27) and (28) set an upper bound to exports of yarn and
of fuel and power, namely that :

exports of 4 in 1979 -80

— 14 —
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—e, 10-year increase in domestic production of 4 [

[ A—

=
fe

l exports of i in 1969 - 70 1

—

where 4 = 5,7 for yarn and for fuel and power respectively
In the initial run ¢, the export promotion coefficient has been

set at 10%, but this is a policy parameter which was changed
in subsequent runs. This upper bound is intended to prevent
solutions with unrealistically high values for the production and
exports of the sectors which produce commodities with
an infinitely elastic demand for their exports. The sec-
tors with demand for their exports less than infinitely
elastic — namely sectors 1, 2, 6 — will be constrained by de-
mand, and the tendency for expansion in this direction will be
dampened by price changes — the other sectors—i = 3, 4, 8, 9
— are net importers.

(29) through (34) express the relationship between sectoral
investment and capacity increase, its general form is the fol-

lowing :

(k7 (1= ¢j) +R* ey

10-year increase in domestic production of
commodity %

ol $4 8 T3

Rate of investment demand for machinery
by j in 1969 - 70

increase in the rate of investment in machinery
by j over the 10-year period 1969 -70 to 1979 - 80

L —

15 —
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<[kj(1—ej)+k*je;]

Arbitrary value for the 10-year increase in
domestic production of commodity j

— (&G +mn5)

corresponding arbitrary rate of investment de-
mand for machinery by j in 1969- 70

A ——
— n]'
corresponding arbitrary increase in the rate of

investment in machinery by j over the 10-year
period 1969 -70 to 1979 - 80

—_—

where %; is the incremental machinery/ output ratio for com-
modity j, k*j is the corresponding ratio for export promotion
output — e j is the export promotion coefficient e j = 0.10 for
j = 5,7 in the initial run and is zero for the other commodities,
j,mj are defined in the Appendix.

The model, as formulated, allows for endogenous genera-
tion' of demand for domestic and imported capital equipment.
For domestic capital equipment, any change in the annual flow
of output j over the planning period requires k& j Xj change of
capital equipment delivered by the domestic sector producing
machinery. In our formulation, special allowance has been
made for capital costs of export promotion. Normally import
substitution and export promotion will be embodied in the plan
itself as productive capacity is created and substitutes for im-
ports or promotes exports at normal rates of return given the
existing level of protection. However, the increase in import
substitution and export promotion forthcoming in this way is
not always sufficient to cover the gap between import require-
ments on the one hand and export earnings and the flow of
foreign loans and gifts on the other. Therefore, it may be
necessary to shift part of the investment resources from more

— 16 —
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to less profitable uses to close this gap. In the model we shall
assume that the incremental capital-output ratio for capital
shifted to additional exports is higher than the normal coeffi-
cient prevailing in the sector manufacturing those commodi-

ties, i.e. A*/ > k;jwhere k*j is arbitrarily assumed to be 5%

higher than 47 .

Capacity change is given exogenously in the first phase
of the plan, investment in this phase results in an increment in
productive capacity in the second phase of the plan. This im-
plies that there is a gestation lag of ; between capital increa-
se and the addition to capacity, where -, is the duration of the
first phase of the plan.

Finally, investment is assumed to grow at different rates
A1y A, 1n each phase, these growth rates are not specified exo-

genously but are determined optimally by the model. The al-
gebraic derivation of the relation between capacity increase
and fixed investment is worked out in the Appendix.

The assumptions applying to fixed domestic investment
are also valid for imported capital equipment and a similar re-
lationship with capacity increase holds. The assumptions of a
constant incremental capacity-output ratio and of a constant
incremental imported capital equipment-output, relation imply
that over each period of the plan, and within each sector, inves-
ment in imported capital equipment is a fixed proportion of to-
tal fixed investment. This permits to simplify the formulation
of the capacity increase equations further by combining the two
sets of equations determining the relation between capacity
increase and domestic and imported capital equipment respec-
tively into one set of equations relating output increase to total
investment in capital equipment in each sector.

In order to make sure that the economy does not exceed
the availability of raw materials supplied by mines and quar-
ries and used as current inputs, constraint (35) is added na-
mely :

10-year increase in endogenous sectors current
demand for raw materials

— 17 —
)
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absolute level of imports of raw materials
in 1979 - 80

<

maximum increase in domestic rate of exploitation
of raw materials over the period 1969 - 70
to 1979 -80

-——

absolute level of imports of raw materials
in 1969 - 70

These raw materials are mainly composed of crude oil and
minerals, supply of non-competitive primary products i.e. raw
materials which are not available domestically and have to be
all imported — is assumed to be adequate.

Like (12), constraint (36) states that the increase in de-
mand for cultivable land cannot exceed the additional supply
of land.

Finally, (37) is a savings constraint.

Total endogenous investment in 1979 - 80

+

Total exports by the endogenous sectors
in 1979 - 80

—_— —_—

Total endogenous imports in 1979 - 80 l

— I8 —
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<

!

’ Total domestic savings available to the endogenous
; sectors in 1979 - 80

IT1
DATA REQUIRED

In order to apply the model just described, information is
required to determine the demand functions, to define the tech-
nology of production and also to specify the various exogenous
demands as well as the initial conditions describing the econo-
my at the beginning of the planning period ®.

On the demand side, demand functions for different exports
and imports have to be estimated. These functions are requir-
ed for the formulation of the objective criterion.  Various re-
lations were fitted to specify the demand functions. Reliable
estimates were obtained for export demand of long-staple and
medium-staple cotton, as well as for cotton fabrics. For the
initial run of the programme the following set of demand func-
tions was used :

E; ) = 2961 — 0.255 P, (t) + 0.342 P, (t) R?=0.535

(2.139) (0.090) (0.220)

E, ®) = 9.663 + 0420 P, (t) -— 0.970 P,(t) R*=0.577
(2.596) (0.109) (0.267)

Ee (t) = 29,458 — 28.885 P , (t) R?=0.668

(4.436) (5.44)

where -Ei (t) is the quantity exported of commodity i in year t
— E @), E (t) are expressed in million cantars, -E—e (t) is in
1 2

million kgs — and P. (t) is the corresponding price expressed
1

in domestic currency with fixed, given exchange rates — P, (t),
P, (t) are in L.E. per cantar and P, (t) is in LiE. per kg.

The results for exports and imports of other sectors were
extremely unsatisfactory — accordingly, it was decided to con-
sider the prices for these exports and imports as exogenously
given.

— 19 —
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To determine the demands for output, the following have
to be estimated for each phase :

— Vector of change of final demands, these are exoge-
nously determined variables which include final consumption
by households and by the government, and the demand of the
exogenous production sectors.

— Vector of incremental stock-output coefficients.

On the production side, the following structural data are
needed for each phase of the plan :
— matrix of incremental inter-industry flow coefficients.
— matrix of incremental capital-output ratios.
— Vector of incremental non-competitive investment imports

coefficients.

— Vector of land-output coefficients.

Other exogenous variables are the increase in cultivated
land over the plan and the annual flow of savings in the ter-
minal year of each phase of the plan. The policy variables to
be decided upon by the planner are :

— export promotion coefficients.

— maximum growth rate of savings over the plan period.

Finally, the initial conditions are prescribed by the follow-
ing valueg of the pre-plan year.
— Vector of domestic output levels.
— Vector of imports.
— Vector of exports.
— Annual rate of investment in each sector.

— Total savings.

The effort required to obtain the quantity and quality of
information necessary to implement the model in a way which
would make it readily applicable to actual planning issues ex-
ceeded the time available to us : furthermore, the purpose of
this study is not to develop a policy — making model, but ra-

— 20 —
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ther to explore how the problem of resource allocation and
pricing could be approached wusing programming techniques.
Accordingly, some of the data used are hypothetical but based
on Egyptian statistics where these are available. The main sta-
tistical sources are the publications of the Ministry of Planning
and of the Department of Statistics and Census (now, the De-
partment of Public Mobilization and Census). These sources
provided a starting point for the estimation of coefficients
which seemed reasonable and which it was thought would pro-
vide useful results. Broadly speaking, we believe that the
model, although hypothetical, reflects the structure of Egypt’s
industry and represents an economy resembling the Egyptian
economy in the sixties.

v
USE OF THE MODEL AND DISCUSSION OF RESULTS

Various individual runs were programmed with the model
formulated previously. In what follows, different uses of the
model will be discussed and the main computatlonal results will
be examined ®),

A.—The Optimal Solution

One obvious type of information the model can give is that
embodied in the optimal solution, namely the set of activity
levels which will maximize net foreign exchange earnings un-
der the assumptions of the model.

There is a drawback to the optimal solution; because of the
linearity of the constraints, if X = MI (where Xi is domestic

production and Mi is importation) are two activities with cons-

tant prices and producing the same commodity, the model will

tend to operate either X or Mi at the maximum level rathe-
1

than a combination of both. This is to be expected under the
assumptions of the model. The reason is that no direct res-
trictions have been placed on the amount of new investment
in any domestic production sector or on sectoral imports. If
desired any sectoral activity could be restricted by an upper
bound namely X <« C or M. < C where C , C are arbi-
! X ! M X M

trary constants (.  Another type of restriction would be to
express various activities in incremental form in order to avoid
that these activities be operated at less than the initial level.

21
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The constraints of the initial run are reproduced in Table
1 in the Appendix. The optimal solution to this programme is
shown in Table 2. ;

The model chooses to increase output of both long and
medium staple cotton through investment in vertical expansion
and productivity improvement. Additional land is all allocat-
ed to cereals production which is increased through investment
in vertical expansion as well. Exports of long staple cotton
are restricted below their average level over the period 1952 -
1965. The export price of this variety is accordingly raised.
Exports of medium staple cotton increase over the second phase
of the plan above their pre-plan level. The optimal solution
does not allow imports of short-staple cotton.

Industrial capacity over the first phase of the plan
has been assumed to be exogenous. The optimal growth rates
of capacity in various industrial sectors over the second phase
are shown in Table 3 of the Appendix.

Exports of cotton yarn and fuel and power grow over the
second phase at the rates of 1.29% and 8.5% respectively while
exports of fabrics decline at 2.8% per year, reflecting the fact
that domestic consumption of cotton fabrics is growing faster
than its production. The increase in cotton exports in the form
of yarn rather than in the form of fabrics may be explained by
prevailing market conditions.

On the import side, imported machinery grows over the
second phase at the annual rate of 12.1% which exceeds the
growth rate of domestic production of machinery. This shows
that, with the assumed cost structure and the given resource
availability, there is no tendency for substituting locally pro-
duced machinery for imported equipment, the tendency is ra-
ther in the opposite direction. Imports of chemicals do not
change over the second phase of the plan and those of raw
materials drop to zero; cereals imports increase at about 2.8%
over the second phase of the plan, but domestic consumption
is increasingly supplied with local grain production.

Finally, all increase in sectoral investment occurs over the
first phase of the plan and then investment remains constant,
indicating that it is more profitable — in terms of foreign ex-
change — to raise the investment rate early, concentrating ad-
ditions to investment at the beginning of the plan rather than
spreading them over the whole planning period®. The alge-
braic formulation of investment demand within the endogenous

92 __
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sectors relates capacity increase to the total change in sectoral
capital stock over the planning period, which, in turn, depends
on the annual investment rate in each sector. In this formula-
tion, investment at the end of each phase of the plan as well
as its rate of growth over the two phases are variable. Invest-
ments -over the two phases of the plan are substitutable in build-
ing up productive capacity. This explainsg the tendency of the
model to concentrate additions to investment at the beginning
of the plan especially since non-competitive capital imports ne-
cessary for investment over the first phase do not enter the
maximand, unlike imported capital equipment over the second
phase of the plan.

The macro-economic implication of the solution is that
there is no shortage of savings supply to the endogenous sec-
tors. In fact, savings are not fully utilized. This seems to be
rather peculiar, but if we remember that imported capital equip-
ment was assumed to be in fixed proportion with sectoral in-
vestment and that the objective was to maximize net foreign
exchange earnings, we understand why savings are not all in-
vested. The effective restriction in this case is the foreign ex-
change availability. Foreign resources and domestic savings
are not substitutable in the model and foreign resources are not
sufficient to allow the use of all available domestic savings. The
way out of this situation is either to reduce savings to match
the foreign exchange availahility or else to increase foreign ex-
change resources through foreign loans and gifts. An interest-
ing question to investigate empirically, in connection with this
result, would be to try to determine the amount of inflow of
foreign resources required to allow full utilization of domestic
savings.

Note that with a downward falling demand for cotton the
cotton acreage is smaller than its optimal level with infinitely
elastic demand for cotton. This result has been tested further
by solving our problem for a linear objective function charac-
terized by fixed prices for different cotton varieties and for
fabrics. The main difference between the linear programming
results and the quadratic programming solution is that in ths=
former case it appears that additional land is all allocated to
growing long-staple cotton — rather than cereals as in the
latter case. Also, more investments are devoted to improve
productivity of the additional cotton area. Exports of long-
staple cotton are intensely increased. The results concerning
production of medium staples remain unaffected; however, ex-
ports of this variety of fibres are lower than in the initial op-
timum.  Intermediate consumption of medium staples increa-
ses over the second phase of the plan and that of long staples

— 23 —
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remains unchanged after an initial increment over the first
phase.

Finally, demand for grain is predominantly satisfied by
imports. Output and exports of cotton manufactures in the
linear case are below their optimal level of the quadratic case,
the explanation being that in the case of an infinite elasticity
of demand for cotton fibres, it seems to be more profitable to
export raw cotton than cotton manufactures. The results con-
cerning other sectors are not significantly affected by the chan-
ge of the objective function from quadratic to linear.

The conclusion we may draw from these runs is that if the
government aims at maximizing foreign exchange earnings on
the assumption that all prices are given — i.e. if the govern-
ment emulates the free behaviour of the farmers — the area
cultivated with cotton will be larger and cotton exports will
be higher than in the case where cotton prices are assumed to
be a decreasing function of the volume of exports and where
the government tries to exploit the power Egypt may have to
affect world cotton prices. In addition to this conclusion we
may also say that under the assumption of a falling export price
for raw cotton, exports of long staple cotton are restricted more
than exports of medium staple; the reason is that if Egypt has
any monopoly power in the world market for cotton it is likely
to be more intense for the long staple varieties than for the
medium staple ones — due to the greater number of producers
of the latter varieties and to the smaller share of Egypt in the
market of these fibres. In both the linear and the quadratic
cases, it seems to be more profitable to export cotton manu-
fectures in the form of yarn rather than fabrics.

B.—The Dual Solution :

While the primal solution shows which commodities form
bottlenecks for the economy — ie. those commodities whose
slack variable has value zero in the optimal solution — the dual
gives a quantitative measure of the seriousness of each bottle-
neck. The primal solution gives the optimal allocation of re-
sources for a given set of restrictions of the economy. Assum-
ing this resource allocation, the dual indicates the directions
in which expansion would most profitably take place.

For each phase of the plan, the dual solution determines
the following shadow prices :
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— Shadow prices of produced commodities,

— Shadow price of new capital in each producing sector —
i.e. the interest rate paid on new capital in each producing
sector over the period considered,

— Shadow price of land : this price is rent,
— Shadow price of domestic savings,
— Prices associated with the export promotion constraints,

— Prices introduced by the limitation on productivity increase
in the cultivation of individual agricultural commodities.

Examination of the dual problem and its solution provides
more insight into the structure of the model. The dual solu-
tion could be read off Table 4 of the Appendix.

C.—Changes in Data :

Another use of the model is to find different optimal solu-
tions corresponding to chamges in the constraints. Such chan-
ges are of three types :

1) Changes in the requirements vector — e.g. changing the
cultivable area, the amount of savings available to the en-
dogenous sectors...

2) Changes in the coefficients of the maximand. The impli-
cations of such changes are discussed in connection with
the analysis of the sensitivity of the model to changes in
the coefficients of the demand functions.

3) Changes in the input — output coefficients and the policy
parameters such as the export promotion coefficients.

This use of the model is perhaps the most important one :
since some restrictions of the model can be changed, it is use-
ful to have a series of optimal solutions for different restric-
tions, allowing comparisons to be made of the maximum bene-
fit attainable from varying economic policies.

1.—Sensitivity of the Solution to Changes in Demand Coeffi-
cients.

The demand relations entering the maximand are of the
general form :

— 925 —



186 L’EGYPTE CONTEMPORAINE

Py (t)=08;1ep E] (t) €12 Ez (t)
Py (t)=085€9; By (1) +eg ]::.2 (t)
Pg (£) =8g+egq By (1)

where the most probable values of the coefficients are: &

5,= 59.50 5,= 35.69 ;= 1019
e = —0.360 e, = —4.053 e = —0.035
512——— _3L300 5222 _""2.460

We are, however, very much uncertain about the true va-
lues of these coefficients and the elasticities. The effect of
such uncertainty may be assessed using the simulation techni-
que which consists essentially in drawing randomly a large num-
ber of possible sets of coefficients and computing the resulting
influence on the solution vector for each of these sets. If this
is done on a relatively large scale it is likely to show the in-
fluence on the solution vector of the fact that the demand coef-
ficients are uncertain.

Using a table of random numbers, thirty sets of coeffi-
cients were drawn within predetermined ranges of variations
from most probable values of these coefficients. The changes
considered here are not infinitesimal. Hence the solution set
may have changed, affecting the resulting calculation. Inspec-
tion of different solutions has shown that the solution set is

affected by changes in demand coefficients. The equations
which are sensitive to these variations are primarily the balan-
ce equation for long staples in the first phase — constraint (1)

in Table 1 of the Appendix —, the constraints for productivity
improvement in long staple cotton in both phases of the plan
— (7), (23) —:; much less sensitive to these wvariations ares :
the constraints for medium staples over the first phase (2),
(8), the intermediate consumption of raw cotton constraint (10)
and the savings constraint (13) over the first phase of the plan.
The other constraints are robust and remain unaffected by chan-
ges in demand coefficients. Once the sensitivity of the solu-
tion set to changes in demand coefficients has been appraised,
the magnitudes for different variables in the solution for the
thirty sets of demand coefficients were compared to the ori-
ginal solution, The average, standard deviation as well as the
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extreme values were computed to permit the evaluation of the
results, The average was then compared to the original case.
(See Table 5 of the Appendix).

The conclusion that output of cotton should be increased
through vertical expansion and that additional land should be
allocated mainly to cereals production is still valid — in a few
cases, however, it appears profitable to cultivate newly reclaim-
ed land with medium staple cotton rather than cereals or to
increase the acreage of both cereals and medium staple cotton;
these cases are characterized by a high constant term in the
price equation of medium staple cotton as well as a high price
and marginal revenue of medium staples exports. Exports of
long staples are restricted on the average, over the first phase
of the plan, below their pre-plan level, then they are slightly
increased over the second phase. HExports of medium staples
are increased over the first phase and are further raised over
the second phase. The result that cotton prices should be in-
creased is confirmed by examinaticn of various solutions.

The conclusions concerning activities in other sectors re-
main unshaken. In particular, cotton appears to be increasing-
ly exported as yarn rather than fabrics. Like in the initial opti-
mal solution, sectoral investment grows during the first phass
and remaing constant thereafter. Finally, the macro-economnic
implication that savings are not a limiting factor in the second
phase of the plan, still holds. However, over the first phase,
the result is less certain, because in some cases, the savings
constraint is binding.

In general, it would appear safe to conclude that the re-
sults represented by the initial optimal solution are at least
gualitatively correct.

2. — Other Experiments: Increased Competition

Various experiments have been performed with the model.
They consisted in changing some of the coefficients or the pa-
rameters keeping the others constant at the level determined
for the initial run, and then considering the effect of such chaa-
ges on the optimal solution. The main changes involved the
demand coefficients and the degree of competition faced by
Egypt in the cotton world market, the export promotion coef-
ficients ei, the sectoral growth rates of final consumption

demands and finally, the non-competitive imports coefficients.
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In what follows, we shali only examine the effect of increased
competition,

It is often argued that increased competition, from syn-
thetic fibres or from new producers of long staple cotton, ma-
kes it less likely for Egyptian export restrictions to benefit the
country, this argument relies on the assumption that increased
competition implies increased elasticity of demand. Such an ar-
gument is defective. Increased competition does not necessa-
rily mean higher demand elasticity.

Consider first the case of innovations which at a given
price of Egyptian cotton shifts the demand curve for exports
tc the left. Assume that through the introduction of a new
fibre, each variety of Egyptian cotton suddenly looses a propor-
tion x % of its foreign markets in the sense that no matter
what the Egyptian price is, the foreign demand for exports of
each cotton variety is x% smaller than before. In this case,
the new demand curves are given by :

9.36 _ 3.300 _

Py(t) =59.469— ——TF,(t)— = Ea (t)
4.053 _ 2460_
Py(t) =85.698— T () — 1 — Ealt)

Any one of these new demand curves has at each price the
same elasticity as the old one; the elasticity is however lower
for each quantity. Four alternative assumptions concerning x
were made. It was first assumed that x = 0.10, then the more
pessimistic assumptions that x = 0.25, 0.40 and 0.50 were
successively made. These changes of the demand coefficients
affected the optimal solution as shown in Table 6 of the Appen-
dix. This table shows the optimal values of the variables af-
fected by varying the demand coefficients. All other vari-
ables remained at the level determined by the initial optimal
solution.

With constant marginal costs of producing raw cotton, the
optimal volume of exports of long staple cotton declines with
the narrowing of the world market for Egyptian exports. Ex-
ports of medium staples are less sensitive to increased compe-
tition; the volume of exports of these varieties remains cons-
tant when the Egyptian share of the market is reduced by 10%
or even 25% but it starts declining over the second period of
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the plan when the loss of market rises to 409% and 50% of its
original level, The change in prices due to increased competi-
tion appears to be small and irregular. Under the assumpticus
of the model, it is not possible to predict whether the demand
elasticities for long staples rise or fall as a result of increased
competition. For medium staples however, they appear to be
lower the narrower the market gets. Note that with linesar
demand functions, demand elasticities take on all values bet-
ween 0 and — o , and consequently determining the demand
elasticity is not meaningful unless we specify the price or the
quantity at which we measure this elasticity. By demand elas-
ticity here, we mean that corresponding to the optimal s5iu-
tion.

The model does not allow the area cultivated with cotton
to fall below its base-year level — accordingy, the need for
restricting exports — and production — of cotton of both =a-
rieties is reflected into declining shadow prices of raw cotion.
Productivity improvement in long staples is restricted; prcduc-
tion of medium staples does not change, but these fibres are in-
creasingly used in spinning over the second phase of the pian.
Over the first phase, intermediate consumption of cotton fitres
remains unchanged since the capacity of the spinning industry
is fixed at an exogenously determined level. The loss of r:ar-
ket of raw cotton and the resulting restriction of exports is
partially offset by an increase in the volume of exports of cot-
ton manufactures.

With this simple kind of shift of demand curves, it is pos-
sible to conclude unambiguously that exports of cotton should
be restricted.  Such simple shifts are not expected to occur
in real life however, and it is possible that in some cases —
with non-linear demand curves -— the optimal volume of ex-
ports increases instead of falling.

These runs show that increased competition in the sense
of a downward shift of the demand curve and increased demand
elasticity are two different things.

The other type of increased competition is due to the en-
try of new producers of long staples in the world market, cap-
turing a portion of Egypt's share of the market, which is lar-
ger the higher is the Egyptian price. If the supply curve of
these new producers is linear, the new demand curve will for
any particular price have a higher elasticity than the old one.
Assume that due to the entry of new competitors in the world
market, the cotton demand functions become :
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P, (t) = (1-x) 59.496 — (1-x) 9.360 E,t) — (1-x) 3.300E (t)
P,(t) = (1-x) 35.693 — (1-x) 4.053 E,(t) — (1-x) 2.460L, (t)

where, as in the previous instance of increased competition x
was assumed to be 0.10, 0.25, 0.40. 0.50 successively.

It follows from consideration of these two typical cases
of increased competition that it is not possible to say a priori
that more competition means a higher elasticity of demand for
cotton and that export restrictions will not pay. The outcome
concerning the optimum volume of cotton exports depends on
other considerations besides demand conditions — among which
are the shape of the Egyptian supply curves, the costs of pro-
duction and the supply conditions of other prospective compe-
titors, the costs of producing new substitutes for cotton.
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v
CONCLUSIONS

Although the model is not directly applicable to actual
planning issues, it shows however that it is possible to formu-
late and solve the problem of foreign exchange maximization
for the Egyptian economy using programming techniques and
it permits to draw some conclusions which, if not quantitatively
reliable, seem to be at least qualitatively justified.

It was first shown that the ability of the Egyptian eco-
nomy to affect the world price for certain cotton varieties is
an important factor in the problem of foreign exchange maxi-
mization; moreover it has predictable and measurable effects
which should not be neglected. Export restrictions seem to
pay for certain kinds of cotton, even if increased competition
from new substitutes or from the entry of new producers re-
duces the Egyptian share of the world market.

Expanding the area cultivated with cereals and supplying
domestic consumption with local grain production rather than
imports seem to be justified.

Also justified is to increasingly export cotton in the form
of manufactures. On the basis of the prevailing demand con-
ditions exports of yarn appear to be more profitable than those
of fabrics. Another result concerning the cotton sectors is
that, in optimum, long staple cotton varieties are more used
to satisfy input requirements for spinning than other kinds of
cotton. Furthermore, imports of lower grades of cotton to
be used for intermediate consumption was not justified.

Certain general statements about production, imports and
exports of other commodities are indicated. Increasing ex-
port promotive activity in fuel and power is desirable.

Chemicals appear to be a candidate for import substitution
in contrast with machinery for which imports increase rela-
tively to domestic production.

The macro-economie implications of the model have not
been fully investigated. The main conclusion reached is that
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domestic savings do not provide a bottleneck for the economy;
the real restriction is the availability of foreign exchange re-
sources. An interesting question to ask is what amount of in-
flow of foreigm resources is necessary to permit full employ-
ment of domestic savings. To answer such a question in any
significant way requires however the extension of the model
to embody the other sectors contributing to Egypt's foreign
trade.

More extensive work to narrow down the uncertainty in
the estimates of the demand coefficients seems to be worth
undertaking. Other coefficients requiring improvement are
mainly the input coefficients and the non-competitive capital
imports coefficients.

We should also keep in mind that our results depend on the
formulation of the objective function and that, they are expec-
ted to vary according to the choice of the maximand; maximi-
zing net foreign exchange earnings may not be equivalent to
mainly the input coefficients and the non-competitive capital
come or consumption.

Finally, the present analysis, although it did not tell us
to do anything that the development forecasters and planners
would not have said, we believe that it has helped understand-
ing some of the agricultural and export policy problems of an
economy relying on one major crop as a source of foreign ex-
change receipts.
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FOOTNOTES

(1) We define the long-staple varieties as these with fibres longer than
1 2 ». These varieties are sometimes referred to as extra-long staples,
they are mainly : Ménoufi, Giza 45, Giza 68, Karnak which is not being
produced starting 1962 and has been replaced by the Menoufi variety.

(2) The medium-staple varieties are those with fibre length over 1 87
These are sometimes referred to as long staple varieties. They are :
Giza 47, Dandara, Giza 67, Giza 30, Ashmouni, Giza 66. The variery
Ashmouni is almost equivalent to the American Upland.

(3) Egypt does not produce short-staple cotton —- i.e. cotton with fibre
length less than 1 % 7 however, we introduce this commodity into
the model to make allowance for the possibility of importing cheap
short-staple cotton to be used for local industry and exporting more
of the long and medium-staple varieties.

(4

~—

Sandee, J.,, «A Demonstration Planning model for India» Asia Pub-
lishing House, London, and Statistical Publishing Society, Calcutta,
1960, p. 20 — Manne, A. «Key Sectors of the Mexican Economy 1960-
1970» in Studies in Process Analysis : Economy wide Production
Capabilities, Manne and Markowitz eds. pp. 383-5.

(5) For a detailed discussion of the sources of data and the statlstical
estimation of various coefficients and initial conditions see Knheir-
El-Dine, H.A., A Quadratic Programming Approach to the Problem
of Optimal Pricing and Use of Cotton in Egypt, Unpublished Ph.D.
Thesis, Hconomics Department, Massachusetts Institute of Techno-
logy, 1967.

(6) The Fortran Program used for the solution was written by R.B. Wil-
son, it is based on a generalization to concave programming of Dant.
zig’s simplex algorithm for linear programming. The computations
were carried out with the use of the 360/model 65 computer avail-
able at the M.L'T. Computation Center.

(7) This type of restriction has been imposed on agricultural vertical ex-
pansion due to the use of chemicals and investment in Improving
land productivity. The model without such a restraint tended to
produce some additional agricultural commodities using land only
and some others using chemicals and other capital only. The cons-
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traint imposed to avoid this solution was to assume that land pro-
ductivity grows at a maximum rate of 3.59% a year; consequently,
agricultural output due to vertical expansion could not exceed a cer-
tain fraction of output due to the cultivated area increase.

(8) In an iniial run where investment in the second phase was allowed

to drop to zero, this point was more forcefully stressed by the optimal
solution which showed a bigger increase in sectoral investment over
the first phase, the investment in the terminal year was reduced to
zero. This solution was thought to be unrealistic and accordingly we
added the constraint that sectoral annual investment in the second
phase cannot be lower than in the first phase.

(9) These coefficients are obtained by solving the demand equations

formulated on p. 19 for the prices P1 t), P 1), PG (t).

2

APPENDIX

Algebraic Derivation of the Capacity Increase

Equations :

For simplicity, we shall ignore subscripts referring to

goods or sectors, and import substituting or export promoting
activities. The following symbols are used :

X = increase in output capacity in the second phase of
the plan.
N, = The exogenously given rate of investment in the ini-

tial period or the last year prior to the beginning of
the first phase.

N; = rate of investment at the end of the first phase.

N, = rate of investment at the end of the second phase.
K = addition to capital over the planning period.

k = incremental capital — output ratio.

Ay = rate of growth of investment over the first phase.
A; = rate of growth of investment over the second phase.
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f

[l

T1 length of the first phase in years.
79 = length of the second phase in years.

Time is assumed to be a continuous variable,

We have :
K=kX =1 (Nl’ N27 Alr Az) (la)
where Ny=(1+ X)) N, (1)

Np=(1+p) 2N, (1c)

Apdg are not specified growth rates, but are unknowns
to be determined by the solution of the model.

(1’*‘7\2)

—[FEAEZ g o [ g

1

Expanding in Taylor’s series, ignoring the terms higher
than degree 1, we have :

kX =k X0+ kdX (2)

where X0 = an arbitrary value of the increase in output ca-
pacity X,

dX =X — X0

From (1)
kdX = k [25 o= (3)
[BN 1N+ 5 3,\ “hat 5 ¢ ’\2]
where from (1) :
C8x (4T —(4dy .
SN, n (3a)
§x _ (1+/\1>71[71A1—1]+1]
k SAr [ X2 No (%)
8x  [AA) PIrade—1] + 1] 5.
e [ A2 ] o (5)
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Substituting from (3a), (3b), (3¢) in (3) :
'7'2+1

1 =1 T e A —17 41
o d 3 (14 29) (14+29) ﬂ’JVl—}-.NO[( +2y) [7'12 1— 114+ ]dAI
Ao Al
140 ) 2[rodo—1] +1
+JV1[( +2Az) [‘;\2% o—11] ]d)\z @)
From (1b) and (1¢) we have :

i N, = 71N0(1+)\1)"’1_1 Ay (4a)
4N, = (14 2JmedNy+rV (142 ddy  (40)

(4a) shows that any change in the rate of investment in the
final year of the first plan phase depends only on changes in
the rate of growth of investment A, ; (4b) shows that in the
final year of the second- phase of the plan, variations in invest-
ment depend both on how high the starting point is at the
beginning of this phase (or the end of the preceding phase)
and on the change in the rate of growth A, over the second

phase.

From (4a) we get :

apy——2M (50)

No(1+ 1)1

From (4b) :

_d Ny—(14+)y) 2N,
7o N1 (1+Ay) 2l

d), (50)

Substituting from (5a), (5b) in (4) and rearranging:

(129" 1y () My —1] 41
kdx = )\ + S -
k 2 AT (1+A)™1
To+1
_ () ® [72h2—11+<1+hz>]d w, +[a+hz>*2[fgh2— 1] +1]M,2

Tah} A2 (1 4 Ay 7o
={dN;+nd N, (6)
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'fherefore A

kX =kX;+ (dN; 4+7d N, (6)
where d N;=N;—N? and d Np=N,— NJ : N9, NJ
being arbitrary values for J, , N, corresponding to the arbi-
trary value X, for capacity increment. The parameters { , 7

are evaluated using arbitrary values for ), , A\, corresponding
/0
o N7, NE

Statistical Tables and Computational Results

As mentioned in the text, subscripts 1, 2, 3, 4, refer res-
pectively to long staples, medium staples, short staples and
cereals, 5 refers to cotton yarn, 6 to cotton fabrics, 7 to fuel
and power, 8 to chemicals and 9 to engineering and metallurgi-
cal products.

In what follows, the barred variables refer to the absolute le-
vel of the endogenous magnitudes, the non-barred variables refer
to incremental magnitudes. For simplicity, the time index t will
be used for variables relating to both periods of the plan (it will
be understood that t = 1, 2 for the periods 1966,/67 to 1969,/70
and 1970/71 to 1979/80 respectively — unless otherwise defi-
ned). The endogenous variables figuring in the optimal solu-
tion vector are :

X. (¢) = Change in output of agricultural commodity i
i =1, 2, 4) due to productivity improvement over
phase t of the plan (t = 1, 2).

Xi'(t) = Change in output of agricultural commodity i
(i =1, 2, 4) due to acreage expansion over phase
t of the plan (t = 1, 2).

X ,(2) = Change in output of commodity i (i= 5, ...... , 9) over
the planning phase 1970/80.

X, (t) = Change in output of commodity i used in sector j.

M, (t) = imports of commodity i in year t where t = 1, 2 for
1970 and 1980 respectively.

M, (t)= change in imports of commodity i over phases 1 ard

2 of the plan.
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M;; (t) = change in imports of commodity i used in sector j.

E; (t)= exports of commodity i in year t where t = 1, 2 for
1970 and 1980 respectively.

E, (t) = change in exports of commodity i over phases 1 and
2 of the plan.

Nj (1) = rate of investment in 1970 originating in the ma-
chinery sector and used in sector j.

I (2) = increase in the rate of investment in machinery by
j over the 10-year period 1969/70 to 1979/80.

Finally subscripts « , RM refer respectively to total en-
dogenous agricultural sector and to raw materials.

The primal problem has 53 variables and 37 constraints,
therefore it has 37 prices attached to it, namely : 15 commo-
dity prices U, (t) associated with the commodity balance cons-
traints over the two periods of the plan; the prices of sectoral
investment : UL (t), (t=1,2), for agricultural vertical expan-
sion and U? 2), G=5,...,9) for the other industrial sectors;
the prices associated with the restrictions on productivity im-
provement in individual agricultural commodities Uve (t);
(i=1,24; t=1,2); the price of intermediate consumption of
raw cotton in the spinning industry U_; (1), (t =1,2); the
price of the export promotion constraints Uc¢ (2), G =5,7);
finally the prices of raw materials U,, (2), land U, (t),
(t =1,2) and domestic savings Us (t), (t =1,2). Each price
corresponds to one equation of the model as follows :
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Increase in

Competitive

Exports

Change in Inter-
mediate Consumption

Production

Imports

\

be

TABLE 2

INITIAL OPTIMAL SOLUTION

\Long Staple Cotton

Due to productivity improvement X,
Due to acreage expansion X';j ...

Medium Staple Cotton

Cereals

Cotton yarn X ...
‘Cotton Fabrics X
Fuel and Power X,
Chemicals X8
Machinery X,

Short Staple Cotton M,
Cereals M, --- .
Chemicals Mg
Machinery Mgyg-..
Raw Materials My

Long Staple Cotton Ei_ ...
Medium Staple Cotton E,...
Cotton Yarn E;

Cotton Fabrics Eg

, Fuel and Power E,

Long Staple Cotton X5 ...

Medium Staple Cotton X, ...
Short Staple Cotton Mas
Cotton Yarn :

. Cotton  Fabrics
\Fuel and Power

Chemicads :
Fertilizers Xg  -.-
Other

— 46 —

Due to productivity improvement X,
Due to acreage expansion X",

Due to productivity improvement X- i
Due to acreage expansion X, ...

Phase 1

0.697
0

0.528
0

22,110
9.091

74.790
68.480
139.800

2.210
1.426

Phase 2

2.221
0

1.681

78.700
25.450

32.450
41.280
161.200
278.400
341.100

0
97.500
68.480

438.000

0

2.210
2.465
30.140

9.548
29.030
1373
0
0
21.580

88.—500

0
188.600
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Table 2 (cont’d) Phase 1Phase 2

3
gé’ \\Machinery —_ 234.400
Bl
(4 5 % [Agriculture 7.281 7.281
g g afCotton Yarn ... .. ... .. .. 1552 1552
o bg} Cotton Fabries ... ... ... ... ... 2184 2.184
$ ¢ & (Fuel and Power .. ... .. .. .. 20790 20.790
2R Chemicals cer e e wee .o ... 36550 36.550
Eg Machinery veeeee er e e ..o 32180 32,180
2 g
Q
w0

2

& & |Agriculture ... ... ... .. ... .. 2.104 1.405
£ 5 /Cotton Yarn ... .. .. .. .. 1044 0697
Q & [Cotton Fabries ... ... ... .. .. 1.470  0.981
€ § (Fuel and Power ... .. .. .. .. 14657 9771
%% |Chemicals .. .. .. .. .. .. 24891 16.59
£8 |Machinery ... .. .. .. .. .. 18890 12582
g

0w S

2 aLong Staple Cotton P; ... ... ... 34110 30.680
£ ! Medium Staple Cotton P, ... ... ... 23230 20.670
~ )Cotton Fabrics Py ... ... ... .. — 0.685

Note that all magnitudes are expressed in constant 1959/
60 in millions L.E. — except output, intermediate consumption and

exports of long staple and medium staple cotton and of cotton
fabrics which are expressed in million cantars and million kgs.
Finally P; , P, are in L.E. per cantar and Pgis expressed in
L.E. per kg.

TABLE 3

Optimal Sectoral Growth Rates in Industrial Sectors

Cotton Cotton  Fuel and Chemi- Machi-

Sector Spinning Weaving Power cals nery

Optimal Annual % 4 A
“rowth Rates 3.0% 3.7% 8.7%  10.7% 8.5%

e A e
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TABLE 4

THE DUAL SOLUTION

Phase 1 : Phase 2
Shadow Unit Magnitude  Shadow Unit Magnitude
Price of 8.P. Price of 8.P.
U1 () L.E. per cantar 0 U1 (2) L.E. per cantar 5.169
U,1) » 7310  U,(2) > 7.310
U,1) L.E. per L.E. 0 U;(2) L.E. per L.E. 0.313
U,Q) » 1.000 U,(2) » 1.000
Ug(1) > 1.000 U;@2) > 0.314
Uy,(1) » 1.000 Ug@2) L.E. per kg. 0.351
U,(2) L.E. per L.E. 0.151
U 42) » 0.425
U 4(2) » 1.000
U\? Es(l) L.E. per L.E. 0 Up;s@2)  LE. per LE. 0.313
U1(@1) L.E. per cantar 0.963 U\lE(Z) L.E. per cantar 2.344
e VE
U, @) » 6048 U (2 » 3.723
VE VE
U 4 (1) L.E. per L.E. 1.027 U 1 (2) LE. per LE. h 0.692
Ug @) > 0 U@ > 0.0516
U 51,(2) » 0.0799
Ul (2) » 0.0782
Ul (2) > 0.0778
Ul (@2) > 0.0754
Ug () » 0.0725
U@  LE. per LE. 0.688
vl @ » 0.849

Urpul2) L.E. per LE, 0.0835
Up (@) L.E. per feddan 46.69 U (2) LE. per feddan 39.30
Ug() L.E. per LLE. 0 U 4(2) L.E. per L.E. 0

— 48
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