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z \‘ Abstract
N
- Developing a computerized national information system in
: ) Egypt is under investigation. The justification for
; introduction of such a system is discussed through a System
4 Dynamics approach. The value of information is assessed by
;g studying the effects of changes in information quality
i? attributes on the national development process.
* The study provides a System Dynamics model of the
% national devel opment process. Building upon the
; governmental policy +for development, the model is divided
! into five main sectors; demographic, military, labor,
i capital, and housing sector. The +Ffive sectors are
j intégrated and tested as a single unit.
In the model construction, decisions are modeled as a
? combination of information flows describing the status and
% abjectives of the system. Information entering a decision
- is assumed to be available with certain levels of accuracy
b and timeliness. Those levels are changed through two
5 : experiments which measure different effects on the
i objectives of national devel opment. Finally,
;3 recommendations are introduced for further research which
3 will enhance the model’'s usefulness for both information
; evaluation and other policies of development.‘/“<;\\
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SYSTEM DYNAMICS A5 A TOOL

FOR INFORMATION SYSTEM DESIGN
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I. INTRODUCTION

A

A

’g ?ffinition of_the Froblem

% Throughout the long history of Egypt, the government has

§ had a significant role in forming the future of the country.

? The eras of development and the eras of stagnation refer to

& the high or low quality of governmental decisions. The

é people have always looked to the quality of the governmental

ﬁ decisions as an indication of the quality of life in the

? future. The quality of governmental decisions and control

1 depends on the quality of information they are built upon.

% This fact led to a proposition of developing a computerized

g national information system [17:165].

? The justification for the introduction of a new
information system usually lies on comparative "cost-saving”

y grounds; how wmuch it costs to obtain the information with

the new system by comparison with the old [40:391. This is

certainly an important criterion and one which usually can

bV
4 .

be expressed and realized in concrete figures. In the case

’
£ -

i

4 -

of developing a new national information system, however,

Rk

the criterion fails to attach adequate importance on the

impact the new information may have on performance of the
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total system. More accurate information, or more timely
information, does not guarantee better performance for the
system as a whole. The value of information can only be
assessed from the changes in organizational stability which
accompany its use [41:5717. In other words, information may
have a wvalu=s to the government which is independent of the
cost of obtaining it. This value is related to the effects
the information has on the development of the country,
something which is often wvery difficult to estimate in
advance and for this reason, often goes unestimated. As
Forrester states [5:4273 :

"Better information is worth the value we attach to

the improved industrial performance which results

when better information is available. Unless we can

determine the change in system performance that will

result +From & changed information flow we cannot

determine its wvalue. The value of information has

usually been determined by highly subjectiv~e means

that necessarily include an estimate of wh-t the

information will do to the dynamic behavior of the

system. QOur ability to estimate the characteristics

of information-feedback systems is poor. It is to

be expected that one of the weakest areas of

managerial Jjudgment is in placing & dollar value on

an information source.™

This research is concerned with the link between the

structure of information and national development. The

concern is formulated specifically in the next two sections.

Froblem Statement

Developing a computerized national i1information system in

Egypt i=s under investigation. There is no completed dynamic

g
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-
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model that is capable of capturing the effects of changes in

the structure of information on national development. Such
a model will enable the decision maker to assess the value
of information and estimate the benefits of developing such
a system. The model would also provide a vehicle for system
analysts to use in understanding the requirements and

characteristics of the information system.

Research Obiectives

The primary objective of the research is to develop a
dynamic maodel which captures the relationships between the
structure of information and the national development
process. The model is used to investigate the impact of
information structure changes on government policies for
national development. It is also used to assess the value
of information and estimate the benefits of the proposed
information system. In addition, the model may be used to
discuss the requirements and characteristics of the
information system. These objectives are approached within

a specific scope which is defined in the next section.

The research is directed at understanding and modeling
the effects of the quality of information on the national
development process. It considers the two attributes of

information; timeliness and accuracy. Thecse attributes are

Ly
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the ones most commonly associated with information quality
£14,23,26,37,371. The policies considered in the national
development process are compiled from the official
publications about the current five-year plan for national
development. The model is developed at a high level of
aggregation and primarily is intended to portray trends of
the ma jor variables which already exist rather than
contingent variables which may be considered in further
research. Within these limitations, the research 1is
performed using the methodology explained in the next

csection.

Methodology

The methodology applied in this research is that of
System Dynamics. It is defined as:

"the study of the information—feedback
characteristics of industrial activity to show how
organizational structure, amplification {in
policies), and time delays (in decision and actions)
interact to influesnce the success of the enterprise.
It treats the interactions between the flows of
information, money, orders, materials, personnel,
and capital equipment in a company, an industry, or
a national economy.”" [3,13].

There are four main factors in this selection. The

first is the applicability of System Dynamics to large

dynamic cystems such as national development systems
£18:557,28: 201. The second is its capability to simulate
the time varying behavior of the interaction between system
components and information feedback loops [S:143. The third

4
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ig its use of formal, quantitative computer models which may

be considered as experimental tocls ([5:171. They allow
repeated experimentation with the system, testing
assumptions, or altering government policies. The fourth is

its usefulnsss for policy analysis and problem solving on
consecutive phases at the national level [71.

System Dymamics, or Industrial Dynamics as it was fircst
introduced, was developed at the Massachusetts Institute of
Technology (M.I1.T.) 3School of Industrial Management by Jay
W. Forestsr in the late 1950s. Applications of the System
Dynamics approach include a world resources model (9,227,
industrial research and development [331, weapon systems
acquisition [431, business planning [3], industry modeling
{151, and resource management [83].

The problems that have been addressed from the
perspective of System Dynamics have at least two features in
common. First, they are dynamic, in the sense that they
involve quantities which change over time. The second
feature involves the notion of feedback which has appeared
to engineers 1in servao-mechanisms and closed-loop control
systems, to physiologists as homeostasis, and to social
scientists as the notion of the vicious circle and the
self-fulfilling prophecy. These two features of time
varying behavior and information +feedback are clearly
typical of the problem of this research.

Forrester[4,5,6] and Richardson and Fugh [3Z2] explain

tn
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the System Dynamics approach to pelicy analysis and problem

solving. The approach tends to look within a system for the
sources of its problem behavior. It isolates those portions
of a system, its environment, and information flows within a
system that relate to a perceived problem or required
policy. This internal point of view results in models of
feedback systems that bring external agents inside the
system. Once the model is developed, it can be modified to
reflect changes to the system or environment and used to
analyze new problems or proposed changes to the system.
Table 1.1 contains the stages of the System Dynamics
approach as given by Forrester (5:12]1 and Richardson and
Fugh I2:161. However , Richardson and Fugh emphasize the
idea that +final policy recommendations from a System
Dynamics study come not merely from manipulations with the
formal model but also from the additional understandings one
gains about the real system by 1terating at a number of
stages in the modeling process (figure 1.1).

In this research the methodology 15 applied through

three main phases. First, the wmodeling of 1nformation

structure ch = is discussed. Next, & Svatem Dynamics
model of th~ al development praocess 13 developed.
Finally, a ser z2xperimentations 1s perfor ned to assess
the value of more timely and more accurate 1t mation. The

applied methodolagy forms the corder o+ presentation of the

research as described in the ‘Gllowirnyg secty o,

&
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FORRESTER

1.Identify a problem.
2.Isolate the factors that

interact to create the
observed symptoms.

J.Trace the cause—-and-~effect

information—-feedback loops
that link decicsions to action
to resulting information
changes and to new decisions.

4.Formulate decision policies

that describe how decisions
results from available
information streams.

S.Construct a mathematical model

of the decision policies,
information sources, and inter-
action of the system components.

6.6enerate system behavior through

time with the model.

7.Compare results to historical

data from the actual system.

8.Revise the model until it is

an acceptable representation
of the actual system.

Z.Use the model to test

modifications to the system.

1i0.Alter the real system in

directions the model has shown

will lead to improved performance.

RICHARDSON-PUGH
i.Problem identifi-—
cation and

definitions.

2.8ystem
conceptualization

3.Model formulation

4.Analysis of model
behavior.

S.Model evaluation.

6.Fplicy analysis.

7 .Model use or
implementation.

Table 1.1. The Stages of the System Dynamics Approach

Ay

£5:13,32:161
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. Figure 1.1.The Iterative Nature
of the System Dynamics Approach
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iv Order of Presentation

N

%1 - Five chapters are presented to report this research
13h)

58]

ik (figure 1.2). Discussed in chapter two, are the definitions
-: and modeling of information and changes in information
2

5: quality attributes. Included in chapter three are
Fl -9 .

gﬂ discussions of the conceptualization, Fformulation, and
R operation of the model of the national development process.
IR ¢

o

f The testing and validation of the model are dealt with in
54

B chapter four. Presented in chapter five are the
‘i experimentations, findings, and recommendations for
&Q continuing study.

Summary

* ———————

NG

%ﬁ Conceiving the importance of the government role, a
%ﬂ national information system has been proposed. The problem,
gw which is related to the justification of such a system, has
,5_1

Y been defined in detail. The research ocbjectives and scope
A

&

38 have been established and the research methodology and the
*@f order of presentation have been described. Discussed in
Y

i
?f next chapter, are the definitions, basic concepts, and
A ‘Qﬁ -

3 modeling of changes in information quality attributes.
N -
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r
Data ——e—pp= Information —p= Information Quality
Attributes

Chapter 2 9 *

. System Dynamics Approach —3- Modeiing Changes
in Information
GQuality Attributes

l

" National Development Process — The Model
(four Objectives)
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11. Definitions and Basic Concepts
3
ﬁ: Introduction
80 T
* In chapter one, the research methodology is presented in
E%Q ) general. This chapter introduces the definitions and basic
:{' concepts which were used throughout the course of the study.
e
First, definitions and basic concepts of information quality
{3{ attributes are presented. Next, main tools of System
saf Dynamics are reviewed. Those tools are causal-loop diagram,
Bt
flow diagram, and DYNAMO equations. Finally, the
A
&ﬁj representation of information flow in System Dynamics madels
%; is discussed, and methods of simulating changes in
B
information quality attributes are addressed.
B
‘v
N3 Information Quality Attributes
Ny J —-— —
The popular interpretation of the term information has
A
Q? semantic and pragmatic implications, that is, information
"z"n‘
'\‘ has meaning and is practically useful for something. Most
Wy
N authors stress that these implications constitute the
R A
ggj fundamental difference between data and information [36:142,
y
%8 . 42:2]1. Data are transformations of observable environmental
Wy
Y . phenomena. Information is that subset of data which, after
i
?‘f having been evaluated with respect to some purposeful
)
oF activity has been judged "useful”. The usefulness (or
Y fitness for use) is the definition of the term "quality" as
-~
R )
; stated by Juran [19:1-21.
NS
"t : 11
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:ﬁ Viewing information as useful data gives rise to several

iﬁ fundamental properties of information. The usefulness or

value of something is dependent upon the overall context in '

?* ) which it is to be used and the time at which it is available

‘} . with respect to when it is needed. 8o, information is a

t% situation-dependent and time-dependent phenomenon. Also,

i? since situation dependence includes a consideration of whom
g; the information is to be used by and what it is to be used
h} for, information is specifically user—dependent and
?ﬂ use-dependent.

‘? Time dependence of information 1leads to two of its

At quality attributes which are timeliness and response time.
4 Timeliness is defined as "the degree to which information is
3 up to date" [21:2871, or "the age of the information when it

‘? is available for decision making® [14:10]1. Response time is
fi defined as "the speed of retrieving sought information"
&' [21:2831, or "the 1length of time between the manager ‘s
?: (user ‘s) querying data base and getting an answer." [20:84].
N

2‘ User dependence of information leads to another two

3' attributes which are completeness and relevance.

.n Completeness is defined as "the thoroughness of information

l} . ‘ in relation to that sought (by the wuser)" [18:2831].
;' ) Relevance is defined as "the ability to provide that
,5A information, and only that information, which is desired (by
j: the user)" [21:283].

 ) Use-dependence of information also leads to two of its
"
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* quality attributes which are accuracy and reliability.

\‘ Accuracy 1is defined as "the correctness of information in

: reflecting reality" [Z21:Z83]1. Reliability is defined as

N

N "the certainty that sought information is available” j
A [21:283]. ’
K

: On the level of aggregation the research deals with, the

;

.’ most important attributes of information quality are

timeliness and ACCUrACY. The timeliness attribute 3

represents the time-dependence of information; and the

o R

accuracy attribute represents the situation dependence of

information. Before discussing how System Dynamics models

" "2’ 1%

the changes in those attributes, the following three

L
. a

sections introduce the three main tools of System Dynamics;

.

71 causal-loop diagram, flow diagram, and DYNAMO statements.
:
f Causal-Loop Diagram

Causal thinking and information feedback are the keys of
N organizing and communicating ideas in this study and in most
: System Dynamics studies. Typically an analyst isolates key
. causal factors and diagrams the system of causal
4
‘5 : relationships before proceeding to build a computer
;: . . simulation model. But causal chains can often be linked
M ) together nearly endlessly to create an undisciplined morass
¥ of causal relationships. So, causal-loop diagrams only
A,
L focus on causal relationships which comprise circular chains
g or causal loops. Within a causal loop an initial cause
&l 13
;
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™ ripples through the entire chain of causes and effects until
¥~_ the initial cause eventually becomes an indirect effect of
‘%j itself (feedback) ([11. Two important things occur when
.‘\]

3 limiting attention to closed-loop feedback. First, the
2, ¢

9 . number of factors or variables to be included within a
S
.Jé} system’'s definition can be reduced to a manageable level.
*% Second, attention can be focused on those variables that are

most important in generating and controlling system’'s

problems.

_‘_;‘.
';5 In social and economic systems causal statements usually
:Q include an "other things being equal" provision. To
gh' correctly diagnose a causal influence, one must perform the
Eh mental experiment of asking what would happen if the
=$ﬁ particular causal influence under consideration were the
': only influence to act upon the affected object [34:121.
;? Figure 2.1 is an example of causal-loop diagram which
depicts interactions of population, births, and deaths. As
&: shown in the figure, the individual links in such diagrams
YA
,%Q can be labeled to show whether the nature of the causal-link
Ny is "positive" or "negative”. A plus sign indicates that the
)
1 . variables at the opposite ends of the arrow tends to move in
EL the same direction (direct variation) while a minus sign
.‘3 ) indicates an inverse relatiaonship.
§§ Reading around a feedback loop the cumulative effects of
;E: its causal links gives an idea of the character of the loop.
?; A feedback loop is positive if it contains an even number of |
2 |
ar 14 |
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negative causal links. A feedback loop is negative if it
contains an odd number of negative causal links. So, the
polarity (sign) of a feedback loop is the algebraic product
of the signs of its links. Fositive feedback loops amplify
deviations and distabilize, while negative feedback loops

strive to control and stabilize.

Births (+) Population ) Deaths
k}/\_’/’
Figure 2.1 Causal-Loop Diagram of Interactions of
Population, Births, and Deaths

Flow Diagram

The first step in moving from a causal-loop
representation to a computer simulation model is the
identification of system 1levels and rates. A level is a
quantity that accumulates over time, and a rate is an
activity, or movement, or flow that contributes to the
change per unit of time in a- level. In identifying a
system’'s levels and rates it is helpful to represent the
system in flow diagram form [1]1. Figure 2.2 depicts the
symbols that are used to represent levels, rates, and

auxiliaries in flow diagrams.
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A Flow Diagram’'s Symbol Corresponding Equation/Function
P.‘
54

S, ~Level (L)

-

2

: or %— -Rate (R)

K

¥

!

]

i
] -Auxiliary (A)
»

\’

\

h —Om ~Constant (C)

A\

N

¥ DELAY..

;’
b -DELAY Function
N
)

y SMOOTH

.‘.J‘

A ~-SMOOTH Function
o

3
- ~TABLE Function
-"

-

~
% e——- —Flow of Fersons
53

.,

\4-1

Figure 2.2 Flow Diagram Symbols
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Figure 2.3 Flow Diagram of Interactions of
Population, Births, and Deaths

Figure 2.3 depicts the flow diagram corresponding to
the causal-loop diagram of the interactions of
population, births, and deaths which has introduced before
in +Ffigure 2.1. The level in this instance is population
(FOF), as indicated by the rectangular, both births (BR) and
deaths (DR) are rates as indicated by the valve symbal. The
positive (negative}) link from births (deaths) to population
in the causal-loop diagram is depicted in the flow diagram
as the flow of births into (deaths from) population. The
direction of the arrows in the flow diagram indicates that
births add to (deaths subtract from) population.

In this study, each variable that will be used in the
model is identified in a flow diagram and the connection of
arrows pointing to a variable'indicate all the elements used

in the calculation of the wvariable.
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! DYNAMO Equatxons
i
ﬁﬁ . Once a flow diagram has been developed, the next step in
('.J
éz . building a model is to write equations in DYNAMO (1, 301.
'H . DYNAMO is a computer simulation language which used for
~
sé§ modeling real-world systems so that their dynamic behavior
N
i aover time may be traced {(imitated, simulated) by a computer.
;\’ A model written in the language DYNAMO 1is a view of a
'{3 feedback system as if it were continuous over time. DYNAMO
Lo
{:j merely chops up continuocus time into discrete bites: one
v £
h»i tiny interval of time, then the next. Within each small
?; interval of time, DYNAMO assumes the varying rates are
;: constant and computes like the ordinary algebra. The result
i_- is an approximation. 1f, however, the time between
2
i{ computations (DT) is small enough, and the rates of change
Y
M not too violent, the computed results will closely match
- those obtained in closed Fform by the application of
.A.
A
‘: sophisticated mathematics. Variables in DYNAMO have
Ao
‘}" subscripts indicating their place in time. K denotes the
::’ present; J the point in time just passed (just preceding K},
Loy
}3 and L the point of time in the immediate future (immediately
o -
ny
Aﬁs following K)}. The symbol DT is used to represent the length
Y .
o of time elapsed between J and &, or K and L. The value of a
CallC
s
‘:4 level at the present time must equal to its value one time
k; interval earlier, plus whatever flowed into the level over
;ﬁ the time interval (minus whatever flowed out).
*0
"
'
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% The population equation in DYNAMO notation thus becomes
' the following:

35

ﬁ L POF.K=FOF.J+DT+* (BR. JK-DR. JK)

e where

ﬂn POF.K = value of population now

: FOP.J = value of population a time interval ago

-~ DT = length of intervening time

Y BR.JK = births per year over the time interval JE

i DR.JK = deaths per year over the time interval JE

?' Six types of DYNAMO equations were used in the model of
> this study. The eguation category is defined by the letter
p@ in column one of the model listing. Each of the six types
; is listed in table 2.1 with a brief definition.

A

(]

!

1

Y

0_\,.,

k_

Type Definition

=

4

" L Level equation. Accumulation of gquantities

2! flowing in and out of the level

<4

R Rate equation. Rate of flow of a quantity.

?, A Auxiliary equation. Used an intermediate

X calculation for a rate.

\1

T C Constant. Variable defined to have a
= constant value for the entire run of the

model.

3

3! N Initial value for variable.

>

J . T Table of dependent values used by TABLE
- . function.

»

o

; Table 2.1 Types of DYNAMO Equations
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Using these concepts, the following three sections
discuss representation of information flow in System
Dynamics models, and modeling changes in information quality

attributes.

Information Flow in System Dynamics Models

In the structure of a System Dynamics model, information
links show the information sources on which the rates
depend. "The information links leading to a rate equation
do not affect the source levels from which they come, but
the flows that are controlled by the rate equation do cause
the 1levels to change." [6:9-11. A policy (rate equation)
governing a rate of flow can be responsive only to the
available information at the particular point of policy
control in a system. Very often there are distortions in
the information network that occur between the "true" levels
and the apparent values of those levels. "Information can
be delayed. It can be disturbed by random error. It may be
biased so that it consistently indicates a displacement from
the "true" wvalue. It can be distorted to produce errors
that depend on the time-shape of the information stream
itself. And it is subject to "cross talk" whereby the
information shifts in apparent definition or source. ...

Apparent wvalues of information arrive at the policy point,

not directly from the “"true" level but instead from an
20
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intervening auxiliary equation or informatior level. An
auxiliary equation can insert a simple algebraic variation
into the information stream, such as the addition of bias or
random error. An  intervening information level can
introduce time—dependent distortion.” (6:9-51. The
following two sections discuss modeling of changes in two

information gquality attributes, timeliness and accuracy.

Modeling the Timeliness of Information

All information used in decision making takes time to
collect and compile. The result is that decisions are
necessarily based on information which is, to some extent,
out of date. The timeliness of information can be modeled
by introducing a perception delay into an information flow.
The percéption delay takes an exponential average of the
true information <flow, so changes are perceived to occur
later than they would otherwise, were instantaneous
information available. In DYNAMO language, there are two
standard functions to represent information delay which are
SMOOTH and DLINF3. SMODTH function [32:109] represents a
first-order information delay:; and as the name implies it is
also a good function to smooth, or average, a variable.
DLINF3 function [32:113] is a third order information delay.

The following diagram shows the modeling of both functions

and ths corresponding DYNAMO statements.
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SMOOTH Function:

Smoothing Smoothing
Time Time
{(Variable) , (Variable) /
/
\ / \\ /
\ / \ /
\ / \ J
v 14
Y SMOOTH
Smoothed or
Variable Smoothed
Variable

Smoothed Variable=SMOOTH(Variable,Smoothing time)

DLINF3 Function:

(Variable)
N\
\
\
A
DLINF3
—— Del ayed
- Variable
7
Delay
Time

Delayed Variable=DLINF3(Variable,Delay time)
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Modeling the timeliness of

information is conducted

concurrently with modeling the accuracy of information which

is discussed in the fpollowing section.

Modeling the Accuracy of Information

Inaccurate information can be modeled by introducing

random variations or bias into an information flow entering

a decision. The perceived information flow is defined as

the sum of the true information and a random or bias

component. The random component is readily obtained using

the random number generators of the DYNAMO 1anguage [30:281.

There are two standard functions for random number

generation which are NOISE and NORMRN. The NOISE function

£32:130] provides random numbers distributed uniformly from

-0.5 to +0.5, with a mean of zero. Theoretically, the

ocutput of the NOISE function should have no relationship

between one value and the next (zero autocorrelation). In

practice, the relationship is quite small but not ideal.

The NORMRN function (30:28] provides random numbers which

are nearly normally distributed. The following figure

illustrates the modeling of both functions and the

corresponding DYNAMO statements.
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NOISE Function:

(Variable)

\ Noise

\ /Source
\ /
\ 4 ;
\ /
N oy

Distorted

Variable

Distorted Variable=F{Variable,NOISE()}}
where F is a modeler-made function

NORMRN Function:

(Variable)
/NDRMRN(M,S)

\ /
\ //
\
7

Distorted
Variable

Distorted Variable=F{Variable, NORMRN(M,S)3;
Where F is a modeler—-made function, M is the
mean, and S is the standard deviation.
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These methods of modeling changes in information guality
attributes are used in the next chapter for developing the

System Dynamics model of this study.

Summary

In this chapter basic definitions and concepts that will
be used throughout the course of the study, are introduced.
Definitions and basic concepts of information guality
attributes are presented. Causal-loop diagram, {flow
diagram, and DYNAMO terminology are reviewed as tools of the
System Dynamics methodology. The chapter concluded with a
dicscussion of representation of information flow in System
Dynamics madels, and methods of simulating changes in
information quality attributes. Using these definitions and

concepts, the model is developed in the following chapter.
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III. The Model

Introduction

This chapter presents a brief overview of system
structure, the five-year plan of the Egyptian government as
a base of the national development process, and the System
Dynamics model. The System Dynamics model is developed in
three phases. first, a conceptual picture of the primary
components of the system is created. Next, the system is
divided into five functional sectors (demographic, military,
labor, capital, and housing) that were individually
developed and tested. Finally, the sectors are integrated
and tested as a single unit.

Throughout the three phases of model development,
decisions are modeled as a combination of information flows
describing the status and objectives of the system.
Information entering a decision is assumed to be available
with manageable 1levels of accuracy and timeliness. These
levels are changed at the experimentation phase (reported in
chapter four) to study the effects of changes in information
attributes on the development process. The order of

presentation in this chapter follows the phases of

development described above.




3
, .:':x‘

Overview of System Structure

One method to get a general idea about a system is to
compare outputs and inputs of the system [16:2411]. In the
case of a country, the inputs may be considered {he national
resources of the country, and the outputs may be represented
by the standard of living of the peocple.

The total area of Egypt is about 386,700 sqg.miles (3%
cultivated land, 76% potentially fertile desert, 16.9% sandy
aesert, O0.3%Z clay desert, 2.5% salty desert, 1.3% islands
and lakes) [(111]. The river Nile of 1,000 miles flows
longitudinally throughout the country and provides from 42
to 150 billion cubic feet per year of rich water (carries
about 11 wmillion tons of clay) [25:581. There are almost
2,000 miles of coastline bordering the Mediterranean, Gul+f
of Suez, Gulf of Agaba, and Red Sea. The Suez Canal carries
14% o©of world seaborne traffic [2]1. Almost SO0 million toms
of o0il and natural gases are produced per year [22:2951.
Potential tourism of the country covers Pharaonic,
Christian, and Islamic eras in addition to the favorable
location and climate [1113.

Egypt’'s population [11, 381 has more than quadrupled in
80 vyears, from 9.7 million at the time of the first census
in 19200 to nearly 43 million in 1981. Over S0 percent of
which is wunder the age of 20. A traditional birth rate,

coupled with rapidly falling mortality rates resulted in a
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natural increase of 2.9? percent per year in 1979. Over 946
percent of the population live on five percent of the
country’'s territory where the density is 1883 per csguare
mile with 44 percent living in urban areas and most of the
balance in some 4,000 villages with populations ranging from
500 to 10,000 inhabitants. Cairo, as most urban areas, has
a density of over 70,000 person per sguare mile.

The average life expectancy is about fifty three years
and the infant mortality is about 10.1% in 1980. Education
is +free through university level and under government
control. Despite compulsory elementary education, literacy
rate is less than 25% in 1775 [(25:viil. At the other end of
the scale, nearly hal¥ a million students attend the 11
secul ar universities and other institutions of higher
learning. Thus, one out ot every 100 Egyptians of all ages
is engaged in higher studies [111. The government insures a
job for every graduated. But, comparing their wages with
the equivalents in Arab countries enforces a substantial
proportion of the labor force to work abroad. The
repatriation of remittances from Egyptians working abroad
are considered the second source of national income
{according to the current governmental five-year plan of
national development) [291].

Comparing the outputs, inputs, and rate of growth of the
system (figure 3.1) illustrates the level of challenge which

faces a plan of national development.
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Figure 3.1 A System of National Development
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{ Five-Year Flan of National Development
XA

j;‘.::j : The five-year plan, covering FY 1982/83 to FY 1987/88,
:{. . is a detailed document compiled by the ministry of planning
Léﬁ [27:41. It is planned to increase gross national product
;& (GNF) +Fifty percent over the base period of FY 1981/82, or
fgﬁ at an average vyearly rate of growth of nine percent in FY
‘“} 1781/82 prices. Official data indicated that achievement in
:ji the +Ffirst vyear of the plan, FY 1982/83, was nearly 97
:?§ percent of the goal [2%:11.

:é% The plan outlines four obijectives to achieve. First,
>

;;; increasing the investment rate tou achieve full employment.
:§$ Full employment is defined as "a situation where every one
iﬁ? who wants to work at the prevailing wage rate can fined a
':;‘ job in the line of work for which he or she is gualified.”
ﬁi& {27:4081]. Second, achieving the balance between the
:2? production and consumption by increasing the output of the
“&3 production sector nine percent per year. Third, keeping the
?Eg armed Forces on the same level of manpower while acquiring
,:g more sophisticated weapons. Fourth, improving the standard |
Pl

JS& of living by increasing the family consumption by a rate
iy .

{ig equal to double the rate of growth of population, increasing
:;i ) the public consumption (public services) with a rate of 7.9%
Ei§ per vear, and constructing 169,000 housing unit per vyear
:,. [29:1-101.

t.f
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Conceptual Structure of the Model

The five-year plan mentioned in the above section
. represents the basic trends of the government policy for the

. national development. In this research, the System Dynamics

model of the national development process is built on a time
horizon equal to sixty years. The time horizon, or time
frame, is defined as ‘“the period of time over which the
problem plays itself out.”" [32:2113. Sixnty vyears 1is
considered enough time to depict the results of a natiocnal
policy of development as adopted by most national economic
%& models [133]. Specifying the time horizon leads to the
appropriate causal relaticnships which have to be considered
in the model.

o The causal relationships between the main factors of
national development are illustrated in figure 3.2. Two of
those factors are common in any development process which
26} are the workforce and capital [35:7731. Both of those two
factors, through a given production function, lead to more
production which increases national income. As the national
income increases, it permits more investments in social and

capital sectars which lead to an increase in the work force

and the capital. Forr- a certain national income, the
»° . .
.’ increase 1in social investments catuses a decrease in capital
n-'

investments and vice versa. In Egypt, particularly, a

significant portion of the workforce goes abroad to work in

1
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Figure 3.2 Comprehensive Causal-Loop Diagram of
the National Development Process.
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other Arab countries. This contributes to raising the

national income but may cause a decrease in the national
production. A housing shortage is considered one of the
largest national problems and receives special attention as

a part of the development process.

The system of national development is divided into five
sectors which are demographic (DS}, military (MS5), labor
{LS), capital (CS), and housing (HS). Those sectors
represent the main concerns of the development plan. The
following five sections describe, discuss, and formulate the

main variables considered in each sector.

Demographic Sector

The demographic sector includes the major variables for
population and education. This sector is considered as the
basic source and ultimate objective of the develaopment
process. Fopulation with higher level of education, health,
and productive 1life (high average-life expectancy or low

death rate) implies more work force and higher level of

productivity. This, 1in turn, implies more production and
more national incaome. On the other side, increasing of
population with insufficient national income implies
decreasing of consumption, education, and public services

per capita.

-

3.% depicts the main caus!i—loops of this sector.

Figure
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The main variables that control the population are the birth
rate and death rate. Immigration movement has no
significant effect on the population of Egypt [(381. The

birth rate is affected mainly by education ratioc which

depends on education expenditure per capita. This
expenditure decreases as the school —age population
increases. In Egypt, like most developing countries, the

death rate depends mainly on average consumption per capita
which is expected toc be decreased as the population
increases. As illustrated in figure 3.3, the birth-rate
loop has a positive polarity (even number of negative signs)
which means that it tends to destablize the system; and the
death-rate 1loop has a negative polarity which means that it
controls the population. As the population increases, the
adult population, work force, production, and natiocnal
income will be sequentially increased. As the national
income increases, consumption, education, and public
services per capita are increased. 0On the other hand, as
the population increases, the public services per capita,
productive life, and work force are sequentially decreased.
Figure 3.4 depicts the corresponding flow diagram of the
demographic sector. The population is divided into three
age groups: school age population (SAFPOP) which are the
children from six up to eighteen, adult population (ADFOF)
which are the people from eighteen up to a retirement age,

and total population.
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The birth rate (BR) depends on the number of adults and
the birth rate fraction (BRF) which depends on the education
ratiao (EDRT). The death rate (DR) depends on the total
population and the death rate fraction (DRF} which depends
on the consumption level per capita (CNS1). The average
productive life (AFL), which is the difference between the
adult access age and the retirement age, depends on the
death rate +fraction and a health level multiplier (HLF).
The later depends on the public service expenditure per
capita (PSEX1) as a measure of health care. The education
level is a smoothed value of the ratio of school-age
population (SAFPOF) who attend schools. It equals to
education expenditure per pupil (EDEX1) divided by the
annual cost of education per pupil (EDC). The education
process has to be adjusted to match the professional
requirements of different jobs. The adiusted education
ratio (AERT) depends wuwpon the quality of information
received from the job market. The quality of information is
represented by a noise function which applied on a portion
of the education level (PRCH)Y. This portion represent the
rate of technological change. The increase in total
population decreases the per capita expenditures (CNS1,
EDEX1, and FSEX1).

As the society increases its education level the birth

rate can be expected toc decrease. From official information
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Figure 3.5 Table Function of Birth Rate Fraction
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Figure 3.6 Table Function of Death Rate Fraction
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LY
o

A published about the birth rate fraction and the education
£y level in the years 1960-1980 L3811, a table function of the
g +

ﬁ birth rate fraction is developed (figure 3.5).

~
a RSl

As the level of consumption in a developing country

raises, the death rate can be expected to decrease. From

(¥ of
S )

the same source of data a table function of the death rate

fraction is developed (figure 3.6).

o

As the public services expenditure increases (a measure

. of health care increasing), the multiplier on the average

productive life (HLF) can be expected to increase. Figure

-4
{

3.7 includes a table function which depicts this

it el
XL

relationship.

The following is the DYNAMO formulation and data

o dictionary of the school-age population level.
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L SAPOP . K=SAPOF.J+ (DT} (SAR. JK-AAR. JK) D51
N SAFOFP=12.2 DsZ2
R SAR. KL=DELAY1 {(BR.JK,6]) D53
R BR. KL =(ADFOF.K) (BRF.K) DS54
A BRF.kK=TABLE (TBRF ,EDRT.K,0,100,20) DSS
T TBRF=.05/.048/.044/.038/.030/.02
R AAR.KL=DELAY1 (SAR.JK,12) DS6&
A EDRT.K=5MOOTH(SCRT.K,12)} D57
A SCRT.K=MIN(EDEX!1.K/EDC,99) Dsg
A EDEX1.K=EDEX.E/SAFOF.K Dse
A RPRCH.K=EDRT.K* { (1-PRCH) +FRCH*NGISE (}) D510
A AERT. K=DLINFI(RFRCH.&,4) D511
A EDEX. K=GOT.K*EDF D512
C EDF=0. 2 D51=
c EDC=0. 465 D514
AAR = Access Rate of Adult Fopulation
{person per year)
ADFOFP = Adult Fopulation (person)
AERT = Adijusted Education Ratio (dimensionless)
EBR = Birth Rate (person per year)
BRF = Birth Rate Fraction (Fraction per year)
EDC = Education Cost (% per pupil per year)
EDEX = Education Expenditure (¥ per vyear)
EDEX1 = Education Expenditure per pupil
(£ per pupil per year)
EDP = Priority of Education (dimensionless)
EDRT = Education Ratio (dimensionless)
60T = Government Social Expenditure ($# per vyear)
PRCH = Rate of Technological Change (dimensionless)
RPRCH = Preceived Rate of Technological
Change (dimensionless)
SAPOF = School-Age Fopulation {person)
SAR = Access Rate of School-Age Fopulation
(persan per vyear)
SCRT = Ratio of Children Attend Schools
(dimensionless}
The following is the DYNAMO formulation and data
dictionary of the adult population level.
L ADFOP. K=ADFOF.J+ (DT) (AAR.JK-RTR. JK) D815
N ADFROF=22 DS1é6
R RTR.EL=ADFOFP.E/AFL. K DS17
A AFPL.K=(1/DRF.E~18) (1-HLF.K) pDsig
A HLF.E=TABILE(THLF ,FSEX1.K 0,500,100} DS17
T THLF=.20/.12/.10/.10/.08/0.0
A PSEX1.K=FSEX.KE/TPOF.k D520
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e A PSEX.K=BOT.K*FSF D521
{ c FSF=0.5 D522
o
'5: AFL = Average Froductive Life (yaars)
°:¢ . DRF = Death Rate Fraction {(fraction per year)
?d HLF = Health Factor (dimensionless)
- . FGEX = Public Service Expenditure {¥ per year)
FSEX1 = Public Service per Capita
A (¥ per person per year)
‘;ﬁ PSP = Friority of Fublic Ssrvices (dimencioconless)
1IN RTR = Retirement Rate {person per year) j
\fx TFOF = Total Population (person) j
o
‘,& The following is the DYNAMO JFormulation and data
:i dictionary of the total population level.
W
e L TFOF.K=TPCF.J+(DT) (BR.JK-DR.JE) DS2Z=
2 N TFROF=46& D524
N R DR.EL=(TFOF.K) (DRF.E) DS2S
,ﬁf A DRF.K=TAEBLE (TDRF ,CNS1.K,0,1000,200) D826
.ﬂ§ T TDRF=.0257.012/.01&/. 0144/ 0135/7.013
:ﬂ A CNS1.K=CNS.JK*INFC/TFOP. K D827
'
. CNS = Consumption (¥ per vyear)
e CNS1 = Rate of Consumption per Capita
X (¥ per person per year)
:L DR = Death Rate (person per year)
ﬁz INFC = Information Completeness {(dimensionless)
N
ST The demographic sector has a direct interaction with the
NN
.uz military sector which is introduced in the +following
Ny
.:'3': section.
o Military Sector
i H _______________
S B
S The military sector consists of two main components,
| . L.
Yol weapon systems and manpower. The expenditure of acquiring
.
,}j and maintaining sophisticated weapon systems 1s a vital
['? "
?ﬁ; portion of the national expenditure for which a certain
O
.}5 percentage of the gross national income 1s devoted.
N
o
g 31
D

N2t

T T S _J
\.' \‘._s'fs.'.\.A SRR s". '_\' \.‘L'Lq

A AT B A\ A WA TN ,‘..' SIS A N, ) *O(‘--: d‘;':: _' L_\'&.'




-:'.I ~

ST

PR
';'Jf;" e

o'z
»

~

>

‘.?

S
S

AP

ay

NS

-
r
‘.‘D

;Qﬂf
P A AP ¥ 3

s

23

JX

BACIRAFSE .

A tetee e b

A

Srer bl Ol

i

o

P 7

A

&

LA

A
‘-'?-'.‘.;- v

%!

|

a

»
13

QL -

'ﬂ—ﬁ.\.

A

Y A A S e A S S S 2 LS R L YO LSS, (AR

Throughout this research the natioral income is considered
as the net income after deduction of the weapon system
duties, so, the military sector will be treated from the

manpower point of view. The manpower in the military sector

p
fl
11

is divided into two categori , professionales and draftees.
The professionals are the officers, noncomnissioned
officers, and civilians who are working for the military
sector most of their productive life. The draftees are @men
recruited to serve in the military for a certain pericd, two
years in average, known as mandatory service. The mandatory
service can be completely productive or start with a
training period (six months) followed by a productive one
according to recorded past experisnce. I+ there are
complete and relevant information about the preceding
experience of draftees, the training periocd and effort
(cost) will be reduced. In the model, the draftees who do
not need training 1is equal to the draftees who have
experience multiplied by information completeness factor.
Figure 3.8 illustrates a flow diagram of the manpowetr in
the military sector. Three levels are considered in this
sector, the number of professionals (VMFY, draftees under
troining (DAT), and productive draftees (DUS). According toc
the hierarchy in the military-sector constriction, the ratic

{VDR} between professionals (VMF) and drafteeses (DUS) 1s

N

maintained as one forth. AVF, the rate of access to the

first level (VMF) dependz on  the level (VMF3, the

47
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Figure 3.8 Flow Diagram of the Military Sector

anticipated 1level which is one fifth of the total required
military force (TMF), and the professionals required to
train the draftees (estimated as 17100 of the draftees
level). DVF, the rate of departure from the level (VMF)
Zepends on the level (VMF) and the average productive life
{(AFL). ADAT, the rate of access to the second level (DAT)
depends on the draftees required (DRB®), which are four times
the level (VMF), the level of productive draftees (DUS), and
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W,
L
AL
-'_:J
YO the recorded Fraction of drafless who do not need training
{g (ARF). TD, the departure from the level of draftesce under
L
S} training {DAT) depends on the level (DAT! and the periocd of
]b * training (TF). ADUS, the access to the level (DUS) 1s the
. ratic of draftees who do not need training which is egual to
:ﬁ the rate (ADAT) wmultiplisd by (1-ARF/ARF). DDUS, the
t-
‘\4 departure rate from the level {(DUS) depends on the mandatory
:\ service period (DF)  and the lsvels (DUS) and (DAT). The
jt fraction {ARF} depends on the adjusted sducation ratic, the
f: information completeness, and the portion of military
s training that could be replaced. This portion is estimated
\
2 as 10% of the military training.
<.
3 The DYNAMO formulation and data dicticnary of this
{
~ sector is listed belaow.
>
s
" L VMFLE=VHMFLE+ (DT (AVF . JE-DVF. JE) MS1
N N YMF=TMF *VDR MS2
R DVF . EL=VMF _ E/AFL.K M53
- R AVF.EL=(TMF*YDR} + (O, Q1 #DAT. E) -VMF . K M34
,ﬁ L DUS.E=DUS. 3+ (DT} (ADRUS. JK+TD. JE~
P X DDUS. JE) M55
-, N DUS=G. 75*THF = {1 -VDR) M8
! r DDUS.EL=(DUS.K+DAT.E)} /DF M37
i R ADUS. KL=DRQ. K*ARF. ¢ MS8
A jal DRO. =(VMF.E/VDR)-DUS. K MsS7
N L DAT.K=DAT.J+(DT) (4DAT.JE-TD. JE} MSiG
N N DAT=0.25%TMF (1 -VDR} MS11
N R TD.KL=DAT.K/TF MS12
- R ADAT.KEL=DRB.E*{1-ARF. K} MS1=
I . A ARF . E=AERT. E¥NRMEN{USMN , 0. 13 710060 St
e C VDR=.25 MS15
e C THF=0G.5 M5146
;i C TFRF=0.5 MS17
. c DF=2 MSi8
é ADAT = Rate of Access to Draftees Under Training
- {person per year!
o ADUS = Rats of Access to Froductive Draftees
S
.:‘.
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(person per year)

AR = Fraction of Draftees Who
Do Not Need Training {dimensionless}
AVFEF = Rate of &ccess of Frofescsionale
{person per year)
DAT = Draftees Under Training {person)l
. DDUS = Rate of Departure of Draftees
{(person per year)
. DF = Draft Service Feriod {year)
DUS = Productive Draftees {(personi
DVF = Rate of Retirement of Frofecssionals

{person per year)
TD = Rate of Departure of Draftees Under
Training (person per year)

TMF = Anticipated Total Military Force {(person)
. TF = Training Feriod {year}
o USHMN = Allocation Factor {(dimensionless)
o VDR = Ratio of Professional {dimensionless)
VYMF = Frofessionals fperson)

Both the demographic and military sectors are considered
the basic source of manpower to the labor sector, which is

discussed in the following section.

Labor Sector

The labor sector includes both labor working inside and

outside the countryv. One of the main features of the

fa

~ Egyptian economy 1is that a portion of the mational incaome
comes From the revenue of the Egyptian labors working in
other Arab countries. Figure .9 depicts main causal-loops
:\ of the labor sector. The available labor (without jobs)
provides the required domestic labor:; and as the domestic
labor increases, the available labor will be decrsased.
. Recause the domestic labor is the main source of the labor

working abroad, the increase in the abroad labor decreases

the domestic labor.
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Figure 3.9 Causal-Loop Diagram of Labor Sector

|

As the abroad labor increases, their wages are decreased and

vice versa. Increasing the domestic labor increases

. production, investments, and capital stock. Increasing the

capital stock increases both the domestic labor and wages.

A part of the wages of labor working abroad is devoted to
investments inside the country.

Figure 3.10 includes the corresponding flow diagram of

the labor sector. The sector consists of the labor working
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inside the country, which is represented by the level (DLEB},
and the labor working outside, which is represented by the
level (ALEB). As development 1in the capital sector lags
behind development in the social sector, the wages and the
available jobs decrease and the rate of access to the laber
warks abroad {(AAL)  increases causing the number of labor
working abroad to be increased. As the number of labor
working abroad increases, the wages of zbroad jobs (ALW)
decreases which, in turn, decreases the rate (HAL).

Considering the minimum wags laws, the wages of domestic
labor (DLW) depends on the production and the labor involved
in the production process. The hiring rate for domestic
labor (AL) depends on the level of domestic labor (DLB), the
number of available 1labor who have no jobs (IWF), and a
multiplier From the ratio between the investment (CS14) and
the capital stock (L5213,

The departure rate from the level of domestic labor
(LRT) depends on the level (DLB) and the average productive
life cf 1labor (AFL). The departure rate from the level of
abroad labor (ART) depends on the average productive life
(APL) multiplied by an abroad factor (ABF) represents the
effects of working abroad on the productive life of the
wortker. This factor is estimated at 0.8 through interviews.

The +flow to the level of domestic labor (DLB) comes
directly through a rate (ALY for people with recorded

previous experience, or through & training period (averaged
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two years) with a delayed rate (ALBT) for the pecople without
recorded previous experisnce. The rate (ALET! depends on
the rate of access toc adult population (AAR) which is
mentioned in the population sector (D56) multiplied by a
factor (WWF) ~epresenting the fraction of women who do not
work which in turn depends on the level of education {(EDRT).
The labor sector affected by the education adjustment
mentioned in the expanded demographic sector and by the
quality of information exchanged with the military sector
about the allocation of people on the same field of
experience. The ratioc of expert labor depends on the
adjustment factor of education and the quality of
information exchanged with the military sector.

Through an interview with researchers related to the
field, the empirical relationship between the number of
abroad labor (ALB) and the wages of abroad jobs (ALW) is
estimated and represented in figure 3.11. Also, the
relation between the abroad-labor access factor, domestic
wages, and abroad wages is estimated and presented as a
table function in Ffigure 3.12. The relation between the
education ratio and working women is estimated and presented

in figure 3.13.
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Figure 3.11 Table Function of Wages of Abroad Labor
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';: The DYNAMO program and data dictionary for this sector
z ‘.\
R are listed bellow.
"
K L DLB.K=DLB.J+(DT) (AL.JK+LBT.JK-

T X  RL.JK-AAL.JK) LS1

iq N DLB=11 Ls2
2 ] R RL.KL=DLB.K/APL.K LS3

o1 R AL.KL=MIN(DLB.K#INFC*INV.JK/CAP.K,IWF.K) LS4

" R LBT.KL=DELAY3(ALBT,2) LSS

.‘ A ALBT.KL=DLB.K#*{(1-INFC)+*INV.JK/CAP.K LSé

" y A IWF.K=MAX (ADPOP.K*WWF-DLB.K—ALB.K-
5 \ . X DAT.K-DUS.K,0.0) LS7

A WWF.K=TABLE (TWWF ,EDRT.K,0,1,0.2) . LS8

___\ T TUWWF=0.5/0.6/70.68/0.74/0.78/0.80
— . A ALW.K=TABLE(TALW,ALR.K,0,2.5,0.9) LS?

X T  TALW=25000/23000/ 15000/ 10000/5000/2500
3N R AAL.KL=ALB.K*AALF.K LS10

-‘?' A AALF.K=TABLE(TAALF,LWRTI.K,0,1,0.2) LS11
iy 1] T TAALF=0.0/.01/.018/.02/.021/.021
hiN A LWRTI.K=(ALW.K-DLW.K*5) /ALW.K LS12

- A DLW.K=MAX(PRD.JK/S/DLB.K,300) LS13
l': L ALB.K=ALB.J+(DT) (AAL.JK~RAL.JK) LS14
b}'.; N ALB=1 LS1S
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R RAL.KL=ALB.K/AFL.K/AEBF LS14
l C ABF=0.8 L5117
-~
:pﬁ AAL = Access Rate of Abroad Labor

N (person per year)
§§ AALF = Access Rate Fraction of Abroad Labor

7o {(dimensiaonless)

ABF = Fraction of Retirement of Abroad Labor

o - {(dimensionless)
> AL = Access of Domestic Labor (person per year)
i{j ALE = Labor Working Abroad (person)
ftj ALBT = Access Rate of Lakor Needs Training
B {(person per year)
‘ AlLW = Wages of Abroad Labor

UM (¥ per person per vyear)
- DLB = Domestic Labor {(person)
N DLW = Wages of Domestic Labor

e (¥ per person per year)
e IWF = Idle Work Force {(person)
o LBT = Rate of Training of Labor

?ﬁ (person per year)
{? LWRTI= Ratio of Differences of Wages

:& (dimensionless)
. RAlL. = Retiring Rate of Abroad Labor

W (person per year)
. RL = Retiring Rate of Domestic Labor

] {person per year)
,”{ WWF = Fraction of Woman Working (dimensionless)
(N
by
e

"4 Capital Sector
's":w ______________

o

x In Egypt, the natiocnal income can be measured by its
\J'
f: three main expenditure components: consumption, investment,

Wiy

and government expenditure [27:4103]. Also it can be

l"
ll'

(4

measured by i1its two main income components: production and

other financial resocurces such as oil, Suez Canal, tourists,

Aebzs

ot and taxes. Figure 3.14 is a flow diagram of this sector.
3:. The accumulated national income is represented by a level
;# (ANI) which bas investments (INV), consumption (CNS), and
r

Eé government expenditures (GEX) as outputs rates: and has

e
i v

Yz
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N

.\ﬁ production {(FRD) and other +imnancial resouwrces (OT1) as

EQU input rates. Investment rate (INV) depends on  the

\ , accumulated national income (ANI) and the tax ratio (TXRT)

i;; . which depends on the idle work force through a multiplier

‘¢¢ . (MIWF). The consumption rate (CNS) depends on  the

Egz production rate and a minimum level of consumption (MCNS).

e

,;: There is a subsidization program which assures a minimum

‘$&' l=avel of consumption. This level depends on the

ES? effectiveness of the distribution process, which in turn

:Eg depends an the quality of information (INFC). The

;ié‘ government expenditure rate (GEX) depends on military

:SE expenditures and the governmental policy of funds allocation
~

? N to public services, education, houses, and new communities.

~;é4 The production rate (FPRD) depends on the capital stock

;% (CAP), the domestic labor (DLE), and the productivity (FTY)

;5§ through a Cobb-Doglass function [35:7361. The rate of the

o other financial resources (0TI) depends on tourist revenue

A

:;§ {(TRR), Suez Canal revenue (5CR), oil revenue (OLR), abroad

Y

525 labor revenue (ALR), and taxes revenue (TXRVi. The tourist

-i# revenue depends on the population density (FOFDN). Both

3;§ ) Suez Canal and o0il revenues are assumed to be dependent upon

time (equations CS7 and CS8). Abroad labor revenue depends

hY
b}

o

Al

SO on the level of abroad labor (ALB)Y and the wages of abroad

n‘:‘f’

N labor (ALBW). the tax revenue (TXRV) depends on the tax

.

{: ratio and the capital stock. Although the ratioc of taves

o

N collected measured against the tax potential of the economy

e
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is considered one of the highest ratiocs in the developing

countries [

increase

information

different

of taxes

~Se,

25:2601, some analysts think that this ratio will

significantly 1f there 1s effective unified

system capable to record, check, and match

business activities. The ineffective collection

forces the government to assign higher tax ratio

which, in tuwn, affects the rate of investment.

The

accumulated

(CAF) .

capital

investment rate controls the flow Ffrom

the

national income to a level of capital stock

average life of capital (ALC).

To

economy,

sector.

level of available loans (LNS) is added to

The rate of departure ((CDR) From the level of

stock {CAF} depends on the level of (CAF) and an

represent the 1loans mechanism in the natiaonal

the

This level is considered of initial value (ILNS).

The difference between the initial value (ILNS) and a

current

value (LNS) represents the actual loans received by

the government wup to this time. According to that

difference

and a certain period of loan returning (RTI), a

loans returning rate (LNSR) iz established to control

flow from

the accumulated naticonal income level (ANI) to

loans 1level (LNS). The rate of access of loans to

accumul ated

accumul ated

the

the

the

rational income (LNSA) depends on the level of

national i1ncome (ANI) and a minimun permissible

level of the accumulated national irncome (MNI).
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Figure 3.14 Flow Diagram of the Capital Sector
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AS the level of idle work force increased, the
{ government decreases the tax ratio to encourage more
i\ . investments which 1lead to more hiring of 1labor. This
» - relationship is represented in figure 3.15 as a table
function of idle weorkforce multiplier. As the accumulated
cg national income decrease the government increases the tax
§$ . ratio to increase the tax revenue. A multiplier from the
i accumulated income on tax ratio is represented as a table
‘2@ function (figure 3.16). The relation between population

J density and tourism revenue is represented in figure 3.17.
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Figure 3.15 Table Function of Labor Multiplier
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o Multiplier from Accumulated
‘ National Income .05 .0435 .037 .017 .001 0.0
55 Accumulated National Income o 2 4 b6 8 10

Figure 3.16 Table Function of Accumulated
e Income Multiplier
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Figure 3.17 Table Function of Tourism Revenue
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DYNAMO formulation and data

listed bellow.

ANILE=ANI.J+(DT) (FRD.JKE+0OTI. JE+
LRASA. JE-TNV. JE-CNS. JK-GEX. J&
ANI=10
FRD.EL=FTY.E*xCAP . K*xEXF {0, 65%
LOGN{DLE.K/CAF.¥})
OT1.HL=TRR.E+SCR.F4+0OLR. E+8l R.E+TXRV. E
TRR.K=TABLE(TTRR,FOFDN, 0,304, 450)
TTRR=5G/3000/2500/800/80/50
FOFDNMN. E=TFOP.E/HABA. K
SCR.K=SCR.J*{1+0.1%DT/TIME.E}
OLR.E=FLR. J* (140, 1*DT/TIME. K}
SCR=5GC
OLR=500
ALR. K=ALB. ALK E/ D
TXRV.E=TXRT.K*CAF.K*INFC
LNSALKL=MAX (MNI-ANT. K, 0. O)
INV.EL=ANI. ¥ INVF. K
INVF.E=TABLE(TINVF,TXRT,0,1,.2}
TINVF=0.3/.25/.20/. 10/ . 05/G. 0
TXRT.E=TXRT. I+ {DTY (MNI.E-MLE.ED} (TXRT. 2}
MLEB.E=TABLE(TMIWF,IWF. K,G,5,1)
TMLE=0.0/7.015/.027/,037/.045/ .05
MNI.E=TABLE(TMNI NI.K,3,10E4,2E4)
THMNI=.05/.045/.0G37/.017/.001/0. 0
CNS.EL=MIN(FRD.KL , TRPOF. K*MCNS1*INFC)
GEX.KL=MEX.E+PS5EX.E+EDEX. K+
HSEX. K+NCEX . K
CAF.E=CAF.J+ (DT} {INV. JE-CDR. J&}
CaP=7.5E=
CDR.KL=CAF.K/ALC
ALC=20

I

Average Life of Capital
Revenue Rate of Labor Working Abroad

I

[
'S
-
ml
-+
.
)
po
b
B

£520
€52

CSZ2
CS23
cs24

{y2ars)

{¥ per year!
= Accumulated National Income (%)
= Capital Stocw (£}
= Rate of Depreciation of Capital

(¥ per year)
= Rate of Corsumption {% per vear)
= Expenditure Rate of Government

¥ por yesar)
= Rate cof Investment (¥ per vyear)
= Investment Fraction Himensiorless)
= frccess Fate of Loans ‘¥ per vear)

.
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L4
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.

X
Q2
e
i
i

Mimnimum Consumpticon per
{¥ per

Idle Labor

Capita

per ysar)

1mensiaonless)

d
MNI = Multiplier Accumul ated Naticnal
Income on Fatio {(dimensicnless)
LR = Revenue Rate of 0il (¥ per year)
071 = Rate of Other Scurces of Income
(¥ per vyear?
FOFDN= Fopulation Density
{person peEr Square mile’
FRD = Rate of Production (¥ per ysar)
FTY = Froductivity {dimensionless?
SCR = Revenus Rates of Sues Canal (¥ per year)
TRR = Revenue Rate of Tourist (¥ per ysar!
TXRT = Ratio of Tasues (dimsncsionless)
TXRV Revenue Rate of Taxes {(f per year)

Housing Sector

Shortage of

country [29]. To solve

government is

building housses, to build houses,

AMmMong the pecple. The housing

o8

distribute

this problem,

new areas

one of the main problems in the

the policy of the

that are suitable for

and to distribute them

units are

built

and

by different governmental agencies which have no

cammon data-base. Without complete and relevant information
for every agency about the whole market, the distribution of
houses may be repsated. The repetition of distribution
creates two problems, the first is that the houses received
by the real housing demand is less than the houses built by
the government. The second 1s that a fraction of land
occupied will be consumed without real effect on the demand.
Derreasing the fraction of land cccupied causes a decrease

'gv;gfﬁv.fg”3¢\“v}?dybfﬂfﬁvﬁt*

~ o n
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L PR IR
DU RN COR VI I
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Iy

S in the construction rate of

both government and private

SN houses which hinders the solution of the problem. Figure
s

*$2 Z.18 depicts the main causal-loops in this sector.

I

LY . —_ . .

o Figure .19 is the corresponding flow dizagram of the
- housing sector. The flow of housses is through two levels,
A

3 the houses built by the government {(BGHSE) and the houses
W

built by the private sector tFHEB) .  The housing demand
(HHDM)} is the difference between the number of families and
the summatiocn of both houses built by the private sector

{FH3ER)} and houses received by real demand {(GHS5RY. The

AP K

;; fraction of land occupisd by housese (FLOC) is the ratio
ig between the land occcupied by houses and the available land
i: for building houses (HABAY. The land cccupied by houses is
f@ equal to the total numbher of houses built dividad by the
;% average area of each house. The rate of access to the level
-; of houses tuwilt by the government (GONST) depends on the
_Q govermment plan (BCNSTF), the housing demand (HHDM}, and the
T

iﬁ fraction of land occupied (FLOCY. The rate of departure
;i from this level of houses built by government (GDMOL)
i\ depends on the lsvel and the average life of a house (HSAL).
gi -_ The rate of access to the level of houses built by the
E; private sector (FCNST) depends on the housing demand (HHDM}
o . and the fracticn of lard occupied (FLOC:. The rate of
~: departure from the level of houses built by the private
2 sector {FDMOL} depends on the level and the average life of
- 2 house (H5AL).
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Figure 3.18 Causal-Loop Diagram of the Housing Sector
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L NG

CNSTF

0o 0.2 0.4 0.6 0.8 1.0

FLOC
Fraction of Land
Occupied (FLOC) .0 0.2 0.4 0.6 0.8 1.0
Construction Factor (CNSTF) 0.5 0.4 0.2 0.1 0.03 0.0

Figure 3.20 Table Function of Construction Factor.

The relation between the fraction of land occupied and
construction of houses is represented by the table function
included in figure 3.20.

The DYNAMO equations and data dictionary of this sector

are listed bellow.

L GHSB. K=GHSB. J+(DT) (GCNST. JK-GDMOL . JK) HS1
N GHSB=0.8 HS2
L PHSB. K=PHSB. J+(DT) (PCNST. JK—PDMOL.. JK) HE3
N PHSB=7.2 HS54
R GDMOL.. KLL=GHSB. K/HSAL HSS
R FDMOL . KL=FPHSB.K/HSAL . HS6
R GCNST. KL=MIN(HSEX.K/HSC ,HSDM. K) HS7
c HSC=5E~-3 HS8
A HSEX . K=GOT. K*USF HS9
c HSP=0.15 HS10
A HSDM. K=MAX (FMNM. K-GHSR. K-PHSR.K,0.0) HS11
A GHSR. K=6GHSB. K#INFC HS12
A FMNM. K=TFOF. K/AVFM HS13
Cc AVFM=3 HS14
R PCNST . KL=HSDM. K*CNSTF.K HS1S5
a CNSTF.K=TABLE(TCNSTF ,FLOC.K,

X 0.0,1.0,0.2) HS16
T TCNSTF=0.5/0.4/0.2/0.1/0.03/0.90
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A
[
o
2
.
- (2] FLOC. Kk=(BHSE. KF+FHSE. K) *HSA/HABA.K/5 H517
! c H5A=5E-4 H518
"N L HABA. K=HARA. J+ (DT) (NCM. JK) H319
N N HABA=2. BES HS20
- R NCM. EL=NCMEX. K /NCMC HS21
}H A NCMEX. F=G0T. K*NCMF HS22
A C NCMP=0. 15 HSZ3
c NCMC=3E-3 H52
£ C HSAL=60 H525
: " AVFM = Average Number of persons of a Family
%: (person per family)
CNSTF = Construction Factor (dimensionless)
X FLOC = Fraction of Land Occupi=sd (dimensionless)
o FMNM = Number of Families (families)
2?‘ GCNET = Construction Rate of Government
i (house per vear)
:ﬁ GDMOL = Democlition Rate of Houses
3 Built by Government {house per year}
4 GHSE = Houses Built by Government (houses)
1 HABA = Land Available for Building Houses
fti (square miles)
(t] HSA = Average area of a house (square miles}
K HSAL = Average Life of a House (years)
W HSC = Average Cost of a House (# per house)
. HSDM = Demand on Housing {houses)
e HSEX = Government Expenditure on Housing
AN (+f per vyear)}
" HSP = Priority of Housing (dimensionless)
ﬁy NCM = Rate of Development of New Communities
Tt (square miles per year)
NCMC = Cost of New Communities
'R (¥ per square mile!}
;q NCMEX = Expenditures on New Communities
;} (# per year!
';q NCMF = Friority of New Communities
B, (dimensionless)
i: FPCNST = Construction Rate of Frivate Sector
Sk (house per vyear)
'$ FDMOL = Demolition Rate nf Houses Built
Oy by Frivate Sector (house per year)
P N FHSB = Houses Built by Frivate Sector
;l - {(house per vyear)
u L4
4\
AN The +Ffive sectors are integrated and tested as a single
o
k; unit. The next chapter presents the testing and
\.-.'n
verification phase of the model development.
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Chapter three has presented the conceptualization of the
national development process, the sectorization of the
development system, and the formulation of each sector.
Five sectors have been discussed which are demographic,
military, labor, capital, and housing. Chapter four
presents the model testing which was performed to establish

the validity of the model for the purpose of the study.
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N IV, MODEL TESTING AND VALIDATION

oS,

b~

xf: Introduction

~L-

e

N . _ . .

Lo, Contidence in a System Dynamics model can be increased
:u‘ by a wide variety of tests. According to Forrester and
'-“,

.4"

K Senge, testing is:

::i: "The comparison of a model to empirical reality for

v the purpose of corroborating or refuting the model.

1A It is important to realize that the word "empirical"

ff- means "derived from or guided by experience or

23 experiment” ... Hence empirical information for

‘ﬁg testing a model includes information in many forms

e other than numerical statistics. In system dynamics

. models, model structure can be compared directly to

aui descriptive knowledge of real-system structure; and

:{ model behavior may be compared to observed

,n? real-system behavior." [10:210].

» ';.

R

A In System Dynamics, testing serves three purposes: (1)
L5 to reveal errors in model structure (and thereby improve the
o)

‘:ﬂ structure) , (2) to better understand the causes of model
AL

f\' behavior and real behavior, and (3) to provide information
p—

g useful for validation. Validation is defined as:

N

b

'“h "establishing confidence in the soundness and

g' : usefulness of a model. Validation begins as the

O, model builder accumulates confidence that a model

oy . behaves plausibly and generates problem svmptoms or

’
‘l‘

modes of behavior seen 1in the real system.

Nn Validation then extends to include persons not
Sy directly involved in constructing the model. Thus,
f%g validation includes +the communication process in
Nf which the model builder (or someone else presenting

a model) must communicate the bases for confidence
in the model to a target audience. Unless the
modeler 's confidence in a model can be transferred,

P, bb
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“
=~
ﬂ{ the potential of a model to enhance undercstanding
l and lead to a more etfective policies will rnot be
. realized.” [10:21037.
. There is no single test which serves to "validate” a
}' i System Dynamics model. Rather, confidence in a System
R Dynamics model accumulates gradually as the model passes
5
-
'i: more tests and as new points of correspondence between the
. model and empirical reality are identified. By building and
;) testing the model in stages (as was done in this study), the
boois
? understanding and confidence continually grew with esach
o §
24 stage of development. This chapter extends the validation
S\
N process to its later stages by reporting the tests which
~
A
E have 1led to some level of confidence that the model is
N useful for the purpose of study.
A - .
K-, Forrester and Senge [10:227] describe an array of tests
1
2 (table 4.1) which can be applied to System Dynamics models
¥
¢ for building confidence. All of the "“core tests" identified
~ in table 4.1 were accomplished on this model. Each test is
)
\h briefly defined, the usefulness of the test to the purpose
o5
A of the study is discussed, and results are presented.
P
et
;ﬁ Tests of Model Structure
1S T
i - Tests of model structure consider the structure and
Y ) parameters of the model without considering the
o2
: relationship between structure and behavior. Five teste are
o
.
:” included in this category. Rl1 of them are considered core
N tests, because they are intrinsically part of constructing a
\D
~
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Tests of Model Structure:

Structural Verification.
Farameter Verification.
Extreme Conditions.
Boundary Adegquacy.
Dimensional Consistency.

Tests of Model Behavior:

Behavior Reproduction.
Behavior Prediction.
Behavior Anomalvy.
Family Member.
Surprise Behavior.
Extreme Folicy.
Boundary Adequacy.
Behavior Sensitivity.

.

Tests of Folicy Implications:

AR
4 '
F 2t 2% 4

System Improvement.

Changed Behavior Froduction.
Boundary Adeqguacy.

Folicy Sensitivity.
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Table 4.1. Confidence Building Tests
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System Dynamics model. The next five items describe the

tests of model structure.

,{. r L"

Structure-Verification Test. The structure-verification

.
LA

[N}
Ll

test consistz of compering the model structure with the

-

structure of the real system that the model represents

[10:21217. It was first conducted on the basis of the model
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builder s personal knowledge and wss then estended to
include criticism by others with direct s:perience from the
real system. Two rounds of intsrviews with researchesirs from

the +Ffi=ld were conducted. The first round of interviesws

resulted in some changes in causal relationships included in

the model, while generally supporting the basic approach.
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considered not only the health
care efforts but also the public services including
broadcasting, communication, and social activities. The
average productive life is dependent not only on desathy rate
but also on the hesalth level. After making these changes,
the model structure accurately reflects existing knowledge

and understanding of the system.

Farameter-Verification Test. As the gstructure of a

model is compared to available knowlesdge, model parameters

(constants) can be verified against observations from real

life. The parameter-verification test involves comparing
model parameters to knowledge of the real system to
determine if parameters correspond conceptually and

numerically to real life. Conceptual correspondence means
that parameters match elements of system structure.
Mumerical verification involves determining 1if the value
given the parameter falls within a plausible range of values

for the actual correction time [12:125]. This test was

accomplished through both literature research and
interviews. All the parameters in the model hHave
&3
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corresponding elements in  the real system., The remaining
part then is the numerical verificat:ion. For parametsrs
whose real world counterparts can be readily measured,
actual values were obtained Ffrom literature research or
interviews. The wvalues of othesr less readily measurzble
parameters were sstimated. In the case of table functions,

which are in Ffact sets of several paramsters, Grabam

£12:128-1301 suggest
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of the Ffunction at the extremes arnd the normal value anrd

o [ 5

then connect these  known  values and slopes with a smocth
ot

-+

curve. This method was followsd for several table functions
in the model, including the tables for birth rate fraction
(D55), death rate fraction (D329, and housing-construction
factor (HS517:. Alternative plausible shapes of these table

functions were testesd, and the model behavior was found to

or

2 insensitive to the exact values in the table functions.
— 'S < o — — I S— . . - 3

Certain of the parameters, most notably the multipliers from
idle workforce and accumulated national incoms on tax ratio,

were estimated using another of Graham’

1

technil gues

-t

12:136-1787. The parametsrs werse tested over a broad range
of possible valuess, with the combination of valuss for which
the model behavior most cleosely resembled real system

behavior selected for use in ths modsl.

Extreme-Condition Test. The estreme-condition test
investigates the consegusnces of sutreme conditions of the
system and i+ ths structurs of the modsl! cormits sitresns
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) conditions of levels {stzte wvariables) in the system
repracented. The svtreme—conditions test iz effective for
two reasons. First, it is s powerful! test for discovering
4 .
flaws i model structure. Many proposed formulaticons ook
. plausible until considersd under extreme conditions.
Considering extrems conditions cvan  alsoc raveal
variables. The second reason for utilizing the
extreme-condition test is to enhance usesfulness of a modsl
for analvyzing policies that may force a system to operate
outside historical regions of behavior. A model which only
-\ . - -
e behaves plausibly under "normal" conditicons can only be used
':} to analyzed policies which do not caused the system to
L 4
o : it
- operate ocutside of those conditions. In the
‘\ -
\f: extreme——condition test, one must examine each rate equation
i\
}Q {policy)} in the model, trace i1s back through auxiliary
1
) egquations to the level (state variables!) on which the rate
3
A\ ¢ depends, and consider the implication of imaginary mamimum
h Ll
N and minimum (minus infinity, zero, plus infinity! values of
-'\‘
.
WY each state wvariable and combinations of state variables to
—
A determine the plausibility of the resulting rate sguations.
LAY
N
e Boundary-fidequacy (structure} Test. The boundary-
TQA adequacy test considers structural relationships necessary
X to satisfy a model "= purpose. The test asks whether or nct
22
|$ model aggregation is appropriate and i1f a model 1ncludes
NN
s!
\i‘ revelent structure, Az a test of model structure, the

A

boundary adeguacy test involves developing & Convinoing
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hypothesics relating propozed model stracturs to a particular

issues addressed by a model. I+ one wishes, model boundaries
can be extended indefinitely as one incorporates into a
model  further aspects of system structure which even 14
accurate, are not necessary for the particular purpose. The
boundary of this study ic affected directly by the stated

governmental policy for national develooment.

Dimensional -Consistency Test. The dimensional-

consistency test [10:215-2161 entails dimensional analysis
of the model ‘s rate eguations. This test was performed on

sach equation of the model during model formulation.

Tests of Model Behavior

Tests of model structure, which are described in the
preceding section, do not consider the relationship between
structure and behavior of ths modesl. To evaluate the
adequacy of the model structure, the beshaviocr gensrated by

the model has had to be analyzed and tested. Three tests of

w

model behavior were conducted. The following items briefly

decscribe sach of these tests,

Behavior—Reproduction Tests. The group of behavior-—
reproduction tests gxamines how well wmodel generated
behavior matches observed bebavior of the r=al system.
Behavicr-reproduction  tests  incluade: symptom generation,
frequency generation, relative phasing, multiple mode, and

-
"
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behavinr chararctericstic teste [
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tebhavior  such a peculiar shage of a

1 wating zerigs {g.3., =harp peaks =
may be the focus oFf a3 beshaviocr-charzcteristic tsst,

and analyzing a

real system under . I+ ths model anomalous
behavior which conflicts with behavior of the real
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T2il a behaviocral taest previgusly passed, T the eqstent

confidence in  the mods! iz enhanced. In thiz study,; the
.

tezst was typically conductsd by s-.perimenting with diffsrent
. garameter saluss and analyvzing their impact on betavior.

L . - — - — — — — o s = e pp— —

The model was  Found to the paramsters of
Cobbh-DPoglass  funchtion 1 the capitsl sector. More study on
those parameters is resguivred.

to build confidencs in a model ‘s

il

implicaticons $or policy. Aithough all tests of a System
Dynamics modsl aim at usefulness of a model as &
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tonl, tests of policy implicatio

trom other tests in their explicit focus on comparing policy

changes in a model and in the corresponding reality. Folicy
PR implication tasts attempt to verify that response of a real
3 gyztem to a pclicy change would correspond to the recponse
;{ predicted by a model. The test also sxamines how robust are

re made in bounda:

G
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i
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n' policy implications when changes

.
b paramsters, Since the maizr purpose of this research is
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o =tudy the effects of improving the guality of information on
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AR the adogtesd opolicy of mational development, the testing o
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behavior of the system will change 14 a gove
changead. In this study the test was perform
the response of the maodel tc policies

n addition to revealing the degreese o

[oH

Can,
model behavior,
recommendations might be influenced by
parameter valuss,

Such testing camn help t

invalved in adopting a model for policy makin
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policies would be recommende2d regar

values within a plausible range, risk in
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wi be less than i¥ two plausible sests of

to opposite policy recommendations.
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V. Experimentation Recults, Recommendations,
and LConclusion

Introduction

The preceding chapter presented the tests of model
structure and behavior. This chapter sxtends the operation
of the model into the realm of experimentation. As stated
in the first chapter, the main objsctive of developing such
a model 1s to help the decision maker assess the value of
information and eastimate the benefits of developing the
national information system. The value of information, on
thkis level, can only be assecssed from the changes in the
national devel coment process which accompany 1ts  use
fr41:571. Sc, the esperiments, in this chapter, are directed
at studving the effects of changes in information guality
attributes on  the level! of achievement of the national
development objectives.

"Model-based policy analysis involve the use of the

model to help investigate why particular policies

have the effectz they do and to identity policies
that can be implemented to improve the problematic

behavior of the real system. The goal 1is an
undercstanding of what policies work and why."
I2:E211.

i}

Th2 results of the experiments, as with any analytical

tool, provide information which a decision makeyr can use
together with intuiticorn, Jjudgment,; and experience to make
policy decisions. Discussed in this chapter are the
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experiment conceptualization, =ffects on the four objiesctives

of the develcopment process, recommendations, and  the
conclusion.

Experimental Conceptualization

In the model construction, decisicons zre modeled as &

combination of information flows describing the status and

objectives of the system. Information entering a decision
is sssumed to bes available with certain levsls of accuracy
and timeliness. The level of accuracy is represented by the
parameters INFC FRCH, and USMN which control NOISE and

MORMRM +unctions. The lesvel of timelinsss is represented by
SMOO0TH  and DLINFZ functions. Those levels are changed
through two exgperiments. The first experiment considers the
develcpment process with the present level of information
quality. The second one considers the development process
viith the objsctive level of information guality. The
effects of these charmrges on the objectives of the naticnal
development process are developed using the stated measures
of each objectivs.

fs mentioned in chapter three, the development plan has

four cbijactives to

11‘

chieve. The +First, increasing
investment rate to achisve full employment. The measurss of
thic obijertive are the idle workforce (IWF}, domestic labor

(DLBY, ard labor worbting abroad (ALE).

n
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production and consumption by increacsing th
production sector, The m=zasures of this ob

consumption per capita (CNS!) and the product

The third objective of the develogpment

. the armed +orces on the csame level of

‘-' . . . . 4
SN acguiring more sophisticated weapons. Sin

information system is considered that have no
process of wsapon systems acguisition, the m
chbijective are the number of draftees under
relative to the productive draftees (DUS).
The fourth objiective 1is to improve
living of people by increasing the family co
increasing the public consumption (public
satisfying the demand on housing. The m
objectives are the consumption rate per cap
public expenditure per capita (FSEX13, and
(HZDM) .
Q Faor each one of those objectives, t
evxperiments are described and discussed i
sections.

Effects on the First Objective of Development

The first objective of development is con
- . .
A level of employment. The model provides in

o,
o the numbers of idle workforce, domestic }

working abroad. Table 5.1 includs

tn

54

summary of these

= cutput of the
jective are the
ion rate (FRD).
plan is to bkeep
manpower while
ce the propossd
effects on the
gasures of this

training (DAT)

the standard of
nsumption rate,

services) , and
gasures of this
ita (CN51), the
housing demand
he results of

n the following
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abor, and labor
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information and comparisons between the effects of the two

levels of information guality.

EBasic level of Quality FRevised Level of Quality
Timg - e ]
{years) Labor in Millions: Labor in Millions:
Idle Domestic Abroad Idle Domestic Abroad
{IWF? (DLB) {ALER) (IWF} {DLE) (ALE:
0O 2. 6000 11,000 i.0000 2. 6000 11.G0O0 1. GO00
5 0.4381 14.68% G.9739 O.6122 1i4.514 Q.9739
10 0.4778 16.024 0,.748646 O.6077 15.89= . 2486
S QL9227 17.1&0 QL9233 0,272 17.103 0,.9248
20 2.0391 16.580 (.89%97 Q. 54674 13. 158 O.FCLES
29 Z.49%1 5.773 ¢.8763 Q.35246 17.004 J.8572
0 2.284% 17.3297 0.8535 03,4921 19.655 G.882°5
35 G.3432 12.57S 0.8%12 0.4713 20,182 .8757
40 Q.Z2043 19.742 Q. 809S .4590 20,632 0.8719
45 0.28867 19.821 a.7884 G.4540 21.647 Q.8705
S0 0.2740 12.877 0,.7688 O.453%2 21.422 G.B47R6
5SS Q.2644 19.75 Q.751 G. 4557 21.77¢ .8686
&0 0. 2562 20,054 Q0.7374 Q.4597 22.104 Q.B&7SE
e — i
Table 5.1 Effects on the First Objective of Development

On the basic level of information gquality, the table
shows a steady increase in labor working inside and a steady
decrease in labor working outside the country. This may be
referred to the governmental policy to increase the
production and encourage investments inside the country.
Although the table shows a tendency to decrease idle
wortforce, 1t 1is increased significantly in  the period
between 15 and 23 years of the time refesrence. This may be
referred to the delay in information required to adiust the
mechanism of development.
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On the revised level of information guality, the table
shows a substantial increase in the numbers of working labor
relative to the corresponding numbers of labor on the basic
lavel of information guality. This 1s due to the
improvement of the development system as a whole which
happened after improving the quality of information.
However, the idle workforce also increased which may be
referred to the increase in productive life of an smployee
due to the decrease in death rate and the increase in health
level of the workforce. The table also shows no contingency
increase in idle workforce in the period years number 15 and

30 of the tim= reference.

Effaects on the Sscond Objective of Development

The second objective of development is concerned with
the rates of consumption per capita and production. Table
5.2 illustrate the rate of consumption per caplta per year
and the rate of production per year on both the two levels
of information quality. Throughout the time reference of
the model, the table shows a substantial increase in both
consumption per capita and production on the revised level
of information guality. There are two factors that affect
the increase in consumption per capita which are the

increase in production and the improvement in allocation of

subsidization.
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Basic Level of Quality Revizsed Level of Quality
TimE  — o m e e e e =
(years) Consumption Froduction Consumption Froduct i on|
(¥/capita (¥ billions {¥/capita (£ billiong
fyear?} Fyear) Sy@ar) fyear)

r ———————————————————————————————————————————————————————————— —
G S00.,0G 11.937 500,40 11.927
S5 SO0, 00 16.606 SO0.G 17.966

10 SO0, 00 21.6256 SO0, 0 22.847
15 S00.00 21.01%9 S540G.9 25.84Z
20 S00, 00 20.8672 &08. 2 Z28.851
25 SA0.00G 18.12¢ 675.3 Z1.849
0 200, G0 20,956 748.8 I5.17

35 S500.00 22,122 833.4 9.1284
4G S00.00 27,071 Ige. 4 44, 284
3 S00.00 24,029 1G7G.4 SG.812
S0 546. 6= 27.372 12Z27.2 S9. 135
55 559.04 27.8%0 1442.¢& &69.804
&0 632.80 31.507 1721.4 Z.555

___________________________________________________________ ]
Table 5.2 Effects on the Second Ohijective of Development

The model considers two measures of the third objective
af development which are the draftees under training
relative to the productive draftees. For the same level of
military forces, a lower number of draftees under training
implies a lower cost and higher sfficisncy. Table 5.2 shows
a decrease in the number of draftees under training
throughout the time reference of the model. This is
attributed teo the improvement ocf information which 1is
exchanged between the education, civilian, and military

sectors for adjusting the allocation of peocple on the

m
-




appropriate activities.

Basic Level of Quality Revised Leval of Guality
Time  ————————————————_———————
{years) Draftees in Millions: Draftees in Millions:
Under FProductive tUnder Froductive
Training Training

{DAT? (DU {DAT {DUS)

___________________________________________________________ .
O . 26000 . S4000 L 26000 « S4O00
] . 2552 . D7087 . 25487 cS70BS
10 . 25187 - S7547 - 247965 . 27781
=) . 25009 -58218 . 24593 .S5B2Z%
2 . 24744 - 58301 . 24030 .SB3E2S
25 . 24882 . S8296 . 2ZF66 .SB323
30 . 24933 . 58268 . 27016 -J8316
5 . 24906 . 98278 . 235787 . S8305
40 . 247223 . 58283 . 24008 L5831
5 . 24718 . S8E9S e 24001 . S8322
50 - 24921 -S58286 . 24004 .5831=
S5 . 24895 . 98291 . 23978 .SB317
&0 . 24897 .58282 - 23980 =830

Table 5.3 Effects om the Third Objective of Development

Effects on the Fourth Objective of Development

The fourth objective of development is concesrned with
the people’s standard of living. The defined msasures for
this objective are the rate of consumption per capita, ths
public services sxpenditures, and housing unsatis$isd
demand. Table 5.4 shows the dsgree of change in each one of

these measures dus to the improvement in the guality of

information.
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Times

[P —
{years)

QO 00
SO0, 00
SGG, OO0
SO0 Q0
SCQ, GO
S46.673
=g =] :‘.\ 4

IS
T e L

L32.80

1.74 1.280 500,40 21.74 i1.280
702 QU1ES SO0.0 27.02 a.126
T2.06 0,125 S00.0 Z2.08 117
&. 2% G107 540.9 36. %6 2,103
IF.E7 G.093 &GE. 2 5,47 O.0P2
41.97% C.0948 &75.3 42.28 G.0%7
44.67 G.097 748.8 45.25 QL102
17.44 Q.G78 83ZZ.4 48.43% G.106
G.Z G099 FIE.4 Z1.84 0.10%
53.40 G.093 167G, 4 5E.51 2.112
S56.63 C. 100G 12573 52,40 G.114
6CG. 10 0. 162 1449 .54 8%.54 0.114&
.82 G.104 1721.4 E7.92 G.117

Figure 5.4 Effects on the Fourth
Objective of Development
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PSEX1=
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?ﬂf many relationships and interactions have to be ssti
G be included in the system modsl.
"Much of the behavior of csystems rests
:\j . relationships and interactions that are bslieve
‘f}' and probably corresctly =0, to be important but th
3 for a long time will evade guantitative measur
P Unless we take aour best estimaztes of  the
e * o - . - N
‘\?. relationships and include them in a system modsl,
1:ﬁ are in effect saying that +hey make no differsn
QRS and can be omitted. t is far more serious to onm
N a relationship that is uEliEfo to be important th
. to include it at a low level of accuwracy that 1
AL within the plausible range of uncertainty. ...
" ons believes a relationship to be important, he ac
o accordingly and makes the best use he can of t
et information available. He is willing to let h
T reputation rest onn his keesnness of perception a
. interpretation.” {8:1i43.
. )
SN However, there are several areas in which further
RN
.\i would be useful. These areas are identified
.
- '.‘.
( folliowing fouwr paragraphs.
2 - . : .
;ﬁ* tconometrics and Aggregation Theory. Economstr
concerned with the empirical determination of sconoc
' which identify bpehavioral or technical relation
\-‘. - ] : v
AP SCoNomYy . A hehavioral relation describes how con
.,I .l
al
.-.‘.\ . ]
o behave, on the average, with regard their purc
-
'_é goods, iven the reslative price level of these goods
..-.\“
Qf- as real income ssr Capita. 6 technicasl relation d
L.
AR .
e how any input combination (factors cf production) lead
)
L Tl
. particul ar (&< 1mums output {producticnl.
relationships  interact on both macro and micro leave
analy=is ¥ the relationships tetween mios
macrorelations is  bknown a5 aggregation theory.
vy
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ANy capital sector of this model, the estimation of ©
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N Jobr Specificat: . The i of
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between educat: , Civilianm, = sectors  are

. aff=ctaed by information svstem. Howsves, 3

- job icaticon schedule be

f+=zed this

Fatterns of Devel ocpment ., The orly patisen

y development  cConsidersd  in this study is the official
2 Because the time reference of thes study years, it
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v development  which  may t- comnsidered in certain phases of
Qi "'

.

N growth.
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N Iincluding Costs of System Development. The total cZosts
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the wmodel cam provide additional information for a decision

"o
P - mabtesr to uss  in conjunction with intuition, Judgment, and
- sxzperisnce to evaluate oproposed information systems. The
. model iz alsgo usseful as am aid in investigating the impact

the benefits of & nationat information system and discussing
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Variable Variable Units of
Name Description Measure
AAL Access Rate of Abroad Labor person/year
AALF Access Rate Fraction of Abroad Labor dimensionless
oo AAR Access Rate of Adult Population person/year
3! ABF Fraction of Retirement of
f‘ Abroad Labor dimensionless
&7 ADAT Rate of Access to Draftees
“& Under Training person/year
ADPOF Adult Population person
% ADUS Rate of Access to Productive
EE Draftees person/year
¥ AERT Adjusted Education Ratio dimensionless
3& AL Access of Domestic Labor person/year
Q; ALB Labor Working Abroad person
ALBT Access Rate of Labor Needs Training person/year
ALC Average Life of Capital years
ALR Revenue Rate of Labor
Working Abroad $/year
ALW Wages of Abroad Labor $/person/year
ANI Accumul ated National Income 2
APL Average Productive Life years
ARF Fraction of Draftees Who Do Not
a Need Training dimensionless
& AVF Rate of Access of Frofessionals person/year
3 AVFM Average Number of persons of
N a Family person/family
BR Birth Rate person/year
- BRF Birth Rate Fraction fraction/year
_ﬁ CAP Capital Stock $
2 ' CDR Rate of Depreciation of Capital %/year
ﬁ CNS Rate of Consumption */year
e CNS1 Rate of Consumption per Capita $/person/year
- CNSTF Construction Factor dimensionless
DAT Draftees Under Training person
. DDUS Rate of Departure of Draftees person/year
DLB Domestic Labor person
) DLW Wages of Domestic Labor $/person/year
. DFP Draft Service Period year
. DR oeath Rate person/year
4% DRF Death Rate Fraction fraction/year
! Dus Productive Draftees person
gi DVF Rate of Retirement of Professionals person/year
EDC Education Cost $/pupil/year
\¥; EDEX Education Expenditure $/year
N EDEX1 Education Expenditure per pupil $/pupil /year
o EDP priority of Education dimensionless
' EDRT Education Ratio dimensionless
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FLOC

FMNM
GCNST
GDMOL

GEX
GHSE
60T
HABA
HLF
HSA
HSAL
HSC
HSDM
HSEX
INFC
INV
INVF
IWF
LBT
LNSA
LWRTI
MCNS
MLB

MNI

MCM

NCMEX
OLR
atI
PCNST
FDMOL

FHSB
POPDN

PRCH
PRD
PSEX
PSEX1
PSP
PTY
RAL
RL
RTR
SAPOP
SAR
SCR
SCRT

Fraction of Land Occupied
Number of Families
Construction Rate of Government
Demolition Rate of Houses
Built by Government
Expenditure Rate of Government
Houses Built by Government
Government Social Expenditure
Land Available for Building Houses
Health Factor
Average area aof a house
Average Life of a House
Average Cost of a House
Demand on Housing
Government Expenditure on Housing
Information Completeness
Rate of Investment
Investment Fraction
Idle Work Force
Rate of Training of Labor
Access Rate of Loans
Ratio of Differences of Wages
Minimum Consumption per Capita
Multiplier from Idle Labor
on Tax Ratio
Multiplier from Accumulated
National Income on Tax Ratio
Rate of Development of New
Communities

Expenditures on New Communities
Revenue Rate of 0il
Rate of Other Sources of Income
Construction Rate of Private Sector
Demolition Rate of Houses Built

by Private Sector
Houses Built by Private Sector
Population Density

Rate of Technological Change
Rate of Production

Public Service Expenditure
Public Service per Capita
Priority of Public Services
Productivity

Retiring Rate of Abroad Labor
Retiring Rate of Domestic Labor
Retirement Rate

School ~Age Population

Access Rate of School-Age Fopulation
Revenue Rate of Sues Canal

Ratio of Children Attend Schools

8%

dimensionless
families
house/year

house/year

¥/ year

houses

$/year

square miles
dimensionless
square miles
vears

¥ /house
houses

£/year
dimensionless
$£/year
dimensionless
person
person/year
$/year
dimensionless
¥/person/year

dimensionless
dimensionless

square miles/
year

$/year

$/year

$/year

house/year

house/year
house/year
person/square
mile
dimensionless
$/year
*t/year
$/person/year
dimensionless
dimensionless
person/year
person/year
person/year
person
person/year
$/year
dimensionless
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™D Rate of Departure of Draftees

Under Training person/year
TMF Anticipated Total Military Force person
TP Training Period year
TFOP Total Population person
TRR Revenue Rate of Tourist */year
TXRT Ratio of Taxes dimensionless
TXRV Revenue Rate of Taxes $/year
S-S USMN Allocation Factor dimensionless
A VDR Ratio of Professional dimensionless
D VMF Professionals person
el WWF Fraction of Woman Working dimensionless
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* EGYPT-4
'Q'.‘ NUTE FE3 S L e  r P P Y T F T
e NOTE DEMOGRAFHIC SECTOR
i:; * NOTE e T e e e s T
3 i -
@% L SAPOFP . K=SAFOP.J+ (DT) (SAR. JK-AAR. JK) DSt
N SAPOP=12.2 Ds?
- - R SAR.KL=DELAY1 (BR. JK,5) DS3
2 R BR. KL= (ADPOP.K) (BRF.K) DS4
;§5 A BRF.K=TABLE (TBRF ,EDRT.¥K,0,100,20) DSS
i T TBRF=.05/.048/.044/.038/.030/.02
RN R AAR.KL=DELAY1 (SAR.JK,12) DS6
A EDRT.K=SMOOTH(SCRT.K,12) DS7
ok A SCRT.K=MIN(EDEX1.K/EDC,9%) ps8
gﬁ; A EDEX1.K=EDEX.K/SAPOF.K DS?
Y A RPRCH.K=EDRT.K# ( (1-PRCH) +PRCH*NOISE () ) DS10
3 A AERT.K=DLINF3(RPRCH.K, 4) DS11
LY A EDEX.K=6OT.K*EDP DS12
N (o EDP=0.2 DS13
Ry c EDC=0.635 DS14
?ﬁ L ADPOP . K=ADPOP . J+ (DT) (AAR. JK~-RTR. JK) DS1S
B N ADPOP=22 DS16
oy R RTR.KL=ADPOP.K/APL.K DS17
A APL.K=(1/DRF.K-18) (1-HLF.K) DS18
n A HLF.K=TABLE(THLF ,PSEX1.K, 0,500, 100) DS19
Iy T THLF=.20/.12/.10/.10/.08/0.0
I A PSEX1.K=PSEX.K/TPOP.K D520
“oi A PSEX.K=GOT.K*PSP DSZ1
% C PSP=0.5 DS22
; L TPOP.K=TPOP.J+(DT) (BR. JK-DR.JK) DS2Z3
¥ N TPOP=464 DS24
- R DR.KL=(TPOP.K) (DRF.K) DS2S
A DRF.K=TABLE (TDRF ,CNS1.K,0,1000,200) DS26
T TDRF=.025/.019/.016/.0145/.0135/.013
. A CNS1.K=CNS.JK*INFC/TPOP.K DS27
Ny . NOTE ==
- . NOTE MILITARY SECTOR
o NOTE = == ==
- . L VMF . K=VMF . K+ (DT) (AVF . JK-DVF . JK) MS1
e N VMF=TMF *VDR MS2
M R DVF.KL=VMF.K/APL.K MS3
N R AVF . KL= (TMF*VDR) + (0.01%#DAT.K) -VMF . K MS4
g L DUS.K=DUS. J+(DT) (ADUS. JK+TD. JK~-DDUS. JK) MSS
N DUS=0.75*TMF* (1-VDR) MS6
R DDUS.KL=(DUS.K+DAT.K) /DP MS7
R ADUS.KL=DRQ.K#ARF.K MS8
A DRQ. K= (VMF.K/VDR) -DUS. K MS9
92
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DAT.K=DAT.J+ (DT) (ADAT. JK—TD. JK) MS10
DAT=0.25%TMF (1-VDR) MS11
TD.KL=DAT.K/TP MS12
ADAT.KL=DRA.K* (1-ARF . K) MS13
ARF . K=AERT . K«NRMRN (USMN , 0. 1) /1000 MS14
VDR=. 25 MS1S
TMF=0.5 MS16
TP=0.5 MS17
DP=2 MS18
LABOR SECTOR

DLB.K=DLB.J+(DT) (AL.JK+LBT.JK~-RL.JK-AAL.JK) LS1

DLB=11 LS2

RL.KL=DLB.K/APL.K LS3

AL.KL=MIN(DLB.K#INFC*INV.JK/CAF.K, IWF.K) LS4

LBT.KL=DELAY3 (ALBT,2) LSS

ALBT.KL=DLB.K#* (1-INFC) *INV.JK/CAP.K LS&

IWF . K=MAX (ADPOF . K¥WWF—DLB. K-ALB. K—

DAT.K-DUS.K,0.0) LS7
WWF . K=TABLE ( TWWF ,EDRT.K,0,1,0.2) LS8
TWWF=0.5/0.6/0.68/0.74/0.78/0.80
ALW.K=TABLE (TALW,ALB.K,0,2.5,0.5) LS9
TALW=25000/23000/15000/10000/5000/ 2500
AAL . KL=ALB. K*AALF . K LS10
AALF . K=TABLE (TAALF ,LWRTI.K,0,1,0.2) LS11
TAALF=0.0/.01/.018/.02/.021/.021
LWRTI.K=(ALW.K-DLW.K*S) /ALW. K LS12
DLW. K=MAX (PRD.JK/5/DLB.K,500) LS13
ALB.K=ALB.J+(DT) (AAL.JK-RAL . JK) LS14
ALB=1 LS1S
RAL.KL=ALB. K/APL.K/ABF LS16
ABF=0.8 LS17

CAPITAL SECTOR
ANI.K=ANI.J+(DT) (PRD.JK+OTI.JK+

LNSA. JK-INV. JK-CNS. JK-GEX. JK CS1
ANI=10 Cs2
PRD.KL=PTY.K#CAP.K*EXP (0. 65%

LOGN (DLB.K/CAP.K) ) CS3
OTI.KL=TRR.K+SCR.K+OLR.K+ALR.K+TXRV.K cs4
TRR.K=TABLE (TTRR,POPDN, 0,300, 60) €SS
TTRR=50/5000/2500/800/80/50
POPDN. K=TPOP. K/HABA. K CSé
SCR.K=SCR.J# (1+0. 1#DT/TIME. K) cs7
OLR.K=PLR.J#(1+0. 1#DT/TIME.K) css
SCR=500 cs9

93

5 Y A \‘,\‘n\\\\.'-\)
(e M ) [} .




Sy, |t

e N OLR=500 CS10
A ALR.K=ALB.K*ALW.K/2 cS1t
e A TXRV.K=TXRT.K#CAF.K*INFC CS12
10 R LNSA. EL=MAX (MNI-ANI.K,0.0) CS13
i R INV.KL=ANT.K*INVF.K cs14
: . A INVF.K=TABLE(TINVF,TXRT,0,1,.2) cs1s
N T TINVF=0.3/.25/.20/.10/.05/0.0
L TXRT.K=TXRT.J+(DT) (MNI.K-MLB.K)} (TXRT.J) CS1é6
ol a MLB.K=TABLE (TMIWF,IWF.K,0,5,1) cS17
¥ T TMLB=0.0/.015/.027/.037/.045/.05
" A MNI.K=TABLE (TMNI,NI.K,0,10E4,2E3) CcsSi8
an T TMNI=.05/.045/.037/.017/.001/70.0
i R CNS.KL=MIN(PRD.KL , TPOP.K*MCNS1%*INFC) CS19
R GEX.KL=MEX.K+FSEX.K+EDEX.K+
5 X HSEX.K+NCEX.K CSZ20
BN L CAP.K=CAF.J+(DT) (INV. JK~CDR. JK) cs521
B N CAP=7.5E3 cs22
33 R CDR.KL=CAP.K/ALC Cs23
By c ALC=20 cs24
N NOTE ===z====
i NOTE HOUSING SECTOR
ke NOTE T
4% L GHSB.K=GHSB. J+ (DT) (GCNST.JK-GDMOL . JK) HS1
N GHSE=0.8 H52
B L PHSB.K=PHSB. J+(DT) (PCNST.JK—-FDMOL. JK) H53
i‘lz‘\ N FPHSB=7.2 HS54
A% R GDMOL . KL=BHSB. K/HSAL HSS
N R PDMOL . KL =PHSE. K/HSAL HS6
B R GCNST.KL=MIN(HSEX.K/HSC,HSDM.K) HS7
C HSC=5€-3 HS8
Cy A HSEX . K=G0T.K*HSP HS9
«&; C HSP=0.15 HS10
ag A HSDM. K=MAX (FMNM. K—GHSR. K-PHSB.K,0.0) HS11
N A GHSR. K=GHSB.K*#INFC HS12
AN A FMNM.K=TPOP.K/AVFM HS13
‘ C AVFM=S HS14
P R PCNST.KL=HSDM. K*CNSTF.K HS15
f% . A CNSTF.K=TABLE (TCNSTF,FLOC.K,0.0,1.0,0.2) HS16
?é . T TCNSTF=0.5/0.4/0.2/0.1/0.03/0.0
ox A FLOC.K=(GHSB. K+PHSB. K) *HSA/HABA.K/5S HS17
N C HSA=SE-4 HS18
N . L HABA.K=HABA. J+(DT) (NCM. JK) HS19
. N HABA=2.8ES HSZ20
: R NCM. KL=NCMEX . K/NCMC HS21
" A NCMEX . K=GOT . K*NCMP HS22
C NCMP=0. 15 HS23
c NCMC=3E-3 HS24
B (» HSAL=60 HS2S
'».!,"b
I
B
»
3 94
By
t-?,

Tl Ty A 4T TNy




ad

o
£ 3N A &

o o
o

o &
4

- S

s
'

- et
L1

:%.h .

rad

o I W T

AR
K AAAAKS

o g g

s
k)
'
*
*
¥

%
4
2
i

e LA

OUTPUT STATEMENT

FR

TPOP=P , ADFOF=A , SAPOP=5
EDRT=E,AERT=X

VMF=V, DUS=D,DAT=T
DLB=D,ALB=A, IWF=I
ANI=I,CAP=C,GOT=6
PRD=D,0TI=0,CNS=N, INV=V,BEX=6
GHSE=G , PHSR=F , HSDM=M

TPOP, ADFGF , SAPOF , EDRT , AERT
VMF , DUS, DAT

DLB,ALE, IWF

ANI ,CAP,GOT,PRD,OTI

CNS, INV, GEX

GHSB, PHSB , HSDM

DT=.5/PLTPER=2/PRTPER=2/LENGTH=60

EXPERIMENTATION

INFC=1.0
PRCH=0.0
USMN=0.0

INFC=.9
PRCH=.3
USMN=2
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