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Preface
 

This study is undertaken in the context of the research project on Energy
 
Policy: Petroleum and Natural Gas in Egypt. The research project is composeo
 
of two parts:
 

o 	the supply side, which focuses on discovery and production of
 
petroleum and natural gas; and
 

o 	the demand side, which focuses on uses of oil and gas in the Egyptian
 
economy and the ways in which domestic uses would change if there were
 
changes in domestic prices for these two products or changes in the
 
amounts available for daestic use.
 

This report focuses on the demand-s1de analysis and examines the short­
run adjustment mechanism in the Egyptian economy due to change in the domestic
 
price of oil. Although the focus is on ene'gy-economy interactions, the
 
analysis presents some important insights into the inter-sectoral relations in
 
the economy, political trade-offs, salient bottlenecks, and overall character­
istic features. Some insights into structural change can also be drawn.
 

Finally, this study is presented as part of the Energy and Development
 
Research Program. It is the first in an expanding research program that
 
focuses explicitly on energy issues in developing countries.
 

Nazli Ohoucri
 
Professor of Political Science
 

Associate Director
 
Technology Adaptation Program
 

Massachusetts Institute of Technology
 
1983
 



Abstract
 

This paper examines the short-run adjustment mechanism of the Egyptian
 
economy to changes in the domestic price of oil. The effects of oil price
 
increases have been analyzed in the framework of a short-run ten-sector macro­
economic model with an explicit treatment of energy, namely oil extraction,
 
oil refining, and a sector consisting of electricity and nalural gas.
 

The results of this analysis suggest the following conclisions:
 

First, an increase in the domestic price of oil will encourage the 
curtailment of petroleum use and induce some amount of conservation of oil 
resourc . This may be redirected to exports or conserved for future use. 

Second, the reduction in petroleum use, however, will impose painful
 
adjustment problems for the economy in terms of an increase in inflation, fall
 
in the share of wage income, and sharp output losses. A gradual increase in
 
price of oil wold be less painful than a "quanturn jump" rise and would not
 
necessarily induce more conservation of petroleum use in relative terms. An
 
increase in aggregate demand through expansionary government expenditure poli­
cies may help to restore some of the lost income and stimulate the economy.
 

Third, the popular emphasis inmacro-economic policy for counteracting
 
the negative ,conomic effects to date has been effective energy-demand manage­
merit policies. Since household consumption forms a very small portion of
 
total petroleun demand in Egypt, the demand e2fects will have to operate
 
through interfuel substitution in the industrial sector. Our analysis sug­
gests that a high elasticity of substitution in the production processes
 
between petroleum and natural gas will not bring about the desirable changes
 
in terms of conservation of petroleum use and amelioration of the negative
 
macro-economic impacts unless efforts are made to increase the short-run
 
supply of natural gas as well. In other words, for the price of oil to
 
provide the rigiit signal for resource allocation in the economy the other
 
institutional and structural constraints need to be recognized and analyzed as
 
well.
 

Fourth, the macro-economic implications of domestic petroleum pricing
 
strategies in Egypt are extremely important and should be considered care­
fully. Simply suggesting lifting of domestic subsidies, increasing domestic
 
energy prices to world prices, will not have the intended effects unless other
 
measures are adopted as well. Treating the energy sector in isolation from
 
the rest of the economy will be counterproductive and lead to adoption of
 
measures that may even have detrimental effects. An overall energy/economy
 
strategy is required in which adjusting domestic prices toward international
 
prices is only one element.
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I. Introduction
 

The decade of the 1970s produced important political and economic changes
 

in Egypt, many of which have their origins in the economic liberalization
 

policy and the "open door" posture. In particular, five principal factors are
 

responsible for increasing both the level of economic activity and foreign
 

exchange earnings of the country. The factors may be enumerated as follows:
 

(1) the expansion of oil production and natural gas resources, in conjunction
 

with the rapid increases in the world price of oil throughout the 1970s; (2)
 

the large inflow of worker remittances due to increasing migration and appar­

ent growth of confidence in the Egyptian economy; (3) the liberalization
 

policies designed to encourage inflows of foreign capital; (4) the reopening
 

of the Suez canal; and (5)the increase in tourism. Together, these five
 

factors evolved throughout the 1970s, shaping the country's economy and
 

attendant social and political adjustments. By the end of the decade these
 

factors had set in motion a set of economic interactions that substantially
 

transformed the country's economy throughout the 1980s. They are leading to
 

important structural changes in the economy in terms of changes in the struc­

ture of demand, role of foreign trade, and allocation of resources. These
 

five sources of foreign earnings -- the favorabJe factors for the economy -­

cannot continue indefinitely into the future.
 

Recent developnents suggest that the Egyptian economy has entered a
 

transitional phase in its growth process undergoing a period of transformation
 

trwards a new equilibrium. Processes of adjustment and adaptation are inevit­

able in being characteristic transitional phases as distinct from the steady
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state phenomenon which is consistent with and observed in long-run equilib­

riurn. Therefore, it is important to understand the shortrun adjustment mecha­

nism of the interdependent economic system which would provide reasonable
 

guidelines for appropriate policy measures. There are many countervailing
 

forces in the Egyptian economy, and tilese five factors differ in their impacts
 

and their overall contribution to growth.
 

Clearly, the most significant contribution to the recent economic upsurge
 

has been provided by the petroleum sector, which is strong, well managed, and
 

provides a steady stream of revenue for the government. The petroleum sector
 

does not exist in isolation from the rest of the economy and analysis of its
 

effects must take into account the strong two-way linkage with the economy.
 

The contribution of the petroleum sector to GDP at factor cost increased from 

3 percent in 1975 to 16 percent in 1979 and export earnings jumped almost 6 

times during this period. By 1982 oil exports provided $2.76 billion to the 

econory. 

Amajor problem arises from the question of whether the increased earn­

ings from the petroleum sector can be maintained in the face of two obstacles:
 

a highly subsidized domestic price of oil which is encouraging domestic con­

sumption and a large degree of uncertainty that prevails in reserve generation
 

and the future production possibilities of oil.
 

The domestic price c! petroleum in Egypt is about one-fifth of the inter­

national market price equivalent. Low petroleum prices have led to rapid
 

increases in domestic utilization. Government officials have recently stated
 

that by 1984 both consumption of petroleum products and output will rise by 11
 

to 12 percent and the exportable surplus of domestic petroleum production over
 

consumption may be eliminated completely.1
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This twofold dilerrma has heightened awareness for energy conservation and
 

better management of energy demand at the national level such that petroleum
 

reserves are not entirely diverted from exports to the domestic market. The
 

crucial policy issue in this context is to change the administered price
 

system of petroleum products toward a 
nore viable domestic price structure.
 

The problem is whether price induced conservation is likely to occur and to
 

determine the macro-economic consequences of an overall reduction in petroleum
 

use.
 

Among the critical questions to be resolved are the following: What will
 

be the effects of rising energy costs on the other sectors of the economy?
 

Will the economy be able to adapt to this change? To some extent the adjust­

ments will depend on the flexibility of energy use in the consumption pattern
 

of households and 
in the production functions underlying industrial sectors.
 

In other words, the structure of energy/economy interactions depends to a
 

large extent on the critical role that petroleum plays both in the consumption
 

basket and as a factor of production (that is, on the values of the relevant
 

elasticities).
 

Egypt's energy profile can be characterizcd as follows: almost fifty
 

percent of energy use is petroleum-based, the remainder is mainly hydroelec­

tric power, with small, but potentially important prospects for natural gas.
 

In a macro-economic context, therefore, if substitution possibilities exist in
 

production processes (eg. between petroleum and natuital 
gas), it is important
 

to determine whether the negative macro-economic impact of rising energy
 

prices can be mitigated through appropriate price policies or if other con­

straints in the economy will need to be recognized as well. In this context,
 

for Egypt's energy predicament, it is useful to investigate whether the pro­

duction possibilities in the natural gas sector impose significant constraints
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on the economy's adjustment process. The effects of the above kinds of re­

strictions can be examined under alternative assumptions regarding how the
 

different sectors of the economy adjust to reach market equi!ibrium (i.e.
 

alternative rules for model closures). We know full well that price determi­

nation differs substantially across sectors and these differences are critical
 

to the overall economic adjustments and to the policy options available for 

changing domestic price structures. knong issues of concern are the follow­

ing: If the short-run adjustment to an oil price increase drives down output
 

and puts upward pressure on prices -- can the short-run underutilization of
 

productive capacity be mitigated through appropriate macro-economic policicS.' 

With these questions in mind we have formulated a macro-economic model of the 

Egyptian economy to trace the short-run energy-economy interactions and ad­

dress issues of the above nature.
 

The 	paper is organized in the following way:
 

Section 2 gives a brief overview of the model.
 

Section 3 introduces the database.
 

Section 4 describes the structure of the model equations and provides a
 

brief discussion of the values oi the parameters derived.
 

Section 5 presents the results of alternative simulation runs. 

Section 6 surrmarizes the results of the analysis.
 

2. 	 Overview of The Nbdel 

Despite rapid changes in the Egyptian economry, several features continue 

to stand oul. These include a doninant agricuttural sector, a growing con­

struction sector, an expanding industrial base, and a drarnatic growth in the 

petroleum sector. [.nestic economic policies -- inherited from the revolution 
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of 1952 -- include extensive subsidies for industrial inputs, energy prices, 

and foodstuffs. In agriculture, imports serve to clear the market. Only in 

construction are prices allowed to adjust. In all other sectors quantities 

adjust to demand. The traditional dualism in the economy -- agriculture vs. 

the rest of the economy -- may well be supplanted by a trilateral structure; 

agriculture: rest of the economy, arid a strong energy sector. With these 

distinctive features in mind, we have a short-run, 10-sector, macro-economic
 

model of the Egyptian economy to examine its critical adjustment problems.
 

2.1 Theoretical Structure
 

The theoretical structure of this model is specified in accordance with
 

the computable general equilibrium models formulated by Taylor (1983) and
 

Taylor et al. (1980), emphasizing the particular structural characteristics of
 

developing countries. Such models are based around the identities of a social
 

accounting matrix (SAM) and incorporate additional technical and behavioral
 

relationships to make the model determinate and represent the distinctive
 

aspects of the specific economy being analyzed. The closure rules behind
 

these models are based on a combination of different schools of thought in­

spired by Keynes, Kalecki and the different adherents of the Cambridge school.
 

The model focuses attention on the particular variables that need to adjust to
 

bring about the overall macro balance i.e. saving equal to investment. Dif­

ferent models can be constructed around the different accorrnnodating variables
 

that would adjust to satisfy the basic macro identity in the economy. Ag­

gregate demand determined markets of the Keynesian type are included where
 

chronic excess capacities are the essential features of the sectors and price
 

clearing markets are assuned where bottlenecks and shortages are present.
 

Generalized rrdels of development are not useful for analyzing particular
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cases. Different structural characteristics are important in case of differ­

ent countries and the appropriate adjusting variable' need to be emphasized
 

accordingly.
 

The Egyptian macro-economic model is built around a social accounting
 

matrix (SAM) for the Egyptian economy in the national accounts year of 1977.
 

The model incorporates a complex set of general equilibrium interactions in
 

the price and quantity clearing sectors in the commrodity market. The model,
 

however, is of a short-run nature and does not incorporate the dynamics of the
 

system. It is designed specifically around a base year to assist in under­

standing irrmediate responses to policy changes. Investment has been modelled
 

merely as a component of aggregate demand and the capital accumulation process
 

of investieiit has not been considered. It has been specifically designed to
 

explore the short-run adjustment mechanism of the system.
 

The ten sectors along which the model is built are the following: (1)
 

agriculture; (2)construction and housing; (3) heavy industry; (4) light
 

industry; (5) transportation; (6) sectors in the rest of the economy; (7)
 

Suez; (8) oil extraction; (9) oil refining; and (10) other energy, namely
 

electricity and a nascent natural gas component.
 

The overall nocro balance in this structural model is decomposed sec­

torally. The rechanisms through which exce s demand in each sector adjust to
 

zero are the following:
 

i) The agricultural sector is assumed to have an adjusting "competitive
 

import" level. Both prices and supply are assumed to be fixed in
 

the short-run.
 

ii) The construction sector's stability mechanism is built around an
 

adjusting price. Prices are assumed to vary freely to bring about
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equilibrium because capacity in the construction sector is fully
 

utilized in the short-run.
 

iii) For all the other sectors in the economy adjusting outputs occur due
 

to the prevalence of chronic excess capacities.
 

Prices in all the quantity clearing sectors are determined by fixed
 

producers' mark-up over variable costs as opposed to the neoclassical cost
 

function. The wage rates are assumed to have been determined institutionally
 

(which correspond to the Keynesian assumption of short-run predetermined 

nominal wages) and the coeffecients of production are fixed in the initial 

version of the model. For purposes of analysis, some of the technological 

coefficients have been taken as flexible in a subsequent version of the model. 

The 	model draws upon the well known linear expenditure system of demand equa­

tions to arrive at the sectoral consumption level. Given the different beha­

vioral assumptions and the different identities built around the social ac­

counting matrix, the solution is determined through several adjustment rnech­

anisms, namely Keynesian output response in the quantity-clearing sectors, a
 

"forced saving" mechanism via the rise in the prices of output relative to 

wage, adjustments in the trade deficit and the surplus available in the gov­

ernment current account. 

2.2 	Relevance for the Egyptian Case
 

Models of the above general equilibrium nature in a multisectoral frame­

work 	may provide highly useful insights and guidelines for investigating macro 

policy issues. They are especially relevant in tL.- Egyptian case, where the 

government is actively engaged in bringing about economic changes through 

direct policy measures. Such inodels are different from the earlier cornptabie 

general equilibriummodels, popularly known as GEM models, which were ,pplied 
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3. Social Accounting Matrix
 

The macro data framework is based upon a simple social accounting matix
 

(SAM) for Egypt for 1977, a year chosen specifically for its use a, a "base"
 

for analysis. The main sources of data for the 1977 SAM are the following:
 

o 	a i977 ten sector input-output table prepared at MIT which was
 

aggregated from a 32 sector input-output table 2 ;
 

o 	the 1977 eleven sector social accounting matrix prepared through
 

collaborative eftorts between MIT and Cairo University; and
 

o the Egyptian National Accounts (U.N. Yearbook of 1979)
 

The purpose of the 1977 matrix is to produce a clear view of the economy
 

without too much detail so that it could be easily read and understood by
 

analysts for policy purposes. It is designed to highlight the salient fea­

tures of the economy without overwhelming policy makers and analysts with
 

suffocating detail.
 

The 22 x 20 Social Accounting Matrix for Egypt for the national year of
 

1977 is presented in Table 3-1. This is a snapshot matrix representation of
 

the national income accounts which states that receipts must equal expenditure
 

for all sectors of the economy. All matrix identities are represented in
 

value terms (i.e. money flows) in 1977 domestic prices in Egypt (in units of
 

million L.E.).
 

The inter-industry quadrant of Table 3-1 is composed of ten sectors, as
 

specilied above for the macro model. 
Given the input-output coefficients from
 

the 1977 input-output table, the 1977 SAM is an expanded version of the final
 

demand figures that were obtained from the U.N. National Income Accounts. In
 

other words, given the final demand figures and the input-output coefficients
 

from the 1977 input-output matrix, gross output were obtained by the standard
 

9
 



TABLE 3-1
 

Social Accounting Matrix of Egypt, 1977
 

(inmillion L')
 

1 2 3 4
 

Agriculture Construction Heavy Industry Light Industry
 

1. Agriculture 474.22 0.0 	 3.39 1039.70
 

2. Construction 	 .60 13.21 1.63 4.36
 

3. Heavy Industry 14.34 96.20 157.83 	 91.59
 

4. Light Industry 7.31 134.21 19.74 592.39
 

5. Transportation 2.51 5.00 6.11 	 23.16
 

6. Rest of Economy 24.66 215.39 36.86 152.50
 

7. Suez 	 0.0 0.0 0.0 0.0
 

8. Oil Extraction .17 18.11 11.26 	 8.28 

9. Oil Refining 	 9.72 9.66 39.32 20.95 

10. 	 Other Energy .16 2.07 20.65 16.39
 

11. 	 1(l-10) 533.69 493.85 296.79 1949.32
 

12. 	 H.H. Wage Income 405.74 124.87 581.53
 

13. 	 H.H. Profit Income 295.89 32.76 259.03
 

14. 	 Agricultural Income 1581.48
 

15. 	 Total Private Income
 
840.56
157.63
701.63
1581.48
7(12-14) 

16. 	 Government Income 142.20 78.65 139.67 481.09
 

17. 	 Gross Savings
 

18. 	 Imports 83.25 91.66 114.42 427.69
 

19. 	 Producer/ -46.03 -299.24
 
Consumer Subsidy
 

77.18 257.28
20. 	 Indirect Taxes 


21. 	 Direct Taxes
 

22. 	 Total Gross Output 2294.59 1365.79 785.69 3656.70
 



TABLE 3-1 continued
 

5 6 7 8 
Transportation Rest of Economy Suez Oil Extraction 

1. Agriculture 8.71 86.72 0.0 0.0 

2. Construction 10.39 13.32 0.0 .54 
3. Heavy Industry 1.61 86.38 .64 5.27 

4. Light Industry 20.26 214.35 4.06 6.36 

5. Transportation 5.34 163.04 .39 .71 
6. Rest of Economy 43.87 216.04 2.44 4.63 

7. Suez 0.0 7.53 0.0 0.0 
8. Oil Extraction 0.0 .67 0.0 .23 

9. Oil Refining 22.0 69 48 1.68 4.55 

10. Other Energy 5.67 20.27 .36 .68 

11. 1(-10) 117.85 877.80 9.57 22.97 

12. H.H. Wage Income 123.24 1384.25 17.59 10.09 

13. H.H. Profit Income 13.14 812.09 0.0 34.53 

14. Agricultural Income 

15. Total Private Income
(12-14) 136.38 2196.34 17.59 44.62 

16. Government Income 205.94 110.74 158.24 157.26 

17. Gross Savihigs 

18. Imports 49.51 327.04 0.0 7.24 

19. Producer/ -15.35 -15.35 
Consumer Subsidy 

20. Indirect Taxes 463.11 34.30 

21. Direct Taxes 

22. Total Gross Output 494.33 3959.68 185.40 266.39 



TABLE 3-] continued
 

9 10 11 12 
Oil Refining Other Energy 1(I-10) Private Consumption 

1. Agriculture 0.0 0.0 1612.74 933.89 
:. Construction 2.06 .35 46.46 156.77 
3. Heavy industry 2.86 .14 456.86 128.84 
4. Light Industry 2.22 .73 1001.63 1874.08 
5. Transportation .21 21.11 208.58 186.51 
6. Rest of Economy 23.32 3.10 722.81 1133.01 
7. Suez 0.0 0.0 7.53 0.0 
8. Oil Extraction 102.94 0.0 141.66 0.0 
9. Oil Refining 12.94 8.97 199.27 53.61 

10. Other Energy 1.09 0.0 67.34 38.29 

11. T(I-IO) 147.64 15.40 4464.88 4505.00 

12. H.H. Wage Income 10.88 21.59 2679.78 

13. H.H. Profit Income 11.10 11.65 1470.19 
14. Agricultural Income 1581.48 

15. Total Private Income 

1(12-14) 21.98 33.24 5731.45 

16. Government Income 50.53 49.77 1574.09 
17. Gross Savings 1469.41 
18. Imports 58.38 8.41 1167.60 

19. Producer/ -7.67 
Consumer Subsidy -383.64 -188.96 

20. Indirect Taxes 17.15 8.58 857.60 

21. Direct Taxes 246.00 

22. Total Gross Output 288.01 115.40 13411.98 6031.45 

\'1 



TABLE 3-1 continued
 

13 14 15 16
 

Government Gross Fixed
 
Expenditures Investment Stock Changes Total Exports
 

1. Agriculture 	 58.63 .18 18.97 238.88
 

2. Construction 	 75.80 1086.76 0.0 0.0
 

3. Heavy Industry 	 38.61 74.49 39.12 47.77
 

4. Light Industry 144.83 288.77 172.23 217.56
 

5. Transportation 	 25.53 0.0 0.0 70.71
 

6. Rest of Economy 1195.40 319.20 43.6 545.66
 

7. Suez 	 0.0 0.0 0.0 177.87
 

8. Oil Extraction 	 0.0 0.0 5.22 119.51 

9. Oil Refining 	 24.43 0.0 1.46 52.04
 

10. 	 Other Energy 9.77 0.0 0.0 O.J
 

11. 	 7(1-10) 1576.00 1769.40 280.60 1470.00 

12. 	 H.H. Wage Income 300.00
 

13. 	 H.H. Profit Income
 

14. 	 Agricultural Income
 

15. 	 Total Private Income
 

1_(2-1 4) 

16. 	 Government Income
 

17. 	 Gross Savings 529.09 
 490.00
 

18. 	 Imports 438.50
 

19. 	 Producer/ 57260 
Consumer Subsidy 

20. 	 Indirect Taxes
 

21. 	 Direct Taxes
 

22. 	 Total Gross Output 2677.69 2207.90 280.60 2260.00
 

2488.50
 



TABLE 3-1 continued
 

17 18 19 20
 

Competitive

Imports Indirect Taxes Direct Taxes Total Gross Output
 

1. Agriculture -568.70 	 2294.59
 

2. Construction 0.0 	 1365.79
 

3. Heavy Industry 0.0 	 785.69
 

4. Light Industry -42.4 	 3656.70
 

5. Transportation 0.0 	 494.
 

6. Rest of Economy 0.0 	 3959.58
 

7. Suez 0.0 	 185.40
 

8. Oil Extraction 0.0 	 266.39
 

9. Oil Refining -42.8 	 288.01
 

10. 	 Other Energy 115.40
 

11. 	 Z-(l-l0) -653.90 13411.98 

12. 	 H.H. Wage Income 2979.78
 

13. 	 H.H. Profit Income 1470.19
 

14. 	 Agricultural Income 1581.48
 

15. 	 Total Private Income
 
6031.45
T(12-14) 

16. 	 Government Inccme 857.60 246.00 2677.69
 

17. 	 Gros; Savings 2488.50
 

18. 	 Impo-ts 653.90 2260.00
 

19. 	 Producer/ 0.0
 
Consumer Subsidy
 

20. 	 Indirect Taxes 857.60
 

21. 	 Direct Taxes 246.00
 

22. 	 Total Gross Output i.0 857.60 246.00 27973.22
 

http:27973.22
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formul a,
 

x = (-)- F 

where X is a ten-sector column vector of gross output levels (which ar- the
 

first ten elements of column 20 and row 22 respectively) and A is a 10 x 10
 

matrix of input-output coefficients and F is a column vector of final demands.
 

Thus given the Leontief inverse matrix the sectoral gross output totals are
 

obtained to support the intermediate and final demand components of each
 

sector.
 

The input-output flow table is represented by the north-west quadrant
 

(i.e. rows I to 10 and colur- I to 10) of Table 3-1 which depicts the struc­

tural interdependence of production in the different sectors of the economy.
 

It shows the flows of goods and services which are both produced and consumed
 

in the process of production referred to as interindustry flows or intermed­

iate demand. The elements in this quadrant are payments between production
 

processes and do not enter national income. The second (north-east) quadrant
 

(i.e. rows 12 to 16) shows various elements of final demand for the output of 

each sector.
 

The different elements of final demand in the Egyptian SAM consist of 

(i) private consumption, (ii government consumption, (i i) total demand for 

investment goods which consists of gross capital formation and stock changes,
 

(iv) total exports. Competetive imports, presented in column 17, enter the
 

final demand quadrant with a negative sign because they are treated essential­

ly as nationally produced output and thus increases the value of total supply.
 

Thus the first ten rows represent the demand supply balances of the output in
 

the ten sectors.
 

The aggregate values of all the final demand figures were obtained from
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the national income accounts. However, the sectoral breakdown of the demand
 

figures were made according to the 1977 input-output table. The sectoral
 

classifications adopted in the national accounts are slightly different from
 

the sectoral breakdowns used in the 1977 S/W designed for this analysis. 3
 

It is evident from Table 3-1 that the quadrant inTnediately below the
 

input-output flow table contains detailed information on payments to the
 

factors of production (i.e. value added by productive activities) in the dif­

ferent sectors in terms of household wage income, household profit income,
 

agricultural income and government income. Information on competetive im­

pcrts, rows
indirect taxes and production subsidies are also surrnarized in 18
 

to 20.
 

Data on total imports have been obtained from the U.N. National Accounts
 

(i.e. L.E. 2260.0) and allocated between three major uses namely competetive
 

imports, noncompetetive imports (which are used in production) and capital
 

formation. ata on this input breakdown were obtained from the 1980 1JCTAD
 

Handbook of Trade Statistics and the 1980 United Nations International Trade
 

Statistics. Disaggregation of the non-competetive irrnorts across the differ­

ent sectors was made according to the 1977 input-output table. National
 

account figures record the total amount of indirect taxes as (L.E. 857.6)
 

which were split among the different sectors in the SAM in proportion to the
 

value added generated in the relevant sectors.
 

For the Egyptian case data on subsidies are contusing, given the govern­

ment accounting conventions and difficulties of obtaining a set of consistont
 

figures. As a rough approximation the total amount of subsidies have been 

taken as 7.8 percent of the GFPV at rnarket prices. The total subsidies were 

taken as L.E. 572.60. This figurc wa,; broken down in terms of cons tnnption and 

production subsidies. (Onsnrrmption subsidies were credited to the household 
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sector and production subsidies were distributed among the different sectors
 

in line with the 1976 SAM. Now the total gross value added becomes residuals
 

to make total sector costs (i.e. colum I to 10) equal to receipts (i.e. rows
 

I to 10) -- which constitutes the basic SAM accounting identity. Rows 12 to 

16 show how this gross value added is paid out in terms of factor payments to 

households, private and government enterprises in terms of wage income, profit 

income, agricultural income and government income. 

The decomposition of value added in terms of wage income and capital 

income were based on the U.N. national income accounts data. However, the 

further breakdown of profit income into its public (i.e. government) and pri­

vate components were based on the basis of ratios of capital stock in the 

private and public sector 4. 

The first ten columns give the breakdown of the cost-structures of the 

different producing sectors in terms of intermediate inputs, payments to 

government and householJs, imports used as inputs to production and indirect 

taxes less subsidies. These column sums of total cost of production are equal
 

to the row sua-ns of sales which is the basic accounting principle underlying
 

the SAM (see Table 3-1).
 

The total private income which includes different sources of household
 

income plus remittances from abroad (L.E. 300 million) is presented in Row 15.
 

Workers' remittances from abroad were approximately 10 percent of total wage
 

income in 1977 and this proportion has increased very rapidly in the later
 

years. Household ij,es of total private income are in Colurm 12. This entry 

consists of consurption of nationally produced goods (i.e. L.E. 4505 million), 

payment of direct taxes to the government and the rest is savings. Consumer 

subsidies enter the expenditure column with a negative sign. They are treated 
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essentially as income for the household sector. Total private household
 

income is represented at the end of row 15 (i.e. L.E. 6031.45) which equals
 

household uses of income at the bottom of Column 12. Government expenditure
 

are sunrnarized inRow 13, including government purchases of goods and services
 

from the different sectors (L.E. 1576 million), payment of production and
 

consumption subsidies (L.E. 572.60). The rest is credited to government
 

savings (L.E. 529.09). The composition of government income in terms of
 

profit income accruing to public sector enterprises, direct and indirect taxes
 

is represented in Row 16.
 

By definition of SAM accounting the row and column sum specifying govern­

ment income and expenditure are equal (L.E. 2677.69 million). Competetive and
 

noncompetetive imports are in Row 18 and information on value of exports and
 

remittances (in domestic prices) is in olumn 16. The balancing item which
 

makes the respective row and column equal is net foreign savings (L.E. 490.00
 

million) generated in this sector.
 

Finally, we find that the savings-investment equality is satisfied which
 

is evident from the total amount of savings generated by the different 
sources
 

(i.e. row 17) described above and the total expenditure on capital formation
 

and stock changes surmnarized in column 14 and 15.
 

Thus table 3-1 (SAM-77) provides us with the basic macro-data framework
 

around which the computable general equilibrium model will be built.
 

4. Structure of the lVbdel
 

As noted earlier, the formulation of the structural equations for this
 

model are closely related to the model formulation made by Taylor (1983) for
 

India. However, two important extensions to represent the Egyptian case are
 

made, and these extensions may be relevant for other classes of countries with
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similar macro-economic features and a strong petroleum sector. These exten­

sions are necessitated by the realities of the Egyptian case:
 

1. 	The energy sector is disaggregated in terms of oil extraction, oil
 

refining and other energy (i.e. predominantly natural gas and elec­

tricity). Egypt has a "mixed" energy portfolio which must be clearly
 

represented.
 

2. 	The pricing equations are reformulated to incorporate the assumption
 

of price responsive technological coefficients in the petroleum
 

intensive sectors. This extension is essential to capture the
 

flexibility of energy use in production processes.
 

4.1 	 MNdel Equations
 

Detailed symbolic representations of the equations of the model along
 

with the definitions of endogenous and exogenous variables and parameters are
 

presented in Tables 4-1 and 4-2. The model presented in Table 4-1 is the
 

basic model with fixed technological coefficients which has been used for
 

analyzing the main base case results of the model. For purposes of analysis
 

the model has subsequently been modified in terms of flexible technological
 

coefficients for petroleum in certain sectors.
 

In this section, we shall describe the model equations contained in Table
 

4-1, adopting a convention of sequential description. Equations 4.1 to 4.10
 

represent the famous material balance equations which represent the basic
 

demand-supply balance in the social accounting framework. The model is based
 

on the notion that the agricultural sector is import-clearing, i.e. the levels
 

of cornpetetive imports will adjust to bring about the demand-supply balances.
 

This sector has an administered system of prices and output is fixed in the
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Table 	4-1: Equations for the Structural Macro-Economic Model of Egypt 

I. Demand-Supply Balance by Sector 

6 

+ G1 +X1 = aljxj C1 I + S1 + E1 - M1 	 (4.1) 

j 2 
1
 

10 

X2 = T a2 X+ C + G+ 12 (4.2) 

j 7 

j=lI~ 

10
 

jXj + C3 +
X3 = 	E a G3 + 13 + S3 + E 3 (4.3)
j=1 

10 

+ GX5 = Z a 4X. + C4 + 14 + S+ E4 4 	 (4.4) 
4jj 

10 

x5=E a5X + C5 +G5+E5 	 (4.5) 

10
 

$ + EX6 = -" a6iX + C
6 + G6 + 16 6 	 (4.6) 

X7 = a76 + E7 	 (4.7) 

9
 

Z a8jX + S8 + E8 	 (4.8) 
j=1 

j 5,7 



10 

X9 = Z j=l a g1 C9 + G9 + S9 + E9 -M 9 (4.9) 

X10 = 

9 

E 

j=1 

alo X 

li 

+ c 

0 

+ G 

1 

"(4.10) 

II. Investment Demand 

I i = INi/PI i = 1 to 4, 6 (4.11 to 4.15) 

PI = 

6 

wwiP ii=1 
(4.16) 

III. Generation of Income in the Agricultural Sector 

Y= PIX 1 

10 

- (Z ailPi 

i 7 

+ aoIPo 1)X1 + SUB1 P1 X1 (4.17) 

GA1 = plYl (4.18) 

HYA =Y1 - plY 1 (4.19) 

IV. Generation of Income in the Construction Sector 

Y2= P2X2 

10 
- (+ a 

i 7 

2 2Po2)X2 - w2X2 (4.20) 



GC2 	= P2Y2 

HPC 	= Y2 - p2Y2 

V. 	Price Equations for Quantity Clearing Sectors
 

tti KSi (Xi/ki )  for i = 	3 to 6 

8 and 9
 

(1 + t) +1tti) 10 

P 1 - (I + ti)( + tti)a ii(I - sub.) Z 
i=1 

for i = 3, ..., 

VI. 	 Variable Cost Equations
 

10 

VCi = Z ajiP i + wib i aoiPoi - subiPiaii 
j=1
 

for 	i = 3, ..., 


VII. 	 Government Share of Profits
 

GRi = pittiVCiXi 


VIII. Wage Income
 

10
 

Y - Z w X + R
W 	 1=2 

(4.21)
 

(4.22)
 

(4.23 to 4.29)
 

ajiP i + wi + a0iPoi , 

10 (4.30 to 4.37)
 

(4.38 to 4.45)
 

10
 

(4.46 to 4.53)
 

(4.54)
 



IX. Household Profit Income 

YHP = 

10 

Ei=3 ttiVCiXi -

10 

i=3 GRi + HPC (4.55) 

Y = YHP + Yw + HYA (4.56) 

Dh (1- Sh)((1 - dt)Yw + (1 - tz)YHP + HYA + CSUB) (4.57) 

h 

10 

i=1 
iP7,8 

.i Pi (4.58) 

X. Sectoral Consumption Functions 

MPi 
Ci = ei + P (D - h )  

S i1and 
i = 1 to 6 

9 to 10 
(4.59 to 4.66) 

XI. Closure Rules 

X. -X. = 0 i = 1 and 2 (4.67 to 4.68) 

XII. Government Revenue and Expenditures 

Tind = 

10 

Z 
i=3 

i"5,7 

ti(1 + tti)VCiX i (4.69) 

Td = dt . Yw (4.70) 



10 9
 

GREV = tzYHP + Tind + Td + GAI + GC2 + Z GRi + Z (PE. - Pi)E.i=2 	 i=1i
 
i 2
 

(4.71) 

10 9 

GEXP = Z
i=1 

PiGi + Z PiSUBiX ii=1 
(4.72) 

i7,8 i 2,3 
7,8 

XIII. Trade Deficit
 

10 9 

DEF = PIM + P4M4 + PM9 + Poi INm + aoiXi - Z PEi Ei (4.73)11 44 99 Oi m 	 i=1 i=11
 

iJ7 i 2
 

XIV. Saving-Investment Balance
 

DEF + (GREV 	- GEXP) + Sh((I - dt)Y w + (1 - tZ ) YHP + HYA + CSUB) = 

6 	 9
 

Z PiIi + P oi INm + Z PiSi (4.74) 
1=1 1i=1 i,42,5,7
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Table 4-2: Symbol Definitions in the Structural Macro-Economic Model of Egypt 

Symbol Definition 

Endogenous
 
Ci Consumption level in sector i, i = 1 to 6, 9
 

DEF Trade deficit
 

Dh Consumption spending from household income
 
A
 
Dh Subsistence level of consumption
 

GA1 Government income from the agricultural sector (sector 1)
 

GC2 Government profit income from the construction sector (sector 2)
 

HPC Households profit income from the construction sector
 

HYA Households income from the agricultural sector (sector 1)
 

INV Total investment demand in nominal terms
 

I i Investment demand in real terms for sector i, i = I to 4, 6 

M1 Competitive level of imports in sector I 

PI Aggregate level of prices for investment goods 

Pi Price level in sector i, i = 2 to 10 

SAV Total savings in the economy 

Td Direct taxes paid from wage income 

TIND Total indirect taxes 

TTi Mark-up rate in sector i, i = 3 to 10 

VCi Variable cost per unit of output in sector i, i = 3 to 10 

Xi Gross output level in sector i, i = 2 to 10
 

Yw Total wage income
 

YI Total income generated in the agricultural sector (sector 1)
 

Y2 Total income generated in the construction sector (sector 2)
 



Exogenous
 

Xi Fixed output level in sector i, i = 1, 2 

CSUB Total consumer subsidies 

dt Rate of taxes on wages 

Ei Level of exports in sector i, i = 1, 3 to 9 

Gi Government demand for commodities in sector i, i = 1 to 6, 9, 10 

INm Investment demand for imports 

INi Investment demand in nominal terms in sector i, i = 1 to 4, 6 

Ki Capital stock in sector i, i = 3 to 6, 8 to 10 

Mi Level of competitive imports in sector i, i = 4, 9 

PEi World price of exports in sector i, i = 1, 3 to 9 

Poi World price of INm 

R Remittances 

SUB i Rate of production subsidies in sector i, i = 1, 4, 5, 6, 9 

Si Changes in stocks in sector i, i = 1, 3, 4, 5, 6, 8, 9 

TT7 Mark-up rate in sector 7 

Tz Rate of taxes on profit income 

wi Wage/output ratio in sector i, i = 2 to 10 

Parameters 

ai Sectoral input-output coefficient, ij = 1 to 10 

aoi Import coefficient in sector i, i = 1 to 6, 8 to 10 

kSi Constant used in supply response function, i = 3 to 6 and 8 to 10 

MPi Marginal propensity to coisume in sector i, i = 1 to 6, 8 to 10 

Pi Share of government in public sector enterprises in sector i, 

i = 1 to 10 

Sh Savings ratio 



Elasticity in the supply response function in sector i, i = 3 to 

6, 8 to 10 

ei Subsistence level of consumption in sector i, i = I to 6, 8 to 10 

wwi Weights in the investment price index in sector i, i = 1 to 4, 6 



short-run. The construction sector is price-clearing because of the fixed
 

capacity assumption in the short-run. All o! the other sectors in the economy
 

are quantity clearing because of the presence of unutilized capacities.
 

Equation 4.1 represents the supply of gross output in sector I (Xl). The 

available supply equals the amount of intermediate sales between sectors (for
 

instance ajjXl represents intermediate sales of agricultural products to the
 

other sectors), the demand for consumption goods (CI), demand for investment
 

goods (1) and changes in stock (SI), government expenditure on goods and
 

services (GI) minus the level of competetive imports (MI). All of the other 

material balance equations can be interpreted in a similar fashion.
 

Equations 4.11 to 4.15 represent demand ior investment goods in real
 

terms. Demand for investment goods has been converted into real terms by 

deflating the quantity of nominal investment (INi) by an appropriate weighted
 

price index Pl. The investment price index is represented hy PI in equation
 

16. Thus real investment falls if prices go up and helps to bring about
 

equilibrium by reducing excess demand.
 

Equation 4.17 represents agricultural income Y, which consists of value­

added in that sector plus a production subsidy on the cunount of output pro­

duced in that sector. Profit income in the construction sector is denoted by 

Y2 in equation 20 which consists of sectoral value-added minus wage income 

accruing in that sector. GAI and M2, represented by equations 4.18 and 4.21, 

give the shares of the government in the agricultural and construction sectors
 

respectively.
 

The mark-up rate (which is the amount added to the "cost price" to 

determine the "selling price") is taken as a function of the output capital 

ratio in some of the quantity clearing sectors. The functions relating the
 

mark-up rate to t!Oe output capital ratios are represented in equations 4.23 to
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4.29. Alternative values of the elasticity of the mark-up with respect to the
 

degree of capacity utilization determine the precise nature of the relation­

ship between the level of output and the price level. For convenience the
 

assumption of zero elasticity has been used in the base runs implying fixed
 

mark-up rates in the different sectors.
 

Equations 4.30 to 4.37 give the price equations for all the quantity
 

clearing sectors with prices being determined on the basis of mark-up and
 

indirect taxes over variabie costs per unit of output. Variable costs per
 

unit of output are represented in terms of equations 4.38 to 4.45. They
 

include costs of intermediate inputs, wage costs and import costs less pro­

duction subsidies. 

Government share of profits are represented in equations 4.46 to 4.53. 

The fraction (P) gives the proportion of the government's share in public 

sector enterprises. Total wage income is defined by 4.54. 

Equation 4.55 ('HP) gives the aggregate level of private profit income
 

which is the sum of mark-up over variable costs less the share of government
 

profit income obtained from public sector enterprises. Y defined in equation
 

4.56 gives the total aggregate level of private profit income, wage income
 

plus income generated in the agricultural sector.
 

Consumer behavior in the model has been formulated on the basis of the
 

linear expenditure system of equations (LES) contained in equations 4.57 to
 

4.66 for determining the levels of sectoral consumption. I in 4.5 gives the
 

total private consumption spending which is obtained by deducting savings, 

profit taxes, wage taxes and adding consurption subsidies (which effectively 

increase cornsumer income). The two important sets of parameters in the LES 

are the subsistence level of consunption (&) and the marginal propensity to 
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consume (MPi)" These two sets of parameters have been obtained from the
 

family budget data of Egypt (1973-74). The procedures for estimation of these
 

parameters are illustrated in Taylor (1979)5. The price and income respon­

siveness of the sectoral levels of consumption are determined by the MP
i
 

parameters across the different sectors.
 

Equations 4.67 and 4.68 set the levels of output in the import and price 

clearing agricultural and construction sectors at predetermined levels (XI and 

X2 ) which are needed to make the system determinate. 

Tind in equation 4.69 represents the total indirect taxes obtained by the 

government. GREV in equation 4.71 gives the government revenue which consists 

of profit taxes, indiiect taxes, direct taxes (i.e. Td computed in equation 

4.70) and the share of government profits from the public sector enterprises
 

plus the revenues generated from the differential between domestic and foreign
 

prices of exports. 6 The level of government expenditure is given by equation 

4.72 which is determined by the predetermined levels of government demand for 

cormodities G (across sectors) and the level of expenditure incurred on the 

production and consumption subsidies.
 

Equation 4.73 (DEF) represents trade deficit which consists of payments 

for competitive and noncompetitive irr[ports less earnings fron exports (valued 

at world prices) and remittances. 

Finallv the savings and investrment equation , are introducd. Tot aI 

savings in tl,- model are generated from three iources r arcly, III, trade defi­

cit, surplus in the goverm!rum-rt a(:c'ount, 'Ind ,aving" generIte(l in tl1, lhiolsel ouId 

sector. Total investrrnt in the ysten tre dettcrifi,lf by the level of capitil 

formation and stock changcs. Since the stivii g"S inivestille t (.(lma lit y i s a 

derived relationship in the irKdel , it provi des a good ( lheckfor lotitlI(, erical 

solution.
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4.2 Parameterization
 

The input-output coefficients are obtained directly from the 1977 S Mby
 

taking the ratio of intermediate purchases from different sectors to the level
 

of gross output in the purchasing sector.
 

The parameters of the LES have been estimated by using the family budget
 

survey data of Egypt for 1974-75. The values of the parameters are depicted
 

in Table 4-3. The wage-output ratios (bi), have been obtained by dividing the
 

total wage income by the level of gross output. The mark-up rates, the unit
 

variable costs, the indirect tax rate, the production subsidies have been
 

calculated directly from the SAM. All sectoral level of prices have been
 

scaled to unity for the base solution. The savings ratio for the household
 

and the initial values of all of the relevant variables are directly read from
 

the SAM.
 

4.3 Solution
 

The ,.-dels in Table 4-1 are of a highly non-linear nature and are cur­

rently being solved on the TROLL system (operating on the IBM VM/370) by
 

making use of a Newton-Raphson non-linear equation algorithm. In general
 

terms the solution algorithm follows the following procedure.
 

The entire system of equations can be substituted and rearranged to a set 

of sectoral excess derand equations. Then one sta,ts with a set of initial 

values for thU adjusting variables, nainely comnpetitive imports for sector 1, a 

price level for sector 2, and an initial set of quantities for all other 

sectors, and calcuflates IIe excess demands, and then revises the initial set 

of values for the adjusting variables till equil ibriumrn is reached, i.e. excess 
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TABLE 4-3
 

Parameters of the Linear Expenditure System of Demand Equations
 

Sector 


Agriculture 


Construction and Housing 


Heavy Industry 


Light Industry 


Transportation 


Rest of the Economy 


Oil Refining 


Other Energy 


Income 

Elasticity 


.58 


.97 


1.12 


.96 


1.9 


1.26 


.75 


1.12 


Own Price 

Elasticity 


-.38 


-.50 


-.57 


-.69 


-.95 


-.75 


-.38 


-.56 


Marginal Propensity 

to Consume 


(Ratio) 


.12023 


.03363 


.03203 


.40012 


.07866 


.31689 


.00892 


.00952 


Subsistence Level
 
of Consumption
 
(in million LEQ
 

663.136
 

81.09
 

56.763
 

973.08
 

9.4605
 

418.965
 

33.337
 

18.02
 



demand in all sectors are approximately close to zero. Different algorithms
 

use different methods for revising the values of the adjusting variables
 

between iterations.
 

Given the values of the different parameters and exogenous variables, a
 

convergent solution of the model in the base run would generate the 1977 SAM
 

for Egypt represented in Table 3-1.
 

4.4 	Macro Responses in the Egyptian Economy
 

The major macro-economic consequences that may be evaluated through the
 

model may be classified in the following categories:
 

i) 	 effects on sectoral output: Since the industrial sectors are char­

acterized by excess capacities, the short-run macro adjustment takes
 

place in terms of changes in output (i.e. capacity utilization);
 

ii) 	 effects on sectoral prices: The changes in relative prices play a
 

key role in the short-run adjustment process and help us to evaluate
 

the inflationary impacts of policy changes;
 

iii) 	 impacts on income shares in terms of wages, profits and government
 

income: Value added is disaggregated into four categories, namely
 

agricultural income, wages, government profits and private sector
 

profits. The assumption of fixed wages and mark-up pricing enables
 

us to arrive at different functioral distributions of income (i.e.
 

through the "forced savings mechanism").
 

iv) 	impacts on balance of payments: The effects on balance of payments
 

are evaluated in terms of changes in the level of competetive and
 

non-copetetive imports.
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5. 	 Fi-pirical Results:
 

An initial set of simulation analyses was undertaken to examine the major
 

macro-economic adjustments. This section reports the results of the following
 

simulation runs:
 

o 	 an increase in the level of aggregate investment demand;
 

o 	 an increase in the domestic price of petroleum via changes
 

in the mark-up rate;
 

o 	 introduction of a fiscally neutralizing policy measure to
 

offset the impact of petroleum-price induced contraction;
 

o 	 an increase in the domestic price of oil with flexible
 

technological coefficients in the petroleum intensive sectors
 

under alternative closure rules for the natural gas sector.
 

5.1 	 Effects of Increased Investment Demand
 

In the initial experiment the total aggregate level of investment demand
 

(in nominal terms) is increased by 10 percent (i.e. L.E. 221.69 million). Our
 

main interest is to examine the responses of the accorrmodating variables which
 

would give us an improved understanding of the structure of the model.
 

It is evident from Table 3-1 that the largest component of investment
 

demand ismet by goods from the construction sector. As a result the varia­

tion in the demand for investment goods ismainly reflected in terms of a rise
 

in the aggregate demand for construction sector products. Since the construc­

tion sector has fixed capacity in the short-run the increase in aggregate
 

demand will lead to an increase in prices by 15 percent. This, however, will
 

not lead to much of a costpush inflation in the other sectors of the economy
 

owing to limited sales of intermediate inputs by the construction sector to
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the other sectors of the economy.
 

The aggregate level of prices in the economy will increase by 5 percent.
 

The price index of investment goods will increase by a much larger extent (by
 

9 percent). This increase will result ina net increase of demand for 
invest­

ment goods in real terms by L.E. 53.135 million (as against a nominal increase
 

of L.E. 221.69 million). An increase in prices in the construction sector
 

will lead to a proportionate increase in income generated by the construction
 

sector which will put upward pressure on demand for all corrmodities.
 

An increase in aggregate demand for investment goods (inreal terms) will
 

also result in an expansion of output and income in the other sectors of the
 

economy. All this will lead to an increase in real value added by L.E.
 

149.504 million. The results of this experiment are surrmarized in column B of
 

Table 5-I.
 

The familiar multiplier and centered arc elasticity measures with respect
 

to shifts in real investment demand are shown in Table 5-2. The values of the
 

elasticities show that all of the accorrnodating variables will respond posi­

tively to a change in the real aggregate demand for investment goods in the
 

economy. The high elasticity measure of the construction sector prices (6.24)
 

reveals the sensitive nature of this sector to a change in the economy's level
 

of real investment demand. The sensitivity measure of the competitive level
 

of imports in the agricultural sectcr is also high (2.59) because of the high
 

demand pressures that are generated for the goods in this sector. It also
 

acts as a vehicle to increase foreign savings to meet the rise in investment
 

demand. The elasticity measure of the real value added of .82 reveals the
 

limited expansionary impact in real terms of an increase in aggregate invest­

ment demand.
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TABLE 5-1 continued
 

Sectors Gross Output
in million LE) 

A B C D 

Suez X7 185.40 185.492 185.316 185.558 

Oil Extraction X8 266.333 267.936 262.311 265.006 

Oil Refining X9 287.856 291.522 277.368 284.039 

Other Energy X1O 116.538 118.665 112.893 115.689 

Competitive Imports 
(in million LE) 

Agriculture Ml 568.198 604.188 545.68 578,022 

Consumption 

(in million LE) 

Agriculture Cl 933.667 949.244 925.598 934.449 

Construction and Housing C2 156.763 150.514 155.752 157.29 

Heavy Industry C3 128.834 132.871 122.267 124.467 

Light Industry C4 1873.40 1924.72 1837.63 1866.74 

Transportation C5 186.453 195.502 173.377 178.82 

Rest of the Economy C6 1132.80 1171.92 1094.96 1117.67 

Oil Refining C9 53.4077 54.4938 46.0192 46.44 

Other Energy CIO 39.4407 40.6239 36.7453 37.373 

Sources of Saving 
(in million LE) 

Government Savings GSAV 1574.54 1653.44 1603.01 1524.64 

Household Savings HHSAV 1469.07 1515.85 1461.07 1485.46 

Trade Deficit DEF -555.144 -459.769 -568.972 -514.969 



TABLE 5-I continued 

Sectors Sources of Income A B C D 
(in million LE) 

Agricultural Income of Households HYA 1581.48 1581.48 1575.09 1575.07 

Profit Income of-Household YHP 1469.05 1649.45 1472.11 1518.86 

Wage Income of Household YW 2979.43 3012.2 2949.91 3009.37 

Government Profit Income 1575.3 1640.64 1699.47 1729.4 

Aggregate Price Index 1.00 1.05 1.028 1.030 

Real Value Added 
(in million LE) 7605.22 7754.724 7485.17 7607.3 

Nominal Value Added 
(in million LE) 7605.22 7883.575 7696.56 7832.7 



TABLE 5-2
 

Multiplier and Elasticity Measures of Accommodating Variables
 

Sectors 


Heavy Industry 


Light Industry 


Transportation 


Rest of the Economy 


Suez 


Oil Extraction 


Oil Refining 


Other Energy 


Agriculture 


Construction and Housing 


with Respect to Changes in Real 


Gross Output
 

X3 


X4 


X5 


X6 


X7 


X8 


X9 


XIO 


Competitive Imports
 

Ml 


Prices
 

P2 


Real Value Added 


Total Value Added 


Investment 

Multiplier Elasticity 

.17 .48 

1.26 .77 

.22 .98 

.92 .52 

.0017 .02 

.03 .25 

.07 .54 

.04 .76 

.68 2.59 

.003 6.24 

2.81 .82 

5.24 1.51 



We observe a fall in the share of wage income and a rise in the share of
 

profit income resulting from a change in prices brought about by the construc­

tion 	sector. The saving shares also adjust to bring about the new investment­

saving equality. The government's share in savings falls from .6327 to .6102
 

and 	that of the households from .5904 to .5595.
 

The main burden of adjustment falls in the trade sector (from -.2231 to
 

-.1696) because of the rise in the level of competitive imports in the agri­

cultural sector and non-competitive in-ports in the other sectors resulting
 

from 	an expansion in output.
 

5.2 	Effects of a tvdest Rise in the Dorrestic Price of Petroleun
 

Egyptian energy prices have been extremely low, and on the average are
 

about one-fifth of their internationp.l market price equivalent. These prices
 

7
obviously have not provided the appropriate price signals to the economy.


Our 	objective in this policy run is to evaluate the short-run macro-economic
 

impacts and adjustments in the economy that would result from a rise in the
 

price 	of oil. For purposes of analysis, the domestic price of petroleum has
 

been taken as 20 percent of the international price in the base run of the
 

model.
 

The rise in the price of petroleum has been simulated by increasing the
 

prespecified mark-up rate in the petroleum sector by 200 percent. This markup
 

rise increases the price in the petroleum sector by approximately 54 percent,
 

which brings the petroleum prices closer to the international market-price
 

equivalent by 10 percent. Although this is a modest increase in the direction
 

of the international market-price equivalent, it departs substantially from
 

current price structure. The irrnmediate consequence of this price increase is
 

a rise in the variable costs of production in the other sectors of the economy
 

22
 



reflected directly in terms of higher prices for their products. The results
 

of changes in the relative prices of the different outputs are depicted in
 

column C of Table 5-1. A major effect is a cost push inflation which occurs
 

in the other sectors of the economy. This inflationary effect is due to the
 

significant role of petroleum as an intermediate input.
 

The responses of the increases in the sectoral price levels will vary
 

over the different sectors. The price level in the heavy industries, trans­

portation, crude oil, and "other energy" sectors will increase by 7 percent,
 

5 percent, 8 percent, and 11 percent, respectively. The aggregEe level of
 

prices in the economy will increase by almost 3 percent.
 

The changes in relative prices will lead to a rise in the level of mark­

up income from the petroleum sector. A large proportion of the higher mark-up
 

income will be going into the hands of the Egyptian government owing to the
 

large share of the government in the petroleum sector and the other sectors of
 

the economy. This will result in higher government savings, leading to leak­

ages in purchasing power. Real wages will fall owing to the assumption of
 

short-run predetermined nominal wages. Thus income will be redistributed from
 

wage to profit recipients. The share of the increased profit-income for the
 

government sector will rise from .2071 to .22, whereas the wage share of the
 

wage earners will fall from .3918 to .3818.
 

The level of consumption will decline as a result of the Ligher relative
 

prices. All this would generate a downward pressure on the level aggregate
 

demand. Thii; depression of demand will result in lower prices in the con­

struction sector, lower level of competitive imports in the agricultural
 

sector and a decline in output in all of the quantity clearing sectors. Thus
 

an increase in the domestic price of oil will lead to a reduction in economic
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activity of the different sectors of the economy. By far the largest drop in
 

output will occur in the transportation sector. The reasons are the strong
 

input-output linkage between the petroleum sector and the transportation
 

sector and the high value of elasticities in this sector which are evident
 

from Table 4-3. Real value added will fall by approximately L.E. 120 million
 

(2percent) and household consumption of petroleum products will decline
 

merely by L.E. 7 million (13 percent).
 

Overall, the rise indomestic petroleum prices will create difficult
 

adjustment problems in the short-run involving increased inflation (due to
 

cost-push inflationary pressures originating in the petroleum sector) and
 

contraction of output (brought about by a fall in aggregate demand) leading to
 

underutilization of capacity.
 

This contraction may be offset through fiscally neutralizing measures
 

namely an expansion in the government expenditure policy. We find that if
 

government expenditure is increased by 8 percent this policy might offset the
 

negative impact on real value added and add negligibly to inflation.
 

The results corresponding to this policy run are presented in colurmn D of
 

Table 5-1. This experiment also helps us to separate income effect from the
 

substitution effect by keeping the real value added at its original level.
 

The new consumption basket represented by column D now gives us the demand
 

responses generated by the substitution effect alone. We may also note that
 

the conservation in the uses of petroleum by consumers arises mainly due to
 

the operation of the substitution effect (of a change in price) due perhaps to
 

tile small share of petroleum in the consumers budget. In terms of the sector­

al tesponses of output, we find that there is clearly a shift in output
 

patterns in favor of sectors 4 and 6. This ismainly due to the fact that a
 

large part of the demand for sectors 4 and 6 comes from the government sector,
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hence they gain more than the others from the policy change.
 

5.2.1 	 Effects of a Rise in the Price of Petroleum with Some Price Responsive
 

Technological Coefficients and Alternative Rules for Closures for the
 

Natural Gas Sector:
 

Much of the demand for petroleum products comes from the industries in
 

the form of intermediate inputs. So far, we have assumed that technological
 

coefficients are fixed: that they are used in fixed proportion and no substi­

tution is possible. In fact, we know that there exists possibilities of
 

substitution away from petroleum input, especially by replacing fuel oil by
 

natural gas. Considerable scope for conversion exists in a number of indus­

tries in the Egyptian economy namely iron and steel, cernent, fertilizers,
 

cotton textiles, etc. Since most of these industries are aggregated in sec­

tors 3 and 4 we have replaced the constant technological coefficients using
 

petroleum and natural gas in these sectors by making them price responsive.
 

For this analysis we now recognize that substitution possibilities exist
 

between petroleum and natural gas in sectors 3 and 4.
 

We assume that petroleum and natural gas enter separably into the unit
 

cost function. This enables us to obtain a Constant Elasticity of Substitu­

8
tion (CES) unit cost function corresponding to the use of "aggregate" energy
 

(in terms of petroleum and natural gas) derived from factor demand equations
 

and natural gas in sectors 3 and 4.
 

The unit cost of "aggregate energy" in sectors 3 and 4 may be rep.esented
 

as follows:
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EPl~ -ai i- /l-a j 

(P9) + (a10)a1 (PI ) ]
EP [(a ) 

where i = 3, 4
 

EPi = price of "aggregate energy" in sector i 

.9 = distribution parameter of petroleum used in the CIS aggregate energy 

function in sector i 

10 = distribution parameter of "other energy" used in the CBS aggregate 

energy function in sector i 

P9 and Plo = price level in sector 9 and sector 10 respectively 

= elasticity of substitution between petroleum and "other energy in 

sector i 

The "fuel shares" or energy coefficients are obtained by using Shep­

pard's Lerrmi. i.e., the first derivative of the respective cost functions.
 

The relevant price responsive input-output coefficients will take the follow­

ing form:
 

EPi Gi 
A9E i = (ai-P ) where i = 3, 4 

99
 

iEP. 0i
 

A10E i = (a1o--Fo) where i = 3, 4
 

A9E i = ratio of petroleum use to "aggregate energy" in sector i
 

AIOEi = ratio of "other energy" use to "aggregate energy" in sector i
 

The material balance equations for sectors 9 and 10, the pricing and
 

variable cost equations for sectors 3 and 4 will have to be reformulated to
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incorporate the flexible technological coefficients and the "aggregate prices
 

of energy" in the respective sectors.
 

Given data constraints at present, no formal econometric estimation of
 

the 	elasticity of substitution between oil and natural gas has been attempted.
 

There are very few estimates available for the elasticity of substitution even
 

for 	other developing countries. A recent study made by Wood (1983)9 shows
 

that the elasticies of substitution between petroleum oil and natural gas turn
 

out to be higher than unity. An elasticity of substitution of 1.5 has been
 

assumed for both the sectors in the Egyptian case.
 

In order to capture the particular characteristics of the Egyptian econo­

my and its unique "distortions," three alternative assumptions (on closures)
 

have been made regarding the natural gas sector:
 

1. 	 the natural gas sector is assumed to be quantity clearing (which has
 

been the assurption throughout our analysis);
 

2. 	 the supply of the natural gas sector is taken to be fixed in the
 

shortrun and the adjustment mechanism is built around flexible
 

prices;
 

3. 	 the short-run supply response function in the natural 
gas sector
 

responds positively to changes in its own price and takes the
 

following form:
 
)Y
 

':710(PoX 1 

=1
10
 

where T is the parameter of the supply response function.1 0
 

Pl0 - initial price of natural gas 

XI - predetermined level of natural gas output 

Xl0 level of gross output in the natural gas sector.
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The results of our analysis is surnarized in Table 5-3. We observe that
 

the technological coefficients are sensitive to changes in petroleum prices in
 

all three cases. However, the price responsiveness, (i.e. the resulting
 

induced conservation of petroletun products) varies with the particular assump­

tions on closures that have been made for the natural gas sector. Given the
 

assumption of excess capacity in the natural gas sector, the substitution away
 

from petroleum to natural gas does not cause any additional increases in the
 

price of the natural gas sector. The flexibility of petroleum use can help to
 

ameliorate some of the contractionary impact on the real value added to the
 

economy.
 

However, iLthe supply in the natural gas sector remains fixed, this
 

leads to a substantial rise in the price of natural gas by almost 30 percent.
 

This results in a high rate of inflation in the economy and the contractionary
 

effect becomes more severe. The results are summarized in column D of Table
 

5-3. This shows that a high elasticity of substitution may not give us the
 

desired results and it is important to capture and analyze the macro impact of
 

the other restrictions in the economy.
 

If the short-run supply of natural gas responds to changes in prices then
 

the upward pressures on the price of natural gas may be offset to a large
 

extent. The price of natural gas increases by only 5 percentage points. The
 

results of this experiment are shown in column E. The solution indicates that
 

if the substitution possibilities between oil and natural gas are high in
 

certain sectors and the supply of the natural gas sector responds accordingly,
 

the negative macro economic impact of rising energy prices may be mitigated to
 

a certain extent.
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TABLE 5-3
 

Results of Simulation Runs with an Ticrease in Markup in the Petroleum Sector by 200 Percent*
 

and Flexible Technological Coefficients under Alternative Closure Rules for the Natural 
Gas Sector
 

Flexible Technological Coefficient 

Price Clearing 

Natural Gas Sector 

Sectors 
 A B C D E
 

Heavy Industry Ratio of Petroleum Use .655 .655 .532 .595 .549
 
to "Aggregate Energy"
 

,ieavy Industry Ratio of Natural Gas Use .344 .492 
 .409 .468
 
to "Aggregate Energy"
 

Light Industry Ratio of Petroleum Use .561 .561 .432 .497 .449
to "Aggregate Energy"
 

Light Industry Ratio of Natural Gas Use .439 439 .595 
 .509 .571
to "Aggregate Energy"
 

A = Case Case
 
B = Rigid Technological Coefficient
 
C = Quoantity Clearing Natural Gas Sector
 
D = Fixed Supply of Natural Gas
 
E = Incorporation of Short-Run Supply Response Function in the Natural Gas Sector
 

The mark-up rate in the petroleum sector has been increased three times to simulate the modest oil price rise scenario.
 

A threefold increase in the markup of the petroleum sector leads to an increase of approximately 54 percent in the price

uf petroleum (P9 = 1.535). 



TABLE 5-3 continued
 

Flexible Technological Coefficient 

Price Clearing 
Natural Gas Sector 

Sectors Prices A B C 0 E 

Construction and Housing P2 1.00 .983 .984 .981 .985 
Heavy Industry P3 1.00 1.067 1.063 1.077 1.058 
Light industry P4 1.00 1.01 1.01 1.012 1.009 
Transportation P5 1.00 1.047 1.047 1.052 1.046 

Rest of the Economy P6 1.00 1.023 1.023 1.026 1.022 

SUe P7 1.00 1.04 1.040 1.044 1.039 
Oil Extraction P8 1.00 1.076 1.076 1.08 1.074 

Oil Reining P9 1.00 1.535 1.535 1.542 1.532 

Other E!,ergy PlO 1.00 1.11 1.11 1.288 1.051 

Gross Output 
Heavy Industry X3 785.619 774.598 774.96 773.115 775.65 

Light Industry X4 3655.61 3609.49 3611.65 3603.18 3614.77 
Transportation X5 494.243 478.732 479.266 477.152 480.032 
Rest of the Economy X6 3958.58 3914.80 3915.63 3909.33 3917.93 

Suez X7 185.40 185.316 185.318 185.306 185.334 

Oil Extraction X8 266.333 262.311 258.761 259.988 258.334 
Oil Refining X9 287.856 277.368 267.417 270.976 266.175 
Other Energy X1O 116.538 112.893 125.121 116.538 128.561 

Competitive Imports 
Agriculture Ml 568.198 545.68 546.717 542.696 548.206 



TABLE 5-3 continued 

Sectors A B 

Flexible Technological Coefficient 

Price Clearing 
Natural Gas Sector 

C D E 

Aggregate Price Index 

Real Value Added 

Total Value Added 

1.00 

7605.22 

7605.22 

1.028 

7485.17 

7695.56 

1.0264 

7496.89 

7694.78 

1.032 

7472.93 

7710.21 

1.0278 

7489.68 

7697.61 



This adjustment illustrates the importance of the implications of the
 

alternative closure rules for determining an appropriate petroleum price
 

strategy. In other words, energy demand management alone cannot bring about
 

the desirable impacts on the economy unless efforts are made to 
remove cost
 

pressures originating from other structural constraints.
 

5.2.2 Petroleum Pricing and Energy Conservation
 

The elasticity measuses sunrmarized in Table 5-4 help us evaluate the 

effectiveness of petroleum pricing policy for the curtailment of energy demand
 

in the short run. 
We find that the values of the elasticiLy measures are
 

fairly sensitive to assumptions of flexibility of energy use in the production 

processes and to the market clearing assumptions in the nature gas se ctor. 

The elasticity measure under scenario A (-.0879) scenario A'and (-.0316) 

reveal the fact that with rigid technological coefficients, the fall in energy 

demand mainly takes place through the operation of the contractionary incoine 

effect. As expected, the elasticity measure with flexible technological 

coefficients are relatively larger (-.1744) and the price effect al-,o seerml to 

be much stronger (as revealed by the elasticity measure of -. 121 under scen­

ario C'). The shift of en, rgy demand to sector 10 is also apparent frCon the 

postive elasticity measures in the natural gas sector. The elasticity mneasure 

of -. 0676 under the assumption of the price clearing natural g'V; scctor re­

veals the ineffectiveness of petroleum pricing as a policy rrneasire for in­

ducing energy conservation under the presence of structuraLl constraint,, iii the 

natural gas sector. an the whole the short-run elasticity irxeasure,, seen to 

indicate the inited effectiveness of the petroleum pricing policy in curtail­

ing energy demand in the short-run. 
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TABLE 5-4
 

Elasticity Measures of Gross Output
 

with Respect to Change in Oil Prices
 

Sector A A' B B' C DC' D' 

Oil Refining -.0316
-.0879 -.1744 
 -.121 -.1417 -.0676 -.1862 -.1341
 

Other Energy -.07527 -.0173 .1683 
 .2205 
 .2335 .2723
 

A = Rigid Technological Coefficients
 
A' = Case A with neutralizing fiscal expenditure policy (8%)

B = Quantity Clearing Natural Gas Sector
 
B' = Case B with neutralizing fiscal expenditure policy (7.5%)

C = Fixed Supply of Natural Gas Sector
 
C' = Case C with neutralizing fiscal expenditure policy (9%)

D = Incorporation of Short-Run Supply Response Function in the Natural 
Gas
 

Sector
 
D' = Case D with neutralizing fiscal expenditure policy (7%) 
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5.3 Effects of a "Quantun ur" in the Domestic Price of Petroleun I
 

The above analysis reports the results of a relatively small increase in
 

the price of petroleum towards its international market price equivalent. We
 

further conducted a series of alternative s,nulation runs by increasing the
 

petroleum sector mark-up tenfold. A tenfold increase in the petroleum sector
 

mark-up increased the price of petroleum by approximately 300 percent (i.e.,
 

to four times the current domestic prices). This increase ismore in line
 

with the quantum jump scenario proposed by the Egyptian authorities.
 

The results of the alternative simulation runs are presented inTable
 

5-5. The logic of the analysis will run along the same lines of argument
 

presented earlier. Table 5-6 represents the elasticity measures of the impor-.
 

tant macro-economic indicators. The elasticity responses of the important
 

macro-economic variables present some interesting insights to the adjustment
 

process. The elasticity measures of gross output in the petroleum sector
 

remain almost unchanged in both the modest and the "quantum jump" increase
 

cas-s. This result implies the degrees cf responsiveness of curtailment of
 

petroleum use by the economy will remain almost unchanged inboth the modest
 

and the "quantum jump" cases. The elasticity responses corresponding to the
 

real value added are -.04 and -.07 respectively.
 

TK,!,-e responses reveal that the degree of contractionary responses will 

be more severe in the "quantum jump" case. The argument holds good in case of 

the rate oi inflation as well. The values of the elasticity measures reveal 

the extent of non-linearity present inthe structure of the macro-economic 

responses corresponding to oil price changes. This outcome clearly points to 

the fact that a gradual increase towards the world price level might be 

preferable to a "quantum jump" increase in terms of the adjustment burdens for 
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TABLE 5-5
 

Effects of a "Quantum Jump" Rise in the Price of Petroleum: Empirical Results
 

Flexible Technological Coefficient 

Sector 
Rigid Technological 

Coefficient 
Quantity Clearing 
Natural Gas Sector 

Price Clearing 
Natural Gas Sector 

Prices 

Construction and Housing P2 .908 .917 .898 

Heavy Industry P3 1.376 1.310 1.408 

Light Industry P4 1.058 1.048 1.064 

Transportation P5 1.265 1.262 1.290 

Rest of the Economy P6 1.130 1.126 1.143 

Suez P7 1.226 1.221 1.244 

Oil Extraction P8 1.427 1.412 1.456 

Oil Refining P9 3.986 3.959 4.054 

Other Energy Plo 1.613 1.607 2.454 

Gross Output (in million LE) 

Heavy Industry 

Light Industry 

Transportation 

Rest of the Economy 

Suez 

X3 

X4 

X5 

X6 

X7 

738.96 

3418.03 

422.97 

3744.89 

184.993 

741.325 

3441.1 

426.725 

3757.09 

185.016 

733.188 

3395.21 

417.793 

3725.74 

184.98 

Oil Extraction X8 254.609 246.755 248.94 

Oil Refining 

Other Energy 

X9 

XIO 

258.639 

101.878 

236.358 

141.918 

243.10 

116.50 

*The mark-up rate 4n the petroleum sector has been increased 10 times to simulate the "quantum jump" scenario.
 



Sector 


Agriculture 

Agriculture 


Construction and Housing 


Heavy Industry 


Light Industry 


Transportation 


Rest of the Economy 


Oil Refining 


Other Energy 


TABLE 5-5 continued
 

Rigid Technological 

Coefficeent 


Competitive Imports
 
(in million LE)
 

Ml 	 451.158 

Cl 890.379 


C2 151.094 


C3 100.755 


Ca 1688.18 


C5 126.955 


C6 948.949 


C9 37.566 


CIO 29.178 


Sources of Saving (in million LE)
 

Government Savings 1705.16 

(GSAV)
 

Household Savings 1429.11 

(HHSAV)
 

Trade Deficit -608.896 

(DEF)
 

Flexible Technological Coefficient
 

Quantity Clearing Price Clearing
 
Natural Gas Sector Natural Gas Sector
 

461.933 	 439.815 

894.242 	 886.05
 

151.575 	 150.45
 

103.754 	 98.93
 

1706.85 	 1670.32
 

129.291 	 122.56
 

960.021 	 9j3.124
 

37.6677 37.417
 

29.6106 25.21
 

1682.95 	 1725.92
 

1434.7 	 1427.25
 

-596.772 	 -624.629
 



TABLE 5-5 continued
 

Rigid Technological 

Coefficient 


Sources of Income (in million LE)
 
Agricultural Income 

of Households (HYA) 

Profit Income of 

1545.85 

1483.05 

Household (YHP) 
Wage Income of 

Household (YW) 

Government 
Profit Income 

2837.08 

2239.02 

Aggregate Price Index 1.15764 

Real Value Added 
(in million LE-

7 
700i.32 

Nominal Value Added 8105.00 

(in million LE)
 

Flexible Technological Coefficient
 

Quantity Clearing Price Clearing
 
Natural Gas Sector Natural Gas Sector
 

1547.13 1544.32
 

43c q 1487.65
 

2853.00 2826.8
 

2199.45 2308.95
 

1.14977 1.175
 

7035.64 6954.18 

8089 8167.71
 



TABLE 5-6
 

Elasticity Measures with Respect to Modest and "Quantum Jump" Oil 
Price Increases
 

Modest Price Increase "Quantum Jump" Price Increase
 

A A' A A'
 

Gro.-s Output in Oil Refining -.0879 
 -.1744 -.0893 
 -.1646
 

Redl Value Added 
 -.04 -.036 -.07 
 -.065
 

Rate of Inflation 
 .065 .061 .12 
 .133
 

A Rigid Technological Coefficient
 
A' Flexible Technological Coefficient
 



the 	economy. Thus an increase in the Egyptian domestic price of petroleum to
 

world price level in one shock may not contribute to increasing tile degree of
 

responsiveness of the curtailment of energy use but would invariably hit the
 

economy harder.
 

The results of these analyses are in line with the alternative price
 

increase scenarios currently being considered by the Egyptian authorities and
 

international agencies, including the U.S. Agency for International Develop­

ment • 

6. 	Conclusion
 

The analysis in this report suggests the follcwing conclusions:
 

First, an increase in the domestic price of oil wil encourage the
 

curtailment of petroleum use and induce some amount of conservation of oil
 

resources. This may be redirected to exports or conserved for future use.
 

Second, the reduction in petroleum use, however, will impose painful
 

adjusiment problems for the economy in terms of an increase in inflation, fall
 

in the share of wage income, and sharp output losses. A gradual increase in
 

the 	price of oil would be less painful than a "quantum jump" rise and would
 

not necessarily induce more conservation of petroleum use in relative terms.
 

An increase in aggregate demand through expansionary government expenditure
 

policies may help to restore some of the lost income and stimulate the econ­

',"y.
 

Third, the popular emphasis in macro-economic policy for counteracting
 

the negative economic effects to date has been effective energy-demand manage­

rnent policies. Since household consumption forms a very small portion of
 

total petroleum demand in Egypt, the demand effects will have to operate
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through interfuel substitution in the industrial sector. Our analysis sug­

gests that a high elasticity of substitution in the production processes
 

between petroleum and natural gas will not bring about the desirable changes
 

in terms of conservation of petroleum use and amelioration of the negative
 

macro-economic impacts unless efforts are made to increase the short-run
 

supply of natural gas as well. In other words, for the price of oil to
 

provide the right signal for resource allocation in the economy the other
 

institutional and structural constraints need to be recognized and analyzed as 

wel l. 

Fourth, the macro-economic implications of domestic petroleum pricing 

strategies in Egypt are extremely important and should be con, idered care­

fully. Simply suggesting lifting of domestic subsidies, increasing domestic 

energy prices to world prices, will not have the intended effects unless other 

measures are adopted as well. Treating the energy sector in isolation from 

the rest of the economy will be counterproductive and lead to adoption of
 

measures that may even have detrimental effects. An overall energy/economy 

strategy is required inwhich adjusting domestic prices toward international
 

prices is only one element.
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NJTES
 

1. 	See Middle East Economnic Survey, 28 March 1983.
 

2. 	 See Table 3-1 for the composition of the 10 sectors from the 32 sector
 

classification inNazli CGoucri, 'Resource Development and Policy in
 

Egypt: Petroleum and Natural Gas: SunTnary and Conclusion" (January
 

1983).
 

3. 	The sectoral breakdown in the national income accounts isas follows:
 

(i)agriculture, (ii)mining and quarrying, (iii) manufacturing, (iv)
 

electricity, gas, and water, (v)construction, (vi) wholesale and retail 

trade, (vii) transport and comrunication, (viii) finance, insurance, and 

business services, (ix)comrnunity, social, and personal services. 

4. 	 See Table 6 inYoussef Boutros-Chali and Lance Taylor, "L-bor Force
 

Macroeconomics inEgypt: Structure of a General Equilibrium Model,"
 

M.I.T. Working Paper #265 (October 1980).
 

5. 	 See Appendix B inLance Taylor, Macro Models for Developing Countries 

(New York: McGraw-Hil Book Crpany, 1979). 

6. 	The world prices of agricultural goods, crude oil, and petroleum products
 

have been taken to be three times, four times, and five times as much as
 

the domestic prices of the respective products.
 

7. 	 See J.R. La Pittus, CDSS Policy Issues Facing Egypt (USAID/Cairo,
 

February 11, 1982) for an extremely useful discussion of energy price
 

distortions in Egypt.
 

8. 	For a description of the CES function, see R. J.Arrow, H. S. Chenery, B.
 

S.Minhas, and R. M. Solow, "Capital and Labor Substitution and Economic
 

Efficiency," Review of Economics and Statistics (1969).
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9. 	 These results have been obtained by an ongoing study conducted by David
 

0. Wod at the Energy Laboratory of M.I.T.
 

10. 	 The value for Y' has been taken as 2.
 

11. 	 The Egyptian authorities proposed a "quantum jump" scenario which in­

volves a rise in fuel oil prices from L.E. 7.5 a ton to L.E. 32 a ton.
 

This approximates a fourfold rise in the domestic price of oil.
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