
WATER RESOURCES

IN

EGYPT'S FUTURE

APRIL 28, 1978

3

WATER RESOURCES 

IN 

EGYPT'S FUTURE 

APRIL 28, 1978 



WATER RESOURCES

IN

EGYPT'S FUTURE

TABLE OF CONTENTS

PAGE

MANAGEMENT SUMMARY I

I. INTRODUCTION 1

II. METHOD OF STUDY 6

III. BASE SIMULATION 22

IV. SIMULATION EXPERIMENTS 40

V CONCLUSIONS 72

FOOTNOTES 78

WATER RESOURCES 

IN 

EGYPT'S Fu"TURE 

TABLE OF CO~TENTS 
PAGE 

MANAGEMENT SUMMARY i 

I. INTRODUCTION 1 

II. METHOD OF STUDY 6 

III. BASE SIHULATION 22 

IV. SIMULATION EXPERIMENTS 40 

V. CONCLUSIONS 72 

FOOTNOTES 78 

. "' ..... 



WATER RESOURCES IN EGYPT'S FUTURE

A: DESCRIPTION OF THE SIMULATION MODEL

TABLE OF CONTENTS

Page

I. Introduction

II. Overview of Social and Economic Development

III. Water

Ill-A. The Hydrology of Egypt W4

Ill-B. Side Effects of Water Control W8

Ill-C Structure of Water Sector W9

III-D Equations of Water Sector W13

IV. Population

IV-A. Demographics P8

IV-B. Economic Goods Requirements P36

IV-C. Labor Force P-53

IV-D Migration P-67

V. Agriculture

V-A Crop Agriculture A-5

V-B Agricultural Resources A52

V-C New Valley A80

V-D. Livestock A-83

VI Industrial Activity and Foreign Trade

VI-A Industrial Activity F-2

/I-B Military F51

Vl-C Foreign Trade F-52

WATER RESOURCES IN EGYPT'S FUTURE 

A: DESCRIPTION OF THE SIMULATION MODEL 

TABLE OF CONTENTS 

I. Introduction 

II. Overview of Social and Economic Development 

III. Water 

III-A. The Hydrology of Egypt 

III-B. Side Effects of Water Control 

III-C. Structure of Water Sector 

III-D. Equations of Water Sector 

IV. Population 

IV-A. 

IV-B. 

IV-C. 

IV-D. 

Demographics 

Economic Goods Requirements 

Labor Force 

Migration 

V. Agriculture 

V-A. 

V-B. 

V-C. 

V-D. 

Crop Agriculture 

Agricultural Resources 

New Valley 

Livestock 

VI. Industrial Activity and Foreign Trade 

VI-A. Industrial Activity 

'II-B. Military 

VI-C. Foreign Trade 

Page 

W-4 

W-8 

W-9 

W-13 

P-8 

P-36 

P-53 

P-67 

A-5 

A-52 

A-80 

A-83 

F-2 

F-5l 

F-S2 



TABLE OF CONTENTS

(continued)

VII. Resource Allocation

VIII. Notes on Parameters

Footnotes

Bibliography

B: MODEL SIMULATIONS

VII. 

VIII. 

TABLE OF CONTENTS 

(continued) 

Resource Allocation 

Notes on Parameters 

Footnotes 

Bibliography 

B: MODEL SI~ruLATIONS 



MANAGEMENT SUMMARI

An intensive study of Egypt has been undertaken over the past nine

months to determine the role of water resources in that country's

development, and to further test the application of the system dynam-

ics methodology to the sponsor's analysis responsibilities. This

report summarizes the study's achievement of both objectives; a tech-

nical appendix provides details on the research done for the study and

the analytic tools produced for continuing use.

The potential exists that Egypt will be unable to satisfy the

future water requirements of the country's agricultural sector.

Various development programs to address this problem are identified in

the report, including the potential gains from internally and exter-

nally financed investment. A carefully planned program of investment

in water control facilities may be necessary to avert a serious ero-

sion of the population's nutrition early in the next century.

The study also identified a number of agricultural or demographic

developments that might significantly affect the requirements for

water. Increased mechanization of agriculture, for example, would

boost the requirements for water far above what could be provided with

current management practices, making new water development programs

even more imperative. A reduction in the urban population's prefer-

ence for water-intensive fruits, vegetables, and rice, on the other

hand, would ease the requirements for water and allow the country to

achieve a stable level of nutrition with existing water management and
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agricultural practices. Reductions in Egypt's net birth rate of the

magnitude now being discussed by the government would also allow the

country to maintain adequate nutrition with existing practices.

From a methodological viewpoint, the study has demonstrated the

ability of systems dynamics to meet a number of the sponsor's analytic

requirements. The methodology encourages an inter-disciplinary ap-

proach that can integrate the results of hydrologic, agricultural,

demographic, and economic research. A wide range of different assump-

tions about physical and social processes, or government policies, can

be easily investigated. The process of simulation model development

focuses attention on the most important subjects for further research.

Moreover, the computer model from this study will remain available for

continuing review of developments in Egypt.
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I. INTRODUCTION

For all of recorded history Egyptian development has been inti-.

mately linked with the Nile River.1 Until the construction of dams

and other water-control facilities, the annual flooding of the Nile in

August and September was the mainstay of Egypt's agricultural produc-

tion. The easy transportation offered by the Nile River allowed a

succession of rulers to tie Egypt into a single, well-unified country,

at a time when many other parts of the world were split into tiny

political franents. The Nile River and its control have dominated

the economic development of Egypt:

Egypt was and is a desert traversed by a river, and by
and large the inhabitants were and are locked in place
From the earliest of times the government of Egypt

has been organized around a single venture -- the
regulation of the Nile's waters in an attempt to de-
crease their damage and to realize their full potential
for good.. .The country depends on irrigation o support
and expand its principal sector, agriculture.

Furthermore, the Nile environment has sustained the unique social

and cultural tradition of Egypt's agricultural peasantry, the Fella-

hin:

Of all persistent factors (in Egypt), none is more his-
torically distinctive than the ethnic and cultural
homogeneity of the Fallahin. The combination of un-
ceasing work, an agricultural economy determined by the
Nile, rural poverty, widespread disease (often carried
by the Nile), and separation from political power main-
tamed a high degree of consistency in their outlook and
customs.. .The fellah was not led to e9ect more from
life than had traditionally been his lot.

Although completion of the Aswan High Dam has allowed more effec-

tive use of the Nile water, Egyptian agriculture may no longer have

the capacity to keep pace with population growth. Egypt's population
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has been growing steadily at a rate of 2 to 2 1/2 percent a year, and

now numbers some 38 million. Nearly all of Egypt's people are concen-

trated in the narrow agricultural valley along the Nile, making it one

of the most densely populated regions in the world. For example, the

ratio of population to arable land in Egypt, 6 1/2 people per acre, is

almost double the 3 1/2 people per acre in the People's Republic of

China. Although Egypt's agricultural production has kept pace with

its population growth over the last two decades, the maintenance of

present per-capita food standards is in doubt:

Egyptian agriculture is in crisis. Yields of all major
crops have stagnated since the middle 60's as have
available per-capita resources in food grains. With the
population growing inexorably by a million or more each
year and with good land going out of production, it is
impossible to avoid the judgement that all these ration
will get worse before they get better, if they ever do.

The potential agriculture-population imbalance is aggravated by

Egypt's limited raw material and industrial base. Aside from the Nile

waters and deposits of oil and natural gas, Egypt is virtually bereft

of natural resources.5 Agricultural exports, chiefly cotton, provide

the large amount of foreign currency necessary to pay for Egypt's

imported food. The government has not yet been able to follow the

lead of other resource-poor nations (e.g., South Korea or Taiwan) by

industrializing to enter the world market for manufactured goods.

Hence, Egypt's future and its population's well-being are highly

dependent on the performance of agriculture.

In view of Egypt's limited industrial base and precarious popula-

tiori-food balance, orderly economic and social development in the

coming decades will be difficult. The Nile will be a key determinant

of success, since the river's water could potentially support a dram-
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atic increase in food and/or cash crop production. The Nile might

also provide an enormous amount of hydro-electric power to fuel in-

dustrialization, but the use of the river for power to some degree

precludes its use for irrigation. Finally, Egypt's economic and

social development will itself determine the importance of the Nile

water in the country's growth -- determine, indeed, whether the avail-

ability of water becomes a limitation on the prospects for growth. It

is important, therefore, tà assess the potential impacts of water

resources on Egypt's future.

This brief description of the inter-relationships between water

resources and economic and social development only hints at the com-

plexity surrounding the subject. A host of industrial, agricultural,

demographic, and political pressures all combine to shape the course

of Egypt's development. Furthermore, these pressures will interact

with each other over time in a way that further complicates any anal-

ysis. For example, industrial trends involving income and consumption

have a major influence on population growth. Resulting food require-

ments determine how much of the country's agricultural capacity is

available to grow non-food crops for internal use as raw materials or

export to earn foreign currencies. The availability of raw materials

and foreign currencies may, in turn, influence industrial activity.

The inter-relationships from this example could be extended to encom-

pass literally thousands of factors.

Another important complication arises from the nature of the data

and information available. Although the Egyptian government has

engaged in an extensive process of data collection stretching back

over many years, the reliability of many of the statistics is open to
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doubt.6 Furthermore, much of' the important information is descriptive

and qualitative, rather than quantitative. It is contained in reports

on Egypt's economy and population filed by various internal and exter-

nal observers, and in the minds of experts on Egypt who are available

to answer specific questions. The doubt and uncertainty surrounding

numerical data and the subjectiveness of verbal information impose

additional requirements on any attempt to assess the role of water

resources in Egypt.

This report describes the results of an extensive study of the

questions surrounding water resouce management in Egypt. The purpose

of the study was to investigate and assess various options available

for affecting Egypt's economic and social development. Because many

of the consequences of water management decisions would only be visi-

ble over a longer time frame, a time horizon of 20-30 years was speci-

fied for the study.

Fortunately, analytic methods are available to reduce the corn-

plexity of a study such as this one to tractable proportions. Quite

specifically, the mathematical modeling, computer simulation, and

analysis techniques of System Dynamics provide a means for integrating

the diverse economic, demographic, environmental, technological, and

hydrological factors which must be considered.7 The System Dynamics

method can draw upon case studies,' statistical analyses, and other

related efforts. Time-series and cross-sectional data can be combined

with more qualitative, subjective information, such as the opinions

and theories of knowledgeable people. This allows for the fullest use

of everything that is known about the problem.

Furthermore, the approach provides a powerful, but inexpensive,
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means for answering "what if?" questions. Simulation experiments can

test the consequences of hypothetical changes in government policies,

varied estimates for important pieces of' data, or alternative assump-

tions about the "system" itself. Sensitivity analyses can be per-

formed to pin-point the most critical assumptions and data needs.

After such tests, data collection and analysis activities can be

focussed with efficiency on the areas of greatest impact.

Chapter II of this report describes the conduct of the study --

the reference material assembled, and the development of a computer

simulation model. Chapter III describes the "base simulation" of the

Egypt model that illustrates the function and workings of a simulation

model and serves as a benchmark for policy analysis. Chapter IV des-

cribes the results of a dozen simulation experiments with the model to

address the study's analysis goals. Chapter V describes the conclu-

sions to be drawn from the work. Appendices to the report provide a

detailed description of the simulation model used for the study and

analysis of 20 more simulation experiments with the model.

Besides the lessons to be drawn about water resources in Egypt, a

further goal of the study was to improve the client personnel's facil-

ity with the System Dynamics methodology. Throughout the study, both

client and consultant personnel divided the research and model devel-

opment effort. Each phase of the work was thoroughly reviewed with

the sponsor before proceeding to the next to maximize the sponsor

input to, and understanding of, the project:
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II. METHOD OF STUDY

The Introduction of' this report outlined some of the inethodolo-

gical challenges confronting an analysis of the role of water re-

sources in Egypt. The complex inter-relationships between water

resources and the balance of the economy, the many economic and demo-

graphic pressures on Egyptian resources, the quality and quantity of'

information availlable -- all combine to tax the limits of any study.

This Chapter describes the approach used to overcome the various

methodological hurdles. The first Section reviews the research con-

ducted at the beginning of the study to illustrate the types of in-

formation collected. The second Section describes the simulation

model that was created to assemble all of the research information in

an accessible form. The final Section describes the assessment of the

model to determine the accuracy of its portrayal of the Egyptian

hydrologic, economic, and social systems, and its resulting utility

for policy analysis.

Research -- The study team for the Egypt water resources project

analyzed a wide range of material in the course of developing the

computer simulation model. The sources consulted included written

studies of Egyptian economic and social matters, an exterizive review

of' literature on the hydrology of Egypt in particular, and hydrologic

processes in general, and discussions with government experts on

Egyptian affairs.

The literature on Egyptian matters includes materials published

both in Egypt and the United States. The Egyptian government has

conducted several economic and agricultural studies, and the results

H)
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of this work are available in translation. In addition, international

( development agencies have conducted their own studies, arid published

findings on alternatives for economic and agricultural development.

Finally, various American academic and government teams have conducted

their own in-country research.

The bibliography in Appendix A lists the dozens of written mater-

ials reviewed during the study, but two of the sources cited in the

bibliography are worthy of attention here. First, a combined team of

U.S. Department of Agriculture experts and Egyptian personnel con-

ducted an intensive study of alternative development programs for

Egyptian agriculture, and published Egypt: Major Constraints to

Increasing Agiicultural Production to present their findings. The

book is a valuable source of information on the effect of water and

other production inputs on Egyptian agriculture. Second, John

( Waterbury is stationed in Egypt with the American Universities Field

Staff, and has published a number of reports on Egyptian agricultural

and demographic matters. Waterbury enjoys the advantages of extended

residence in Egypt, and the resulting access to informed Egyptian

observers. His material includes a wealth of descriptive insight.

Another important resource was an extensive body of literature

specifically addressing hydrologic topics. Some of this literature is

oriented to water processes in Egypt, with particular attention to the

changes wrought by the erection of the Aswan Dam. Other works ad-

dress hydrologic processes in more general terms, without regard to

geographic area. A final element of the literature is a limited

collection of material on other attempts to create simulation models

of hydrologic systems.



The written material on Egypt was supplemented during the study by

interviews with various government experts on Egyptian matters.

Meetings were held with members of the U.S. Department of State,

Agency for International Development, Department of Defense, Bureau of

the Census, Department of Agriculture, and Hydrologic Service, to name

just a few. The interviews provided an important opportunity to ask

questions and solicit further information on matters insufficiently

covered in writing.

Although the material gathered on Egypt is extensive, there were

several important gaps. Some of the missing information was identi-

fied in the process of developing the simuiation urndel, when the data

gathered during the project research phase was assembled in a single

logical framework. Other information gaps were identified during the

course of experiments with the model. An attempt will be made to fill

some of these gaps through direct contact in Egypt with experts on )
hydrologic and agricultural affairs.

Creation of the Model -- A sizeable collection of descriptive

and quantiative information can only be the beginning of an analysis

of Egyptian water resources. The information must be assembled in a

form that permits an analysis of all its implications. Such a form

should also provide the means for testing the consequences of differ-

ent assumptions, of conflicting pieces of information, or of hypoth-

eses substituted for information that is unavailable.

A computer simulation model provides an ideal form for assembling

information to meet the requirements outlined above. As described in

the Introduction, System Dynamics models are capable of accepting both

descriptive and quantitative information, or informed hunches when
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reliable information is riot available. The consequences of alternia-

( tive assumptions about information or future policies can be readily

determined (as is demonstrated in Chapter IV). A simulation model

produces an unambiguous statement of the implications of any body of

information or assumptions.

Any simulation model must have a problem focus to limit its con-

tents to the information that truly matters, and to avoid inefficient

attempts to cover all possible ground. The focus of the computer

simulation model described in this Section matches the focus of the

study itself -- an analysis of the role of water resources in Egypt's

future. The key structural elements of the simulation model are

diagrammed in Figure 1.

The focus of the model is a description of hydrologic processes in

(
Egypt. These include the collection of water behind the Aswari Dam,

seepage and evaporation from Lake Nasser, and release of water from

Lake Nasser to satisfy agricultural and hydroelectric requirements.

Downstream from the darn the water is diverted from the Nile into an

extensive irrigation system, where some of it is again lost to evap-

oration and seepage and the remainder is applied to the soil. Most of

the water applied to the soil is rerioved for use by plants or evapor-

ates away, but a significant portion will percolate through the soil

into underground bodies of water. Phreatic considerations include the

extent of drainage facilities and the height of the water table as

determined by the balance of flows into and out of the phreatic area.

Finally, the mechanics of salinity are closely connected to phreatic
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processes, and have considerable impact on the cultivation of agricul-

tural crops. All of these hydrologic matters are discussed in Chapter

III of Appendix A.

The structure described above would, by itself, be enough to

constitute a sizeable simulation model. However, a model limited to

hydrologic processes would not be capable of serving the purposes of

our study. Developments in the water sector will be importantly

dictated by the resources and requirements determined by other sectors

of the Egyptian economic and social system. Furthermore, the conse-

quences of water resource management cannot be assessed without con-

sidering the varied impacts the water sector has on those other econ-

omic and social sectors. Therefore, the modeling effort proceeded

from hydrologic matters to the three other major areas diagrammed in

Figure 1.

After the water sector, the second most detailed portion of the

model is the agricultural sector. The detail is necessary to properly

determine both the future water requirements of Egyptian agriculture

and the impact on agriculture of deviations from desired water quan-

tity and quality. The model distinguishes among five different cate-

gories of agricultural production, and assesses the impact of twelve

different influences on the production of each crop category. Includ-

ed among these influences are: the amount of water, water table

height, and salinity (determined by the water sector of the model);

labor force availablity; and the machinery and fertilizer provided by

domestic industry and foreign trade In turn, agriculture supplies

!
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food to the population and raw materials and export goods for industry

and trade. Chapter V of Appendix A describes in detail the model's

treatment of agriculture.

The most important consequences of water resource and agricultural

management are ultimately visited upon Egypt's population. The model

represents in some detail the determinants of fertility and mortality

in Egypt to provide projections of Egypt's future population in a wide

range of scenarios. The size of the population determines the re-

quirements for food (including imports), water, and certain categories

of industrial goods. In turn, the population supplies a labor force

for use in agricultural arid industry (and the population sector it-

self, for service employment). Chapter IV of Appendix A describes the

model's treatment of demographic matters.

The final model sector diagrammed in Figure 1 is industry and

trade. The treatment of industry and trade in the Egypt model is more

rudimentary than the treatment of either agriculture or population:

the direct impacts of the water sector on industrial development are

are less important than the impacts of other factors, and the reverse

impacts of industrial activity on the water sector are also less

significant. The industrial sector requires water and hydroelectri-

city from the water sector, labor from the population, and raw mater-

ials and export goods from agriculture. It provides capital invest-

ment to all of the other sectors, industrial goods (e.g., consumer

durables) and imported food to the population, and fertilizer to

agriculture. The model's treatment of industry and trade is described

in Chapter VI of Appendix A.

)

)
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The complete simulation model, comprising the four sectors ideri-

( tified in Figure 1, numbers more than 1500 variables. The descrip-

tions of relationships and flows contained in this Section have been -

translated into mathematical equations that specify the dependence of

the variables upon each other. The model's equations have been copied

onto the sponsor's computer system, where the model is available for

the type of policy analysis described in succeeding Chapters of this

report.

Asses jnz Model Validity -- Before a simulation model can be used

with any real confidence, however, some assessment must be made of the

accuracy of its representation of real world inter-relationships. The

various checks of model validity might be divided into three categor-

ies -- review of model contents, comparison of simulated output with

actual data, and statistical tests. The remainder of this Chapter

describes the application of these concepts to the Egypt simulation

model

The most comprehensive validity test of a simulation model is an

intensive review of the inforiaation it contains. Such a review would

identify contradictory information, questionable assumptions, missing

data, or outright errors. For the Egypt study, this review was accorn-

pushed by documenting the various stages of the project work in re-

ports that were studied by client personnel and various experts on

Egyptian matters. Their reactions to the reports were incorporated in

changes, where necessary, to the model equations.

The second validity test is a comparison of simulated with aatual

behavior. The Egypt model is programmed to begin all simulations with

conditions as they existed in 1960. Internal model relationships then
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determine model behavior for succeeding years, as the model reproduces

the real world processes of population growth, capital formation,

hydrologic flows, and agriculture. Because the simulations begin

almost 20 years in the past, the simulation projections for model

variables over the 1960-1975 period can be compared with the actual

performance of Egyptian variables over the same period. If' the simu-

lated variables duplicate the performance of the real world variables,

for the correct reasons, then the model has passed an important val-

idity test.

Figure 2 plots the simulated values for four key variables from

the model's water sector, along with available historical data for two

of the variables.8 The amcurt of water in Lake Nasser begins to rise

with the completion of the Aswan Dam in the mid-1960's. The model

uses historical data to specify the flow of water from the Sudan into

the Lake, but the flow of water out of the dam (also plotted in Figure )
2), as well as the water loss from seepage and evaporation, are all

calculated internally. Therefore, the close correspondence between

simulated and actual data for both the water in Lake Nasser and the

release from the Darn is evidence that the model is properly balancing

the flows of water into and out of the Lake, and is correctly esti-

mating the downstream requirements for water. ;.

Historical data does not exist for the other two variables in

Figure 2 -- soil salinity and water table height. Both curves do

correspond to descriptions of the timing and magnitude of agricultural

problems,9 the best information currently available. Attempts are

planned to fill this information gap through the direct contact with

Egyptian authorities described earlier in this Chapter.
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Figure 3 traces simulated and actual data for acreage and yield

information on the five major crop categories.10 The exception is

fodder, for which rio reliable year-by-year yield information is avail-

able. All five crops match the historical data well, and for reasons

that correspond to the forces at work in Egypt during the last 20

years. Acreage for fruits, vegetables, and rice increases in response

to the growing urbanization of Egypt's population and the resulting

shift in overall dietary preferences. In addition, rice cultivation

is expanded as the control of the water supply with the Aswan Dam

increases the effective amount of water available for agriculture.

Yields of cotton and non-rice grains respond to the increasing appli-

cation of water and chemical fertilizers. In addition, yields of

wheat and other grains in

switch to higher yielding

Yields of all crops begin

from the impact of risi:

salinity.

the 1970-1975 period benefit from an assumed

seeds and iiproved cultivation techniques.11

to suffer from the late 1960's onward, first
)

ig water tables, and later from increasing

The final simulated/actual data comparison (Figure I) tracks

demographic information. Total simulated population growth over the

15 year historical period matches the actual data well,12 confirming

the model's treatment of fertility and mortality influences. The

model also manages to duplicate the limited historical data on the

division of the population between urban and rural areas. The di-

vision is determined by any differences in birth rates etween rural

and urban regions, and the migration between the two.

The third validity test is statistical measures of the "closeness

of fit" of model behavior to historical data, with closeness of fit
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defined in a number of different ways. Powerful statistical tests for

( dynamic models have been developed.13

Two considerations prevented application of the third validity

test to the Egypt project. First, the necessary numerical data on a

wide range of Egyptian economic, demographic, hydrologic, and agri-

cultural variables was not readily available, and could not be assem-

bled in the time frame of the project. Second, the project resources

(both manpower and money) necessary for sophisticated statistical

validity testing were not budgeted at the beginning of the project.

Statistical approaches exist for the type of economic modeling under-

taken by the sponsor, however, and may be tested in a later project.

This Chapter has described the research, model creation, and model

validation executed for our study of water resources in Egypt. The

work described here produced a simulation model that passes the two

important validity tests applied to it. The next Chapter illustrates

the workings of the simulation model by reviewing in detail a single

simulation.
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III. BASE SIMULATION

This chapter demonstrates the use of the Egypt simulation model

to project future trends for hydrologic, argicultural, demographic,

and economic variables. Besides providing a description of Egypt's

likely future, given certain important assumptions, the demonstration

provides further insight into the assumptions and data incorporated in

the model.

The focus of the chapter is a single simulation with the Egypt

model -- identified as the "base simulation". As mentioned in the

previous chapter, the model contains several important assumptions

about future government policies and various physical, economic, arid

demographic processes. Any of the model's specific assumptions re-

garding these policies and processes are open to debate, since differ-

ent observers of developments in Egypt may well reach different con- )
clusions about important future trends. Therefore, each assumption

can only be offered as a probable, rather than certain prospect, and

any simulation based on such a collection of probable prospects is

itself only one among many possible future outcomes.

For the above reasons, it is important not to treat the base

simulation as a forecast for Egypt's future. Instead, it is used in

this report to ilustrate the workings of the Egypt model and serve as

a bench-mark for policy analysis. By varying individual assumptions,

or collections of assumptions, from their base simulation conditions

and comparing the resulting simulations, it is possible to determine

which assumptions are most important to Egypt's future. If reasonable

variations in assumptions for certain policies and processes yield
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little significant change in simulation projections, one is led to

conclude that those policies and processes are not high priority

candidates for further investigation. If, on the other hand, rea-

sonable variations in other asurnptioris do yield important simulation

differences, one should conclude that a careful review of the policies

and processes concerned is necessary.

The extensive collection of information and observation that forms

the framework for the Egypt model is described in detail in Appendix

A to this report. Of the asuxnptions about policies and processes

discussed there, many are based upon extensive rese,arch into written

material On Egypt or conversations with experienced observers of that

country. These assumptions are cosidered to be reasonably accurate.

Other assumptions are based upon well understood biologic, hydro-

logic,' or demographic processes.

The remaining assumptions are those that are: 1) sufficiently

related to water management issues that they have a noticeable impact

on this study's area of concern, and 2) based on informed judgments

about future trends. We do not attempt to argue that each of these

assumptions is somehow the most likely description of Egypt's future

(if such a probability could even be measured). It is only necessary

that the assumptions be reasonable options for Egypt's future. Indeed,

the next chapter explores the simulation results of variations in

certain of these assumptions, to determine the implications of alter-

native judgements.

The key assumptions underlying the base simulation are listed

below:
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1) Egypt wjl] attempt to install tile drainage systems on an
average of 250r000 feddans oer year. (Whether or not the
target is met will depend, in the model, on the ability
of the economy to generate the necessary resources.)

2) Present irrigation efficiencies, as measured bytfl
fraction of water removed from the river that actually
contrjbutes to plant growth, will be maintained.

3) The average annual flow of 814 billion cubic meters intp
Lake Nasser will continue in the future, with no major
increases from water development projects or decreases to
meet Sudanese needs.

L) There will, be no major' improvements in Egyptian crop
yields from new cultivation techniques or new seed
strains. Future production totals will be determined by
the same technological factors that affect production
now.

5) The amoint o' land devoted to agriculture will remain
roughly constant. That is, increases from land devel-
opment projects will be off set by decreases from con-
version of agricultural land to industrial or urban use.

6) There will be no mator changes in sociological or govern-
mental influences on Egypt's birth rate (or death rate).
That is, any future changes in the birth rate will be )determined by internal model conditions (standard of
living and perceived child mortality), rather than exter-
nal factors (changes in religious values or government
policy).

7) There will be no major changes in the primary determi-
nants of' rural-urban migration.

8) International markets for agricultural oroducts will
operate without malor disruotiori, so that Egypt can
continue to buy and sell at the current relative prices.
The only constraint on imports will be Egypt's foreign
currency supplies; the only constraint on exports will be
the availability of domestic production.

9) There will be no major change in Egypt's pattern of
foreign exchange earnings. That is, there will not be
large-scale oil exports, which relieve foreign exchange
constraints and allow very substantial growth in imports,
nor will there be a large-scale increase in foreign
investment in Egypt.



These central assumptions, together with all of' the other assump-

( tions described in Appendix A, have been expressed in mathematical

equations and combined into a computer simulation model of Egypt's

water resources, agricultural production, population, and economic

processes. The computer simulation model demonstrates unequivocably

the implications and consequences of the entire collection of assuzup-

tioris. The following review of base simulation results treats impor-

tant water management issues first, then agricultural, demographic,

and economic matters.

Water Management Issues

Because the Egypt model was tailored to the study's focus on water

management issues, the simulation results provides considerable detail

on important hydrologic variables. Thi.s review of water management

issues treats water availability, ground water and the water table,

salinity, and drainage.

Perhaps the most important water management issue is the simple

availability of water for agriculture -- will Egypt be able to deliver

sufficient amounts of water to its farmlands to meet the possible re-.

quirements for agricultural production? Figure 1 highlights projec-.

tions for the hydrologic variables associated with the question of

availability.

The simulation starts in 1960, that is -- before the Aswan Dam

is finished. Thus, the model "recreates" eighteen years of' past

history. The collection of water in Lake Nasser begins as the Aswan

Darn nears completion during the mid-1960's. By the early 1980's the

Lake achieves its target capacity of approximately 130 billion cubic
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meters, providing both a reserve against low flood years and extra

( capacity for high flood years. The accumulation of water behind the

dam does not detract from the water available for agricultural pur-

poses while the dam is filling. The water captured behind the dam is

largely water that would otherwise escape out to sea during the dry

season portions of the cultivation cycle. In fact, erection of the

dam provides a net increase in water available for agriculture (com-

pare the simulation results for the early and late 1960's) by in-

creasing the country's ability to retain water from the suer flood

months for use during the balance of the year.

The base simulation projects a steady climb in water requirements

throughout the next several decades. The 23% increase in water re-

quirements between 1980 and 2000 is attributable to two specific

factors. Half of the increase results from more intensive use of

farmland with increased mechanization: the resulting gains in the

number of crops planted per year raise agricultural water require-

merits. The other half of the increase is attributable to a continuing

shift to high water requirement crops -- rice, fruits, and vegetables

-- from low water requirement crops -- other, grains, cotton, and

fodder. Not shown are increasing population and industrial require-

ments that also compete for for the water resources available.

After the important gains in water availability following erection

of the Aswan Darn, water availability increases only slowly during the

remainder of the decade. The base simulation provides only two sour-

ces of additional water -- reuse of drainage water pumped from farm-

land, and an assumed gradual reduction in seepage from Lake Nasser as

sedimentation blocks pores in the lake bed. The water available from
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the phreatic system. The water table falls steadily, although slowly,

( during the 1980's and 1990's. By 2000 more than one-third of the land

affected in 1980 has been dried out. -.

The presence of salt either deposited in the root zone or dis-

solved in water is another aspect of phreatic water conditions. In

the Egypt model the salinity of water is an important quality issue

that can impact on agriculture as much as the quantity issues des-

cribed earlier.

As shown in Figure 2, the salt concentration in the root zone

is stable in the early 1960's. Flows of salt into the root zone

(carried by irrigation water) are offset by flows out of' the root zone

(through percolation). The salt concentration in the root zone under

such conditions would be cosiderably higher than the salt concentra-

tion in the irrigation water applied to the soil, since the evapora-

( tion or transpiration of much of the irrigation water concentrates the

salt which is left behind. The salt concentration in the root zone

remains stable as long as the water table lies below the root zone,

allowing percolation to prevent accumulation.

In the simulation, the rising water table begins to pierce the

root zone in 1970, reducing the percolation of irrigation water. As

discussed earlier, water now leaves the root zone by evaporation

alone, so the salt is not carried out. The salt accumulates steadily

in the root zone through the 1970's, until the drainage program begins

to offer an alternative flow for the salt. Drainage can provide a

rapid solution to the salt problem because it is assumed in the model

that it will be located where the need is greatest. By 1990 suffi-

cient drainage is in place to service all of the land where the water
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table has entered the root zone, and the drainage flow stabilizes the

salt concentration at tolerable levels just as the percolation flow

had 25 years earlier. In addition, the reduction in the water table

achieved by drainage restores some of the hydrologic system's natural

percolation.

The final key water management issue is drainage. Its role in

both ground water and salt concentration matters has already been

described, and the remaining important subject is the factors sur-

rounding its installation. The earlier review of base simulation

assumptions specified a target for new drainage construction of

250,000 feddans per year. In the base simulation the drainage con-

struction concludes in 1990 with 2,800,000 feddans covered, an average

of 160,000 feddans completed per year during the 18 year program. The

falling water table after 1990 reduces the total drainage requirement,

eliminating any need for new construction. )

Agricultural Production

Agricultural performance in the Egypt model's base simulation is

dominated by two important considerations. The first is the compet-

ition among the various crop categories for agricultural resources,
4

and the consequences of a trend to one crop or another. The second is

the interplay among the different factors determining agricultural

production, and the way the relative importance of these factors can

change over time. Both of these overall considerations are important

as Egypt's growing population continues to strain the limits of the

country's agricultural capacity.
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Figure 3 illustrates the competition among the different crop

( categories for the most fundamental agricultural resource -- land.

The most striking feature is the steady growth in the land cultivated .-

with rice, and fruits and vegetables: the land for each of these two

crop categories approximately triples from the beginning to the end of

the simulation. The increased cultivation of these crops is forced by

the growing urbanization of Egypt's population, since the city-dwel-

lers prefer rice to other grain crops, and can afford to purchase

fruits and vegetables. The increased cultivation of these two food-

stuffs creates a decline in land cultivated for wheat and other

grains.

The allocation of other agricultural resources among the various

crop categories is assumed to respond to the same policies and deci-

sion processes as the allocation of land. Therefore, shortages of

water and fertilizer during various phases of the simulation have the

greatest effect on wheat and other grains, and cotton, with available

resources being concentrated on rice, and fruits and vegetables.

The impact of the various agricultural resources on production

varies significantly over the course of the base simulation. Before

the completion of' the Aswan Dam, water and fertilizers are the major

constraints on agricultural production. With the completion of the

Dam fertilization becomes the major limitation, and yields tend to

rise as fertilizer use intensifies. In the 1970's however, two de-

pressants on production emerge. First, the rising water table under

Egyptian farmlands begins to reduce yields, with an approximately 10%

reduction by 1975 that persists through much of the rest of the simu-

lation. Soon after the water table effect is felt, increasing salt
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concentrations also began to impact agricultural production. By the

( mid-1970's yjeid3 are reduced an additional 10% from this effect, arid

a maximum yield reduction of 20% occurs by 1980. Yields recover

throughout the 1980's as Egypt's drainage program resolves the salt

problem.

Fertilizer re-emerges as the main constraint on production during

the latter 1980's, a limitation that is gradually removed through the

remainder of the simulation with the help of increased fertilizer

production. At the same time, however, water requirements are begin-

ning to. outstrip water availability, and in the simulation's final

decade water supplies become the only constraint on production.

Because the resource needs of fruit and vegetables, and rice, are

satisfied at the expense of wheat and other grains, production of

these latter foods is unable to keep pace with growing requirements

( from Egypt's ever-expanding population. Wheat imports, as shoii in

Figure 1, supply a larger and larger fraction of total grain consump-

tion; By the end of the base simulation, wheat imports equal Egypt's

internal production of wheat and other grains (except rice). The

increased domestic requirements for other agricultural goods limits

their availability for export. Fruit and vegetable exports, for

example, fall from 11% of total production in 1980 to 8% in 2000;

cotton exports fall from 55% to 40%. Only rice exports among agri-

cultural goods increases its share of production, from 16% to 19%.

Population

The size and geographic distribution of Egypt's population deter-

- mines the magnitude of pressures for agricultural production and food
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imports. The agricultural and economic systems' ability to meet these

( food requirements will determine the overall nutrition of the popula-

tion, with important implications for mortality and productivity.

Figure 5 traces the base simulation projection for three important

demographic variables. Egypt's total population rises from 36 million

people in the mid-1970's to 62 million at the end of' the century.

This 2% average annual growth is comparable to the net growth rate

observed during the early 1970's, since the base simulation Includes

the assumption that no major changes in the social or governmental

influences on birth and death rates will occur. Therefore, the death

rate holds steady at 1.3% to 1.1% until early in the next century,

when deteriorating nutrition begins to increase mortality. The birth

rate declines gradually from 3.7% in the rnid-1970's 3.3% at the end of

the simulation, as declining rural incomes reduce the incentives to

( have children.

Also shown in Figure 5 are projections for Egypt's urban and rural

populations. The urban population shows the faster growth, from 16

million in 1975 to k7 million in 200. In contrast, the rural popula-

tion increases in the same period from 20 million to 28 million.

Since both areas have similar birth and death rates, the differing

total growth rates are attributable to the migration flow from rural

to urban areas. The shift in Egypt's population from largely rural in

1960 to largely urban in 2000 has important implications for agricul-

tural production, since the urban population has larger per capita

demands for rice, and fruits and vegetables. In addition, the urban

population has a higher per capita income expectation to be satisfied

by the country's economy.
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The balance between food availability and population requirements

is expressed in the Egypt model by the population's daily calorie

consumption. This provides an overall measure of the quantity of food .--

available to the population, a fundamental determinant of nutritional

adequacy. Figure ii tracks daily calorie consumption for both the

rural arid urban populations. The most important development is the

gradual erosion of rural consumption from the mid-1970's to the mid-

1980's, from 2600 calories per day down to 2250 (the FAQ recommenda-

tion for developing countries) in the mid-1980's. This is the time

frame when the build up of salt in the root zone under Egyptian farm-

land impacts agricultural production. Nutrition remains stable at

these levels until he turn of the century, when the declines in

agricultural production created by water shortages force further

losses. For the rural population, the decline forces the population

below accepted nutritional levels, and the death rate rises as a

result.

Economic Issues

Major economic issues are represented in the Egypt model to supply

the context necessary for an exploration of water management isues.

For example, the ability of the country to undertake drainage programs

or mechanize agriculture, both of which directly influence water

issues, wil be determined in large measure by the overall vitality of

Egypt's economy. And the economic vitality will in turn be determined

by the country's agricultural performance, which itself is a product

of water management.

LU



The most important economic result from the base simulation is the

projection of an increasing reliance on imports of various sorts; par-

ticularly food for the urban population and raw materials for indus- -.

try. The primary export base -- agricultural and consumer goods pro-

ducts -- is unable to grow fast enough to meet the import require-

ments, with direct consequences for economic vitality and nutrition.

The limitation on raw materials imports for manufactured goods reduces

the material standard of living of the rural population, while the

inability to pay for large amounts of fertilizers prolongs the re-

covery of agricultural production in the 1980's and 1990's. The

limitation on food imports, combined with the rapid population growth,

is resposible for the nutrition declines pointed out earlier.

The limited economic growth in the base simulation has an indi-

rect, but important, implication for water management. Investment in

agricultural machinery increases the total agricultural capital stock )
an average of' 3% per year for the remainder of the century. This

investment rate is insufficient to support extensive increases in

multiple-cropping, so overall water requirements are held down.

The review of economic matters concludes this study of the Egypt

model base simulation. In the next chapter we investigate the con-

sequences of variations in some of the key assumptions that produce

the base simulation.

-
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IV. SIMTJLATIO? EXPERIME1IS

The preceding Chapter described a base slimulatiori of the Egypt

model that serves as a benchmark for analysis of water management

problems. This chapter focuses on a number of alternative simula-

tions to illustrate the use of models for research purposes, and to

identify some of the key determinants of the role of water resources

in Egypt's development through the remainder of the century.

The issues involved in water resource management can be divided

into two general categories. First, it would be important to under-

stand how different policies for water resource management would

affect the remainder of the country. That is, it would be important

to determine what alternative courses of action for water management,

or what changes in hydrologic or physical processes, would affect

Egypt's ability to feed its population and sustain steady economic

growth. Second it would be useful to anticipate how changes in

Egypt's social and economic development would impact on water man-

agement issues, either by changing the requirements for water supply

or altering the resources available for water-related projects.

With the Egypt simulation model, both sets of issues can be ad-

dressed. The procedure is to translate the alternative water man-

agement policies, or social and economic development assumptions, into

changes in specific parameters of the computer model. When a new

simulation is performed with the parameter adjustment or adjustments,

the model's output provides an unambiguous assessment of the conse-

quences of the alternative policy or development assumptions. Com-

binations of parameter changes can also be used to investigate corn-

I
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binations of policy alternatives or different development assumptions.

A comparison of these alternative simulations with the base simulation

will measure the impact of the parameter changes on any of the model's

hydrologic, social or economic variables.

From the dozens of alternative computer simulations performed

during the course of this research, we have selected twelve for de-

tailed review in this Chapter. The specific simulations presented

here were chosen to illustrate some of the project's important lessons

about Egyptian water management. Included in Appendix B is a des-

cription of additional simulation runs to illustrate the workings of

the computer model. Also included in Appendix A is a list of the,

several dozen parameters that incorporate key asstmptions about hydro-

logic, demographic, agricultural, or economic development. This list

serves as a guide to the use of the Egypt simulation model for further

analysis of water management and related issues )
The organization of computer simulation results in this chapter

matches the categorization of water management issues described ear-

lier. The first section treats the impact of water management poli-

cies on water availability and on the' balance of the country by analy-

zing seven simulations:

1) A nine billion cubic meter increase in the annual flow
of water to Lake Nasser created by a bypass canal in
Sudan.

2) More efficient use of' irrigation water by eliminating
major evaporation losses from irrigation canals.

3) More efficient use of irrigation water by eliminating
major seepage losses from irrigation canals

14) A gradual draining of' Lake Nasser later in this cen-
tury to make more water available for irrigation.

)
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5) An increase in drainage cost as the program now just
beginning on Egyptian farmland must be expanded to
encompass more and more the country's land area.

6) An acceleration of the planned drainage program with
foreign assistance.

7) A combination of simulations 3) and 6) to determine
the potential gains from water management programs.

The second section of the chapter treats the impact of social or

economic changes on the role of water management by analyzing an

additional five simulations:

8) An acceleration of the mechanization of Egyptian
agriculture.

9) An increase in the foreign exchange earnings available
from oil, and other non-agricultural sources.

10) A gradual change in Egyptian dietary preferences away
from water-intensive crops.

11) A gradual reduction of Egypt's net birth rate.

12) A combination of simulations 7) and 8) to determine
the potential for a co-ordinated program of agricul-
ture and water management programs.

Water Management Issues

Increased Flow to Lake Nasser -- One of the important findings

from the base simulation was the i'idication of a steadily rising gap

between water required to support more intensive farming and water

available from the limited flow to Lake Nasser and from a re-use of

drainage. An approach to this problem being considered by the

Egyptians is the construction of a bypass canal for the Nile through

or around massive tracts of Sudanese swamplarid. Much water from the

headwaters of the Nile is lost in this swampland as the river slows

- -s
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down and opens up enormous amounts of surface area to evaporation. If

a canal could be built to channel the Nile through a narrow area, the

savings gained from reduced evaporation could total 18 billion cubic

meters of water annually, to be divided evenly between Egypt and

Sudan The simulation asses that the project is accomplished at no

cost to Egypt.

The consequences of the caral project for water availability are

diagrammed in Figure 1. In contrast with the base simulaion, where

the gap between water requirements and supply begins to open up in

1990 (see page 26), the canal project satisfies Egypt's water require-

ment through the remainder of the century The canal project is not

a permanent solution, however, sire Egypt's water requirements are

rising inexorably under the pressure of increased mechanization and a

continued trend to water-intensive crops

In the phreatic zone, the addition of extra water affects the )
balance of flows that determines the height of the water table. A

larger fraction of Egypt's root zone is penetrated by the underground

water, increasing the requirements for installation of drainage facil-

ities. For the base simulation, further construction of drainage fa-

cilities is unnecessary after 1990, and drainage requirements fall to

less than one-third of the total land area by 2010. In this first

experiment however, almost half the land area requires drainage by the

turn of the century, requiring continued investment in upkeep of

drainage facilities.

The impact of the canal project on food production and nutrition

is evident, although not extensive. Grain production early in the

next century is about 10 higher than the base simulation; further-
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more, the increased production of other agricultural crops for export

allows grain imports to rise about 5. The gradual erosion of nutri-

tion observed late in this century in the base run persists in the

alternative simulation, however, with perhaps a three or four year

lag. Overall economic health shows a similar modest improvement,

since the increased agricultural exports sustain the industrial im-

ports that feed Egypt's growth.

More Efficient Use of Irrigation Water -- A large portion of the

814 billion cubic meters of Nile water flowing into Egypt is lost

before it can ever reach the country's farmland. These losses from

seepage and evaporation both above and below the Aswan Dam are de-

tailed in Chapter III of Appendix A. The next two simulation experi-

nients focus on the water losses during conveyance through Egypt's

network of irrigation canals -- a loss estimated at 2O, or 10 billion

cubic meters, of the water actually removed from the Nile. The model

assumes that this loss is divided evenly between evaporation up out of

the irrigation system and seepage down from the irrigation system.

Evaporation might be reduced by covering or reshaping the irrigation

ditches; seepage would be reduced by lining theditches with plastic

or concrete. Both simulations assume that the necessary improvements

to the irrigation system are accomplished at no cost to the Egyptian

economy (as would be true, for example, if the projects were funded

with foreign assistance).

As shown in Figures 2 and 3, either irrigation improvement prograxn

succeeds in delaying any water supply problems until the next century.

In this respect, both programs resemble the first simulation alter-

native -- assumed extra water from the Sudan swamp bypass. The dif-
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ference between the seepage control program and the other two alter.-

natives, however, is visible in the phreatic zone. Elimination of

seepage from the irrigation canals removes an important flow of water

to the underground aquifer. As a result, flooding of the root zone

under agricultural land is much less of a problem than for the other

two increased-water experiments simulation (Figure 1). With less of

the root zone flooded, there is a smaller requirement for installation

of drainage facilities.

Both irrigation efficiency programs are able to sustain a higher

level of nutrition for the population through the remainder of the

century. As was true in the first alternative simulation, however,

the improvement versus the base simulation is only a temporary delay

of the nutrition erosion indicated for the turn of the century. The

additional water is insufficient to sustain acceptable nutrition

through 2010. Finally, the extra water from irrigation improvements

makes the same modest contribution to economic development that was

visible in the swamp bypass experiment.

Draining Lake Nasser -- Another source of water is available to

the Egyptians during the remainder of this century at no short-term

cost whatsoever. We refer to the 130 billion cubic meters of water

stored in Lake Nasser by the early 1980's. This amount of water is

intended to serve as a buffer against the possibility of low summer

floods from the Nile River, so it is unlikely that the Egyptians would

sacrifice the long term benefits of a stable water supply for the

short term gains available from drawing down the lake. Nevertheless,

the simulation model does provide a ready means to assess the poten-

tial gains from such a strategy.



las....,. S .1141.1* I I SI * I I l SIC CIÔIC 1. .1t411 .14.54111.444 l.a.. 5141SC51 S SIaaaala5a 4S* SStaaS C4llI *45 SacS..... $S*l54 es

C I

:

Watermn
Lake Nasser

:

,..4a
:

:
* .'

. . . . . . . . . ...... . . . . . ....................... . . ......... . . . ............. . . . . . . . . . . , ............ . . . . . . . . . . ....... . . .
.
a

:
a :

C. .l_
: :

: 4a

s-all.-
s-. ', .

a I
s-al-a '. .

Water
.s-ll .

Required - : .,. a
_..-as-

s-s-Ills-
I lIs-

a

-as- W.ster
: : .

: ',

-I . . .
. a

.

s-Ia-a__s--a

4

Øløl ii

I. S I CSC S SteCs. 4, , 55Cq 5 5 4 5*5CC CCI S CSSS 55 CC I S 55 C P S St I ICC I 5 *S S SI I I I II S C C a . . . C S I C I I l I S a I Ca * a. s. I I I 5 I I SRI * C S C 5* C S S C S. S C I I S Sa

/
* 4

a S S

a
S I

C I .I
a,
a I

I I
I
.

. .
. S I4 S

:

S- .

-

I I C
.

S
a I
I S

S
I
I

I aS . I
- I I S

I
*
a

:

I
:I

. .1
. a a.. ' ..' 1 11555 * 1I a. a. .,.,

1960 1970 1980 1990 2000 2010

FIGURE4:JrainLakeNasser



50

As shown in Figure 14, draining Lake Nasser provides a means to

( meet almost all of Egypt's water requirements well into the next

century. The water in Lake Nasser falls from 130 billion cubic meters

in 1990 to 140 billion in 2010, providing an extra i 1/2 billion cubic

meters of irrigation water per year. In addition, the lower lake

level reduces evaporation and seepage losses, adding an additional

increment of water. At the sharply reduced volume, Lake Nasser pro-

vides no significant reserve against low Nile floods, although the

Aswan Dam still serves the important purpose of metering the summer

flood out evenly over the 12 month cultivation period.

The agricultural and industrial gains from draining the lake are

smaller than for the other simulation alternatives examined, since the

amount of water made available is smaller. Therefore, the nutritional

pattern for this simulation is quite similar to the base simulation

( throughout the remainder of the century, with improvements only visi-

ble in. the period 2000-2010.

Painage More Exoensive -- The base simulation assumed a con-

tinuing drainage program for Egyptian farmland at a fixed cost per

feddan. The cost figure used for the base simulation was estimated

from the projected expenses for major drainage programs now underway.

It is quite possible, however, that costs may rise later in the pro

gram as drainage facilities are directed at land that is increasingly

difficult to treat. For the fifth simulation alternative, we assume

that the costs per feddan drained will rise by a factor of four as the

drainage program is extended from 20% to 30% of Egyptian farmland.

The major effect of the assumed cost increase is to delay com-

pletion of the drainage program. Resources for drainage in the simu-
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lation model are made available from the country's capital goods

( sector, which rations out physical investment capability among the

competing needs of the entire economy. The increased cost of drainage

increases th burdens on the capital goods sector and reduces the

productivity (in terms of feddans drained) of the resources allocated

to water projects. As a result, the drainage program is not completed

until 19914, compared with a 1988 completion in the base simulation.

The delayed completion of the drainage program has direct con-

sequences for phreatic conditions, and indirect, but quite important,

consequences for agriculture. In the phreatic zone, restoration of

salinity to 1960's levels is delayed until the mid-1990's, compared

with the late 1980's in the base simulation (Figure 5). As a result,

1990 agricultural production is reduced 5% to 10% for all crops; grain

imports are also reduced because exports of agriculture goods which

generate the foreign exchange to finance imports, must be cut back.

Nutrition slips badly throughout the 1980's (Figure 6), recovering

only in the early 1900's when grain imports increase. By the late

1990's nutrition is restored to base simulation levels, and falls off

early in the next century much as in the base simulation. Although

the impact on agricultural production from the costlier drainage

program is temporary, the effect on industrial development is more

long-lasting. Resources for water control and drainage must be di-.

verted from other sectors of the economy, disrupting the process of

capital information. Consumer goods production in this alternative

scenario is 15%-20% below base simulation levels in the 2000-2010

period.
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Accelerated Drajnae ProRra -- A recurring problem in all of'

the simulations examined so far has been a rapid increase in soil

salinity beginning in the early 1970's. The salinity is not removed

until the completion of a drainage program on affected lands during

the latter 1980's. In the next simulation, we assume that the salin-

ity problem is tackled much more forcefully with a drainage program

that treats 500,000 feddans of land per year (compared with the base

simulation rate of 160,000) beginning in 1980. Because the Egyptian

economy would probably be incapable of such an investment itself, we

assume that the irrigation program is achieved at no cost, as if

funded with foreign assistance

An accelerated drainage program provides an immediate solution to

many of the problems identified in the base simulation during the

1980's. The accelerated program. extends drainage facilities to all

necessary land by 1983, five years faster than in the base simulation

(Figure 7) Salinity is removed as a major constraint to agricultural

production by 1985, also five years faster than in the base simula-

tion. Food production is boosted sufficiently to sustain 1980 nutri-

tion levels into the early 1990's (Figure 8). Egyptian industry

absorbing the resources that would be otherwise are committed to

drainage facilities, also shows some incremental improvement

The gains from the accelerated drainage program are only tempor-

ary, however. The root cause of the base simulation year 2000 nutr-

ition crisis is the inability of agricultural production inputs to

grow as rapidly as Egyptian food requirements. The accelerated

drainage program removes a constraint on production during the 1980's,

but supplies no important additional production inputs during the
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1990's or early in the next century. As a result, the final 20 years

of the accelerated drainage simulation closely resembles the final 20

years of the base simulation, with the same erosion of nutrition early

in the next century.

bination of %4ater tianagement Programs -- The final water

management simulation experiment combines two of the programs from

earlier simulation experiments to assess the gains available to Egypt

from water management programs alone. The simulation combines more

efficient irrigation from reduced seepage with the rapid drainage

program hypothesized above. As noted in the individual descriptions

of the two simulations, the accelerated drainage program provides a

short-term solution to salinity problems, while the irrigation effi-

ciency program provides a longer term supply of extra water.

Figure 9 illustrates that the proposed combination of water maria-

gement programs provides significant improvement versus the base

simulation over the course of the model's 30 year time frame. Water

requirements for agriculture are satisfied well into the next century,

enabling 15% to 20% increases in grain production during the 1990-2010

period. Production and export of other agricultural crops is also

increased, providing the foreign exchange to purchase increased grain

imports. As a result, nutrition is substantially improved versus the

base simulation (Figure 10). A further benefit of the combined water

management programs is stable and extended industrial growth. Con-

suiner goods production for this experiment is increased 30% above base

simulation levels at the end of the simulation in 2010

)
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Social or Economic Issues

The preceding Section of this Chapter dealt exclusively with

alternatives to the base simulation assumptions about water management

in Egypt. This second Section addresses a different set of issues, to

determine how social and economic change in Egypt outside of the water

sector might impact on water management issues. The focus of the

section is alternatives that might improve Egypt's ability to adequa-.

tely nourish its population.

Accelerated 'e&iaization of Agriculture -- As noted earlier,

the root cause of the base simulation nutrition erosion is the In-.

ability of agricultural inputs to' keep up 'with population growth.

This section's first alternative simulation investigates the desira-

bility of rapid mechanization of agriculture as a means of boosting

production. Although mechanization of agriculture does not provide an

inherent yield advantage versus the use of draft animals, it does

creates the possibility of more extensive multiple-cropping in corn-

binatiori with improved farming practices and careful selection of seed

strains

The results of this simulation experiment illustrate the impor-

tance of a balanced adjustment to agricultural inputs. The model

indeed shows an increase in cultivable land area from the more aggres-

sive mechanization -- during the 2000-2010 period, cultivated land

area is up 20% in the alternative simulation versus the base simula-

tion Production, however, is almost unchanged, because the more

intensive land use increases the gap between water requirements and

the relatively fixed amount of water available. Whereas the 70 bil-
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lion cubic meters released annually from Lake Nasser can satisfy 75%

( of the base simulation water requirements in the 2010, the same 70

billion cubic meters only meets 50% of the agricultural water require-

ments in the alternative simulation (Figure Ii). As a result, yields

in the alternative simulation are falling as fast as cultivated land

area is rising.

Nutrition for the alternative simulation resembles the pattern

from the base simulation In fact, nutrition in the alternative

Simulation erodes somewhat more rapidly, since grain imports are

reduced 10% in the accelerated agricultural mechanization experiment.

The diversion of resources from industry to agricultural necessary to

accomplish the mechanization haz weakened Egypt's non-agricultural ex-

port base. The final simulation experiment in this Chapter investi-

gates the gains available from a balanced increase in water and other

agricultural inputs.

Increased Foreign Exchange -- The next simulation investigates

whether Egypt can sidestep water management and agricultural issues

altogether by boosting the foreign exchange earnings from non-agricul-

tural sources. (Contributors of additional hard currency might be

increased tourism or crude oil exports.) For the alternative simu-

lation, the net export earnings provided by miscellaneous sources is

assumed to grow at 7% annually during the 1980's, compared with 3 1/2%

annual growth in the base simulation. After 1990, annual growth re-

turns to 3 1/2%. This has the effect of raising the miscellaneous

share of total 1990 exports from 35% in the base simulation to 55% i n

the alternative simulation.
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The increased export earnings have no visible direct impact on

water management or agricultural matters, other than to slightly

increase the investment resources available for both areas as the

industrial economy is strengthened. The increased foreign exchange

does succeed in stabilizing nutrition at 1980's levels for 20 years

(Figure 12), before the continually growing population manages to

overtake food supplies. Year 2010 grain imports in the alternative

simulation are up 55% versus the base simulation. As was seen in

other simulations where foreign exchange was increased (by exports of

agricultural crops), the higher miscellaneous exports help sustain a

steady growth of Egypt's industrial economy. Consumer goods produc-.

tion at the end of the alternative simulation is increased !tO% versus

the base simulation.

Changes in Dietary Preferences -- The base simulation identified

the ever-increasing cultivation of water-intensive crops -- rice,

fruits, and vegetables -- as a major contributor to the growing gap

between water requirements and water available. The next simulation

explores the importance of this trend by postulating a gradual change

in dietary preferences. Desired per-capita consumption of rice,

fruits, and vegetables is assumed to decrease steadily from 1980

onwards until all have been reduced by 70% at the year 2000. Other

grains are assumed to be consumed as substitutes to replace the cal-

ories formerly supplied by these foodstuffs. Such a change in dietary

preferences would be difficult to achieve, of course, but a proper

combination of government incentives and education might succeed in

effecting the hypothesized shift over the 20 year time span
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The direct result of the shift in dietary preferances is sizeable

adjustments to the land use pattern for Egyptian agriculture. In the

alternative simulation rice, fruits, and vegetables combine to fill

25% of the cultivated land area in 2000, down from almost '%O% in the

base simulation. This reduced cultivation of water-intensive crops

levels off water requirements for agriculture until early in the next

century, allowing the limited water supply to meet all of the demand

(Figure 13).

The shift in dietary preferances has significant consequences for

overall nutrition and economic growth. The switch to grains succeeds

in stabilizing the population's nutrition in the late 1980's (Figure

11), avoiding the serious erosion observed after the turn of the

century in the base simulation. The better nutrition is achieved with

an exceptional growth in grain production (up 40% versus the base

simulation in 2010) and grain imports (up 50%). The increased grain

imports are funded by 200% and 100% increases in fruits and vegetables

exports, and rice exports, respectively. In addition, the foreign

exchange earnings from exporting agricultural produce that would

otherwise be consumed domestically are sufficient to fuel industrial

growth. By the year 2010, conster goods production in the alterna-

tive simulation is 140% higher than in the base simulation, and growing

steadily.

Reduced Population Growth -- The other simulation experiments in

l.L.. I... .1......IU LLLLIJL'JVC Yk)LU L1L.L.LI.J.ULj UJ L,LL

amount or mix of food available The next simulation experiment

addresses the nutrition problem by attacking the demand side of the

food/population balance Within the past year various elements of the
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Egyptian government have discussed the need for broadscale birth

control programs. Plans are apparently being considered to reducethe -

country's birth rate to replacement levels by the year 2000. We have

used the Egypt model to assess the consequences of such a population

control program for nutrition and economic development. To achieve a

near-replacement level birth rate in the model, it was necessary to

asse a 50% decrease in the average desired family size between 1980

and 2000, and a government attempt over the same time period to extend

birth control usage to all of' the fertile adult population.

The assumed population control programs succeed in achieving an 8%

reduction in the year 2000 population (from 63 million in the base

simulation to 58 million in the alternative simulation) and a 20%

reduction in the year, 2010 population. Water management and agricul-

tural production remain much the same, with a growing gap between

water available and water requirements. With the reduced population, )
however, the agricultural production is quite adequate to meet re-

quirements. Nutrition stabilizes in the mid-1980's (Figure 15), and

shows signs of increasing early in the next century. A further bene-

fit of the reduced population growth is improved industrial devel-

opment, since more of the country's agricultural production is avail-

able for export

Accelerated Mechanization. Combined Water Management -- The final

simulation experiment explores the potential for combining mechaniza-

tion (see pp 60 to62 ) and water management (see pp 57 to59 ), each of

which were tested separately, into a single agricultural development

strategy. The goal is to determine whether well-conceived water

management projects can be meshed with agricultural programs to pro-

duce stable or increased nutrition
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Figure 16 shows how the mechanization and water management pro-

grains complement each other. Mechanization has increased water re-

quirements sharply versus the base simulation, but the increased

irrigation efficiency from the control of seepage meets all water

requirements until the turn of the century. Substantial gains in

agricultural production versus the base simulation result, reducing

grain import requirements until well into the next century.

Year 2000 Agricultural Production Comparisons (Million Tonnesi

Fruits & Oeher Grain
Cotton Fodcer VeRetable Rice Grains Imports

Base Simulation .38 115.8 27.3 11.6 1.9 11.7

Alternative .116 51.0 29.9 5. 6.6 '1.0

( % Increase +21% +11% 10% +15% +35% -15%

The sustained increases in agricultural production match Egypt's

population growth, allowing a stable level of nutrition well into the

next century. Industrial growth is also strengthened, as in other

simulations from this Chapter where increased agricultural production

provides the exports needed for more foreign exchange earnings.
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CONCLIJS I ONS

Preceding Chapters of this report have described the development

process for the Egypt computer model, the base simulation of that

model, arid the exploration of alternative scenarios for Egypt's fu-

ture. In this final Chapter we summarize the results of the project

to draw the important conclusions about the role of water resouces in

Egypt and the suitability of the computer simulation approach to the

sponsor's research needs.

Simulation analysis with the Egypt model provides a number of

important insights into the role water resources 'will play in Egypt's

future. Foremost among these is the inevitability of a growing gap

between water requirements and water availability if present use

patterns persist. The increasing water requirements result from both

agricultural and demographic factors: more intensive land use in-

creases the water required per feddan of farmland, and the steady

urbanization of Egypt's population raises the incentives for growing

water-intensive fruits, vegetables, and rice. At present, the only

additional source of water identifiable for the near future is re-use

of the drainage water expected from Egypt's planned drainage program.

Much of the Nile water available for agriculture is lost before It

ever reaches Egyptian farmland, either through evaporation and seepage

in Sudan, Lake Nasser, and the country's irrigation system, or through

mismanagement in application. A number of options for increased water

availability are explored in this report, including a bypass canal

through the Sudanese swamps and reduced seepage or evaporation loss in

the Egyptian irrigation network. Any of the three measures by itself
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appears to be sufficient to fill most of the gap betheen water re-

quirernerits and water supply observed in the base simulation, and

achieve improvements in agricultural production. However, the pro-

duction gains from the three alternative programs are unable to do

more than delay the pending food supply problem for more a few years.

Increased water supplies by themselves are not the solution to Egypt's

long-term food and population problems

Besides water quantity issues, water quality has been an important

aspect of this study The simulation model focuses on soil salinity

as the most important water quality issue likely to arise in Egypt

during the project's 20-30 year time frame A build-up of salt in the

root zone underlying Egypt's farmland is expected, the near-term

consequence of the rising water table triggered by increased irriga-

tion waters made available by completion of the Aswan Dam. Without

reducing water application rates, the only solution to the salinity )
problem is the installation of drainage facilities to withdraw the

salt water from the soil. The simulation model projects that the

likely rate of drainage installation would bring the salinity problem

under control during the 1980's

Two alternative possibilities for the drainage program were re-

ported in the previous Chapter The first scenario postulated that

the per-feddan cost of installing drainage facilities might increase

as drainage is extended to a larger and larger fraction of Egyptian

farmland. The resulting delay in completing the drainage program may

create a mild food crisis during the 1980's before salinity is finally

brought under control early in the 1990's. Longer-term econouiic

problems should result, however, froi the disruption in industrial
c)
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capital formation caused by the diversion of investment resources to

drainage. The second scenario imagined a rapid completion of the

drainage program during the 1980's with funding from an external

source. The resulting early solution to the salinity problem provides

a temporary boost to agriculture and nutrition during the 1980's, but

little long-term improvement.

Water management programs alone are capable of meeting the basic

nutritional requirements of Egypt's population if combined in a care-

ful manner. A simulation experiment combining rapid drainage instal-

lation, for short-term nutrition gains, with increased water in the

longer-term from improvements to the irrigation system shows the

potential for sustaining nutrition into the next century. Since both

water management programs are assumed to occur without cost to the

Egyptian economy, however, outside assistance (or much increased

export earnings from sources like expanded crude oil production) would

be necessary to realize this scenario.

The ability of Egypt's water resources to satisfy internal re-

quirements will be importantly influenced by agricultural, demogra-

phic, or economic developments. For example, attempts to increase

agricultural production by mechanization could be defeated by the

inability of the water sector to meet the increased water requirements

with current management practices. Alternatively, the water supply

problems projected for the 1990's may be eliminated if the popula-

tion's consumption of water-intensive crops could be reduced.

The final simulation experiment presented in the report emphasizes

the potential gains from complementary water management and agricul-

tural development programs. If externally funded drainage and irriga-
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tion programs are timed to coincide with an internally funded rnechani-

zation of agriculture, considerable gains in both food production and

nutrition can be achieved. This scenario is yet another demonstration

of' the inter-relationships that exist between water resource and

economic development issues.

Besides the improvement of the sponsor's understanding of the role

of' water resources in Egypt, this project has had the additional

objective of testing the utility of' the System Dynamics methodology.

A number of important conclusions about the methodology will be sum-

marized here to conclude this report.

The study demonstrated the ability of a System Dynamics project to

integrate the information provided by a number of different disci-

plines. Chapter II of this report outlines, and Appendix A details,

hydrologic, demographic, agricultural, and economic information has

been assembled in a single package -- the simulation model. The

combination of varied types of data was instrumental in producing many

of the key conclusions form this study: for' example, the pending gap

between water supplies and water requirements caused by agricultural

and demographic trends. Indeed, the System Dynamics methodology all

but forces an inter-disciplinary approach, since the process of model

construction focuses attention on the inter-relationships among dif-

ferent elements of a real world system without regard for professional

disciplinary boundaries that may exist.

A second conclusion about the methodology is the ease with which

the simulation process allows investigation of varied assumptions for

the relationships or policies incorporated in the model. The dozen

simulation experiments described in this report represent only a

)

)
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sample of the simulations that were performed, or could be performed.

( The ability to execute such a wide range of experiments greatly ex-

pands the possibilities for analysis, since the research can explore

numerous possible scenarios for a country's future development.

A third important benefit of the System Dynamics methodology is

the ability to identify areas where further research is required. To

cite a few examples from this report, the simulation experiments

demonstrated the importance of the extent and timing of past water

table and salinity problems as a way to better understand the nature

of effects on agricultural production to be expected during the next

ten years. The expected costs of drainage programs for all of the

land likely to be drained will have an important effect on both agri-

culture and industry, and warrant further study. Since Egypt's total

population growth will have an important effect on the attainable

level of nutrition, research into the government's intentions and

capabilities for bith control and family planning would help determine

how much of a future increase in agricultural production is necessary.

By isolating such instances of a high payoff from further research, a

System Dynamics study contributes to the most efficient use of anal-

ysis resources.

Finally, the System Dynamics methodology allows for an easy up-

dating of study results as new information becomes available. The

sponsor is planning further research into Egypt water resource issues

that should improve the model's treatment of hydrologic processes.

Any new information can be readily added to the simulation model. The

experiments presented earlier in this report could be redone, and new

experiments suggested by the additional research could be added. All



of this could be assomplished at a fraction of the effort required for

the original study, since the simulation process can quickly redo all

the calculations necessary to derive projections from the new infor-

mation. A small investment in a continuing review of developments in

Egypt would be sufficient to keep the simulation model up-to-date for

continuing use.
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:t. INTRODUCTION

This appendix describes a computer simulation model f or the study of

Egypt's economy and population described in "Water Resources in Egypt's Future."

The model focuses on major water management issues, and their Impact on Egypt's

economy and population. It incorporates a wide body of descriptive and

numerical data.

A computer simulation model is a collection of explicit assumptions re-

garding the determinants of a system's behavior. In this case, the "system"

is the combination of economic and social forces which shape Egypt's develop-

ment. For explanatory purposes, these assumptions can be divided into two

categories.

The first category might be labeled the "what affects what", or structural,

assumptions. This category contains the largely descriptive, qualitative set

of explanations about which important forces interact directly to determine

the course of a particular variable within the system. For example, we assume,

for purposes of our study, that changes in Egypt's total population (a system

variable) will be determined exclusively by internal birth and death rates.

Migration in either direction across Egypt's national frontiers is assumed

to have so negligible an influence on total population that it may be dis-

regarded for our purposes.1 Internal birth rates, in turn, are assumed to

depend largely on income and consumption patterns, and on the extent of

urbanization. These factors have an important influence on desired family

BizeS. And desired family sizes, together with the population's birth con-

trol practices, determine birth rates. The first of these causal factors

are, themselves, system variables that will be determined by other forces
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within the computer model. The last, birth control practices, is used as

input to the model that can be varied to reflect different assumptions about

the population's adoption of modern methods.

Such structural assumptions define the causal framework of the computer

simulation model. The descriptive and qualitative statements can be trans-

lated into mathematical equations that specify the relationships assumed. The

process of specifying this first class of assumptions focusses the study on

the most important forces determining Egypt's future development, thereby

avoiding a dissipation of effort among countless possible areas for investi-

gation.

The second category might be labeled the "how much is the effect", or

parametric, assumptions. This category includes a large mass of numerical

information that specifies the amount of effect one variable has on another.

Turning to the earlier example of determinants of Egypt's birth rate, a para-

metric assumption for the effect of income on family size might be expressed

in tabular or graphical form, as shown below. The numerical information can

be incorporated in the simulation model to express the response of desired

family size to a wide range of possible income levels.

Hypothetical Relationship Between Income and Desired Family Size

Annual
Income (LE) 0 50 100 150 200 250 300

Desired No. of
Children 4 4½ 5 4½ 3½ 2½ 2
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The remainder of this report presents our preliminary structural and

parametric assumptions concerning Egypt's future development. The assumptions

are presented in two forms. The key assutuptionsaredescribed first verbally,

amd then mathematically. The mathematical description is comprised of the

equations of a computer simulation model. As already noted, the focus of the

study - and, hence, the focus of this initial phase of work - concerns the

role of water resources in Egypt. This focus has guided the research under-

tfr'i, to identify important assumptions, and has shaped the network of inter-

relationships described in detail in succeeding chapters of this report.

Chapter II provides an overvIew of the interactions among Egypt's water

resources, economy, and population, and describes the most important factors

influencing the country's development. Chapter III describes the water sector

of the Egyptian economy, Chapter IV describes the population sector, Chapter V

discusses assumptions concerning agriculture, and Chapter VI describes indus-

trial activity and foreign trade. Chapter VII reviews the model's resource

allocation logic.

The Egypt simulation model is written in DYNAMO, a computer language and

software package developed specifically for the simulation analysis used in

this study. The basic references for DYNAMO are The DYNAMO User's Manual,2

'which describes the language and its conventions, and Industrial Dynamics,3

which describes the fundamentals of system dynamics. A glossary is included in

this appendix to explain the equation format and descriptive material used in

this report. The glossary also lists several dozen model parameters that could

be used to test different development strategies, and programs, or different

assumptoins about the magnitudes of various parametric assumptions.



II. OVERVIEW OF SOCIAL AND ECONOMIC DEVELOPMENT

The role of water resources in Egypt's future can only be examined in

the context of Egypt's overall social and economic development. The water

sector's largest direct impact is on Egypt's agriculture, since the use of the

Nile allows year-round cropping of land that would otherczise be harren. In

addition, there are direct effects on the population (through the spread of

disease and removal of human wastes) and on industry (through the supply of

hydro-electric power and removal of industrial wastes).

Indirect impacts extend to the entire country.. Export capability, for

instance, will depend to some extent upon Egypt's agricultural production

capacity, which, in turn, Is directly influenced by water resources. Demo-

graphic trends, especially in the rural areas, will depend upon food produc-

tion, which again is influenced by water resources. Even military strength

is linked to water management, since the hard currency usually necessary
to import military hardware requires a strong export base (with a link to the

water sector that was just described).

Any attempt to list every determinant of Egypt's social and economic

development, and incorporate each of those determinants in a computer simu-

lation model, would be an unmanageable task. The process of trimming down
the enormous list of potential influences, while preserving the required

accuracy and precision; is a major part of this study. The first step in
that process is to define a conceptual "boundary" that encloses the most

Important of the determinants of Egypt's social and economic development.

This involves the consideration and assessment of many factors, to discriminate
between those which are essential to the issues being studied and those which
are not. Variables "within the boundary", by definition, are explained
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causally inside the model. That is, the model represents such variables not

as external inputs, but as explicit functions of other model variables. Items

"outside the boundary" are represented as external inputs (unaffected by the

behavior of the model), or are omitted altogether.

A few examples may clarify the logic of selecting the model's boundary.

Many factors, such as the world price and supply of wheat, will have an impact

on Egypt. But these impacts can be adequately represented as external inputs

to the model, as they do not strongly depend on other model variables. For

example, while the price and availability of wheat for import may have a

tremendous impact on Egypt, developments in Egypt are unlikely to significantly

affect the world price and availability of wheat.

Similarly, the commitment of the agricultural peasants (Fellahin) to their

Islamic faith is undoubtedly a key determinant of birth rate trends. However,

their religious commitment will probably not be affected in any major way by

the economic variables represented in the model, at least over the 25-35 year

time span of interest. Therefore, religious commitment will be incorporated

Implicitly into other assumptions about influences on the birth rate, with no

explicit treatment in the model.

Our decisions about model boundary and Important variables are diagrammed

in Figure 11-1. The relationships among water control (in the center of the

diagram), agriculture, industry, and Egypt's population are all illustrated.

The remainder of this section is devoted to a discussion of that network

of relationships, and the way those relationships interact to determine Egypt's
future.

A recurring feature of the Egyptian economic and social system is the

importance of resource allocation decisions. Differing policies for resource
allocation can create a wide range of scenarios for Egypt. Some of these
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resource allocation decisions will be dictated by immediate needs, such as food

production to meet consumption requirements or the possible production manu-

factured goods for export to meet import needs. Others of the resource alloc*-

tion decisions rapresenc more of a choice among options for the shape of Egypt's

development. In this category would be included the division of industrial

resources among the economic sectors competing for capital investment.

Figure 11-i uses numbered circles to identify the four most important

resource allocation decisions within Egypt. The resources to be allocated

are 1) import capabilIty, 2) industrial resources, 3) consumer goods capacity,

and 4) agricultu:al capacity. Each of these are discussed in turn below.

In our treatment of the Egyptian economic and social system, the country's

import capability depends on the availability of foreign exchange to fhiance'

purchases from abroad. Egypt acquires foreign exchange in part by' exporting

agricultural goods (cotton, fruits, and vegetables) and manufactured consir

goods.1 In addition, Egypt's import capability derives from development

assistance and other financing tendered by Western countries, by the Soviet

Union, and by Arab countries. Further sources of revenue Include tourisa, the

Suez Canal, remittances from workers abroad, and oil.2

Figure lI-i distinguishes five major uses for the import capability gener-

ated by exports, transfers, and development assistanceindustrial reSources
(machinery, farm equipment, materials, etc.), consumer goods, food, mflftary

equipment, and debt service. The dLffareut uses have different implications for

Egypt' s economic and social development. The allocation of import capability to

industrial resources represents a long-term investment in Egypt's fnture growth,

potentially raising the production of a number of sectors of the economy. Food

imports, in contrast, address a perceived short-term need to raise the food

consumption of the country's urban population.3 The contribution of food imports
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to economic development is less direct than the contribution of industrial re-

sources, and derives largely from: 1) their effect on the productivity of

the labor force; and 2) their role in avoiding desparate, highly inefficient

attempts to boost short-term agricultural output. Imports of military goods

make no direct contribution to the country's industrial development, and re-

present a drain on foreign exchange resources.

Allocation decisions for import capability, then, have a direct impact

on Egypt's economic development. If the government is able or willing to

devote foreign exchange to industrial resources, then imports become a direct

source of industrial growth. If Egypt's foreign exchange reserves are instead

used to import food, consumer goods, or weapons, then industrial growth must

come from some other quarter.

Industrial resources are, like imports, a potential source of growth,

depending upon their allocation among the competing needs of different sectors

of the economy. Industrial resources are represented in the model by a

number of different factors. The population makes a contribution to industrial

resources through its participation in the labor force. Other industrial re-

sources are available from external sources, including imports of industrial

materials (as described earlier) financed by industrial investment or assist-

ance from other countries Finally, Egypt's industrial capacity -- energy

production, transportation, and capital goods production -- represents another

major industrial resource.

Egypt has a wide range of choices for allocating industrial resources.

Figure Il-i diagrams the most important options: military capacity (e.g., tanks,

aircraft, and soldiers), agricultural capacity (e.g., tractors and farmers),

water control (e.g., irrigation and drainage facilities), consumer goods

capacity (e.g., factories and industrial workers), and industrial capacity
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itself (e.g., construction equipment, power generating facilities and

industrial workers). Allocation of industrial resources to industrial capacity

substitutes an investment in future growth for immediate gains in economic

sectors that satisfy consumption requirements. Investment in water control

projects may also contribute to industrial growth by increasing Egypt's

hydro-electric capacity, or it may join with agricultural investments to in-

crease agricultural capacity. As will be described shortly, llnprovetuent8 in

consumer goods capacity may immediately stimulate industry if the sector

produces for export (thereby facilitating increased capital goods imports),

or contribute lit.1e in the short run to industrial growth if the sector's

output is allocated to domestic consumption. Once again, allocation of

industrial resources to military capacity represents a drain on the rest of

the economy.

The third allocation decision diagrammed in Figure Il-i concerns the division

of consumer goods capacity between production for export and production for

domestic consumption. The resulting influences on the balance of the economy

are indirect, but quite important. Production of consumer goods for exports,

or to substitute for imported consumer-goods, can meet a short-term need for

foreign exchange to finance a variety of imports. Production and importation

of consumer goods for domestic consumption have longer-term implications, since

the resulting gains in standard of living may play an important role in re-

ducing Egypt's birth rate. Over the course of many years, the resulting

differences in the size of the population could dramatically affect require-

ments for food and consumer goods production, and determine whether Egypt can

ever achieve self-sufficiency.5

Given the complicated and indirect consequences of consumer goods al].o-

cation decisions, no a priori judgment can be made of whether production for

internal use or export best serves Egypt's long-term interests. This un-
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certainty is a useful illustration of the important role the computer simula-

tion model will play in understanding the consequences of alternative resource

allocation policies.

The fourth allocation decision diagrammed in Figure 11-i involves the

division of agricultural capacity between food grown for domestic consumption

and food and fibers grown primarily for export. Agricultural resources in-

clude labor and machinery from the industrial sector, water, fertilizer, and

land area itself. The allocation of these resources responds to the

internal requirements of the country, as well as to government policy decisions.

As with consumer goods, the consequences of agricultural allocation de-

cisions for economic growth are indirect, but quite important. A self-sufficiency

strategy, for example, would place the highest priority on meeting food needs

internally. In the short tern, this strategy might meet the food needs of the

population and provide a well-nourished, productive labor force. Longer term,

such a strategy might limit the Egyptians' options if continued population

growth strains the country's domestic food capacity. Once again, the project's

simulation model should help evaluate the consequences of alternative strategies.

This chapter's overview of the "system" determining Egypt's economic and

social development provides a useful context for considering the role of the

water sector. The resources available to develop the country's water sector,

and the demands placed upon the water sector, depend upon the interaction of the

major forces diagrammed in Figure Il-i. Industrialization strategies may limit

the resources available to develop the water sector, stalling further improve-

ments in drainage and irrigation that may be necessary to raise agricultural

capacity. Agricultural development strategies may require par-tllel efforts

to develop water resources. Population trends will directly affect consumption

and -se of the Nile river, and indirectly affect the water sector through re--



quirements for consumer goods and agricultural production. Succeeding ch. ters

of this report treat each major sector of the Egyptian population/economic/water

"system" Individually.



III. WATER

The water sector of the Egypt model is the focus of this study and

occupies a central position among the economic and demographic sectors. The

water sector has been developed to support the analysis of a wide range of

issues pertinent to Egypt's future growth. Among these issues are the

adequacy of available.water, salinity, water-logging, drainage and irrigation.

Figure Ill-i surmuarizes the role of water resources in the development of

Egypt's population and economy, and establishes the point of view for the

water sector's design.

There are five key outputs from the water sector. First, water (from the

Nile or from wells) is required to irrigate Egypt's agricultural lands. Soil

moisture must be maintained within a tolerable range for successful agriculture.

Too little water will result in dry soil and wilted plants; too much can lead to

water-logging and plant disease. Second, the water sector affects the fertility

of the soil. Too little water, inadequate to leach salts, leaves salt in the

root zone; too much water can also concentrate salt in the soil, through water-

logging and surface evaporation. Third, proper amounts and treatment of water

are required to maintain public health. The water sector affects public health

not only through the availability of water for domestic use, but also through

schistosomiasis and other water-borne diseases. Fourth, the Nile serves as a

convenient means of transportation. Finally, the water sector of Egypt is an

important source of energy, in the form of hydroelectricity.

To achieve and maintain its benefits, the water sector requires three key

inputs. First, capital investment is required in the form of dams, barrages,

canals, pumps, generating equipment, piping, drilling rigs, drain tiles, and

valves. Second, energy is required to operate much of the equipment.
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Even though the water sector itself might be the ultimate source of its own

energy, the requirements of the water sector detract from what is available

for use elsewhere in the economy. Finally, the water sector requires human

labor for the maintenance and operation of irrigation and drainage facilities.

A discussion of the model's water sector divides naturally into two

parts. The first concerns the flows of water itself, including the accumu-

lation of water in Lake Nasser, the flows of water through the Nile River and

associated irrigation facilities, and the build-up of phreatic water beneath

farmlands. These subjects are discussed in Section III-A. The second issue

concerns time flows of dissolved precipitated salts that accompany the water

flows. These important salt issues are discussed in Section 111-B.
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Ill-A. THE HYDROLOGY OF EGYPT

The inputs and outputs of the water sector discussed above are linked

by the interaction of water with the physical, chemical,and meteorological

conditions of Egypt. Figure 111-2 shows the basic flows of water in the Nile

valley. The cross-section of the Nile Valley shown in Figure 111-2 is based

on the actual cross-section at Luxor,1 but the basic shape is characteristic

of much of the Nile north of Aswan. The flood plain at the bottom of the

valley Is about 15 kin, wide; the valley is about 200 meters deep (Figure

111-2 is drawn with an exaggerated vertical scale, for clarity). The

entire Nile Valley in Egypt is, on the average, quite flat, sloping very

gently downhill away from the river and toward the Delta to the north.

Between Aswan and the Mediterranean, the Nile drops an average of only one

meter for each 12,000 meters length..2

The flood plain is generally composed of alluvial deposits of sand, j

gravel and clay, often in distinct layers of different porosity and

permeability. The permeable layers formed by the alluvial deposits are

bounded below by less permeable basement rock.3 The permeable layers

form a groundwater aquifer which underlies the Nile Valley and.Delta to

a depth of about 300 meters.4 The aquifer between Aswan and the

Delta has a capacity of about 500 billion cubic meters; the Nile Delta

aquifer has a capacity of about 500 billion cubic meters.5 In addition,

an extensive aquifer underlines the Western Desert, with an estimated

capacity of 78,000 billion cubic meters.6 This aquifer is a potential

source of water for the New Valley project..

In general, the porous layer underlying the agricultural regions

is divided into two zones, according to the amount of water in the aquifer

and its movement. Near the surface is the zone of aeration, in which the
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spaces between soil and rock particles are filled with air or with

mixtures of air and water bound to the soil by capillary forces. Below

the zone of aeration lies the zone of saturation, in which the spaces in

the soil and rock are filled completely with water. The surface which

divides the two zones is called the water table. The total water in the

zones of aeration and saturation, and the water at the surface are

collectively defined here as the phreatic water.7

The moisture content of the soil is determined by the quantities of

Nile water and phreatic water, and the flows associated with them. Water

may be diverted from the Nile, or pumped from the phreatc layers, and

applied to the surface for the irrigation of crops. Of the water so

applied, some evaporates from the surface, some is absorbed by plants, and

the rest remains in the soil, percolating toward the zone of saturation.

The water taken up by plants is for the most part transpired into the

atmosphere. The combination of surface evaporation and plant transpiration

is called evapotranspiration.

The control of the Nile, culminating in the High Dam, has led to an

increasing reliance on perennial irrigation. Perennial irrigation, first

begun over a century ago, now has completely replaced other forms of

irrigation north of Aswan. The resulting frequent and year-around

diversion of Nile water onto the surface of the Nile Valley has

led to an increase in the amount of phreatic water and a corresponding

rise in the water table. A high water table causes "water-logging" of

the agricultural lands, with the zone of saturation encompassing much of

the root zone of the crops growing in the valley. The water-saturated

soil damages the plants both directly and indirectly (through side

effects such as parasites that thrive in the wet environment and the
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concentration of salt through surface evaporation). Therefore, where the

natural seepage flows do not adequately drain the agricultural land, drainage

systems and pumps must be introduced, creating a controlled flow of water

through the root zone. Most of the drainage water is discharged into the

Nile, the lakes bordering on the Mediterranean, or the Mediterranean itself.

Where the surface water (primarily the Nile) is above the zone of satura-

tion, water seeps horizontally and downward into the phreatic zones. When

the surface water is below the water table, a reverse seepage occurs. In the

region surrounding Lake Nasser, the direction of seepage is primarily from

the lake into the aquifer. In the Nile downstream fromAswan, the river level

is low, and seepage from the phreatic water into the Nile predominate.s.

In addition to the vertical and cross-sectional flows described above,

there are important longitudinal flows of water along the Nile Valley both

at the surface and underground The surface flow is limited primarily to the

Nile itself and adjoining canals. It is relatively fast and easy to measure.

A second longitudinal flow occurs within the phreatic water, which slowly

flows underground toward the Mediterranean and the lakes near the northern

coast. The ground water under the Western Desert also flows slowly to the

North.



Ill-B. SALINITY OF SOIL AND WATER

Associated with the flows of water are corresponding flows of salt and

suspended solids. At pr2sant, rising concentrations of salt in agricultural

soil are a serious problem, even though the salt concentration in the Nile

itself is low, and the concentration of salt in well water is tolerable.

Several mechanisms operate to concentrate the salt in the root zone of the

crops growing in the Nile Valley. Surface evaporation removes water from the

root zone, but leaves behind salt. Similarly, the plantroots themselves

remove water from the root zone, and leave most of the salt. This salt will

not present a problem if the water table is sufficiently low, so the accumu

lated salt can be leached from the root zone by the application of excess

water. However, if the water table is high, irrigation water remains near

the surface. In the short term, the new water dilutes the salt while leaving

it in place in the root zone. Over a longer time span the irrigation water

evaporates, adding its own salt to the salt already in the soil. As a result,

the concentration of salt in the root zone is even higher than before.
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Ill-C. STRUCTURE OF THE WATER SECTOR OF THE MODEL

The dominant impacts of water on Egypt's population and economy are

associated with the basic processes described above: Nile flow, irrigation

from the Nile, irrigation by pumping, seepage, drainage, evapotranspiration,

percolation, water-table height, and salinity. These processes

may be represented in a simulation model with almost any degree of detail

desired.

For example, one might create a very detailed model which computes

the water table and salinity conditions separately for ech feddan of

land in Egypt. If the data were available to create such a model, it

could be a very accurate representation of Egypt's water table. On the

other hand, such a model would be prohibitively large and expensive. More

importantly, a very detailed picture of the water table would provide little

insight into the broad strategic issues addressed by this study.

It has been important, therefore, to choose the perspective of the

simulation model and its level of detail according to its intended purpose.

In this study, we are concerned not with detailed variations in water table

height or soil conditions, but more with the overall average conditions in

Egypt's water system, as they affect the aggregate efficiency of the

agricultural and industrial sectors. Therefore, we conceptualized the

model to address the basic processes listed above at about the same level

of detail with which they have been discussed.

Specifically, the water sector represents changes in average annual

flows, rather than seasonal or shorter variations. The annual perspective

is consistent wIth the level of detail of the population and economic

portions of the model. The model focuses, for example, on the average
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water table over a large region and the degree of water-logging, rather than

specifying which particular parcels of land are wet and which are dry.

The major components of the water sector are summarized in Figure 111-3.

Three important categories of water are represented. First, the amount of

water in Lake Nasser is represented by the box in the upper left of the

figure. The distribution of water via the Nile is shown in the lower left.

Finally, the water in and below agricultural land, collectively referred to

as "phreatic water", is represented in the right side of Figure 111-3. The

three categories of water are linked by flows of water, represented by solid

arrows. Dashed arrows represent additional constraints'and influences on

water flows.

As shown in Figure 111-3, the water sector concentrates ott the overall

interactions of water in Lake Nasser, water in the Nile, and water in the

soil, taken as aggregate wholes. Water in Lake Nasser is augmented by the

natural, uncontrolled flow from the upper Nile ("Source Flow", in the figure),

and depleted by three major outflows. Two of these outflows -- seepage and

evaporation -- are natural, uncontrolled processes; the third (the flow of

water released into the Nile) is almost completely controlled by the High

Dam at Aswan. The flow into the Nile is governed by two major considera-

tions, represented by dashed arrows at the left of Figure 111-3. First,

water is released to maintain the Nile flow used downstream for agricultural

and human use; second, additional water may be released to generate hydro-

electricity.

Two major sources of water contribute to the flow of the Nile: water

released from Lake Nasser and water pumped from agricultural drainage.

(Under some conditions, seepage through the banks of the Nile may also con-

tribute.) The bulk of the Nile flow is removed in a controlled manner, for
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use in agriculture, industry, and homes. In addition, water is removed

from the Nile by evaporation, and released "downstream' into the

Mediterranean Sea.

The right-hand side of Figure 111-3 shows the fate of water applied to

crops, and other influences on ground and surface water. Much of the water

applied to the surface either evaporates directly into the air, or indirectly

(transpiration) through uptake by plants. The remaining water, except for

surface runoff, becomes, by definition, phreatic water. ?hreatic water may

be removed naturally, by underground flow and seepage, or by human inter-

vention in the form of surface drainage and ground-water pumping. The

quantity of phreatic water determines the height. of the water table (see the

right-hand side of Figure 111-3). The water table, in turn, has important

implications for soil salinity and waterlogging, as indicated by links to

the salt subsector and agricultural sector shown in the Figure.8
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IIID. EQUATIONS OF THE WATER SECTOR

The preceding discussion addressed the overall conceptual basis of the

Egypt model's water sector. The following paragraphs describe the detailed

structure of. the water sector. The sector is divided into eight subsectors:

Lake Nasser, Controlled Release of Water at the High Dam, Requests for Water,

Distribution of Water for Agriculture, Hydroelectric Power, Phreatic Water,

Drainage, and Salinity.

At the end of the description of each subsector are listed the equations

which define the model. The model equations described jn this and subsequent

chapters are written according to the convention of the DYNAMO computer

simulation langauge. This language was especially developed for simulating

complex social and economic systems.

Lake Nasser Subsector -- The amount of water in Lake Nasser (WLN) is

affected by one inflow and four outflows. The flow into Lake Nasser (WPILN)

is exogenous to the model, based on past data through 1976, and assuming a

future average flow of 84 billion cubic meters per year.9 Alternative

future trends in the annual Nile source flows may also be represented (WASB),

including weather changes, higher Sudanese requirements for Nile water, or

upstream conservation projects.

The amount of water in Lake Nasser (WLN) largely determines seepage

losses from the reservoir (WLNS). The annual fraction of the water lost by

seepage (WAFSLN) is taken as five percent,1° with a gradual reduction to

three percent as deposits of silt block the pores in the lake bed. The amount

of water also determines the surface area of the lake (WSALN), which in turn

affects the rate of evaporation loss (WLNE). The surface area is determined

by the amount of water in Lake Nasser, as shown in Figure 111411 Implicit
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Figurel1I4:
Surface Area of Lake Nasser
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in the figure is the shape of the bottoti of Lake Nasser. The rapid rise in

surface area for small amounts of water is due to the relatively flat bottom

of the Nile Valley south of Aswan. Further additions of water add less sur-

face area as the edges of the lake encounter the steeper sides of the Valley.

Sunshine and winds may also effect the rate of evaporation; such additional

effects are incorporated in the exogenous average potential evaporation

(t.JAPE). The net average evaporation from the lake is taken as 27 meters

12
per year.

The remaining outflows from Lake Nasser represent the flow of water in

the Nile downstream from Aswan. The controlled releaseof water from Lake

Nasser (WCRLN) represents the intentional release of water through the High

Dam to satisfy the water requirements of agriculture, hydroelectric generation,

industry, and households. This controlled release is discussed in the next

section. The forced release of water from Lake Nasser (WFRLN) represents

the spillover or release of water past the High Dam due to the limited

reservoir capacity.

The forced release includes three possible conditions. First, before

the High Dam is built, all flow past Aswan is defined to be "forced". Second,

as the water in the reservoir approaches its capacity, water must be released

to maintain a flood-control margin of reservoir capacity. Finally, should

the reservoir for some reason actually become full, then spillover (or

forced release to avoid spillover) may occur. All three cases are approxi-

mated in the model by considering the potential net inflow to Lake Nasser

(WNILN), which is the excess (if any) of the net natural inflow to the lake

(WNNIL) over the controlled release from Lake Nasser (WCRLN). The excess

(WNILN) will cause an increase in the water in Lake Nasser or a spillover,

depending on whether the reservoir is full. To avoid overfilling of the
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reservoir, therefore, some fraction of the net inflow (WNILN) is released if

the lake is nearing its drained capacity. Figure 111-5 shows the assumed

relationship. If the lake is full, all of the potential net inflow is released;

if the lake is at 60% or less of its capacity, no forced release occurs.

The capacity of Lake Nasser (wcLN) is determined, as a function of time,

by the stage of completion of the High Dam. The model represents the capacity

13
starting at zero in 1964, and rising to 162 billion cubic meters by 1974

(See Figure 111-6). Before the High Dam, the capacity of Lake Nasser is zero,

as is the amount of water in Lake Nasser. Therefore, there is no "unused

capacity" (WFCLTJ) in which to accumulate water, so all inflow is considered

to be forced release (WFRLN), with no controlled release (WCRLN). As the

capacity of the lake increases, the Nile flow becomes dominated by the

controlled release, and forced release occurs only in extraordinary conditions.
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Figure 111-5:

Control of Lake Nasser Reserves
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FIGURE III-
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Controlled Release from Lake Nasser -- The controlled release of water

from Lake Nasser (WCRLN) r2presents the intentional flow of water past the

High Dam to meet agricultural, domestic-industrial, and hydroelectric require-

ments for water. These three components determine the total requested con-

trolled release (WRCR). If the availability of water from Lake Nasser

(WALN) is adequate, then all of the requested water is released for use down-

stream.

The availability of water from Lake Nasser is determined by two consid-

erations. First, the requested release will be made if the current annual

net inflow (WNNIL) is sufficient to meet the downstream request. Second, if

the request cannot be met by the current flow, then it may be met by drawing

down Lake Nasser. The extent to which the reservoir is depleted to meet

current requests depends on the amount of water in the reservoir (WLN). If

the lake is full, then all of the shortfall is met by lowering the lake. If

the lake is less then 80% full, then the water is conserved to maintain the

lake itself, and the controlled release is determined by the net natural

inflow.
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Requests for Nile Water -- The requested release of water from Lake

Nasser (WRCR), as mentioned above, comprises three factors. First, agri-

cultural needs motivate a flow from Lake Nasser (WFRA). In addition, water

is requested for population and industrial use (WRPIU). Water released for

these two purposes may also be used to generate electricity, as it flows

through turbines at the High Dam. However, the seasonal pattern dictated

by agricultural requirements does not match the seasonal pattern of demand

for hydroelectricity. During the low part of the seasonal cycle, therefore,

additional water may be requested for power generation (WARPG).

The release from Lake Nasser requested for agriculture (WFRA), and the

underlying water requested for the Nile for agricultural use (WRA), are based

on the amount of water required by the agricultural crops growing in all of

Egypt (AWO). This basic request is reduced by the amount of water available

from three sources other than Lake Nasser. Water may be available from

ground wells in the New Valley project (WNVSP), from ground wells in the old

valley (WGWPI), or from the reuse of drainage water (WDAR). On the other hand,

the basic requirement must be augmented by expected water losses between the

High Dam and the crops: seepage and evaporation losses from the Nile itself

(WESEN), and similar losses from the irrigation canals outside the Nile

(WELSR and WEACL).

The flow of water requested for population and industrial use (WRPIIJ)

is taken to be proportional to the total population, and to the volume of

production of Egyptian industry.
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Distribution of Nile Water for Agriculture -- The controlled flow of

water from the Nile for agriculture (WCNOA) may be constrained by either the

amount requested for agriculture (WRA) discussed above) or by the perceived

availability of water for agricultural use (WAAUP). The perceived availa-

bility is, in turn, based on the actual availability of water for agricultural

use (WAAU). If the actual availability is growing, a portion of the increase

is assumed to be foregone or wasted during the time it takes for the distri-

bution system to be upgraded to handle the increased volume of water.

Decreases in availability, of course, become immediately effective as a

physical shortage of water.

The water available for agricultural use (WAAU) represents the annual

flow into the distribution canals which can be supported by the combination

of Nile, ground-water wells, and reclaimed drainage water, less any seepage

(WNS) or evaporation (WNE) from the Nile. Seepage and evaporation losses are

assumed to depend on the rate of flow of the Nile, as it affects the height

and surface area of the water in the Nile. No reliable data on the magnitude

of Nile seepage was found; in fact, the direction of seepage is controversial.

Therefore, the rate of Nile seepage is initially set at zero, but the

structure remains in the model for sensitivity testing and possible sub-

sequent updating.

The fraction of the annual Nile flow usable by agriculture depends on

the degree to which the seasonal variation in flow can be controlled to

match the seasonal requirements of crops. Therefore, the contributions of

controlled and forced releases from Aswan are treated separately. Only 55%

of force-released Nile flow (as before the High Dam, for example) is

assumed available for agricultural use.14 The amount of controlled-release
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water available for agricultur2 (WAACNR) is in turn dependent on the degree

to which the flow is allocated for hydroelectric use. If agriculture is

given absolute priority over power generation, the maximum flow available for

agriculture (WFXATJ) is simply the annual controlled release (WCRLN), less the

requirements for domestic and industrial water (WRPIU).

The water usable by crops (WAS) is determined by the controlled Nile

outf low for agriculture (WCNOA), less losses due to surface runoff (WS1D)

and evaoporation (WELC) and seepage (WSLC) from the distribution system.

The latter losses are assumed to sum to 20% of the initial flow, with 80%

actually reaching the fields. An additional 15% is 1os due to surface

15
runoff.
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Hydroelectric Power -- Most of the water release from Lake Nasser is

governed by agricultural requirements. A by-product of this release is the

generation of electric power by the twelve High Dam hydroelectric turbines

and generators. As mentioned previously, however, there is a significant

difference between the seasonal patterns of agricultural and hydroelectric

demands for water.

Agriculture requirements vary in a seasonal pattern, with a minimum

during the winter months. However, the demand for electricity is more

nearly constant, such that the flow of water required for hydroelectric

power during the winter usually exceeds the agricultural requirements.

Therefore, during the seasonal minimum of agricultural requirements, an

additional requirement for water release for power generation (WARPG) occurs.

The magnitude of the additional flow is determined by the gap between the

water flow required for power and that required for other uses; the duration I
of the additional requirements extends only over the fraction of the year

during which agricultural requirements are low (WF'YSM). Because the model

deals in annual flows, the seasonal requirements must be deduced from the

corresponding 12-month averages. The winter minimum agricultural require-

ment is assumed to last .15 year, and is taken as .3 of the average annual

16
flow. The hydroelectric yield of the released water is taken as 144

kilowatt-hours per thousand cubic meters, based on the operating specifica-

tions of the turbines under average conditions.17

The conflict between agricultural and power requirements may be resolved

in another way. In addition to releasing extra water in the low demand

season, it is possible to reduce the controlled flow in the peak season. The

net result of the two actions together would be to satisfy more of the power
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requirement without increasing the total annual use of water. Crop growth,

however, would tend to suffer from such a policy. In the base case, the

model assumes that priority for water release is given to agriculture.

Nevertheless, the model has the capability to represent scenarios in which

priority is instead given to hydroelectric power generation. This tradeoff

is incorporated in the flow allocation for hydroelectric output (WFAHE).
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Phreatic Water Subsector -- The third major category oE water represented

in the model is the phreatic water (WPW), defined as the water on, in, and under

the agricultural land.'8 The phreatic system is influenced both by surface

effects and by underground flows. The most important surface effect is evapo-

transpiration. Water evapotranspiratiori (WET) is unique among the flows of

phreatic water in that it removes water from the soil but leaves behind any

salt dissolved in the water. Physical evaporation, of course, carries no

dissolved solids into the air. Growing plants absorb water and transpire

it into the atmosphere, but the salts which cause soil salinity are largely

rejected by the roots of the plants.

Evaporation and plant transpiration are closely related, as both depend

on soil moisture and atmospheric conditions in similar ways. In the model,

the two are considered together as a single "flow" of water into the atmosphere.

Due to the constancy of atmospheric conditions in Egypt, the model represents

evapotranspiration as depending on soil moisture. The more moisture in the

soil at or near the surface, the greater the rate of evapotranspiration.

Moisture can infiltrate the soil from both below and above the ground.

First, moisture rises from the water table below by capillary action and by

diffusion. The higher the water table (We) the greater the moisture of the

surface soil, and the higher the rate of evapotranspiration due to soil water

(RESW). In addition to this base level of soil moisture, water applied from

above temporarily increases the moisture of the soil as it stands on the surface

and percolates toward the water table. In an arid environment such as Egypt,

the bulk of water applied to the surface will evaporate, or transpire through

crops, with a small fraction reaching the water table (perhaps to rIse

later). The fraction of irrigation water evapotranspirating (WFIWE) is var-

iable, and depends on the quantity, timing, and method of water application.
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The model assunes the dominant influence to be the comparison of the annual rate

of application (WAS) with the requirements by the growing crops (AWO). Full

application of water will briefly saturate the soil, pushing some water down

to the water table. Light application on the other hand, will more readily

evaporate at the parched surface, and be more eagerly absorbed by the thirsty

roots of plants. Figure 111-7 shows the exact relationship used in the model.

The remaining surface contributions to the phreatic water are the rates

of seepage from the Nile (WNS) and from seepage losses in the irrigation canals

(WSLC). The phreatic system may also yield water to the surface through

pumped drainage (WDRN) and ground water wells (WGWPI).

Finally, the phreatic system includes two important underground flows. The

phreatic flow from upstream (WPFU) represents underground flows from the south

and seepage into the aquifer from the bed of Lake Nasser. In addition, a

principal escape of water from the phreatic system is due to a slow but massive

underground flow north into the Mediterranean. This outflow is called the

"phreatic flow downstreamt' (WPFD). Should the percolation of irrigation water

plus the seepage from Lake Nasser into the phreatic system exceed the underground

outflow, the water table (Wt) will rise. The relationship between the height

of the water table (measured by the number of meters between the land surface

and the water-saturated ground beneath) depends on the depth and area of the

19
phreatic zone (tTPWA) and its porosity (WPZP).
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FIGURE 111-7
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Drainage -- The flow of drainage water from agricultural land (tDRN)

represents the collection of water in the tile drains at the bottom of the root

zone, and the pumping of that water back into the irrigation distribution

system or north into the sea. Drainage requires three conditions. First,

the drainage tiles and pumps must be in place, as measured by the number of

feddans drained (WFD). Second, there must be excess water in the soil to be

drained. This effect is expressed by the maximum pumping rate (WMPR), which

depends on the height of the water table as it affects saturation of the root

zone (WSBRZ). Finally, energy is required to operate the pumps. The

efficiency of pumping due to energy availability (WEDE) expresses the fraction

of the pumping capacity which can be supported by the energy sector of the

Egyptian economy.

Energy is supplied to the drainage facilities in competition with other

energy-consuming sectors. The energy required is taken as proportional to the

pumping capacity, at 3 kilowatt-hours of energy per thousand cubic meters of

20
water pumped.

The installation of drainage facilities may arise from two sources.

Internal construction (WFDA) represents drainage projects financed within

Egypt. It depends on the domestic production (WGD) or paid importation (WGQ)

of the necessary tiles and pumps. In addition, the model can represent the

consequences of externally-donated drainage facilities (WFEA), which adds to

the feddans drained at no cost to Egypt. The total drainage program is planned

and guided by a governmental target addition rate for drained feddans (WrDAT).

The plan strives to add 250 thousand feddans of drainage per year, until corn-

plete drainage is achieved.21. The actual rate of addition, of course, is

determined by the availability of capital goods in the economy as a whole, and

the relative priority of the drainage program.
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Salinity - The water flowing into the Nile Valley from upstream carries

with it dissolved salts. Although the salt in the water entering Lake Nasser

is dilute, evaporation may concentrate the salt in the Nile and in the agricul-

tural soil. Because of the large impact of soil salinity on agricultural

production, the model represents the amount of salt in the all-important root

zone (WSRZ) separately from the amount in the ground water (WSGW).

Salt may be added to the root zone by two sources. First, most of the

salt dissolved in water applied to the surface (WAS) is deposited in the root

zone, since neither evaporation nor plant growth remove significant quantities

of salt. Second, under conditions of a high and rising 'iater table, ground water

may rise into the root zone (WRGR), carrying with it dissolved salt.

Salt is removed from the root zone only by the downward leaching of water

through the root zone (WLRZ). Leaching can occur in three ways. Natural

leaching relies on the percolation of water from the root zone into the ground

water (WPRG). Percolation will not occur unless application of irrigation

water (WAS) is great enough that a substantial fraction of it remains unevapor-

ated. Second, percolation is possible only if the water table is well below

the root zone. If the water table is low, the flow of water leaching the root

zone is determined by the quantity applied and the porosity of the soil. In

the annual perspective of the model, such a flow is practically instantaneous.

However, if the water table is high , the natural flow of water (and salt)

out of the root zone is limited to the sluggish underground flow north to the

Mediterranean (WFRG). Figure 111-8 show the effect of the water table on

percolat ion!

The flow of water from the root zone to the ground aquifer (WFRG), by

definition, occurs only where percolation (WPRG) does not occur: specifically,

in regions where the water table has risen to saturate the bottom of the root

-
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FIGURE III-
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zone (WSBRZ). The flow can be augmented by pumping ground water from the

aquifer (WGWPI), but seepage losses from canals (WSLC) tend to inhibit the

undergound flow, as they add to the quantity of water in the aquifer without

passing through the root zone. The most direct way to achieve the necessary

leaching under high-water-table conditions is to pump water from just below

the root zone, via drainage tiles (WDRN). This method was discussed in the

earlier section on drainage.

The quantity of salt in the root zone is determined by the flows of water

discussed above. The effect of salt on plant growth, however, depends on

the concentration of salt in the root zone. Numerous experiments suggest

that an adequate measure of soil salinity is the salt concentration of the

fluid extracted from a sample of soil which has been carefully saturated with

water.22 The model computes the average salinity of the root zone, therefore,

by comparing the quantity of salt in the root zone (WSRZ) with the capacity

of the root 'zone to hold water (WCRZ).
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Supplementary Water Equations -- The remainder of the water sector

defines additional variables which do not affect the behavior of the model, but

which are convenient for analyzing the results of simulations.
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IV. POPULATION

beart to .Egypt'.s conoinic and ri1 4evelop±problems is a

rspizily ing population. Food requ.iremrs are a1ready4sufficiently

f 14rgr in comparison with domestic food production that Egypt must import
a 1e fraction of its food supplies.. The require1t + the growing

zIaticm for .iimediate consumption of. other goods threattns to absorb the

ressary 'for investment and growth.. Limited govnn1ent attempts
.,.. to deeaee the country'i birth rate bays had little able effect.

p11.catiorts far the water resources eactot of this continuing

, =1I1-j ,grxtb are considerable. The popiü.ation *fPrt a direct pressure

on 1'r seczor. through requireimcnrs fur coneomtion and personal use,

8 rqnir'"tts that are expected to rise from the curr one billiOn cubic

''s 'anrnaUy to four billion ciibir 'meters by the turn of the century.

I "'TM ter sector is also the reci.pic.nl- of large amoimts o population-gener-

sxrñ waste. The population exerts an indirect pressure trough the agri-

u].tresector, eince attempts to increase food prmrtioii will require

'e a 'e water over the co"ing dei-d.

The population sector has an importait supply r±iftship with the

system's economic sectors. The labor force supp13d by le population sector

nds on the size and the age d.is'tribution of the population. Age distri-

bi*tion determines the balance between productive and non-iroductive

Egptii- Another important factor in labor supply is t geographical

.S distribution of the populati the access of àgricnitur to a rural work-

force, and the access of industrial and service emp.1oyersto an urban work-

- force.- The productivity of the workfo'rce is related to ui,itritional adequacy

(ther link with the agricultural sector) and the prevalence of disease
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(particularly schistosotnaisis, a consequence of developments in the wa t

sector).

Egypt's population has been growing at an average annual rate of 2Z to

2.1 1/2% for the past 10 or 20 years. The birth rate held steady at 40-43

births per thousand throughout the 1950's and 1960's, and only recently has

shown signs 0J falling to the range of 37-39 births per thousand. Egypt's

death rate has been rather constant at 13-17 deaths per thousand. Future

trends in the country's net growth rate will likely be determined by

additional changes in the birth rate.

A wide variety of social and economic factors influence Egypt's 'net

birth rate: the population's degree of urbanization, material standard of

living, birth control, and trends regarding education and modernization

of social values. Each of these factors is discussed ui turn below.

The term "urbanization" is used here to describe the distribution of the

population between small rural villages on the one hand, and cities and

larger country towns on the other. The factors responsible for the migration

of the rural population to urban areas will be discussed shortly; for

purposes of addressing Egypt's birth rate, it is important to enumerate the

major differences between rural and urban life. Among the most Important

of these differences between rural and urban life. Mnong the most important

of these differences are the empioyrent opportunities and living arrangements

available f or children. In the urban regions of Egypt, there are important

disincentives for bearing children that arise from living space limitations

and a lack of useful work for young children to perform. In contrast,

rural children, even the very young, can assist with. farming, and the flex-.

ibility of rural livi'ng quarters eases any space problems as children J2*

added. In addition to these economic impacts, urban residents are generally
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more sophisticated about family planning and birth control matters than

their rural counterparts. For example, use of birth control pills has

been reported to be four tixns greater anong urban couples than rural

couples. On the whole, these economic and social factors provide more

incentives and opportunIties for large families in rural areas than in

urban areas.

The effect of stan4ard of living (including income) on the birth rate

is also the result of a combination of social and economic factors. In

the simulation rnde 1, standard of Living measures the population's consump-

tion of manufactured consumer goods and use of household capital (housing,

hospitals, schools, etc). Standard of living thus serves as a surrogate

for rising affluence, the accumulation of goods beyond the basic necessities

of life. Rising standards of living also contribute to cultural changes in

the population, as adults adjust their values in response to their greater

material well-beIng, The resulting mind-set influences a married couple's

attitudes toward chIldren and family planning.

The first two birth rate influences -- urbanization and standard of

living - affect married couples' Intentions for childbirth and family

size. The third influence birth control practices -- affects their

success in achievIng their ifltentions. Modern birth control methods, such

as birth contorl pIlls and IUD's, provide the means for translating planning

for fewer children Into an actual reduction in the birth rates Within the

simulation model, we assume differing degrees of birth concrol effectiveness

between adults practicing modern methods and adults practicing the more

traditional methods of abstention, coitus interruptus, and the like

The final birth rate influence consists of cultural and social changes

that may occur in the future in ways not explained by the economic and demo-
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graphic sectors of the model. This factor is to represent assumptions

about weakening commitment to traditional Islamic values, exposure to flew

ideas about family planning, emergence of alternative roles for women,

and other cultural changes that may develop during the next 25-35 years.

Future variations in Egypt's death rate are likely to be much lea.

pronounced than variations in the birth rate, since the Egyptians appear

to have successfully conquered the most serious contributors to exceasive

adult mortality. Egypt's current 55-58 yeariife expectancy could probably

be raised to the low 60's of the country were successful in reducing the

current high infant mortality rate. The major determinants of death rates

include nutrition (protein and calory consumption, persistent diseases

(e.g., schistosomiasisi, and medical care. Nutrition is a major link

between the population and the agriculture sectors; persistent disease is

a similarly important inter-relationship between the population and the (,.

water control sectors.

Egypt's population enjoys a satisfactory degree of overall nutrition,

both by comparison with other developing countries and by comparison with

FAO recommendations. In. particular, the average Egyptian calorie constption

of 2800 calories per day is well above the FAO recommendation of 2250

calories per day. Protein consumption may suffer slightly from the limited

contribution meat makes to the Egyptian diet. In general, the current

Egyptian diet seems capable of supporting normal life expectancies. The

influence of nutrition on death rates is included in the model primarily

to ensure proper system behavior in the event of a future food shortage

brought on by a growing population or a loss of food imports.



Besides the overall population size created by birth and death rate

trends, another important variable is the average labor force productivity.

Like the birth rate and death rates, productivity is the locus of important

inter-relationships between the population sector and other sectors of the

model. In particular, productivity is importantly influenced by nutrition

(a relationship with the agriculture sector) and disease (a relationship with

the water control sector). In turn, labor productivity affects the perfor-

anre of every segment of the Egyptian economy.

Earlier portions of this chapter have referred to the influence of

urbanization on birth rates, on labor force factors, on the spread of water-

borne diseases, and on other population variables. In the computer simulation

model, urbanization is represented by treating the rural and urban population

separately. Birth and death rates are calculated separately for the two

( sub-populations, in response to differing urban and rural standards of

living, ratios of service personnel to population, etc. In addition, the

model represents migration between the two areas, and incorporate those

demographic shifts in its calculation of rural and urban populations.

A number of consumption relationships link the population sector to

the model's economic sectors. The urban and rural populations consuming

grains, fruits and vegetables, and meats from the agricultural sector;

water from the water sector; and energy, consumer goods, and capital from the

respective industrial sectors. In addition, the population requires service

labor from the labor pool it provides to the economy. Both populations compete

for these economic goods with the other sectors of the economy that also require

them. Thus, the growth of the population sector (as projected.by the simula-

tion model), and its direct and indirect competition for resources, will have

an important influence on the ability of the other sectors to meet the

demands placed upon them.



The roles of the model's population sector are diagrammed inFigiire IV-l.

At the center of the figure, the size of the population itself is determined

by trends in births and deaths In the model, births and dti

determined -by the -interactions of the populatiOn ec'tdr wi-tb dthè'i ectOT8 Of

the model,, as described in section :rv_A. The population's for

six different goods are represented explicitly in the model: 1) -2)

services, 3) consumer goods, 4) household and service capitBl, -S) ny,

and 6) watet Section TV-B desctibes the model's 'handifng bf

requirements, and the anner in which the availabil-ity bf ni bb8 is

determined by competitic>n betwen the populatioti ec't&t and héi b%bt's of

the modeL The age and geogaphica'i dittibntiOn of the pt]ati-'5n, a% well as

certain productivity cnsidetationSs, detetznine ' -l1t %I8

is described in Sectioti IV-C. FThally, tat-io from iia-1 to frbui %eas

discussed In Section 4k



Figure IV-l:

The Role of Population In the Egypt Model

Labor Force Supply

Births Population Deaths

Services Household and Service Capital

Energy j7 Food

Economic Requirements

Consumer Goods Water.
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IV-A. DEMOGRAPHICS

The Egypt model distinguishes between eight different population cate-

gories, based upon geographic and age considerations. In terms of geography,

the model treats the urban and rural populations as two completely separatQ

entities, with their own distinct internal dynamics. Each of the two

geographical populations is broken down into four sub-groups -- ages 0-14,

15-44, 45-64, and 65 and over. This population aggregation is diagrammed in

Figure IV-2.

Geographical Disaggregation -- The model's urban/rural disaggregation

allows the exploration of a number of crucial demographic aspects of Egypt's

future economic development. First, consumption requirements for foods and

consumer goods typically differ between urban and rural areas.' Therefors,

the continuing rapid growth of urban areas, combined with the slow growth of

rural areas, suggest an ever-increasing per capita burden on Egypt's economy.

The model's explicit and separate treatment of urban and rural populations

allows accurate estimates of the consequences of these demands on the

economy.

A second important aspect of the urban/rural geographical disaggregation

concerns Egypt's labor force and employment needs. In particular, urban job

creation is losing the race with urban population growth, and underemploymefl

or unemployment problems loom in the future.2 Furthermore, mechanization o

agriculture to boost food output would create an additional reserve of working

age adults to compete for industrial and service employment opportunities.

Again, the model's disaggregation between urban and rural areas allows an

investigation on the balance between labor force and jobs in both regions.
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Finally, developing countries typically show significant differences

between urban and rural fertility. This phenomenon has not yet sur-

faced in Egypt,3 an observation that will be discussed in more detail later
in this section. however, different urban and rural fertilities may develop

in the future, and the model's geographical disaggregation will allow an ex-

amination of the implications of such a trend.

Age Disaggregation -- The age disaggregation in the Egypt model re-

flects the importance of birth rate and employment factors. Thus, the first

age group -- 0-14 year olds -- comprises those members of the Egyptian popu-

4
lation that are both too young to reproduce and (generally) too young to work.

The second age group -- 15-44 year olds -- includes all the members of the

population that are likely to reproduce, as well as the bulk of the country's

labor force. The third age group -- ages 45-64 -- comprises thoseadults

that are too old to reproduce, but still young enough to participate in the c
country's labor force. The final age group -- ages 65 and over - includes

those people who are too old for both reproduction and employment.

In the model, deaths, maturation (i.e., moving up to the next age group),

and migration are calculated separately for each age group. The annual

number of deaths for an individual age group is determined by the geographical

populatIon's life expectancy (with a separate life expectancy calculated for

the urban population and the rural population). The assumptions In the model

for annual mortality are shown in the table below, where the numbers indicate

the fraction of the age group population assumed to die each year.
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Determination of Age Specific Death Rates from Life Expectancy5

Life Expectancy
Age Group 20 30 40 50 60 70 80

0-14 .057 .037 .024 .016 .008 .002 ,00l

15-44 .027 017 011 .0065 ,004 0016 ,0008

45-64 .036 .037 .025 ,017 012 ,008 .006

65+ .130 .110 09O 070 ,060 ,050 .040

The DYNA0 computer language software performs a linear interpolation

between the data points shown In the. table above to calculate intervenIng

values. Thus, the death rate for the 45-64 year old age group at a sixty-

five year life expectancy would be .010,, midway between the death rates for

a 60 and 70 year life expectancy. The model's calculation of a life expec-

tancy for each population is described. later- jn this chapter.

To calculate maturation r-ates for- each age group, the model assumes a

flat distribution of ages throughout the age group population. Therefore, the-

maturation rate for each age group can be approximated as the total population

of that age group divided by the number of years spanned by that group's age

classification. For example, maturation for- the 0-14 year ag group (expressed

in terms of people per year) would be. calculated as one-fifteenth of the total

age group population. Maturation from the eldest age group, of course,, would

be zero, with deaths being the only outflow from that poo1.

To implement the death rate.,. maturation rate, and age-specific population

calculations described above., the Egypt model includes a standard Ubuilding

block" that is reproduced itt the mode.I, for- each urban and rural age group.

In DYNAMO terminology, such a b-uilding block is called a MACRO. Thus, each

geographical population would include four replications of the "age MACRO",
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one for each of the four age disaggregations. The equations for the age-group

MACRO are listed below. The total age-group population (POP) is increased by

any inflows (INFLOW) from the preceding age group or migration from the

corresponding age group in the other geographical area. The population is

decreased by the outflow (OUTFLOW) that includes death (DEATHS) and maturation

(MATUR).

AGE MACRO

MACR. POP(I!FLC,POPI,MIGRATE,D[ATHTB,LIFEXp, .1
AGESPA,DEATHS , "ATUR E)

POP - POPuLTION IN AGE GPOUP (PECLE) <1.1>
DEATHS - DEAT4S I AGE GROUP (PFCPLE!YEAR) <3)
MATURE - ATURAT13r'J OUT CF AE GROUP (PE3PLE/YEAR)

<4>

IMTR OUTFLOW .3
OUTFLOW- OUTFLOW FROM AGE GROUP (PEOPLE/YEAR) <2)

P.KPOP.J+(DT)(P.FLO.J.J-OuTFLOW.J) 1, L
POPPOPI 1.1, N

- POPULATIO' I AGE. GROUP (PEPLE) <1.1)
OUTFLOW- OUTFL0 FROM AGE GROUP (PEOPLE/YEAs) <2)

2, A
OUTFLOW- DUTFLO FROM AGE GROUP (PEOPLE/YEAR) <2>
DEATS - DEATHS I AGE GROUP (PEOPLE/YEAR) <3>
MATURE - MATURATION OUT CF. AGE GROUP (PEOPLE/YEAR)

(4)
3EA _S.POP.K*TAEjL(3EATrT L1FEP.,2O,eO,lO) 3, A

DEATHS - DEATHS I AGE GRCUP (PEOPLE/YEAR) (3>
POP - POPULATIO"J I AGE GROUP (PE)PLE) <1.1>

ATURE.'POP.K/AGESP 4,' A

MATURE - MATURATIDT OUT OF AGE GROUP (PEOPLE/YEAR)
(4>

POP - POPULATIO' I' AGE GROUP (PEOPLE) (1.1)
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The basic structures of the demographic processes for Egypt's urban and

rural populations are quite similar. Within each geographical population,

birth rates and life expectancies respond to the same fundamental influences

(although the strengths of these influences and, hence, their impacts can

vary substantially between the urban and rural environments). Each population

(albeit, to a differing extent) accumulates household capital and requires

consumer goods, energy, services, water, and food. Labor supply considera-

tions will likewise be structurally similar for each population.

Because the basic structures associated with both geographical popula-

tions are so similar, the Egypt model incorporates a standard "building block"

of equations to represent them. This building block has been called the

"area MACRO", where 'area' refers to a geographical subdivision of the overall

Egyptian population. The area population MACRO is vastly more complex than

the age-group MACRO, treating as it does a wide range of demographic and

economic factors.

The remainder of this chapter is devoted to a detailed description of

tfie structural and parametric assumptions for the area population building

block. As suggested above, the structural assumptions for the urban and

rural populations are identical. There are, however, important differences

In the parameters used for the two populations; these differences will be

highlighted in the forthcoming discussion. The building block discussion will

treat the following eight subjects in turn:

(1) births,

(2) life expectancy,

(3) food availability,

(4) services,

(5) consumer goods,

(6) household and service capital,

(7) energy, and

(8) labor supply.
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The model equations for each of these eight subjects will immediately fat w

the descriptive material, so the reader may examine how the descriptive

material and assumptions accumulated for the study were translated into mathe-

matical form for the simulation model.

The area population building block begins with equations that calculate

the total area p(pulation (AREA) by adding the populations for the four age

groups (PQ, PX, PY, PZ). The age-group populations are in turn defined

through the use of the age-group building block described earlier in this

section. The age-group blocks are connected by the maturation flows between

them, so that maturation out of the 0-14 year pool (PQN) becomes a flow into

the 15-44 year pool. Deaths for the area population (PD) are calculated by

summing the deaths from each age group (PQD, PXD, PYD, PZD). Births (PB)

are calculated by a separate piece of model structure, which is discussed

next.

Initial values for the number of people in each age group are required

to provide a starting point for the model simulations. To facilitate histori-

cal validation of the model, simulations are initiated in 1960. The starting

values for each area population age group are shown below.

6
1960 Population Values(Millions)_

0-14 15-44 45-64 65+ Total

Urban 4.18 :3.94 1.25 .39 9.76

Rural. 6.99 6.59 2.10 .65 16.33

Total. 11.17 10.53 3.35 1.04 26.09



P-15

P3PUL AT IC

AREA. P(.K.&V.<+PY.<+pZ.K 3, A

AREA - T(TAL AREA PCPULATIO (PEOPLE) <3>
P0 - POPULAT1O ACED -14 (PEOPLE) <'+)
PX - POPULATtCr ACED 15-44 (PEOPLE) <5>
PY - PCPtLAT1 AGED 45-64 (PECPLE) (6>
P2 - POPULATION ACED OVER 6PEOPLE) <7>

PQ.KOP (P.K,P3I,PQ.,PQfl T,PLE.K, 15,POD.,PGM.K) 4, A

P0 - POPULATIOi ACED 0-14 (F'ECPLE) <4>
POP - POPUL4TIC I' ACE GROUP (PEOPLE) <1.1)
Pb - 8IRTPS (PEOPLE/YEAR) <10)
PONM - '(T RURAL-URA IGRAT1OP'; OF 0-14 YEAR OLDS
PQDT - TABLE FÜR DEATH RATES FOR 0-14 YEAR OLDS

(11,
PLE - LIFE EXPECTA'CY (YEARS) <24>
POD - DEATP-S OF 0-14 YEAR OLOS

H POM - ATURAT1ON OF 0-14 YEAR OLDS

Px.POP(Pc1.<,PXj,pxM.,PxDT,pLE.K,33,Pxo.K, 5, A

PXM.(
PX - POPULAT13 AGED 15-44 (PEOPLE) <5>
POP - POPULATIO'J I\ ACE GRCUP (PEOPLE) <1.1>
POM - ATURATIO' OF C-14 YEAR OLOS
PXI - INITIAL AREA POPULATION AGED 15-44

( PXN - JET RURAL-URBAN IGRATIC.I OF 15-44 YEAR
OLDS

PXDT - TALE FOS DEATH RATES FCR 15-44 YEAR OLDS
<118.2)

PLE - LIFE EXPECTANCY (YEARS) <24>
PXO - DEATHS OF 15-44 YEAR CLOS
PXM - MATURATI CF 15-44 YEAR OLflS

PY.P0P(PXM.K,PYI,PYY.K,PyCT,PLE.c,2Q,PYC.<, 6. A

PYM.)
PY - POPULATION ACED 45-64 (PEOPLE) (6>
POP - POPULATIO I AGE GROUP (PEOPLE) <1.1)
PXM - TURAT1D F 1'-44 YEAP OLDS
PYI - T'ITIAL AREA P.PULATIC\ AGED 45-64
PYNM - NET RURAL UEA IGRAT1CN OF 4-64 YEAR

OLDS
PYOT - TAPLE FOR DEATH RATES FOP 45-64 YEAR OLDS

<11R.4>
PLE - LIFE EXPECTACY (YEARS) <24>
PYD - DEAThS CF 45-64 YEAR CLDS
PYM - TMATUPAT1O' O 4-64 OLDS
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1, A

P2 - PriPULT12' (ED CVE 4(FEOLf) (7>
- POPULATIC\ 1. AE (PEPLE) (1.1>py - TuTI3: CF 4-64 YE OLtS

P21 - 1r1TiAL AEA PCrULAT1O AGED OV[ 6
PZNM - ET RuALuR&A: IGAT1O OF b. YEAR OLOS
PZDT - TABLE FeR DEATH RATES F1 AGES OVER 6

(118.E)
PLE - LiFE E>PECT/.CY (YEARS) (2'>
PZD - OCTNS 0! AGLS CVE, 65

PD.KzPQD.'(+PXD..PYD.(.PZD.K 84 A..PD - TOTAL DEATHS (P[OPLk/YEAR <8)PD - CEATHS CF C-14 'YEAR OLOS
PXD DEATHS OF 1T_4 YEAR OLOS
PYD - DEATHS OF 45-64 YEAS OLDS
PZD - DEATHS CF AGES CVER LS

q A
PINN - !ORMtL POPULAT1C: PRIORITY.
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Births -- The annual births for both the urban and rural populations in

the Egypt model are important dynamic, endogenous variables. By dynamic and

endogenous, we mean that the two birth rates respond to internal conditions

for example, standard of living, services delivery, and perceived child

mortality -- that are calculated elsewhere within the model. This represen-

tation of annual births greatly enriches the model's treatment of demographic

issues, since it reduces the number of separate (and, potentially, inconsistent)

external assumptions the analyst must make about future trends in such impor-

tant variables as the standard of living. Thus, one need not assume some

future trend in standard of living, and input that standard of living estimate

to the projection for annual births. Instead, one need only assume the impact

of differing standards of living on the overall birth rate, and the model it-

elf will supply projections of the material standard of living for different

economic scenarios. This dynamic, endogenous representation allows the model

to properly capture the two-way interdependency between births and standard

f living.

in the model, the total annual births (PB) for an area population is

determined by three other demographic factors. The first is the maximum

possible number of births (PBM) for the area population, which depends upon

the number of fertile adults, the fraction of the population that is married,

and estimates of maximum possible fertility. The second factor is the model's

estimate of the area population's desired annual births (PBD). Unlike the

maximum possible births, which is a biological concept, the population's

desired births is a sociological variable -- dependent on the average desired

family size. The third major determinant of annual births is che area

population's birth control effectiveness (PBCE). This determines whether
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annual births fall closer to desired births or to maximum births. Each of

these three influences will be discussed in turn shortly.

The calculation of annual births from these three major demographic

influences is diagranmied below. Desired births (PBD) and maximum births

(PBM) form the two extremes of a wide possible range for the area population's

actual births (PB). The location of actual births within this range is deter-

mined by the population's birth control effectiveness (PBCE). Birth control

effectiveness is represented in the model as an index ranging in value from

o to 1, where zero connotes complete ineffectiveness in limiting births and

one connotes complete success. Thus, an area population with a .50 birth

control effectiveness would find its actual births falling midway between

desired births and maximum births. Effecriveness values closer to one would

move actual births closer to desireñ bixts.

BIRTHS

?FjFGE(P.K.(PB.KPED.)*(1PCE.c),PEM.K, lü, A

BIRTHS (PE0PLE/'ER.R) (1t)
PBD - DESIPED ITHS (PEO°LE/YEAR) (12>

- MAX1UM BIRThS (PEOPLE/YEAR) <ll>L
P5CE - B1STI CJTROL EFFECT1VE?ESS <21>



tarlmnm Births - Maximum births (PBM) are calculated within the model

as the product of the number of married couples in the area population (PC)

and an estimated maximum fertility (PMF). The assumed value for maximum

fertility, forty births per 100 fertile women per year, is an average across

the entire fertile age span of ages l5-44.

The number of married couples depends on the size of the 15 to 44 year

age group (PX) and the fraction of the population within that age group which

is married (PPM). The fraction of the population married is determined from

an estimate supplied to the. model of the average marriage age (PM) for the

urban and rural areas. It is assumed that the average marriage age for the

rural population will typically be two years less than the marriage age for

the urban population,8 as diagrammed in Figure IV-3. The implications of

alternative projections for future marriage trends can be easily determined

by adjusting the. marriage age assumptions provided to the model.

P8M.PMMC.(*P'F
11, ,-. MAXItUM EIRTHS (PEOPLE/YEAR) <11>

PMMC - ARIED COUPLES (COUPLE) <13>
P1F - AXIU! FER TILl TY (IRTrSfYEAR PER FERTILE

WOMAN) (11.S)

*(PCLP .K
P80 - DESIRED
PMMC - M4°.RIED
POL6 - DESIRED

<16)
PMA - AVERAGE

/(45-PMA.)) 12,4
9ITbS (FEOLE!YEA) <12>
COUPLES (COUPLES) <13>
LIFETIME S1RThS (PEOPLE/CUPLE)

MARRIAGE AGE (YEARS) <15>

13, A
PMMC - ARRrED CUUPLES COUPLES <13)
PX - POPULATfl.. AGED 15-4', (PEOPLE) <>
PFM - FRACTIO!. OF FCPLLATIC ARRIEO (la>

pF1.c(45P'A.K)/3Q 14* A
PF - FR.ACTIC\ OF FJPULATICr; kRIED <14>P.A - AVERAGE I4Rk1AGE AGE (YcARS) <1)

TAr L(PAT,TI 15, APMA - AVERA(,EARiAGE AGE (YE4S) (15)°AT - TASLI FR P(?ULATIO AVEPGE MARI.AGE AGE(YC1S) _______
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Figure tV3:
Marriage Ages

Average Marriage Age
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Desr-ed Births -- The desired births (PBD) for an area population is

dtexmined by the area's married couples (PMMC, whose calculation was des-

-iibed above) and the total desired lifetime births (PDLB) per couple. For

of calculation, it is assumed that married couples will distribute their

djesired lifetime births evenly over the time interval between the average

matags age (PMA) and the. onset of infertility at age 45.

Qs1e4 1±fetime births, in turn, arise from the population's desired

cjnpleted- family size (PDCFS) and its perceptions of child mortality

4P(O.. The. deired completed family size represents the number of children

h martied couple would like to see survive into adulthood, and is assumed

nq de4 upon the population's standard of living,. The assumed dependence

fr amiy alze on standard of living (PSL) is diagraed in Figure IV-4..

Th. aj-ape was estimated from descriptive material on Egyptian demographic

tands, and incorporates the observation that the peak desired family size

ojcuys at-low, but non-zero,, standards of living. Below this family size

peak, numerous children are too great a financial burden for limited family

incomes, so excessive childbirth is discouraged. Beyond the peak family

sizes, r-ising, incomes and the associated social value changes are assumed to

ie1pce the desire of married couples for extra children.

Be&idea the influence of standard of living on desired family size, the

mode-I also includes an- exogenous factor (PDCFSN), This factor is used to

represent the differing rural and urban incentives for childrer0including the

economic- role of children in the two areas, and living space considerations,

t-e model, the assumed standard of living incentives for urban births

durig- the past 15 years. are balanced by exogenous incentives for rural births,

yielding a roughly equal birth rate for the two areas. In addition the ex-

ogenous factor incorporates the possibility for changes in social values over
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Figure 1V-4:
Effect of Material Standard of Living
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next several decades that might also influence desired family sizes.1'

igaxre iV-3 diagrams the values for this exogenous family size effect that are

Incorporated into the model

Desire4 lIfetime births (PDL'B), as noted above, depends on both desired
., J

ctpleted family size and perceived child mortaLity (PPCN), It has been ob-

exved in other de.veloing societies that desired births are influenced by

infant aw child mortality so that parents attempt to compensate for the

deaths o heir chlldreaby having extra hurths.. In the mQdei, perceived

r1fld motaiity is a lagged recognition oi the actual child mortality (PCM),

tbe comparison of child deaths (PQD) 'with the total populat.oa aged 0-14 (PQ).

The larger the. perceived child mortality, the greater will be the eccess of

eaixed bths over 4sijred complete frf ly size..

16, A
POLS DESIFED L1fEiI E bIEThS (PEDPLt/CUPLE)

PDCFS DESIKEC CGPLE1ED 1L S1!t. LPEOPLE/
CUUPLE> <h3>

'PtRCEIVED CH1LD oR'AL1rI (17)

PCS"O0TPCM.Jc.PC4.AT) 7, 4
PPCM -. PERCEIVED CHiLD MORTALIT'l' (17)
PCM CHILD "ORT-4L1T <IR)
PtMA1 TIME TO PERCEIVE CH4&ES I' CHiLD MC.T4LIT

<:1113.i>

PC;4.=1(EXP(1LO6t(PU.v/PQ.,<)fl) 18, .4

PCM . CHILD OT4L1TY (18>
DEATHS OF D1 VEER CLOS

P0 PODULATICi AC'ED'i4 (EDPLE) <'>

PDCFS.PDCFS K*ThL(PST,PSL,.*j,75,15) 19. 4
PDCFS DCSIf%ED C ?LLT.iJ FA 1LY .I7E (EGPLE/

COUPLE) I

'PDCFSJ FA'1LY SIZE IREZS <20>
- TAELE FC P0PUL.'I: 0 IFEL f41Lf SiZE

PSI.. - S1&;D4VE Cf .1VG I .LS/rEA ) <4A>

20, A
POCFTh - FA-'iLY SIZE TREES (>
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Figure lV-5:

Trends in Desired Family Sizes

Fraction of
Family Sire
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Birth Control Effectiveness -- The ability of an area population to

Limit its births to some desired figure will depend upon the methods of birth

contc]. that population. practices. Even the most primitive populations are

cLable of practicing what we might call utraditionaf birth control methods.

These tLrditional methods would include abstinence, caitis interruptus, and

oKe, npn-technological procedures for avoiding. conceptioa)3 in practice,

9j4c1 nthods. have a. limited effectiveness.. Contraste.cL with these traditional

bix,tJ\ cpn.trpL methods are. the more modern birth control pills, IUDs, and, in

t e .reme., sterilIzations.. These modern, techniques, when. properly used,

a trLuth. UOt efl tive births.

Fo eacK population area, the. model calculates th fraction of the

med. couples- using modern. birth control me.thods (PFCMB);. it- is assumed that

t.,Kee bajan.ce. o the. p.opulation is using. traditional birth control methods.

Th te area, population' a, overall birth. control e1fectiveness is a weighted

ayege o the two. approaches, i.e., th& fraction of the population using

m94r methods tImes. the, effectiveness: modern. methods- (PENBCM, an assumed

effectIveness of .9) pius.. the. fraction. oL the. population using traditional

rnethods tImes, the effectiveness. of traditional birth control methods (PETBC'!,

asmd to. be .5-i

The. fraction of: married couples. us mg.modern. birth control methods is

mgdeled.as.resulting. from.; 1) government-programs to encourage modern birth

cQflIQ1methods and 2) the. ability of. the government, to carry out these pro-

gxains through the service labor..force. The.model receives external inputs

foeach area: population. that.. represent assumed governm.eat birth control

progamsover..the.l96O to2010 period (the base assumption is diagrammed in
15

Figure IV-6). The government programs are expressed as an index from 0 to

1, representing the fraction of the adult.populatlon in each area the govern-

ment attempts to convert to the use of modern, birth control devices
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Figure 1V-6:
Government Birth Control Effort

Fraction of Families
Targeted by Government
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Whet1ertliis target group will actually convert to modern birth control

dridsupdnthe effectof services delivery on the fraction of married

cdpies using modern birth control (PFCNBS). The greater the ratio of the

s'ice-personnél to the tótál population, the closer the government is

athndtcome toaieving its target fraction for modern birth control

u)6 Inthè m&lel, services per capita (PGSC) is the variable for the

rof'scc:Lalandbusfnèss services provided to the population by the

slabfore. Thus,it represents a surrogate for the combination

that determines the ability of the

gento'rachandinstrüct the population in both urban and rural

aiã ThanmdeffectTof services delivery is diagrammed in Figure IV-7.

(lCE .'c )4PECM*PFCE.I< 21, A
sct - B1RT! C\TROL EFFECTIVENESS <21)

PCTBCM - EFFECTIVEESS O TRACITIO4L B1PT1-t COITROL
METHOS C119.)

PFCMB - FRAtT1O UF MARHIED COUPLES USING MODERJ
51R1H CONTROL- <22)

PEECM - EFFE-CTFvE\ESS OF ODER BIRTH CONTROL
ME-THOOS <1l-9.'1>

pFCa.TABL(PFcET,TIE.K, 1960,2013,1O)*PFCMBS.K 22, A
PFCMP - FRACTION OF :;AR IEO COUPLES USING MOCEP4

- BIRTH CO'TROL- <22>
PFCMbT - TAELE FP FRACTIC OF 1ARIED COUPLES THE

OVERE\T IS ATTE?T1NG TO CCNVERT TO
-- - 'ODERN 9ISTH CONTROL ETrOCS (119.5>
PFCMBS - EFFEcT 3F EFV ICES OJELIVERY 01i FRACTION OF

M.ARRIEO CUPLES USL\G NOOER IRTH
COrTcCL <23)

PFCMSLE(PFC'5T ,F&SC ., 0 ,.1 6. C4)
PFCMS - EFFECT CF SEV ICES DELIVERY O

TED CCUPLE USING 3DEPN
CO\TRCL <2x)

PFCME5T- EFFECT c SERVICE EELI"EY ON
ATTF'P13 TO CNVE2T ARIED
MOOEN 3IRTH Cor.TROL METHJDS

PGSC - 03VF ET SERVICES PER CAPITA
UNITS) <'7)

23,
FRACTION OF

RTH

C-C V E S ME NT

COUPLES TO
(120 .3>
(SERVICE
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Figure 1V-7:
Effect of Services Delivery on

Birth Control Programs
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Life Expectancy - An earlier section of this chapter described the

pen4emce of individual age-group mortality on the overall life expectancy

tor en area population. In the Egypt model, an area population's life expec-

t.ancy 'is determined by four factors - calorie consumption, protein consump-

t1on, persistent diseases, and government medical support. The effect on

1.ife expectancy of each of the four influences is calculated separately in

t1. model, and the combined effects determine an overall life expectancy.

eause the four effects are somewhat independent, an extreme condition for

any one effect can have a severe impact on life expectancy, no matter how

beneficial. the other effects.

The life expectancy for an area population (PLE) is calculated in the

o4el by reference to a hypothetical "normal" life expectancy (PLEN), This

normal life expectancy is defined as the average life expectancy at birth

for a population with adequate calorie and protein consumption, minimal

persistent disease, and full medical support. In the model, this hypotheti-

Cal life expectancy is assumed to be 75 years.17 Each of the four effects in

the model, as described in turn below, act on life expectancy in a fractional

manner. That is, a certain level of calorie consumption is assumed to reduce

the life expectancy by some percentage (for example, 20%) from what the life

expectancy otherwise would be with an adequate caloric intake.

The calculation of the calorie consumption (PELEC) and protein consump-

Uon (PELEP) effects on life expectancy illustrates this process. Figure

IV-8 diagrams the nutritional effects on life expectancy for varying levels

f calorie and protein consumption. At the extreme of no calorie consumption,

life expectancies are assumed to drop near zero. Very low protein consumption

levels are also assumed to have severe impacts, although life expectancy re-

mains above zero. Average adult comsuinption of 2,250 calories per day and 35



P-30

Figure IV-8:

Effect of Nutrition on Life Expectancy

Fraction of
Life Expectancy Obtained

1.0

.75

.5

.25

1000 1750 2500 2500

Calories Per day

0 25

Grams Protein Per Day

50



P- 31

grams of protein per day are assumed to be sufficient to achieve normal life

expectancy.18 Protein and calorie consuinptions between these two extremes

are assumed to have intermediate effects on life expectancy, as shown in the

Figure.

There currently exists little hard research evidence regarding the

exact dependence of life expectancy on average calorie consumption.19 Thus,

the shapes of the curves for nutritional effects in Figure IV-8 are estimates

that are based on assumed or defined values for the left and right hand end-

points for the curves. The gradual slope of the two curves acknowledges

the distributional inadequacies that are likely to exist in the food supply

system in Egypt. Thus, if the average calorie consumption in Egypt is 2000

calories per day, there are likely to be individual urban areas and villages

where the calorie consumption is much lower so low, in fact, that mal-

i.
nutrition emerges as a contributor to death. These distributional made-

quacies explain why the calorie and protein effect curves (which apply to an

entire area population) fall smoothly with reduced calorie consumption, even

though an individual experiencing a 10% drop in calorie consumption might

suffer no ill effects.

An important elemenE of the life expectancy calculations is the assumed

mutual reinforcement of the four determining influences. Thus, a drop in

calorie consumption sufficient to cause a 20% drop in life expectancy, com-

bined with a drop in protein consumption sufficient to cause a 10% drop in

life expectancy, would lead to an overall reduction in life expectancy of 28%

(.8 calorie effect x .9 protein effect .72 for the combined effect, a 28%

reduction from the hypothetical maximum of 1.0).

The effect of disease incidence on life expectancy (PELED) in the model

reflects the influence of such things as widespread schistosomiasis on
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overall life expectancy. Schistosomiasis itself is seldom a direct cause of

death. However, the disease does weaken the resistence of the human body to

other causes of death, and therefore can be assumed to have an Influence on

life expectancy.2° The model makes a calculation of the fraction of an area
population suffering from persistent diseases (PFSPD), based upon conditions

in the water sector that describe irrigation practices. This estimate of the

extent of schistosomiasis determines the effect of diseases on life expectancy,

in the manner diagrammed in Figure IV-9.

The final influence on life expectancy represented in the model is the

effect of government services (PELES). The model calculates the ratio of all

government and business service personnel to the total area population. This

ratio can serve as a surrogate for the adequacy of medical services available
to the area population. As shown in Figure IV-l0, it is assumed that very low

levels of government service produce up to a 50% reduction in the areas popu-

lation's life expectatcy; the addition of service personnel provides a gradual

improvement in life expectancy. It should be noted that the Egyptians have

already achieved a considerable amount of health care for their populatiqu.

The low range of Figure IV-lO is included in the model only to assess the

consequences of possible severe reductions in service personnel that fght

occur in various future scenarios for Egypt's development.

LIFE EXPECTANCY

PLE.PLtPELEC*PELEP.K*PELE0.*PEL.ES. 2 A
PLE - LIE: EXPECTC (YES) <24>
PL - DPML LIFE XPECTACY (YEARS) (12.6> --
PELEC - EFFECT OF CALOPY COSUMPTIO O LIFE

EXECT!CY (25>
PELEP - EFFECT OF PROTEIN C SUPTI 3 LIFE

PECTA.CY (2E>
PELED - EFFECT OF CIEEAC ICIDECE 0$ LIFE

EXPECTANCY (2?>
PELES - EFFECT O' LIFE EXPECTA\CY OF &OVERMEN

SERV ICES <28)
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Figure IV-9:
Effect of Disease on Life Expectancy
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Figure IVIO:
Effect of Services on Life Expectancy
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2flC,KTABHL(pELECT,pCCC.,1CC3,25ur,25c) 25, AELEC - EFFECT CF CLCP.'T CO4LMPTIO C? LIFEXPECTCY <2)
PELE:CT - TABLE F TrE EFFECT 3 CALCFY CO\SUPTION

O LIFE EXPECT1CY <12...8>
PCCC - DAILY CAL)RY CC U1PTIO PER CA1T4 <74>

26, APELP - EFFECT CF PROT I' CusuMPrIcN OJ LIFE
XPECTP,CY <2()PLPT - TACLE FOR TE EFFECT CF PRCTEIJ COrSuPTION

O LIF EXPEC1ANCY <121.2>
PPCC - DAILY PROTEI' C SU'PTIC! PE CAPITA <7)

PtLCD.TA3LE(PELEDT.PFS?C.,Q,1,.2) 27, APCLE3 - EFFECT CF DISCAE ICJDENCE ON LIFE
XPCCTCY <2J>PLDT - TABLE FOR THE EFFECT CF DISEASE P4CIDENCE

O4 LIFE EXPECTANCY <121 .5)
PELES.K:TAEHt(PELEST,Pc,SC.(,C,.16,.4) 28, APELES - EFFECT u LIFE EXPECTCY OF SCVRNMENT

SERVICES (2)
PELEST - TABLE FOR Tr EFFECT CF SERVICES DELIVERY

I ( ON LIFE EXPECflNCY, <121.8)
PGSC - GOVERMET SERVICES PER CAPITA (SERVICEUNITS) (47)
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IV-B. ECONOMIC GOODS REQUIREMENTS

As discussed at the beginning of Chapter IV, Egypt's urban and rural

populations require a range of goods and services from the country's econoy

In the model, these varied requirements are treated explicitly in the area

population building block, where specific needs are calculated and passed

along to the relevant economic sectors. The balance of supply and demand for

each economic sector will determine how much of the population's needs are

satisfied.

Food Requirements -- Food supplies in the Egypt model are specified in

terms of four general categories:

meat products

fruits and vegetables

rice -

other grains.

These food categories were selected toembrace the most important sources of

22
calories in the Egyptian diet, and for consistency with the disaggregation

used in the agriculture sector (see Chapter V). Per capita calory corkaump-

tion (PCCC) and protein consumption (PPCC) for each area population are

determined by combining the nutritional contributions from each of the four

food groups.

Per capita food requirements for meat products (PMRC), fruits and vega-

tables (PORC), and rice (PRRC) are each specified separately for both popu

lation groups. That is, the model makes no attempt to explain why either

population tries to consume certain amounts of fruits and vegetables, or

why the urban and rural populations should have different food desires. 1fr

stead, the model accepts the current food preferences as "givens," although
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the preferences are expressed in the model as external factors that can be

varied, over time to determine the consequences of changes in dietary habits.

The assumed urban and. rural, requirements for these three food categories

are provided below..

ASSUMED DAILY ADULT CONSUMPTION REQUIREMENTS23

(Crams/Day)

MEATS FRUITS & VEGETABLES

trrhaii 3(20 50 3.50

izaI. 60 10 125

The calculation of requirements for grains (e;cpt rice) is handled

Cdifferently front the calculation of other food recLu±ements It s assumed in the

model that each area population has a target per capita calorie consumption

rr-inp,t (PCCR). These figures - 3,000 calories per day in urban areas

and 2,70(2 calories per day in rural areas -- reflect the overall nutritional

desires of the population. (The higher urban target reflects the.preferential

treatn,r1t accorded to urban areas by the Egyptian Central Government.24 In

the model, any gap between total desired calorie consumption and the total

calories available from actual consumption of meats, fruits, vegetables, and

rice is assumed to be made up in requested raln consumption. That is to say,

if the urban population falls short by 400 calories per capita per day in its

total desired nutrition, it will request sufficient grains (NRC) to supply

this 400 calories per capita. Requested grain consumption, therefore, may

vary over the course of the simulation, depending upon the availability of the

other three categories



The urban and rural populations cdmpete with each other for the agri-

cultural production of the four different food categories. In addition,

domestic consumption of food also competes with export requirements for

rice, and fruits and vegetables. The model's standard allocation logic

(see Chapter VII) calculates what fraction of each area population's food

requirements will be met in the event that agricultural production is in-

adequate to meet total needs. This determines the total meat consumption

(PMC), fruits and vegetables consumption (POVC), grain consumption (PNC),

and rice consumption (PRC) for each area.

59, APC - EAT CCNSUPTIOi (T 'ES/YEAR) <59>
'-iARE - ALLOCATION T3 SECTOR DETERIrED BY

ALLDCATIO MACRO <1>
PMR - EAT CO'.SU'PT 10 . REQUESTED (TONS/YEAR) <60> --.---.- -- --AP - SHORTFALL IN MEAT PROJUCTIO <344>
AMPR - WEIGHTED REQUESTS FOR PEAT PRODUCTIO <345>
PINN - NORMAL OPULAT1LN RIORITY

PMR.P.K*3i5*P4RC.K 60, A
PVR 'EAT COSUMPTIO! REQUESTED (TO1S/-YEAR) <60)

- PQPULATICN WEIG}-TED OR CALCRY(AND
PROTEIN) REU1REMETS <76>

PMRC - !EAT CONSuMPTIot REQUESTED PER CAPITA <61>

PMRC.KzT3LE(PMRCT,TJE.K,15t3,2C1,13}/1E3 61. A
PMRC - TMEAT CUrJsUMPTIOr REQUESTED PER CAPITA <61>.PRCT - TABLE FOR DESIRED CO.SUMPTtUN OF MEAT

DC SHAPE(POR.,AOPK,P1O.K,A.sPINN.) 62, A
POC - FRUIT AD VEGETABLE COSUMPTI3N (T0ESI

YEAR) <62>
SHARE - ALLOCATION TO SECTOR DETERMINED

ALLOCATION MACRO <1>
POR - FRUIT AND VLGETA2LE CONSUMPTION REQUESTEO. -

(TONNES/VEAR) <63)
AOPN - SHORTFALL I PRCDUCTIO: OF F&V ---- ----- -

- WEiGHTED REQLES1S FOR FV PRODUCTION <191)
PINN - NORMAL POPULATICN PRIORIT..
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PORqKPW,*3u5*PCRC.K 63,1*POR ' FRUIT AD VEETAFLE CJ\SUMPTIO FEQUETE[)
CTON.ES/YELR) <63>

POPULTI)d LIGTEU FC CL"PY (ADPRCTEI) IRE 'TS <76>
PORC FRUIT AD VEJETALE C\SUPTIOe REQUESTEDPER CAPITA ((TO E/YEA)/PERSO\e) <64)

PDRC,TAL! tPDRCT,TIE, ,1943,201L.1G)/1E3 64, 1*PORC FRUIT 4[) VEGETAeLE CCSUMPTIOt'i REGUESTEDPER CAPITA ((TO ES/YFAR)/PEREO\) <64>PORCT TAELE FOR DFIRED Cu\SUPTICN OF FRUITS
cGTBLEs

PRQ,SH1*RL(PRR,i(,1*RPJ,(,PIR ,k,ARWR,,<,P! ,K) 65, 1*pRc RICE COYSUMPTIO\ (TOfES/VE1*P) <65)SHARI ALLOCATIO TJ SECTOR ET[R(IEO Y
LLOCATiO MACRO <1>

PRR DESiRED RICE CO\SUMPTIDti (T)NES/YEAR) <66)ARPN SHOR1FAL l' PRCDUCTlO OF RICEARR EIGTED RE'UES1i FO RiCE PRODUCTION <181)P1'N \OR"$L POPUL1*TIC PR1O1TY
PRRP,K*365*PRRCK 66,PRR DESIRED RICE COR,SUMPTIN TiNES/'fEAR) <66)POPULATiON E1GTED OR CALORY (AND

PROTEl') RU1PEME.TS<76)
L. PRRC R1JAL RJCE CONS LPTICF (TOtJNES/YEAR)

67, 1*PRRC RURAL RICE CONS LMPT IC tTES/YEAR)PRRCT TABLE FOR DESIRED C SJP1ION OF PICE

68, 4P'4C GRAI CC\SU'PT1CN (TCN\ES/YEAR.) <68>SHARE ALLOCATION TO SECTO DET[MINED bY
ALLOCATIO\ MACRO <1>PR REQUESTED GiAIN COS)JMPTIU (TO\NES/YEAR)(9>

ANP'JQ GRAP PRDDUCTIO S-iORTFALL 4FTE IMPORTS<171>
ANWR EIGHTEJ REQUES1S FOR 3AIN PROOUCTIO<170>

'.ORMAL PO°ULATIC' PRIOPITY
PRi(MAX tO (PRCC, <)/ACC') 63, APNR REQUESTt3 GR4PJ CONS TION (T3\ES/YEAR)

PRCC REQUESTED CALORY C3\SU.PTIG (KCL/YEAR)<7.1>

PCCM C1*LY C SU'PT1-. FRC 'EAT (rCAL/YEAR)
<71>

PCCF - CALQY COSUPTIO RD FRUITS 1.D
VEGETLE (KCL/yrA) <72)PCCR CLORY CD\SL'PTION Frc RICE <71)ACCG C1*L2RY CD\TEA.T F r-.EAT <14.5)
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7, ARCC - 1ETLD CALR Y CUSSUPT IJ (KCAL/YEAR)
- (7C>

- P)PULT1C IGrTED FOR CALORY (ANDPRTE1) R:QLIiEME\TS (7)PRCCT - TABLE FO EESIRED CALORY CONSUMPTION

PCCM.zPC.(*ACCM 71, APCCM - CALORY C3NSWPT ION FRQ SEAT (KCAL/YEAR)<71>
PMC - NEAT CONSUTIO (TONNES/YEAP) <59>ACC1 - CALORY C)NTEdT OF MEAT (AVERAGE OF PORK ANDSHEEP -- KCAL/TONJNE) <145.2>.

PCCF.KPOC.<*ACCO 72, APCCF - CALC'RY CSUMPTIUN FROM FRUITS AND
VEGETABLES KCAL/YEAR) (72>

POC - FRUIT Ar.4D VEGETAbLE Co.SUMPTIO! TONES/YEAR) <62>
-

ACCO - CALORY C3NTENT CF FRUITS AND VEGETABLES(KCL/T34E) (146.1>
PCCR.KPRC.K*ACCR - 73, APCCR - CALORY CD?SUMPT ION FROM RICE (73)

- RICE COMTION (TONNES/YCAR) <f5)ACCR - CALORY CONTENT CF RICE (KCALITONNE) (145.6>

pccc.(pccF.K+pccK+pccR.)<+pNc.K*Accs),(pw.K*365) 74, APCCC - DAILY CALORY COrSUMPTIOf' PER CAPITA (74>
PCCF - CALORY COSUPT ION FRO' FRUITS AND- VEGETAPLES ('< CAL/YEAR) (72>

-__-------------------- ----PCCM - CALORY C SUr'PTION FRO' NEAT (KCAL/YEAR)
<71>

-.PCCR - CALORY C3\SUMPTION FROM RICE (73>PNC - SPAIN COSL'PTI EN (TGirES/YEAR) (68)
--ACCG - CAL3RY CONTENT CF EAT (146.5>

P - PO?ULAT13 EIGTED FOR CALOR.Y (AND. _---PROTEIfl EGLIREMENTS (76>

PPCC.(Pi1C.*APC!+POC.K*APCC+PRC.K*APCR+PNC.K* 75 AAPCG.<)t(PU.*365)
-PPCC - DAILY PROTEIN- CCNSUMPTICN PER CAPITA (75>PMC - MEAT CO'JUMPTIO (TONES/YEAR) <59>APCM - PROTEI' CcNTErT OF MEAT (GS/TOE) <145.4>POC - FRUIT AND VEGETABLE CONSUMPTION (TONNES/

YEAR) <62>
APCO - PROTEI4 C3'TENT OF FRUITS AND VEGETABLES

(GMS/TQf'E) (146.3>
PRC - RICE CONSUPTIO (TCNNS/YEAR) <65> ._-_-_ -------- -APC - PROTEIN CCTENT CF RICE (GMS/TNNE) (145.8>PNC - GRAIN CCNSI"PTI EN (TON\/YEAR) <68> ------ARCS - PROTEIr CTENT OF hEA1 (147>

- POPULATION EIGbTED FOP CALORY CAND
PROTEIN) REOUIREP'ENTS <76>



76,P3PuLAT1 r1-TED FO C.L'RY (NDPROT rn s:cu 1REE.T2 (7>P0 POPULTl AGED G'14 (FECPIJ) <4)PX . POPULT13 AGED 154Z4 (OPLE) <5)py _ POPULATt04 .GEO 45.'k (PEOPLE) <b>
P3PULATI\ AGED OVER 64(PEOPLE) (7)
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Service Requirements--Services in the Egypt model are a surrogate fot the

range of government and business services provided to both the urban and.

rural populations. The service requirements of the population establIs a,

target for tht. number of lab.ot force workers allocated to service employme,

as opposed to employment in other. Industrial or. agricultural activit..

The model calculates the government services per capita (PGSC) by. co

paring the service labor force (PLS) with the total area population

A conversion factor (PLSP) denotes the productivity of service labor, a,u4 n

be varied over time to investigate improvements in services delIv

service worker. The service labor force r,espond to the ervicc lahat £o

desired (PLSR), although the overall avaIlability of labor will determin

much of this request can be

The service labor desired is determined by the desired sctvc

capita (PGScD) and the total area population. The desired rvice pgr. cja

is introduced in the model as an external factor that can changa ovt tj,
to investigate the consequences for Egypt's economy of a riing dmn q;

services. The model's base assumptions for service requirements

diagrammed in Figure I\L-li.

P&SC.(PLS.*PLSP.iK)/AREA.K s Apcsc - GOVERNMETSERV ICES PER CAPITA (SERVIGE
UlTS) <47>

.

. -PLS. - SERVICE LABOR (Et) <46>
PLSP - PRODUCTIVITY OF SERVICE LEOR (SER ç,,....U1TS/ORKER) (124>
AREA - TOTAL AREA POPUL4T!Jr' (PEOPLE) <3>

..



P-4 3

Figure IV-II:

Service Requirements
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PLS.SM,.OTH(pLSI.c,FLTT)
'8, ALS - .ERV10E LOk (L) (>

LSI - SERVICE LAD I1CTED (E') (49)PLTT - TRAFEP TivE FCF LAtCH (YEARS) <24.4>

'9, APLSI - SERVICE LtbD. I ICTEE (E') (49>SHARE - ALL0C6TI3 T SECTOP DETERMINED PYALLCAT1OF 4CRO (1)
PLSR - SERVILE LABOR DESIRED (MEN) <50>PLN - SHORTFALL IN ARL LBO FORCE-PLR - E1cHTEJ RECUES1S F2f AREA LABORPL\N - !ORMAL PCPULATICN PRIORITY

PLSR.(PGSCD.)/PLSP.V)*AREA.K
PLSR - ERVICE LABOR DESIRED (ME <50>PGSCO - DESIRED SERVICES PER CPJTA (SERVICE UN1T3(51)
PLS - PRODUCTIVITY OF SERVICE LABOR (SERVICE

UITS/9RER) (124>
AREA - TOTAL AREA PQULATIOr' (PEOPLE) (3>

PSCD.KTABLE(PGSCDT,TJME.K,1960,2C1O,1O) APGSCD - DESIRED SERVICES PER CAPITA (SERVICE UNITS)(51)
PGSCDT - TABLE FOR DESIRED GOVERN$ENT SERVICES
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Consumer Goods Reguirements'--Consumer goods in the Egypt model are defined

to include all of the non-food, non-capital-goods material output from Egypt's

industry. The urban and rural populations compete for deliveries of consumer

goods (PUD) with each other, and with the need for making consumer goods

available for export. Requested consumer goods for the population (PUR) are

calculated in the model from a backlog of demand (PUB) that exists within

each area population. This backlog reflects two important factors. The

first Is the annual consumer goods requirements, or "orders' of the popula-

tion (PUO) These requirements represent a reference consumption level,

and include an external factor that can vary over time to investigate the

consequences of rising demands for consumer goods within Egypt's population.26

The second important factor determining the current backlog of consumer

goods demand is the extent of built-up demand unsatisfied in past years The

model assumes the demand for consumer goods can be deferred, that a sort of

"savings" takes place whereby requested deliveries from one year persist into

the next year if the economy is incapable of satisfying them. The result is

a backlog of consumer goods requirements (PUB) that can build up and increase

the pressure on the consumer goods sector

The model does include something of a safety valve to ln3ure that the

pressure of deferred consumer goods requests does not assume unreasonable

proportions The effect of delivery delay on consumer goods orders (PUOED)

serves to choke off new consumer goods orders as the backlog of unfilled

demand approaches five years of normal requirements

The deliveries of consumer goods to the population, as well as the capital

investment in place (discussed shortly), are combined to measure the area popula-

tion's standard of living (PSL) In the model, a rising standard of living

is indicative of the social and cultural changes such increasing affluence
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usually generates. It should be emphasized that standard of living in the

model does not measure overall income, but rather the accumulation and

consumption of material goods. We assume that the material affluence te1s"-

sented by these trends is a more important determinant of social and ult

change than a simple rise in money income.

In the model, the material standard of living is calculated by àI1

together deliveries of consumer goods to the area population (PUD)

factor representing usage of household and service capital. The

depreciation ) of household and service capital (PGW) is used in th 1flb.

a measure of capital use, since it can be counted upon to rise as thè

amount of capital goods available to the population rises. The sUn

consumer goods and capital goods effects is divided by the area pout1

(AREA) so the standard of living can measured in per capita ter..

PUOED.KTABLE(PUOEDT,PUDTP.K,O,5,1) 42,4
PUOED - EFFECT OF DELIVERY TIME ON CONSUMER GOODS

DCERS (42>
PUOEDT - EFFECT OF DELIVERY TIME ON CONSUMER GOODS

ODEPS (123.2)
PUDTP - PERCEIVED DELIVERY TIME FOR CONSUMER GOODS

(YEARS) (43> __
PUDTP.KSMCOTH(PUE.K/PUD.K,PLCDAT) 43, A

PUDTP - PERCEIVED DELIVERY TIME FOR CONSUMER GOODS
(YEARS) (43>

PUB - URBAN BIRTHS
PUD - URBAN DEATHS
°UOD&T - TIME TO PERCEIVE CHANGES IN CONSUMER GOODS

DELIVERY TIME (YEARS) (123.4>

PSL.(PUD.+PG.)/AREA. 44, A
PSL - STANDARD OF LIVING (POUNDS/YEAR) (44>
PUD - URBAN DEATHS
PG - EROUT OF POPULATION CAITAL (POUNDS/YEAR)

(3> -
AREA. - TOTAL AREA POPULATION (PEOPLE) (3>
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38, A
PUD - URA DEATHS
SHARE - ALLOCATtO. TO SECTOR DETER'1INED Y

ALLOCAT-10N MACRO (1>
UR - REQUESTJCO.SUER GCODS FOR THE POPULATI3

(°OU1iS/YtR) <39>
UPM -_ SHORTFLL I\ PRCJUCTICJ OF CO'SUER GOODS
:UWR - WEIGHTED RECUESTS CONSUMER GOODS (354>

43RAAL P3PUL.ATION PP1O1FY

PU.PU.K/UT 39, A
PU - RE1UESTD CONSU.ER ciüoos FOR THE POPULATION

(POUDS/YEAR) (39>
ua UREA' eIThs

RLJ} ORDERI\G FrE FOR CONSUERGOODS (YEARS)
-

. .. .-..---.

40, L
G,2O1Ui3 )PU1M 40.liPUB . UAN I'Frtc

PUO POPULATIQ CSLER GOODS ORDERS POUNDS/
V-EAR) <4.1) -- ----

P-UD - URE.AN DEtTHS
kREA -. TOTAL AREA P3PULT1O' (PEOPLE) (3>
PUO'F TABLE FOR POPULAf1O! CO'SU4ER GOCD ORDERS

ORDERI4 TiE FJR CJtJSUERGJDS (YEARS)

41, A
10)

PUO -. POPULAFID' COMSLER GOCDS ORDERS (POUDS/
YEAR) <41>

AREA FG1AL AREA P3PULATION (PEOPLE) (3)
PUQED EFFECT uF DELIVERY T1E O4 CONSUMER 603flS .........ORDERS (2>
PUT TABLE FOR CPLLATIOi CO\SUMEP GOODS ORDERS
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Household and Services Capital Goods Required -- Like the industrial sectors

of Egypt's economy, the urban and rural population sectors accumulate capital

investment. These capital goods satisfy two basic needs. First, there is

capital investment accumulated for housing and related residential purposes..

Second, there is a wide variety of capital accumulated for services, including

schools, roads, religious facilities, and retail and other business services.

In the model, this wide range of capital investment in the population sector-

is combined into a single variable called population capital (PC).

The logic for the model's treatment of the accumulation of household

and service capital for the urban and rural populations is quite sim4lar

to the logic for accumulation of industrial capital. Chapter VI describes

the industrial capital accumulation logic in considerable detail. Therefore,

only a brief description of the capital investment process for population

is provided here, and the reader is referred to Chapter VI for further

details.

Household and service capital (PG) is increased by construction from

the capital goods sector (PGD) and diminished by the wearing out of the

current capital investment in place (PGW). Population sector household

and service capital is assumed to have a serviceable lifetime of fifty years

(PGWL). The population sector competes with the other sectors of the economy

for the limited construction capability of the capital goods sector, and

this competition determines what fraction of the population sector's orders

(PGO) for capital goods will be translated into commitments (PGC) of capital

to the population sector.

The requested capital for the population sector (PGR) is calculated in

the model by multiplying the area population (AREA) by an assumed per capita

capital requirement. This assumed requirement was estimated by comparing

total initial capital investment with the total initial population for each
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sector. In addition, an external factor (PGRT) has been included in the

model to investigate the consequences of rising per capita demands for

capital investment. The 1960 amounts of capital investment are estimated

to be 350 million pounds for the urban sector (PUGI) and 450 million pounds

for the rural sector (PRGI).27

37, A
TITE.<,1960,2O1 C, 10)

PGR - REQUESTED CAPITAL FOR POPULATCN SECTOR
(POUNDS) <37)

AREA - TOTAL AREA P3PULATION (PEOPLE) <3)
PGI - IITILL GPULATI( iOUSE)$CLD AND SERVICE

CAPiTAL
PXI - I'JITIAL AREA POPULATIC AGED 15-k4
PYI - INITIAL AREA POULATIC': AGED '45-64
PZI - INITIAL AREA POFULATION AGED OVER 65
PGRT - TA9LE FC REOUESTED PCPULATIC CAPITAL

GOODS

PG.KPG.J+(DT)(PGO,J-PG.J) 29, 1.PGPGI
29.1, NPG POPULATION SECT CR OUSE1OLD AND SERVICE

( CAPITAL (P)UNCS (25.1)
PGD - DELIVCRIS 3F CAPITAL TO POPULATION SECTOR

(POUOO/YEAP) <ii)
PGW - WEARCUT OF PULATIJt. CAPITAL (PCUDS/YEAR)

<30)
PGI - INITIAL POPULAT IN HoUSEHOLD AJD SERVICE

CAPITAL

PGW.(=PG.K/PGWL 30, APGW - WEARCUT OF POPULATION CAPITAL (OUM3S/YEAR)
<30)

PG - POPULATION SECT OR )USEhCLD AND SERVICE
CAPITAL (PCIJNS) (29.1>

PGWL - LIFETIME iF 1OUSEHOLr) CAPiTAL ClEARS)
<122.1)

PGD.KDELAY3P(PGC.,P.'S(P3CT.A),PGuc.<) 31, APGO - DELIVERIES CF CAPITAL TO POPULATION SECTOR
(POUNDS/YEAR) <31)

PGC - COITMETS OF CAPITAL TO PPULAT1ON SECT0
(POUNDS/YEAR) <35.1>

PGCT - COSTRUCTL\ TIE FOR PCPULATIO SECT3R
CAPITAL (YEAr) <32.1)

PGUC - SERVICE A OL'EHOLD CAPITAL-U\CER
CONSTRuCTION
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PGCT.KPGUC.</PGC4.K 32 A
* 32.1, N

FCT - CNS1RUCTL) TI E FC jFULLT1C SECTOR
CPITL (YEAF ) <32.1>

POUC - SERVICE .J OUSEHDLD CAPITAL U\DER
CThSTR'JCT ION

PGCA - CONTRuCTTOr. ACTIVITY FOR POPUATION SECTOR
(PCU\DS/YEAR) (33)

PGCTN - ORL CSTFUCTION TP'E FOR HOUSEHOLD
CPITL (YEARS) <122.3>

PGCA.SRE(FSCR.K,.,PIGC.K,GPR.K,PINN.) 33, A_
PGCA COJSTRUCTICN ACTIVITY FOR POPUATION SECTOR

(POUSIYEAR) (33)
S'-iARE - ALLOCATIL) TO SECTOR DETERMINED BY

ALLOC4TI\ MACRO <1)
PGCR - REQUESTED C3;STUCTION ACTIVITY FOR

* POPULAT1O SECTOR (POUNDS/YEAR) (34>
GPN - SHORTFALL IN PRCDUCTIC OF CAPITAL GOODS
GPWR - WEIGHTED EUESTS FOR CAPITAL GOODS <367>,
PINN - 'DR;1AL P3PULATI CN PRIORITY

PGCR.KPGUC.(/PGCTN 34,4
POCR - REQUESTED CCSTRUCTICN ACTIVITY

POPULATION SECTOR (FOUNDS/YEAR) <34>
PGUC - SERVICE AD HOUSEHOLD CAPITAL UNDER --

CDSTRUCTION
PGCTN - NORMAL CO?sSTRUC lION TIME FOR HOUSEHOLD

CAPITAL (YEARS) <122.3)

PGC.KSHARE(Pc-O.K,GOr.,PIG0.K,GUR.K,PINN.K) 35, A
PSCPG*PSGFI 35.1, N

PGC - COMIT'E'iTS OF CAPITAL TO POPULATION SECTOR
(POUNDS/YEAR) <35.1)

SHARE - LLOCATI3 TO SECTOR DETERMINED BY
ALLOCAT13r MACRO (1>

P00 - ORDERS OF CAPITAL FOP THE POPULATION SECTOR
(POUNDS/YEAR) (36>

GCN - SHORTFALL IN ORLERS FOR CAPITAL GOODS <376>
SOUR - UEIGHTED ORDERS FOR CAPITAL GOODS <375)
PINN - NORfAL CP'JLATICN PRIORITY
PG .- EARCUT OF POPULATION CAPITAL (POUNDS/YEAR)_.__

(30)
*

*

POGFI - INITIAL GR0TH FACTOR FOR HOUSEHOLD CAPITAL,
(122.5>
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O,KX(0,,'c+(p ,(+(PG ..K*PCcT'.)(PG.K. 36, A
PGUC.K)/P3rfl

P00 - ORDEiS OF CAPITAL F(R THE PJPULATtO SECTOR
(POUNDS/YEAR) <3>

POW - EAROUT CF PPULATIt). CAPITAL (POUNDS/YEAR)
(30>

PGR - REQUESTED CAPITAL FOtk ?OPULAT3N SECTOR
(POUNDS) (7>

PGCTJ - P'ORiAL CDNSTRUC1IO: TIE FOR HOUSEHOLO
CAPITAL (YEARS) (122.3>

PG - P0PULATI SECTCR HOUSEriflLD AND SERVICE
CAPITAL (P'JUNS) (29.1>

PGUC - ERV10E AD HOUSEHOLD CAPITAL UNDER
CONSTRUCT1O'1

PGOT - CRDERNG TI1E FCR HOUSEHOLD CAPITAL (YEARS)

C
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Energy--Both area populations compete with the industrial sectors of Egypt's

economy for output from the energy sector. The energy requirements for the

population sector are assumed to depend upon the amount of household and

service capital in place for the population's use. A conversion factor

(PEGRN) translates capitalinvestment into energy requirements; this con-

version factor was determined by analysis of 1960 energy usage and capital

investment. 28

45, APE - ENERGY FR THE POPULAT1O (KWH/YEAR) <45>SHARE - ALLOCAT1O TO SECTOR DETERUNED BY
ALL3CATID MACRO (3)

PER - REQUESTED ENERGY FOR THE POPULATION SECTOR
(KH/YEA.) (4E>

-EN - SHORTFALL IN PRODUCTION OF ENERGY
EWR - WEIGhTED EUESTS FOR EtERGY (385) --__-_ --PINN - NORMAL POPULATION PRIORITY

PER.PG.K*PEGRN*EOF.K
4Ei, APEGRJPEI/PGI 6.2, _N___._PER - EQUESTED ENERGY FOP THE POPULATION SECTOR(H/YEA.) (46>

- ---PG - POPULATION SECTCR HOUSEHOLD AND SERVICE
CAPITAL (POUNES) (29.1)

PEGRN - NORMAL POPULATI ON ENERGY/CAPITAL RATIO
<46.2>

EDF - EERGY DEAND F4CTOR (391>
PEI - INITIAL POPULATION ENERGY USAGEGI - INITIAL POPULATION HOUSEHOLD AND SERVICECAPITAL.
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IV-C. LABOR FORCE

Besides consuming output from the Egyptian economy, the population sector
also. p.rcwides. an important production input to the economy. This production
input is the economy's labor. force, which is distributed by the model's re-
aurca allocation logic across the competing requirements of various economic

, the model, the effective labor force (PLF) available to work from an
population is determined by the number of people in each of

tte.. three. youngest age groups., the employment fraction for each age group,
'AAid3 tha elfects of calorie consumption and disease on labor force productivity

model- calculates the total number- of: workers available from each age group,
introduces productavity effects- from calorie consumption and disease

(eiIically, schistosomiasis) to determine the effective number of workers

( *zaiLa1e for emplytaent

The., employment- fractions- for the three age groups in. each area population
&re. provided to the model as- external inputs (summarized below). Therefore,
thee modej- can. be used to examine the consequences of changes in. labor force

rricipation.. rates for Ept' a economic development.

Lahor- Force Participation
(.simed Fraction of Total Age Population Available for Work)

0-14 1-5-44 45-64

5
irai 1 5 45

The,, elfects of calorie consumption (PLFEC) and disease (PLFED) on labor
'r.ce effectiveness are expressed in the model in the form of indices denoting
he fraction of the potential productive labor currently available from the
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area workforce. These indices are diagrammed in Figures IV-12 and tV1

and described in detail below.

The nutrition effect on productivity (PLFEC) includes both edIca1 Mt

social aspects. On the medical side, limited calorie cotsumptio?i ha a

mental effect on strength and coordination, reducing the amount of t)i

work an adult can perform.3° On the social side, reduced consumpt1ot \tA
past dietary standards contributes to unrest among the populatiot that appr*

to increase the prevalence of strikes and social disordet.1 the s1miLati

model combines both of these aspects into a single effect of uttitio

productivity. This effect is diagrammed in Figure tV12, which illuttats

how a declining average calorie consumption reduces the fractiot of potftti

productive labor that is available for use in the e*O(Om

The disease effect on productivity (PLFED), like the dia5 effe.t .

the death rate, traces directly to the spread of schistôsiaai Viti
of the disease are often incapable of assuming normal w kload ô

average output suffers.32 Figure IV-13 illustrates ho irea i th

fraction of the population suffering from persistent di8eaé (P!SP)

assumed to reduce the fraction of the potential effort ailabl from th

population.

PLF.KCP.K*PQE.K+PX.K*PXE.K4PY.K*PYE.K )*PLFEC.t(* 52. A
PLFED.(

PLF - EFFECT1V LABOR FORCE <52>
- POPULATION AGED 0-14 (PEOPLE) <4)PE - E?PLOYME\T FRACTIOr FOR 0-15 YEAR OLDS (53)

PX - POPULATION AGED 15-44 (PEOPLE) <5>
PXE - EMPLOY"E.T FRAC1ION FOP 15-44 YEAR OLDS

<54>
PY - POPULATION AGED 45-6'+ (PEOPLE) (6)
PYE - EMPLOYME.T FRACTION FOR 45-60 YEAR OLDS

<55)
PLFEC - EFFECT OF CALORY CONSUMPTION ON LAPOR

EFFECT I VEES S <56>
PLFED - EFFECT OF D1EAE ON LAEOR EFFECTIVENESS

<57>



Figure IV-12:

Effect of Calorie Consumption
on Productivity

F?action of Normal
Productivity Obtained

1.0 '

.5

.25

1750 2500

Daily Calory Consumption
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Figure IVI3:
Effect of Diseases on Productivity

Fraction of Normal
Productivity Obtained

1.0
a . S 5 a S 5 5 5,

I
a I $

I
I

a
I

I
I

I

a
I

I
I

I
I

I
I

I
I I I

I
a

I
I

75
I

S S
IS SS S ,. S S 5.5 *

S S S S I
I

S S I S a
S S S 1555I

I
I

I I
I

I
I

I $
$

I
I $ I

a
I

$

a
a

a
a

a
a

a
I

I
I

a
I I $.5 i . a . . . . . . . . a . . . . . . . .

I
a

I I I
*

I
I I

S
I

I
I I I

i
a

i a I

a
a

a
a

S

25 . S S S S S S S S S S SI S S 555 I

S S . a55I S S S S ISI
I

I
I I

I

a a a
I

I
a a

a
*

*
I a a

a
a

a I I

a a
I

a
a I

I0, S 55.551 55I5555$ 55S a I as I S SI I 5$
o .5 .5 1.0

Fraction of Population Suffering From Persistent Dises#

c



P-57

53, A

- E4PLGyyT FrAC TIO FOR liiS YEAR CLOS <53)
P'ET - TABLE FU FThPLO YENT PEhCET AGE OF 6-14

YEA OLDS

PXE.(TALECPXET,T1E.<,1LhO ,2Clu,13) 54, A
PX( - PLGYET kAC lION FCR 15-44 .EAR OLOS

<54>
PXET - TABLE FOR EPLO1(.JT PERCE'TAGE CF 15-4

YEAR OLDS

55, A
PYE - EPLOYET FRACTiO! FOR 45-60 YEAR OLDS

(55)
PYET - TABLE FOR ErPLOE:T PEkCENTAGE OF 45-64

YEAR OLOS

PLFEC.KTAL(PLFCT,CCC.K,1UoO,25ao,253) 56, A
PLFEC - EFFECT CF CALOR Y C3:iSL'iPTIO O4 LABOR

FFECTIvEESs (5)
PLFECT - EFFECT CF CALORY COSL'TIC: or

PRODUCTIvITY (124.6>
PCCC - DAILY CALORY CO.SUMPTIO PE CAPITA (74>

PLFE3.TALE(PLEDT,2FSPJ.K,'1,1,.2) 57 A

PLFED - EFFECT CF CI3EASE O LACR EFFECTIVE'ESS
(57)

PLFEDT - EFFECT OF PESITENT CIEASES O4
PROCUCTIVITY (124 .b)

58, A

PL - SCSTFALL I AREA LACR FORCE
PLP. - REUESTE FEA LABOR
PLF - EFFECTI\1 LAOR FOCF <52>
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The following equations implement the area population "building

block" for the rural and urban populations. They specify the parameter

values common to each population, as well as the values that distinguish

one population from another. They are listed here for reference.

PAMETER,S COMCN TO ALL LSES OF FEA MACRO

PT57/.337f.Q24/.O16/.3O /.O02/.00l 118, T
DX2T.O7/.017/.011/.30t)5/.OLk/.CUl6/.0008 118.2, 1PYQT,O56/.Q37/.o25/.317/.Qj 2/.00P/. 006 118.4, 7PZDTZ.13/.11/. 09/ .07/. 36/. 051.04 118.6, 1P!F.3O

118.8, C__.C'AAT15
119.1, C?DSTz2.5I5/L+I3/2.512 119.3, 7PET9C1,5
119.5, CPE"6C.9
119.7, CPFCAT.51.5 /.51.5/.5/.5
119.9, 1DFCEST.25f.5I.7f.85/1 120.3,
120.6, C

PELECTD/.15/.45/.65I.85/.9511 120.8, 7LEPTz.5J .651.751.851.95/1 121.2, T
PELEDT1/.95/.9/.83/.75 121.5, 7-
PEtEST.4/.6I.75/.9/1 121.8,7PG1L5O 122.1,C____DscTN1

122.3, CPGGFI2.5
122.5, CPG3T1
122.7, CPUT1
122.9, CPU3E0T1/1/.8/.4/.1/0 123.2, 1PUODAT1

____ROOT - TABLE FOR DEATH RATES FOR 0-14 YEAR OLDS
<118>

PXDT - TABLE FOR DEATH RATES FOR 15-44 YEAR OLDS
<118.2>

YDT - TABLE FOR DEATH RATES FOR 45-64 YEAR OLOS- .- (118.4>
PZDT - TABLE FOR DEATH RATES FOR AGES OVER 64

<118.6>
PF - MAXIMUM FERTILITY (BIRTHS/YEAR PER FERTILE

WOMAN) <118.8)
PCMAT TIME TO PERCEIVE CHANGES IN CHILD MORTALITY

(YEARS) <119.1>
PDFST - TABLE FR POPULATION DESIRED FAMILY SIZEPETBCM EFFECTIVENESS CF TRADIT13tAL BIRTH CONTROL

METHODS <119.5)
PEMCM - EFFECTIVENESS OF MODERN BIRTH CONTROL

METHODS <119.7>
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PFCM5T - TABLE FC FPACTION uF 'ARIED COUPLES THEGOVER'ErT is ATTL'Tr. TO C\VET TQ
ODER. 9ITH CThTROL 1ETH'DS <119.9)PFCM3ST EFFECT CF SERVICES DELIV:RY O4 GOVEMET
ATTEMTS TO CC.VET *AARIED CJUPLES TO
MODCRi BIRTH CCTRSL 'ETHCDS <123.3)PLEN - :3R:4L LIFE EXPECTAcv (YEARS) (120.6>PELECT TARLE FC THE EFFECT CF CALCRY CO1SUMPT1Th
Or') LIFE EXPEC1ANCY <12c.e>

P4ELEPT TARLE FOP THE EFFECT OF PROTEI: CCNSUPTION
ON LiFE EXEC TANCY <121 .2>

PELEDT TABLE FJ THE EFFECT OF OISEASE INCIDE'CE
O"J LIFE EXPEC TACY (121.5>PEt EST TABLE F THE EFFECT OF SERVICES DELIVERY
Q LIFE EXPECTAJCY <121.8>

2AGE 41 OPULATIC' 4/05/78

PGL LIFETiME OF HOUSEHOLD CAPITAL (YEARS)221)
PGCTN 'ORMAL COSTRUC liON TI'E FOR HOUSEHOLD

CAPITAL (YEARS) <122.3>
PGGFI ITIAL cT1 FACTiR FCR H1USEHOLD CAPITAL

PSOT
<122,E>

CROERING TI'E FCR USEHOL CAPITAL (YEARS)
<122.7>

PUTN ORDERIG TL'E FCR CDSUERGOODS (YEAPS)
<122.9>

PUOEDT EFFECT CF DELIVERY TIME ON CONSUMER GOUS
ORDERS <123.2)

PUOD TIME TO PERCEIVE CHGES IN COSUER GOODS
DELIVERY TIME (YEARS) (123.4>

PLSP(TA-HL (PLST,TIME.,193,2G13,1G) 124, A
PLSPTZ1/1/1/l/i/1 124.2,1PLTT1 124.4. C
PLFECTC/.5/.7/,B/.9/5/1 124.6,1

124.b. T
PLSP PRODUCTIVITY F SERVICE LABOR (SERVICE

UTS/RER) <124>
PLSPT - FDR PRCDUCTIVflY F SERVICE LABOR

<124.2)
PLTT TRA;SFE T11E FCR LAOF (YEARS) (124.4>
LFECT LFFECT F CALORY CJS(j'PTIj, ON

PRODUCT IV ITY (124 .)
PLFE)Y EFFECT 3F PESISTET DISEASES C.\

PRuD'cTIVITy <124.49)
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T,_prrIJM,PxfUv,,O, 12e, A

PUGSCDT ,PJ PUXE 1. U YE 1. FuL!,uLf' .K PU":CT,
PUCT ,FU-CT ,LRCZT ,UZ ,P.w,PLy,PjZ, L,PL'DL,
PLY? CE.PC,PU,JL:.2LL,;-uCcUccC,-tjpCC,

PJI,DU1)
PJI.4.1eE6

127.5. C2JXI'3.94E6
127.7, CYT1.25E6
127.9, CPuZI.39E6
128.2, C2UM.T2C/23/23I20/2c/20 128.4, TPUDFSTz./.9/.7/.7/.7/.7/,7 /.71.7/.7/.7 128.6, 1tiS135OE6
128.8, CPUIT.2I.2/.2/.2/.2I.2 129.1,°J&T=1/1/1/1/1/1 125.3, 1

jU3T=15Fl5/15f15/15/15
- 129.5, TPUEI237E6 129.7.0

UGSCDT.12/.12/.15/.j5/.15/.15 129.9, 1PU T.OE/.C5/.O5/.D/.C5/.O5 130.3,1
PUXET.54/.5L+I.5/.5.4/.54/.54 130.5,PJyCT.5/ 5ff5/5

130.7, 1
PJ'CT.375/.O75/.37f.u75/.375/.Q75 138.9, T
UCT1.75/1.75Il,75/l.75/1.75/1.75 131.2. 1 (.131.5,1PURCCTz3COO/3CDC/3OCO/3NjC/3 C0O/3000 131.7, 1PU - URbA'4 F'CPULATIO, <12)

AREA - TOTAL AREA FCULATIO: (PEOPLE) <3)
PUQI - IcITI4L URP POPULATI AGED C-14 <127.5>
'UXI - I'ITIAL URA P uLrI3: AGED 1'i (127.7>UYI - INITIAL UREA PCPULAT1O'i AGED 45-64 <127.9>PUZI - PITIAL URSA'S PLPULTID. AGED OVER 64

(128.2> ____ --._ -PQRUr' - RURALLJRRAr4 IGRATIO?' OF 0-14 YEAR OLDS
(EN/YEAD) <155>.

XRUM - RURALUReA': 'IGRATIO OF 15-44 YEAR OLDS
(E/YEAR) <148>

PUMAT - TA3LE FDFc UREA MAPRIAGU AGE (YEARS)
(128.4>

PUDFST TABLE -FG EFECT OF LIV IG STA1ARD ON
DESIRED FAILV SIZE (12.6)

PUGI - PJXTIAL UR8A\ HCLSEOLD AD SERVICE CAPITAL
(PCU4DS) (128.8>

PUINT - ORrAL PRIORITY FOR TE UA'J POPULATIOJ
<129.1>

PUGRT - TAF3LE FOR DESIRED OUSEGLD CAPITAL PER
CAPITA <129.3)

UUOT - TABLE FOR DESIRED COUSUER GOODS PER CAPiTA
POU\DS/YEAR) <129.5>

PU.EI - !J1TIAL UREA PCPULATIO ELR&Y USAGE (KWH/
YEAR) (129.7>

PUGSCCT TABLE FO DESIRED SERVICE PR3DUCT1O' PER
C.PITA (SERVICE U1TS/YEA) (129.9>
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PUQET - TABLE FJR E4PL3'r'ET OF URBAM O-15 YEAR
OLDS <130.3)

PUXET TARLE FUR ELO Y1EJT CF URfR AN 1s'+ YEAR
OLDS (130.5)

P%JET TABLE FOR EPLOE9T OF URBAN k56L4EAR
OLDS <133.7)

PULR URRA LAEOP PEGLESTED <132)
PULR wEI3TEO REuESTS FOR UREA LAe3R <133)
PUMRCT TABLE FOR E1RL3 UR' MEAT CO SUTIO

(KILOS/DAY) (1C.>
EUORCT. TABLE FOR DESIRED URBA. C3SUMPTICOF

FRU1T A3 VEGETAELE iLOS/DAY) <131.2>
eURRGT TABLE FOR UREAN REQUESTED RICE CCSUMPTIDN

((3/2EP5C)/rAy) (13i.>
PURCCT TABLE DESIRED URBAN CALORY CONSUMPTION

£(rAU IrIASI i

UQ US3& PCPuLATIO AGED UIk
eux UREAN POPULAITO\ AGED 15'tk
PtJ UP.BAN cOuLAT1ePk A'3E:o 4564
PUZ URBAN POULATIO AGED 6 AD OVER
PU3 URSA" BIRThS
P_UL URSAN DESIRED LIFETI:E BIRThS PER M4RIEO

COUPLE
PUCE URBAN BIRT-i CC4TPOL EFFECTIVENESS
PUMMC URBAN MARRIED CCUPLES
POD URA" OEATrS

ç POLE UREA" LIFE EXPECTANCY
PUL - iJF4 STA '3AL CF LM
PURCC URBA" REOUESTED CAL)FY CCNSU'PTIC'
PUCCC 'JREAr' CALOPY COSU'PTIOI PER ADULT

(CAL}ES/DAY
PUPCC - URSA" PRDTEI\ C SUPTI3": PER. ADULT (GRA"S/

DAY)
PUESPO FRACTIC. OF UREA"J PCpULATIO SUFFERItG FRO'

PERSITE' DISEASE
PUG UREAJ r3LSEH1LD .d'.O SERVICE CAPITAL
PUGCR C-STRUCTI RE(UESTED FOR. UREA HOUSEHOLD

AD SERVICE CITAL
PUGO URA OOERS FQ HOUSEHOLD AND SERVICE

CAPITAL
PUUD CONSUMER SOODS DELIVERIES FOP UP.EAN

POPULATIJ' (PCUcDS/yEAR)
POUR C3'.SU'ER GOODS EQUES TED FOR URBAN

POPULATT\ (PCIiriOS/VEAf)
POE URFA EERGY cuii.' (H/YER)
UER URSA" E\ERGY CUSU1O\ REQUESTED (KrU

YEAR)
U(,SC SOVEF'ENT A.D SERV ICE PiR5Y\EL jRx j't JN

UP-A" AE.S
PULSR REOCESIFO SFViCE L'Ot FOR URRAN AREASDULF UR'Ar. LAOP FOCE

- H'YTFLL I' UR-' LA"
PUMC - Uk', MEAT C,'\SLPT IY: t..Tj'.ES/YEAR

)
U'P. E;ULSTLJ Ur(Ai. "EAT CSU'APTIJ. CTO\NES/

YELf )
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PURC - URf- RICE CSLPT J. (T?*..ES/YFAR)
PURR - LuESTtD UA ICL C U'T1. (T3\NES/

YEAR)
PUNC - URPA4 GRAIN C0 UPTICJJ (T\ES/YER)
PUR - FEQUETED CPA IN CSUPT IO. (TONNES/

YEAR)
P01CC - URbAr' PRIORITY FÜR CAPITAL 3000S

COSTR UCT ION
PUIGO - URA. PRiORITY FOR CPITAL GOODS

C'tIT1E'TS
- UR[AR PRI3ITY FOR CCNSUNLR GOODS

PUIE - URBAN PRIORITY FOR ENERGY
PUlL - URBAN PRIORITY FOR (SERVICE) LABOR

PULR.(PULSR.K+VLR.K+ULR.K+MLR.+GLR.K 132, A
PULP - URA' LA3OR REQ LESTED (132)
PULSR - REQUESTED SERVICE LAGR FOR URBAN AREAS
ULR - LAEOR RLUESTED FOR CONSUMER GOODS

PRODUCT ION
MLR - MILITARY LAPOR REQUESTED (411>
GLR - LABOR REZUESTED FOR CAPITAL GOODS

PRODUCTION
.. -...-

PULW'.K(PULSR.(/PUIL.K)+(VLP.K/VIL.K)+(ULR.K/ 133,A
UIL.)#(LR.K/IL.K)+(SLR./GIL.)<)
PULR - WEIGHTED REQUESTS FOR URBAN LABOR
PULSR - REQUESTED SERVICE LAbOR FDR UREA. AREAS
PUlL - URBAN PRIORITY FOR (SERVICE) LABOR

.

ULR - LAPOR REDUESTEC FOR CONSUMER GOODS
PRODUcTION

UIL - CONSUMER GOODS PRIORITY FOR LABOR
H LR - MILITARY LAOR REQUESTLD (411>

. -

GLR - LABOR REQUESTED FOR CAPITAL GOODS
PRODUCTION

. . -

GIL - CAPITAL GOODS PRIORITY FOR LABOR

PUFSPD.KZPUFRPD*PRFSPD.K 134, A
PUFPD.7

. - . 134.2, C
DUFSPD - FRACTION CF UReN POPULATION SUFFERING FROM

PERSISTE4T DISEASE ------.. .-

PUFRPD - URBAN FRACTION SUFFERING FROM PERSIS1A1
DISEASE, RELATIVE TO RURAL PQPULA11O1 _.
<134.2>

PRFSPD - FRACTION OF RURL POPULATIOt4 SJFFERIG
PERSISTENT DISEASE
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RURAL POPULATIflr

..'R.AREA(PR1,PRxt,FYI,FRZ t.PUM,PXRU,O,G, 135, ApAT,PFsT.pRG[,PRr',:T, RGRT,PuoT,PREt,

PR3R CT, PRR RCT ,°RRCCT ,PR ,P X ,P V .PR Z ,PRP , PRDL,

PRSPD,PRG,PRGCR,PkGO.PSUD,FRU2,PRE,pER,PPGSC,

R':C,P.R,PRIGC,PRIGO,PcIU,PRIE.PRIL,PRIM,PRIO,
PIR,PRPi,)P699E 136.5, CPRXI6.59E6

136.7, CPRVI2.1E6 136.9. CPR2I.65Eh 137.2, CPRT-18/l8/18/18/18/18 137.4, 1
PFSjT1/i/,8/,8/.8/.8/.8/../.8/.8/.8 137.6, 1PRGI45E5 137.9, C

138.2, T :PGT1/1/1f1/1/1 138.4, T
PRUOT:9/O/9/'j/9/ 138.6, 1PEI:3G4E6 138.9, CpRGsCDT=.a6/.n6I.G9I.c9I.9I.c)9 139.2, 1
PRQCT.1/.1/.1/.1/.1/.1 139.5, T
PRXET.5/.5I.5/./.5I.5 139.7, TPRY[T,45/,4 5/ .45/.145/.45/.4 139.9, T

( SRCT:.3!.')15/.Cl5/.O15/.C15/.O15 140.2,1H'RORCTz.3/, 8/.5bI.S/./. 8 140., TPCTz.C60f,O64)/.fl60/.QC/. O/.G6' 140.8, 1
PRRCCT:27'33/2700/27CC/27GC/2 33I2703 141.1, 1PR PURAL PiPULLTIO <13E>

ARCA . TOTAL AREA PPULATIC" (FEOPLE) <3>
PRCI e IJITIAL RURAL PCPULATIO! AGED C-14 <136.5>DRXI P1TIAL URAL PCPULATION AGED 15-44 <136.1>PRY! INITIAL RUL POFULATION AGEJ 45-64 <136.9>
PRZI I1T1AL RURAL PCPULATIY'2 AGED OVER 64

(137.2)
PQRUM e RURALW-9AN IGF4TI3 CF 014 YEAR OLDS

(ME/YEA) <155)
PXRU RURLUA' 1SRATIO OF 15-44 YEAR OLDS

(,/YEAR) <148>
PRAT TABLE FOR UkAL DESIRED MARRIAGE AGE

(YEARS) <137.>
- PRDFST TABLE FOP ThE EFFECT OF RURAL L1VINS

STANDARD O' i.4RRIAGE AGE <137.6)
PRGI PJTIAL RUAL hCUSE-iOLD CAPITAL (POU".DS)

(137.9>
PRINT NOR"AL RURAL PRIORITY <13B.2>
PRGRT TABLE FC DESIRED RUFAL CAPITAL PEP CAPITA<138 4)
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PRUOT - TAFLE FUR D[SIkL RUAL CO.SUMER GOCDS PER
CAPITA (P:/YEAr.) <1.6>

PREI - IlTIAL FURrL PPULA1IO. E!ERGY USAGE (K',H/
YEA) <13!.9>

PRGSCDT- TAFLE FUR DESIRE RURAL SERVICE PRODUCTION
PER CAPITA (SERVICE UkITS/YEA) (139.2>

PPQET - TABLE FOR. EMFLO Y'ENT CF UAL 0-15 YEAR
CLES (139.5)

PRXET - TAELE FOR EPLOY'[NT OF RURAL 15-44 YEAR
0L5 <139.7>

PRYET - TAELE FOR E1PLO MENT OF RURAL 'i5-64 YEAR
OLDS (139.9>

PRLR - REGUESTED RURAL LAPOP <142)
PRLWR - EIGHTEU REUES1S FOR URBAN LAPOP <143>
PRMRCT - TABLE FOR DESIRED RURAL £EAT CONSL'PTION

PER CAPITA (KILOS/DAY) <14.i.2)
PRORCT - TABLE FOP DE'IPED RUAL FRUITS AND

VEGETABLES CONSUMPTION PER CAPITA (ILOS/
DAY) (140.5)

PRRRCT - TAELE FOR RURAL REQUESTED RICE CCfl'.SUPTION
((G/PERSON)/CAY) (1'3.8)

PRRCCT - TABLE FOR DESIRED R(JPAL CALORY CCSUPTION
PEP CAPITA (KCAL/DAY) <141.1>

PRO - RURAL PDPULATIO AGED 0-14
-----PRX - RURAL POPULATION AGED 15-44

PRY - RURAL POPULATIOr AGED 45-64
PRZ - RURAL POULATIO AGED 65 AND OVER
PRB - RURAL EITHS -
PRDL - RURAL DESIRED LIFETiME BIRTHS PER MARRIED

COUPLE
PRPCE - RURAL BIRTH CONTROL EFFECTIVENESS
PRMMC - RURAL MARIED CCUPLES
PRO - RURAL DEATHS
PRLE - RURAL LIFE EXPECTANCY
RSL - RURAL STANDARD CF LIVING

PRRCC - RURAL RECUESTED CALCY CONSUMPTION
PRCCC - RURAL CALORY CONSUMPTION PER ADULT

(CALORIES/DAY)
PRPCC - RURAL PRDTEI CUNSUrPTION PER ADULT (GRAMSI

DAY)
PRFSPD - FRACTION OF RURAL POPULAT.IO4 SUFFERING FROM

PERSISTENT DISEASE
PRG - PURALHOUSEHOLD AND SERVICE CAPITAL
PRGCR - CDNSTRUCTION R[L'ESTED FOR RURAL

A4D SERVICE CAPITAL
H PRGO - RURAL ORDERS FOR HOUSEHOLD AND SERVICE5_

CAPITAL
PRUD - CONSUMER GOODS EEL IVERI ES FOR RURAL ._--

POPULATION (PCUNDS/YEAR)
PRUR - CCNSUER GO3DS FSEUESTED FOR RURAL

POPULATI3 (PCUNDS/YEAR)
PRE - RURAL ENERGY COSUMPTI3N (KWH/YEAR) __-___- -PRER RURAL ENERGY COrSUPTjON FSE(UESTED (KWH/

YEAR)
S



PRGSC - (OVEP\MET O SERVICE FERSONEL ORIG IN
RURAL AREAS

PPLSR - PECL!ET .SEVICE LAOR FOP RURAL AkEAS
PRLF - RUPAL LAEOR FORCE

- SH3RTFLL L' PUAL LABOR
PRMC RURL 'EAT CS LPTION (TO.ES/YEA! )

PRMR - REQUESTED RURAL TMEAT CU4SUMPTIU' TONES/
fEAR)

PROC - RURAL FRUITS A VEGETA9LE COSUMPTI3N
CTONES/YFAP)

PROR - REQUESTED RURAL FRUITS AO VEGETALE
COSUPTICN ( DNNES/Y EAR)

PRRC - RURAL RICE CVSU4PTION (TOES/YE4R)
PRRR - REQUESTED RURAL RICE CC.SU1PTIO TOES/

YEAR)
PRPC - RURAL GRAIN CCLi P110" (TDrNES/YEAR)
PRMP - REQUESTED PUAL GRAIN C,SUTION (TONES/

YEAR)
PRIGC - RURAL PRflPITY FOR CAPITAL GOODS

COSTJCTICM
PRIGO - RURAL PI3RITY FOR CPITAL 'O0DS

COMMITETS
PRIU - RURAL PRIORITY FOR CCSUER G3305
PRIE - RURAL PRtORITY FR E".EGY
PRIL - RURAL PICRITY FR (SEICE) LASCS

PRLR.K:PRLSR.'4ALRS 142, A
PRLR - REOUETED PUAL LLCP (142>
PRLSR - EUESTED SERVICE LAhOR FOR RURAL AREAS
ALR - AGRICULTJRE LAeCL RLCUESTED <253)

13, 4
PRLW - WSIGHTED 'EUESTS FJR. UbAN LABOR <143)
PRLSR - .EGUESTED SERVICE L$C FOR RURAL AREAS
PRIL - RURAL FFISRITY F (SERVICE) LAECR
ALR - AGRICULTURE LA-CE REOL:STED <253)

PRFSPD.'cTAiL(Pf"SPT,TI'E. s,15b,2O1O ,1 144. 4PFSPOT.6/.6/.6/,E/.c,I.t 144.2, T
PRCCCPRCCCI 144.5,PCCCI2r3 144.Ee C

PRFS2D - FRACTIC!. OF URL PCPCLATIOr SUFFERING FROM
PEkSISTE\T DISEASE

PRFS°CT TABLE F3R iE FACTIr F TE RL'°AL
PCDULATI3'4 SUFFER I'G FROM PERSISTENT
DISEASE <1'+4.2)

PRCCC - RUrUL CLY C3.SUAP1IC\ PER ADULT(CLIES/V)
PRCCCI - INITIAL ''cAL CALORY C.SU'TION PE CAPITA

<144.6)
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FOOD NUTS IErT CO:TETs

ACC1.O8E6
145.2, CAPC'z11OE3
j4).4, CACCRZ3.62E6
145.(, CAPCRZ67.0E3 j45.9 C1CCO45DE3
146.1, CACO25E3
166.3, CACCGZ3.24E6
14b.5, CACCM - CALORY CONTE.T CF LAT (AVERAGE OF PRK AND

S'1EEP -- 'CL/TO'VE) <145.2>
APCM - PROTEU\ CUNTET CF PEAT ((MS/TCE) (145.4)ACCR - CALORY CTE'.T CF RICE (CAL/TCE) (145.6)APCR - PROTEIN CrTE4T CF KICC (G/TC\E) (145.8)ACCO - CALORY COTE\,T CF FRUITS A.O VEETA9LES

(KCAL/TO'd.E) (146.1)
APCO - PROTEIN CO!TE!T OF FRUITS AC vEGETABLES

(Gs/rrE) <146. >
_ACCG - CALORY COrJTE\T CF WhEAT (146.5)

APCG.K=122E3
.147,__APCG - PROTEIN CONTENT OF WhEAT <17

C
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IV-D. MIGRATION

Linking together the urban and rural area populations is the model's

calculation of migration between the two. These demographic shifts are

incorporated into the model's calculation of year by year changes in rural

and urban populations.

The primary impetus to rurai,/urban migration appears to be underemployment

in the rural regions. The extraordinarily intensive farming practices in

Egypt leave little room on existing farmlands for the hundreds of thousands

of young adults who enter the rural workforce each years. The result of this

crowding is a push of young people out of rural areas and into the cities.

In the model, the rural/urban migration of 15 to 44 year olds (PXRTJN)

is based upon the number of adults aged 15-44 (PRX) and an effect of rural

employment (PXRTJME). The effect of rural employment is to establish a base

fraction for the portion of 15-44 year age group that migrates to the cities

each year. As shown in Figure 111-14, this fraction is assumed to be quite

low (but still non-zero) under conditions of extreme labor force shortages

in rural areas, and rises rapidly as the rural population makes a transition

from labor force shortage to labor force excess.

Besides the base migration rate determined by rural employment condi-

tions, four other factors are modeled as influencing the migration of un-

employed rural adults. Two of these effects--the effect of services on rural!

urban migration (PXRUMS) and the effect of income on rural/urban migration

(PXRIJMI)are determined by a comparison of conditions in the cities with

conditions in rural areas. Thus, superior services delivery in urban areas

relative to rural areas,34 or superior standards of living in urban areas

relative to rural areas,35 are assumed to be capable of increasing the rate

of rural-urban migration, in the manner shown in Figures IV-l5 The third
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Figure IV-14:
Effect of Rural Employment

on Migration

Base Fraction of Rural
Adults Migrating to Cities
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Figure IV-15:
Effect of Services and Living

Standards on Migration
Fractional Change in
Base Migration Rate
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effect concerns urban employment (PXRUMU), and incorporates an assumption

that labor shortages in urban areas will also boost rural/urban migration (al-

though labor surpluses are assumed to have no effect). This influence is

diagrammed in Figure !V-16.

in addition to the three endogenous influences on rural-urban migration,

a fourth exogenous influence is also included. This exogenous influence (PXRtJMX)

allows the model user to assess the consequences of government programs or

social changes that act to increase or decrease migration.

The final adjustent to the migration calculation concerns the role of

wives and children wb migrate with unemployed male adults. The model includes

an adjustment factor 1'XRUMM) incoporating an assumption that 50% of the

unemployed males who imigrate to urban areas bring their wives along with them.

This factor is included in the model as an external input that can be varied

over time. Rural urbam migration of 0-14 year olds (PQRUM) is calculated from

the number of marriedl inouples migrating (P?1CRUH) Since the adults migrating

to rural areas are typilcafly quite yjg36 the married couples migrating to

the cities would have fewer children to bring along for the move. In the modal,

this bias factor (PAC4WB) representing the fractiou of ths average children per

family that is associazted with, migrating parents is assigned a value of .3.:1IGRATj0J

148, APXRuU.K*?XRUX.K
PXRU' RUPL-UREA: IGRATI0. OF 1-44 'fEAR OtDS(NfYF-R) <1 '8)
PPX RUPAL POP.W.L4TIO GEO l-44PXRuE EFFECT CF RURL EMPLOYMENT ON RuR4L-URBA.

9GRATIJN (145>
PxRU'S EFFECT OF TSERvI CES 3'S PURL-URE. MIGRATION<150>
PXU'I - EFFECT O I'.COE ON RUALUPAN rIGRATION(151)
PXRU'M - EFFECT OF -MARRIAGE RUR UL" VIGRA1I0J

(152>
PX.RUU - EFFECT OF UREM EMPLDYUENT. O

MISRAT1 (15!)
PXRU'IX - EXOGENDUE jFLUE:CES ON RURAL URBANIGRATJ. (154>
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Figure IV-16:

Effect of Urban Employment
on Migration

Eractional Change in
Base Migration: Rate
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7xRuL'E.KTABHL(PxSuiET,(pRLF.:_PLF.<)/PRX.K,_.1, 149, A
.) .'c

149.2, 1
PXRU"E - EFFECT O RUFAL E!iPLOYMET ON PURALUFbAN

MIGRATI3N (145>
PXRUMLT TAELEI FOR THE EFFECT OF EMPLOYMENT ON
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PX - RURAL POPULATIO. AGED 15-44
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(150)

PXRUST TABLE FOR THE EFFECT OF SERVICES ON RURAL.
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PUSL - URBAN STANDARD CF LIVING
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(152>
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PULR .URBM LABOR REOLESTED (132)
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ACRICULTURE

Eyptiatr agriculture is the largest single consumer of water from the

Nils River.. The ebb and flow of theNile water for centuries determined

1ren- the crops would be planted and how successful the harvest would be.

Thannual flooding of the rich river-valley soiL enabled an intensive

wtCtvation of various cereall crops,. and. Egypt: for-many centuries was a bread-

aker for the Middle. East.

]V in dertr tImes, however; two maj or- changes have occurred. First, the

picUy growing Egyptiatr populátion strained and. then: exceeded the capabilities

f dotnestic. food production, and- by the 1960's tIle country was a net importer

sf td Seond,. control of the Nile With the Aswan: High Darn has greatly

txsnded the potential for EgyptIan agricultural production. Controlled

rIase of the NIle. water allows year-round. cultivation,, almost doubling the

couxtry's effective agricultural Iand area. Water cair he carried from the

i1 new lands never before available for culation-,. further increasing

Egypt's arable. land resources. In- addition, controL afT the. Nile largely

frees £gypt from the dangers of excessive or inadequate. water when the Nile

flood varies from its average flow.

In spite of the opening of the Aswan High Dam in 1965,. Egypt's agricultur-

al position in the mid-1970 is little better than in the early 1960's. The

country still imports considerable amounts of food,. because the increased

agricultural production from control of the Nile water has not kept pace

with the 30% population increase over the past ten years. And while control

of the Nile has expanded the land area available for cultivation, it has

necessarily increased the country's reliance on other production factors

(fertilizer, motive power from draft animals and mechinery, etc.)
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and introduced the prospect of seriou yield losses from increased soil

salinity and rising water tables. All of these trends affect the ability of

Egypt's agricultural sector to supply the surplus necessary for industrializa-

tion.

Two major considerations motivated the decision to develop a detailed

agriculture sector for this study of water resources. First, Egypt's

current access to water resources exceeds the water needs determined by the

country's current mix of other agricultural production factors. In the short

term, therefore, Egypt's success in increasing agricultural production will

be influenced very little by the availability of water, but very much by the

way that water is used and by the impact of other production factors. Second,

there exist long-term prospects for significant agricultural production gains

in Egypt, given the wide variety of production factors amenable to improvm'nt

by some combination of social and economic change. In the future, therefore,

water availability may emerge as one of the key constraints on agricultural.

production, if enough other production factors are adjusted to raise the

country's base agricultural capacity. It would be quite desirable to anticipate

when water availability might become an important limitation, and ithat

developments in agricultural production might be most likely to bring about

that result.

To thoroughly explore the role of Nile water in Egyptian agriculture In

the coming decades, and to evaluate the prospects for self-sufficiency Or

disaster (and the spectrum of outcomes in betweeni, considerable detail is

invested in the simulation model's treatment of agricultural product1ou.

The list of production inputs and influences included in the model is lengthly

and allows analysis of a number ofdifferent programs for boosting harvests

of various crops. In addition, the model disaggregates agricultural produc-
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tion among five different categories of crops, thereby providing a basis

for analyzing the mix, as well as the overall amount, of agricultural produc-

tion.

The allocation of agricultural production capacity among the five major

crop categories is modeled as depending largely upon projections of require-

ments for individual crops. tn the model, the needs for grains, fruits and

vegetables, and rice will be determined by the pppulation sector, the needs

for cotton, rice, and fruits and vegetables by Egyptts foreign trade position,

the need for cotton and other fibers by the economy's consumer goods sector,

and the need for fodder by the agricultural sector's livestock population.

Land is allocated among the five crops in response to these requirements;

the land area allocation and seed strains are the basis for determining each

crop's requirements for water, soil nutrients, motive power, and human labor.

For most of the agricultural production tnputs, the total demand implied

by sing the individual crop requirements will exceed the amount of the

resource available. In a free market economy, prices would fluctuate under

such shortage situations to allocate scarce resources among competing demands.

In:Egypt, agricultural production is largely regulated by the central govern-

Inent. The model attempts to represent this regulation with an allocation

process that responds to the priority for each crop's production, as well

as the amount of production required. To some extent these priorities reflect

government policies and programs. For instance, an export development

strategy might accord a higher priority to cotton production than to produc-

tion of various foodstuffs. These official priorities are parameters that can

be changed to represent different assumptions about government intentions. In

addition to the effect of government policy, priorities may respond to changing

agricultural conditions. For instance, increased soil salinity would raise the
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priority for rice cultivation, since that crop's higher tolerance for salt
would allow a more effective use of available production inputs.

A final aspect of agricultural production is the role of livestock.
The simulation model distinguishes between livestock maintained primarily for
draft pruposes and livestock maintained for food use (although the food
contribution from draft livestock will be recognized). Both livestock

categories consume fodder, and therefore compete indirectly for agricultural
resourceswith the other .f our crop categories. Both categories are a Source

of manure, which serves as n important soil nutrient.
-The -allocation of fodder between the two livestock types depends upon

the -competing requirnents :9rm0t1\ power in agriculture, versus meat

consuinptionbythepopulation. Increased mechanization would reduce the

crop-requriernents;fordraft livestock, which would leave more fodder
avilab1e:forfood1ivestQckQr would allow a direct reduction of the agri-
culturaL-resources (land, water, etc.) allocated to fodder cultivation.
Meat-requirementswiL bedeterrnined by the dietary preferences of the
population: and the. populations S absolute size.

he-roleoflivestock.in-Egyptian agriculture is complicated by several
iinpotedback. relationships that make it difficult to anticipate the
consequences of: a.lternatiya. policies for managing the livestock population.

For-example ,:increasecL mechanization might increase the land available for

cation-. -of.--e vgyptn crops. However, the increased mechanization

wove the i direct effect of decreasing the size of the draft livestock
herd. -The- reduced nemaud for fodder would limit an important source of -

soil. nu-trients,--.an eff-ectthat would be further compounded by the loss of

nutrient-rich manure. The simulation model should help determine the net

impact -on agricultural production of such an interrelated set of factors.



V-A. CROP AGRICULTURE

The agriculture sector of the Egypt model distinguishes among five

separate categories for crops. These production categories are:

1. Cottonand other non-food crops;

2. Fruits and vegetables;

3.. Rice;

4. Grains (not including rice); and

5. Fodder (mostly clover).

The crop categories listed above were determined by an evaluation of

the production factor requirements and end-uses of the dozen or so major

Egyptian crops. An attempt was made to group all crops with similar factor

requirements and end-uses so that the crops could be modeled as substitutes

for one another. Thus, cotton and other non-food crops constitute a category

obviously distinct from the other four cultivation types, which serve as food

for humans and other livestock. Fruits and vegetables are separated out

because they have water and labor requirements that are distinct from those

of other human food crops. Fruits and vegetables also have a different end-use

from other human foods, since they do not yet occupy a major portion of the
1

Egyptian diet and are grown mainly for export. Similarly, rice is differ-

ent from other grains In that it is an important export crop that is too

expensive at present for many Egyptians. The water requirements for rice

are also different from other grains. Fodder is different f:om other grain

crops in its end-use as a feed for livestock and in its ability to replenish

important soil nutrients..2

The major influences on agricultural production and harvests are similar

from crop to crop. Although some crops are more sensitive to certain pro-

duc ion influences than others, as mentioned above, generally applicable
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list of influences can be constructed.' This generality suggested the

development of a standard building block, or MACRO, to represent. the

processes of agricultural production and harvest. This standardized building

block is reproduced in model for each of the crops.

The Egypt model currently contains twelve separate influences on crop

production. These are:

1. Transportation Effects 7. Water Supply
2. Storage Losses 8. Soil Nutrients
3. Seed Type 9. Diseases and Pests
4. Land Area 10. Labor Supply
5. Salt Concentration 11. Machinery
6. Water Table Height 12. Draft Animals

Some of these effects (e.g., water table height) depend directly on other

variables in the model, while others (e.g., seed type) are external inputs

reflecting assumpt:ions about future trends in practices and technique. Sev-

eral of the effects are involved in important feedback relationships through
il'

a network of connections with other sectors of the model. As noted above,

a number of these production influences are more important for some crops

than for ather..

Far ease of expLanation, the model's standard crop building block

has been subdiviedi into five sections -- production, harvest, soil

effects, manpo'cer effects, and production adequacy (Figure V-i). Each of

these will be discussed in turn, followed by a listing of the model equa-

tions that. iiuplemetrc the descriptive information in the text.

Crpp Production The quantity of a crop (CROP) available for

food,- Industrial raw materials, or export is modeled as depending upon

three separate factors. The first is the actual amount of harvest (AR) that

is gathered from the farmland. Not all of this harvest, however, will

always be avaiiable for consumption. Inadequate facilities for storage or
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or marketing may combine to limit the amount of the harvest that is actually

made available for consumption. In the model, the storage and marketing

effects are represented as an external factor (ASE) that can be varied over

time to investigate the consequences of improved handling of agricultural

production. The storage effect is assumed to be different for different

crops, as diagrammed in Figure V-2.3

A second possible limitation on the amount of harvest that will actually

be available for consumption is transportation. The agricultural sector of

Egypt's economy must compete with the other industrial sectors for transpor-

tation support. The adequacy of transportation for agriculture (A1A), as

will be explained later, is the fraction of desired agricultural transports-'

tion that is actually supplied. The resulting transportation effect

crop production (ATE) will be different for different crops, since so

crops are more vulnerable to the delivery delays associated with inadequate

transportation than others. And fodder, which is typically consumed within

the same village or region where it is grown, would be unaffected by trans-

portation shortages (Figure

The transportation requirement for each crop (ATR) is determined by the

amount of the crop harvested (AR) and a normal transportation requirement

(ATRN) that represents the average shipping distance, in kilometers, for that

individual crop harvest.5 The individual crop transportation requirements

are summed to calculate the overall transportation requirement for agriculture.

The model determines the harvest (AU) for an individual crop by

totalling the harvests for Old Valley (AHO) and New Valley (AHN) lands. both

sub-harvests are determined by comparing the land area cultivated for the Crop

(AXF) with, the calculated average yield for the crop (AYO,AYN) in each laud

area.
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Figure V-2:

Storage Effect on Crop Production
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Figure V3:
Transportation Effect on Crop Production
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The average yield in either land area is determined from the seed strains

used and a combination of production factors and environmental conditions.

The seed strains used determine a reference yield (AYR) that could be obtained

with the optimal balance of factors and conditions. This reference yield will

seldom be realized in practice, however, since an optimal balance of effects is

all but impossible to achieve. In the model, these influences on the yield for

Old Valley lands are divided between soil effects (AYGE) and manpower effects

(AThE).

The soil and manpower effects are indices that can range in value between

zero and two. They represent the fraction of the reference harvest that can

be achieved, given current soil conditions and manpower availability. Thus,

a value for the soil effect index of .8 means that 80% of the reference

harvest will be available, assuming a manpower effect index of 1.0 The

two effects can re-inforce each other or counteract each other. For example,

a soil effect index of .8 and a manpower effect index of Li translates to a

combined index of .88 -- the actual harvest is reduced below the reference

harvest (by -12%), but to a lesser extent than if the soil effect were

operating alone. In this example, an excess of manpower (from human labor,

draft animals, or machinery) has partially compensated for prospective

harvest losses caused by soil effects (inadequate fertilizer, perhaps,

or excessive salt).

CRDP.H.K*ATE.*ASE.K 2, A
CROP - CROP PRODUCTION (TOES/YEAR) (2>
AH - AGRICULTURAL HAVEST (TONES/YEAP) <6.>.
ATE - TRA'JSPORTATI3N EFFECT O' CROP PRODUCTION

(4>
ASE - ST0RGE EFFECT C4 CROP PRODUCTiON <3>

ASE.K=TABHLCAsET,TIr.K,1960,2010,io) 3, 4
ASE - STORAGE EFFECT CROP PRODUCTION
ASET - TAbLE FOR STRACE EFFECT u CROP PRODUCTION

C
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ATE. TABHL(ATET,ATA.',,1,.25) 4, A
ATE - TR PCRTtTION EFFECT O\ CROP PRODUCTION

ATET - TABLE FOR TR AN5 FORTAT 1CN EFFECT ON CROP
PRODUCT

ATA - ADEUACY OF TRArSPORr.ATION SUPPLIED TO
AGRICULTURE <281.1)

ArR.KAH.<*ATFN
5, AATR - TRANSPOkTATION REQUIRED (TOJNE-MILES/

SEASON) <5>
AH - AGRICULTURAL HARVEST (TT,ES/YEAP) <6>ATR - NOR1AL TRANSPORTATION REUIREENT (KF)

CROP HARVEST

A.H_.KAHN.<+A9O.K 6, AAH - AGRICULTURAL HARVEST (TONNES/YEAR) <6)AHN - HARVEST ON NE VALLEY LA:DS <7>
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VALLEY (225)
AVO - YIELD C OLD VALLYE LANDS (10>

&YO.AyR.K*AYGE.K*AY-iE. 10, AAYO - YIELD 3N OLD VALLYE LA:DS <10)AYR - REFERENCE CP YIELD (TONNES/FEDOAN) <Ii>AYGE - SOIL (GROC\D) EFFECT ON YIELO <1)AYHE - MANPOWER (tIUTMM! ) EFFECT ON SEED YIELD <26)



A-14

Land Area and Seed Strains -- The land area allocated to each crop (AXF)

is determined by the competition among all five crops for the limited land area

available for agriculture..

The land area requested for an individual crop (AFR) is calculated from

the land area already allocated to the crop (AXF) and the desired annual

change in that crop's production (APDAC). Thus, desired increases in

agricultural production are translated into attempts to increase the amount

of land devoted to an individual crop. Similarly, planned decreases in

agricultural production reduce the requested land allocation.

The transfer of land among crops, however, cannot occur instantaneously.

Crops already growing on the land must first be harvested. Considerable

preparation may be necessary to shift from the cultivation of one type of

crop to cultivation of another. Furthermore, perception and implementation

delays will slow the reaction of land allocation to changes in the land area

desired. In the model, a delay is introduced (by means of the DYNAMO

"sMoom" function) between the amount of land indicated (AFI) for an individual

crop based on current demand conditions and the actual transfer of land to

that crop. This land transfer time (AFTT) is assumed to average three years.6

To begin the simulations, the 1960 values for land distribution among

the five crops have been provided to the model. The model generates its

own calculations for land allocation after 1960. The initial land allocations

are provided below:

I
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1960 Land Allocation (Thousand Feddan)7

Cetton Grains (ex.Rice) Rice. Fodder Other

l870 3,830 flO 2,850 860

The role of seed strains Is represented in the model by the reference

crop yield (AYR), a parameter that establishes a likely upper limit on crop pro-

thiction per feddan of land area As mentioned earlier, the reference yield is

he yield that will be manaIned with an optimal balance of production inputs and

environmental conditions, The reference yields are introduced into the model

as p ameters that can be varied over time. to test the consequences of the

introduct ion of new seed strains for any of the five crop categories. The

current model values for reference yield are suarized in the table below.

Reference Yields (Tonnes/'eddan)8

Cetton Grains (ex Rice) Rice Fodder

,45 2q05 3.1.5 18

AXF.KMOOTH(AFJ.W,.AFTT,<) 12. 4
AXF FEODAS FOR CROP PROOUCTI (FEJD#\S) <12)

Other

21.5

AFI - INDIC.ATED FELLAS FOR CEOP PRODUCTION
(FECDNS) (13.1)

AFTI - TIME TO TPANFES AGRICULTURAL LAND (YE4P)
<158)

13,
AFI=FJI 13.1, N

AFT - INDICATED FEDDAS FOR CROP PRODUCTION
(FEDDANS) <13.1>

SHA"E - ALLcJCATID TO SECTOR DETEP'1NED BY
LLOCATIO' 'ACRQ <1)

AFR - REQUESTED FEDD'S FR CROP PROJUCTIC
(FE:unAs) (14)

- SHOFIFALL I' F LL S (CjA'4S) <26>
AFWR - ETGHTEJ PEThESIC FJF AGRICULTLJRLL LAND

<228)
AXIN - OR1AL CROP PRIRITY (42.1>
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AFR.(1+.POAC.'(*AFTT.()*AXF.K 14,A
FR - EU[TE[ F[ODt\S FO CRCF FROCUCTLCNCFEDDS) (14)
PDAC - DESIkED AUL CHAG I' AGDICLILTURE

PRUUCTI'. (37>rTT - TIM: TO TRMSFE AGRICULTURAL LA!'D (YEARS)(158)
AXF - FED3S FOR CROP PROOUCTIO (FEDDAS) (12)

AYR.TALE(AYRT,TIME.,1960.201,10) 11, A
AYR - REFERENCE CRCP 'YIELD (TNES/FEDDA\) (11).
AYRT - TABLE FOR REFERE'.CE CRO YIELD

C
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Soil Effects -- The soil effect (AYGE) in the crop building block is

acivally a. combination of five separate effects on crop yields. These five

effects are the effect of salt concentration (AYSE), the effect of water table

height. (AYTE), the effect of water availability (AYWE), the effect of

nutLents (AYNE), and the effec.t of disease and pest losses (AYDE). Like the

cpjined soil effect, the individual effects are indices (although the range

fo a).1 is. Lirnted to zero to one). The five indices are multiplied together

t.p0d erjine the overalL soil effect. These five effects are diagrammed in

i E.igqte V-4, and described in turn below.

The first. three effects -- salt concentration, water table height, and

water availability -- are determined by developments in the model's water

scpr,, The salt concentration in the root zone (WSCECE) changes over time

dending upon irrigation and drainage practices. (The factors contributing

t, an, increase or decrease in soil salt concentrations are described in Section
- - - c - - - - - - - - -

1LL-C).. Although.different crops have a different sensitivity to a build-up of

we. assume. t.hat farmers will attempt to compensate for these differences

h. pantjng the more tolerant crops in the saltier soil. Thus, all crops would

hye.asimi1ar vulnerability to rising salt conditions, as diagrammed in

F4.gj.ir. V-S.

Th watnr table effect (AYTE) is determined by the fraction of agricul-

tpr1landwithasaturated root zone (WSATRZ). The water sector, as described

iii., Chapter III, maintains a constant assessment of the average water table height

i&tji basis for the model's calculation of the fraction of agricultural land

tMt is. so saturated with water that crop yields are impaired. At the extreme

where all ofthe land area is flooded, agricultural yields are assumed to fall

t9:miiimal fraction of their potenital value (Figure V-6). Rice alone is

assumed to have no significant sensitivity to the problem of water-logging, since

tje crop typically requires a plentiful water supply for proper maturation.
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Soil Effects -- The soil effect (AYGE) in the crop building block is

actuaLLy a combination of five separate effects on crop yields. These five

effects are the effect of salt concentration (AYSE), the effect of water table

height (AYTE), the effect of water availability (AYWE), the effect of

tutrients (AYNE), and the effec.t of disease and pest losses (AYDE). Like the

cj1ed soil effect, the individual effects are indices (although the range

f,p aLl is. limited to zero to one). The five indices are multiplied together

t det.etjne the overall soil effect. These five effects are diagrammed inQ -

iji Egir V-4, and described in turn below.

The three effects -- salt concentration, water table height, and

a,ter, availability -- are determined by developments in the model's water

The salt concentration in the root zone (WSCECE) changes over time

d4irg. upon. irrigation, and drainage practices. (The factors contributing

t,o an increase or decrease in soil salt concentrations are described in Section

ILL-C). Although different crops have a different sensitivity to a build-up of

saLt, we assume that farmers will attempt to compensate for these differences

b.:pant,ing the more tolerant crops in the saltier soil. Thus, all crops would

h,ye,,a similar, vulnerability to rising salt conditions, as diagrammed in

Pig V-5-..

Th,,,e water table effect (AYTE) is determined by the fraction of agricul-

t.prL land with a saturated root zone (WSATRZ). The water sector, as described

i, Chapter, III, maintains a. coast ant assessment of the average water table height

1s tj'e basis for the model's calculation of the fraction of agricultural land

that: is. s saturated with water that crop yields are Impaired. At the extreme

where all of- the land area is flooded, agricultural yields are assumed to fall

tp:a,mj.nimal fraction of their potenital value (Figure V-6). Rice alone is

assumed to have no significant sensitivity totheproblem of water-logging, since

the crop typically requires a plentiful water supply for proper maturation.
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Figure V-5:
flect f Salt Concentration on Crop Yield
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Figure V-6:
Effect of Water Table on Crop Yield
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The water availability effect (AYWE) is determined by the ratio of the

water available for an individual crop (AW) to the optimal application (XWO)

for that crop. The optimal water application depends upon the total land area

cultivated for that particular crop (AXF) and the per feddan water requirement

of tha crop. The per feddan water requirement is assumed to depend upon the

individual needs of the separate crops1° and the effect of the water table

height (AYTE). That is, a zone that reduces the potential harvest for a crop

is also assumed to reduce that crop's requirements f or addItIonal water (figure

V-7).

The actual amount of water applied to a crop will be determined by the

model's allocation logic, dividing the water available for agricultural produc-

tion among the five competing crops.. The water application could conceIvably

exceed the optimum water application, if a bias in favor of excessIve water

usage exists among the population.. The model's incorporatIon of such a bias

is discussed in Chapter III, but the. consequences of that b±as for agricultural

yields are apparent in Figure V-8, a diagram for the effect of water availa-

bility yield (AYWE). Note that the model provides for reduced yields for both

inadequate and excessive water application rates.

The fourth soil effect on agricultural yields depends oi the adequacy

of fertilizer (AYNE). It is calculated in the model from the ratio of

nutrients available (AN) for each crop to the nutrients required (ANR) for

that crop (Figure V-9). The crop nutrient requirements are dictated by the

land allocation (AXF) to the particular crop and the crop's potential yield,

as determined by the reference yield (AYR) and the three Water sector effects

(AYSE, AYTE, AYWE). Figure V-1O diagrams these requirements.11 The model

assumption is that crops whose potential yield is restricted by salt build-up,
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Figure V-7:

Crop Water Requirements

Water Required
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Figure V-8:
Effect of Water Availability

on Crop Yield
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Figure V-9:
Effect of Soil Nutrients

on Crop Yield
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Figure V-lO:
Soil Nutrient Requirements
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root zone saturation, or inadequate or excessive water require less soil

nutrients than crops whose potential yield is unrestricted by water sector

considerations.

The soil nutrients available to a particular crop (AXN) will be deter-

mined by the model's allocation logic. The total nutrients (organic and

chemical) availaile for agricultural use are allocated among the competing

needs of the five agricultural crops. Nutrient requirements for crop

agriculture are assumed in the model to be a combination of the require

meuts for nitrates and phosphates. It appears unlikely that future Egyptian

agricultural production wiU be hindered by a shortage of the third important

chemical fertilizer, potash.12

The impact of disease and pest losses on crop yields is the fifth soil

effect. Egypt's dry climate generally spares its agricultural crops from

the ravages of pests and disease that are typical of more temperate, and (
more wet, agricultural areas. Cotton appears to be the only exception,

and the model includes an assumption that cotton yields are currently

reduced an average 10% frotri the impact of pest losses.13 The cotton disease

effect, and the disease effects far other crops, are represented in the

model as an external factorthat can be varied over time to represent the

consecrtlemcas af futnre changes In the susceptibility of crops to diseases

and pests.

15, A
AYGE - SOIL (GRCU'D) EFFECT ON YIELD <15>
AYSE - 1$$ <16>
4YTE - EFFECT OF W4TER- T4LE O SE-D YIELD (17>
AYWE - EFFECT OF TER AVILALE D: SEED YIELD

-.

- EFFECT OF RTILIZER C!: YIELD (21)
AYDE - EFFECT CF DISEA SE A'JD PEST LOSSES O CROP

YIELD <25>
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BLE(ET,tcWC*(1FF(),0,2, jB, A.25)
AWE - EFFECT OF WATER AVAILABLE O'J SEED YIELD

(18)
AYWLT - TABLE FCR ATER AV&!LABIL!TY EFFECT i' CROP

YELO
AW WATER AVAILABLE FOR OLD VALLEY LA'DS tKCM/

SEASO'.) <2')
AXwO - OPTIU WATER APPLICATI3! fKC/SEASON) (19)
4.FFNV FRACTIO. OF AGRICULTURAL LAfD I THE JE

VALLEY (225)

3.AXF,<*TABLE(AXiOT,4YR.K*AyTE.<,YR.(, 19, A
OPTIUU WATER AFPLICAT1a tCM/sEAsON) (19>

&XF FECOAS CR CROF PRODUCTIO' (FEUOAS) <t2>
AXW'CT TALE FC WATER O9DcED FOR C,OP USE
MR REFERECE CROP YIELD (T3.FSFEflOAJ) (11)
AYTE EFFECT OF ATEp TABLE O\ SEED YIELD (17>

.K=SKARE(AXO,K*(1AFF,K),,AIw,(,AWR.K, 20, A

- WATER AVAIL5LE FO OLD VLLEY LA'IDS (KC'/
SESC.) <2D)

SNARE ALLOCATIO\ ID SECTOS CET ED BY
ALLOCATtO rACRa <1>

AXWO OPTIAUM WATEr, ALICATIC'. f'C'/S!ASO.) (19>
AFFiV FRACTIL. JF .C.RICULTUFJL LAD I' T4E 'JEW

VALLEY (22>
AWJ - SW)RTFALL I! ATER AVAILABLE CM/YEAR)

<231>
AWWR - EIGhTE) HEOUES1S FOR A&FICULTURAL WATER<'36)
AXI - O'AL CROP PRICFITY <:.i>
AWXF - F5ACTIQ.. FC EXCESS 'ATEP APPLICATO <234)
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21, A

AYNE - EFFECT UF FERTILIZER LN YIELD <21)
AY'JET - TABLE FP NUTRIE.YT EFFECT D CROP YIELD

- S3IL .UTRJETS (TOES/YEAR) (23>
AXF - FEDOt\S FOR CRGF PRCLLC1I (FEDANS) (12>
ANNF - ATURAL ADDITICr OF rwTIENTS TO FARVLAND

( (T D'E SI FE DO :) /YE Fc ) <158 4)
AXND - REQUIRED SOIL NLTPILTS (TO0ES/YEAR) <22>

22, A
O,tYR.<,AYR.K/4)

AXND - REQUIRED SOiL NUTRIE!TS (TOrES/YEAR) (22>
AXE - FEDDA\S OR CROF PRODUCTION (FEDDAJS) (12)
ART - TABLE FOR NUTRIENT REQUIPEMENT FOR CROP USE
AYR - REFERENCE CRlF YIELD (TOES/FEODAN) (11>
AYSE - <if>

-
AYTE - EFFECT CF WATER. TABLE C SEED YIELD <17)
AVUE - EFFECT OF WATER AVAILABLE ON SEED YIELD

<18)

AXN.K=SHARE( 23, A
AXN - SOIL NUTRIENTS (TONES/YEAR) <23>
SNARE - ALLOCATION T3 SECTOR DETERMINED BY

ALLOCATION MACRO <1)
AXNR - REQUESTED SOIL NUTRIENTS (TONES/YEAR) <24>
ANN - ShORTFALL IN NUTRIENT AVAILABILITY (237>

- WEIGHTED REQUESTS FOR AGRICULTURAL
NUTRIENTS (244)

AXIN - NORMAL CROP PRICRITY <42.1>

24, A
AXNR - REQUESTED SDIL NUTRIENTS (TONNES/YEAR) (24)
AXND - REQUIRED SDL NLTRIENTs Tcr;NESIYEAR <22>
AXE - FEDDANS FOR CROP PRODUCTiON (FEDDANS) (12)
ANNF - rSATURAL ADDITION OF NUTRIENTS TO FAR1LAND

C (TOt' ES/FEDDAN)/YEAP)' (158.4)

4YDE.TABLE(AYDET,TIME.K,196c,2ojo,io) 25, A
AYDE - EFFECT CF DISEASE AJD PEST LOSSES ON

YIELD <25)
AYOET - TABLE FOR DISEASE EFFECT ON CROP YIELD
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Manpower Effects -- In the Egypt model, the manpower effect on crop yield

(AY}iE) incorporates the contribution to agricultural production of motive

power--agricultural machinery and draft animals--and human labor (Figure V-il).

The manpower effects are represented with indices similar to the soil effects

described above. They are introduced into the model as a motive power

effect on yield (AYNE) and a labor effect on yield (AYLE). The range for

these indices runs from zero to two, to allow for intensive application of

manpower to compensate for poor soil conditions.

The motive power effect on crop yieLds depends upon the adequacy of the

motive power--draft animals and machinery--available for each crop (AXM). -The

motive power desired (AND) for each crop is determined by the land area (AXF)

allocated to the crop, and the potential crop yield indicated by the refer-

ence yield (AYR) and the combination of all soil effects (AYGE). Thus, it

is assumed that less motive power is required for a crop whose potential

yield is depressed by poor water conditions, limited nutrients, or disease

and pest losses (Figure V-12).14 The calculation of the motive power

effect on yield is diagrammed in Figure V-13. Note that increases in yield

above the potential established by the reference yield and the soil effects

are assumed to be possible with an intensive application of motive power.

However, the marginal returns to this incremental motive power are assumed

to be small, reflecting the inefficiencies using additional motive power to

coax more and more crop production out of a fixed land area.

The motive power available for a crop (AXM) is determined by the

model's resource allocation logic, with the total motive power available

for agriculture distributed among the competing needs of the five crops.

The motive power requested for an individual crop (AXMR) will largely be

determined by the basic desired motive power application (AMD) discussed above.



Figure V-Il:
Manpower Effects on Crop Harvests

ManpowerRequfred
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Manpower Available

Manpower Effects
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Dralt Animals Machinery
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Figure V-12:

Motive Power Requirements

Notive Power Required
(Draft Anirnals/Feddan)
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Figure V-13:
Effect of Motive Power Availability

on Crop Yield
Fraction of Reference
Harvest Obtained
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However, the model provides for more intensive application of motive power in

the event that rapid increases In crop production are desired. Thus, the

desired annual change in crop production (APDAC) is used in the model to adjust

the motive power request for each crop.

Section V-B will describe the sources of motive power for crop production.

At this point, it should be noted that agricultural capital and draft animals

assumed In the model to be substitutes for one another, so that there is

io Inherent yield advantage assumed for mechanization, although mechanization

4ncrease production by increasing the number of harvests per year.

he labor effect on crop yield (ATLE) is determined in. much the same

nner as the motive power effect.. The labor requirement (ALD) for a particular

qop Is determined by the cropts motive power requirement, and is consistent

'4th he differing labor requirements observed in Egypt)5 Per feddan

requirements are assumed to decrease with. an increasing substitution of

chinery for draft animals (ALDEG).. The labor available for the crop (AL)

wil be determined by the modelts resource allocation logIc, with agricultural

:bbor distributed among the competing requests of the five crops. The labor

quested for the crop (AXLR) will largely depend upon the. basic desired labor

aocation (ALD).. As was true for motive power, the model provides for an

extra application of labor in the event that rapid increases in. crop production

are. desired.

MANPOWER EFFECTS

26,ArhE - A"PCET9 (HUrAH EFFECT SEED YIELD <26)
AY1E - MOTIVE POE EFFECT D YIELD <27)
AYLE - LABO EFFECT O YIELD (32)

.<,Di2,.2) 27,
AV"E - OTIVE PE EFFECT C\ YIELD <27>
AY1ET - TALE FOR MOTIVE POE EEFECT 3' CROP YIELD
AX - "OTIVE V IIL4-LE F3R CRJ' (t!\ITS/SESC") <2>
AMO - MOTIVE FCWER DESIRED FR CP <26)
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2h, AA)
A'D - "OTI\'FT rOE DErFEU FO CRP <2E)AXF - FECDAS FOR CR0 PR3UCT1O (FEYA') <12)AMOT - TAELF "rT1L FCER SEUIRELT FOR CROP

U FT

AYR - REFEREN(0 CGP IEL1 (T i/FEDflAN) (11)AYGE - ¶O1L (GFOUU) EFFECT G YIELD (15>
AXM.KZS:1C2T(AI.K,TT) 29. AAYM - OTIVE P3ER AVAILA.LFT FOR CROP (UNITS!SESO) (2>

AMI - 'OTIVE POER I tICAIED FOR CROP (U'.ITS/SESO') <3t.1 )
AMTT - TIME TO TRASFER AGRICULTURAL MOTIVE POWER

(YEAPS) (158.b)

A1I.KSHARE(AXMR.,.K,AIM.K,4VLR.K,AXI4.K 30,5MIA?'D 30.1, NAMI - 'C'TIVE POWER IN CICA TED FOR CROP (UNITS/
SEASO) <30.1)

ShARE - ALLJCATID TTJ SECTOR DETERIED BY
ALLOCATION MACRO (1)

AX'R - MOTIVE POE PEGUESTED FOR CROP PROCUCTION
(UNITSfSESO ) (31)

AMN - SHOPIFALL I MOTIVE POWER <255>
AMWP - WEIGhTED EOUESTS FOP AGRICULTURAL MOTIVE

POWER (257>
AXI - NORMAL CROP PRICRITY <42.1)
AMD - MOTIVE POWER DESIRED FOR CROP (28>

AXMR.AD.K*TABLE(AXMRT,APDC.V,_.2,.2,.1) 31, A.AX"R - 'OTIVE P3ER RECUESTED FOR CROP PRODUCTION
(UNITS/SEASON) (31>

4'AO - FOTIVE POWER DESIRED FOP CROP 28>AXMT - TABLE FOR Ti[ EFFECT CF DESIRED
CHANGE 3 CROP MOTIVE POER REGUESTED
<1E8.8>

APDAC - !IESIRED tJr.UAL CMM4GE IN AGRICULTURE
PRODUCTION (37>

AYLE.K=TAELE(AYLET,4L.KIALC.c,0,2,.25)
AYLE - LABOR EFFECT UN YIELD (32>
AYLET - TABLE FOR LABOR EFFECT ON CROP YIELD
AL - EJ VkILAeLE FOR CROF (E4/SEASO) (34)
ALD - ME'4 DESIRED FOR CR0? (33>

ALD. (A. .f-1LRN)'ALDEG. 33, A._ALD - DESIRED FOR CROP (33)
AMD - MOTIVE POWER DESIRED FR CROP <28>ALR - NORMAL 'DTIVE PCER/LA RATIO <161.1)ALDEG - EFFECT OF SUST ITUT ION CF CiI"ERY FOR

D.AFT AJMALS ON L4EOR RE.UIREMENTS
<160.1>. -



.3)

..SO'T(ALt.1,ALTT) 34, A
AL - ME' tVALLLE FC C2OP (.E/SEASO) <34>
ALl - E: ID1CATED F C C°OP .1EJ/SEA'O"J) <35.1.>
ALTI - TIME TO Tr4'SFEP AGRICULTURE LACR (YEARS)

<159.2>

ALT. 35,
ALIzALD 35.1, N

ALt - MEr lCiCATEC FCP CPCP (iEN/SEASC) <35.1)
SHARE - LLOCATID TO SECTOR DETERMINED BY

ALLOCATIO4 MACRO <1>
AXLR - 'E1 PEUESTED F CR CROP (MEN/SEAO3N) <36)
ALN - SHOFTFALL t AGRICULTURE LABOR <249)
ALWR - 4EIGHTED PECUESIS FÜR AGICULTUPAL LABOR

<254>
AXIN - NORMAL CROP PRIJRITY <42.1)
ALO - 'EJ DESIRED FOR CROP <33>

AXLR.KALD.<.TABLEcAxLRTPOC.K,.2,.2,.1, 3, A
AXLR - AEN REQUESTED FCR CROP (EN/SESOJ) <36>
ALD - "Es DESIfED FOR CROP <33)
AXLRT - TABLE FOR TrtE EFFECT OF DESIRED PRODUCT ION

CHANGE Ot CROP LA9QR REQUESTED <160.7>
APOAC - DESIRLO AUAL CHANGE I" AGRICULTURE

PRODUCTION <37>
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Production Adequacy -- The crop building block continuously monito; the
demand for each crop's output to determine the adequacy of overall production.
A desired annua' change in production (APDAC) is calculated whenever a gap
exists between the demand for, and supply of, a pàrticuIàr crop. As c!iscussed
earlier in this section, the desired annual change determines individual crop
requests for laud, motive power, and labor.. Included in the desired annual
change calculation is any attempted direct government influence on the agri-
cultural growth rate (APGI). These gOvernment influences are external factors
that can vary over time to represent assüni,ti6ns aboót government pressures
for increases, cr decreases, in prodiiétion of indii&ul drops.

L'nother determinant of produiti5n adequaTcy is an -individual crop's
priority for agricultural resources.. -The m8del's alIoOátion of resources is
directed by the priorities that srveas s rogátesf5rrices, custom, and
bureaucratic government policies.. nthaiiodel, :t'5al priority for a
crop (AXIN) is determined by the bae riOrity (AIB) id the effect of water
availability (AIEWA). The base Jth{-ty is -an extéfnal parameter that can
vary over time to represent changing éixiphasis On rIiiiidual crops. The current
model values (shown below) reflect -c ipti5ns of the Tcffttent importance of -

individual crops and the results of sixnulaTtion inalysfs idth the model (higher
numbers indicate higher priorities as -described in ChitérVIII). The
effect of water availability is t {nérease the pri6rity for rice for production
factors when water is plentiful, siie rice is a watr intensive crop.

Fru-its intl OtherCotton Vegetab1es Eoddr Thfr Gralns

.068 .16 .-i. .09 6



PRUDUCTIJ' DE(ACY

ApDAc.TAEL:(PcTAPIC.,.2,.2,.o5) 37, A
APOAC DES!RED ct-Ar'GE jr AGR ICULTURE

PRODUCTION <37
APOACT FAhLE FO TH DESIRFC A:NUAL CHGE tN

AGRICLiLTUR.LL FRODUCTIO <161.3)
APIAC INUICTEJ AUAL ChGE FOR AGRICULTURE

PROCUCTIG (3E>

38, APIAC IOiCT-ED ANUAL CHANGE FOR AGRICULTURE
PROCUCT-IO <3>

APOEC DESIRLD FACTIO\AL CHAGE I AGRICULTURE
PRODUCT1O' <35>

ATA A0JUSTT liME FOR AGRICULTURAL PRODUCTION(YEAP) <I1>
APAT T1E TO PERCEIVE CHANGES I' AGRICULTURAL

PRODUCT-IN (YEARS) <lcl.7>
APOI - GOVERNNENT I\FLLENCE O AGRICULTURAL GROWTH

RATE <41)

39,AAPDFC tDESIRED FRACTIO;AL C}-A'GE I AGRICULTURE
RRODUCTIC (35>

APR REQUESILD CROP FROOUCTIOP
CROP CROP PRUJUCIO CTN"ES/YE) <2>

40, AAPN - SHORTFALL IN A&PICULTURAL PRODUCTIO (40)
APR - RECUESTE C2P FRODUCT ION
CROP CROP PR3DUCTI3 (TO ES/YEAP) (2)

APGI.2LEC4PGIT*TtE.K,l9E'J.21rj, 10) 41,par - GOVERMENT i:FLLENCE C AGRICULTURAL GROWTH
RAFE <41>

APGIT - TABLE GOVER;EN1 I4FLUECE ON PRCDUCTION

AX!.(AIB .< *ST(AIELA( .4T) 42, AAXI.'AI
42.1, N

- JCRtAL CROP PRICRIT <42.1)AlP B4SE CRCP PIQR ITY
AIEWA EF;FECT OF TER AVAJLILITY ON CROP

PRFOPiTY (44>
APAT - TIME TO PERCEIVE CHAGES IN AGRICULTURAL

PRODUCTIO' (YE.AFS) (1El.7>

43, AAIB - EASE CF.OP IOITY
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I4A.(zTAP1L(AIET,.K/AC.c,.7,1.1,.1) 4' AAIEW4 - EFFECT TER ,VAILAiL1TY O4 CROP
P.TRITW (4)

AA - WATER AV!LALE FR AGRICULTURE (232>AWO - tATE REi,ESTED (KC'/YEAP) <233>
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The following equations implement the crop "building block" for each

of the five agricultural crops. They specify the parameter values

conon to each crop,- as well as the parameter values that distinguish one

crop from another. They are listed here for reference.

COMST.NTS APPLICARLE 13 ALL USES CF THE CROP MACRO

158, A
AFT1T3/'/3/3/3/3 158.2, 1
AJ.NF010 158.4, C.

158.6, C
AXMRT.7/.9/1/1.15/l.4 158.8,1
ALTT1 159.2, C

AFTT - TIME TO TRANSFER AGPICULTL'RAL L4:D (YEARS)
<152)

AFTTT - TABLE FCP TI'E TO TRAriSFER AGRICULTURAL
LA'D (158.2)

ANNE - NATURAL ADDLT10 OF 'UTRIENTS LI FARMLAND
((TONNES/FEDDN)/YEAP) (158.4>

AMTT - TIiE TO TRASFER AGRICULTURAL MOTIVE POWER
(YEARS) <158.>

AXMRT - TABLE FOR THE EFFECT OF DESIRED PRODUCTION
CHANGE ON CRO MOTIVE POWER REQUESTED
(158.8>

ALIT - TIME TO TRANSFER AGRICULTURE LABOR (YEARS)
<159.2>

160, A
LTT)

ALDEG1 160.1, N
ALOEGTZ.2/.4/.61.6/1 160.4, T
AXLRT.7/.)f1/1.3/1.75 160.7. 1
1LRN.75 161.1, C

161.3, T
APTA4 161.5, C
APATl 161.7. C

ALDEG - EFFECT F SUSTITUTICN OF MACHINERY FOR
DRAFT A\I4LS ON LAEO REUIREENTS
<16f.1>

ALOEGT - TABLE FOR THE EFFECT OF SURSTITUTION CF
MACHINERY FOR DRAFT ANP'ALS O
AGR ICULTURaL LAEOR REUIREETS (1E0 .4)

AOL - DRAFT L1VEST3C AVA1LALE <259>
AM - MOTIVE POEk AVAILALZ (258>
ALIT - T1E TO TREE R ASiCULTURE LABOR (YEARS)

<159.2)
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3RI\ PRO.)UCTIOPI

JP.CR(A'ET,TrT,TRJ,I.T,A\YRT,YS5T, 163, AA VTT,A Et..TAyF T , ,y:rT, .Y"ET,
,\H,ANH3,

ANY ,A\NR ,i'JYHE ,Ii !Y 4;i kYLE, ANL, ALR,
A PD A C , A N P , A I F A I , 4 \ I C \, A :\ , A N I L)

163.'J, IATET.75/.85f.92/.96/1 164.2, 14TRk33
164.E CAZT'LT. P3/ .16/.O6/.O6/.C6/.O E 164.7, 1

A'dYRT1.8f1.3/2.15/2.15/2.15/2.15 164.9,1
AYF1/lf.9E/.87/.8C/.7i.5/.3/O 165.2, 1
AYSTH4.25 1ILL1HOS1CM 165.3, CANYSZY16 MILLIMHOS/CM 165.6, C
tYYTET1/.)5/.9/.6/.1 165.9,1ANYWET=P/ .51 .751.92111.951.9 1.81.6 166.2, 1ANOT'C/.73/1.36/1.86/2.35 166., IA4FII3.83E6 166.6, C
4NYJETCf.6f.8/.9/1 166.8, 1
ANNTtf.O35/.O65/.CfJ/,1jQ 161.1,1
A'tYDET.9/.9/.9/.9/.9/.9 167.3,1
A'JYNET.3/.5/.7/.85/1/1.O8/1 .14/1.17/1.2 167.6, 1
ANTQf.9f.15/.15/.l6.. 167.8,I._ -

ANYLET/.3z/.65/.85/1/1.15/ 1.25/1.3/1.35 168.2, 1
A4P31Tz.C5/.35/.C5/.05/.05/.05 168.4,1-4rEAT1/1/1/1/1 168.6,1 UANP - GRAIN PRCDUCTIOt (TONF4ES/YEAR (163>

CROP - CROP PR3DUCT1ON (TON\ES/YEAR) <2>
ANSET - TABLE FOR STORAGE EFFECT O GRAIN

PRODUCTION <13.9>
ATET - TA9LE FO THE EFFECT OF TR SPORTAIICN

4DE'U4CY O GPAIN PRODUCTION <164.2)
A"JTRN - TRANSPORTATIDNi RE;UIREENT FOR GRAIN

(KILOMETERS) (164.5)
ANI4T - NOR!AL PRIORITY FOR GRAIN (14.7>ANYT - TABLE FCP EFERENCE GRAI! YIELD (1OiNES/

FEDDAN) <i64.>
NYTT - TABLE FOR THE EFFECT OF WATER TABLE FEIGHTON GRAIJ YIELDS <165.9)

- -ANYWET - TABLE FOR -THE EFFECT OF WATER APPLICAtION
ON GRAIN YIELD (166.2> --AOT - TABLE FOR REUESTED WATER ORDERS FOR 6AI4(C/FEDDA) (166.4> --Ar;YET - TABLE FOR THE EFFECT OF SOIL NUTRIENtS ON
GRAIN YIELD <166.8>

- TABLE FOR EUESTED FERTILIZERS FOR GRAIN
(TOLS/FEDDA) <167.1>

ANYDET - TABLE FOR TIE EFFECT OF DISEASE AND PEST
LOSSES ON GRAIN YIELDS <1673>

AYMET - TABLE FOR THE EFFECT OF MOTIVE POWER ON
GRAIN YIELDS (167.6>

AN!DT - TABLE F3R DESIRED MOTIVE POER FOR GRAIN
(A!IMALUNITS/FEDDAN) (1678)

ANYLET - TABLE FOR THE EFFECTOF LABOR ON GRAiNYIELDS (166.2)
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A\PR - REQUESTED GIN 'RGDUCTION (169)ANPG1L - TALE FC GOVERE'T I\FLJENCE U DESIRED
GRAiN ROUCTIN <I6.4)

ANI.EJAt TAELE FO TriE EFFECT O WAT.P AVAIL1LITY
Cj'J THE NOR.AL PRItTY FJR GPAIN <16.6)ATR - TRA'SPORTAT I EUIRLO FO GRAIN

ANH - HARVEST C GFAI\ cTar.\EG/yER)
ANHO - GRAIN HAPVEST F1O' OLD VALLEY LAOS

- GRAiN HARVEST. F jO1 :E VALLLY LANDS
- FEDDAJS ALLOCATED TO GkfI'J

AAJER - FECOANS EUESTED FOR GRAIN
ANF.1L - INIT.1A1 l&"i) AREA FO GRAIN (1b6.6)

- GROUND EFFECTS C; GPAI YIELD
ANYSE - SALT EFFECT. Gt CRAIN YIELD
ANYtE - ATER T.AELE EFFECT- GPIN YIELD
ANYW!. - ATER AVAtLAEILITY. EFFECT. O( GRAr4 YIELD

- OPTI&L WAtER &rPLICATION FOR GRAIN (KC/
YEAR)

AMYNE - SOIL NUTRIENT EFFECT- ON GR&IN YIELD
A\NR - GRAIN UTRIETS REQUIRED
ANYHE - HUMAN EFFECTS O\ G.AIN YIELD
A.Yt1E - IOLLVE POE EFFECT- ON GRAIN YIELD

-

- MOtIVE P3ER FOR GRAIN
ANMP - MOTIVE PDIIE RECUSTED FOR GRAIN
ANYLE - LABOR EF-ECT ON GRAIN YIELD
&NL - LAOP FLR GrIN
A.NLR - LABOR REUESTED FOR GRAIN

. ANPOAC. - DESIRED ANNUAL CHANGE FOR GRAIN PRODUCTION
-ANPN StCRTYALL IN PRODUCTION OF GRAIN

ANI,F - GRAIN FRIQRI TV FOR FEDDANS
- GRAIN FRIGRITY FOR TE
- GRAIN PRIORITY FOR CHEMICAL NUTRIENT-S

A.N111 - GPAIN P-PI.OR1T-Y FOQ DTIVE POWER
ANLL - GRAIN PRIORItY FOR LAB3R
ANYSTH - T.HREHOLD SALT CONC TRAT-ION FOR YIELD

EFFECT: ON GRAINS (CONDUCTIVITy OF
SATJJRATED SOIL EXTRACT) <1b5.3>

AYSrZY - ZER3YILD SALT- CCNCENT2ATION FOR GRAINS
(COiCUCTIVlTY 0F SATURATED SOIL EXTRACT)(165.0>

ANPR.KpUP.I+PP.V 169, A
ANPR - REQUESTED GRAI' PRODUCTION (169)
PUrI'R -- REQUESTED UREAN GRAIN CNSUPT-ION (TONNES/YEAR)
PRNR. - RE3UESTE3 RURAL GRAIN CONSU'PTIOf.4 (TCNNES/

YEA,fl.

173, A
- EIGriTED REUESTS FOR GRAP' PRO3UCTIO(173)

PUNR - REQUESTED URFAN GRAIN CiJ\SUMPTTCN (TC\NES/
YEAR)

UIN -- UR PI2RITY- F.CFi OF Al.;
PRNR - E'UESTC RURAL CRAT CO SUPTI3\ (TO ES/

YEAR)
H PRIN RURAL PRIORITY FLR GRAIN
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A'JP.Q.KAX( O,A.P\.(A\Q.K) 171. A- U- 'RCiUCT1O SH2FTF ALL AFTEF I"PCRTS(171>
APN - Sr4ORTFALL j PRCflUCTIC' CF GRAiN- GRAIN IIPORTS 1uEs/Y[R (172>

AQ.KGAi'(V.</XANP.K 172, A- GRAI IPORTS (1ON'E/YEA') (172>
- POUtDS VSLL!C CF tGRICUL lURE IMPCRTS (475)

XANP - PRICE FOR IPORTD GPA1 (POUNOS/TONNE)(478)
A'JQR.KANPN.K 173, AAJQR - REQUESTED GRAIN IMPORTS (TONES/YEAR) (173>AP - SHORTFALL I" PRCDUCTION OF GRAIN

RICE PRODUCTION

ARP.KCROP(ARSET,ARTET,#RTRNRINT,APYRT,ANYSET, 174, A
ARVTET,ARYE1,ARWOT,ARyNET .ARLRT,ARYDET,AR'MET,
ASMDT,ARYLET,ARPR,ARpGIT,AKjE!AT,ARTR,ARH,4RHO,
ARHN,APF,ARFR,ARFI1,4RYE,ARYSE,ARYTE,ARYWE,ARWO,
4RYE,ARNR,ARYhE,ARYE,ARM,ARMR,ARYLE,ARL,ARLR,
AR PD AC A R P "i, AR I F, AR I , AR IC .AR I M, A RI L)

ARSET.9/.9f.9/.9/.9/.9 174.9, 1ARTET.75/.85/.92/.96/1 175.2,1ARTRN5O 175.5, C
ARiNT=.12/eO9/.39/.O9/.O9/.O9 175.7,1ARYT2.7/2.7/2.7/2.7f2.7/2.7 175.9 IARYSTH4.25 MILLI1HOS/CM 176.2, CARYSZYl6 MILLIMHCS/CM 176.5, C
&RYTET1/.98t.95/.9/.8 176.8,1
ARY.ETO/.1/.4D/.2/1I.95/.91.8/.6 177.1,TARJTO/3.O8/5.72/7 .92/8.8 177.3, TARFII..7iE6 177.5, CY4rTzZt/.6/.8/.9/1 177.7, T
AJRTC/.O25/.O45/.O65/.O8O 177.9, 1
ARYOETz.9/.9/.9/.9/.91.9 178.2,1
AfMET.3F.5/.7/.B5/1/1.OE/1.1k/1.17/1.?. 178.5,TAR'3T)/.195f.25/.3/.32 178.7, T4RYLETO/.35/.65/.&5/1/1.15/1.25/.3f_ 179.1,J_APIT.O5/.1/.1/.O5/.O5/.O5 179.3, 1
ARIEWAT1/1.1/1.5I2/3 179.5,1

ARP - RICE PRODUCTION (TO:tES/YEAR) (174>
CROP - CROP PRODUCTIO (TO4tES/YEAR) (2)
ARSET - TAPLE FC STRAGE EFFECT O RICE PRODUCTION(174.9)
ARTET - TABLE FOP THE EFFECT OF 1R4\SPORTATION

ADEQUACY Ot P iCE PRCOUCTION (175.2>



ARTRJ - TR SPORTATId RcurREEJT. FOR RICE(KILTEFS) <j75.5>- JORAL PkIOITY FOR RICE <175.7)- TAeLE F EFEECE RICE YIELD (TONS/FEDGA\) <175.3)
ARYTET - TAF3LE FC T-E EFFECT OF WATER T.AOLE HEIGHT-

O RICE YiELDS <17.E)AR'nJET - TABLE FOR TE EFFECT OF RATER APPLlCATIO"O RICE YIELD <177.1)
ARWOT - TABLE F(R EQUET.ED WATER ORDERS FOR RICE((CM/FECDA\) <177.3)
ARYNET - TAbLE FC Tr4E EFFECT CF SOIL UTRIETS (YLRICE YI.EL3 (117.7>
ARNRT - TALE FOR RCUESTED FERT.ILIZEP.S FR RICETO\tE/FECDA) <177.)AROT - TAbLE FOR. TJ-E EFFECT 0F DISEASE A1Q PEST-LOSSES ON RICE YILES <17S..)- TAEi1.F FO' 1H EFFECT C MOTIVE OER O1

RICE YIELDS <178.5)
ARDT. - TABLE FCR LTESIRLD MCTflIEPOWER FOR RJCE-

1IALUiTS/FEDO') <178.7)ARYLET - TABLE T EFFECT CE LABUR O RICE.YIELDS <179.1)
ARR - RE1.jEST RiCE FSCDUCTI3a <18C)
ARPGIT - TABLE FOR GCVERMENT INFLUENCE 3 DESIREDRICE PRODdcTI;' (179.3>ARIEAT T*LE F ThE EFFECT OF WATER AVAILArILITYO flit. \Qt PRIOrITY F3 RICE <179.5>ARI1R - TRA\SPO TL.. E(UIREJ FO RICE- AVEST OF RICE tTCNLS/YEAR)A4O - RICE FR OLD VALLEY LENDS- RiCE AVEST FR" NE'. VALLEY LANDSARc - FEDANS LLDCATJ TO RICEARR - FEDOA'S EESTED F'R RICEAR1I - I'TIL LA' ARIA FO. RICE <177.5>R1SE - GROUD EFFECTS ICE YIELD- SALT EFFECT f\ PICE YIEL[)ARYTE - A4TE T;LE EFFECT C RICE YIELD*ARYE - WATER AVAILAILITY EFFECT 3N RICE YIELDARO O?TUAL AT: AFPLICLIION FOR RICE (KC/YEf)- SOIL di'1E 1 EFFECT 3 RICE YIELDAR?'R - RICE TI[IIS sECU1REOARE - EFFECTS O RICE VIELE)AR'rME - 'CTIVE POE EFFECT ON RICE YIELD- "OTI\iE C--.EAR'D - "JIIVE PCVE E"LEcTEC FO RICEA°YLE - LAbOR EFF:CT o zxc: YIELD
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ARL - LAEO FOR RICE
ARL - L.OR 3LE-TEC FOP. F ICC

- DESIRII A. ;L:L CA[ F1F. F. ICE PRCPUCT1O
AR. - SHOPTFLL I PRC21'CT1C CF RICE
A1F - RICE PRIO°ITY FCR FE:cC;s
ARI - RICE PRIO¼ITY FCR WAlER
AICN - R10E PRIORITY FCk CHE'1CAL \LTRIINTS
ARITM - RICE PRIORIV FCR O1IV[ POWER
AOIL - RICE PRiORITY FCP LAOF
ARYSTH - THRESHOLD SALT CCC TTIO F3R YIELD

EFFECT O RICE (Ct.UUCTIV1TY CF SATURATED
SOIL C.XTPT) <17f.2>

ARYS2Y - ZEROYIELD s:LT CQCENTiATIN FOR RICE
(CODUCTI1TY OF SATURATED SOIL EXTRACT)
<176.5>

ARPR .KPRRR .K+PUR .K.CARP.sc 1.0, A
ARPR - REQUESTED IICE FkODUCTTON (180>
PRRR - REQUESTED RLfAL RICE cO\SUNPTION (TQNESI

YEAR) ___
PURR - REQUESTED L'REN RICE. COSUMPTION (TONES

YEAR)
CARR - REQUESTED PtE EXPORTS (462>

181, A
CIAR.K)

ARWR - WEIGHTED RECESIS FOR RICE PRODUCTID (181)
PRRR - REQUESTED RiVAL RICE CSUMPTIO (TONNESI

YEAR)
PRIR - RURAL PRIORITY FOR RICE
PURR - REQUESTED UAN RICE COUMPTION (TONNES,

YEAR) _____
PU1R - URBAN PRIORITY FOR RICE
CARR - REQUESTED RICE EXPORTS (462> ----- -

COTTON PRJDUCTION

4CP.K=CROP(ACsET,ACTET,CTRN1ACI\T,ACYRT,ACYSET, 182, A
ACYET, 4CY.ET,ACWCT,4CY'.ET CRI,ACYDET,&CYrIEI,
AC?T,ACYLET,ACPR,ACPIT,A\IEWAT,ACTR,ACH,ACP1O,
AC-",ACF,ACFR,ACFII,ACYGE, ACYSE1ACYTE,ACYWE,ACWO,

ACPPAC,4CP'j,ACIF,ACIW,ACJC\,ACIr,4CIL)
ACSET:1/1/1/1/1/1 182.9, t
ACTET1/1/1/i/1 183.2, T
ACTRN21O 183.S, C

183.7,1
ACYRT.38,.3,.38,.3H,.38,.38
CYSETi/1/.9R/.95/.87/..f/.7/.5I.3 1R4.2,1
ACYSTh5.S JLLIF-OS/CM 184.3, C
ACYSZYz23 MILLP4HOS/CM 184.6, C
ACYTET1I.95/.9/.6/.1 184.9, 1
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ACYET/.1/ .45/.3/1/ .35/.c!,.8/ E 185.2, T

CT/1.3i/2.5/.7.1/.3. iss I
CFII1.7E6 185.6, C
ACYETO/.6/./.di/1 185.8, T

ACNT.O/-. 186.1. T

186.3 I

ACET.3/.B/.7/.s5/j/1. /1 .1'+/1.17/1,2 166.r, I

1868, T

ACYLET/.35I.E5J.85/1/1.15/ 1.25/1.3/1.35 187.2, 1

ACPSIT.5/.5/.r5/.E/.o5/.o5 187.4, T

4CP - CCTTL: PROCUCTICN (TC\E/YFAR) <1&2)
CRUD - CROP PR3IJt.ICTION (TOY.ES/YEAR) <2)
ACSET - TABLE FOR ST3RAOE EFFECT ON COTTON

PRCOUCTI. (1P2,9)
ACTET - TAELE FOR Tt-E: EFFECT CF TRA\SPORTATIN

ADEGUACY ON CCTTU\ PRODUCTION <1832>
ACTRN - TRANSPOPTATI EOU1REMET FOR C0TT3.

CKILOETE) <183,5>
ACINT - ORAL PRIORITY FOR COTTON <183,7)
ACYRT - TABLE FO REFERENCE COTTON YIELD (TONNES/

FEDDAr: (193.)
ACYTET - TALE FOR THE EFFECT OF ATE TABLE HEIGHT

O COTT3' YIELDS <lBk.9)
ACYWET - TALE FO THE EFFECT OF tATER APPLICATION

ON COTTO' YIELD <185.2)
ACWOT - TAbLE FOS RFUETED ATER ORDERS FOR COTTON

(KCM/cEJDA') (185.>
ACYJET - TABLE FOR TE EFFECT CF SOIL NUTRIEJYS ON

CQTTO\ YIELD (185.8>
ACNRT - TABLE FOP RECUESTED FETILI?ERS FOR COTTON

(TONNEc/FEjA .) <1E.. 1)
ACYDET TALE OC THE EFFECT CF DISEASE ND PEST

LOSSES COTIU\ YIELDS <186.3>
ACYMET TABLE FC THE EFFECT OF 'OTIVE POWER ON

COTTC YIELDS <18.>
ACMDT - TABLE FUR DESIRED 'OT lyE POER FCR COTTON

CANILU;jTS/FE3DA..) <1E.8>
ACYLET TABLE FOR TkE EFFECT UF LABCR O COTTO':

YIELDS <17.2)
ACPR REUESTEL CDTTO PROCUCT1CN<188>
ACPGIT - TABLE FC OVERN4ENT IFLUECE Th DESIRED

COTTON PRCDUCT!ON (1 74>
ANIE,.IAT TABLE FOR T'-iE E FECT OF ATEk AVAILABILITY

O THE PRIITY FO GPAT4 <168.6>
ACTR TRAPOFT4T iDr ECUIRED FOR COTTO
ACH HARVEST OF C3TT (TOES/YEA)
ACIO COTT 1EST F".0 OLD VALLEY LADS
ACHN - COTTC HQVEET FO' ALLEY LANDS
ACF - FEDDAN ALLOCATED TO CDTT.
ACFR FEDLAS ;Er..EST FC COlT)
ACFII - INITI..L L.. 0 MRcA Fr C'TTJ <1&'.E>
ACYGE rouC EF:CTO C' 00110 Y"LD
ACYS - SPLT EFFECT C JTT YIELD
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:CyTE - TEP T-LE FFCT O C'TT:
ACYE - wATEE A\,AILA-IL ITY EFFECT O. CGTTu YIELD
ACO - ?TIAL ATLR AHLICATJCN FJR CO1TCJ (KCM/

YEAR)
ACYE SOIL NUTRIET EFFECT ( COTTON YIELD
ACR CCTTU UTR 1ET REtJ-IED
ACYHE HUr%'. EFFECTS O COTT3 YIELD
ACYME - 3TIVE PCLF: EFFECT O' CCTTO Y1tO
AC! - OTIVE PCCk FO COTTCJ
ACMR 'OTIVE FER EL!ESTE F3R CorroN
ACYLE LAOF EFFECT O. COTTCJ YIELD
ACL LAHCR FCR COTT3'
ACLR -LABOR PEULSTtD Fop COrTON
ACPDAC DES IPED ANUAt. CHA'5E FOR COTTON PRODUCTION
ACP4 SHORTFALL -I PR CDUCT-lOr.. OF COTTON
ACIF - COTTON PRIORrTY FOR FEODANS
ACIW - COTTON PIORITY FOR ATFTR
ACIC" - CCTTO FRIOS1TY FOR ChEInICAL NUTRIENY
AC11 COTTON PRIORITY FOR OTIVE POtR . ____
ACIL COTTC PR1OITY FOR -LAbOR
ACYSTH TQCSH3&.D SLT CONCLT3ATIO FOP YIELD

EFFECT O C3TTON (CO'DUCTIVfTY Of
STUP4TD SO-IL EXTRACT) 1843->

ACYSZY ZERO-YIE-LD SAT CONCErTRAT-ION FOR COTTOJ
(CCOU-CTIVITY Of SATURATED SCIL tXTRMT) _ _________ -.-
<184.&-)

ACPR PEC-UESTED COTTON PR3UCTION <18'
UACR REQUESTED AGRICU4TJRL RA TERLS F'OR

CONSUER GOOO -36C> -

CACR REQ-UESTED COTTO! TEXPORTS <468

ACWR WEIGHTE-O E1JESTS FOR COTTOr ?RODUCTION - -------- -
<:1 gT9>

UACR REG-IJEST-ED AG2ICULTUt RA 'ATER1AtS FOR - ___ -- -

£ONSUER GOODS <-36O-
CACR REGIJ-ESTEO -COTTON EXPCRT (46

V PRODUTION -.--.- ---.....

°"
-

AO,AOF,ADFR,AOFII,ACYGE-,OYSE-,AflYTE,4OYwE,AOC,
AOYNE,AQ4p.,AOYHE,AOVi1[sAQM,AQM,y.LE,Ao-LA&LR,
AOPDAC,AQp,43IF,4CJW,AuJC,AOIN-,Ac1-L.) .
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190.9. T

191.2. 1)TS2Q 191.c, C
)l\TlE/.l6/.1E/. 1/.16/.1 191.7 I

A)12Cf20/2/2C/2C/2Q 1l.? 1A'YSTH;425 ILLIHOCfCf 1922t C)YSZY;16 MILLI'OS/C 192.6, C
192.9 I

Ac3YET;0/,1/.45/.75/1/.5/.9/.8/.6 193.2,
O3TU/2.23/L4.13/5.72/6.36 193.4., 7

-. 193.St CAOYETCf,6I.8ISIi 193.8, IANRT0/05Q/. O/.12CI1Q 194'l.i I

194.,3 I

194.6 I
AMO0/.175/.1/. IIE/.12 194.8, I
AQYLET;0/,33/.b5/85/i/i15/1,25/13fi35 195.2 i:

195k I
AOP F.V PRODUCTIc\ (TOYES/EAR) <ISG>
CROP CROP PRODUCT1O' CTOE/YEAR) <2>
OSET TABLE FOk SIDRAGE EFFECT 4 EV PROOUCT1O'

<150.9>
AOTET, TABLE FR THE EFFECT OF TRASP0RTATION

ADEQUACY O FV PCDUCTiO! <191.2)
AOIR TRArSPOS1:AII3\ REUIREENT F3R F,V

(KILOEfERS) (191.)
AOJT NORMAL PRIORITY FOR FV <191 .p

. AOYRT TABLE FOR REFERECE FV YIELD (TONES
EEDDA) <191.)>

AQTET TA.LE FC THE EFFECT OF ATP. TABLE HEIGHT
O E&V YIELDS <192.5)

- TABLE E3° TE EFFECT OF ITER A?PLICAI1O
O F&V YIELD <193.2)

AOWOT TABLE FC PEUETED ¶TER ORDERS FOR F&V
(KCM/FEDOA\) <153.4)

OYET TALE FDR THE EFFECT OF SOIL NUTRIE'TS O'4
FV YIELD <198)

OR1 - TABLE FOR REUETED FERT1LZERS FOR F?V
(O\i\4ES/FEDDA) <1B'.1>

AOYDET TAELE EO THE EFFECT 0 DISEASE AiD PEST
LOSSES OJ FV YIELD5 (194,3>

AG'ET - TABLE FOR THE EFFECT OF MOTIVE POWER ON FV
YIELDS <19.)

AUtOT - TABLE FC DESIRED 3TIVE POWEP FOR FV
A!}LU\ITS /FEDDM.) <194.8>

OYLET - TABLE F-Cs T-iE EFFECT F LABOR O F&V YIELDS
<195.2>

AOPR REQUESTER FV P.CDUCTIO. <196>
ACPGII - TABLE FOR GDVER ET I':FLUECE Ot'. DESIRED

F!.V PRDUCTIO\ <195.>
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AIEAT TAfLE F Tv-IC EFFECT C ATEP VAILA1LITY
O T[ i)1TY F3 <168.6)A'TR - TkA'.SCC\TAi i\ kLUIrLL FOR FP.V

-''.R\iEST 'F F'j TOL/YEAR)
ACHO FRUITE A[ VCGE TAELE AP VEST FROM 01-0

VALLEY LDS
FRUITS A\D VEGE1A-S HARVEST FRO4

VALLEY L4-OS
AOF FEDDAS ALLOCATED TO F.V
AOFR FEDDA\S RJESTEP FOR vav
AUFII I1TIAL LA RLA F3 FV <1936-
AOYGE ROUC EFFECTS C- FV YIELD
AOYSE SALT EFFECT C F.V Y1E40

WATER TAELE EFFECT C. V YTELOADYE ATR AVLILAIL1TY EFFECT O FV YE-L0AOO OPTIMAL WATEF AFP CATC: FO F&V ('KC1/
YEAR)

AOYNE SOIL NUTRIDT EFFECT C FV YIt-D
AONR FRUITS MD VtGE1AttS UTRIENTS .RtQURtO
AGYHE HUMA\ EFFECTS O FV Ylt-LO
AOYME MOTIVE PDER. EFFECT ON FV YIt&O

!OT1VE POWER FOR FV .----A0R MOTIVE POWER RECUESTEC FOR FV
A3YLE LABOR EFfECT ON FV Y1EO
AOL LABOR FQ F.V
AOLR LABOR FEUETEO FOR &V
AOPD.AC DESIRED 4LJAL ChA?GE FR FV PRODUCTiDJ
AOPN SHORTFALL ! PRCDUCT-IO OF F&V

--AGIF FV PRIORITY FEDDAS
A3IW F&V PRIORITY FO %-ATEF
AOIC FV FRIORIThY FOR CHE!iICA4.. UTR1E?SAGIM F8.V PRICRITY FOR iOTIVt POWER
AOIL FSV PRIORITY FOR tAECR
AOYSTi4 ('JO EFFEC TriREHOLD SAtJ ONCtNTRATi0'! FR

YIELD EFFiCT C. VU-lT Y. VtGETALE-S
(CONDUCTflI-1TY OF SATURTED SOIt. EXTRAt
<i9-22)

_YSZY -ZtROYIELD At.T CCNCEgTRATICN FOR FRtIiTS _____ ----AND VtGETLES (CG-rDUCTiVITY OF STUR-ATtD
SOIL ET'ACT) <1926>

AOPR1 PUOR'. KPRQRCO',1( 196',
AOPR REQuESTED F&V PRODUCT1Or <I'9
PUOR REQUESTED tRBAt' FRUITS AND

CONSUPTIDr (TCNNES/YAR
PROR REOUETED RURAL UITS A:D VEGETAB.E

CO\SU1PTD (TNE/YEAR)
CAOR RECUESTE'D F?V EXPORTS (465)
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R.(PJOR.'(/PUIO.)+(POR .K/PtC.<)+(CAOR.P'/ 197, A
C1A0.K)

A)WR - EIG4TE3 PEUESTS FCR FV PRODUCTIfl <197)
PUOR - EQUEST'0 LJR-A\ FRUITS D VEGETA3LE

CQ\SUPTIN ( 1'NES/VEAR)
PUIO - UR9A PRIO1TY FOR FRUITS AD VEGETAbLES
PROR - REQUESTED RURAL FRUITS O VEGETAbLE

C0SUTID\ C TotEs'Y:AR)
PRO - RURAL PRT3SITY FOR FRUITS MD VGETAEiLES
CAOR - REQUESTED F.V EXPORTS ('465)

FODDER PRODUCTION

p. CROP(1E5ET,AETET.AETRM.AEpT,AEyRT,ANYSET, 198, A

AEMDT,AEyLET,AE,AEP1T,AIEWAT,AETR,AEi1,AEHO,
, AEF , t. £F h , AEFI I, AEY GE, AEYSE , EY TE, AEYWE ,4E.AEY'E,4E!R ,YHE,ALYE,A,AE,AEYLE,IiEL,AELR,

EPD4C,AEP,AEIF .AEI,AEIC ,AE rfr,EIL
SE1z.3I.9f./.9/.9/.9 198.9, T

AETET1/11/1/1 199.2. 1AETRiQ 199.5, C
AE11z.t!.1I.1/.1I.iI.1 199.7,1
AET-1/18/1E/18/18/18 199.9, T

eEYST4.25 '4ILLIrthOS/CM 200.2, C
EYSZY1 M1LLIhOS/C 200.5, C
4EYTET1/.95/.9/.6/.1 200.8,1
AEYWETC/.1f.45/.75/1f.5/.9/.8/.6 201.1. 1
AE'43TO/1.O1/1 .88/2.E/2.9 201.3, 1
AEFII2.RSE6 201.5, CAEYET1/1/1/1/1 2)1.7, 1
AE1'T0f.'05I.01/.u2/.33 201.9,7
AEYJET.9/.9/.9/ .I.9f. 202.2, 1

2C2., I
AEMt.)T0/.2/.37/.'2/.'t5 202.7, T

203.1,1
203.3, 1

AEP - FODDER PSODUCT I C (TCES/YEAR) (198)
CROP - CROP PRJUCTIO? (TO.ES/YEA

) (2>
AESET - TABLE FO STORAGE EFFECT O!i FODDER

PRODUCT1O (1.9>
AETET - TABLE FC TE EFFECT OF TA:.SPCRTATI

ACEUACv O FCDDER P0DUCTION (199.2)
AETR4 - IR :SPORTT1U?. PEQUIREMET FOk FODDER

CKIL3ETE) <199.5>
AEIT - ORL PIS1TY FOR F3DU[R <155.7>
AEYRT - TABLE FO REFERENCE FCDLER YIELD (TO,ES/

FEDOA) (159.5)
AEVIET - TAkLE F3 THE EFECT OF ATFR TAPLE HEIGHT

O FOOER YIELS <2C.>
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YFT 1A1[ FCR TrE EFFECT rr PLICA1IO
Or FOrDER YIELJ <21.1>

EWOT - TABLE FG REUETED ATLR OFDER FOR FODDER
(KC/FEDUA) <201.3>

AEYNET - T AiLE. FOR T'i E. FFECT 01 SOIL NUTRIE'1S O4
FODL.E YIELD <201.7>

AENRT - TABLE FC RECE STED FET ILIZERS FOk FODDER
(T(ES/FEDDA.) (2C1.>

AEVOET - TABLE FO T-4E EFFECT OF DISESF AND PEST
LOSDES O FoDDER YIELDS <202.2>

AEYMET - TABLE FC ThE EFFECT O tOTIVE POWER ON
FODDER YIELDS <202.5>

AEMDT - TABLE FOR DESIR ED OTIVF POER FOR FDDER
ANIfr ALUNITS /FEDDt) <202.7>

AEYLET - TABLE FD ThE EFFECT OF LABOR ON FODDER
YIELDS (203.1)

AEPR - PEGUESIDO FODDER PRODUCTION <204>
AEPGIT - TABLE FÜR GOVER r!ENT pFLuE:CE ON DESIRED

FODDEP PP3UC1ION <203.3>

ANIEA.T TABLE FOR THE EFFECT C LATER AVAILABILITY
O THE. OPAL PRIOITY FOR GRAI'I (168.6>

AETR - TRASPORTATIDN FEOUIRED FOR FODDER
AEH - HARVEST OF FODDER (TO\ES/YEAR)
AEHO - FODDER HARVEST FROM CLO VALLEY LANDS

- FODDER HARVEST FOr EV VALLEY LANDS
AEF - FEDDNS ALLOCATED TO FODDER
AEFR - FEDDANS REOUESTEE FOR FODDER
AEFI! - INITIAL LAND AREA FOR FODDER (2O1.>
AEYGE - GROUND FFECTS C FODDER YIELD
AEYSE - SALT EFFECT ON FODDER YIELD
ACYTE - WATER TABLE EFFECT ON FDDER YIELD
AEYWE - WATR AVAILABILITY EFFECT ON FODDER YIELD
AEWO - OPTIhAL WATER AkPLICATI0 FOR FCDDER (CM/

YEAR)
AEYr4E - SOIL NUTRIENT EFFECT ON FODDER YIELD

- FODDER NUTRIENTS REQUIRED
AEYHE .- HUMAN EECTS ON FOODE YIELD
ALYME - 'DTIVE POER EFFECT C' FODDER YIELD
AEM - MOTIVE PDER FOR FODDER
AEMR - TMOTIVE PO\aER REcTUESTEO FOR FODDER
AEYLE - LABOR EFFECT Ut; FODDER YIELD
AEL - LAEOR FOR FODDER
AELR - LABOR REQUESTED FOR FODDER
AEPOAC - DESIRED AJUAL CHANGE FOR FODDER PRODUCTION
AEPr - SHCRTFLL IN PRODUCTION OF FODDER
AEIF - FODDER c1OR1TY FOR FEDDANS
AEIW - FODDER PRIORITY FOR LATER
ALIGN - F000Ek PRIORITY FOR CHE'ICAL NUTRIENIS
AEIM - FODDER PRIORITY FOR MOTIVE POWER



AEIL - FODDER PRIORITY FOR LOR
- THRESHOLD SALT CCNCE'.TTIO' FOR YIELD

EFFECT FOCER (CU'DUCTIVITY OF
SATURATED SOIL EXTACT <200.2>

AEYSZY - ZERO-YIELD S4LT CO4CE!TATIO DR FODDER
(CC?DUCTIVITY OF SATURATED SOIL EXTRACT)

AEPR.ADER.K+A8ER.< 204, A
AEPR. - REQUESTED FODDER PRODUCTION (20k)
ADER - FODDER PEQUESTEC FOR CRAFT AIM4LS (TCNt4ES/

YEAP) <31't>
A3ER - FODDER REUESTE FO FOOD ANIMALS (TONNES/

YEAR) (332)

AEWR.K(ADER./A9IE.+(AEER.K/ARIE.) 205, 4
AEWR - WEIGITED REQUESTS FOR FODDER PRODUCTION

<205>
ADER - FODDER REQUESTED FOR DRAFT ANPIALS (TONES/

YEAR) (314)
ABER - FODDER REGUESTED FOR FOOD AIALS (TONNES/

YEAR) <332>

c
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V-B. AGRICULTURAL RESOURCES

The preceding description highlighted five major resource inputs that a

used to determine agricultural production. These are land area, watet

nutrients, labor, and motive power. In addition, transpottticti is ät Th

direct input that determines how much of the crop harvest is availab fbt

consumption, and energy is an indirect input that determines the produt1ity

of agricultural machinery. This section describes the model's ca1ulätt%

of the total availability of these resources for use in agtlt.

Feddans - The major consideration regarding land area as an

resource is the balance between the land area requested for all CtOP (An)

the land area available for cultivation (AFC). The total land area

f or agricultural purposes is determined in a sttaightfor at mar net by

the individual land area requests for each crops The land area ätIb3 ft

cultivation, however, is the more complicated vattable, as it f1t*

number of different factors. The total potential arable laM 1

the competition for land area provided by population and industttai

ments, and the potential for multiplecropping are all impo'tat4t

important factors are represented explicitly 1t the modelB t àth?tt ö 1äb

resources.

The feddans available for cultivation (AFt) ate deteriined fi the

by the feddans available for agriculture (AF) and the

potential established by water availability and mechaniatiôtt. Th

available for agriculture (AF) are in turn detetmined by the total pOtthttã

arable feddans in Egypt (APP), less the land temoved for use ty the Ufbãft

population, the rural population, and industry. The model's estiãtê

for urban per capita land requirements (PUFN), tural er capita 1ah
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quirements (PRFN), and industrial land requirements (GFN) were determined by

an analysis of changes in arable land area over Egypt during the last 15 years.16

FEDOA'JS

AF4.KzMAX(4FR.AFC.<,0) 206, A
AF - SHORTFALL I' FEDDANS (FEDOAS) (206>
AFR - REcUES.ED FECDArS FOR CROP RODUCTIO

(FEDDA".S) (14)
AFC - FEDOAS VAILA5LE FOP CULT1VATIO1 <2)8)

AFR.KARFR.+AF' .+ACFR.(+A CFR.<+AFR,,( 207, A
AFP. - REQUESTED FEDDAS FOP. CROP PRODUCTI*JJ

(FEDDA'JS) (14)
ARFR - FEDDAS EQUESTEC FOR RICE
ANFR - FEDDA'S SECUESTED FC 5RAI!
ACFR - FECOAS REGeUEST ED FC COTTON
AOFR - FEDDAS P.ECUESTED FnJR FV
AEFR - FEDDA'S REJESTED FOR FODDER

AFC.AF.*C1+AFCF.*AFCCE. ) 208, A
AFC - FEDDA4S AVAILAbLE FOR CULTIVATION <28>
AF - FEDDA4S AVAILABLE FOR AGRICULTURE <209)
AFCWE

t
- EFFECT CF 4rER SUPPLY O FE3DA\15 AVAILAbLE

FOR CULTIiATIN (211>
AFCGE - EFFECT AG1CuLTUrE CAPITAL 0 FEDDAS

AVAILA5LE FOR CULT1VATIO <213>

AF.K=AFP.(PU.<*FUF)( (&G. W*UG.K)*GF)_(pR.(* 209, A
PRF)+'F.K

PUF!.C14 2O.2, C
PRF.014 209.4, CGF4E-4 209.6, C

AF - FEDDANS AVAILAbLE FOR AGRICULTURE <209)
AFP - PCTE\TI(L ASAELE FEDDANS (215)
PU - URBAN PCPULATI3 (1.2>
PUF - 3RL UBAN PS CAPT TA LAND

<229 2)
GG - CAPITAL GOO!S I PLACE FOR CAPITAL GOODS

PRODUCT IC
UG - CAITAL GDS J\ PLCE FOR CONSUMER GOODS

PRODUCTIO\
GF - r3R'A F.DUSTRY PER U.IT LAND REQUIRE!ET

<2fl .A)
PR - RURAL POULATIO <135>
PRFN - OPAL PtJAL PEP CAPITA LND REUIRE'CNT

<29.4)
NF - PRODUCTIVE FDD .S IN E VALLEY REGIS

<2e7)
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The simulation model represents two specific possibilities for increasing

the arable land in Egypt. The first is reclamation of land in the Nile Valley

area; the second is reclamation of land in the New Valley. The equations for

both reclamation programs represent the financial investment required to recla

land for agriculture and the delays that exist before the land can become fuliy

productive. Reclamation for Nile Valley lands is described below; New Valley

lands are treated separately in Section V-Cs

The model treatment of potentially arable feddans (APP) - land availabit

for agriculture - distinguishes between established arable land (APE) and

arable land being developed (AFID) Established arable land comprises fully

mature acreage, and was assumed to number 7.4 million feddans (including resl

dential, commercial, and industrial land) in 1960. Arable land being develo

is newly reclaimed land that requires further trading before it becomes fully

developed. This development process between reclamation and full productivity

is assumed to take six years (AFTP).. During that six year period, newly

reclaimed land is assumed to be only 40% (AFPF) as productive as established

land.

Reclamation of land (AFRA) requires the allocation of investment resources

(AFGD) from the model's capital goods equations. Like the other sectors of the

model, the agricultural sector establishes a target f or annual investment

activity (AFGO), based upon the desired land area reclaimed (APGOT) and the

costs of the reclamation (AFGR, assumed to be 400 Egyptian pounds per feddan).

The commitment of capital investment for land reclamation (AFGC) uses the

model's resource allocation logic to determine how much of the targeted

reclamation will be provided. As in industrial investment (see Chapter VI),

the construction activity (AFGLA) that follows the commitment of resources

will determine how reapidly (APGRT) the recimation process is conceluded.
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AFP.FE.+FLD.c .FPF 215, AFPF.4
215.2, C

AFP - POTENTIAL 4?LE FEDDL <215)
AFE - 1LISrLD APALE F[C[S <216.1>
AFID - ARA-LE FEDDA'.S ?EI& D:vLPEc <212.1)
AFPF - PGDUCTI)' FACTcR FDP LAND IN DEVEL3PEZ1# IL

AFE,(:AFE.J+(JT)*(AFR.J) 216, L
216.1,AFEi7.4E6 216.3, C

AFE - ESTALISHED SALE FECDA1S <21.1)
AFEP. - RATE FCR ESTABLISHED ARt&PLE FEDDANS <217)
AFEJ - 1960 ESTUATE OF ESTAbLISHED ARiP.LE FEr)D4NS

(INCLUDES RESIDENTIAL. COERICAL. AND
U3SUTRIAL LAND) (216.3>

AF.r(AFI.</AFTP 217, AAFTP6 217.2, CAFER - RATE FC ESTBL 1hED ARALE FEDDA\S <217)
AFID - ARALC FEDDA\S BEING DEVELPED <215. .1)
AFT° - TIME TO DEVELOP RECLAIMED FEDDAS (YEARS)

<217.2>

AFID.c4F1O.J+(DT(FRA.JAFFTR.J 218, L4F13=(AFGO/AFGR)*AFTP 218.1,
f' AFID - ARAELE FCODA\S EEIND DEVELOPED <21.1)

AFRA - RECLAATID CF FEDCA.S FOR AGRICULTURE
<2 15)

AFER - RATE FC ESTPLISI-ED AALE FEDDNS <217)
AFGO - DESFEfl RECLA TION ACTIVITY <225)
AFOR - INVETIENT PEu IRED LAND RECL4ATION

(P'UNOS/FEOO.A) (219.2)
AFTP - TIME TO DEVELOP RECLAIMED FEDDAS (YEArS)<217.2>

AFRA.AFGD.(/AFGR 219 4AFGR40Q
219.2. CAFRA - ECLAATION OF F:coA S FOR AGRICULTURE

<2 15>
AFGD - CO1PLETIO1 OF I.VESTE\T FOR RECLATION<220>
AFGR - I VETE\T REQU IRED LANfl RECLAMATIOU

PCuM)s/F:JDA) (219.2>

220, A
AFGD - COMPLETIC OF I VESTE:T FGR RECLA'AT1O\

(22G>
AFGC P VET E\T CC ' IT'E T T LA 0 RECLA 'uTIO4<224.1>
AF5RT - TI E FOP. COLE LION CF ECLATICN PCJCTS<221.1)

OLD 'JLLE'Y L.ND ECLTiO'. I PROGE-SS
(FED 0 A ' S)
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221, AAFRTAFGRTN 221.1, NAFGT - TIME FOP C'"PLE lION CF ECLAATI1 PROJECTS
<221.1>

AFGIP - )LD VALLEY LAND PECLAAT1CN IN POGRFSS
(FDDAS)

AFGCA - ACTIVITY FOR LAD RECLA4TION (222>
AFGRTN - TIM TP RECLAIM LAND (YEARS) (223.2)

5FGCA.SHARE(AFGCR.K,GFN.K,FJGC.v,pWR.K,AIN.K) 222, A
AFGCA - tCTIVITY FOR LAND RECLAMATION (222>.
sNARE - ALLOCATION TO SECTOS DETERMINED EY

ALLOCATION MACRO (1)
AFGCR - ACTIVITY REUES1LD FUR LAC RECLAMATION

(223>
- SHORTFALL P. PRCDUCTTON CF CAPITAL GOODSGPR - WEIGHTED REQUESTS FOR CAPITAL GOODS (367>

AIN - !ORMAL PRIORITY FOR ACRICULTkRE (253>

AFGC.<AFGIP.K/AFGRTN 223, A
AFGRTN1 223.2, C

AFGCR - ACTIVITY REQUESTED FOR LAND RECLAMATION
(223>

AFGIP - OLD VALLEY LAND RECLAMATION IN PROGRESS
(FEDDANS)

AFGRTN - TIRE TP RECLAIM LAND (YEARS) (223.2>

AFGC.KSHARE(4FGO.K,GON.K,AF1GO.k,GOkR.K,AI.K) 224, A_
AFGCAFGO 224.1, N

AFGC - INVESTMENT COMM ITMENT TO LA'JD RECLAMATION
(224.1>

SHARE - ALLOCATION T3 SECTOR DETERMINED BY
ALLOCATION MACRO (1)- AFGO - DESiRED RECLM411ON ACTIVITY <225)

GON - SHORTFALL IN ORDERS FO CAPITAL GOODS <376)
GOWR - WEIGHTED ORDERS FOR CAPITAL GOODS (375)
A1N - NORTMAL PRIORITY FOR A&RICULTURE(253)

AFGO.KFIFGE(AFGO1.K,FGO2.K,AFGSW,1) 225,A
AFGSW2 225.2,

AFGO - DESIRED RECLAMATION ACTIVITY <22)
.AFGO1 - ORDERS FOR INVESTMETI'. LAND RECLAMATION

(POU!'DS/YEAR) (226)
AFGO2 - RECLAMATION ACTIVITY DESIRED (227)
AFGSW - SWITCH FOP TESTiNG DESIRED RECLAMATION

ACTIVITY (225.2> ___

AFGO1.TA5HL(AFGO1T,TJME.K,196O,2C1D,1O)*1E3*AFGR 226, A.
AFG)1T3/3Q/33/3C/3Q/3O 226.2, 1

AFGO1 - 3RDERS FOP 1\V!STMENT IN LAND RECLAMATION
(POUNDS/YEAR) (226>

AFG1T - TAHLE FOR I'VESTMENT RECLAMATION ORDERS
(THOUSAND FED DANSfYEA) (226.2>

AFGR - INVEST'ENT RETU IRED FOR LAND RECLA4TIOZ ... - -
(PO1JNDS/FEODAt) <219.2>
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AFGQ7.KFIF3E(3G,AFGU2C,1 8G ,TI'E.K) 1E3*AFG 221, 4
GD2CO 227.2, C

AFGO2 SECLAMATION ACTIVITY DESIE <227)
AFGO2C COT4T FC RECLAMATI3' ACTIVITY DESIRED

(227.2)
AFGR INVESTE\T PQU IRED FO LAND RECLAMATION

(POUM)S/FEDO) (219.2)

228, AACIF.AcR.r/tIF.AEFR.'/4EIFS
AFWR EIGHTEQ REQUESTS FOP AGRICULTU4L LAO

<22S)
APFR EEDDAS REOUESTED FOR RICE
ABlE RICE PRI3RITY ECR FECD4S
A4FR EEDD4NS .EUESTED FO GRAIN
ANIE GR4P PRIORITY FOR FEDDA'JS
ACFc FEDD.ANS REQUESTED FnR CQTTO
ACIE COTTC PRI(RITY FOR FE3DAtS
AOFS FEDDA'IS REQUESTED FOP FV
AOIF F&V ERIRITY FCP FEODAS
AEFR FEDDANS REQUESTLL) FCR FODDER
AEIF FODDER PRIORITY FOR FEDDANS

AFFNV.K:F.(/AF.K 229, A
AFFNV FRCTIC" OF AGR. ICULIURAL LASD IN THE NE

(
VALLEY <229)

NF PR3OLCflVE F:Do S I 'JEW VALLEY REGIONS
<287)

AF FEDDANS. AVAILA2LE FOP AGRICULTURE (209)

AF3.KAF.F. 23, A
AFO OLD VALLEY AGICULT'JPAL AREA (23C)
AF FEDDAS AVAILABLE FP AGRICULTURE <209)
NF PSCDUCTIVE FE3DS I; NEW VALLEY REGIONS

(287)

I
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The cropping index that determine the base productivity of agricultural

land is calculated from a water supply effect (AFCWE) and a mechanization

effect (APCGE). Of these two, the water effect is of only historical interest,

and relates to the expansion of perennial irrigation to another 8000,000 feddans

of Egyptian agricultural lands following the completion of the High Dam in the

mid 1960's.17 The mechanization effect, in contrast, should be much more

important in the future, as the accumulation of agricultural machinery enables

the Egyptians to reduce the growing season for their crops and squeeze more

crops into a given time period. The mechanization effect is calculated in the

model by comparing the total agricultural machinery available (AG) with the

land area available for agriculture (Ar). As shown in Figure V-14, increases

in this ratio increase the intensity of land use for crop agriculture. The

model assumes a maximum average cropping index for Egyptian agriculture of

2.5 crops per year)8

The land resources portion of the model computes two indices to measure

the intensity and effectiveness of land use. The cropping index (Aid) is

a ratio of feddans available for cultivation (ArC, actually expressed in terms

of crop feddans per year) to feddans available for agriculture (Ar). The

cropping index affects calculations of labor and machinery availability, and

is also available to iionitor the model's performance regarding land use. The

efficiency index for laud use (AFEI) involves a more complicated calculati

of the allocation of land among the different crops. Egyptian agriculture

operates under a complex crop rotation system that requires a balance between

summer crops (rice, cotton, and corn) and winter crops (wheat and fodder).

This year round crop rotation increases the productivity of land, motive power,

and labor, since it mdnixnizes "downtime" during the off-season. However,

these advantages can only be realized if the land areas allocated to the craps

PUGF-1-ROBERTS ASSOCATE.S. INC.



Figure V-IM:

Mechanization Effect
Q1 Cropping Index

Cropping Index Indicated
by Machinery Availability
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in the model are balanced to reflect the seasonal requirements for cultiv-tion.

The land use efficiency index assumes values less than 1.0 if the land area

allocation to summer crops strays too far out of balance from the land area

allocation to winter crops. The efficiency index is used in labor and motive

power portions of the agricultural resources sector of the model to determine

the effective am unt of both actually available.

AFCGE.KZTABLELAFCGET.AG.P(/AF.K,O,LIOO,lOO) 210, A2l.3,T
AFCGE - EFFECT OF AGRICLLTURE CAPITAL GJ FEDDANS

AVAIL4LE FOR CULTiVATION <210>
AFCGCT - TABLE FflR T EFFECT OF AcRICULTURALCAPITL FECDANS AVAILABLE FOR

CULTIVAT1C (210.3>
AG - AGRICULTURE CAPITAL GOODS (POUNDS) (262.1>
AF - FEDD 4VAILALE FOR AGRICULTURE (209>

FC.KzTABLE(AFCET,ASR.K,Q,2.5,.5) 211,A
AFCETz.3/.R4/.86/.89/.93/l 211.2,1

AFCWE - EFFECT O WATER SUPPLY ON FEDDANS AVAILABLE
FOR CULTIVTICN <211>

AFCET - TABLE FO T-E EFFECT OF ATEP SUPPLY ON
FEDDArS AVAILABLE FOR CULTIVATION <211.2>

ASR - WATER SUPPLY RA11O FOR AGRICULTURE <212_______.
ASR.KSM00TH(LN.K/AOOV.K,AWSRAT) 212,4
AWSRAT3 212.2, C

AWSR - WATER SUPPLY RATIO FOR AGRICULTURE (212>
WLN - WATER I LA(E rASSER <1.1)
AWOOV - WATER REGUESTED FOR OLD VALLEY LANDS <235)
AWSRAT - AVERAGIrG TIME FOR WATER SUPPLY RATIO FOR

AGRICULTURE (YEARS) (212.2>

AFCI.KAFC.K/AF.< 213, A
AFCI - CROPPING INDEX <213)
AFC - FEDDAS AVAILABLE FD CULTIVATION <2D8>
Ar - FEDDANS AVAILABLE FO AGPICULTURE <209>

AFEI.P1(MAX(O,M4X((AEF.KArF.K)(ARF.K+ACF.K), 214, A
(ARF.K+ACF.K)(.AEF.K+AF.K )))/AFC.)

AFEI - EFFICIENCY PDEY FOR LAND USE (214>
AE.F - FEDD4NS ALLOCATED TO FODDER
ANF - FEDJANS tLLOCATED TO GRAIN
ARF - FEDDAS ALLOCATED TO RICE
ACF - FECOAS ALLDATED TO COTTON
AFC - FEDDANS AVAILABLE FOR CULTIVATIOt <208>
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Water The adequacy of water for agriculture is determined by the
balance between. total water requested (AWO) and the water actually applied

to the soil (WAS).. The total water requested for agriculture is the sum of
the individual optimal waterapplications for the five different crops.

Determination ofthewater- applied to the soil, however, involves much more
complex calculations.. The reader is referred to Chapter III, where the
cLetemiiiants oftheamountof:water applied to the soil are described.

I mted earlier: iii discussing the effect of water on crop yields,
under- soiae circumstances- the. water applied to the soil may exceed the optimum

application rtesfàr-the. individual crops. Under these circumstances,
the fraction for- excess water- application (AWXF) assumes a value greater than
one... This var-table is used in the crop building block to distribute the ex-

cess water- across aliT crops in proportion to the optimal water application

(2 for each crop..

A. ..<NAX(G W3OV..-WAS.K) 231, A
AWN - SHORTFALL IN WATER AWAILALE (C4/YEAR)

<231-)
AWOOV - WATER PEUESTED FOR OLD VALLEY LAOS <235>
WAS - NILE WATR APPLIED TO SURFACE IN OLD VALLEY

(CM/YR) (37.1)
AWAWASviNVSP. 232, A

AWA - ATER AVAILALE FOP AGRICULTURE <232)
WAS - NILE WATER APPLIED TO SURFACE IN OLD VALLEY

tKC/YR) <37.1>
WNVSP - NEW VALLEY .ATER SUPPLIED BY GROU\D WATER

PU"PINS <'>
AWQ.ARWOANWO.ACQ.(+A CWO.K+AEWO.( 233, A

AWO - ATER REUCTEC (KC/YE <233)
ARWO - OPTIMAL WATER ,PPLICATjO FOR RICE CKCM/

YE A R )

ANWO - DPTUAL WATER A PLICATIC F3R GRAIN CM/
YEAR)

ACO - OPTIMAL WATER AFPLICATION FOR CGTTG (KCi/
YE AR)

AOO - CPT1/'L ATER APLICATIfl. FOR FV (rC/
YEAF)

AEWO - OPTIJAL 'AT APPLICATION FOP FOOE,ER (cC'/
YEAR)
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,AA.K/Ao.K) 234, A- FFACTIC FOR EXCESS .tTER APPLICATON (23)AA - ATE 4VtILELE FOR AGRICLLTURC <232>
A'O - WATETc PE,UESTED NC*iY[AR) (233>

AOOV.KAWO.K*(I_AFFNv.K) 23,AACOV - ATER RLUESTED FOR OLD VALLEY-LANDS (235>
- A1ER REUFSTED c'i/YEAR) <233>

AFFNV - FRACT1Or. OF GR ICULTURAL LAD IN THE EWVALLEY (229)

23,A
ACIsK)+(AOO.K/ACIa .K)4( A UO.KJAFI.K)

- ¶,EIGhTEO REQUESIS FOR AG.ICULTURAL WATtR
ARWO - OPTI!AL WATER APPLICATiON FOR RICE (KCM/

YEAR)
ARIW - RICE PRIORITY FOR WATER
AWO - OPTIhAL WATER APPLICATION FOR GRAIN

YEAR)
ANIW - GRAIN PRIORITY FOR .ATER
ACWO - OPTIMAL WATER AFPLICATION FOR COTTON (C,4/

YEAR)
ACIW - COTTON PRIORITY FOR WATER
AOWO - OPTI4L WATER APPLICATION FOR F.V C(KCM,

YEAR)
AOI - F&V PRIORITY FOR WATER
AEWC - OPT IAL WATER APPLICATION FOR FODDER (KCM/

YEAR)
AEIW - FODDER PRIORITY FOR WATER
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Soil Nutrients -- As mentioned earlier in the discussion of fertilizer

effects on plant growth, the Egypt model treats explicitly the effects of ni-

trogen and phosphates on crop growth. These soil nutrients (AN) are derived

from both organic (ANO) and inorganic (ANC) sources.

Organic nutrients (ANO) are assumed to be available from livestock manure

(ANOM) and the by-products of fodder cultivation (ANOE). The organic nutrients

available from manure are determined by the amount of manure production (ABU

and ADU, as calculated in the livestock portion of the model) and the nutrient

content of manure (ANCU, assumed to be .8% by weight).'9 The organic nutrients

available from fodder cultivation are assumed, for simplicity, to be proportional

to the amount of land being cultivated for fodder (A.EF).

Chemical nutrient (ACN) availability is determined by domestic fertilizer

production (FP) and fertilizer imports (FQ). It is assumed that the nutrient

content of fertilizer in Egypt (FNC) is 15% by weight.2° The desired applica-

tion rate for chemical fertilizers (ANCD) is modeled as determined by the past

application rate (ANCA) and a growth factor (ANCDG) that represents the

incentives for increasing the application rate for chemical fertilizers to

increase production. The model's foreign trade and industria sectors will

determine whether the desired amount of chemical fertilizer is actually avail-

able for application.

237, A
- SHORTFLL I tJ1R1ET 4VA1LA3iLITY (237>
- UTIETS REfuEsTE!) (T\ES/YEA ) (238>
- SOIL UTR IETS VAILELE (239)

238, A
- :uT1ETS EuETED CT".ES/YEAF <23P)
- SICE IETS FEUISEC

ANNR - RAI 'tjTRI*TS E(UIROACR - COTTe4 \UTRIET RELIPED
A R - Ffu ITS \2 VLG[ 1bLrs .0 rRIE'.TS UIEflAER - F3DER '.LJTRIE'T fEUISEC



239k A- OIL
V4IL;ELF (2 9)- c'jc UTRIET (TCs) <240)

- C'-EICAL 'UTIE tjS VA1 ---L[ (TY SIYEAR)

t\O41) 240s A

240.2$ C- ORGAIC 'TIt1S (TON) <240>A3M - SGA.lC JT.IETS Fc,M AUE <241>AOE - ORGANIC 'TIENTs FRC FODD CULTIVAt!N(TrJr.:E/yU,F) (242)AJO4T - AVERA(,IS TIME FÜR OF'G41C rUtRj[N(YEARS) (2'irQ.2>

2414 AACU.O08
241424ACM - OPGAsdC NUTRIENTS FPO MANURE <241>ABU - AURE POUCED By FOOD LIVEStOC (333>ADU - 'ANUR PRQUCED BY OkAFI LIVESTcC (31>ANCU - UTr(IET CCTENT OF AUE (FRACtION OFGROSS WEIGHT) (241.2>

AIDE. AE.KANOEN 2q24
22a24ANOE - CGArIC NUIRIENIS FROr F000ER CUL1IVA1QN(TCJfSIYEAR) <242>

-AEF - FEDDANS LLDCA1D TO PODDR ____AJOEN - ORMAL ORGAk:1C T\UTRTENTS PER C'fAR
CULTIVATED I FODDER CRORS (To/HECTAPE) (242.>

ANC.DELAY1((FPKQ.K)FNC,ANtO1) 243#ANCDT=1 243#2i GA'C - CHE'ICAL NuTRrETs AvArLALE (TOr/YF;A-R)(23>
_______FP - FERTTL1IZER PRODLCUON <392F - FERTILrzER J'PORTS (TO ESfYEAP} <399vi.FNC - FRACTLC OF' ERTI-L-I-ZÜR THAT IS ruRINiT(33r2>

A7CDT - DELtVERY TTE FCR cHEtCfiL- NUfRN1S -

244ACT CN . ) + C AONR ./AC ICJ.< )- (AENR .K/AE ICd'K )ANNWS - WEIGHTED REQUESTS FOR AGRICULftRAL-
NUTRIENT5 <24-4>

ARNR - RICE NUTRIETS REUIRED
.ARIC\ - RICE PR13R1-TY FOR CHEJCAL UTR1EJTSANNR CRAIk NUTR!ETS REQUIRED .--- -AICN - GRAIt PRIORITY FR CE'ICAL- NUTRIENTSACNP COlT -JT.ET REU1REE

AC1C- - COTTU PRIOITY FCR CHEIC4L NUTRIENTSAOR - FRUITS A\ VEGETABLES NUTRICTS REGUI-RED_ -ADJC - FV PRICITY FOR CE'IC4L UTRJENTSAENR - FODDER rUTR1ENTS REUIPED
AEIC' - FCDDER PIORiYY FOP CHEMICAL- NUTRIENTS
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245, A
ACD - REQUESTID CL1ICAL 4UTRLENTS (TOES/YEAR)(24)
AF - FEDDAS AVAILAELL FOP StCLLTUE <2j9)
ACA - AVERAGE: APPLICA T1O .jF CHEMICAL :uTRIETS

(TOES/FEED\) (2+6.1>
ACOG - CESIRED 2ROTN I CHETMICAL NUTR1ET

APPLICATIY (247.1>

ACA.(S"JOTrj(A4C.K/AF.,ACPAT) 246, A
ANCAANCAI 24E.l, N
ANCRAT1 246.3, C
ANCAI.i21 246.5, C

ANCA - AVERAGE APPLICATION CF CHEMICAL NUTRIENTS
(TCNNES/FEDDA) (246.1>

ANC - CHE'IICAL UTPIETS AVAILASLE (TONJES/YEAR)
<243>

AF - FEODANS AVAILABLE FOP ARICULTUPE (209)
ANCRAT - TIME TO PERCEIVE CHAGES IN CHEMICAL

NUTRIENT EED (YEARS) <246.3>
A'CAI - INITIAL AFPLTCAT1ON 'F CHEMICAL NUTRIENT

(TCNES ?'sUTR1ET/FEDDAN) <246.5>

ANCDG.K:FIFGE(AC2,AICCSl,ANCI.,1.P) 247, A
A'COGAtCJGl 247.1, N
A'iCDG1.O7 247.3, C
ACOG2.Q5 247.4. C

(2 AJCDG - JESIFED A\NUAL (ROTH IN CHEMICAL NUTRIE4T
APPLICATIQ' <247.1)

ANCDG2 - CONSTANTS AUAL GROTH IN CHEMICAL
NUTRIE'TS (24i.4>

ANCI - INDEX OF 'U1RIET AVAILABILITY (248>

ANCI.SOOT'4(AN.'/LF.,ANC,AT) 248, A
ACI - INDEX OF NUTR IF NT AVA IL BIL1TY <24e>
A4 - SOIL NUTIE'TS AVAILAELE <p39)
ANR - NUTRIEJTS E3UE5TED (TGNNES/YEAR) <238>
ANCRAT - TIME TO PESCEIV L CHANGES IN CHEIC&L

UTRIET EED (YEAC) <26.3>
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Labor -- The adequacy of labor for agriculture is determined by the

balance between the labor requirements for individual crops (ALR) and the

effective agricultural labor requested is simply the sum of the individual labor

requests for the five crops categories. The effective labor force available

is determined by applying the cropping index (A.FCI) and efficiency index (AFEI),

as calculated in the equations dealing with agricultural land resources, to

the "raw agricultural labor force (AL).

The cropping index acts to increase the effective labor force available by

recognizing the more efficient use of labor that can occur with the year-round

harvesting of crops. If the average cropping index is 1.7, the model calculates

the effective labor force (expressed in terms of man-years of effort per year)

as 70% larger than the agricultural labor headcount. These extra man-years of

activity are available for distribution to meet the needs of the different croo

In contrast, the efficiency index acts to reduce the effective labor force avail

able if an inefficient distribution of land between suimner and winter crops exists

The calculation of the agricultural labor force (AL) closely resembles the

calculation of the crop labor force (AXL) described earlier in Section V-A.

A one-year time delay (PLTT) is assumed to occur between the recognition of a

need for reallocation of labor and the actual transfer of labor from other

rural needs to the agricultural labor force.

ALN.KAX(O,ALR.KAFCI.*AFE1.K*AL.)
ALN - SHORTFALL IN AGRICULTURF LABOR <249)
ALR - AGRICULTURE LAECE RE1UESTED <250>
AFCI - CROPPING INDEX <213>
AFEI - EFFICIENCY INDEX FOR LAND USE <214>

- MEN AVAILABLE FOR CROP (MEilSEAS0)

249, A

<34>

ALR.KARLR.+ArLs.+AcLR.K+ACLR.K*AELR.K 250,
ALR - AGRICULTURE LABCE REQUESTED <25C)
ALR - LABOR REQUESTED FOR RICE
ANLR - LB0R REQUESTED FOR GRAIN
ACLR - LA',OR REQUESTED FOR C0TTON
AOLR - LABOF REQUESTED FOR F&V
ACLR - LAPQP REQUESTED FOR F000ER
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251, A
AL E*J AVlLAL F fiR CCP (-/SEAO'\) <34>
ALl ;L 1NDJCTED FCR CDP (E\/SEASOfl <35.1)
PLTT - TRAFEP TIME FCR (YEARS) (124.'+)

ALI.(SH5RE( ALP.,RL.K ,AtL 252, A
ALl - 1E PDICTO FCR CUP /SESO) <35.1>
SHARE ALL3CATr fl SECTOR DETERPJED BY

ALLOCATIO'\ MACRO <1>
ALR - AGFYCULIURE LACE REQU TED Z252>
PRLN - SHORTF L P cUAL LB1R
PRL'R - WE1ThTEJ REQUESTS F URHAJ LABOR <143>

NORA PRIORITY FOR M1CULTURE (253)

A1,V;TAL(AIiT,TP'E.(,l%O,2Q1,1C) 253, A
AIMT.1/.1/.1f.1/.I/.1 253.2, T

AIN rOR'iAL PRIORITY FOR AGICULTUE (253>
AINT - TABLE FOR \RI1AL AGRICULTURE PRIORITY

<253.2>

254,4
IL.)

ALWR - WEIhTEL) REQUESTS FOR AGRICULTURAL LABOR
<254)

ARLR LA33R REQUESTED FOR RICE
ARiL RICE PRIORITY FOR LABOR
Ar,LR

ANIL
LAEOR REQUESTED FOR GRAIN
GR.I PRIORITY FOR LAHOR

ACLR - LABOR REr'JESTED FOR COTTON
ACIL - COTT PPIIRITY FOR LABOR
AOLR - LABOR REUESTED FOR FV
AGIL - FV FIORITY FOP LABOR
AELR - LABOR RE1UESTED FOR FODDER
AEIL - FODDER, PUORITY FOR LABOP
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Motive Power -- The adequacy of mc;tive power is determined by a balance

between motive power requested (AMR) and the effective motive power available.

Once again, the cropping (AFCI) and efficiency (AFEI) indices are used to

determine how much effective motive power is obtained from the actual.

motive power (AM) on hand. The total motive power requested by agriculture

is determined by summing the motive power requests from the individual e!rops.

The actual motive power available (AN) includes the contributions of

both draft animals (ADL) and agricultural capital or machinery (AG). Machinery

(expressed in financial terms) is assumed to be a substitute for draft animals

at a fixed substitution ratio (AAGSR) of 2,000 Egyptian pounds being equivalent

to one draft an-final,

The actual agricultural capital investment in place is modified by two

factors to determine the effective amount of capital investment available. The

first is the adequacy of energy available for agriculture (AEA), which expresses

the percentage of the energy requirement of the agricultural capital in place

that is actually supplied. If only 80% of the necessary energy is supplied,

then only 80Z of the capital is assumed to be effective. The second factor

(ACPF) reflects the consequences for agricultural capital of an inability on

the part of the Egyptian economy to meet its import requirements.2' As shown

in Figure V-IS, inability to meet import requirements has a progressive

negative effect on the productivity of agricultural capital, a ref lec-

ticu of the impo'rrance of spare parts imports for Egyptian agriculture.

The draft livestock available (ADL) for agriculture is largely equal to

the total. headcunt of adult dtaft animals (ADA). However, some of these

draft: animals will not be available for use in the fields because of their

involvement: in draft animal births (ADB). It is assumed in the model that one

year of productive adult draft animal time (ADBLPT) is lost for every birth.
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Figure V-la:
Productivity of Agricultural Machinery

Fraction of Agricultural
Machinery Productive
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The amount of draft animals needed (ADR) is determined from the total mot e

power requirement (AMR) and the agricultural machinery on hand (AG). Section

V-D describes in detail the determinants of the size of draft animal herd in

Egypt.

The model equations that describe the accumulation of agricultural

capital goods ar quite similar to the capital goods equations for the

industry building block, as described in Chapter VI. Therefore, the agri-

cultural capital goods equations are described only briefly here, and the

reader is referred to Chapter VI for a more detailed explanation of the logic

behind the model's treatment of capital goods accumulation.

Agricultural machinery (AG) in the model is a pool that is increased by

deliveries (AGD) of capital from the domestic capital goods sector and imports

(AGQ) from the foreign trade sector. The pooi is diminished by the wear-oat

of agricultural capital (AGW), with the wear-out rate based on an assmnd

20-year lifetime (AGWL). The deliveries of capital to agriculture (AGD) e

determined by the competition between the agriculture sector and other

sectors of the economy that also require capital goods. The model's standard

resource allocation logic is used to represent this competition. An irt-iat

value of 316 million pounds is assumed for the amount of agricultural

capital investment in place in 1960.22

The capital requested for agriculture (AGR) is largely determined by

desired annual change in agricultural capital (AGDAC). The calculation f

this desired annual change for agriculture represents a significant depatz

from the logic used in ordering capital for industrial sectors of the ecanrn1_

and combines three separate influences. The first, the target annual chan

established by the government (AGGAG), is an external input to the model. t1irt

sets a base 2 1/2% annual growth rate for agricultural capital. This ft-
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could be varied over time to investigate the consequences of a greater govern-

ment push for mechanization of agriculture. The second factor, the effect of

labor availability on agricultural capital (AGELA), accelerates the tuechaniza-

tion of ag.riculture when a rural labor shortage exists, and slows down the

mechanization when there is excess rural labor. The final effect is a

balance factor (AGFBF) that prevents excessIve mechanization by monitoring the

ratiQ of agricultural capital (AG) to the agricultural land area (AF). As

shown -in .Figure Vl6, as the ratio of capital to land area increases, the

desitd annual change in agricultural capital. Is reduced.

255, A
AM1 SHORTFPLL I'. O11VE POWER <255) ..-
AMR O-TIVE POWER REGUESTED <256>
AFCI CRCPPI'IG I'DEX (213>
AFEI EFFICIE!\CY I'DE F3t LM'JD USE <2114)
AM MOTIVE POWER AVMLA&LE (258>

>MRK:ARR,KA,1MR,<+ACVp,K+A C1R.+AE'P .K 256, A -
U AAR MOTIVE PO4ER REUESTED <256>

ARMR .O-TIVE POER REQUESTED FOR RICE
AJMR MOTIVE POWER REQUESTED FOR GRAI
ACMR MOTIVE POER REQUESTED FOR CCTTQ.
AOMR MOTIVE O4ER REQUESTED FOR FV
AEMR MOTIVE POWER RELUESTLD FOR FODDER

kR.K.s/.IN.k+(A".R .K/4I'.)*(CMR.(/ 257, A
ACI1.K)+(A4R./AOIY.<)+( E'R.K

AMWR WEIGhTED REQUESTS FU AGICULTURAL MOTIVE
PO[P (251>

ARMS :OTIvE PQEr REQUESTED FOR RICE
ARIM PICE PTO.ITfFCR MOTIVE POER
AMR QTIVE POER REQUESTED FOR GRAI!
A'JIM GRAI P!TCITY FJR tOTtVE POWER
ACMR "OTIVE POFR REQUESTEO FOR COTT1J
4dM COTTC ?RIOITY FOR 'OTIVE POWER
AOR 'cTIv POER REUESTED FOR FV
AOIM F.V PRtRITY FOR MOTIVI POWER
AEtIR TMOTIVE POER SE'UESTED FOR FODDER

FODDER PI3RITY FOR 1OTIVE POWER



A-I 2

Figure V-I.
Use of Agricultural Machinery

Desired Annual Increase In
Agricultural Machinery
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A:1,<DL.K+( G..EA.<.AGPF. K/A.AGSR) 253, A
AAGSR25F) 258.2, C

- 'OTIVE PGER AVILAELF <25>
AlL - DRAFT LIVETC AVA[LLc (3cq>
AG - AGRICULTURL CAPITAL CO!S CPOUs)S) <262.1)
AEA - ADEOUCY OF ENEkGY SUPPLIEr) TO AGRICULTURE

(284.1)
APF - FRACTLO'L OF AGR ICULTURE CAPITAL PRODUCTIVE

<21)
AAGSR - ANLiAL/CAPITAL UFiST1TUTION RATIO (PCUoO/

AIAL) <258.2>

259' A
AD9LPT1 259.2, C

AOL - DRAFT LIVESTtJC( AVAILABLE <259>
404 - ADULT DRAFT LIVESTOCK (AjIiALS) <301.1>
ADB - DRAFT LIVESTOC!( IRTS (AJIiALS/YEAR) <308>
ADBLT - PRODUCTIVE TI LOST FOR DRAFT A4IMAL

BIRTHS (YEARS/BIRTH) (259.2)

260, A
4DRAT1 260.2, C

ADR - REQUESTED DRAFT ANIMALS <260)
AR - MOTIVE POWER REGUESTED <256>
AG - AGRICULTURE CAPITAL 00305 (POUNDS) <262.1>
AGPF - FR4CTI0 OF AGRICULTURE CAPITAL PRODUCTIVE

<261>
AAGSR - ANIiLAL/CAPITAL SUESTITUTID RATIO CPOUDS/

AIAL) <258.2>
ADRAT - 4VERAGIGTIE FOR RE1UESTE0 DRAFT ANIMALS

(YEARS) <260.2>

261, 4
AGPFT1/.9/.7/.5/.4E 261.2,1

AGPF - FRACTIOr OF AGRiCULTURE CAPITAL PRODUCTIVE
(261>

AGPFT - TABLE FOR FPACT IO OF AGPICULTURAL CAPITAL
PRODUCTIVE (261.2>

XN - FOREIGN EXChANGE SHORTFALL (PGUDS/YEAR)
<422>

XNT - TOTAL FOREIG\ EXCHA.GE EED<418)

#.J+(DT)(AGD.J+(A.J/GXCR.)AG.J) 262, 1
AG:AGI 262.1, N
A5I316E6 262.3, C

AG - AGRICULTURE CAPITAL GCCD (POU1'DS) <262.1)
AGO - 0ELIVE1ES OF CAPITAL C)ODS TO AGRICULTURE

(POUNDS/YEAR) <264)
AGQ - IMPORTS OF CAPI IAL c,OciDS FOR AGRICULTURE

(FOREX/YEA) <276)
SSXQR - FOREIG EXCiNGE RATIO FOR IPOP.TED CAPITAL

<3y3>
AG - LEAR"UT OF ACR1CULTUE CAPITAL GOODS

(PrU\DS/YE) <2'>
AG! - INITIAL AICuLTUR4L C4'1TAL (POU0S)*a*

INCLUDES IRIGATI3k.**fr <2b2.3>

-
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GW.AG.(/AL 263, AWL2C
263.2, C

- EACUT DF ICLTjFE LAPITAL GOODS
('Ut.[SfYEAP ) <263)

- i5R!CULTuL CAPITAL GCOU. (FOU\DS) (262.1)
- LIFTI'C FO AGrSICUL1LAL CA1TLL (YEARS)

,.'

2b4, AADD - DELIVLPIES OF CAPITAL GOODS TO AGRICULTURE(PCUS/YEAR) <26'4)
AGC - COIT'E\TS F CAPIflL GOODS TO AGRICULTURE

(PCU/YEAR) <26h..1>
AGCT - CCST uCi IC\ TI tE FP SECTOR CAPITAL

(YEARS) <265. 1>
AGUC - AGRICULTURAL CAFITAL UOER CONSTRUCTON

AGCT.(AGL'C.K/AGCA.K 265, AAGCTSGCTN
265.1, N. -AGCT - CONSTRUCTION TIME FO SECTOR CAPITAL

(YFRS) <265.1>
AGUC - AGFICLLTURAL CAFITAL UDER CONSTRUCTON
AGCA - COJTRuCTI0N ACTIVITY FOR SECTOR CAPITAL

(FPUNUS/YEAR) <266)
SGCTN - NORMAL COSTFUCT1ON TIME FOR INDUSTRIAL

CAPITAL (YEARS) <37.5>

ACA.KSHARE(AGCR.,GPr.K,AIGC.K,GPR.I(,AIN.K) 266,AAGCA - CC'STRUCTION ACTIVITY FOR SECTOR CAPITAL
(POUNDS/YEAR) <266)

SHARE - ALLOCATION TO SECTOR DETERMINED BY _____ALLOCATION MACRO <1>
AGCR - CO'!STRUCTIO RECUESTED FOR SECTOR CAPITAL

(PDU'US/YEAR) (267)
GPN - SHORTFALL IN PRCDUCTION OF CAPITAL G000S
GPVR - EIHTED REQUESTS FOR CAPITAL GOODS (367>
AIN - N3RMAL PRIORITY FOR AGRICULTURE (253>.

AGCR.<AGUC.K/SGCTN 267,
CR. - CONSTRtiCTION RECUESTED FOR SECTOR CAPITAL

(POUNDS/YEAR) <267)
AGUC - A&RICULTuR.L CA ITAL UNDER CONSTRUCTON
SGCT'J - NOR1AL CONSTRUCTION TIME FOR INOUSTRIAL

CAPITAL (YEARS) (347.5)

t________
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.I<,GJR.K,AIg.K) 2'8, A
ASC:AG4SGGEI 26R.I, r

AGC - COM\ITVE\Tc CF CAPITAL GOODS TO AGICULTURE
(POU*aD/YEAS ) (26'. 1>

SHARE - ALLCC4fl: T SECTOR TERsL'EO SY
ALLOCATLC 'AACRO <1>

AGO - ORDEFS PLACED FCP CAPITAL SCUDS FOR
AsPIcuLTu: (FOUNDS/YEAR) <2c

- S-ORTFALL I' 3P.ERS FCS CAPITAL GOODS (376)
GOWR - EIGTE3 OROES FOR CAPITAL 0003S (375>
AI - NORMAL P1OITY Ft)R AGRICULTURE <253>
AG EAROuT OF AGRICULTuRE CAPITAL GOODS

(PCtJN/YFA) (263>
SGGFI - I\1TIAL GR1.Tri FACTOR FOR t:DUSTRIAL

CAPITAL <347.7>

AO.KAY (3, .(.( AG .<+AGBC.((AG.<+AGUC.l<+ 269, A
AGO.K) ) /SSOT)

AGO ORDERS PLACED F CR CAPITAL GOODS FOR
AGRICULTURE (POUOS/YEAR) <263)

AG WEAROUT OF AGRICULTURE CAPITAL GGOS
(POUNDS/yEAR) <263>

AGR CAPITAL REOUESTED FO AGRICULTURE (POUNDS)
<271>

AGBD DESIRED EACL3G OF CeNSTRUCTIO1 TO REPLACE
WEAROUT <270>

AG AGRICULTURE CAPITAL GOODS (POUNDS) (262.1>
AGUC - AGICULTUAL CAPITAL U'IDER COiTRUCTON
AGQD IMPORTED ASRICULTURAL CAPITAL BEING

DELIVERED
SGOT - ORDERING TI FC ICUSTRIAL CAPITAL

(YEARS) <347.>

ABD.KAGW.(*A&CT.( 270, A
AGBD - DESIRED F CLDG CF CCSTRUCTIOJ TO REPLACE

EAROUT <27C)
AGW - EARUT CF 4GRICULTUPE CAPITAL GOODS

(POUNDS/YEAR) <26!>
AGCT CONSRUCTI3 TIrE FOR SECTOR CAPITAL

(YEARS) (2-5.1>

AGR.KAG.K*( l+AjAC.K*(AGCT. K+SGcT)) 271, A

AGR - CAPITAL F.ECUESTED FC tJRlCL!LTUE (POUDS)
(211)

AG AGRrCULTURE CAPITAL GOODS (POU.DS) <262.1)
AGOAC - DESiRED A,UAL CAGE FJF AGRICULTURAL

CAFITAL <272>
AGCT - CONSTP.UCTI3 TI' FOR SECTOR CAPITAL

(YE'AS) (2e5.1)
SGOT - OPDERI TIr.E FCR I'DUSTRIAL CAPITAL

(YEARS) (347.5>
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272, AGDAC - uESlL AY.UAL CAGL FC AGRICULTURAL
CAPITAL <272>

AGGA - ESE AUAL CBE ADPISTED FY
Y)VEvL.T <273>

GELA - EFLCT QF LABOR AVAILAEILITY ON
AGRICULTU.L CAPITAL <274)AGFBF - EALCE FACTOR FÜR CAF1TAL/FEDDAN RATIO
<275>

4GGAG.TABLE(AGGAGT,TI'E.K, 1960 201O,1O) 273, A
AsiGT.Q25/.c25f.c25/.c25/.r25/.o25 273.2, 1ACGAS - BASE A;UAL CHA'&E AD'1\1STRED BY

Go:R\'ENT <273)
AGGAGI - TABLE FOR GOVER'ET flINISTEREO GROWTH

RATE FOR AGRICULTUAL CAPITAL <273.2>

ASELA.TABLE(AGELAT,PRLR.K/POS(PRLF.K),.5,1.5,.25) 274, A
AGELAT1.5/1.2/1/.8/.67 274.2, -AGELA - EFFECT OF LAbCR AVAILABILITY ON

AGR CULTURAL CAP ITL <274)
AGELAT - TABLE FOR THE EFFECT OF LABO AVAILABiLITY

O\ AGRICULTURAL CAPITAL <274.2)
PRLR - REQUESTED RURAL LABOR (142)
PRLF - RURAL LA3OR FORCE

AGFBF.TABLE(AGFBFT,AG.KIAF.K,c,4Cu,1Oo) 275, AAGFBFT2/1.B/j.5/1/D 275.2, 1AGFBF - BALACE FACTOR FUR CAPITAL/FEODAN RATIO
<275>

AGFBFT - TABLE FOR BALANCE FACTOR FOR CAPITAL/FEDDAN
RATIO <275.2)

AG - AGP1CJLTURE CAPITAL GOODS (POUNDS) (262.1>AF - FEDDANS AVAILABLE FOR AGRICULTURE (209>

CAPITAL GOODS IMPORTS

AGQ.cDELAY3P(AGOC.c,SGCDT,ACQD.K) 216, AAGO - iMPORTS OF CAPITAL GOCOS FOR AGRICULTURE
(FOREX/YEAR) (276)

AGOC - COMM IT1ENTS TO iMPORT CAPITAL GOODS FOR
AGRICULTURE (FOREX/YEAR) <277.1>SGQDT - DELIVERY TIME FOR IFDRTEO CAPITAL (YEARS.1__.__-_-_-_-(348.2)

AGQD - TPDRTED AGRICULTURAL CAPITAL BEING
DELIVERED

-
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277, A

A.ACCr 277.1, N
277.3, C

AGQC - C:J'1T'.E.TS T) IPORT CAPITfL G'3DS FOR
AGRICLTUE CFCRE/YEAR) <277.1>

ShARE - ALLCCATIO'. Tc' SECTOS DETER1ED bY
ALLOCAT1O IACRO (1>

AGGO - CROEPS TO IuR1 CAPITAL GOD FO
AGRICULTU'E C FOREX/YEA ) <27>

GXrS - SHORTFALL I' FCr<EIG\ EYC;iAGE FOR IMPORTIsG
CAPITAL (FCREX/YEAR) <177)

GXWR - WEIGhTED REQUESTS FOP CAPITAL IMPORTS (379>
AIN - 3R1A. PlIOPITY FOR A&RICULTURE (253>
AGOCI - PUTIAL AGRICULIURAL CAPLTL IMPORTS

(277.3>

O.(AGQOS..Ac.QOT.K)*SGXGR.*EXA.K 2783A
AGO - ORDERS TO IIPORT CAIT4L GOODS FOR

AGRICULTURE (FOREX/YEAR) <278>
AGQOS - CAPITAL GOODS IPORT ORDERS TO COMPEiS4TE

FOR DOEST1C SHORTFALL (279>
ASQOT - CAPITAL GOODS UPORT ORDERS TO AeSORB NEW

TECH?OLGY (2O>
SGXQR - FOREIGN EXC1A'GE RATIO FCR IMPORTED CAPITAL

<349>
XA - EFFECT OF FOREI-GN EXCHANGE ADEQUACY O

REQUESTS FOR. IMPORTS (486>
OS.SM3JTH(AGQOSF*(AS3.K -.AGC.),EOOAT) 279, A

279.2, C
AGGOS - CAPITAL GOODS IPDRT ORLERS TO COMPENSATE

FOR DOMESTIC SHORTFALL (279)
AGQOSF - FPACTIO' CF DOMESTIC AGtCULTUR4L CAPITAL

S1CRTFALL JPDPED FOR IP3RT (279.2)
AGO - ORDERS PLACEJ FOR CAPITAL GOODS FOR

AGRICULTURE (POUOS/YEAi) (29)
AGC - COM'ITN!ENTS OF CAPITAL GOODS TO AGRICULTURE

(POUNC/YEAR) <26R1)
SGQOAT - TI'E TO ADJUST IrIPORT ORDERS TO DO4ESTIC

SHORTFALL (YEARS) <34i.')
2R0, A

24J.2. T
AGQOT - CAPITAL CD I P0PT ORDERS TO ASCR2 EW

TECHOLJGY (2k: 0>
AG - 'EAROuT OF AGRICULTUFE CAPITAL GOODS

(OCNDS/YEAR) (263>
AGQOTT - TAELE FGR AGPICtjLTURAL CAPITAL GOODS ORDERS

TO AESOSB NE' TECHNOLOG'! (283.2)
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Transportation and Energy -- The model's treatments of transportatlo

and energy for agriculture are quite similar. For both production factors,

an adequacy calculation is made by comparing factor availability (AT, AE)

with factor requirements (ATR, AER). The total agricultural requirement

for transportation is determined by summing the transportation requirements

of the individua.. crops. The requirements for energy are determined from

the total stock of capital goods in agriculture (AC) and a conversion factor

(AEGRN) that represents the average per unit of capital equipment.23 The

supply of transportation (AT) and energy (AE) for agriculture is governed by

the model's resoLrce allocation logic.

ATA.KAT.P</ATR.( 281, AAT1 281.1, N
ATA - ADEQUACY OF TRANSPORTATION SUPPLIED TO

ASICULTUE (281.1>
AT - TRANSPORTATION SUPPLIED TO AGRICULTURE

(283>
ATR - TRANSPORTATiON REQUIRED (TONNEMILES/

SEASON) (5>

ATR.c=An.K+ARTP.+AOT.(.ACTP.K+AETR.K 282, A
ATR - TRANSPCRT4TJi fEQUIRED (TQNNE-MILES/

SEASON) (5)
ANTS - TRANSPORTATION REQUIRED FOR GRAIN
ARTS - TRANSPORTATION REQUIRED FOR RICE
ACTS - TRANSPORTATION REQUIRED FOR COTTON
ACTS - TRANSPORTATION REQUIRED FOR F&V
AETR - TRANSPORTATION REQUIRED FOR FODDER

AT.KSHARE(4TR.,TpN.,AiT.,TWR.K,AJN.K) 263,A.
AT - TRANSPORTATION SUPPLIED TO AGRICULTURE

(283>
SHARE - ALLOCATION TO SECTOR DETER'I'ED BY

ALLOCAT ION MA CR0 (1>
ATR - TRANSPORTATION EQUIRED cTCNEMILESI

SEASON) (5>
TPN - SNOPTFALL IN PRCDtJCTION OF TRANSPORTATION
TR - WEIGHTEC REQUESTS FOR TRANSPORTATION (4Q2)
AIN - \OR'AL PIDRITY FOR AGRICULTURE (253)
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AEA.'<AE.(/1E. 284.
AEA1 24.1,

AEA - LDEUACY OF EEGY GUPPLIEC TO AGRICULTURE
<i84.I)

- EEROY SUPPLIED To AGRICULTURE (KH/YEA)

AER - ENERGY EUIED FOR GICULTURE (K4/YEA)
<285)

AER.A.*AGRJ 285, A
AEGRAI/AGI 285.2, N
AEI23E6 2&35.4, C

AER - REGUtEO FOR AGRICULTURE t.H/YEAr?.)
<255>

- AGRICULTURE CAPITAL OOGS (POU.JC) <262.1)
AEGRN - NOR'L E'ER&Y/CPITAL RATIO FOR ttGRICULTURE

<215.2)
AEI - iNITIAL EEr&Y UPPLIEO TO AGRICULTURE

C/YEAR) (25.)
AGI - INITIAL. AGRICULTURAL CAPITAL (POUNDS)***

INCLUDES ItGATI3"*f <2E2.3)

286, A
AE - EEGY SUP?LIE 10 AGRICULTURE (H/YEAR)

, SHARE - ALLcCATIGYt TCI SECTOR DETERMIIED BY
ALLOCATIO MACRO <1)

AER - EJERGY EUIED FOR AGPICULTURE (KH/YEAR)
<2P5>

EPN - S4ORTFALL I' PR CCUCTIO OF ERGY
ER - EIGr4TED REUESTS F'R ERGY <385>
AIN f.3R'AL PRIOFITY FOR AGRICULTURE <253>
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V-C. New Valley

An important Egyptian agricultural resource is the potentially a'rable

land of the New Valley region West of the Nile River.. The separation of thee

lands from the underground Nile water system protects them, at least initia)11y,

from the water-logging and salinity that affects much of Egypts current agrt".

culture. In addition, the New Valley lands are accessible to a large, -

source of water - the Nubianaquifer.

The question for reclamation of New Valley lands are smilar in mot

respects to the equations for Nile Valley reclamation described in SecUon '9"L

The major exception is the assumed higher cost of reclamation in the Iew Vlley

(NFGR): 600 pounds per feddan, as opposed to 400 pounds in the Nile V&U*

The +50% differential reflects the costs of digging wells to being unAergr*nd

water to the surface and the greater infrastructure investment tt4Qtt*J ta

provide access to the distant lands.

NF.KJFE.'#NFID.Pc*FPF 28?, A
287.2, C

4F - PRODUCTIVE FEDDANS IN EW VALLEY REG13N(287>
NFE ESTABLISHED ARAELE EW VALLEY FEDDANS

(288.1>
NFIO - ARABLE NEW VALLEY FEODANS 9!IN& DEVLOPtD(290 1>
NFPF - PRODUCTION FACTOR FOR VALLEY LA IN

DEVELDP4ENT (287.2>

NFE.KFE.J+(tDT)*(NFER.J) 288, L'4FED 288.1, N
NFE - ESTABLISHED ARAELE NEW VALLEY FDOANS

NFER - RATE FOR ESTA3LISHED ARABLE NEW VALLEY
FEUDANS (269>

'IFER.KNFID.K/NFTP 289, A!FTP6 289.2, C
FER - RATE FOR ESTABLISHED ARABLE NEW VALLEY

FEDDAS (289>
NFID - ARABLE EW VALLEY FECDA\S BEING DEVELOPED

(29G. 1>
NFT - TP'E TO DEVELOP RECLAI'IED NEW VALLEY

FEDDAS (YEARS) (269.2>
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290, L
NF1DC 293,1, N

'4F30 - A.ALE \IALLEY FECDA BFpJt DEVELOPED
(293,1)

NFRA REd AtI': 3F \EW V..LLY FDDA.S FO
*&flCULTUE <1>

NE'R RUE FO ESTA9L!hED A.9LE EW VM.LE'I'
FEDDAS <289>

NfRA.(FD./\FGR 291, A
fJFGR:OO 291,2, C

NFRA RECLAMATION CF PEW VALLEY FEDDANS FDPS
A5RICL!LTUE <291)

NFGO COMPLET1 OF VEST'ET FOR SECLAMA1O1
(292)

NFGR w P4VESTE:T REc1U1FkED FOR NEW VALLEYCLT1(I' ( FOUNDS/F EDDAi) (291,2>

22, A
"fLETI3 Cc i 4VESTE1 FOF RECLAMAT1O
(292>

JTGRT T1E FOR CO'PLE liON OF RECLAM.ATICN PROJECTS
<293,1)

NEW VALLEY LAND RECLAMATiON i PROGfSS
(F EDO A )

NrGpT,POSr.FSi)/POSVFGCA.$( ?3' A
('FGTNFGRT"J 293,1 N

'4FGRT TIML FN COPLE11O' OF RECLA'AT.1D\ PROJECTS
(293,1)

EW VALLEY LAND RELAATTO' 1J PROGRESS
1FEDDAS)

JcGCA ACT1iTY VALLEY RCLAAT1ON <24>
MFRT TIME IF tcLAI' EW VALLEY LAND (YEARS)

(295,2)

NFGCA.SE(NFC,CR,,GP..(, fiGC,GPR.K,Ai.() 294, A
ACTIVITY F3 IE VALLEY RECL 4ATIO' <294)

SHARE - ALLCATI T SCTfl DETERMINED Y
4LLCCATL' 'ACKO <'1)

aCTIVITY REE:s1EL FDR VALLEY
R[CLA'AT1' (295)

HGRTFtLL P. 'RCUCT1V OF CAPITAL. GCOOS
GPWR EIGTED REL. IS F CAPITAL GCCDS (367>
AIN - ORAL PIOR1TY FO AGRICULTURE (253>

NFGCR.FIP/NFGRTN 295, A
295.2, C

NFGC. - ACII'JITY EES1ED FDP Nt VALLEY
RECLAUIJ <:95,

NFGIP Nf VALLEY LA\D RECL.rA11ON P4 PROGRESS
I F EDO A 5)

- TP'E TP 3ECLI" 't VALLEY LME (YEAR 5)
(2 C5 , 2)
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296, A
29E.1, N

- tLL)CTION hi SECTO DETEF4LEO BY
ALLOCAIIO'. rACR0 <.>

NFGO - CESI.2 VALLEY ECLíYATION ACTIVITYIJVESTVENT 10 .EW VALLEY
RECLAATID'! <97)

GD - SriCRTFALL J. Os FO CAPITAL GOODS <376>
GOWR - WEIGFTED ORDERS FOP CAPITAL GOODS <375)AIN - N3RiAL PRIORITY FOR AGRICULTUE <253>

FGO.FIFGEFGOI.K,JFGO2.K,AFGSW,1) 297, A
- DESIRED NEW VALLEY RECLAfrAT1O' ACTIVITY

INVESTMENT C3ITMENT 10 fEW VALLEY
RECLAAT1ON (297)

NFGO1 - ORDERS FR I'VESTMET I NE VALLEY
RECLA4TI3 OUrsDS/YEAR (298)

NFGO2 - DESIRED NEW VALLEY RECLAMATION ACTIVITY
<299>

AFGSW - SWITCH FOR TESTING DESIRED RECLAATION__.ACTIVITY (225.2>

FG01.KTABHLFGC1T,T1ME.(,I98C,2Q1o,5)*1E3*aFGR 298, A
'FGO1TO/Q/C/O/OIc'/O 298.2, T

NFGC1 - ORDERS FOR IVESTMET ir fEW VALLEY _.
RECLAMATION (PCU.DS/YEAP) <298)

"JFGOlT - TAELE FO INVESTMENT. RECLAMATIDJ ORDERS
(298.2>

NFGR - lNVESTENT REUIRED FOR EW VALLEY
RECLAMATIOt (POUNDS/FEDDA') (291.2)

FGO2.KFIFGE(O,NFGO2C,19O,TIME.K)*lE3*NFGR 299, A
FGO2C3O 299.2, C

NFGO2 - DESIRED JEW VALLEY RECLArATICr4 ACTIVITY
<299>

JFGO2C - CG?'STANT FOR DESIRED rEW VALLEY RECLAMATION
ACTIVITY (299 .2>

NFGR - IhVESTENT REU IRED FOR. NEW VALLEY
RECLAATIO (FOUNDS/FEDDAN) <291.2)
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V-D. LIVESTOCK

The Egypt model distinguishes between two different classifications of

l4vestock, The first is draft livestock, including cattle, water buffalo, horses,

donkeys, and other beasts of burden who are capable of supplying motive power

o agculture, In addition, draft livestock are also an important source of

meat products, The second classification is food livestock. This category

nbces goats, sheep, chickens, and any other major animal types who can

jpp,y food, but no agricultural motive power.

The ode1's treatment of livestock populations superficially resembles the

of human populations. For both draft livestock and food livestock,

mod1 4isnguishes between two different age groups -- immature or non-

ej.ve animals, and adult or productive animals. A maturation flow links

wo age groups, and birth and death rates for both livestock types are

1e4ated tnternally. The equations for each of the two types will be discussed
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Draft Livestock --- The number of draft livestock (AD) is the sum of the

number of immature draft animals (ADI) and adult draft animals (ADA).

Maturation (ADM) from the immature to adult draft animal stocks is governed

by an assumed five-year maturation time (ADMT). The initial, 1960 herd sizes

are assumed to be 1.5 million immature draft animals (ADII) and 2.5

million adult draft animals (ADAI).24

Deaths of adult draft animals (ADAD) are determined by the normal

productive lifetime for draft animals (ADPLN, assumed to be 7.5 years) and

the effect of fodder available (ADADEE). As shown in Figure V-17, adequate

or near adequate supplies of fodder (ADE) maintain the productive lifetime

for draft animals near its normal value. A serious failure to meet fodder

requirements (ADER), however, will have a severe effect on the lifetime of

draft livestock. Immature draft livestock deaths (ADID) are also influenced

by fodder availability. The lower the ratio of fodder available to fodder (.
required, the greater is the annual death rate for immature draft animals

(ADIDR).

DRAFT LIVESTOCK

.4D.KADI.(#ADA.K 300,A
AD - DRAFT LIVESTOCK (ANIMALS) (300>
Aol - IMiATU[ DRAFT A.1M.LS CANIALS) (305.1>
ADA - ADULT DRAFT LIVESTOCK (ANIMALS) (301.1>

AOA.KADA.J+(DT)(ADM.JADAD.) 301, LADAADAI 301.1, N#JAI2.5E6 331.3, C
ADA - ADULT DRAFT LIVESTOCK (ANIMALS) <301.1>
ADM - DRAFT LIVESTCK jATURATi3N (ANIMALS/YEAR)

(304>
ADAD - ADULT CRAFT LIVESTOCK DEATHS (ANIMALS/YEAR)

(302)
ADAL - INITIAL ADULT DRAFT ANIMALS (301.3)

ADAD.K=ADA.ic/ADPLN*ADADEE,K) 302, AADPLN7.5
-- 332.2, C



ADAD - AJULT CFAFT LIESTCC JATriS (.1ALS/YEAR)
(3C2)

ADA - ADULT DRAFT LIVETOC (AI'AL) <331.1)ADPL - 3R.AL PRQUUCTTE LIFETIE (YEARS) FOR
DRAFT INALS <302.2>

&OAOEE - EFFECT OF FDER SUPPLY O DRAFT LIVESTOCK
DEATHS (303>

ADEE.TALE(ADAOEET,4CE. 303, A
DADEET3/.S/.75f.55/1. 303.2, 1ADADEE - EFFECT OF FOCCER SUPPLY O DRAFT LIVESTOCK

DEAThS <333>
ADADEET- TABLE FOR THE EFFECT CF FODDER SUPPLY 31

DRAFT A4IM4L CEATHS (303.2)
ACE - FODDER FR DRAF1 A?UMALS (TOES/YEAR)(313)
ADER * FODDER REOUESTEC FOR DRAFT ANIMALS (TONNES/

YEAR) (3j()

i.KADI.p(/ADMT
304, AJMT5
304.2, CADM - DRAFT LIVESTOCK ATURATICt (AJMALS/YEAR)

<304>
AOl - 11M4TUPE DRAFT jIM4LS (ANI4LS) <335.1>
ADMT - DRAFT LIVESTOCK ATURATI0N TIME (YEARS)

<304.2)
k.t.KDI .Js (CT) (A3e.J-AD'.J-ADID.J) 305, L

305.1, JU1.5cs 305.3. CAOl - IMMATURE DRAFT ANIiALS cA4I1ALS) (3D.1>ADB - DRAFT LIVESTOCK EIRTHS Art'ALS/YEAR <3C8>ADM - DRAFT LIVEST3CK ?4TUPATIOJ (ANI4ALS/YEAR)(304)
ACID - I';ATURE DRAFT LIVESTOCK DEAT4S <336)
ADIX - I9ITIAL I'ATuRE DRAFT \IALS <305.3)

306, AAOIO - P'MATUE DRAFT LIVETOC4 DEATHS <306)AOl - I'ATURE DIAFT ArIM.LS (MJIAL) (30r.1)4OID. - i3R'AL A'.UAL DEATH RATE FC liATURE DRAFTA\1ALS (37)

307, ARTl/.6f.3/.1/.32 307., TAOID - :3RAL A'UAL DEATH TE FOR IMATUE JRAFT
AIMALS (37>

.DIDRT - TABLE F) IMATLRL DRAFT ALIAL DEATH RATE
(307.2>

ACE - FODDER FOR DRAFT A'UiALS (T)ES/YEAR)
<313)

ACER - FODDER REQUESTED FOR DRAFT ANIMALS (TO'NES/
YEAR) (31k>
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Draft livestock births (ADB) are the smaller of the maximuzn possible

draft livestock births (ADBM) and desired draft livestock biLths (ADBD). The

maximum possible births are determined from the total adult population (ADA)

and an assumption that no more than 25% (ADBF) of this herd is capable of

bearing young animals (the remaining adults being either males or females too

old to reproduce). Desired draft livestock births are based on the need to

replace deaths of adult draft animals (ADAD) and immature draft animals (ADID).

This base rate will be adjusted, however, to reflect the effects of fodder

availability (ADBDEE) and the effect of changing requirements for draft

animals (ADBDRE). The effect of fodder availability on desired births is to

reduce desired births below the replacement level under conditions of

extreme fodder shortage. This would conserve fodder supplies for animals

already alive and productive. The effect of changing draft animalrequire.ments

is to boost the desired birth rate above the replacement rate if a larger draft

animal herd (ADA) is necessary to meet the requirements (ADR) determined by

the motive power needs of crop agriculture.

Fodder available for draft aniinals (ADE) is determined by the fodder

required (ADER) arid by the model's resource allocation logic. The fodder

requirement results from the size of the immature and adult draft animal

populations, and an estimated 4.4 metric tonne annual fodder requirement per

immature draft animal (ADIEN) and 8.8 metric tonne requirement per adult draft

animal (ADAEN).25

As mentioned in Section V-B, organic materials are an important source

of nutrients for Egyptian crop agriculture. An important source of these

organic materials is the manure produced by draft livestock (ADU), which is

calculated in the model from the size of the immature and adult draft animni

herds. It is assumed that 1.5 tonne of manure per year is produced by each



Immature draft animal. (ADIUN) and that 7.0 tonne per year is produced by

each adult draft animals (ADAtTN).26 Not all of the manure produced is

actually used. The model includes a variable for, the fraction of the manure

which is recovered; this fraction can be varied over time to investigate

the consequences of changes in the way Egypt handles organic. wastes. The

base assumption is that 45 of the manure produced by. draft livestock in
Egypt is recovered, processed, and applied to the fje1ds.

3-08,A0'B - ORrTI LTVESTOCc EIRTt-S WIALS/YEA) (308)- 3R:1AL PRIORI.TY OF iILITARY SECTOR <+10.2)ADB.M - M4XIuU1 POSSIBLE CRAFT. LIVEST.00 BIRTHS-

('3Q9)
ADBD.. DESIREET DRAFT LIVESTOCK IRT.HS <310>

AflSM.AD.KADPF.
3-O9, AADBF.25
309.2, C.- MAX1'W1 POSSiBLE DRAFT. LIVESTOCK SIRT1S

<309_)
ADA - ADULT. DRAFT LtVESLOC (PNI1LS) <301.1>ADPF_ iAYItJ RREEDIG FRCT.1O?.. FOR DR4FT.-

. IF.ThS. (3)
AflBD.K(DAEi .KADID.K)*AJDE E.*M2DRE,K 31-3, AADD. - DESI?EY DRAFT. L1VESTCCr 2IRTHS <310>A3AO.. - ADULT URFT. LIV ESTOC JEATHS (A'I1ALS/YEAR)

(302)
ACID - I':1ATuR DPAFT LIVETOC< DEATHS <30>ADDEE - EFFECT. CF. FDDDER VA1LTL1TY O' DESIRED

CRAFL ANIMAL IRTHS <311)ADDE. - FFFECT CF R:(UIR'ETZ o DESIRE:D DPAFT-A'JPIAL FURTt-iS <312>

D83.TALE(ADDEET,AE.K/[)ER.K,3,1,.?5) 311,ADBOEET0/.4/.7f./1 311.2, 1ADEDEE EFFECLCF FODE AV.\1LAiLITY.O-j DESIREDDRAFT IRT'S <311)ADE0EET TA2LE FR TE EEFEC CF. FODDER AVAIL21LITY
O DEIED IPTS <311.2>ACE - FODDER FR DRAFT. AI.ALS (T3NES/YCR)<313)- F300ER REVESTE C FOR DRAFT M4ILS (T0ES/YEA) <314>
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312, A
AJBETz.5/./1/l.25/2 312.2, 1

ADPDRE - EFFECT OF REUIREETS O DESIRED DRAFT
A\IMAL eITHs <312>

ADBDRET TAELE FR TuE EFFECT OF REOUIREENTS ON
DESIRED DRAFT ANIrAL P1RTS <312.2>

ADR - REQUESTED FT AIALS <26r>
ADA - ADULT DRAFT LIVEST3C (A\IALS) <301.1>

313, A
ADI'.1 313.2, C

ADE - FODDER FOR DRAF1 ANILS (TONES/YEAR)
<313)

SHARE - ALLOCATION TO SECTOR DETERMINED BY
ALLOCATID MACRO <1>

ADER - FODDER REQUESTED FOR DRAFT ANIMALS (TONNES/
YEAR) <314)

AEPJ - SHORTFALL It PRCDUCT1ON OF FODDER
AEWR - WEIGhTED REQUESTS FOR FODDER PRODUCTION

<205>
ADJ!'J - NORMAL PRIORiTY FOR DRAFT A'UMALS <313.2)

ADER.OI.K*AjJEN+ADA .ADAEN 314, A
ADIEN4.8 314.2, C
ADAEN9.7 314.4,

ADER - FODDER REQUESTED FOR DRAFT AIALS (T3NES/
YEAR) <314)

AD! - IATURE DRAFT ANIMALS (ANIMALS) (305.1)
ADIE - DR1AL FCDDER CC\SU'tPTICN BY IhATURE DRAFT

AIM.ALS (TDNNES/YEAR) <314.2>
* ADA - ADULT DRAFT LIVESTOCK (4sIMALS) <301.1>

ADAEN - 'OR1AL FODDER CCSUPTION BY MATURE DRAFT
At1ALS (T3N4 ES/YEAR) <314.4>

ADU.K(ADI.K*ADIUN+ADA.K*ADA)*AUFR.K 315, A
315.2, C

ADAUN7
ADU - MANURE FQDUCED bY DRAFT LIVESTOCK (315>
AOl IATURE DRAFT ANIMALS tATUMALS) (305.1>
ADIUN - JOPMAL AURE PRODUCTION BY jATURE DRAFT

ANIMALS tTCNLS/YEAR) (315.2>
ADA - ADULT DRAFT LIVESTOCK (AIMALS) <301.1>
ADAUN - NORMAL MANURE FR3DUCTI2'; BY ADULT DRAFT.

AIALS (TONNIS/VEAR) (315.4>
AUFR - MANURE FRACTION RECOVERED (316>

AUFR.KT3LE(AUFT,TIE.(,19EO,2O1O,1Q) 316,
AUFRT.4/.45f.45/.45/.45I.45 316.2, T

AUFR - MA4URE FRACTION RECOVERED <316>
AUFRT - TABLE FOR MANURE FR,C1ION RECOVERED <316.2)
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Food Livestock -- The food livestock herd (AB) is also divided into

immature animals (ADI) and adult animals (ADA). The initial, 1960 herd

size is estimated at 1,500,000 adult food livestock (ADAI) and 600,000

iimnature food livestock (ADII).28 The equations describing the food

livestock population are quite similar to the equations for the draft

livestock population, and only the most significant differences will be

noted here.

Because many of the immature draft animals are destined for sughter,

rather than a productive lifetime as adults, the maturation 1ow 1nq the

adult food livestock population is the maturation flow out the iate

population (ABN) reduced by the fraction of maturing animals that are

slaughtered (ABSF). This slaughter fraction also figures in the calculation

of desired food livestock births (ABBD), sInce the animals which are slaughtered

(ABS) must be replaced with new births.

The total food production from livestock (ALFP) is a combination of the

food production from food livestock and the food production from draft

livestock. The production from food livestock includes: 1) the food produced

from the slaughter of immature food livestock (ALFPN); 2) the slaughters of

adult food livestock that have passed their productive breeding time

(ABAD); and 3) the production from live adult animals, which primarily

comprises milk (combined in ALFPA). Similarly, food production from draft

animals includes the recovery of meat from slaughtered animals and mjlk

from adult draft animals (ALFPD).

Like the crop agriculture sector of the model, the food livestock sector

includes a calculation of the adequacy of meat production, as compared with

meat requirements. The model calculates the desired annual change In

livestock food production (ALFDAC) necessary to close any gap between supply
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(ALFP) and the urban (PUMR) and rural (PRNR) meat requirements. This

desired annual change in livestock food production is instrumental in

determining the desired food livestock births (ABED).

FOOD LIVESTOCK

.K'AI.K.ABA.K 317, A
AB - FOOD LIVESTOCI( (Ar.I'LLS) (317>
ABI - IVATUPE F3OC TNALs: (A.I'LS) <322.1)
AEA - ADULT FOOD LIVESTOCK (A1'1ALS) <318.1)

ABA. ABP.J+COT)(A .J*(1A3SF.J)-ABAD,J) 318, LABAABAI 318.1 N
ABAIz1.5E6 31.3, C

ABA - ADULT FOOD LIVESTOCK (Af4IMALS) <318.1)
ABM - FOOD LIVESTOCK IATURATION (ANIMALS/YEAR)(321)
ABSF - SLAUGHTER FRACTIOft FOR IMMATURE FOOD

LIVESTOCK (33>
ABAD - ADULT FO3D L1VESTCCK DEATHS (AJIMALS/YEAR)

<319)
AIAI - INITrAL ADULT FCOD LIVESTOCK (318.3)

ABAD.ABA.K/(ABPL'ABADEE.K) 319,
ABPLN2.5 319.2. C

ABAD - ADULT FOOD LIVESTOCK DEATHS (AIALS/YEAR)
<319)

ABA - ADULT FOOD LIVESTOCK (M!IALS) <318.1>
AEPLN - G.4AL PSODUCTIVE LIFETIME FOR FOOD

LIVEST3CK (YEARS) <3l.2)
ABADEE - EFFECT OF FODDER SUPPLY C FOOD LIVESTOCK

DEATH& <320>

ABADEE.XZTABLE(ABAOEET,A3E.K/ABER.K,O,1,.25) 320, A
ABAJEET0/.5/.75/.9f1 320.2, T

ABADEE - EFFECT OF FODDER SUPPLY ON FOOD LIVESTOCK
-DEATHS (320>

ASADEET- TABLE FOR THE EFFECT OF FODDER SUPPLY OM
FOOD LIVESTOCK DEATHS (320.2>

ABE - F°DDER FOR FOOD ANPIALS (TONtES/YEAR) <331)
ABER - FODDER REtUESTEL FOR FOOD ANIMALS CTONNES/

YEAR) (332).

ABM.KABI.K/ABMT 321, A
ABMT1 321.2, C

ASM - FOOD LIVESTOCK PATUR&T1O (IMALS/YEAR)
<321)

AbI - IMMATURE F3OE AJMALS (ANIMALS) <322.1>
ABMI - MATURATIDj TI1E FOR FOOC LIVESTOCK (YEARS)

(321.2>



ABI.c.
1-. 32, LA8II.t

322.1. N
322.3, C- IMTUE F33 !ALS (A1'LS) <322.1)

A-. FOOD LIVETaCK EIRTHS U\1'uLS/YEAR) (325>
T - WOOD L1ESTflCK TU T1C ( 1ALS/YE4R )

<321)
AL - I.MA.TUE F33 L IVESTCC DEA$S <323)

- P4ITIAL LtATURt OFT LIVEST3CK (322.3)ABIO..-A "'t.K*ABIQP.K 323, A-_ I"1ATURE F330 LIVESTCC DE-ThS (323)
- IATL'RE FOOD AIrALS (.NIALS) <322.1)

JRML DEATH RATE FOR UMT.URE F.000LLV$TCK (32 4)

ABIDR.'\
324, A
324.2, T_NCR1L DEtTH RA1E FOR IMMATURE FOOC

ABI LI-VES-TOC (324>
T-ASLE FOR I.iMAT-LRE FOOD AIMAL DAT-H RAT-E

AB (324.2>
- FODDER FO F3D P1ALS (T-OES/YEAR) <331>

- - FODO(P RUESTEC FO FOOD ANIrALS (T-ONNES/
YEAR-) (332>

4 'tA.,A8E.() 325, A
F30D LI-VEST.LCK EIRT-,S (I1ALS/YEAR) <325)

AR' 9ORAL FI3kIT-Y CF :ILITARY SECTOR <410.2)
MAX 1TMUM POSSIbLE FCcJD LIVESTOCK EIRT-HS

AB
-I-P FOOD LI-VES-TCC)c. BjRTjS (327>

A3BM.<
326, A
3-26.2, C

MAXIMUM P-OSSIALE. F000 LIVESTOCK EIRTrS
ABA <326)
Aa ADULT- FODO L1VETOCK

C !IiVALS) (318.1>
- XIU TRTHS PER ADULT FOOD A.IAL<326.2)

AP 327, A
ABS -- DEIED FOOD LIESTC IRT-1S <327)

- - SLAUGHTERS F FOOD L1VESTOC <331)>
_EFFCT- CF F(DDE AV1Lf-ILITY O. DESIRED

FOOD LI-VE5'TOC BIRTHS <328>
EFYECT F FEL'I Et'ETS C DESIRED FOOD
LIVESTOCK hIS (329.1)
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32, A
32..2,

- EFFECT OF FODDER AVL1LPILITy ON DESIRED
FOD LIVE.TOC IR'hS <328)

AHBDEET TAPLE FOR ThE EFFECT CF F3DtER AVAILA1LITY
ON DESIkED FOCU L1VETCK bIRTHS (328.2)

ABE - FODDER FOR FOOD AIALS (TOY:ES/YEAR) (331)
AER - FODDER REUESTEO FOR FOOD A'IALS (TONES/

YEAR) (332)

BDRE.K=TABLE(ABEDRET,ALFDAC.K,....3,.145,.lS) 329, A
ABBDRE1 329.1, N
ABRDRET.75/.9/I/1 .1/1.4/2 329.3, 1

AEBORE - EFFECT OF REUIFEMENTS ON DESIRED FOOD
LIVESTOCK EIRfl4S (329.1)

ABEDRET TABLE FOR THE EFFECT OF REOUIRCMENTS ON
DESIRED FJOD LIVESTOOr. BIRTHS (329.3>

ALFOAC - DESIRED ANNUAL CHANGE IN LIVESTOCK FOOD
PRODUCTION (340)

ABS. ABAD.K+ABID.K+LSF.K*.A M.K 330,.__.,
ABS - SLAUGHTERS Fc FOOD LIVFSTOC <330>
AAD - ADULT FOOD LiVESTOCK DEATHS (ANIMALS/YEAR)

(319)
ABID - IMiATURE F330 L IVESTOCK DEATHS (323>
48SF - SLAUGHTER FR ACT ION FOR IMMATURE FOOD

- LIVESTOCK <33e>
ABM - FOOD LIVESTOCK tATUR4TION(AUMAL5/YEAR)

(321)

ABE.K.SHARE(AEER.K,AEPN.K,ABIE.K,AEWR.K,ABIN) 331,
ABIN.1 331.2, C

ABE - FODDER FOR FOOD ANIFiALS (TO'JNES/YEAR) <331>
SHARE - ALLOCATiON 13 SECTOR DETERMINED BY

ALLOCATION MACRO (1>
ABER - FODDER REOUESTED FOR FOOD ANIMALS (TONNES/

YEAR) <332)
AEPN - SHORTFALL IN PRCDUCTION OF FODDER
AEWR - WEIGHTED REOUES1S FOR FODDER PRQDUCTJON._.....

(2C5>
ABIN - NORMAL PRiORITY FOR FOOD LIVESTOCK (331.2>

.

ABER.K9I.K*ABIEN+ABA.K*ABAEN 332, A
ABIE!2.4 332.2, C
AAEN6.6

. 332.4,
ABER - FODDER REUESTEC FOR FOCD A:IMALS (TONNES/

YEAR) (332>
ABI - IMATURE FOOD IM4LS (ANIMALS) <322.1>
AB1EN - ORAL FODDER CUNSUTMPTIUN Y IMMATURE FOOD

ANI'ALS CT3E/YEAR) (332.2)
ABA - ADULT FOOD 1VESTOC (A IALS) (318.1> - ____
#BAEN - J3RMAL FODDER CCSUPTICN BY ADULT FOOD

ANIMALS (TONNES/YEAR) (332.4)
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AU.K(AE:I.< .Ij+.K*AU)*ALF.. 333, AA&IU'LZ.7 333.2, CA3AU'1.5 33.4, CABU - A.UPF: PRODUCED Y FC(JO LIVF STOCK <133)
AEI - I TU'E F3...D A?IAL' (\I1ALS) <22.1>ABiU: - .3R'iAL UE P DUCT fl y j ATU.E FOOD

ALFP.ALFP1.+LFPA.*ALFPD. 334, AALFP - FaJJ PRODUCTLO\ FRC LIVESTOCK <334)
ALFP;4 - FOJC PR')UCTIN FRO j'ATUE F333

LIVESTOCK (!3)
ALFA - fl3) PRODUCTION FR3' ADULT FOOD LIVESTOCK(338)
ALFPD - FOOL) POOUCTIO FROM OPAFT LIVESTOCK <330)

335, AAB'4FP\.U5O
335.2, CALFPM - FOOD PRODUCTION FO' IATURE FOODLIVESTOCK (33>

ABM - FOOD LIVESTOCK AIURAT1O (AI'14LS/YEAR)<321)
ABSF - SLAUGHTER FACTt3r FOR TURE FOODLIVESTOCK <330A6'!FP4 - OR1AL FOOD PROCUCTIC FROM SLAUC'4TEEDMtTURTG FOOD Ar-tINALS <33.2>

ABSF.KAX(1(AEfl.K/4B.'),C) 336, AABSF - SLAUGHTER FRACTIU FOR It!ATUE FOODLIVESTCCK (33A)
ABMO DESIRED ATATiON PATE FOR FOOD LIVESTCCK(337>
ASM - FOOD LIVESTDCK ATURATI3 (At'ALS/YEAR)<32 1>

ABMO.KX(D.'APOEE.K*AflRE.K,PM.K) 337, AAMO - DESIRED MaTUAT 0N RATE FOR FOOD LIVESTOCK<331>
A8AD - ADULT FOOD LIVESTOCK OCATS (A.f1ALSJYEAF)<319)
ABDEE - EFFECT OF FOUOE AY.IL1LITY O DESIREDFOOD LIVESTOCK EIPThS <328)ABBORE - EFFECT u E;ui E'ETS O. SIPED FCODLIVEST3C< IRTrS <32.I)ABM - FOOD LIESTOC.( i'ATURAT1U1 CANIM4LS/YEAR )<321)

ALFPA.KA.K*A3AFP+ArA3.rn* APSFP 338, AABAFP.O9O
138.2, CASFP.0
338.4. CALFP - FOOD PCCUCTIO FR3' ACULT FOCO LIVESTOCK(338>

ABA - ADULT Fu.O LIVESTCC( (A'I.ALS) <318.1>AAFP4 - ORAL FOC') DLUDTIC FR'3'' ADULT FOOLP..FT (Tc..Es/vEckc <31 .2)AB 0 - AUULT F0C0 LXVETCCK DFATS (IAL,/YEA,)<10)
BSFP'. - AL FDC PjEuciIc'- SLAUGHTEREflACULT ::J) A'ItL (3E.4>
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33c),AFZ.163
333.2, C33194, CLFPO FOOD PROPUCTJO'4 FPO CFT L1VETOL'( <R39)- AULT LV5TC (1-4L) (301.1)- ":CRAL AUP.L F COD 1kflLuC1I FROM ADULTfiRFT 1LS (339.2)ADAD - ADULT DPFT LIVESTOCK DEATHS (YMALS/YEAR)<302>

ADSFP - RL EEAT RECOVERY FR3 SLAUGhTEREDDRAFT ANIL (TONEs,ANJtAL) (339.4>

ALFJAC.K.1ARLE(ALFDACT,ALFJAC.<,-.1,.3,.1) 340, AALFDACT-.1/3/.CjE/.p9/.1
340.2, TALFDflC - flESIRED AUL CH/NGE I\ LIVESTOCK FOOD

PRODUCTI3\ <343>
ALFDACT- TABLE FQ THE DESIRED ANNUAL CHA.GE IN MEATPROOUCTIY (3 46.2)
ALFIAC - IMOICATED ANNUAL CHMGE FOR LIVESTOCK

PRODUCTI3 <341>

ALFIAC.KZSMOOTN(ALFDFC.K/ALFTA,ALFAT)+ALFGI.k 341, AALFTA5
341.2, CALFATl
341.4, CALFIAC - INDICATED tkNNUAL CHA;GE FOR LIVESTOCK FOOD..

PRODUCTiON <341)
ALFDFC - DESIRED FRACTIO'.AL CHA4&E IN LIVESTOCK

PRODUCTION <343)
ALFTA - ADJUSTErT TIME FOR MEAT PRODUCTION (YEARS)<341.2)
ALFAT - AVERAGING TIVE FOR MEAT PRODUCT1O (YEARS).__.(341.4>
ALFGI - GOVERMET P'FLUENCE ON :EAT PRODUCTION(342>

ALFGT.KTAELE(ALFGIT,TIME.K,1960,201C,10) 342, A
4LFGIT.35/.O5/.35/.O5/.O5f.C5 32.2ALFGI - GOVERNE'T IISFLLENCE ON MEAT PRODUCTION

<342>
ALFGIT - TAELE FGR GOERMENT IFLUErCE O4 MEAT

PROOUCTICJ (342.2>

4LFDFC.P(PRMR.+PUMR.K-ALFP.K)/ALFP.K.
ALFDFC - DESINED FRACTIOLAL CHANGE N LIVESTOCK

PRCDUCTIO (343) --PRMR - REQUESTED RUNAL MEAT CONSUMPTION (TONESI
YEAR)

PUMR - PEQUESTED URBAN MEAT CDSUMPTION (TONNES/
YEAR)

ALFP - FOOD PRUCTIDN FRD LIVESTOCK (334>

PJ.KMAXtPRR.PU!.K-ALFF.K,O) 344, A- SHORTFALL IN MEAT PRODUCTION (344)PP - E(UETED RUR4L MEAT cOSuMPTION (TOrES/
YE:AR) _. --------PUMR - kEQUESTED URbAf PEAT CCSU?'PTI3N (TCN.tES/
YEAR)

LFP - FOOD PRODUCTION FRO' LIVESTOCK (334>
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345, A
A!PWR - EIGHTEiY JESTS FO ET PROCUCTI3'. (345)PUM - RECaUESTLD UçbA MEAT C( U'PTI3. CTO'ES/

YEAR)
PUIM - UREA PRER ITT FCR NEAT
PSMR - REGUETE3 1JRAL 1EAT c SU"TIO. (tCY,ES/

YEAR)
PRIM - RURAL PRIORITY FOR MEAT



VI. INDUSTRIAL ACTIVITY AND FOREIGN TRADE

Consideration of Egypt's overall economic development is a necessary part

of any study of the role of water resources in that country's future. The

ultimate outcome of a wide range of development strategies, and the resulting

need for water of adequate quantity and quality, will depend upon trends in a

number of different Egyptian industries, and decisions regarding foreign trade.

Although several categories of Egyptian industrial activity and foreign

trade are represented in the simulation model, the detailed accorded to each

industrial sector does not compare with the detail accorded to agricultural

production. The agricultural sector has diect and close ties with the water

sector that require considerable model structure for an adequate representation.

In contrast, Egypt's industrial sectors do not have direct links to the water

$ sector of the same importance. Therefore, less model detail is sufficient to

determine the consequences for the water sector of various industrial trends.

Part A of this Chapter describes the model's treatment of industrial

activity. Part B covers iilitary requirements, and Part C treats foreign trade.
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VI-A. INDUSTRIAL ACTIVITY

The most important aspects of production are quite similar for each major

industrial sector of Egypt's economy. Figure VI-1 shows a basic model "build-

ing block" that is duplicated several times to represent various sectors of
Egyptian industr-". This building block consists of a very general causal

structure for representing
industrial production. Each time this generalized

structure is used in the model, industry-specific parameters are introduced
to, in effect, customer-tailor the building block to reflect conditions in a

particular industry.

Referring to Figure VI-1, for each industry production is determined by

a comparison of potential production with demand, with production being the

smaller of the two quantities. Potential production itself is determined by

the sector's base production capacity and the availability of other necessary

production factors. The base production capacity for any sector will depend

primarily on that sector's existing capital investment, with labor force

adequacy being a secondary factor. Three other production factors are included--

energy, transportation, and raw materials. Each industrial sector competes for
all five production inputs with other industrial sectors of the economy, and
with the population

sector for certain items (e.g., energy) that the

population consumes directly.

Not all industrial sectors require all five inputs. The transportation

sector, for instance, is assumed to have no significant raw materials or trans-

portation requirements itself (that is, relative to other sectors which cons'.e
most of these resources in the Egyptian economy). The fertilizer sector's

labor requirement is small enough relative to the needs of the other sectors
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Figure VI1:
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of the economy that it can be ignored. In such circumstances, the model

equations for non-essential inputs are de-activated, and have no influence on the

sector's production.

The simulation model's explicit industrial sectors include the following: 1)

capital goods, 2) consumer goods, 3) energy, 4) transportation and 5) fertilizer.

The capital good sector supplies machinery for all industrial sectors, the

agricultural sector, the water sector (e.g., pumps), and for the population

itself (houses, schools, etc.). The consumer goods sector competes indirectly

for agricultural resources through its use of cotton as a raw material. It also

defines the population's material standard of living and serves as a potential

source of foreign exchange.1 The energy sector includes the production of

hydro-electric power from the Nile water, and also production from nuclear

sources and fossil fuels.2 The transportation sector provides an important pro-

duction input to the other industrial sectors and to agriculture; it represents

an alternative to moving goods and people via the Nile river system. The domestic

fertilizer industry supplies another key production input to the agricultural

sector, and is a major consumer of energy. Fertilizer will become increasingly

important if other limits to agricultural production are overcome.

In the balance of this section, the specific model equations that repre-

sent industrial activity in Egypt are described. As mentioned earlier, a build-

ing block was developed that is universal enough to represent any industrial

sector of the economy. The differences among producing sectors are repre-

sented In parameter values assigned to the replication of the building block

for each sector.

For ease of explanation, the industrial building block is divided into

four parts. These are production, labor, machinery, and desired production.

Each part will be discussed in turn, followed by the pertinent equations from

the model.
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Production -- The output produced by any of the industrial
ors (OUTPUT)

is influenced by six separate considerations: demand for the sector
' output,

and five production factors: capital investment, labor force, raw terials
energy, and transportation. The potential sector production from Ctta1 and
labor (SPPGL) establishes a maximum production potential from sector- resources.

The smaller of potential production and demand (SPR) establishes a

base (SPB) that determines sector requirements for the other three LIit5 The

ability of the sector to acquire the required amounts of these input will de-

termine how much of the production base is actually delivered.

Demand for any sector (SPR) will be determined by the requiretu8 of

other industrial sectors, the agricultural sector, or the direct

of the urban and rural populations.. In addition, foreign trade in-

fluence the requested production for Egypt's consumer goods sector.

Potential sector output (SPPGL) is modeled as proportional to -zhe capital

goods investment (SG) in place for the sector. A conversion ratio (PGp.N)

specifies the normal amount of sector output per unit of capital iflvtetmt,

and, of course, would be different for different sectors. Output 1 the model

is represented in physical units for fertilizer (metric tonnes), trportatjon

(tonne-kilometers), and energy (kilowatt-hours). The units for conter goods

and capital goods are monetary, i.e., Egyptian pounds. The conversi. ratios

for each sector are presented below.

Normal Sector Output Per Unit of Capital3

Capital Consumer
Goods Goods Energy Transportatiot

Output/Unit
Capital .96 .90 32 63

Output Units pounds pounds kilowatt tonne-
hours kilomete-.

Fertilizer

.22

tonnes
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Labor availability also influences the output per unit of capital ivest-

ment, and is represented in the model as an index (SPELA) that can vary from

zero to one or more. The index specifies the fraction of the output indicated

from the sector capital investment that is actually available, given the cur-

rent sector workforce. If labor is scarce, the index would assume a value less

than one; exce;s labor would yield an index value greater than one, allowing

a higher than normal output from the sector capital. The model's calculation

of the labor availability index will be described later in this chapter.

The effects of raw material, energy, and transportation availability on

potential sect(r production are all treated similarly in the model. For each

production factor, an availability index is calculated. Like the labor avail-

ability index, the other factor availability indices specify the fraction of

production that is obtained, relative to the production that would be generated

if the particular factor were fully available. Each index is determined from

the ratio of factor available (SR for raw inaterial, SE for energy, ST for

transportation) to factor required (SRi), SER, STR), as shown in Figure VI-2.

The availability of the individual production factors is governed by

the model's resource allocation logic (see Chapter VII), and the industrial

sectors must compete with each other and other sectors of the economy if. a

short-fall exists for a given commodity. Requirements are primarily based

on the sector production base (SPB) and conversion factors specifying the

amount of each remaining factor input required per unit of output, as shown

below:

Production Factor Requirements

Capital Goods Consumer Goods Energy Trans. Fertilizer

Trans/Unit Output4
(tonne-km) 3.5 2.4 - - 220

Energy/Unit Capital5
(kw-.hrs) .68 .68 -- .68 7.4
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Figure Vl-2:
Effect of Raw Materials, Energy,

and Transportation on Production
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The parameter values for energy and transportation requirements per t i.t

of output from each sector are calculated from 1960 data. Not all sectors

require each production input -- it is assumed for simplicity's sake, for

example, that there is no transportation required to produce transportation, and

that no raw materials are required for capital goods. The only raw material

specifically repr sented in the model is cotton and other non-food agricultural

production for the manufacture of consumer goods. Furthermore, the model in-

porates an assumption that consumer goods output (in monetary terms) per tonne

of agricultural raw material will increase with new investment lit consumer goods

capital, as the ccnsumer goods industry diversifies from agriculturally based

production (e.g., cotton clothing, straw basketsi to other consumer items.

Non-agricultural consumer goods raw materials are assumed to be imported. This

effect is shown in Figure VI-3.

SECTDR PRODUCTION _:_--
)UTPUT.KMOOTH(SPE.K*SPEA.(*SPEEA.*SPETA.K, 2,

SP 1T ) + S PE S. K
UTDUT - SECTOR PROQUCTI C (U'ITS/YEAR) <2)

S - SECTOR PRDDUCTICN EASE (LIITS/YEAR) (3>
SERA - EFFECT OF RA MATERIAL AVAILABILITY ON

POTENTIAL SECTOR PRODUCTION <5.1>
SPECA - EFFECT OF EiERGY AVAILAITY O POTENTIAL

SECTOR PROLUCTION <9.1)
SET - EFFECT OF TRASORTAT ION ON POTENTIAL_

SECTOR PRODUC1ION (12.1>SAT - AVERAGINS TIVE FOR POTENTIAL SECT9R___. _---------------- -PRODUCTION (YEARS) (346.2>

SPB.I(S?R.K,SPPGL.K) 3, A
- SECTOR PRODUCTICJ EASE (UNiTS/YEAR) (3)
- NORMAL PRIQJTY OF ILlTAcY SECTOR <410.2>
- REQUESTED SECTOR PRODUCTIONSGL - POTENTIAL SSCTOR PRCDUCTIO? FROM CAPITAL

GOODS AND LAS CR (UNiTS/YEAR) (4>
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Figure Vl-3:
Raw Materials Requirements

for Consumer Goods
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SPPL.K.K*SPGRr.*SPFLA. 4, ASPPI'I
4.3, NSPPGL - PGTL1 IL SECT) F. PSJDUCTI3N FROM CAPITAL

GLO AD LAE'C ( ITs/YEAR) <4>
- SECT:T CAPITLL -OUD (F LY'S) (23.1>SGRN - 3FL UTPU1/CtPITAL k.TIO <4.3)

SPELA - FFFECT CF LOR AVAILt'ILITY ON POTENTIAL
SECOR PRDtUC)I3N (IS>

SPI - 11T1L SECTOR r-RODJCTION .- -.Sol - INITIAL SECTA CAPITAL

SPE.KTLE(SPEFAT,5R./PO(SRo.),o,j,.25) 5, ASPERAj
5.1, NSPERA - EFFECT OF RA TERIL AVAILABILITY ON

PCTETIAL SECTOR PRCLUCT ION (5.1) -------SR - RW MATERIALS AVAILALE (UITS/YEAR) (7)
3RD - RAW MATERIALS DESIRE( (UNITS/YEAR) <6>

SRD.SPB./POS(SPRR) 6, ASD - RA LTERIALS DESIRED (UNITS/YEAR) <6>
SPB - SEC.TC PRODUCTION EASE (UNITS/YEAR) <3)SPRRN - IORMAL PRODUCTI C/R4 ?ATERIAL RATIO

SR.KDELAYSRI.<,SRDT) 1, ASR - RAW ATERI4LS 4VAILAELE (UNITS/YEAR)<7>
SRDT - DELIVERY TIME FOR RA MATERIALS (YEARS)

(346)

SRR.SRD.K*(1+SPDAC.K*SRDT) 8.SRR - RA'w 4TERIALS REQUESTED (UNITS/YEAR) (8)3RD - RA MATERIALS DESIRED (UNITS/YEAR) <6>
SPOAC - DESIRED ANNUAL CHANSE IN SECTOR PRODUCTION

(2> _____SRDT - DELIVERY TINE FOR RA MATERIALS (YEARS)
<346> _. - - -

SPEEA.KTAELE(SPEEAT,SE./POS(SER.K),O.1,.25) 9, ASPEEA1 9.1, N
SPEEA - EFFECT OF ENERGY AVAILABITY ON POTENTIAL

SECTOR PRODUC lION (9.1)
SPEEAT - TAELE FOR ThE EFFECT OF ENEGY AVAILABILITY.

ON SECTOR PRO EUCTION
SE - EJERY AVAILAELE (H'SfYEAR) (11>.
SER - ENERGY REQUESTE.0 (KWH'S/YEAS) (10>

SER.KSPP.K*SPERA.K*SEPRN*EDF.K 10. ASFSE1/SI 10.2, N
SER - ENERGY REQUESTED (XH'S/YEAS) (10)
SPB - SECTOR PRODUCT I C EASE UI1S/YEAR) _(3>_
SPER4 - EFFECT OF RA MATERIAL AVAILAEILITY ON

POTENTIAL SEC1OR PRODUCTION <5.1)
SEPRN - '0RM4L EcERC-Y/OUTPUT RATiO <10.2)
EDF - flERGY UEA'-D F tCTOR <391>
SEI - INiTIAL SECTOR ENERGY USAGE
SPI - INITIAL SECTOR PRODUCTION
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SE. SHARE(SEP.K,FO'. ,ctE. ,ER.'(,cIN.(, 11, A
SE - ENERGY AVILABL (J'S/YE) <11)
SHARE - ALL'JCATI TO SCTO CETERII\EC PY

ALLCC.TI(i PAACO <1>
SER - ENERGY REcUESTEC (K's/YEA) <Ii>
EP - SHCTFALL I 0RCDtJCTIO* OF EJERGY
EWR - EIt1TE REJES IS FOP EERY <385>
SI? - NDRAL SECTOR PRICRITY

SPETA.KT(2LE(SPETAT,T./POS(STR.K) ,3,1 ,.25) 12, ASPCTAz1 12.1, i
SPETA - EFFECT OF TRASPCRTATIO? O'J POTETIAL

SECTOR PRO3UCTIO4 <12.1)
SPETAT - TAPLE FOR TrIE EFFECT OF TRANSPORTAT1O4

AVAILASILITY ON PRODUCTION
ST - TRANSPORTATION VAILAELE (TNNEI('1'S/YEAR,)

SIR - TRANSPORTATION RECUESTED (TONNEM'S/YEAR)
<13>

STR.v(SPB.K*SPERA.*SPEEA.K* STPRN 13, A
SIR - TR4NSPOSTTI3'L RECUESTEC (TNNEK1'S/YEAR)

<13>
SPB - SECTOR PRODUCTICN BASE (UNITS/YEAR) <3)
SPERA - EFFECT OF RA. MATERIAL AVAILABILITY ON

POTENTIAL SECTOR PROLUCTICN <5.1>
SPEEA - EFFECT OF ENERGY AVILAEITY O POTENTIAL

SECTOR PRODUCITON <9.1>
STPRJ - NORMAL TRASFOR 1 IO REQUIREMENT PER UNIT

OF SECTOR POUCTL.N

ST.KSHARE(ST.K,TP'.<,SIT.K ,TWP.K,I\.K) 1'#, AST - TRANSPORTATION IVAILALE (TE-KM'S/YEAR)
<14>

SHARE - ALLOCATI3N TO SECTOR OETERINED bY
ALLOCATION ACRO (1>

STR - TRANSPOPTATjN ECUESTEO tTUNEK'S/YEAR)
<13)

TPN - SHORTFALL IN PR crUC1 hi'.. CF TRANSPORTATI3!TR - WEIGHTED REUES1s FR TRANSPORTATION <402>SIN - DRMttL SECTOR PRIORITY

0
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Labor -- In the basic industrial building block used in the model, 'bor

is an important determinant of output. As noted earlier in this chapter, an

index for the effect of labor on sector production (SPELA) is calculated sep-

arately for each sector. The index is determined from the ratio of the

available sector labor (SL) to the optimal amount of labor (SLD) dictated by

the sector's curr2nt supply of capital goods. The marginal productivity of

labor is assumed to decrease as the ratio of labor to capital increases (Figure

VI-4). The optimal ratio of labor to capital (SLGRN) is taken as the 1960 ratio

multiplied by a factor that decreases labor requirements as a sector's stock of

capital grows over time. This factor represents the assumed increases in technol-

ogy that occurs with greater capital investment, and the resulting reductions in

labor required per unit of capital (or unit of output).

The amount of labor available to a sector (SL) is determined from the labor

requirements of each sector (SLR) and the urban labor force available for 1industrial and service employment. Individual sector labor force requirements

are based upon the optimal labor allocations (SLD) described above. However,

the model also includes an assumption that labor requirements are increased

in response to a perceived need for rapidly increasing a sector's output. That

is, the greater the desired annual change in sector output (SPDAC), the greater

the request for labor (Figure VI-5). This allows for immediate, although in-

efficient, increases in sector output that can be effected more rapidly than

increases from new capital investment.

The model's labor equations also include an experience effect (SLEE) on

labor productivity. This experience factor reduces the effective labor force

available (stated in equivalent man-years per year) at times when a rapid in

crease in a sector's labor force necessitates the introduction of unskilled or

inexperienced workers. It is assumed that a new worker in a sector is 35Z less
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Figure Vl-4:
Effect of Labor Availability on Output
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Figure V5
Effect of Needed Production

Changes on Labor Requested
Fraction of Optimal
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productive than a worker with five years of experience.

It appears likely that Egypt will have a steady supply of urban industrial

workers for the foreseeable future. Indeed, Egypt seems much more likely to

face an oversupply, rather than an undersupply, of urban labor. However,

possible future scenarios may, through some direct or indirect mechanism,

reduce the urban labor pooi sufficiently to constrict industrial output.

Therefore, the model's standard allocation logic is used to distribute urban
labor among the competing needs of the industrial and service sectors. Priorities
assigned to each sector determine which sectors suffer labor force reductions
in the event of a general labor shortage.

Estimates of the 1960 industrial labor force are provided to the model

for calculations of base labor/capital ratios. During model simulations, labor

requirements and allocations are calculated internally in the manner described
above.

1960 Labor Force Distributions6

Capital Consumer
Goods Goods Transportation

Thousand Men 315 470 220

Urban
Services

1,170

SPCLA.T4BLE(SPELT,SL,(*SLEE.a/pos(sLJ,K),3,2, 15, A25)
SPEL - EFFECT OF LEOR AVA!L,CILITY ON POTENTUL

SECTCS PR3OUCTION <ic:>
SPELAT - TALE FO T4E EFFEC OF L.AEO AVAILAULITY

O'kJ SECTOR FRUCTi3N
SL - LAOF AVA ILA-LE (E\') <1E)
SLEE - EXPEP1['CE FFECT U VAIL3LE <21)SLD - LP3R DSIR (.iYE) <1')

SLD.S(.*SL'.V
16, ASLO - LAEO DELREO (E'./'EA') <16>

sc, - SECTC C.PtTL OO CUr)S (23.1>SLGR' - 'UR/L LAPOR/CITAL STIC (17>
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SL .z(SLII/GI*T HLLG T, I/s.K,o,,L,o5) 17, A
SLGR - :3RL L /CAJTAL PATiO (17)
SLI1 - INITIAL SECTCR LAfO FORCE
SG1 INITIAL SCTCR CAPITAL
SLGRT - TAELE FC NJFIiAL CAPITIL/LA9OR RATIO

- SECTOR CAPITAL GOODS (PCUNDS) (23.1)

SL.KSMCOTH(SLI.,SLTT) 18, A
SL - LA3R AVA1L4-LE (ME) <1)
SLI - LAEUP IrOICATED (E'.) (15.1>
SLTT - TITME TO TRA\SFER INcuSTk1AL LABOR (YEARS)

<346.6>

,,. 19,SLISLD 19.1, N,
SLI - LABOR t?DICATED (MEN) (19.1>
SHARE - ALLCCA'ID TO SECTOR DETERMINED BY

ALLOCATION MACRO (1)
SLR - LABOR REcUESTED MEN <20)

H PLN - SHORTFALL IN AREA LABOR FORCE
PLWR - WEI3HTED EQUES1s FOP APEA LABOR
SIN - 3RMA SECTOR PRIORITY
SLD - LABOR DESIRED ('E!/YEAR) <16>

SL.SLD.K*TABLE(SLRT.SPDAC.,.1,.2,.05)
SLR - LABOk REQUESTED (MEN), (20>
SLO - LAPOR DESIRED (!'EN/YEAP) <16) -

SLRT - TABLE FOP REQUESTED SECT(iR LABOR
SPDAC - DESIRED ANU4L CHANGE IN SECTOR PRODUCTJP!._.,__.,,..,

(42>

sLEE.TABHL(sLEET,SLE./Pos(sL.),O;1,.25) 21, A
SLEE - EXPERIE'CE EFFECT ON LAOR AVAILABLE
SLEET - TABLE FOR TtE EFFECT OF EXPERIENCE ON LABOR

EFFECTIVE'JESS <346.8)
SLE - EXPERIECED LABOR (EJ) <22>
SL - LABOR AVAILABLE (MEN) (18>

SLE.SUOTr1(SL.,SLET) ?2,_A_
SLE - EXPERIENCED LABOR (MEN) <22>
SL - LABOR AVAILABLE (ME) <18>
SLET - LABOR EXPERIENCE TIME (YEARS) <347.1>
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Capital Goods -- The basic determinant of industrial output In the Egypt

model is the stock of capital goods (SC) in each sector. The model measures
this investment in monetary units (e.g., Egyptian pounds). As shown in Figure

VI-6, capital goods are obtained from both domestic production (SGD) and from
imports (SGQ), Industrial capital is assumed to depreciate (SGW) over a life-

time (SGWL) of 20 years.

Figure V-6 indicates that, in the Egypt model, capital investment Is repre-

sented as a two-stage process. First, sectoral orders for capital goods lead to
a commitment, i.e., a decision that a certain amount of capital goods will be
produced for each sector. Second, capital goods production capacity is allocated
among the commitments, thereby causing some commitments to be fulfilled faster than
others. We believe that this formulation realistically captures the delays, the
inertia, and the flexibility to accelerate or stretch out projects that are
essential parts of industrial capital creation.

Deliveries of capital goods from domestic production (SGD) depend primarily
on the commitments of capital goods (SGC) made to each sector in the past. These
commitments determine the amount of capital goods under construction (SGUC) within
each sector. Comparison of the capital under construction with the amount of
construction activity (SGCA) for each sector determines the construction time
(SGCT). That is, the time interval between the commitment of capital goods and
their availability to produce sector output.

Both the commitment of capital goods (SGC) and construction activity (SGCA)
are governed by the model's resource allocation logic. The country's domestic
capital goods capacity is determined by the size of the capital goods sector,
and must be distributed over the competing needs of the water control, agri-
cultural, population, and industrial sectors. The relative priorities of these
competing sectors determine which capital needs will be best satisfied in the
event that domestic supply is inadequate Eo meet demand. The allocation of
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capital goods commitments is very important; the model uses these commitments

to distribute capital goods production capacity among domestic needs. Each
sector would then typically receive the construction activity necessary to

complete current capital goods projects in the normal construction time (SGCTN).
However, in the event df disruptions to capital goods construction (caused, for
example, by a labor or energy shortage), the delivery times for capital goods
projects would be stretched out.

Capital goods orders (SGO) are calculated to provide each sector with the
capacity necessary to meet future production requirements (SPD). These require-
ments for sectoral production, and the normal output per unit of capital (SPGRN),

together determine a desired capital goods stock (SGR) for each industrial sector.
The orders placed for new capital goods commitments are determined from the
difference between this desired capital stock and the amount of capital stock
already on hand (SC), under construction (SGUC), and on order through imports
(SGQD). In addition, orders are placed to replace depreciating capital equip-
ment (SGW). Even if desired and actual capital are exactly equal, this replace-
ment ordering is necessary to stay in balance.

Estimates of 1960 capital goods in place for each sector are used in the
model to initialize all simulations and perform output/capital

calculations.
All changes to these Initial capital stocks are calculated in the model.

1960 Capital Goods on Hand7

Capital Consumer
Goods Goods Transportation Energy Fertilizer

Million Egyptian 250 260 690 50 5Pounds

S



The model treats explicitly the possibility of capital goods imports (SGQ)

for any of the industrial sectors. Imports follow from commitments (SGQC) of

foreign exchange to meet all or part of the import needs for each sector, after

an assumed two year delay (SGQDT). Commitments for capital goods imports are

the result of an allocation of the economy's foreign exchange resources; the

industrial sectors must compete with requirements for food imports and for the

use of foreign exchange to pay outstanding debts.

The individual sector orders for capital goods imports (SGQO) are based

on two components. Some import orders (SGQOS) represent attempts to compensate

for any shortfall between total capital goods orders (SGO) and coimnitments from

domestic capacity (SGC).. Other orders (SGQOT) are placed to acquire new tech-

nology from other industrial countries. This second category of orders are

represented as proportional to the new capital acquisition necessary to replace

depreciated equipment (SGW), Because capital goods are measured in Egyptian

pounds, an inflation factor (SGQXR) Is used to represent any change in the rela-

tive values of Egyptian and foreign currencies. In addition, capital goods

orders are also regulated by foreign exchange availability (QEXA), so that

orders are reduced whenever a precarious foreign exchange condition exists.
CAPITAL GOODS

SS.SG.J.(DT)(SGD.J+(SGO.J/SGXQR.J)-SSW.J) 23,LSGSI 23.1, N
SG - SECTOR CAPITAL GOODS (POUNDS) (23.1)
SOD - DELIVERIES OF CAPITAL GOODS TO SECTOR,

(POU
SOC - IlPORTS

YEAR)
SGXQR - FOREIGN

(349>
SOW - WEAROUT

YE AR)
SGI - INITIAL

S/YEAR) <25>
3F. CAPflAL GOODS FOR SECTOR (FOREX/
(35>
EXCHANGE RATIO FOR IMPORTED CAPITAL

OF SECT CR CAPITAL GOODS POUNDSI_
(24>
SECTOR CAPITAL

SGW.SG.K/SGWL 24,
SOW - WEAR3UT OF SECTCR CAPITAL GOODS (POUNDS,

YEAR) (24>
SO - SCTOR CAPITAL GOODS (POUNDS) (23.1>

- LIFETItE OF INOLSTRIAL CAPITAL (YEARS)
<347.3>

-

c
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SGO.KOELAY3P(SGC.K,?OS(SGC1.v),SGUC,) A
5G0 - flELIVEPIES OF CAPITAL GOODS TO ECTO

(POUNDS/YEAR) <25)
SGC - CO!MIT''ETS F CApjTL GOODS Tf) SCCTrR

(POU'D/YE4R) <29.1)
SGCT - COSTPUCTIu TIE FOR SECT3S CAPITAL

(YEARs) <2.1)
SGUC - INDUSTRiAL CAPI1AL U:DE C3.STUCTIO

SGCT.SGUC.(/SGCA.v' 2, A
SGCT:SGCT 2.i, N

SGCT -. CONSTRUCTIO' TIME FO SECTOR CAPITAL
(YEARS) <26.1)

SGUC - P4DUSTRIAL CAPIIAL Ut'DER CONSTRUCTIJi
SGCA - COSTRUCTIO ACTIVITY OS SECTOR CAPITAL

(POUSfYEA.) <27>
SGCTN. - NORMAL COSTRUC11ON TI'E FOR INDUSTRIAL

CAPITAL (YEARS) <347.5>

SGCA.KSHARE(SCR.K,GP.(,SIGC.(.GPwR.K,SIN.K) 27, A
SGCA - CONSTRUCT1O ACTIVITY FOR SECTOR CAPITAL

(POUNDS/YEAS) (27>
SHARE - ALLOCATION TO SECTOR DETERMiNED EY

ALLOCATIJ MACRO <1)
SGCR - CONSTRUCTI3r RECUESTED FOR SECTOR CAPITL

(POUNDS/YEAR) <28>
GPN - SHORTFALL I PRCDUCTIC OF CAPITAL GOODS
GPWR - WEIGHTED REUEST FOR CAPITAL GOODS (36)
SIN - NORMAL SECTOR PRIORITY

SGCR.KSGUC.K/SGCT A
SGCR : - CONSTRUCT1C REQUESTED FOR SECTOR CAPTT.-L

(PPU!DS/YER (28>
SCUC 1.\DUSTRIAL CAPI1AL UDER cOsTRucTIOrJ
SGCTN - NORMAL CDNSTPUC lION TI't FO I'DUSTRIAL

CAPITAL (YEARS) <347.5

SGC.SHARE(SGO.K,GO.K,S1GO.K,GR,K,SIR,<) A
SGCSGW*SGGFI Z.i, N

SGC - CO ITE'TS CF CAPITAL GOODE TO SECTOR
(POUNDS/YEAR) <29.1>

SHARE - ALLOCATIJ TO SLCTOR DETER'INEJ EY
ALLOCATIO IACRO (1>

SGO - ORDERS PLACED FCR CAPITAL GOODS FOR SECR
(°CLItO/YEAR) <30)

- SHOSIFALL I ORCERS FOS CAPITAL GOODS <'b)
GOWR - EIGHTED ORUERS FOR CAPITL GICDS <375>
SIN - ICRMA.L SECTOR FFIORITY
SGW - WEAROLT OF SECTCR CAPITAL GOODS (PUS

YEA) <24)
SGGFI - INITIAL GROATH FACTOR FOR IOtiSTR1AL

CAPLT.'.L <3+7.7>
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30, AS.K))/T)*O[S.*GU[T,K
- RflE rLAC:: FCP CAPITAL GOODS FOR SECTOR(U'P/YP) <30>
- EARjT OF iECTR CAPIT.L GO)flS (OU\DS/

YA) <24>
SGR - DESIFED CAPITAL GOODS FOR SFCTOR (POL'DS)

__-z

SGED - DESIRED EACLOc, OF CONSTRUCTION TO REPLACE
\AROUT <31>

S - SECTOR CAPITAL GOODS (POUNDS) <23.1)
SGUC - INDUSTRIAL CAPITAL UNrER CONSTRUCTION
5000 - I'P)FTED IPc:UST RIAL CAPITAL BEIfG DELIVERED
SOOT - ORDER1NC TIE FCR I.DUSTRIAL CAPITAL

(YEARS) <347.5)
SGOES - EFFECT OF SHORTAGES ON ORDERS FOR CAPITAL

(33)
SGOET - EFFECT OF CAPITAL CONSTRUCTION TIME ON

ORDERS FOR CAFITAL <34>

SG8D.KSGW.K*SGCT.K 31, A
SGBD - DESIRED BACLO& OF CONSTRUCTION TO REPLACE

JEAROUT <31>
SOW - WEAROUT OF SECTCR CAPITAL GOODS (POUNDS1

YEAR) <24> ____
SGCT CONSTRUCTIO' TIME FOR SECTOR CAPITAL

(YEARS) <26.1)

SGR.KMAX(0,SPD.K/SPGRN) 32, A
SGR - DESIRED CAPITAL GOODS FOR SECTOR (POUNDS)

<32>
SPD - DESIRED SECTJR FRODUCT1CN AT END OF

ORDERING AD CONSTRUCTION HORIZON FOR
CAPITAL GODS <41)

SPGRN - NORMAL OUTPUTCAPITAL RATIO <4.3>

SGOES.KTABHL(SGOEST,SPERA.K*SPEEA.*SP(TA.K,0,1, 3.3tA____
.25)

SGOES - EFFECT OF SHORTAGES ON ORDERS FOR CAPITAL
(33)

SGOEST - TABLE FOP THE EFFECT OF SHORTAGES ON
CAPITAL ORDERS <349.4)

SPERA EFFECT OF RA MATERIAL AVAILABILITY.ON
POTENTIAL SECTOR PRODUCTION <5.1>

SPEEA - EFFECT OF ErERGY AVAILAPITY ON POTENTIAL_
SECTOR PRODUCTION (9.1)

SPETA - EFFECT OF TRANSPORTATION ON POTENTIAL
SECTOR PRODUCTION (12.1>
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34, A
SGOET - EFFCT (i- C:IT,'L C T,,UC.TIC' T1'E Di

ORDERS FiR CAfIT5L <3k,.>

SGOETT - TAFLE FC THE EFFECT F C3*STJCTI_ TIE
O ORflES F3P CAPE TAL <J4.6>

GCT - AVERAGE C :TRuCTI TIL FOR CAPIT.L GOJDS
(3F2)

SGCT' - IORAL C3'STSUC TIOJ TIE FOP I'DUSTIAL
CAPITAL (YEARS) <34!.>

CAPITAL 3ODS IMPORTS

SGQ:OELAY3(SGCC.,SGDT,SG.K) 35,
SC.') - IMPORTS OF CAPI TAL GOODS FOR SECT DR (FOREX/

YEAR) <.35>
SGQC - C391tTr1E1TS TO 1PORT CAPITAL GOCDS FOR

SECTOR (FOREX/VEAR) <36.D
SGDT - DELIVERY TI" FCR 1PCRTEU CAPITAL (YEARS)

(348.2>
S000 - IPOPTEO INDUSTf?IAL CAPITAL BEIG DELIVERED

SGC.KzSHARE(SGQO.K,XN.K,SI r..K,GXWR.h(,SIN..<) 36, A

SGCSGCI 36.1, N
SGQC - CO1ITME\TS TO EPOPT CAPITAL CICOS FOR

SECTOR (FOrE'/YEA') (36.1>
SHARE - ALLOCATIOI TO SECTOR DETERMINED Y

ALLOCATIO' ;ACR3 <1>
SGQO - ORDERS TO IPOR1 CAPITAL GOODS FC SECTOR

(FOREX/YEAP ) <31)
( GXN - ShORTFALL I FOEIG. EXCHANGE FOR I4CRTING

CAPITAL (FOREX/YEAP) <377>
GXR - EFGHTED REQJESTS FOR CAPITAL IP3RTS (379)
SIN - NORMAL SECTOR PRIORITY

H SGQCI - INITIAL CAPITAL GOODS I'PCRTS

SGQ3.(SGQOS.K+SOT.K)*GXGR.*EXA.< 37,
SGQO - ORDERS 13 I.'PRT CAPITAL GOOS FGR SECTOR

(FCREX/YEAR) <31>
SGQOS - CAPITAL G3OB I PORT ORERS TO COPE'.SATE

FOR DOETIC SHORTFALL (3w>
SGGOT - CAPITAL G000S I.:PORT CERS TO ASOS 'JF

TECH'OLOGY <35>
SGXQR - FO,.EIG! EXCAGE RATIO OR IMPORTED CAPITAL

(349>
QEXA - EFFECT OF F3REI EYCHAGE ADEQUACY ON

REQUESTS FOR IPORTS <'+86)

4
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38, ASGC.<,),SSOAT)
SQOS - CAPITAL SOOS IPOPT O:DERS TO COM?rSATE

FOR D3#EST1C SICRTFALL <33>SCSF - FPACT1C OF CAP IT4L G3CS ShORTFALL ORDERED
FOR IPCR1

SGO - ORDERS PLACED FCH CAPITAL GDODS FOR SECTOR
(?OUNDS/YAR) (30)

SGOET - EFFECT OF CAPITAL CUSTRUCTION TIME ON
OPOERS FOP CArITAL <34>

SGC - COMITrE'TS 3F CAPITAL GOODS TO SECTOR
(POUNDS/YEAR) <29.1>

SGOOAT - TI'F TO ADJUST F'PORT ORDERS TO DOMESTIC
S9ORTFALL (YEARS) <3'&.4>

39, A
SGQOT - CAPITAL GJODS IVPORT ORDERS T3 AESORP NE

TECHNOLOGY (39>
GW - WEAHOUT OF SECT CR CAPITAL GOODS (POUNDSI

YEAR) (24)
SSOOTT - TABLE FOR ORDER S FOR CAPITAL GOODS FOR

IMPORT

C
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Desired Production -- Each industrial sector calculates a desired future

output, to plan the proper growth In production capacity. Any discrepancies (SPN)

between current sector output (OUTPUT) and anticipated production requirements

(SPRG) are translated into a desired annual change in sector production (SPDAC).

This desired annual change is used to guide sector requests for labor and

capital.

The basis for calculating the desired annual change in output is the ratio

of the necessary fractional change in sector output (SPDFC) to the number of

years over which discrepancies between current output and estimated demand are

to be corrected (SPTA, assumed to be a planning horizon of five years). In

addition, the model provides for government-generated growth targets (SPGI)

as additional inputs to the calculation of industrial growth rates. These

government objectives are external inputs which can be varied to investigate

different official development strategies.

DESIRED PRODUCTION

SP.MAX(3,SPR..-OUTPUT.K) 4'J, A
SPN - SECTOR PRODUCTIC ShORTFALL (UNITS/YEAR)

<40>
SPR - REQUESTt:a SECTOR PRODUCTION
OUTPUT - SECTOR PROCUCTICN UrITS/YEAR) <2)

PD.KSMCOTH(OUTPUT.r,SPAT)*(1+SPDAC.*(SGCT.K+ 41,ASc.OT) )-SPES.K
SPD - DESIRED SECTR FROOUCTL AT END OF

ORDERI'4G AND CONSTRUCTION HORIZON FOR
- CAPITAL SODS <41>
OUTPUT - SECTOR PRODUCTItJ (U'.ITS/YEAR <
SPAT - TIME TO PERCEIVE CHANGES IN SECTOR

PRODUCTrON (YEARS) <348.6>
POAC - DESIRED Ar\UAL CHAGF IN SECTOR PRODUCTION

<42)
.SGCT - CONSTRUCTIO\ TIE FOR SECTOR CAPITAL(YEARS) <2.l)
SOOT - ORDERING TIME FOR r.ouSTRIAL CAPITAL(YEARS) <347.> r

SPDAC.VZt.PrjL(SPCT,SPIC.,.2,.2,.Th) A
SPOAC - DE1RED ANNUAL CHAN3F IN SECTOR PROOUCTIJN<42>
sPDAcr - TALE F3R DESIhD ANNUAL CHANGE IN SECTOR

P'ODUCT ION
SPIAC - INDICATED ANNUAL CHANGE FOR SECTOR

PR0[tJCTI5\ <+>
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SPtA.SYOOTHSP:)FC.K/SFTA,rPT)+EcI.' 43, A- 1'D1CTLti .tJAL C4Gt CR SECTORPRUCT (4)
SDFC - DESILD FRACTIO.AL CHA!GF I SECTOR

PoDucTroc <4')STA - TIE TO AEJUST ECT(R PRODUCTION (YEARS)
<348.8)

SAT - TF'E TO PERCEIVE C1A'GES IN SECTOR
PR0DUCTIC) (YEARS) (348.>

SP.I - GCvER'iE4T I:.FLLENCE O CE1RED GROWTH RATE<45>

SPDFC.SPRG.KSPESA.OUTptjT.KSpES.(fl/
(c)UTPUT.KSPES.I<)
SDFC - DESIRED FRACTIO4L CHArGF I SECTOR

PRODUCTION <44>
SPRG - REQUESTED SECTOR PRODUCTION USED TO

CETERIE NEEDED GROWTH
OUTPUT - SECTOR PR3DUCTIUa (UJITS/YEAR) (2)

SPGI.T4LE(SPGIT,TIME.(,19&C,2O1Q,1O) 45, ASPc-I - GOVERNtCNT INFLLEtCE ON DESIRED GROWTH RATE<45>
SPGIT - TABLE FOR GOVERfENT JNFLUENCE O' SECTOR

PRODUCTION

SIN. TPLE(SIT,TIME.K,196,2O1O,1Q) 46,ASIN - NORMAL SECTOR PRIORITY

ME!'LD



The remaining equations implement the industrial building block for each

of the five sectors. They contain the parameters that are common to all

sectors, as well as the parameters that distinguish one sector from another.

They are listed for reference.

CONSTA4TS FOR ALL USES OF INDUSTRIAL OUTPUT MACRO

SRDT.5 346, C
SPPAT:.5 346.2, C
SLGRJT0/.2/.3/.4/.5/.62/.74 /.84/.t92/.97/l 346.4, T
SLTT1 346.6, C
SLEET.65f.75/.R5/.93/1 346.8, TSLET5 347.1, CSGL2O 347.3, CSGCT2 347.5., C
SGGFI2.2E 347.7. C
SGOTz2

. 347.9, CSGODT2 348.2, C
SGQ)ATz1 348.4, C
SPAT1 348.6, C
SPTA5 348.8. C

SROT - DELIVERY T1E FCR RA PATERIALS (YEARS)
<346>

SPPAT - AVERAGIG TI"E FOR PCTETIAL SECTOR
PROCUCTI2J (YEARS) <3'+6.2)

SLGRJT - TAPLE FOR 3R14L CAPITAL/LABOR RATIO
<344>

SLIT - TIME TO TRANSFER INDUSTRIAL LABOR. (YEARS)
(346 .6>

SLEET - TABLE FOR THE EFFECT CF EXPERIENCE ON LABOR
EFFECTIVENESS (346.8>

SLET - L.ABOP EXPERIENCE TIE (YEARS) <347.1>
SGWL - LIFETP'E CF INDuSTRIAL CAPITAL (YEARS)

(3471)
SGCT\ - !ORAL C3STRUCT1O'1 TIY'E FOR I'DUSTRIAL

CAPITAL (YEAR) <47.5>
SGGFI - I'JITIAL GROWTH FACTOR FOR PDUSTR1AL

CAPITAL <3'47.7)
SOOT - CROERING TIE FOR I.DUSTRIAL CAPITAL

(YEAS) <47.5>
SGGDT - DELIVERY TT'E FCR IPOTE) CAPITAL (yEARS)

(34.8 .2>
SGOAT - TITME TO AOJUST I'PO2T ORDERS TO C31ESTIC

SHORTFALL (YEARS) (548.4)
SPAT - TI'.E TO PERCEIVE CHANGES IJ SECTOR

P.COUCTI3'! (YELPS) (3'..6>
SPIA - TITME TU ALJLeT CT FOCUCTIC (C')

(.348 .B>
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COSYER GOODS PPODLJCT ION

UP. CUTPUT(UPR,UPI,uELT,uL1j,upFT,uPR .K, 351, A

JTT,UT,J2FEAT,LI,cjPtTAT

U?PL,UFELA,UFLRA,P,JI.,UPr[A,U,UE,1JPETA,
UTk,UTUL,IjLR ,u5,UC-,UC:o.uGcR ,JD,uC'c,u1E,
UIT 'UIL,UIGC,UIGO, ulo ,ur:, t DAc, C, C)

.UP-IJPI 351.9, N
UPI250E6 352.2, C

UP - C.0\SUER GOODS FRODUCTIOr; <351)
OUTPUT - cECTOR PR3DUCTI (U';IT/YEAR) (2>
UPR - REUESTLD CD\SUfER GCOD PRODUCTIJN (353>....,.,...
UPI - INiTIAL CONSUMER GOLDS PRiDUCT1fl <352.2>
UPELAT - TABLE FOR THE EFFECT OF LACR AVAILAS1LITY

ON CONUMER GCODS PRODLICTION (354 .2>
ULII - INITIAL CONSUMEP b005 LABO (MEN) <354.5>
UPERAT - TABLE FOR THE EFFECT OF RAW MATERIALS

AV.AILAE.ILITY UN COrsUER GOODS PRODUCTI3N._.._...7j
' ..) .- -, .

UPRRN - OUTPUT/RAW MATERIAL RATIO FOR CONSUMER
GOODS <360.2>

UINT - t!3RMAL PRIORITY FOR CONSUMER GOODS (360.4>
UPEEAT - TABLE FOR THE EFFECT OF ENERGY AVAILABILITY

ON CONSUMER 6 CODS PRODUCTION <360.6).
UEI - INITIAL ENERGY CONSUMPTION FOR CONSUMER

GOODS (KWH) <360.9>
UPETAT - TABLE FOR THE EFFECT OF TRAr.SP3RTATION

AVAILABILITY CN CONSUMER GOODS PRODUCTI3N -C(361.2>
UTPRN.. - NORMAL TRANSPORTATIOf'./OUTPUT RATIO (TONN...___________

KM/POUND) <361.5>
ULRT - TABLE FOR REQUESTED CONSUMER GOODS LABOR

<361 7>
UGI - INITIAL CAPITAL FOR COr!SUMER GOODS <361.9)
UG(OTT - CAPITAL IMPORT ORDERS FOR CONSUMER GOODS TO

ABSORB NE TECNNOLOGY <362.2) ____
UGQOSF - FRACTION OF DOMESTIC CONSUMER GOODS CAPITAL

SHORTFALL ORDERED FOR iMPORT (363)
UPDACT - TABLE FOR THE DESIRED ANNUAL CHANGE IN

CONSUMER. S3OD PRODUCTION <363.3>
UPRG - CONSUN1E GOODS PRODUCTION REQUEST USED FOR

GROWTH CALCULATIONS (364)
PULN - SHORTFALL IN URbAN LABOR
PULR - WEIGHTED REQUESTS FOR URbAN LABOR <133> ...-...-
UGOCI - INITIAL CONSUMER GOODS CAPITAL ON ORDER FOR

IMPORT (FOREX/YEAR) (364.2>
UPGIT - GOVERNMENT INFLUENCE ON CONSUMER GOODS

GROTH RATE (364.4)
UPPGL - POTE!':TIAL PRODUCTION OF CONSUMER GOODS FROM

CAPITAL AND LAbOR - .............. -

UPELA - EFFECT CF LAbOR AVAILABILITY ON CONSUMER
GOODS PRODUCTION

UPER - EFFECT O RA MATERIAL AVAILABILITY ON
C3NSUES GOUDS PRODUCTION

URR - 4W MATERIALS REQUESTED FOR CONSUMER GOODS
PRODUCTION .- ...
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PbGE 113 I4JUSTkIAL PR3LUCTIGN 4/35/18

URI - PDICATEU RA 'TLRIALS FOR CONSuMER GC. s
(POU ) (35>

UPEEA - EFFECT OF E'JERSY AVAIL.ILITY O CO'SU
GOODS PRODJCTIJ

UER - ENERGY REUESTEL FOR COJSJMER GOODS
PRODUCT IO

UE - EERSY ALLOCATE E FOR C3SUMER GOODS
PRODUCTION

UPETA - EFFECT 2F TRNSF3RTATL AVAILEILITY O\
CSUTMER OCODS PRODUCTION

UTR - TRASPORTATLC' EQUESTEi FOR CONSU'ER ('-''Os
PRODUCTION

UT - TRA'JSPORTATI3\ ALLOCATED FOR C3SUMER G:.s
PRODUCT 13'i

UL - LABOR ALLOCATED FOR CO\iSUMER GOODS
PRODUCT IO.

ULR - LA.30R RE(UESTED FOR CO'JSUMER GOODS
PR 0 DUCT 10

UG - CAPITAL GOODS I PLACE FOR CONSW'ER GCD'S
PRODUCTI3'

(JGR - CAPITAL GOODS REQUESTED FOR CONSUHER G 3S
PRODUCT IO

UGO - CAPITAL GOODS I 'PORTS FOR CONSU1ER GO0D
PRODUCT I')4

UGQO - CAPITAL GOODS ORDERED FOR I;PORT FOR
CCNSU'ER GiCD S PRODUCT roN

( UGCR - REQUESTED CO\STUCTION ACTIVITY FOR
CONSWIER GOODS CADITAL GOODS

UGO - CONSUIER GOODS (RDERS FOR CAPITAL GOODS
USC - COMMITET OF CAPITAL GOODS TO CO'SUMER

GOODS PRODUCT ION
UIE - CONSUMER G3DS FRIOITY FOR ENERGY
UIT - CONSUMER GOODS RIOITY FOR TRANSPORTAT3
UIL - COJSUME 5ODDS FRIOITY FOR LASOR
UIGC - CONSU1ER GOODS FtIOITY FOR COSTUCTI'

ACTIVITY
UIGO - CONSUMER GOODS PRIORITY FOR CAPITAL GOD s

CO M jT E T S

UIQ - CONSUMER GOODS FRIOlTY FOR CAPITAL GOç
I!PORTS

UPN - SHORTFALL IN PRCOUCTIC CF C3SUMER G0
UPOAC - DESIRED ANNUAL CHANGE IN CO:SUMER GOODS

PRODUCT I O

UPR.PUUR.<+PRUR.+CUR .< 53
UPR - REQUESTED CO!'SU ER SCUDS PRODUCTION <3
PUUR - CONSU'ER GOODS CUESTED FOR URBAN

POPULTI3 (PCUDS/YEAR
PRUR - CONSUN'ER GOODS ECUETEU FOR RURAL

POPULATj POUDS/YEA)
CUR - REQUESTED DELIVElES OF CONSUMER GOODS

EXPORT <45E>

A



P
F-3O

w/PRI. CUR.:/CIu.) 354, A

35+.2, 1ULII41OC3 354.5, Cu°rR.\TO/.4/.I-5/.b5fl 354.7, 1
- IGHTE RLUEST F', C'.SU'1E GCQJS <354)
- COSiE. .PS ' F3 us

CPULt.TI (PCU.DS/YFAF)
PUTtJ - URM I3"ITY FOR CCNtJ''E GOODS
PRUR - CO'SUR GC3S REJETE) F3 RURAL

P3PULAT 10 (POUNDS/YEAR)
PRIU - RURAL FI3ITY FOF CUrE 30305
CUR - EG.UESTEt) 3FLIVEkIES OF C UMFR GCODS FOR

EXPORT ('+.5)
UPELAT - TbLE flR ThE EFFECT OF LAFOR AVAILASILITY

ON CUNSUM GCOOS l-RQJUCT1ON <354.2>
ULTI - INITIAL ccswcr GOS LABOR (E) <354.5)
UPERAT - TA9LE FC 1-sE EFFECT OF RA "ATERJALS

AVAILAIL1TY Ct COSU'ER GOJOS PROCUCTION
<354.7>

URI.MUAC1.<+UOr1I. 355. A
URI - INDICATED RA MATERIALS FOR CONSUMER GOODS

(POUroS) (55)
UACI - INDICATED AGRICULTURAL RAw MATERIALS FOR

CONSUMER GOODS <359)
UGMI - INDICATED IMPORTLO MATERIALS FOR

CONSUMER OOD (POtThDS) <356>

JQMI.ARE(UR.K,N.K,uJc!.K,QrR.K,uIN.K) 356,A
UOtlI - INDICATED IPORTED R.W NATERIALS FOR

C3NSUER SCODS (POUDS) (356> .P
. -ShARE - ALLOCATIOg TO SECTOR DETERMINED BY

4LLOCATIQ MACRO <I>
UOMR - REQUESTED IPOR TED RA ?ATER1ALS FOR

C3NSUER GCODS (PCUDS) <357>
OPN - ShORTFALL IN MISCELLANEOUS IMPORTS (.83)

EIOHTED RECUESTS FOR MISCELLANEOUS iMPORTS
<484)

UY'R.KURR.K*URQF.K 357, A
UMR - REQUESTED IOR TED RAW MATERIALS FOR

CONSUMER G33Ds (POUNDS) (357>
URR - RA MATERIALS R[OUESTED FOR CONSUMER

PROOUCTIO'
URQF - FRACTION OF CONSUMER GOODS RAW MATERIALS

FROM IMPORTS .c358>

UROF.TLE(URFT,UGI/UG.(,O,l,.25) 358, A
URQFTi/.77f.64/.51/.4 358.2,L________-_-

URQF - FR4CTIO OF CONSUMER GOODS RA MATERIALS
FROM IMPORTS (3E8> - ----

URQFT - TAELE FO FRACT ION OF CONSUER GOODS R
MATERILS FRC. jP0RT5 (35.2>

UGI - INITIAL CAPITAL FO CONSUMER GOODS <361.9>
UG - CAPITAL QOODS I N PLACE FOR CONSUMER GOODS_.

PRODUCT IO..
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359, AUP 4CR

UPACR25O
359.2, CUACI - PDICATED AGICLLTURAL NIW MATERIALS FOR

CONSUMER GCGO 5 <355)
SPARE - ALLOCATID 13 SECTOR OETR11NED BY

4LLOC4TI3 MACRO <1>
UACR - REQUESTED AGRICULTUSL AW MATEtALS FO

CONSUMER GOODS <36C)
ACPN - SHORTFALL IJ PRLDUCTION CF COTTONACWR - WEIGHTED REQUESIS FOR COTTON PRODUCTION
UPACR - COrSUiER GOODS PAw MATERIAL VALUE OF COTTON(POUDS/T2tE ) <351.2)

UACR.KzUR.(1UROF.K)/UPACR 360, AUPRR 2.75
360.2, CUPJT.If.1/.1/.1/.1/.1 360.4,1UPEEATO/.4f.65I.85/1 360.6, 1UEt176E6
360.9, CUPcTATo/.5/.8/.9/1
361.2, 1UTPRN2.4
361.5, CULRT.91.95/1/1.1/1.3/1.6/2 361.7, 1L1G1z260E6
361.9, CUSQO1T.1/.1/.1/.1/.1/.1
362.2, TUACR - REQUESTED AGRICLLTURAL RAW 'ATERIALS FOR

CONSUMER GOJDS (3D>URR - RAWM4TERILS REQUESTED FOR CONSUMER GOODSPRODUCT IO
URQF - FRACTION OF CONSUMER GOODS RA MATERIALS

FROTM I1PORTS (358>
UPACR - CONSUMER GOODS FAW :.TER1AL VALUE OF COTTON

(POUNDS/TO'JE) <355.2>
UPRR - OUTPUT/RAW 4ATE RIAL RATIO FOR CONSUYER

GOODS (360.2>
UINT - NORMAL PRIORITY FOR CONSUMER GOODS <360.4)UPEEAT - TABLE FCF THE EFFECT CF ENERGY AVAILATLITYON COSUNES SCUDS PRODUCTION (30.6)UEI - INITIAL ENERGY C SUPTION FOR CONSUMERGOODS (H) (b0.9>UPETAT - TABLE FOP THE EFFECT OF TRANSPORTATION

AVAILABILITY CN C3NSUER GOODS PROCUCTION<361.2)
UTPR: - NORMAL TRANSPOR TAT IOJ/OUTPUT RATIO (T)NJ

K'!/POUC) <36 1.5)
ULRT - TA9LE FCR REOUETED CC'JSUMER GOODS LABOR<361.7)
US! - INITIAL CAPITAL FOR CO'SUER GOODS <361.9)UGOOTT - CAPITAL ItP3RT CROERS CDNSUTMER G)OOS TOABSOR5 r:E TE C-NOLOGY (362 .2>

363, AUPQACT.1/.Q75/.3/.25/ /.ct+/.C7/.0.5f.1 363.3, TUOSF - FRACT ICP OF DOMESTIC CflSU?ER GOODS CAPITALSHORTFALL CROERCO FOR ITMPORT <353)UPOACT - TAFLE FOR THE DESIRED AUAL CHANGE I'CONS1FER G3OO PR3UUCTION (33.3>



3(4, AJYCI3
364.2, C

U?GIT.0/.35/.C5/.O/.C5/.O 364.4, 1UPR CU\S GeOs RQUJCT1C: RE(UEST USCO FOR
T- CLC'uLtY'.S 4)

UCR 3ULSTD 1R co: PCDUCTIO' <353)
UGQCI INITIAL CO.SLR GOOCS CAPITAL ON ORCR FORIPORT (3E/Y[A) <364.2>UIT CVER!'ET 1FL LECL O CCJSUMER GOODS

(O'ATH SATE <4.4)

rAO?TI rrcI aL %J'.-U.) JUU I j\J

3P.k:OUTPUT( P,G2I ,OELAT,G LII,GEPAT,GPRRN,GINT, 365. A
CI'4,GPEEAT,GEI,GPETAT,GTPR'.,GLRT,G(,l,GGQOTT,
GGSF,GPQCT,CFR(,UL' ,PUL .,G&. CI,GPGIT,
GPPGL,GPELA,GPA,CMR.K1GMI.K,GPEEA,GER,GE,
GPETA,,TR,ST,SL,GLP,C,G,GGR,GGO.CGc,3,GGCR,GGO,GGC,
GIE.GIT,GIL.GIGC,stGc,Glo,PN,cPDAC,o,o)

GP CAPITAL GCOOS PRDUCTI3\ <3h5)
OUTPUT SECTOR ROOUCTIL (U.ITS/YEAR) <2>
GPR PEUESTED CAPITAL G000S PRODUCTION (366>
GPI INITIAL PRODUCTION OF CAPITAL GOODS

(POULT2S) <367.4)
GPELAT TABLE FOR IrtE EFFECT OF LABOR AVAILABILITY

O CAPITAL GOCDS PRODUCTION (3E7.6>
OLTI I?1TIAL CAPITAL GCOS LABOR ('.) <367.9)
GPERAT TABLE FOR THE EFFECT OF RA MATERIALS

AVAILABILITY C CAPITAL GCODS PRODUCTION
<368.2>

GPRR" OUTPUT/RAW MATERIAL RATIO FOR CAPITAL GOODS
<369.3>

GINT JORAL PRIORITY FOR CAPITAL GOODS <369.5)
GPEEAT TABLE FOR IrtE EFFECT OF ENERGY AVAILABILITY

ON CAPITAL GOODS PRODUCTION <369.7>
GEl INITIAL E!ERGY C-UNSUMPT iON FOR CAPITAL

GOODS (KH) <370.1)
GPETAT TALE FOR THE EFFLCT OF TRANSPORTATiON

AVAILABILITY ON CAPITAL GOODS PRODUCTION
<370.3)

GTPR N3RAL TAJSPORTATION/OUTPUT RATIO FOR
CAPITAL GOODS (NM'S) <370.6>

GLRT TA2LE FOR REOUETE0 CAPITAL GOODS LABOR
<370.9>

GGI INITIAL CAPITAL FOR CAPITAL GOODS <371.2)
&GQOTT CAPITAL P'P3RT CRDERS FOR CAPITAL GOODS TO

ABSORB NE TECHNOLOGY <371.4)
GGGOSF FRACTION OF DOMESTIC CAPITAL GOODS CAPITAL

SHORTFALL ORDERED FOR IMPORT <372>



GPDACT - TAULE FO THE DE1REP AUAL CHANGE IN
CAPITAL GOJDS PROTUCTI <372.)

GPRG - CAPITAL ,00S P ;oDuci I. EUEST USED FOR
SRO'T CALCULATIO'.S <373)

PUL4 - SHORTFALL I" URA LA
PULR - EIrTEJ EUESTS FOR UROAN LABOR <133)
GGQCI - INITIAL CAP1TL GOOJS CAPITAL 3 ORDER FL)R

IPORr(FDSEX/YEAR) <376.2>
GPGIT - GOVERNET IrFLLECE G. CAPITAL GOODS

GRGTH RATE <i6.4)
GPPGL - POTENTIAL PRJOUCTIOJ OF CAPITAL GOODS FROM

CAPITAL A\C LABOR
GPELA - EFFECT OF LACR AVAILA2ILITY O'4 CAPITAL

GOODS PRODUCT IN
GPEPA EFFECT OF RA MATERIAL AVAILAEILITY ON

CAPITAL GO3DS PRODUCTION
GMR - MISCELLANEOUS I'PORT REQUIREMENTS FOR *CAPITAL GOODS PRODUCTION
GOMI - INDICATED IIPOR TED RA 1ATERIALS FOR

GPEE& - EFFECT OF EERG AVAILAILITY ON CAPITAL
GOODS PRODUCT IN

GER - ENERGY REOUESTEi FOR CAPITAL GOODS
PRODUCTION

GE - ENERGY ALLOCATED FOR CAPITAL GOODS
PRODUCTIO

' GPETA -EFFECT OF TRANSFORTAT1 AVAILABILITY ON
CAPITAL G3CDS PRODUCTIO'

GTR - TRANSPOTATIGN E'USTED FOP CAPITAL GOODS
PRODUCTIO1

GT - TRASPOrATIDr LLOCATD FOR CAPITAL GOODS
PRODUCT IO.

GL - LACR ALLOCATED FOR CAPITAL GOODS
PRODUCT

GLR - LABOR RECUESTED FOR CAPITAL GOODS
PRODUCTIO\

GG - CAPITAL GJC)S I\ PLACE FUR CAPITAL GOODS
PRODUCTIO\

GGR - CAPITAL G000S REQUESTED FOR CAPITAL GOODS
PRODUCT IO\

GGQ - CAPITAL GO3D IPORTS. FUR CAPITAL GOODS
ROOUCTIO\t

GGO - CAPITAL GOODS ODEREU FC)R IPORT FOR
CAPITAL GO)DS PROrUCTION

GGCR - REQUFSTED CO\STUCTi ACTIVITY FOR CAPITAL
GOODS CAflTAL OOS

GGO - CAPITAL U3S ORDERS FOR CAPITAL GOODS
GGC - CO IT'E'.T F CAPITAL G)CDS TO CAPITAL

GOODS PRODUCT ICJ
GtE - CAPITAL G3OS PRIORITY FOR E'ERGY
GIT - CAITAL PIOPTY FO TPO.TATITh
GIL - CAPITAL G3O2 PICR1TY FC LABOR
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G1GC - CAPITAL OC PIOckITY FOR CONSTRUCT ')NACTYVITY
G!G - criTL o': PICRITy FC'R CPITL G'JO5CC(ITET
GI - CAPITAL &OOJS PIOFITy FC,R CAPITAL 6 3DSIPF S
GPN - SOr.TFAL I\ PRCOUCTIOtJ OF CAPITAL G 03$GPCAC - DESIF:L ALL CHANGE I CAPITAL GOOs

PRODUCTION

36, A

GPR - REU[STLD CAPITAL GOIDS PRODUCTION <66)
PUC,CP. - Cb'STRL'CTI3N RETCUESTED FOR UReAN CUSEHOLO

AD SERVICE CIPITAL
PFGCR - CONSTRt'CTIO\ REGUESTEC FOR RURAL HOU EHQLfl

- AND SERVICE CAPITAL
UGCR - REQUESTED CDSTRUCTIC ACTIVITY FOR

CONSUER Gc'ODS CAPITAL GOODS
TGCR - REQUCSTCD C3NSTUCTIO ACTIVITY FOR

TRASPORTTIO CAPITAL GOODS
GGCR - REQUESTED CCSTRUCTICN ACTIVITY FOR APLTL

GOODS CAPITAL GOODS
FGCR - REQUESTED CO'STUCTICN ACTIVITY FOR

FERTILIZER CAPITAL GOODS
EGCR - REQUESTED C3\STF'UCTICN ACTIVITY FOR ER5Y

CAFITAL GOODS t.WGCR - CC\STRUCTIO\ REQUESTED FCR DRAINAGE APITAL
CPCU\DS/YEAR <83)

AGCR - C STRUCTIC\ REQUESTED FOR SECTOR CA?ITAL
(PCUCS/YEAR) <267)

AFGCR - ACTIVITY REQUES1ED FOR LAND RECLAMATO4(223)
r'4FGCR - ACTIViTY REQUESTED FOR NEW VALLEY

4.

RECLAiATIO\ (295>
-

GP.,((P..GCF.K/PUIGC.K).(PPCCR.K/PRIGC.K).(UGCR.(/ 361. A
UIGC.K)4(TGCR.K/T1GC.K+(GOCR.K/GIbC.K)+(FGCR.'
FIGC.k).CEGCR.K/EIGC.)+(GCR.K/IGC.K)+(AGCR.X/
AIGC.')(AFGCR.K/AFIGC.<) NFGCR.K/NFIGC.K)

GPIz225E6 367.4, C
G?ELAT.2/.5'.75f.9/1/1.O7/l.12/1.l5f1.15 367.6,-TGLII315E3 367.9,C
GPCRATzO/./.65/.85/1 3682T

GPR - WEIGHTED REQuESTS FOR CAPITAL 6300$ <36T>
PUGC - CONSTRUCTION RE(UEST[D FÜR URBAN HCtSE+OLD

A':D SERVICE CAPITAL
PUIGC - URBA PRIORITY FOR CAPITAL GOODS

CNSTRUCTION
PRGC - CONSTRUCTION RELiESTED FOR RURAL HOUSEOLD

AD SERVICE C PITAL
PRIGC - RURAL PRIORITY FOR CAPITAL GOODS

CCNSTRJCTI3
UGCR - REQUESTED C STUCTIQN ACTIVITY FOR

CTJSUVEk ,BCDS CAPITAL GOODS
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UIGC CONSL'ER 603)S PRIORITY FOR COr':STSUCTICi
AC TI VII Y

TGCR RECUESTD C TUCTIL' TIVITY FOP
TRANSPORTATIU1 CAPITAL 60305

hOC TR SP0RTAT[ FRIORITY FCR c';srNucTIm
ACT I ITY

GGCR REQUESTID CO'STiUCTI ACTIVITY FOR CPITAL
GOODS CAPITAL GOODS

GIGC CAPITAL GOODS PIORITY FOR COP.STRUCTION
ACTIVITY

FGCR REQUESTED CU'STbUCTI ACTIVITY FOR
FERTILIZER CAPITAL GCOCS

FIGC FERTILI?FR PRIORITY FOR CCSTRUCTION
ACTIVITY

EGCR REQUESTED CCSTPUCTI ACTIVITY FOR ENEPGY
CAPITAL GtJDS

EIGC ENERGY PRIORITY FOR CC\STRUCTIO ACTIVITY
WGCR CONSTRUCTIQ' REUESTED FOR 3RAIAGE CAPITAL

(POUNDS/YEAR) <83)
AGCR COJSTRUCTIOJ RECUESTD FOR SECTOR CAPITAL

(POUOS/YEAR) <267)
AFGCR ACTIVITY RE'JE$TED FOR LAND RECLA4TIO'J

(223>
NFGCR ACTIVITY REOUESTED FOR £EW VALLEY

RECLATI3 (295)
GPI INITIAL PRODUCT ION OF CAPITAL GOODS

(POUNDS) (3E7.4)
GPELAT TABLE FOR ThE EFFECT OF IABOR AVAILARILITY

0 CAPITAL GOCOS ODUCTIOJ (367.6)
GLII I\ITIAL CAPITAL GOODS LABOR (ME\) (367.9>
GPERAT TABLE FOR TE EFFECT OF RA MATERIALS

AVAIL4bILITY C CAPITAL GOODS PRODUCTION
s.JO

I. ShARE(GQR G4.K,Q'R.K,GIN.K) 369, A
GPRRN2 369.3, C

GINTZ.2/.2/.2/.2/.2/.2 369.5, T

GPEEATfJ/.4/.5/.65/l 369.7, T

'I169E6 370.1, C

GPETATC/.5/.f.9Il 370.3, 1

GTPR\3.5 370.6, C

37.9, I

GGI25CE 371.2, C

GGQOTT.1/.1/.1/.1/.1/.1 311.4, T

GOMI ICICATr:D I'POP TED RA MATE? JALS FOR
CAPITAL GOODS PRO3UCTION (POUDS/YEAR)
(369)

SHARE ALLOCATIO\ TO SECTOS OETER'INED LV
ALLOCAT IC 'A CR0 <1)

GOMR ISCELLA'E"US I ORT REOUIRE4E.TS FOR *

CAPITAL GOLS CRODL1CTIO
S4OR1F ALL I " I SCELL.' IU IRTS <483)

R EIGHTID EJU:S1S FOr ISC1LLA'JtOJS I",PORTS
<4h4>
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G2RRN - UuTPuT/RA. AT[IAL ATI FO CAPITAL GOODS
<3c,.,. 3>

- .OR1L PsIOITY FOF' CAPITAL GOODS <39.5)
GPEE4T - TPL[ F(J T1 EFFtTCT C L'ERGY A'1AILAILITY

3' CITAL oc ::s rC)!JCT I-I. <5. 1>
EI - INITIAL E'[Ry CuLPTIO! FÜR CAPITAL

Gu'JDS (KW) (!7C.1)
GPETAT - TABLE FOR TE EFFECT CF TRA.SPORTATION

AVAILAPILITY t CAPITAL GOODS PRCPUCTION
(373 3)

GTPRN - DRNAL TRANSPOP TATICfOUTPUT RATIO FOR
CAPITAL GOLDS (K'S) (370.6>

GLRT - TA2LE FOR REUE5TED CAPITAL GOODS LAEOR
<37, .9)

OGI - INITIAL CA1TAL FOR CAITAL GOODS (371.2)
SGQOTT - CAPITAL IMPORT CRDERS FOR CAPITAL GOODS TO

AbSORB NE TECHOLLGY (371.4>

SGQOSF.K.75 372,A
GPDACT.1/.Q75/.O5/.O25/ DI.34I.r1I.O9/.1 372.3, 1

GGQOSF - FRACTIOt. OF DOMESTIC CAPiTAL GOODS CAPITAL
SHORTFALL ORDERED FOR IfrPORT <372>

GPDACT - TABLE FOR THE DESIRED ANNUAL CHANGE IN
CAPITAL GOODS PRODUCTION (372.3>

GPRG.VMAX(GOR.K.PR.) 373, A
GPRG - CAPITAL GOODS PRODUCT ION REQUEST USED FOR

GROTH CALCULATIONS (373>
GOR - ORDERS FOR, CAPI IAL GOODS <374>
GPR - PEQUESTED CAPITAL GOODS PRODUCTION (366> C

GOR.wzPUG3.(+PRGC.K+1JGO.TGC.K+GGO.K+FGD.K+EGO.!(+ 374, A
'GJ .K.AGO.ic+AFGC.K+NFGO.K

GOR - ORDERS FOR CAPIIAL GOODS <374>
PUGO - URBAN ORDERS FOR HOUSEHOLD AND SERVICE

CAPITAL
PRGQ - RURAL ORDERS FOR hOUSEHOLD AND SERVICE

CAPITAL
UGO - CONSU1ER GOODS CRDERS FOR CAPITAL GOODS
TOO - TRANSPORTATION CRDES FOR CAPITAL GOODS
GOD - CAPITAL GOODS ODLRS F3R CAFITAL GOODS
FGO - FERTILIZER ORDERS FOR CAPITAL GOODS
EGO - ENERGY ORDERS FOR CAPITAL GOODS

- ORDERS PLACED FCP. CAPITAL GOODS FOR
DRAINAGE (POU\DS/YEAR.) (5>

AGO - ORDERS PLACED FCR C.PITAL GOODS FOR
AGRICULTUPE (OU S/ER) (269>

AFGO - DESIRED RECLAMATION ACTiViTY (225>
NFGO - DESIRED VALLEY RECLATION ACTIVITY

INVESTMENT COMITENT TO NEW VALLEY
RECLAMATICN (297>
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GO.Kz(PUG.</P!'IC.c)+(r?3 C.(/Ir,U.,c)+(UGO.ri,/ 37i, A

UIGG.K)+(T5O.K/TIGu)*K/jGO,)+FG3,,/

IGD. ).tAF3.</AF IG). )+( !FGO./'.FIGO.K)
GUR - ElGHTED OROLRS FOR CAFITAL GOS <375>
PUGO - URE3A\ ODERS FO hQ'JEi3LO AD SERVICE

CAPITAL
PUIG3 - URA\ PRIORITY FOR OAPITAL GO3DS

Co ; I I ME \ IS
PRGO - RURAL ORDCS FOR HOuSEHOLD AND SERVICE

C PITPL
PRIGO - RURAL PIDITY FGF CAPITAL GOODS

CO1I TETS
UGO - CUSUiEfc GDJJS FDERS F3R CAPITAL GOODS
UIGO - COSuER GOODS FRI3ITY FOR CAPITAL GOODS

CO MM IT'E\TS
TOO - TRANSPOPTATION CDES FOR CAPITAL GOODS
1100 - TRANSPOSTATI3' PRIORITY FOR CAPITAL GOODS

C 0 M I TIE NT S
600 - CAPITAL 3D ODS O,DES FOR CAPITAL GOODS
GIGO - CAPITAL 033CS PRIORITY FOR CAPITAL GOODS

COITENTS
FG0 - FERrILIZER ORDERS F3 CAPITAL GOODS
FIGO - FERTILIZES PI3RITY FOR CAPITAL GOODS

COMITIENTS
EGO - FNERGY ORDERS FCR CAPITAL SCODS
EIGO - ENERGY PRIORITY FOR CAPITAL GOODS

COMMIT[NT
f WGO - ORDERS PLACED FOR CAPITAL GOODS FOS

DRAIAE (POtJOS/YEAR) <85)
AGO - ORDERS PLACED FCR CAPITAL GOODS FOR

A3RICJLTURE (FOUN:s/YEAP) <269)
AFGO - DESIRED RECLA1ATII ACTIVITY <225>
NFGO - DESIRED NEW VALLEY SECLA'ATIC'J ACTIVITY

IVEST'ET LO 'ITENT TO VALLEY
RECLAAT iO <297>

53N.MA(GOR.KPP3L.(,) 0 376t A
SGQCIO 376.2, C
GPGIT.O5/.15/.C5/.C5/.O5/.0 376.4, T
SPDACGPflACI 376.6, N
GPDACI.1 316.7, C

GON - SHORTFALL I ORERS FOR CAPiTAL GOODS (316)
GOR - ORDERS FOR CAPITAL GOODS (37'4>
GPPGL - POTENTIAL PROCUCTIO\ CF CAPATAL GOODE FROM

CAPITAL A'JD LAOR
GGQCI - IITIAL CAPITAL GQJD CPITAL O ORDER FOR

IORT (F3REX/YEA) <07b.2)
GPGIT - GCVES\YET IFLUE'CE u' CAPITAL GOODS

GRCT .ArE <76.4>
GPDAC - DESIr<EO JUAL CHANGE I CAPITAL GOODS

PROUCTIC\
OPOACI - I\ITtL IED 'UAL C4Tr RATE FOR

CPjTAL P;OUCTID'. <37E.1>
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377, AGYN - SHC:TFLL I\ FO[I. EChANjE FOR IMPORTING
Cf1TAL (FE/YEAI) (577)

- TOTAL RUFTS H..R CP1TAL 1MPCRT (FOREX/
YES) (37>

XV - P3US VLtJ OF CAPITAL GOODS IPOTS (471)
XLDN - \E LONG TERM DLT (PCUDS/YEAR) (k39.1>

G3RT.KUGQO.I(+TGtO.K+GGGC..K+ FGcO.K+E5cO.K+wGOO.K+ 378, A
43D0.K

GRT - TOTAL RFUESTS FO (PTTL 1'P0RTS (FORFX/
YEAR) <378>

UGQO - CAPI AL GOUDS C DERED FOR U4PORT FOR
COSUER GOOO PROCUCTION

TGQC - CAPITAL GOODS ORDERED FOP PPORT FOR
TRA'SP3RTATIOt'. PROflLCT1ON

GGOO - CAPITAL GOODS 3 DERED FOR IiiPORT FOR
CAPITAL GOODS PRODUCTIDN

FGQO - CAPITAL GOODS ORDERED FOR IEPORT FOR
FEFTILIZER PRODUCIION

EGQO - CAPFAL GOODS ORDERED FOR IIPORT FOR ENERGY.
PRODUCT ION

WGQO - ORDERS 13 IPOR1 CAPITAL GOUDS FOR DRAINAGE
(FOREx/YLAR) (90)

AGQO - ORDERS TO IMPORT CAPITAL GOODS FOR.___
AGRICULTURE (FOREX/yER) <278>

+(FGQ3.K/FIQ.K)+(EGQO.K/E1C.K)+O.K/I.K)+
(GO.K/AIQ.I<)
GXWR - WEIGHTED REGUESTS FOR CAPITAL I'PORTS <379)
UGQO - CAPITAL GOODS ORDERED FOR I'PORT FOR

C3NUER GOODE PRODUCTION
UI - CONSUfrER GOODS PRIORITY FOR CAPITAL GOODS

I'P.CRTS
TGQO - CAPITAL GOODS ORDERED FOR IMPORT FQR

TRASFORTAT1O PRODUCTION
TIQ - TRASPORTATIUN PRIORITY FOR CAPITAL GO3DS

IMPORTS
GGQO - CAPITAL GOODS ORDERED FOR IMPORT FOR

CAPiTAL G300S PRO3UCTID
GIQ - CAPITAL GOODS PRIORITY FOR CAPITAL GOODS

IMPORTS
FGQO - CAPITAL GOODS OfDEREO FOR IMPORT

FE TILIZER PR OCtJCT ION
FIQ - FERTILIZER PRIORITY FOR CAFITAL GOODS

I PORTS
EGGO - CAPITAL GOODS OkDERED FC IMPORT FOR ENERGY.

PRODUCTION
EIQ - ENERGY PRIORITY FOR CAPITAL GOODS IMPORTS
WSCO - ORDERS ID IPDR1 CAITAL GOODS FOR DRAINAGE

(FCPEXIYEAR) (90>
AGQO - ORDERS TO IPUR1 CAPITAL GOODS FOR

AGRICULTURE (FOREX/YEAR) (278>
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GIXN.GXWkP.</GRT.K 350, A
GIX! - \ONIAL PRIORITY OF CAPITAL ,OUDS FOR

FCRttC. EXCh'E <38C)
GXWRP - EIGrTEO REcUESTS FOR CAPITAL I'-PORTS (3n1)

RT - TOTAL 'EOUESTS FOP CAPITAL I3RTS (FOPE*1
YEAR) (378>

5XWRP.K(UG.K*UF).)+(TO.K*TIO.)+(5GCO.<* 381, A
GIQ.K)+(FGO.KFIQ.'O(GO C.K*EIQ.- )+(GQO.(*
cd I 1 .'< ) + C & G C * A I K)

GXRP - EIGhTEO RELESTS F0E. CAPITAL U'FORTS (381)
UGQO - CAPITAL GOODS 0DEREJ FOR IPORT FOR

COSUER GOODS PRCUCTIO'
UlO - CONSU'IER G33S PRIORITY FOR CAPITAL GOODS

IMPORTS
TGQO - CAPITAL GOODS ORDERED FOR IiiPOT FOR

TRASP3RTAT13. PRCUCT1C.
TIQ - TRANSPORTATION FRIORITY FOR CAPITAL GOODS

IMPORTS
GGQO - CAPITAL GOODS ORDERED FOR IPORT FOR

CAPITAL G3UCS PRODUCTION
GIQ - CAPITAL GOODS PRIORITY FOR CAPITAL GOODS

IMPORTS
FGQO - CAPITAL GOOS CRDERED FOR IMPORT FOR

H FERTILIZER PRCDUCTION
FIQ - FERTILIZER PRIORITY FOR CAPITAL GOODS

IMPORTS
EGQO - CAPITAL GOODS ORDERED FOR IPORT FOR ENERGY

PRO DUCT Ii
EIQ - E'4ERGY PRIJrUTY FOR CAPITAL GOODS P'.PORTS
UGQO - ORDPS TO 1POR1 CAPITAL GOODS FOR DRAINAGE

(FoRE:IYEA2) (90)
AGQO - ORDERS TO IM'O7 CAITAL GODS FOR

AGRICULTURE (FREX/YEAR) (278>

GCT.sccTN/os(c,p.K/GpR.K) 382, A
GCT - AVERAGE COSTRUC1ION TUIE FOR CAPITAL GOUDS

(382>
SGCTN - NORMAL CONSTRUCTION TIE FO IDUSTR1AL

CAPITAL (YEARS) (347.5)
GP - CAPITAL GOODS PSOOUCTIO\ <35)
GPR - EUESTE CAPITAL 00003 PR39LCTION <366)



F-40

F)Y PRflUCTI.

EP.(JTPUT(EPR.EPJ,iPELT,c L1I,PLRT.EPf,EIT, 383, A

A, E R R, 3 E R ,E , F T A , I ,E T , E L , ET L R , C Ge

EI,EP,EP3C,E).K,-4EA. K)
[P - E'iERGY PrCDCT I <383>
OUTPUT - SECTOR PPOOUCTI (UJTS/YCAR) (2>
EPR - REQUESTED ENES PRODuCTION (384>
EPI - INITIAL PRODUCT ION OF L'ERGY (Kh'S)

<385.4
EPELAT - TABLE FOR THE EFFECT 0F LABOR AVAILABILITY

O\ FNF:RGY PRODUCTION <35.6>
CLII - INITIAL ENERGY LAOP C-Er;) <335.9>
EPERAT - TABLE FÜR THE EFFECT O- RA 'iATERIALS

AVAILABILITY C4 ENERGY PRODUCTION (386.2>
EPRRN - OUTPUT/RAA ATEPIAL RATIO FO ENERGY

(POUNDS/TC\NE) (386.5)
EINT - NORIAL PRIORITY FOR EEFGY <386.7)
EPEEAT - TABLE FO THE EFFECT OF ENERGY AVAILABILITY

O' ENERGY PROCUCTIDr (386.9>
[El - INITIAL ENERGY CONSUMPTION FOR ENERGY WH)

<387.3)
EPETAT - TABLE FOR THE EFFECT OF TRASPORTATION

AVAILABILITY ON ENERGY PRODUCTION (387.5)
ELRT - TABLE FOR REUE SlED ENERGY LABOR (367.8>
EGI - INITIAL CAPITAL FOR EtERGY <388.1>
EGQOTT - CAPITAL IPOT CROERS FOR E:'ERGY TO ABSORB

NEI TECHNOLOGY (38E.3>
EGQOSF - FRACTIOr OF DOMESTIC ENERGY CAPITAL

SHORTFALL ORDERED FOR IMPORT (389>
EPDACT - TABLE FOR TH DESIRED 4NUAL CHANGE IN

- ENERGY PROJUC lION (389.3>
EPRG - EERGY PRODUCTI 3 REQUEST USED FOR GROWTH

CALCULATIONS (39O>
PULN - SHORTFALL IN UREAN LABOR
PULWR - WEIGHTED RECUES1S FO URBAN LABOR (133>
EGQCI - INITIAL ENERGY CAPITAL ON ORDER FOR IMPORT

(F3REX/YEAR) (390.2>
[P011. - GOVERNMENT 1NFLLENCE ON ENERGY GROWTH RATE

<39C.'4> _____
EPPGL - POTENTIAL PRODUCTION OF ENERGY FROM CAPITAL

AND LABOR
EPELA - EFFECT OF LABOR AVAILAILITY ON ENERGY

PRODUCTION
EPERA - EFFECT OF RA MATERIAL AVAILABILITY ON

ENERGY PRODUCTION
ERR - RAW ATEI4LS REQUESTED FOR ENERGY

PRODUCTION
EPEEA - EFFECT CF ENERGY AVAILAILITY C4 ENERGY

PRODUCTION
EER - ENERGY PEQUESTEC FOP E\BGY PRODUCTION
EE - ENERGY ALLOC4TE FOR ENERGY PROOUCTION
EPETA - EFFECT OF TRANSFDRTATJ AVAILABILITY 3N

ENERGY PRODUC1JON
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ETR - IRA" SP1;TAT I. RQUFSTE" FO E"JERGY
Poucir"

El - TR SPCT4T I3" ALLOCATE..) FO E\ERGY
P1CJUCT TC

EL - LA2C'R ALL'JCATED FÜR E:ERGY PcCDUCTIOr
ELR - LA9'R REUESTD FOR EJAGY PP3:ucTIO'
ES - CAPtIAL GJ3'S I.\ PL.CE FCR E\ER3Y

PRODUCTI3'
EGR - CAPITAL G3)DS RE'4UESTED FOR EERGY

P P 3D U CT I '

EGO - CAPITAL GG3C IPORTS FOR ENER3Y PPO3UCTIO'i
EGG) - CAPITAL GJ3S ORDERED FR ItPORT FOR EERGY

PR CO U CT I

EGCR - REQUESTED C'JSTRUCT1C ACTIVITY FOR ENERGY
CAPITAL GOQDS

EGO - ENERGY ORDERS FP CAPITAL GOODS
EGC - COi.'ITMENT OF CAPITAL GOUDS TO ENERGY

PRODUCT IC
LIE - ENERGY PRIORITY FOR ENERGY
EIT - ErERGY PRIORITY FOR TRA'SP3RTATIOrJ
EIL - ENERGY PRIORITY FOR LAFOR
EIGC - ENERGY PRI3RITY FOR CGNSTRUCTI3N ACTIVITY
EIGO - E'ERGY PRIORITY FOR CAPITAL GOODS

CGMITMENTS
EIQ - ENERGY PRICRITY FOR CAPITAL GOODS IMPORTS
EPN - SHORTFALL U! PRCDUCTIC: CF ERGY
EPOAC - DESIRED ANNUAL CHANGE IN ENERGY PRODUCTION
WHEO - HYDROELECTRIC EERSY OuTUT (KWh/YR) (52.1>
WHEA - HYDROELECTRIC ERGY AVAILALE (53.1)

:pR.KpuER.K+pREp.+GER.K+uER.K+TER.K+FER.K+AER.K+ 33' A

UDER.
EPR - REQUESTED E\ERGY PRODUCTIO" (384)
PUER - URBAN ENERGY COSU!PTICN REQUESTED (KWH/

vrTLM
PRER - RURAL ENERGY CC\SUPTI3N REQUESTED (KWH/

YEAR)
GER - ENERGY REUESTEt FOR CAPITAL GOODS

PRODUCT IC'
UER - ENERGY UESTEL FOR COf'SU.ER GOODS

PROflUCTIC';
TER - ENERGY EQUESTEC FO2 TRA\SPORTATION

PRODUCT
FER - ENERGY REUUESTEC FOR FERTILIZER PRODUCTION
AER - ENERGY PEUIRED FOR AGS ICULTURE (KWH/YEAR)

(285>
WOEP - ATER-DRAI,'JAGE ENER5Y REQUIPEENTS WHtriA-

YR) (72)
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385, A
+ (U E f / UI ) + ( T L / I I ) + (F F R . / F I E r) +

.P()
EP1z16O)E6 35.4, C
LPELA T1 /1/1f1/1/1/1/l/1 385.t T
ELIIO 385.9, C
EPERAT1/1/1/1/1 386.2, 1E25OO 3h6.5, C
EI'JT.1/.1/.1/.1/.1/.l 386.7,1
EPEEAT1/1/1/1/1 386.9, 1LEIzO 387.3, C
EPETATZ1/1/1/I/1 387.5,1
ELRT1/1/1/1/1/1/]. 387.8, 1EGI3CE6 388.1, C

388.3,1ER - ...EISHTED REUESTS FOR ENERGY (385)
PUEP - URbAN ENERGY COSUMTICN REQUESTED (KWH!

YEAR)
PUIE - URBAN PSIJRITY FOR Er-ERGY
PRER - RURAL E'ERGY COrSUMPTIOs REQUESTED (KH/

YEAR)
PRIE - RURAL PRIORITY FOR ENERGY
GER - EJERGY PEQUESTEO FOP. CAPITAL GOODS

PRODUCTION
GIE - CAPiTAL GOODS PIORITY FOR
UER - ENERGY FEUESTEE FOR CONSUMER GOODS

PRODUCTION
UIE - CONSUMER GOODS-PRIORITY FOR ENERGY
TER - ENERGY REQUESTED FOR TRANSPORTATION

PRODUCTION
TIE - TRANSPORTATION PRIORITY FOR ENERGY
FER - ENERGY REQUESTEC FOR FERTILIZER PRODUCTION
FIE - FERTILIZER FFIORITY FOR ENEPGY
AER - ENERGY REU1REO FOR ASICULTURE (K'H/YEAR)

(285>
WCER - LATER-flRAINAGE ENERGY REOUIREME"TS (KWH/HA-

YB) (72> -.

EPI - INITIAL RODUCTION OF ENERGY (KWH'S)
<385.4) ------EPELAT - TABLE FOR THE EFFECT OF LABOR AVAILABiLITY

-- - OJ ENERGY FROUCTION <385.6)
ELII - ItTIAL ENERGY LABOR (MEN) (385.9>
EPERAT - TABLE FOR THE EFFECT OF RAW ATERIAL.Z ____ ___________

AVAILABILITY CN ENERGY PRODUCTION (386.2>
EPRRN - OUTPUT/RAW NATE IAL RATIO FOR ENERGY

(PCUNDS/TONE ) <386.5>
EINT - "OPAL PRIORITY FOR ENERGY <386.7)
EFEEAT - TABLE FOR THE EFFECT CF ENEPGY AVAILABILITY

ON ENERGY PRO CUCTION <386.9>
EEl - INITIAL ENEr.(Y CONSUFTION FOR ENERGY (KWH)

(387.3>
_.EPETAT - TAELE FOR TuE EFFECT OF TRANSPORTATION

AVAILABILITY ON ENERGY PRODUCTION
ELRT - TABLE FOR RECUESTED ENERGY LABOR (387.8)
EGI - INITIAL CAPITAL FOR ENLRGY <388.1>
EGCOTT - CAPITAL U'PORT CROERS FOR E.ERGY TO ABSORB

NEW TECHNOLOGY <358.3)
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EGQOSF.Kz.75
"3.3,

EGQOSF - FCTI: OF DuESTIC E.PGY CAITAL
SHORTFALL )SF-LJ FCS ['.PLAT (3t3)

EPOACT - TABLE FOR THE OESJED .tJAL CH.GE IN
ENERGY PRJCUc1IO' <L.3)

EPRG.KEPR.K 3'O, A
EGQCIzO 3q0.2, C
EPGIT.O5/.Qj/. /./.Oi.O 393.4, 1

EPRG - E'.'ERGY PRODUCT I CN RUCUYT UE3 FOR GRCTH
CALCULAT I\S <393>

EPR - REQUESTED E\EROY PRODUCTION <384>
EGCI - PITIAL ENERGY CAPITAL CN ORDER FOR IMPORT

(FCREX/YEAS) (390.2>
EPGIT - GOVERET I'FLLENCE O ENERGY GROtTt-4 RATE

(393,4)

3J1,A
391.2,1

EDF - ENERGY DEMAND F ACTOR <391)
EDFT - TARLE FOR EJERG'q DE'AND FACTOR <391.2)

FERTILIZER PRODUCTIOi

FP.OUTPUT(FPR,FPI,FPELAT,FLII,FpERAT,FpRR,FI'T, 92, A
FIN ,F PEEAT .FEI FPETAT , FT PP r,FLT ,FGI, F000TT
FGQOSF,FPDACT.FPRG,PUL,puLR.(,FGCI .FP&IT,
FPPGL,FPELA,FPERA,FRR,1,FP.E4,FER,FE,F-ETA.,FTR,
FT,FL,FLR,FG,FOR,FGQ,FGQ,rGCR,FGJ,FGC,FIE,FIT,
FIL,FICC,FIGO,IQ,F\,FPDAC,O,)

FP - FETILILER 3OLCTIC. <92)
OUTPUT - SECTOR FSOJUTIC (UITfYEAR) <2>
FPR - REQUESTLD FERTI LIZE PR3DUCTI <393)
FPI - INITIAL PROOCT ION UF FERTILIZER (TONES

<393.4>
FPELAT - TAELE FOR THE EFFECT OF LABOR AVAILABILITy

ON FERTILIZER PROUt)CTION <393.6)
ELI! - INITIAL FERTILIZER LAEOR (iEN) <393.3)
FPERAT - TABLE FOR THE EFFECT O rA 'ATERIALS

AVAILABILITY .N FFRTILIZEk PRDUCTIO\
<34 .2)

FPRR. - )UTPUT/R ATEIAL TIO FOR FERTILIZE
(TONNLSITO\\[ ) <36,>

PINT - 3PAL PRIORITY FOR FERTILIZER <394.7>
FPEE4T - TALE FOR LiE EFFECT OF E\ERGY VAILBILITy

ON FE1ILIZER RO)UCTION <354.9)
FE! - !ITlAL F'ERGY C'.SUPTIO'1 FOR FEPTILI

(KI-) <3,5.3>
FPETAT - TAELE: FO THE EFFECT C TS'PT1'TION

VAILAILITY C\ FEFTIL?E.. PROflUCT[3\

FTP ..- .DR1eL T SPORTArro./'cTruT RT1O FOR
FE'T ILI?E (i< 'S) (3' H)

FLRT - T.?LE FR RThUETED FERTILIZEP LlECR

FGI - INITIAL CAPITAL FO FETILiZEF <3.)
FCQCTT - CAHTAL IOkT OO FR FRTILTZEF T

L. [LCL
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- IF L OE"TIC FTILU'Fq cPIrAL
-CF. TEALL TRDED FO I PL'RT <37>

FPOACT - TALF FO THL olR: A\\t.'AL CHANGE IN
FE1ILIZER FjUCTJ\ <397.3

FPR& - FETILI:. -ODLCTI. :UET USD FOR
ROT' CALCULATIO <3b)

PULN - S-OkTFALL I UkFt.N LAEO'
PUL'R - 'EIGHTED RELESTS FOR LtRbAN LA'D' <133>
FGQCI - IiTILL ERT1LI2LR CAPITAL C ORDER FOR

1'ORT (FOPEXIYEAk.) <3).2)
FPGIT - GOVERE"T IFLLENCF Ut' FERTILIZER GPOTH

RATE <398.4>
FPPGL - PUTETIL PRODUCTION OF FERTILIZER FPO

CAPITAL A\U LAOR
FPELA EFFECT OF LGR AVAILABILITY ON FERTiLIZER

PR ODUCT ION
FPERA - EFFECT OF RA ATERIL AVAILABILITY ON

FERTILIZER PR OCUCTION
FRR - RA ATERIAL$ REQUESTED FOR FERTILIZER

PR OUUCT I ON
FPEEA - EFFECT OF ENRGY AVAILAEIL1TY ON FERTILIZER

PRODUCTION

PAGE 131 INDUSTRIAL PROCUCTION '+105/78

FER - ENERGY REQuESTED FOR FERTILIZER PRODUCTION
FE - ENERGY ALLOCATED FOR FERTILIZES FRODUCTION..SS__.S
FPETA - EFFECT OF TRANSPORTATIC AVAILABILITY ON

FEDTILIZER PRODUCTION
FTR - TRAJSPORTATI3N REQUESTED FOR FERT1LIZE

PRODUCTION
FT - TRA'SPCRTAT1ON ALLOCATED FOR FERTILIZER

PRODUCTION
FL - L'AB3R ALLOCATED FOR FET1L1ZER PRODUCTION
FLR - LAHOR REQUESTED FOR FERTILIZER PRODUCTION_ --
FG - CAPITAL G300S fl. PLACE FOR FERTILIZER

PRODUCTION
FGR - CAPITAL GOODS REQUESTED FOR FERTILIZER

PPODUCTICN -. __--S_SS _________
FGQ - CAPITAL G000S IRFORTS FOR FERTILIZER

PRODUCTION __-.- ---- -
FGQO - CAPITAL G000S ORDERED FOR IMPORT FOR

FERTILIZER PRCDL'CTIO
FGCR - RECUESTED CONSTPUCT1N ACTIVITY FOR

FPTILIZER CA FITAL GOODS
EGO - FERTILIZE1 ORDERS FOR CAPITAL GOODS
F3c - COMITENT CF CAPITAL GOODS TO FERTILIZER

PRODUCTION
FIE - FERTILIZER PRIORITY FOR ENERGY
FIT - FERTILIZER PRIORITY FOR TRANSPORTATION
FIL - FERTiLIZER PRIORITY FOR LABOR
FIGC - FERTILIZER PRIORITY FOR CONSTRUCTION

ACTIVITY
FIGO - FERTILIZER PkIO PITY FOR CAPITAL GOODS

COITMENTS
FIQ - FERTILIZER PRIORITY FR CAPITAL GOODS

1PDRTS
FPN - rORTFALL I! PRCDUCTICN OF FERTILIZER
FPDAC - DESIRED AYJUAL CHANGE I FETtLtZER

PRODUCT IO
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FPR.AC./FC - 393, A
FiC.15 393.2q C
FPII.37E6 393.4, C
FPELAT1'l/l/1/t/If1/lf1 393.6,1
LII) 393.9, C

AT1'1/1/1/1 394.2, T
FPRRlE12 394.5, C
FP4T:.1/.1/.1/.1/.1/.1 394.7, T
FPEEAT/.4/.65/.85/1 394.9,1
FI37E6 395.3, C
FPETATO/.5/./.9/l 395.5, 1
FTPRt'22D 395.8, C
FLRT1/1/I/1/1/1/1 396.1, T
FGIz5E6 396.3, C
FGOTT.1/.1/.1/.I/.1/.1 396.5, T

FPR - REQUESTEO FERTILIZER PROCUCTIO <393>
ANCD - RECUESTED CHEI CAL r'.UTRIENTS (TONNES/YEAR)

<245)
FNC - FRACTION OF FERTILIZER ThAT IS NUTRIENT

<393.2)
FPI - INITIAL PRODUCT ION oF FERTILIZER (TONNES)

(393 4>
FPELAT - TALE FOR ThE EFFECT OF LAQR AVAILABILITY

O FERTILIZER PRODUCTION <393.6>
FLu - INITIAL FERTILI2ER LAOc UIEN) <393.9)
FPERAT - TABLE FCR ThE EFFECT OF F:A4 MUTERIALS

4VAILAEILITY FERTILiZER PRODUCT1C
(394.2)

FPRRN - OUTPUT/RA 'A4TERIAL ATIO FOR FERTILIZER

FINT
(TONNES/TCNNE) <39.5>

- .1ORL PRIORITY FOR FERTILIZER <394.7)
FPEEAT - BLE FOR TE EFFECT OF EEbGY AVAILABILITY

ON FERTILIZER PROUUCTION <354.9)
FEI - INITIAL EERGY CUNSUMPTIO FOR FERTILIZER

(KH) (395.3>
FPETAT - T4LE FOR 1h EFFECT OF TRAS1PORTATI3N

AVAILARILITY c: FERTILIZER PRODUCTION - -(395.5)
FTPRN - NORMAL TRANSPOR IATIGVOUTPUT RATIO FOR

FERTILIZER C'S) <395.8>
FLRT - TABLE FOR REQUESTED FEFTILIZER LABOR

(396.1)
FGI - INITIAL CAPITAL FOR FERTILIZER <356.3)
F000TT - CAPITAL I'FORT CROERS FCR FERTILIZER TO

ABSORB 'E TECriNOLOGY <396.5>

FG3OSF.K.75 397,
FPDACT.1/.O75/.05/.025/ /.O4/.C7/.O/.1 397.3, T

FGOOSF - FSACTIO\ OF DCESTiC FETILIZER CAPITAL
SHORTFALL CRJEFED FOP. 1I?ORT <397)

FPDACT - TABLE FOR T1E DESIRED A.UAL CH.GE IN
FERTILIZER PRCDUCTIO <397.3)
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FP3.'FrR.c
FyC1O

39.2 CFRI ITz.(5/.3/.(/. 35/.y/.Q 39B.4, T- FEFTIL1ZER POOLCT1O" REiuEsT USED FORGCTH CfLCULTIT (R)Fp - EQUETLD FLTIL1ZE PPL'CTION (393)FGC1 - I1TIAL FERTILILR CAPITLL fl ORCE FOR
IMPOST (FOrEX/YEAR) (38.2)FGIT - SOVEP[T I(FLtENC[ N FERT ILIZER GROWTH
RATE (398.4>

FQ.(cFXV.K/FPRICE.K
399, AFQFQI
399.1,FcI:13OE3
399.3, C- FERTILIZER P'FOFTS (TOLS/YCAR) <399.1>CFXV POUNDS VALUE F FERTILIZER 1'PORTS <472>FPRICE - PRICE OF CHEMICAL FERTILIZER <485>FCI - PITIAL FERTILI2ER I'PDRTS (TO'JJES/YEAR)

<399.3)

C
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TR,SSPORTATIrY PR3OtJCTI3N

400, A
I , T P E E I , I E I , I P E t I, , I L I , I , T ç. 0 T T , F,
PDACT, TPR ( PHL', , PULR , I C'C I, TP. IT, TPGL , TPEL A,

TGR ,TG ,T :0 , T3, TLC, TIE, lit, TIL, TIOC. 1100,
TIQ,TP',TPDC,G, 0)

TP - TRSPORTATI PRODUCTI3M <3)
OUTOUT - SECTCR POEUCTI C (U\ITS/YER) <2
TPR - REUESTE IS SPORTTI2. PR3ZUCTIJ! <421)TPI - TIT1AL PRJJUCT1J'ã )F TRA\SPORTATION(TNL-KM '5) (402 2)
TPELAT - TABLE FOR T1E EFFECT OF LABOR AVAILAPILITY

O TRASPTA1ION PRO2UCTI3J <402.4)IL!! - I4ITIAL TRASPOTATI LAeO (MLN) <402.7)IPERAT - TABLE FOR THE EFFECT OF RA 1ATERIALS
AVA1LtBILITY CM TRA'SPORTATION PRODUCTION
(42.9>

TPRRN - OUTPUT/RAW 'ATERIAL RATIO FOR
TRA'JSP3RTATIO (POL!DS/TO'NE) <403.3)

TINT - 3RMAL PRIORITY FOR TRASPONTATIO'i <403.5)
TPEEAT - TABLE FO THE EFFECT OF ENERGY VILABILITY

ON TRASPORTATIO PRODUCTION (433.7)TEl - INITIAL E\EGY CUtSUPTT3'4 FOR
TRANSP3TATtO (<'Jr.) (404.1>

TPCTAT - TABLE FOR TE EFFECT OF TRA'SPORTATIY4
AVAILAIL1TY CM TRA:SPORTAT1ON PRODUCTION

'

(404.3)
TLRT - TABLE FO' REQUESTED TASPCTATIO'4 LABOR(404.6)
TO! - I'ITIAL CAPITAL F3R TRA'SPOrTA.TIO"I <404.8)T600TT - CAPITAL F'PORT CPDE FOR IS SPCRTAT1O TO

AESOR NE TECHOLC3Y <43B.l>
TGQOSF - FRACTIO\ OF. 00ESTIC TFANSPOR14T1O: CAPITAL

SHORTFALL (406)
IPOACT - TABLE FCR THE DESIRED AMUAL CHA\GE IN

TRANSPORTAT IO PRODUCT1O (40b.2)
TPRG - TRANSPORTATION ROD(JCTITh RE'tJEST USED FOR

GROWTH CALCUL TIO.S <7)
PULN - SHORTFALL I' URA LAO
PULWR - EIGHIEO REUESTS FCP UAN LABOR <133>
TGQCI - INITIAL TRA\$POSTATI:. CAPITAL O ORDER FOR

IMPORT (F3SEXIYEAS) <437.2>
TPGIT - GCVER4AE'T 1'FL .EMCE 0 TRAMSPORTATICGROTH RATE <4C7.'>
TPPGL - POTE\TIAL PODuCTIO OF TRAMSPCRTATION FROM

CAPITAL AMD L3CR
TPELA - EFFECT cF L4OR AViLILITY O\

TRAPORTTIO POOUCTION
TPERA - EFFECT OF R ATERIL VAILAEIL1TY O'1

IRA SPORTATI3\ PRCUCTIO*;
TRR - PA. MATER IALS S UE3T FO TRA'SPORTATI3N

F' R C ) U CT I 0
TPEEA - EFFECT CF E.ERGY AVAIL-IL1TY O

TP AMSPJRT AT 10'. PROCUCTI OM
ICR - EMErGY RE.UESTEC Fr)R IRA.SPCbILTI'3N

PRODUCT IC
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TE - \YC-Y ALL3CiTLC FO IR (\PCRTATION
H PCDuCTI3:

TPETA - EFFLCT CF TiN CRTtTi AV6ILAILITY ON
TRTATIC PRrUcTIo

TIR - T PT.TIC REUE FOP TR.r,SPORTAT ION
PP(jcTj

IT - TRA\SPOrTATIN ALLOCATD FOR TPOTATIO
PRDUCTIOr

IL - LARR ALLOCATED FOR TRASPORTATI0rsJ
PRODUCT ION

TLR - LACR PEeuEST[D FOR TRA'SPORT4TION
PRCCIJCTION

TG - CAPrTAL GOODS I PLACE FOR TRASPORTAT1ON
PRCDUCTIJN -.

TGR - CAPITAL GOODS REQUESTED FOR TRASPORTATI0N
PRODUCTION

TGQ - CAPITAL GOODS ItPORTS FOR TRANSPORTATION
PR 0 DUCT 10 N

TGQO - CAPITAL GOODS ORDERED FOR PPORT FOR
TRANSPORTATION PRODUCTiON

TGCR - REQUESTED CO'STUCTIO'. ACTIVITY FOR
TRASPOPTATIO CAPITAL GOODS

TGO - TRANSPORTATION ORDERS FOR CAPITAL GOODS
TGC - CO1ITMET OF CAPITAL GC3DS TO

TRANSPDRTAT1O PRODUCTION
TIE - TRANSPORTATiON- FRIOR1TY FOR ENERGY
TIT - TRANSPOS1?ATIDN F-RIOSITY FOR TRANSPORTATION
IlL - TRA\SPORTATIO FRIORITY FOR LA3R -
TIGC - TA\SPORTATI3N PRIORITY FOR CONSTRUCTION

ACTIVITY
--

TIGO - TRANSPORTATION PRIORITY FOR CAPITAL GOODS
H - - COMMITMENTS

110 - TRA.SPOPTATI..N PRIORITY FOR CAPITAL GOODS
P'PORTS --- --------- ---- ------- -------- -

TPN - S-ORTFALL IN PRCDUCTIOrs! OF TRANSPORTATION
TPDAC - DESiRED ANNUAL CHANGE IN TRANSPORTATION -

PRODUCTION

TPR.SMD0THTR.K+GTR.K+UTR.+FTR,K,TpRAT) 401, A
TPR4T.5 431.2., C - - _1 -

TPR - REQUESTED TRANSPCRTATIO! PRGDUCTION <401>
ATR - TRANSPORTATIL.N REQUIFED (TCNNEMILES/

SEASON) <5>
GTR - TRA'SPORTATION REQUESTED FOR CAPITAL GOODS

PRODUCTION
UTR - TRANSPORTATION REQUESTED FOR CONSUMER GOODS ---------- -

PRODUCTION -

FTR - TRANSPORTATION -REQUESTED FOR FERTILIZER ------- - -

PRODUCTION
TPRAT - TIME TO AVERAGE TRANSPORTATION REQUESTS__. -------- ----- -

<401.2>
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432 A

(F TR.K /r IT.')
T°1z2.18E9 432.2, C

.LAT.2/.5/.75/.O/1/1.C7/1.12/1.14/1.15 4u2.'+, I

1LII.z220E3 402.7, C

TPERATZII1/1/1/1 432.9, T

TPRi'lE12 4.3.z, c

TINT.1/.1/.I/.1/.1/.l .433.5,1
TP(EAT0/.4/.65/.85/l 403.7, 1

tCI467Eb 404.1, C

TPETAT1/1/1/l/1 404.3,1
TLRT.9/.95/1/1 .1/1.3/1.6/2 404.6, 1

Tt6qoE6 404.8, C

TGQOTT:.1I.1/.1/.1/.1/.1 435.1, T

TUR - 'EIGhTED RECUETS FOR TPASPORTATIO <'+02)
AIR - TRANSPORTATION REQUIRED (TONeETLES/

SEASOs) (5)
GTR - TASPORTATION 1EQUESTED FOR CAPITAL GOODS

PRODUCTION
GIl - CAPITAL GOODS PSIOUTY FOR TASPORTATIO1
UTR - TRASPORTAT1O4 REQUESTED FOR C3SUMER GOODS

PRODUCTION
UIT - CONSUMER GOODS PkIOITY FOR TRA\SPORTATI'JN
FIR - TRA.\SPOSTATION EQUESTED- FOR FERTILI2ER

PR ODU CT 10
FIT - FERTILIZER P1ORITY FOF TRA\SP3RTATION
TPI - INITIAL PROD!JCTIN F TPNSFORTATION

(TONE'M 'S) '+ 02.'>

IPELAT - TABLE FOR THE EFFECT OF LAB3R AVAILABILITY
ON TRMSPORTATIO PRODUCTION (432.14>

TLII - INITIAL TRASPORTATIC LS'3R (ME) (432.7>
TPERT - TABLE FOR THE EFFECT O RW MATERIALS

AVAILABILITY O T'ANSFOFTATIC\ PRODUCTION
<402.5>

TPRRN - CUTPUT/RA 'ATEIAL RATIO FJR
TR4NSFORTATIO\ (i'OUNDS/TO'.NE) (403.3>

TINT - NOR'L PRIORITY FOR IRA SP3tTATIO'4 <403.5)
TPEEAT - TABLE FOR THE EFFECT OF ENE.GY AVAILABILITY

ON TRA\SP3RTATION PRO'UCTION <403.7>
TEl - INITIAL EERGY O\Su:PTIN FOR

TRANSP0RTTIC' () <404.1)
TPETAT - TAPLE FOR THE EFFECT OF 1RASPCRTATI0N

AVAILABILITY C'J TR PCRTATION PRODUCTION
(4 0 4 3>

TLRT - TArLE FOR RE(UESTED TRANSPORTATION LABOR
<404 .E)

IGI - INITIAL CAPITAL FOR TrANSPOFTATION (4O4.>
160011 - CAPITAL UPCRT CSDES FiR TRANSPORTATION TO

ASOR NE TEC\LCGy ('405.1>

TGQOSF.p:.75 406,
TPDACT:_.1/_.175/_.Dc/_.Q2E/ C/.O14/.7/.C9/.1 406.2, 1

TGQOSF - FACT1Y. DF fl.ESTIC TRAr.SORTATI0N CAPITAL
S-4O°TFALL ':',3>

TPDACT - TABLE FR TiE LEISED A',\UAL CrtAGE IN
Tr¼A'SP3RTAT IC . PR JCUCT I (406.2>
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TPR.TPR.(
401, A

TCIU 437.2, C

T7(IT.O5/.O5/.5/.C5/.05/,OE
47.4, T

TPRG - TRA.SPGRTATIu FRODUCTICr. RELJEST USED F3R

C'ROWT C4LCULAT1OY (q07>
TPR - RECUESTEJ IS .SJRTtTIr PP3DUCTION <401>

TGQCI - INITIAL TRASPOTAT1Jr4 CAPITAL O CRDER FOR

IMPORT FCREX/YEA) <407.2>
TPGIT - GOVERE'T 1 NFLLECE Ur. 1FANSPORTAT ION

GROWTh RATE <407.4>
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VI-B. MILITARY

The discussion of national resource allocation in Chapter II noted the

possibility for diverting economic resources for military use. The simulation

model treats this possibility explicitly with equations to represent the key

requirements for the armed forces: labor and imported hardware. Imports

(MGQ) are an external input to the model that can be varied to approximate the

economic impact of differing military strategy. The greater themilitary require-

ments, the less the foreign exchange available to meet economic needs. Military

labor requirements (MLR) are also an external input that competes with the

industrial and service requirements for the total urban labor force available.

MGQ.KTAL('1f,f)T,T1VE.K,l9bOi2010,1O)*1E6 40R, A
MGQT100/100/i 30/100/100/103 43A.2, T

MGQ - DESIRLO MILITARY CAPITAL GOODS IP3RTS (4ET.
AFTER ARA AID) C8>

MGQT - TAPLE FOR DESIRED 'tLITARY CAPITAL GOODS
I'POPTS C'ILLIUN PCUOS) <408.2>

ML. SOOTH( LI.K,SLTT) 409, A
ML - IL1TARY LAECR <4O)
TMLI - ILITAPY LA+UR P'DICATEJ <410>
SLTT - TIME TO TRA'.SFER INDUSTRIAL LAPOR (YEARS)

<346.E)

410, A
410.2, CML! - ILITARY LABOR INDICATED <410)

S-lARE - ALLOCATION TO SECTO DETERMiNED BY
ALLOCATIO' MACRO <1>

1LR - MILITARY LAOR REUESTED <411>
PULN - SHORTFALL IN URA LAECS
PULWR - EIGHTEO RECES1S FOR URAN LABOR <133>
MI - \3RAL PRIORITY OF ILITARY SECTOR <13.2>

411, A
MLRTz2QQ./252/C/350/4OC/4fC 411.2, T

MLR - MILITARY LAFOR QUSTE <411)
LRT - 1FLE F::R 1ILITRY LA3 RE.UESTED

(THOUSAND 'E.N )ORDERED FO I'PORT <411.2>
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VI-C. FOREIGN TRADE

Like industrial activity, foreign trade is modeled in considerably

less detail than agricultural production. Egypt's foreign trade is an

important supplementary source of food for domestic consumption and capital

goods to advance industrialization. At present, Egypt's exports are primarily

agricultural,8 but plans exist to turn Egypt into a major source of industrial

goods.9

The model's foreign trade sector is, for the most part, an accounting de-

vice to monitor the country's exports, imports, aid and grants, and resulting

foreign trade balance. In addition, the foreign trade sector monitors the

availability of hard currency; this influences resource allocation decisions

throughout the economy. The remainder of this section discusses foreign

exchange reserves, debts, imports, and exports.

Foreign Exchange Reserves -- As shown in Figure VI-7, the heart of Egypt's

foreign trade system is the maintenance of hard-currency reserves. These funds

are necessary to purchase imports and pay back past debts; they are made

available from imports, grants, and the assumption of new debts. The availability

of foreign exchange determines which of the country's import needs and develop-

ment objectives can be met.

Foreign exchange reserves (XR) in the model are a stock that is increased

by export income (CI) and new short and long-term debt (XSDN, XLDN) and is de-

creased by imports (QT), interest payments (XTIP), and the retirement of

short and long-term debt (XSDR, XLDR). Egyptt s foreign exchange adequacy (XAX)

is determined by the ratio of foreign exchange available from exports (dAy)

and excess reserves (XAR) to the economy' s total foreign exchange requirements

NT). The closer this ratio is to 1.0, the better able are the Egyptians to

meet all their import requirements.



Figure VI-7:
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Excess reserves are defined in the model to be any extra funds beyond the

amount necessary to serve as a cushion for trade (XRD). Typically, this cushion

would equal the monetary value of six months worth of average imports (QTA).

Total foreign exchange requirements are the sum of funds needed for Imports (QTR)

and debt service (XNDS), and funds needed to restore reserves (XRR) to their

desired level in the event of a declining foreign exchange position. The model

attaches a high priority to servicing debt and restoring foreign currency re-

serves.

FCRE1N EXCHACE SECTOS

XR.(XR.J+(DT)(CI.J+XSD1.J-QT.)-XTIP.J-XLDR.J- 412, L.XSDR.%J)
XRXRZ

412.2, NXRZ1OQE6
412.4, CxR - FOREIGN EXCHANGE RESERVES (412.2)CI - EXPORT INCOE (43>

XSDN - NEV SHflRT TEM LEST (POUNDS/YEAR) (431.1>CT - POUNDS VALUE OF TOTAL IFORTS (EXCLUDING
1PORTS FINA\CED 1Ttr LONG TERM OET OR
GR4!TS) <470)

- T'3TtL INTEREST PAYMENTS <432)XLDP - RETIREMENT OF LONG TERM DEBTXSDR - RET IREME\T OF S hORT TERM DEBTXRZ - INITIAL FOREIGN EXCHANGE RESERVES (POUNDS)
(412.4>

ADEQUACY OF FOREIGN EXCHANGE

XAX.(CIAV.(+XAR.K)/XNT. 413, AXAXXAXI
413.1, NXAXI=1
413.4, CXAX - ADEQUACY OF AVAILABLE FOREIGN EXCHANGE

(DOES NOT INCLUDE POTENTIAL BORROING)
(413.1)

CIAV - AVERAGE EXPORT INCO'E (414>XAR - FOREiGN EXCHANGE AVAILABLE FROM RESERVES<415.1>
X\T - TOTAL FOREIGN EXCHANGE NEEDS <418)XAXI - IITlAL FOREIGN CXC GE ADEQUACY 413.4

CIAV.S''OOTH(Cl.K,C1T) 414, ACIT1
414.2, CCIAV - AVERAGE EXPORT INCO4E <414>

- EXP3PT I\COE <443>
CIT - TIME TO AVERAGE EXPOTS (YEARS) <414.2) -
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.KMAX(xR.c-xRu.K/XRT,C) 415, A

415.1, :

XRDT5 415.3, C
XAR - FOREIG' EXCHA'4GE AVAtLAELE FRCM RESERVES

<415.1)
XR - FOREIGN EXCtANGE RESERVES <'12.2)
XRO - 3ESIEO F3PE.IG4 EXCE PEERVES (416>
XROT - FORIG RESERVES DELETIJr TIME (YEARS)

<415.3>

XRD.KXCt(QTA.K4.<\OS.<) 416, A

416.2, C
XRD - DESIRED F3REIGN EYCHAGE RESERVES <416)
X4C - QRMAL FORE IGN EXCHA\GE COVERAGE (YEARS)

<416.2>
CIA - AVERAGE I'POFTS <417.1>
XNDS - FOPEIGN EXCHANGE NEEDED FOR DEBT SERVICE

(POUNDS/YEAR) <419>

QTA.=SMOOTHuT.K,1) 417, A
C3TA225E6 417.1, N

CIA AVERAGE 1POSTS, <417.1)
CT - POUNDS VALUE CF TOTAL IMPORTS (EXCLUDING

IMPORTS FI\ArCED WITH LONI TERM DEPT OR
GRANTS) <470>

LJ.KQTR.K+XOS.+XRRR.< 8, A
XNT - T3TEL FOREIGN ECHA\GE NEEDS <418>
QTR - TOTAL REQUESTS FGR 1POSTS (POUOS/YEAR)

<479>
XNDS - FOREI&N EXCriPGE NEEDEP FOR DEBT SERVICE

(Pouds/Y:AR) <4l
XRRR - REQUESTED F31EI(N EXCHA:GE TO REPLENISH

RESERVES (21)

419, A
xros - FOREIs CXCANGE NEEDED FOR DEBT SERVICE

(POUDS/YER) (41>
XSDRR - REQUESTEL, RETIREMENT OF SHORT TER'1 DEPT
XSDIP - 1JTEREST PAYMEN IS NECESSARY FOR SHORT TERM

DE'T
XLDRP - REGUESTED RETIREENT OF LONG TER DE1T
XLOtP'J - INTEREST PAr'EN IS NECESSARY FQR LOJG TERI

DEbT

XRR.KSHE(XRRR.,X.K,IFX. ,XR.K.XRI4) 420, AXRI.5 420.2, C
- FOREIGN EXCHANGE USLO TO RELE'ISH RESEFVES

<42G)
SHARE - ALLOCATICN 'IC SECTOR TERArED BY

LLOCTI\ LACC <1>
XRR - NEQLESTLD F)REI E,ChA.GE TQ k[PLEti1Sr1

RELRVES (21)
XiJ - FOREIGr1 EXC AGE SHGRTF.ALL CPOU.')S/YEA,.)

<e22)
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XR - [1GHTE ELS TS F3 CF I\ EXChL.NGE
<4 3)

XRJN - OkLL rIOITY O E:k'Es P FOPEIG'
EXCHAE (420 .2>

XRRR.KXCXRD.KXR.,)/RRRT 21, A

RRRT1 421.2, C
XRRR - REQUESTEL FOEI G- EXCHA'GE TO REPLE"JISH

RESERVES (21)
XRD - DESIRED FORE1G' LYC GE RESERVES (416)
XP - FOREIGN EXCHNL RE1YR' (412.2)
XRRRT - TINE TO C3RECT DEFIC1E\CY IN FOREIGN

RESERVES <421 .2>

FOREIGN EXCHANGE ALLOCATJCN

XN.KAX(XNT.KCIAV.XAR.K'XSDN.c,0) 422, A
- FGREIG!' EXChNGL SHORTFALL (POUCS/YEAR)

<422)
XNT - TOTAL FOREIGN EXCHANGE NEEDS (418>
crv - AVERAGE EXPORT I:COE <414>
XAR - FORE1G. EXChA!'GE AVAILAeLF FRJ RESERVES

<415.1>
XSD - NELl SHORT TERM DEPT (POU\DS/YEAR) (431.1>

Xt4R.CXSJS .(/XSDIR.k)+(YLOPP.'</XLDIP .K).(OGR.K/ 423, A
IGX.+QFR.K/IFx.K+QR.K/1IX.)+(QANR.w/
AN1X.K )+ (XRRR.K/XR It')
XR - WEIGhTED REQUESTS FOR FCREIN EXCHANGE

<423>
XSDRR - REQUESTED RETIREMENT OF SHCRT TERM DEBT
XSDIR - PRIORITY )F SHORT TR DEET RETIPEMET FOR

FOREIGN EXCHANGE
XLDRR - REQUESTED RETIREMENT OF LONG TERM DEBT
XLDIR - PRICRITY OF LONG TER' DEPT RETIREMENT FOR

roREIGr EXCHANGE
QGR - REQUESTED CAPITAL G(ODS IMPORTS <480>
QFR - REQUESTED FERT I L1ZER I'FORTS (481)
QMR - REGJESTED "ICELLA\ECUS ITMPCRTS (482>
QAR REQUESTED GtAIN IMP3RTS (FOREX/YEAR) <477>
XRPR - REQUESTED FOSEI Gr EXCHANGE 10 REPLENISH

RESERVES (421)
XRIJ - r':OR1AL PRIORITY CF RESERVES FOR FOREIGN

E C AGE <4.'j .
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Debt -- Many developing countries have relied upon foreign borrowing to

compensate for an internal inability to fund imports and development projects.

Egypt is no exception, and the country has accumulated an enormous debt burden

that is traceable in part to the country's extensive food imports and the

military buildup since the 1967 war with Isreal. The model includes the

equation structure necessary to represent the accumulation of debt in Egypt

when the country's balance of payments deteriorates, or when hard currency

requirements suddenly grow.

The basic model structure for borrowing is a "building block" to monitor

the debt outstanding at any point in time and calculate service requirements.

The building block is used in the model twice, to represent short-term and long-

term debt. The amount of debt outstanding (DEBT) is increased by the assumption

of new debt (ND) and decreased by debt retirement (RD). The desired debt re-

tirement (RRD) is determined by the debt lifetime (LIFTThE) -- four years for

short term debt, and 25 years for long term debt. The average interest rate

(AIR) for the total amount of debt outstanding can change over time if the

interest rate for retired debt (RIR) differs from the current interest rate

(CIR) for new debt. The primary differences in the model's treatment of short-

term and long-term debt lie in the mechanism for accumulating new debt and in

the calculation of an interest rate.

Most short-term debt is advanced to a developing country by the suppliers
of its imports, who offer credit terms to secure business. Therefore, new

short-term debt available (XSDA) is assumed to be proportional to the total

amount of desired imports. The proportionality constant (QFSD) for this

relationship can be varied over time from its base value of .25, to represent
the consequences of a change in Egypt's import mix that increases or decreases
the availability of short term debt. The country's desired new short-term debt
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(XSDD) is based on the shortfall (XN) between foreign exchange availability and
foreign exchange requirements. High interest rates are assumed to reduce the
desired short term debt (XEISDN). Also, an effect of political factors on
short-term debt (XEPSDN) is included to represent changes in Egypt's willing-
ness to accumulate new debt. The new short-term debt (XSDN) assumed by Egypt
is the smaller of (a) the debt available and (b) the debt desired, plus
additional borrowing (i.e., the capitalization of interest) if the country
fails to meet its interest payment requirements.

The assumption of new long-term debt in the model is tied specifically
to the capital

investment projects most likely to be financed by outside
industry or aid. The basis for new long-term debt (XLDN) is any gap between
desired capital goods imports (GQRT) and the capital imports that can be
financed through normal trade (QGXV). High interest rates are assumed to de-
crease the desired amount of long-term debt, limiting debt financing to the
most essential projects (XEILDN). In addition, an effect of political factors
on long-term debt (XEIPLDN) is included, to allow investigation of the con-
sequences of internally

versus externally financed development strategies.
The interest rate for long term debt (XLDCI) is assumed to depend on

Egypt's ability to meet its currently outstanding debt. The model calculates
a coverage ratio (XDCR) that compares exchange requirements to service current
debt (XNDS) with the exchange generated by exports (dAy). The greater the
coverage ratio., the more vulnerable are Egypt's debt service payments, and
the more likely are foreign creditors to raise the interest rate they require
for long-term investments (see Figure VI-8). The interest rate Egypt must pay
for short-term debt (xSDCI) is assumed to be determined by the long-term interest
rate (Figure VI-9).
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Figure VI-8:
Long-Term Interest Rate
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Figure VI-9:
Short-Term Interest Rate
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DEBT BUILOING BLOCK

lACR3 ('C,RRC,Sfl,t,X(IN,LIFTtE.CIB,I, .1DEeTZ,AIRZ)
DEBT - DEBT OuTSTA1tJG, AS CITOPD bY 2ETeUILCI\G LtC' <1.1)
RRO - UESTED RET1PEENT OF DEE'T (3>
RD - RETIREUE\T OF OT (PC'JLS/YEAR) <2)lOX - PRIORITY CF [EHI REDUCTIC FOR FC.IG

ECHA"GE
IPN - ITCREST PAYET ECFSSARY T ?EET CURRE!T

ObLLGAT1O.S ('1)

I'ITR AIR.C41R,RIR .2AIR - AVERAGE ITEESI RATE FOR SURE\T IEBT<4.1>
CAIR - CHA\GE IN AVERAGE INTEREST RATE <>
RIR - RETIREMENT ITEcCST RATE

J(BT,KDEBT.J.(DT)(.JRU.J) 1, L3EBTDEBTZ 1.1,DEBT - DEBT OUTSTANDINc-, AS tONITO'ED BY CEET
BUILDiNG LOCv <1.1)

RD - RETIREMENT OF DEST (POUNDS/YEAR) <2>

2, ARD - RETIREMENT OF DLT (POUNDS/YEAR) <2)SHARE - ALLOCATIN TO SECTOR DETER11ED YALLCCATIACrO <1)
RRD - REQUESTED RET JR EENT OF DET <3>
XN - FOREIGN EXCHANGE SHORTFALL (P0UCSIYEAP(422>
lOX - PRIORITY OF DESi REUUCTIO FÜR FOREIGN

C C H A S C
XR - WEIGHTED REQUESTS FOR FOREIGN EXCrAGE<423>

3, ARRD - REQUESTED RETIRE'ENT OF DEBT <3>OET - DEPT GUTTANJI2, AS MO\ITORED tY UETBuILDING LOC (1.1>
AIR.cZAIR.J+(CT)(CAIR.J) 4, LIRAIRZ

4.1,AIR - AVERAGE INTERESI RATE FD SURPENT DEBT(Si>
CAIR - CHGE IN AVERAGE ITEST 4TE <>
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5, A

CAI - ckA'.iF I: A''FPti;F ITEFST TE <5>iET - DT CLTT, 1 c, '1T3'ED &Y CET
U1LJ1\ LOCr <1.1>

AIR - VEkAGL I'TEEST kIT1 F SURiET DEBT
RD - FET1PE"ET OF OErT (cOVS/YEAR) <2>P1R - cETIREET I'TEST IRATE <6)

+(IR.KDLINF3(CIP.K,LIFTjME.) 6, ARIR - PCTIRL 5T ITE?EST RATE <6>
1P.cDET.Pc*AIR.K 7, AIPN - UTEREST PAYMENT NECESSARY TO MEET CURRENT.

ORLIGTJOS <7)
DEBT - DEBT GUTSTA\OING, AS OITOF.ED BY DEBT

UILOPG FLOC <1.1)
AIR - AVERAGE I'TEES1 RATE FOR SURRENT DEBT<4.1)

XLDJ.AX(,XLDFT.K*XEILD.K*XEPLDN.K) 439, AXLDND
439.1. NXLDN - LO TER1 DEBT (POUNDS/YEAR) <'+39.1)XLOT - TOTAL RLUESTS FOR CAPITAL DELiVERIES

FI\CED WITH LONG TERN DEBT <442>
XEILD - EFFECT OF INTEREST RATES ON NEW LONG TERM

FPT (440>
XEPLD - EFFECT CF POLITICAL FACTORS DN NEW LONG

TER? DEBT <441>

XEILD.TA-iLXEtLD'T,XLDCI.K,.O5,.12,.Q1) 440, A
X(ILDT1/1/.93/.7E/.5/.2i/.1/O 440.2, TXEILD?' - EFFECT OF INTER ET RATES ON NEW LONG TER_

DEBT (440)
XEILDT TABLE FCR TrIE EFFECT OF INTEREST RATES ON

NEW LCNG TERM DEBT <440.2>
xLDCI - CURRENT INTERES1 RATE FOR LONG TERM DEBT

<434)

XPLDN.KTAL(XEPL[T,TIL.,196C,2O1G,1O) 441, A
XEPLD'.T.5/.5/.5f.5/.5/.5 441.2,xEPLDN - EFFECT OF POLiTiCAL FACTORS ON NEW LONG

TERN. DEBT (441>
XEPLDT TABLE FO THE EFFECT CF POLITICAL FACTORS

ON NE LONG TERM DEBT <'+41.2>

XLT.KSMOOTH(GRT.KQGX\,.K ,XTGRFLO) 442, AXTGRFLD1
442.3, CXLDRT - TTAL PEQUEST FOR C.1&PJTAL DELIVERIES,

FINt.NCED AITH LOrG TERM DEBT <442>GRT - TUTL REQLFSTS FOR CAPITAL I.VPORTS FOREX/_._..YEAR) <378)
QGXV - POL'OS VtLUF OF CAPITAL GOODS PPOP.TS <471>XTGFLD AVEPAGIG TIE F CAPITAL RECUESTS

FINANC:D aITH LC4G TEF DEBT (442.3>
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SHORT TER OFTT

XSO.KzDEPT(XSD\.K,XSR.<.XSCR.K,XSDIR..(,XSCIR, 424, A

X S 0 L ,X S DC I .'( , X ( I P \ , 0)

SD1R.'i. 424.3, C

XSOL4 424.6, C

XSO - SHORT TERM DEbT <424)
DEBT - DEET OUTSTA'.J1r U, AS ITCRED Y GEBT

FUILDIN LOCK <1.1)
XSDN - NE SHCT TEkM CEET (FCU'iDS/YEAR) ('.31.1)
XSDRP - REOUESTED RETIPEENT OF Sh0T TERM DEBT
XSDR - RETIREMENT OF Sr'CRT TLR DEBT
XSDIR - PRIORITY OF ShO1T TER; DEBT RET EET FOR

FOREIGN EXCHA GET
XSDIRM - RrAL FIORITY OF SHORT TERM DEFT

RETIPE'ET FOP FOEIC. EXCHANGE (424.3)
XSDL - LIFETI'E FOR ShCT TER DEF3T (YEARS)

<424.)
XSDCI - CURRE\T INTE[S I RATE FOR SHORT lEVI DEBT

(428>
XSOI - ITEFEST PAYMENTS NECESSARY FOR SHORT TERM

DEBT

XSDD.SMOOTH(XN.,XAT)*XEISD.*XEPSD.K 425, A
%LAT.5 425.2, C

XSDD - DESIRED NEW SHOFT TEF DEFT (POUNOS) (425>
- FOREIGN EXCANGE SHORTFALL 'OU,DS/YEAR)

(422).
XNAT - I IE TO AVERAGE FORLIGN EXCHANGE SHORTFALL

(YEARS) <425.2>
XEISD - EFFECT CF I\TEREST FATES UN iE SHORT TESM

DEBT <42>
XEPSD - EFFECT OF POLITICAL FACTORS O NE SHORT

TERTM DEBT <427)

XE1SDN.TARLE(XEISD':T,xSDC1.,.c5,.2,.O5 426,A
XEISDT1f.5/.1/3 426.2, T

xEISD4 - EFFECT OF ITERLST RATES C NE SHORT TERM
DEBT (42b)

XEISDNT TABLE FOR LiE EFFECT F ITEEST RATES Ot
E. SHORT TE [ET <'?6.2)

XSDCI - CURPEIT I:TEREST RATE FGR SHORT ICRTM DEFT
(428>

XEPSO'4.K=TA3LE(YCPsOT,T1E. ,19bC,2C1O,5) 427, A
XEPSDNT1'l/I/1I1/1/I/l/1/1/l 427.2,1

XEPSO'I - EFFECT PLITICAL FAET3FS CN \E SHORT
TE DET (27>

XEPSDT TAFLE F3 T.-iE EFFECT O POLITICAL FACTOR ON
SrRT TEr DET <'i27.i)
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'i28, A
XSDC1Tz,flb/.1n/.l4/.j 428.2q

XSDCI - CUPRT I!TERES1 RTr FOR SHORT TERM DEBT

YSOCIT - TABLE FO CURET 1:TEEST RATE FO SHORT
TER DEbT ('42.2>

XLDCI - CURRE\T ITEEST RATE FR L3NG TERM OEBT
<43'4>

XSD.KMOOTH(tTP.K*'FSD.K,1) 429, A
XSDA - SHORT TERM DEBT AVAILABLE (POUOS)

<29)
QIR - TOTAL REOUESTS FOR U,PPiTS (POUNDS/YEAR)<479)
QFSD - IT-PORT FRACTIr FOR SI-DRT TERM DE9T <430)

FSD.TABLEFsDT,TE.<,19bQ,2o1o,1O) 430, A
QFSDT.25f.25/.25/.25/.25/.2 430.2,1

OFSD - ITMPORT FRACTION FOP, SHORT TERM DEBT <430>
QFSDT - TABLE FOR ItIPCR I FRACTI Q1 FOR SHORT TERM

DEBT <430.2>

431, A
XTIP.K)

XSDN 431.1,N
XSD NE SHORT TERM CEBI (POUNDS/YEAR) (431.1>
MIN - N3RMAL PRiORITY OF IL1TARY SECTQ <410.2)
XSD.A - EW SHJRT TERM CEST AVAILAELE (PCUNDS)

<429>
XSDD - DESIRED NE SHORT TEiM DEbT (PCUDS) <425>
XDIPN - INTEREST PAYMENTS NCESSARY FOR SHORT JER__1

DEBT
XLDIP - INTEREST PAYMENTS r'ECESSARY FOR LONG TERM

DEBT
XTIP - TOTAL I!'JTEREST PAYMENTS (432>

XT1P.MIN(XSD1PN.+XLDIPN.( ,CiAV.K+AR.K) .432,_
XTIP - TOTAL IrTERST PAYMETS <432>
MIrJ - NORMAL PRIORITY 3F MILITARY SECTOR <410.2>.
XSD1PN - INTEREST FAY'ENTS NECESSARY FOR SHORT TERM

DEBT
XLDIPN - INTEREST PAYMENTS NECESSARY FOR LONG TERM

DEBT
CIAV - AVERAGE EXPORT INCOME 414>
XAR - FOREIGN [XCHANGL AVA1LBLE FROM RESERVES

<415.1>
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LONG TERM DEBT

'(LD.<DET (XLD.< ,xLPR .,xLrR.K ,XLt)TR ..XLDIR', 'S3, A

'LDL.XLCI.',XLDIP\.'(,J,O)
-LDIR.R 433.3, C
XLI)Lz25 433.:, C

XLD - LON3 TERM DEBT (433)
DEBT - DEBT OUTSTADINc-, s !'CITCED 9Y DEPT

BUILO['3 LOC< <1.1)
XLO' - \E. L.)O TER i DLT (PctJ.rS/YEAR) <43).1)
XLDRR - REUESTfl RETIR EMENT CF LCG TERM DEBT
XLOR - RETtREE(T OF LC\G TERI DEBT
XLDI - PIQRITY JF LCC TER DEPT RETIREMENT FOR

FOREIGN EXDMA\GE
XLDIRN - 4OR1AL PR1O[TY UF LC!G TER DEBT

RETIREMENT FOF FOfEIG EXChANGE <433.3)
XLOL - LIFETI'E FOR LO TERM DEBT (YEAR) (433.6>
XLDCI - CURRENT PTFREST RATE FOR LONG TERM DEPT

<434>
XLDIP\ - UTEREST PAYEN1S NECESSARY FOR LONG TER1

DEBT

xLocI.KXLOctC.K*xLOcIE.K 434, A

XLDCI - CURRENT INTEES1 RATE FOR LONG TERM DEPT
<434>

XLDCIC - CURRENT I'iTEEST RATE FOR LONG TERM DEBT
INDICATED BY INTEREST COVERAGE <435)

XLDCIE - EXTERNAL EFFECT S CN INTEREST RATE FOR LONG
TERM DEPT <43e>

XLDCIC.b(TABHL(XLDCICT,XDCRA.,.2,.4,.C5) 435, :4

XLDCICT.C5/ .06/.37/.OI. 12 435.3, T
XLOCIC - CURRENT INTEREST RATE FÜR LONG TERM DEBT

INDICATED BY INTERES1 COVERAGE <435>
XLDCICT TABLE FOR CUPRErT I:TEREST RATE FR L0r4G

TERM DEBT (435,3>
XDCRA - AVERAGE DEeT COVERAGE RATIO <436> - - -

XQCRA.KSMOOTH(XDCR.K,XDCRAA 1) 436, A
XOCAATz3 436.2. C

XDCRA - AVERAGE DEBT COVERAGE RATIO (436>
XDCR - DEBT CC'jERAGE RATIO <437)
XDCRAAT COVERAGE RATIO AVER.AGIG TI'E (YEARS)

<' 3b. 2>

XDCR.Kx.oS.KiC1Av.K 437,
XDCR - DEIT COVERAGE RATIO <437>
XOS - FOREIGN EXCNGE NEEDED FOR DEBT SERVICE

(POU\L)S/YEAR) <41>
CIAV - AVER AGE ExPO1 l'COF <Ide>

'38, ALOCIET.1f1/1/1/1/j 433.2, I
XLDCJE - XTEF.L EFFECTS O INTEREST FCR LO\G

TER" DELI (43L)
XLOCI I TABLE FOP EXTEP \AL EFFECTS ON INTEREST RATE

FOR LO'G TER' DEBT (43.2)

p
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Exports -- The foreign trade sector of the model includes a building
block of equations to represent, in general form, the factors that stimulate
exports from Egypt's economy. This building block is reproduced four times
f or each of the important, or potentially important, Egyptian export goods that
are treated explicitly in the model - consumer goods (CU), cotton (CAC), fruits
and vegetables (CtO), and rice (CAR)12.

Oil exports, the foreign exchange
earnings from the Suez Canal and services, and other sources are currently
lumped together in a miscellaneous

category (CMXV). This variable can be
changed to represent the consequences of different long-term trends for these
earnings.

Development of export trade in any product is often a lengthy process of
the cultivation of potential markets and the development of the ability to
service them. New export business may be largely determined by past export
business, since the contacts and goodwill guild up from satisfactory relation-
ships can form the base for new dealings. For this reason, in the Egypt model
orders for export delivery (EXPORT) are based upon recent export business (CAy).
The amount of the exportable product actually made available to meet these
orders will depend upon the competition between export and internal require-
ments. We have assumed that export orders have a higher priority (CIN) than
does internal consumption.

A number of factors are assumed to be capable of increasing or decreasing
export orders. First, exports may be limited by internal shortages (CLIS). The
model assumes that export orders will be reduced if internal thortages are so
large that domestic needs are hopelessly underfilled (Figure VI-lO). A second
influence is the effect of foreign exchange shortages (CEXA); this effect boosts
export orders if foreign exchange is inadequate to meet perceived needs. The
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Figure VI-lO:
Effect of Internal

Shortages on Exports
Fraction of Requested
Export Orders Allowed
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foreign exchange effect can be adjusted to represent different trade stra. gies.

That is, higher values of CEXA for an individual product represent a greater

reliance on growth in that item's exports to meet foreign exchange needs.

A third influence on export orders are external factors (CEEF), primarily

changing market conditions that can increase or decrease the demand for Egypt's

exportable output. These factors are external inputs to the model that vary

over time for each product. The final influence on export orders is another

external input, the effect on exports of political factors (CEPF), that can be

varied over time to represent the consequences of a government policy to push

or discourage exports.

CI. 443, 4
CI - EXPORT I'.COME <443>
CUXV - POUNES VLUE OF CONSUMER GOODS EXPORTS

CAXV - POUNDS LUE OF AGRICULTURAL EXPCRTS (446)
C'x'J - POUNDS V.LUE OF ISCELLANEOUS EXPORTS <450)

CUXV.<CU.*UPRICE.' 444, A
CUxV - POUNDS LUE OF COSUER GOODS EXFORTS

(444,
CU - CONSU 000S EXPORTS
UPRICE - PRICE CONSUER GOODS (POUNDS/UNIT)

(445,
UPRICE.TARL(UPRI,TIE.,19ic,2ClO,1,0) 445, A
URICETzlf1/1/l,l/l 445.2,1

UPRICE - °RICE C3SUES GOODS (POUNDS/UNIT)
<445)

LIPRICET TABLE PRICE FOR CONSUtER GOODS (POUNDS!
UNIT <4'.5.2>

CAXV.CAR.*XARP..K*XALP.+CC.w*XaCp.K 446,4
C4XV - POUCS ..LUE OF GICULTURAL EXPORTS <446>
CAR - SICE E: TS

- PRICE EYPOR 1D RICE (POU'DS/TONNE)(47 -
CAD - FDU1T VEE1AeLE,S EXPORTS
XAOP - PRICE EXPORTED FV (PCUDS/TONNE) (449)
CAC - CQTTC E'CSTS
XCP - PRICE LYPOR1ED CGTTQ (POUCS/TONE)

-



F-69

XP.TA5HL(XArT,TIE.K,197Q, 1,75,5) 447, 4PT50/9Q
447.2s IXARP - PRICE FOQ EFCR1ED RICE (POUNDS/TOrINI)

(44 7)
XARPT - TABLE FOS PRICE FOR EXPURTEc RICE <'7.2>

XACP.TAShL(X4CPT,TI'E.K,197C,1)75,5) 448, AXAC3T53O/15i
IXACP - PRICE FCR EPOR1ED CCTTO (POUNOS/TC'NE)

XACPT - TAELE FCR PRICE FOR EXPORTED COTTJN <448.2>

XAOP.K3J
449, AXAOP - PRICE FOR EXPOR TED FV (POUDS/TCNNE) <44>

CMXV.(TALE
(CMXVT,TIME.c,193,2C1C,1L) *1E6 450, 4CMXVTz0I70/14D/20O/2/39C 450.2,1CMXV - POUCS VALUE CF ISCELLMEOUS EXPORTS <450>CMXVI - TABLE FOR ISCELLANECUS EXPORTS (MlLLlO4POUNDS/YEAR) <'450.2)

51, ACINT.2/.2/.2/.2/.2/.2 451.3,1CIN - IORMA PRIORITY CF EXPORT SECTOR FOR
PRCDUCTICJ\ FRC OTHER SECTORS OF THEECOJCMY <'+E1)

CINT - TABLE FO THE RAL PRIORITY OF EXPORT
REQUESTS (451 .3)

EXPCRT MACRO

EXPORT(EPOI,C,FALL,SQP,CLtST,cEX4T, .1CEEFT, CL IS ,CEXA , SC I)

EXPORT - OOERS FOR EXPORT <1.1)
CLIS - LI'IT C\ EXPDRTS DUE TO INTER4L

(3)
CEXA - EFFECT C EXPORTS OF FO?EjGI EXCHANGE

ADE(UACY <'>

PJTRN C4VISC,CEEF
.3CAV - AVE'AGE EXPOcTS <2)

SC - SUPPLY CJ'iDITIO FOR SECTOR OUTPUT <4.1)CEEF - EFFECT 3' EX-ORTS OF EXTERc;6L FACTORS <6)

EXPORT.KCAV.W*CL1S.*CXA.*CEPF.K*CEEF.K 1, AEXPORTE)POI
1.1, f'EXPORT - 3F0E°S FOP EXOT (1.1)

CAy - AVEA&E EXP?RTS <2)
CLIS - LI1T O' EXPCRT DUE TO UTERAL SHORTAGE
CEXA - EFFECT

. rARTS QF F3EIG\ EXCA'JGEAFUACY <>
CEPF - EFFECT FXPORT CF F3LITlCL FACTOPS

(4 E 3>.
CEEF - EFFECT c EXPORTS OF EXTFPAL FACTORS (>
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C4V.SO3TH(C.,CAVAT) 2 A
CAV - AVrACF FXP31 S <2)CvT - AVE.MGI\(, T1' FOR AvL.C1G LXc-ETS <452>

CLIS.TAL(CLlT.SC.,c',1,.25) 3, A
CLIS - LIMIT O CXPC"'TS DUE TO UTERAL SHORTAGE

SC - SUPPLY CJ'DITIO\ FO SECTOS OjTPUT (4.1)

SC.SM3OTH( (SFALL.KC.K )/SDt'.K,CSCAT) 4, A
SCSC1 4.1, N

- SUPPLY CCOITIO FOS SECTOR OUTPUT (4.1)
CSCAT - AVERAGIrS TIME FOR EXPOT SUPPLY CONDiTION

(452.2>

CEXA.THL(CEXT,XAXS.K,O,1,,2) 5, ACEXA - EFFECT U ExPORTS OF FOREIGN EXCHANGE
ADEQUACY <5)

XAXS - t.iERAGE FOREIC EXCHA?GE ADEQUACY <487>

CEEF.TASLE(CEEFT,TJME.K,19O,2n1O,1Q) 6, A
CEEF - EFFECT C EXPORTS OF EXTERNAL FACTORS (6>

MEt4D

CAVAT:2 YEARS
452, CCSCAT1 452.2, CCAVAT - AVERAGflG TIME FOR AVERAGING EXPORTS (452CSCAT - AVERAGING TIME FCR EXPORT SUPPLY CODITI0N

(452.2>

CEPF.TAHLCEPFT,T1ME.K,196O,2O1O,1O) 453, ___CEP-T1/1/1/1/1/1 453.2, TCEPF - EFFECT ON EXPORTS OF POLITICAL FACTORS
(453)

CEPFT - TABLE FOR Ti-E EFFECT C EXPORTS OF
POLITiCAL FACTORS (453.2)

C3SUER GOODS EXPORTS

CU. SHARECCUR.K,UPN.K,CIU.K ,UR.,CIN.K) 454, A
CU - COSU'ER GOODS EXPORTS
SiIARE - ALLOCATION TO SECTOR DETERMiNED BY

ALLOCATION !'ACRO(l>
CUR - REGJESTED DELIVERIES CF C3NSLJrEF bOODS FOR

EXPCRT <455)
UP - SHORTFALL I PRCflUCTICN OF CONSiJE GOODSUR - WFIGhTE REQUESTS FOR CCSUfrER GOODS (354>
CIN - ORMAL PRIORITY OF EXPORT SECTOR FOR

PRDUCTI3'v FROM OTFER SECTORS CF THE
ECOO'1Y

-
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CJR.,KCU.K/UT\ 45,
CUR - RE;UESTEU DELIVFRIEc OF CO'UMER GOODS F3

EXPORT (45j>
CUB - ACLOG OF 3RDES FOF. COMSU!ER GOODS

EXPORTS <46.1)
PUTN - ORDER IG TI E F CR COSU'ERGCJDS (YEARS)

<122.9>

CUB. CU3.J.LT)CCU3.J-CU.J) 456, L
CU3ZCUOt3UT" 456.1., ?!

CUB - B4CKLOG OF OFUERS FOR COSUI'ER GOODS
EXPORTS <456.1)

CUO - ORDER RATE F3R EXPORTS OF CONSUMER GOODS
(457)

CU - CONSUE GOODS EXPORTS
PUTN - ORDLRIG TIE FCR COSU'ERGOODS (YEARS)

. I -
- .- -

CUO.EXPORT(CUD1,CU.,UP\.,UPR.r,CULIST,CUEXAT, 457, D

CUEEFT , CUL IS CUE XA , CUS CI) *CUDL.
CUSCIz.75 457.3, C
CUOI6QE6 457.5 C
CULIST1/.95.9/.75/.25 457.7. 1

CULXAT1.25/1.24/1.21/1.17/l.12/1 458.li I

CFEFT1.1/1.1/1.1/1.1/1.1/1.1 458.4,1
CUO - ORDER RATE FOR EXPORTS OF COSUTES GOODS

('457>
EXPORT - ORDE7S FOP EXPORT <1.1>
CUOl - I'JITIAL O!SUER GOL)DS EXPORT ORDERS

(457.5)
CU - COJSVMER GOODS YPORTS
UPU - SHORTFALL I'J PRCUCT1U OF CO'1SUES GOODS
UPR - REUFSTLD COISU ER G003S PRODUCTION <353)
CULIST - TABLE FQ TrE EFFECT OF INTER4AL Sr3RTAGES

O COStiE 0 CODS EXPORTS (457.7)
CUEXAT - TABLE FOR TH EFFECT OF FOREIGN EXCHANGE

ADEDUACY o: CO\SER GOODS EXPORTS
<'458.1>

CUEEFT - TABLE FOR TE EFFECT OF EXTERi'JAL FACTORS OJ
CDJSU?ER GOODS EXORTS <456.4>

CULTS - EFFECT CF I.TER AL SiORTAGES O CONSUMER
GCGDS EXPORTS

CUEXA - EFFECT OF F3RE1V. EXCrAGE ADEGUACY O
COSU.ER GJOOS EXPORTS

Cusci - I'IITIAL SUPPLY CONDITID': FOR CDSUER GOODS
EXPORTS <457)

CUOLM - JLT1PLIER FOR 19E EFFCT OF DELIVERY DELAY
Jt EXFORT ORDERS FOR CThSUMER GOaDS
<459.1)
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ACUDLI 59.I,
453.4 T

CUCLM - rULTIPLIEP FOP THE EFFECT OF DELIVERY DELAY
j: EXPORT JRDc.S FOR CDSUMER GOODS
<459.1>

CUDLT - TAPLE FOR Th EFFECT C DELIVERY DELAY ON
EXPDT OPOERS FOR COSU'ER GOODS <459.4>

CUOLP - PERCEIVED DELIVERY OELY F3 Ccr,SuNERS
G'OOS FOR EXPRT <460)

CUDLP.KSOOTh(CU./°OStCU.K),1) 460, A
CUDLP - PERCE1VEU DELIVERY DELAY FOR COWSU'ERS

GOODS FO EXPORT <460)
CUB - ACKLO3 OF ORDERS FJR COSUML GOODS

EXPORTS <456.1)
CU CONSu1ER GOODS EXP0RTS.

RICE EXPORTS

461, ACAP - RICE EXPORTS ..SHARE - 4LLCATI3 T SECTOR DETERflINED BY
ALLOCATION IIACRO <1>

CARR - REQUESTED RICE. EXPORTS (462)
ARPN - SHORTFALL I: PRUDUCTIC OF RICEAWR - WEIGHTED REDUESTS FOP RICE PRODUCTION (181>CIN - "23RAL PRIORITY OF EXPORT SECTOR FOR

PRGOUCTIO FRC OTHER SECTORS OF THEECOOY (41>

CARR.EXORT(CAPI,CAR.K,4RPr.K,ARp°.,CARLjST, 462, A
C4REXAT,CAREEFT,CARLjS.,CAREXA.K,CARSCI)CARSCI.75

462.3, CCARR1-395E3
462.5, CCARLIST1!.5/.25/ .101.05 462.7, T

CAREXAT1.12/j.l2/1.1/1.06/1 .0611 462.9,L__CAREEFT1 .05/1.05/1.05/1.05/1.C5/1.05 463.3, TCARR - REQUESTED RICE EXPORTS (462>
EXPORT - ORDERS FOR EXPORT (1.1>
CARRI - INITIAL RICE EXPORT ORDERS (462.5>
CAR - RICE EXPORTS
ARP'i - SHORTFALL I PRCCUCTION OF RICE
ARPR - REQUESTED RICE RODUCTIDN (180)CARLIST TAPLE FOR THE EFFECT OF INTERNAL SHORTAGES

ON PICE EXPORTS <'+62.7>CAREXAT TABLE FOR THE EFFECT OF FOREIGN EXCKANGE..
ADEQUACY Ot RICE EXPORTS <462.9>CAREEFT TAELE FOR THE EFFECT OF CXT.ERAL. FACTORS_ ___ -RICE EXPORTS <463.3>

CARLIS - EFFECT OF INTER NL SHORTAGES ON RICE
EXPORTS

CAREXA - EFFECT OF FOREIGN ExCHA6E ADECUACY ON RICE
EY PORT S

CARSCI - INITIAL SUPPLY CONDITiON FOR RICE EXPORTS..<62.3>
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EXPORTS

464, A
CAO - FRUITS A\D VLGE IAELES EXPORTS
StiAPE - ALLUCTIC TO SECTUP DETERL\E3 Y

ALLOCATIO MACRO ci>
CAOR - RC..UESTEO FE.V EXPORTS <',)
ACPN - SHORTFALL I PRODUCTION CF FV
AOWR - WEIGHTED REQUESTS FJR FV PPODUCTIO (191)
CI - ORiL CRIORITY CF EXPORT SECTOR FOR

PRODUCTIO' FRC OTHER SECTORS OF THE
EC0OY (51>

C43R.EXPORTCCACRI,CA9.<.AUP.W,AOPR.K,CA3LIST. 465, A
CACEXAT ,COEEFT ,CACL IS .' ,C .CE XA. K, CA OSCI)

CAOSCI.75 465.3, C
CAQRI4.73E6 465.s, c
CA3LrST1/.5/.25/.1o/.o5 465.7, T
CA3EXAT:1.12/i.12/1.i/1.'/1.36,i 465.9, 1

CAOEEFT1.O5/1.G5/1.O/1.O5/1.35/i.c5 466.3, 1
CAOR - REQUESTED F&V EAPOR1S <45>
EXPOPT - OPOES FOR EPCT <1.1>
CAOR! - INITIAL F&V EXCT OSCORS <465.5>
CAO - FRUITS AD VEGETABLES EXPORTS
AOPN - SHORTFALL I PRCDUCTIO OF FV
AOPR - REQUESTED FV Pc3oucrij (196)
CAOLIST TABLE FCP ThE EFFECT O LvTEPtgAL ShUPTAGES

C'rFV EXPORTS <4h5.7)
CAOEXAT TABLE FO TE EFFECT CF FOREIG EXCHA\GE

ADEOUCY O FSV EXPORTS (465.9>
CAOEEFT TARLE FOR THE EFFECT OF EXTEPAL FACTORS F

V EXPORTS <46E.3>
CAOLIS - EFFECT 3F ITER.\LL ShORTAGES O' FRUITS AD

VEG. EXPORTS
CAOEXA - EFFECT CF FOEI EXCHA!GE ADEQUACY OH

FRUITS AJ.fl VE C. EXPORTS
CAOSCI - INITIAL SUPPLY CODITI3N FOR FV EXPORTS

(465.3)
COTTO'J EXPORTS

AC.,oC4R.K,cIN.K) 467, A
CAC - COTTON EXPORTS
SHARE - ALLOCATIJ\ TO SECTOR DETER4PED BY

ALLOC4TIJ IACRO <1)
CACR - REQUESTED CCITTC\ EXCRT (4(8)
ACc'N - SHORTFALL I FQCOUCTLJ' CF COTTON
ACR - EIG-T[c REES IS FR CLTTON PRCDUCTIC\

(1P9)
CIN - OR;AL PRIJITy OF FXPOT SCTCS F32

COUCTI FRL 3F ECTCRS CF TrE-
ECO'OY (4E1)
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ccP.pTccI,r AC.,AC..,ACPk.K,CACL1ET, 'E8, A
CACEAT.CACEFT ,Ci,CLJ.,C .'CEXA.P,CACSCI)

CCSCI.75 468.3, C
CMCR28E3 48.5, C
CCLTST1I.5/.25!.1Cf.O5 468.7,1

468.?, T
469.3, 1

CACR - REUFSTLD COTTC'. EX-RT <468>
XF3RT - OROES FOR [XPOT <1.1>

CACRI - P'.ITII\L COTTON iXPOT ORORS <'468.5>
CC - COTTL EXPORTS

- SHORTFALL IN PPCDUCTION OF COTTON
ACPR - REQuEsT: CO1TO PRODUCTION <188> .._--- -
CACLIST- TASLE FOR THE EFFECT OF INTERNAL SHORTAGES

ON COTTON EXFORTS <468.7>
CACEXAT- TABLE FOR THE EFFECT OF FOREIGN EXCHANGE

A3EjACY ON COTTON EXPOPTS <468.9>

CACEEFT TABLE FOR TrIE EFFECT OF EXTERNAL FACTORS
COTTON EXPORT S (49.3)

CACLIS - EFFECT OF INTER\AL SHORTAGES ON COTTON
EXPORTS

CACEXA - EFFECT OF FOREX ( EXCHMvGE ADEQUACY ON
C3TTO\ EXPORTS

CLCSCI - PdTIAL SUPPLY CONDITION FOR COTTON CROP
EXPORTS <468. )



Imports -- Imports in the Egypt model result from the distribution of

available foreign exchange over the import requirements for various traded goods.

Imports of fertilizer (QFXV), capital goods (QGXV), grains (QANV), and military

items (MGZ) are represented explicitly in the model.13 Remaining imports are

grouped in a miscellaneous category (QMXV) that is assumed to be proportional

to the economy's total industrial activity, as measured by capital goods pro-

duction (GP) and consumer goods production (UP))4

The import requirements for grains and fertilizer (expressed in tonnes) are

determined elsewhere in the model, as are the capital goods requirements

(measured in Egyptian pounds). The import needs which are originally expressed

in tonnes are converted to foreign exchange requirements based on the world

market prices for each type of goods. These prices are external inputs to the

model that may be varied over time to investigate their impact on Egypt's

balance of trade.

Egypt's import requirements are influenced by two additional factors. First,

a foreign exchange shortage (XAXS) is assumed to reduce the economy's demand

for imported goods (ZEXA), leading to a better balance between the supply of,

and demand f or, foreign currency. Second, a government policy effect on imports

(QEGP) is included inthemodel. This effect allows the model to be used to

investigate the consequences of a policy of restricting importing orders to an

amount below what is necessary to meet all internal needs. The government

policy effect is an external input that can vary over time
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VII. RESOURCE ALLOCATION

Chapter II, the overview to this report, focussed on the importance of

resource allocation decisions to the future of Egypt's economic development.

Four of the most important resource allocation decisions, and their implica-

tions, were discussed in some detail. Besides these overall resource alloca-

tion decisions, however, there are numerous other decision points throughout

Egypt's economy where scarce resources are allocated among competing demands.

The policies that determine the allocation of scarce resources at these

decision points may be formal or informal, explicit or implicit. Formal and

explicit policies may result from meetings between the heads of various

national ministries who agree on the division of various resources and are in

a position to see that those decisions are implemented. Informal and implicit

policies result from the much less structured interaction that occurs between

buyers and sellers on the free orblack markets, or the decisions farmers make

about where to plant their crops, and how carefully to water and fertilize

each of their different plots.

Resource allocation in Egypt appears to be a mix of the two processes

sketched out above. Most agricultural1 and industrial production and invest-

merit is nominally, at least, directed from the central government in Cairo.

In fact, however, the government bureaucracy appears to be incapable of en-

forcing strict adherance to the centrally-determined policies. Instead, the

resource allocation decisions actually implemented at the locaL level respond

at least in part to a host of other signals, including black market prices,

perceived production shortfalls, and the like.

Because the allocation of scarce resources is a pervasive element of the

Egyptian economy, the model includes a generalized allocation process. This
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"module" is used many times, in all sectors of the model. The allocation

process compares the supply of a particular good or resource with the various

demands for it to determine the allocation (SHARE) to each sector. If the

supply exceeds the demand, then no trade-of fs are necessary and all competing

requests can be met. If, as is more common, demand exceeds supply, then a

shortfall (SF) exists (i.e., the excess of demand over supply) and something

must be done. Not everyone can get what he wants. In the model, the recon-

ciliation of supply and demands is accomplished by distributing the shortfall

among competing lequests. High priority sectors absorb very little of the

shortfall, since their needs are paramount and must be met if possible. Low

priority requests, on the other hand, absorb much more of the shortfall, and

therefore receive a smaller percentage of their demands.

To distribute a shortfall, the allocation process weighs both the re-

quests (REQ) and the priorities (PRIOR) of each sector. The priorities are I
indices that can vary from zero to one, with values close to one signifying a

high priority, and values close to zero signifying a low priority. When a

sector's request is divided by its priority, the resulting quotient is used

as an indication of how much of any shortfall that sector should absorb. Low-

priority sectors, with priority indices below .1, will have a very large

request/priority quotient, signifying that a large amount of the shortfall

should be allocated there. High-priority sectors, with priority indices

ranging from .3 to 1, will have a much smaller request/priority quotient; an

indication that a lesser fraction of any shortfall should be allocated to

those sectors. These weighted requests for foreign exchange are summed to a

total (WREQ) that the model's allocation process compares with the overall

shortfall to determine how much of the shortfall each sector will absorb.
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n VIII. NOTES ON PARATERS

The detailed Appendix A description of the simulation model identified

numerous parameters representing model assumptions about future Egyptian

government policy, or physical and social processes. This Section collects

more than 100 of those assumptions in a single list to assist the use of the

simulation model for policy analysis. The list provides the "base simulation"

values for each of the parameters (for an explanation of the "base simulation",

see Chapter III of the final report), and an explanation of the implications

of variations in each one. By varying individual paraieters, or groups of

parameters, from their base simulation values, the model user can use the sini

ulation model to determine the consequences of alternative policy or process

assumptions.

The organization of this sector matches the organization of the Appendix

A model description. The parameters are presented in sets that correspond to

the water, population, agriculture, and industry and foreign trade sectors

of the model. As a result, the user of this list should be able to match

the parameters to the portions of the model structure they belong to, and

thereby conduct precise simulation experiments to test different theories

about Egyptian development.

Although the entire range of model parameters is presented here, the

reader is reminded that the focus of the modeling project has been the

role of water resources in Egypt's future. The modeling detail tends

to decrease for the sectors more removed from direct interactions with the

water resources sector. Therefore, model projections for these sectors must,

of necessity, be less precise than projections for sectors dealing more

directly with water management issues. The results of simulation exceriments
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with the industrial arid foreign trade sectors must be taken as qualitative

indications of future trends, rather than exacting numerical forecasts.

The proviso is also true, to a lesser extent, for the agriculture and popu-

lation sectors.

Water Management Parameters -- The most important water management

parameters deal with factors affecting the supply of water to Egypt, its

management on route to the farmland, and the construction of drainage facil-

ities. WASB, measured in thousands of cubic meters per year, is added to the

assumed annual Nile flow of 84 billion cubic meters per year, and can assume

positive values to test the implications of extra water becoming available

(from construction of a swamp bypass) or negative values to represent less

water availability (if, for example, more water is required for Sudanese

agriculture). WSCLFT, WECLFT, and WFSALRT are all indices representing the ;,

fraction of water lost from the irrigation system from evaporation, seepage,

or surface runoff, respectively. Reductions in any of the parameter values

would connote improvements in irrigation water management. WAFSLNT represents

the annual fraction of seepage loss for Lake Nasser.

Two parameters from the drainage portion of the model are important for

policy analysis. WFDATC2 is the annual target for installation of drainage

facilities (in feddans drained) after the time specified by WFDTT, and would

be varied to represent more or less aggressive drainage programs. WFDPT

expresses the cost per feddan for drainage facilities as a function of the

fraction of land area already drained. Higher values for the later entries

in the table would signify an increasing cost for drainage as the program

is extended to more marginal land.

The final parameters from the water sector influence the rate of capital

formation. WINT is the normal priority for the water sector for capital
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investment, and f or the base simulation has a constant value of .1. The

consequences of a higher or lower priority for capital investment in the

water sector would be determined by varying the 1980 and 1990 values in the

middle of the table. WGQFST determines the reliance on imported water control

construction to compensate for any domestic inability to meet desired

irrigation targets.

C WASB0
T UELCFT=. 1/.1/.1/,11+11.1
I bJSLCFT=, 1/.1/,1/,i/. 1/ 1
I LIFSALRT=,1Z/.15/.15/,15/.15/.15
I WAFSLNT=.05/.O3/.O4/,O3/03/,O3
C t4FEITT=1980
C WFDATC2=250E3
T WFtiFT=20/2S0/250/250/250/20
T WINT=.i/,1/,i/.1/.i/.1
T WGQ0SFT=,2/.25/.25/,25/,25/,25/.25/.2/,25

Demographic parameters -- The demographic parameters for policy testing

the Egyptmodel can be divided among three general categories. The first

category includes the parameters that help determine the overall fertility of

Egypt's population, and the possible influence of different government progams.

The second set of parameters are economic, and specify the requirements of the

population sectors for output from the capital goods, consumer goods, and ser-

vice sectors of the economy, as well as the supply of labor available from the

population. The third set of demographic parameters specifies food requirements

for the population.

There are three different types of parameters affecting the Egypt's model

calculation of rural and urban birth rates. PFCMBT specifies the fraction of

the rural and urban populations targeted for government programs encouraging

the use of modern birth control devices. The latter values of the table could

be increased or decreased from their base simulation values of 50% to project

the consequences of more or less aggressive government birth control programs.
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PUMAT and PRNAT specify the average urban and rural marriage ages. The

tables could be varied in the same manner as the birth control table to deter-

mine the efficacy of attempts to reduce population growth by raising average

marriage ages. The final two parameters, PUDFSNT and PRDFSNT, represent the

effect of assumed social and cultural values on water and rural desired family

size. Reduction or increases in the latter values of these tables would

represent social disincentives or incentives toward having more children.

I FFCMBT,S/,/,5/./.5/5
T F'UMAT=20/20/20/20/20/2O
I PRMAT18/i8/i8/i8/i8/18 -

I F'UtIFSNT.9/,9/,7/.7/.7/ 7/,7/,7/,7/,7/.7
I F DFN1i/1/.S/,S/ .8/,8/,8/.8/+8/8/,8

The economic requirements parameters include capital goods, consumer

goods, and service requirements, as well as the priorities that determine the

allocation of scarce economic production among the urban and rural populations.

PUGRT and PRGRT specify fractional changes in per capita goods requirements

(in real terms, without any inflationary effect) for the urban and rural

populations. The latter values of the table would be varied to project the

consequences of differing requirements for household, service, and government
4

capital later in the time period of the simulation. PUUOT and PRUOT specify

per capita consumer goods requirements, measured in units of Egyptian pounds

consumed per year. The higher urban value acknowledges the higher money

incomes available to urban residents. PUGSCDT and PRGSCDT specify service

labor requirements in terms of service personnel (doctors, educators, etc.)

per person. Service requirements are also assumed to be higher in urban than

in rural areas. PUINNT and PRINNT specify the urban and rural priorities

for economic and agricultural goods. The urban priority is set higher in

the simulation model, reflecting the favorable treatment generally accorded

to urban areas at the expense of rural areas.
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T FUGRT=1/1/1/1/1/i
1 PRGRT=1/1/1/i/i/1
T PUUOT=15/15/15/iS/1S/15
T PRUOT=9/9/9/9/9/9
I PUGSCDT=.:L2/.12/,i5/.151.1b.
T PR(3SCDT=,OS/,O6/.09/.°9"9"°9
I PUINNT=.2/ .2/2/,2/,2/.2
T PRINNT=.. 1/, 1/ i/l/. LI 1

The next half dozen parameters in the demographic sector specify the

labor force participation rates for the urban and rural populations. The

rates are highest for the 15 to 44 year olds (PUXET, PRXET) and the 45-64 year

olds (PUYET, PRYET). Small labor force participation for the 0-15 year olds

is assumed to represent limited economic roles for children (PUQET, PRQET).

PLSPT specifies productivity of service labor in both tirban and rural areas,

and the latter values from the table could be increased to test the implica-

tions of productivity improvements.

T F'UQET=.OS/,OS/,OS/,OS/,OS/,OS
I PUXET=.54/,54/.54/.54/.541.54W T FUYET=,5/,5/,5/.5/.5/.5
I PRQE1=1/,1/,1/,1/+1/.1
I FRXET:,5/+5/.5/.5/.5/.S
I PRYET 43/ 45/ 45/ 45/ 45/ 43
I FLSF'11/1/1/i/1/i

The final major set of demographic parameters deals with food consumption

requirements. PURCCT and PRRCCT specify the desired daily calorie consumption

for adults in the urban and rural areas; the latter values from the table

can be varied to test the consequences of changes in overall food consumption

preferences. The next six parameters specify desired daily consumption, in

kilograms per person, for meats (MRCT suffix), fruits and vegetables (ORCT),

and rice (RRCT). As explained in Appendix A, desired consumption of grains

other than rice is assumed to be determined by the difference between desired

overall calorie consumption and the calories available from consuming the

other three foodstuffs. The different parameter values for urban and rural
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populations reflect the reliance on other grains as a staple for rural diets,

and the greater role of meats, fruits and vegetables, and rice in urban areas.

Two other parameters in the demographic sector fall in a miscellaneous

category. PRFSPDT specifies the fraction of the rural population suffering

from persistent diseases (such as schistosomiasis). Latter values of the

table could be varied to represent government programs designed to eliminate

this disease. PXRUMXT is a parameter for the effect of the government

programs and other external factors in the extent of rural urban migration.

Latter values on the table could be decreased, for example, to test the

consequences of government attempts to reduce migration into the cities.

T PURCCT=3000/3000/3000/3000,3000/3000
T PRRCCT=2700/2700/2700/2700/2700/2700
T FUi'1RCT=,O75/,O75/.O75/,O75/,O7/,O75
T PUORCT=1.75/i.75/1.7/1,75/1,75/1,75
I F'URRCT=,300/,300/,300/.300,.300/,300
r FhuiFL r=,oib,.o15,,o15,,o15,,015,.o15
T PRORCT=.58/,53/+53/,58/,58/,5E3
I F'RRRCT=+OoO/+O6O/O6O/,O6O/,O6O/,O6O
I PRFSFflT=.6./,6/,6/6/.6/,6
T PXRUNIXT=1/1/l/1/1/1

Agricultural Parameters -- The bulk of the model parameters for agri-

culture deal with specific factors that distinguish cultivation of the five

different crop categories. These include the priorities individual crops

enjoy for the assignment of resources, the potential yield available from

seed strains, the effect of disease and storage losses on production, and

the government influences on annual production growth rates. A final collec-

tion of agricultural parameters deals largely with the resources available

for overall agricultural production.

.

.
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The crop priority tables (INT suffix) determine the allocation of scarce

resources among the individual crops. Priorities for any one crop, or several

crops in combination, could be increased or decreased to determine the im-

plications of changes in the relative important assigned by policy makers, or

the operation of controlled and black markets, on individual crops. The

reference yield tables (YRT suffix) would be varied to test the consequences

of the introduction of new seed types for any of the five crops categories.

I ANINT=,03/,06/.06/,06/,06/.06
T RIt'4T=,i2/,09/.Q9/,O9/,O9/.O9
J ACiNT= 06/ OoS/ OôS/. 0a8/ .068/ .068
I AOINT=,i6/,16/,16/.16/,16/.1,
T AEINT=, 1/. 1/,1/.1/.1/.1
I ANYRT=i,8,'1,3/2,15/2.15/2,15/2.15
T ARYR'r=2,7/2.7,2.7/2,7/2,7/2,7
I ACYRT=.39,.33,,33,,33,,38,,33
I AOYRT=20/20/20/20/20/2o
I AEYRI18/i8/1g/1e/18/is

The disease effect tables (DET suffix) and the storage effect tables (SET)

both specify the fraction of the harvest or production ramaining after losses

for either factor. Storage effect parameters might be increased, for example,

to test the gains available from improvement in warehousing and marketing

practices. The disease effect parameters might be decreased to test the

vulnerability of the Egyptian economy to pests or diseases that might hit one

or more of the major crop categories. The final group of parameters (CIT suf-

fix) specifies government pressured for production of each crop, in the form of

incremental annual growth rates. The major motivation for production increases

in the Egypt model is discrepancies between desired and actual production;

however, the government influence parameters can be used to test the impact

of government policies that offer extra incentives or disincentives for

production.



I
T ANYDET9/.9/,9/.9/.9/.9
I tRYDET=.9/,9/.9/,9/,9/,9
I ACYDET=,9/,9/,9/.9/,9/.9
I AOYDE.T=.9/.9/,9/,9/.9'.9
T tE.YDE1.9/,9i,9/.9/,9/.9
T Ai'1hEI,9/+9/.9/.9/.9/'9
T AFET,9/,9/,9/.9J.9/.9
T ACSET1/i/1/1/1/i
T AOSET=,7/,7/.7/,7/.7/7
I AESET,9/9/.9/,9/,9/9
T ANPGIT,O/,O3/,O5/.O5/.O5/.O5
I ARPGIT=,05/.1/,i/,O5/.05/05
T iCFGIT=.O3/,05/.Ot5/.Ob/,Ob/,0b
I iOPGIT:.O5/,05/.O5/,Ob/.Ob/.Ob
T AEFGIT=O5/.Ob/,O5/.O-'/.O".°-

The final set of parameters for agriculture deals with resources for

agriculture as a whole, rather than for individual crops. AINT specifies the

normal priority of the agriculture sector, and determines the allocation to

agriculture of labor, capital goods, and other production inputs. AGGAGT is

the base annual growth rate for mechanization of agriculture. The latter

values of the table would be increased to investigate the consequences of

a greater government push for mechanization. AGQOTT also deals with mechani-

zation, and specifies the fraction of depreciating agricultural machinery that

is replaced by new capital equipment imported from abroad to achieve a

transfer of technology to Egyptian agriculture. AFGO1T and NFGO1T specify

annual targets (in thousand feddans) for land reclamation activity in the

Old Valley and New Valley, respectively. Non-zero values would be substi-

tuted for the latter entrys in the New Valley table to investigate the possi-

bilities for major Egyptian development projects in the Western desert lands.

The final parameter (ALFGIT), is the government influence on meat production.

Like the influence parameters on crop production discussed above, the meat

influence parameter would be increased to represent higher government targets

for meat production.

4
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T :tNr=. 1/.:L/ 1/.1/.1/.1
T AGGAGT,O25/.O25/4O2b/.025/.O2'2S
TAGQOTT,i/.1/41/.1/.l'1
T AFGOiT3O/3O/3O/3O/3O/-°
I NFGO:LT=O/O/O/O/O/O/°
I

Industry and Foreign Trade -- The final set of parameters reviewed

here deals with influences on industrial development and foreign trade. They

are included to round out the possibilities for policy experimentation with

the Egypt simulation model although, in most cases, they have an only

indirect relationship to developments in the more important water, agricul-

tural, and population sectors of the model.

The industrial parameters include the normal priorities for each sector,

and desired plant and equipment purchases overseas. Like the normal priori-

ties for other sectors of the model, the normal priorities for industry

determine the allocation of resources among the five industrial groups.

They can be varied to represent government emphasis on one industry or another,

or assumptions about varying future profitabilities for each industry.

Government growth influences (PGIT suffix) played exactly the same role as

the government influence parameters identif led for agriculture. They can be

increased or decreased for individual industries, or combinations of

industries, to investigate differing industrial development strategies. The

capital import parameters (GQOTT suffix) determine the fraction of depreciating

plant and machinery that is replaced by overseas orders to acquire new

technology. The final industrial parameter is an energy demand factor (EDFr)

which increases energy requirements for all industrial and population users.

The latter values of the table could be increased to represent assumed increases

in energy consumption for personal use or industrial production.

Two parameters in the model deal specifically with military requirements

for economic goods. MLRT specifies the desired number of men in the armed
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forces, in thousands, and can be increased to determine the consequences of

a drain on the labor force to meet military needs. MGQT specifies the

annual foreign exchange requirements (millions of Egyptian pounds) required

to purchase arms from overseas. Increases in the parameter could be used to

test the consequences of draining off available foreign exchange for a use

with no productive economic value.

T.1JII'4T=1/,1/.i/,i/.i/.1
I GINT,2/.2/.2/,2/.2/2
T EINT=.1!.1!+1/,i/.i/,1
1 FINT=,i/.1/,1, .11.11.3.
I TINr=1/,i/.i/,i/.:L/ +1
T UFGIT=,O5/,O5/.O5/,O5/.O5/+O
T GPGIT.O5/,O5/,O5/.O5/,O/.O5
T EFGIT=,O/.O5/+O5/O5/,O51,O5
I TF'CiIT,O5/.O5/+o5/.O5/,O5/,O5
T FFGIT.O5/,O/,O5/.O5/.O5/.O5
I UGQOTT=, 1/. 1/. 1/, 1/. 1/.1
I GGQOTh=.1/.1,,i/,i/.i1+1
T EGOQTT,1/.1/,1/.1/.1/.1
I FG1OTT=,1/.i/,i/,i/.1/.1
T TGQOTI=,1/,1/.1/,1/,J./,1
r EDFT=1,'i/i/:Li :L/:L
I MGQT1OO/iOO/1OO/iOO,'1OO/1OO
I hLRT=200./250/300/330/400/450

The foreign trade parameters fall into three general categories --
influences on debt, influences on exports, and influences on world market

prices. XLDCIET identifies any future trends in interest rates for long

term or short term debt, and could be increased or decreased to investigate

the consequences of more or less expensive borrowing. XEPLDNT and XEPSDNT

represent the effect of political considerations on new long term and short

term debt, respectively. They identify the fraction of necessary new debt

that political or other policy interests will allow to occur.

The first of the export parameters, CINT, specifies the normal priority

for export needs in the competition with domestic requirements for the
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country's agricultural and consumer goods production. CEPFT is a parameter

for the effect of political factors on exports: increases or decreases in

this parameter would correspond to greater or lesser attempts by the govern-

ment to market Egyptian goods overseas. CNXVT specifies the miscellaneous

foreign exchange earnings (in million of pounds) available from sources not

represented in the model, such as oil exports, tourism, and Suez Canal fees.

The final export parameters (EEFT suffix) specify the assumed growth for

external markets in consumer goods (CU prefix), rice (CAR), fruits and

vegetables (CAO), and cotton (CAC). The increases or decreases in the latter

values for these parameters could be used to test the consequences of

greater or lesser growth of world markets for Egyptian produce, and the

consequent greater or lesser opportunities for export.

T XLLICIET1/1/1/i/i/1
T xEpLDNr=.5/,5/.5/.5/.515
T XEFSDNT1/1/1/1/1/1/1/l/l/i/i
T CINT=.2/ .2/ .2/.2/.2/.2
T CMXVT=O/70/140/200/2t30/390
T CEPFT1/1/1/i/1/i
T CUEEFT=1 111k :11:1 1/i 1/1,1/1 1
I cAREEFT=i.o3/:L,O/1+O5/1,O5l.O5/i.°
T CAOEEFT1,O5/i.O/1.05/1.05/iO°
I CACEEFT=i,O5/1.O/1+O/1.0S/l.O/lP5

The final parameters specify the prices on the world market or rice

(XARPT), other grains (XANPT), cotton (xACPT), fruits and vegetables (XAOPT),

fertilizer (FPRICET), consumer goods (upRICET). They can be varied to

determine the implications of future increases or decreases in the relative

prices for the goods Egypt trades on the world market. SGXQRT fulfills

a similar role for plant and equipment purchases, and increases or decreases

in the latter values of this parameter would signify increases or decreases

in the relative world market prices for capital goods. QEGPT represents the

effect of the governerrnit policy on orders for imports, and would assume values
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less than one to represent a government policy of reducing, or eliminating,

import orders to meet internal needs. The values for the parameter specify S
the fraction of necessary imports to meet economic needs that will be allowed

by the government.

I XNPi=2O/6O
T XARFTO/9O
I XACPI=53O/7O
T FPRICET=70/70/70/70/70/70
I UFRICET=1/1/1/1/i/i
I OEGPT=i/i/i/j./i/i/1/i/1/1/i
I SOXQRT=i/i/1/1/1/j.

.
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I. Introduction

1. Area Handbook for Egypt, (hereafter referred to as AHE), page 66.

2. AHE, page 65.

3. ARE, Pages 1, 66, 13.

4. John Waterbury, "Aish: Egypt's Growing Food Crisis", page 6.

5. For an example of the inconsistencies in official data, see John
Waterbury, "Aish", page 3.

6. The basic references for System Dynamics are Jay W. Forrester's Industrial
Dynamics and Alexander L. Pugh's DYNAMO User's Manual.

7. Saad Gaadalla, "Population Problems and Family Planning Programs in
Egypt", page 2.

II. Overview

1. A major question surrounding plans for massive Egyptian exports of manu-
factured goods is whether markets will be available. See John Waterbury,
"LRPing in the Arab World", page 11.

2. For a description of Egyptian foreign aid requirements and the likelihood
of Arab countries meeting those needs, see Business Week, October 25, 1976,
page 49.

3. John Waterbury, "Aish...", page 8.

4. Business Week, February 1.6, 1974, page 70, describes Egypt's efforts to
attract foreign investment.

5. John Waterbury, "Chickens and Eggs: Egypt's Population Problems Revisited",
(Hereafter referred to as "C&E"), page 1.

III. Water

1. Abu Al-Izz, M.S., Landforms of Egypt. American University in Cairo Press,
Cairo, 1971, p. 87.

2. Ibid, p. 118.

3. Ibid.
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(cont.)

III. Water (Cont.)

4. Shata, A. and I.E. Fayuomy, "Remarks on the Hydrogeology of the Mile Delta,
IJAR", Symposium on the Hydrology of Deltas, p. 385.

5. Mikhail, Farid N., "Status of Water Resources in Egypt", p. 3-18.

6. Ezzat, M.A., "New Valley Project Ground Water Condition."

7. Most texts use the simpler term "ground water". We use "phreatic" to
emphasize that standing water on the surface, as in water-logged land,
is included.

8. In addition to salt, water may carry silt. Before the High Dam, the Nile
carried considerable quantities of silt onto the land. Based on sensitivity
experiments, this feature of Egypt's water system has been omitted from
the model. SeeWaterbury, "Nile Stops...", page 10. See also the corn- -
puter experiments on silting in the technical appendix of this report.

9. Historical values for 1960-1964 are based on Spof ford, Walter 0., "Notes
on Available Theoretical Hydroelectric Power, Aswan High Dam", Values
for 1964-1971 are from "Water Resources of the World - Selected Statistics".

10. Seepage estimates vary widely. The five percent estimate is a compromise
among estimates ranging from 1.5% per year to 9% per year, reported by
Yusuf Shibl, The Aswan High Dam, pp. 59-73..

11. Shibi, op. cit., p. 50.

12. Shibi, op. cit., p. 61..

13. Shibi, op. cit., p. 47.

14. Constraints, p. 58.

15. Ibid.

16. EstiinatedfromJohn Waterbury, "The Nile Stops at Aswan, Part III:
Comestic Hydropolitics", p. 24-25.

17. Shibi, op. cit., p. 54-55 reports that each turbine produces 180,000
kilowatts. while consuming 346 cubic meters of water per second.. In one
hour, therefore, a turbine will produce 180,000 kilowatt-hours,
while consuming 1,246 thousand cubic meters, for a ratio of 144 KWH/KcM.

18. See Note 7 above.

19. The values for the porosity and areas of the phreatic zones of the Nile
Valley and Delta are taken from the following sources:

Abu-Al-Izz, M.S., Land Forms of Egypt, p. 87.
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III. Water (continued)

Shata, A. and I.E. Fayuomy, "Remarks on the HydrogeologY
of the Nile Delta, IJAR", Symposium on the Hydrology of
Deltas, p. 385.

Mikail, Farid N.,, "Status of Water Resources in Egypt", Water
for the Human Environment, p.. 3-18.

Ezzat, M.A., "New Valley Project Ground Water Condition."

20. Assuming an average drainage-time depth of one to two meters.

21. A. Aboukhalod, "Research on Crop Water Use, Salt Affected Soils and
Drainage in the Arab Republic of Egypt,'t FAO, p. 81.

22. U.S. Dept. of Agriculture, Saline and Alkali Soils, Agriculture Handbook
No. 60, p. 8.

IV. Population

urban population is generally favored by the government, which islargely drawn from the urban elite. See John Waterbury, "Aish", page 8.Also, the urban population is better able to afford expensive foodimports, see Area Handbook for Egypt, page 98.
2

Syn Crisis, page 20.

See Rural Employment Problems ..., page 28.

Rural Employment Problems..., page 26-27.

Meadows, et al., page 170.
6

U. S. Census Estimates.

Maximum fertility rates (annual live births per 100,000 women) in theUnited States have been estimated at .55, .52, and .28 respectivelyfor 15-24, 25-34, and 35-44 year olds (Christopher Tietze, etal). Wehave reduced these rates by 20% for the model to reflect the differencesin pre-natal care and child delivery rate between the United States andEgypt.

8
International Bank for Reconstruction and Development, "The NationalFamily Planning Program...", page 10, 14-15, discusses marriage agesand practices for rural and urban areas. See also Rural EmploymentProblems, page 25.

See Waterbury, "Chickens and Eggs", page 7, for a discussion of this issue.
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IV. Population (cont.)

10
See John Waterbury, "Chicken & Egg.. .", page 9. Also, International Bank
for Reconstruction and Development, "The National Family Planning Program
of the Arab Republic of Egypt," pages 10-14.

Attempts to open up alternatives for women as an aid to family planning are
discussed in Congressional testimony by Wiley Mosley in "World Hunger,
Health, and Refugee Problems, Part VI", page 80.

12
The empirical evidence for the relationship between child survival and
desired births is discussed at length by Donella H. Meadons in Dynamics
of Growth in a Finite World, Dennis L. Meadows, etal, Wright-Allen
Press, 1974, pages, 107-109. The existence of this factor in Egypt is
discussed In International Bank for Reconstruction and Development, op.
cit., page 11.

13
International Bank for Reconstruction and Development, op. cit., page 12,
discusses traditional birth control methods.

14
The relative effectiveness of the two different birth control methods can
be illustrated by considering the case of an Individual woman. Assume a
newly married woman of 20 would like to have three births between the ages
of 20 and 35, and attempts to limit her births with traditional methods
that average 50% effectiveness. This woman is attempting an average annual
birth rate of .2 (three births over 15 years). The maximum possible
birth rate over the same time is .44, so her actual birth rate, mid-way
between the two, would be .32 births per year. This birth rate would pro-
duce roughly five births--two extra children--over the 15 year time span.
If this newly married 20-year old woman instead elected to use modern
birth control methods, with a 90% effectiveness, the chances of having
only three children would be greatly increased. Only one woman in four
would have an extra child during the 15 years with modern methods.

15
Waterbury, John, Chickens and Eggs... , pages 2-4.

16
The bureaucratic and supply problems with delivering contraceptives to
villages are described in The New York Times, April 26, 1977, page 7.
The need for health services personnel to promote modern family planning
is further increased by the preference of most rural women to have their
children at home. "Report and Recommendation of the President. ..," page 3.

17
Estimated from the life expectancy data presented for Arabic and
developed countries in Meadows, et, al., pages 178-183.

18
Assessments of needs for individual nutrients vary, and distinctions must
be drawn between the requirements for developing countries and the nor-ms
that have become typical for developed countries. The model uses require-
ments determined by a 1974 FAO/WFIO study, as reported in Srimshaw and Young.

.
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IV. Population (continued)

19
For obvious reasons, it is difficult to conduct controlled experiments on
the impact of malnutrition on life expectancy. "Many of the links between
diet, performance potential, and economic returns are poorly understood
and may remain so, given the complexities of human development and behavior.
Little is known, for example, about the relative damage caused by different
degrees of malnutrition at different ages and of varying durations" (Berg,
page 26).

20
yn Crisis, page 24.

21
Ibid

22
Cereals (including rice) supply about 70% of calorie consumption; fruits
and vegetables (including sugar) supply 13%; meat and milk supply 13% --
"World Bank, "Egyptian Agriculture.. .", page 14.

23
Estimates from "A.R.E. Economic Indicators 1961-1971", page 32.

24
See Footnote #1, above.

25
Estimated from 1960 service employment (Federation of Egyptian
Industries, Table 13).

26
,,Waterbury, John, Chickens and Eggs..., pages 7-10.

27
Estimated from Federation of Egyptian Industries, pages 11, 20.

28
Estimated from the 1960 values for energy usage and household capital
goods. See Footnote #5 under Industry and Foreign Trade.

29
See Rural Employment Problems..., page 28. Also, people in rural areas
tend to begin work at an earlier age and retire later (Nagi, "Internal
Migration...," page 278.

30
It has been estimated that 1,800 calories/day diet reduces muscle strength
by 30% and precision of movement by 15% (A,lan D. Berg, page 13). Examples
of reduced productivity from inadequate nutrition are described by Miriam
E. Lowenberg, etal, pages 166-167.

31
As demonstrated by the civil disorder in Egypt when the government attempted
to raise the price for food.

32
N. Faroq, page 177, summarizes estimates of lost productivity from bilharzia
(schistosomiasis). See also Syn Crisis, page 29.
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(cont.)

TV. Population (continued)

Area Handbook for Egypt, page 75; Mostafa H. Nagi, pages 263, 268.

Mostafa, Nagi, op. cit., page 269.

35
Rural Employment Problems..., pages 28-29.

36
Mostafa Nagi, op. cit., pages 275-276.

V. Agriculture

John Waterbury, "Aish...", pages 7, 9.

2
There are some doubts about how much the soil is replenished by Egyptian
practices for forage cultivation, as described in Major Constraints, page 5.

Storage losses for fruits and vegetables may range up to 40% (Major
Constraints, page 18). Storage losses for grains may reach 7% (Waterbury,
"Aish...", page 7).

4
Area Handbook for Egypt, page 285.

See Footnote #4 under Industry and Foreign Trade.

6
IBRD, "The Egyptian Economy.. .", page 48 discusses some of the delays in-
volved in land transfers among crops.

World Bank, Table 6.

8
Mjor Constraints, page 53, suggests divisible target yields for 1985. We
have adjusted these targets upward to reflect possible increases through the
end of the century, and further modified the reference yields through
simulation experiments.

Maas and Hoffman provide estimates of the salt tolerances of crops.

10
Shibl, Yusuf, page 44.

11 ,,World Bank, Egyptian Agriculture...

12
Abdallah Hassan, page 54, Potassium fertilizer has had a negligible role
in chemical fertilization in the past (World Bank, Table 13).
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(cont.)

V. Agriculture (continued)

13
Major Constraints, page 99.

14
For discussion of the inter-relationships among production input, see
"Aish", page 4; Robert Mabro, page 13; and Hansen and Nashashivi, op. cit.,
page 150.

15
Labor requirements for agriculture are discussed in Rural Employment
Problems.. .", pages 55-56 and 100.

I,Waterbury, Aish... , page 5, discusses the losses of agricultural land
to the forces of urbanization. Egypt's arable land may have remained
constant over the last 10 years, or suffered a slight net loss.

Waterbury, "Aish...", page 4.

18
Major Constraints, page 97.

19
Dawson estimates the nitrogen content of manure in China as .5% (page 138).. We have used the same number for Egypt, and Increased It to .8% to Include
phosphates.

20
World Bank, Table 13.

21
Waterbury discusses the importance of imported parts and equipment in
"Public versus Private", page 19. See also Major Constraints, pages
154-156.

22
Estimated from Federation of Egyptian Industries, Table 11.

23
See Footnote #5 under Industry and Foreign Trade.

24
World Bank, Table 5.

25
Major Constraints, page 54, estimates a 15 tonne optimal roughage require-ment. Not all of this, however, may have to come from fodder crops (page
116).

26
Dawson provides estimates for Chinese livestock on page 139. We have ad-justed these numbers for use with Egypt.

27
Gabriel Saab describes the widespread practices for manure r'ollection and
application in Egypt (page 101). In mainland China, where manure use is
extensive, 60% of the manure production is recovered (Dawson, page 138).We assume a lesser fraction for Egypt.

28
Footnote #24.



FOOTNOTES

(cont.)

VI. Industry and Foreign Trade

1
Waterbury, "LRPing...", pages 9-li.

2
Egypt is beginning development of local power generating stations to
supplement the electricity available from the Aswan hydra-electric grid.

Estimated from production and investment figures from Federation of
Egyptian Industries, Section II, page 11.

Transportaticn requirements were estimated from material in "Egyptian
National Trarsportation Study -- Interim Report".

The energy requirements per unit of capital were calculated by distri-
buting an estimated 1960 power generation of 1,600 million kilowatt
hours over the total capital goods stock in place.

6
Federation of Egyptian Industries, Section II, page 13.

Ibid., pages 11, 20, were used to estimate the amount of capital goods
in place in 1960.

8
World Bank, page 15.

Waterbury discusses long-range export plans extensively in "LRPing in
in the Arab World".

10
Business Week, December 31, 1975, page 17.

11
Kindleberger, page 385.

12
Agricultural products and consumer goods made up more than 90% of the
value of Egyptian exports in 1974 (International Monetary Fund, page 97).

13
These categories made up more than 85% of the 1974 value of Egyptian I

exports (International Monetary Fund, page 98).

14
Waterbury provides potential estimates for Suez Canal earnings (600-1,000
million LE in 1980), tourism (250 million LE) and oil exports (2,500
million LE) that assume completion of major development projects. These
estimates will be used for alternative scenarios. See "The Opening, Part
II...", pages 10, 11.

.



FOOTNOTES

(corit.)

VII. Resource Allocation

The central government attempts to play a leading role in agricultural
resource allocation. John Waterbury describes the role of the government
in introducing agricultural innovations in "Aish. . .", page 4. The rural
cooperatives play a major role in implementing government agricultural
policy (Robert Mabro, pages 74-75). See also Major Constraints, pages
14, 141, ãnd Area Handbook for Egypt, page 282.
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