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V.1 	 STOCHASTIC MODEL OF NILE INFLOWS TO LAKE NASSER 

Progress Report 

June 1, 1977 - August 31, 1977 

Personnel
 

Since the last project report there have been some additions to the
 

list of project participants.
 

M.I.T.
 

Mr. Kevin Curry, Research Assistant
 
and Masters degree candidate was formally incoporated into
 
the project, as scheduled, on June 15, 1977
 

Cairo University
 

Dr. Hassan Dorrah, Professor of Electrical Engineering
 
Dr. Dorrah has considerable interest in stochastic processes and
 
control theory application to hydrology. lie is also knowledgeable
 
anda frequent user of Cairo University computer facilities.
 

Dr. Ibrahim Assuiti
 
is being partially funded to do work in using the stochastic
 
simulation results in system modelling exercises.
 

Eng. Mohamed Osama Masef
 

Eng. Boyoumi Bayou Attia
 

Eng. Reda M. Aly
 

Eng. 	Ismail El.dimary
 

The above are graduate students working for Masters and
 
Ph.D. degrees in Cairo University
 

Minstry
 

Dr. Hassan Ibrahim, Head, Institute for Water Utilization
 
Dr. Ibrahim is now the main ministry participant and liaison officer.
 

Dr. Fouad El Shlibini, Deputy Director, Institute of Water Resources 
Dr. El Shibini is also a ministry representative in the program. 

Quarterly Activities
 

Travel to Egypt
 

There were two major visits to Egypt during this past quarter. 

Professor Eagleson and Mr. Cordova visited Egypt during the period of 

June 8-23, 1977 as nch'duiled. That trip had two main objectives: 

1) Implementation of multivariate, Harkov monthly strenmf low genorator and
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and train Cairo University participants on its operation; 2) Identify areas
 

of future work for project continuation of interest to the Ministry, Cairo
 
University and M.I.T. All tasks were accomplished and will be discussed
 

later.
 

Also as scheduled, Professor Bras and Mr. Kevin Curry visited Egypt
 
from August I to August 11, 
1977. Goals of this trip were to 1) implement
 

a Broken Line Process annuol streamflow generator and explain its use and
 

logic; 2) Implement a Streamfilow Disaggregation Model and train Cairo 
University Participants on it. ise; 3) review progress on tasks outlined
 

by Professor Eagleson and Cordova on previous trip; and 4) finalize topics
 
of future work and common interest. Again all goals were accomplished.
 

Completed Tasks
 

Data Collection is completed for 10 idcntified stations. Data is
 

available on a monthly basis for the following stations and the period shown.
 

All data is coded for computer use L d available to all participants.
 

Mongalla 


Malakal 


Sennar 

Khartoum 

Atbara 

Tamaniat 

Wadi-Hlalfa 

(Dongolla)
 

Roseires 

Aswan 


Bahr Zaraf 

Data has been check for 

analysis program. Re:;ults were 

program was prepared to elect 

1905 - 1975
 

1905 - 1976
 

1912 - 1975
 

1900 - 1975
 

1903 - 1967
 

1911 - 1976
 

1890 - 1976
 

1912 - 1973 

1871 - 1976 

1908 - 1.963 

errors and consistency using a double mass 

:iatis;factory. A chi tquare discrimination 

between normal and log-normal distributions 

for the above sitationti. Rlt ilt:,-i again, are awilable and indicated 

partictilir d!itrlbuti ohS for sione of the statIont. In others both 

dl stributionti passed the test. 
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Difficulties have been encountered in securing operating rules of
 

dams in Aswan, Sennar, Gabel Aulia and Roseires. Some of them have been
 

obtained and studied. All are needed to deregulate flow at points of
 

interest. A commitment from the ministry for furnishing the data was
 

obtained.
 

Travel times at different locations, in particular between Gabel Aulia
 

and Khartoum, are needed to make mass balance checks at the junction of the
 

White and Blue Nile rivers. Again, this data was promised by the ministry.
 

Three different computer models are now operational at Cairo
 

University and M.I.T. During the June visit by M.I.T. participants, a
 

Multivariate Markov model for the generation of monthly streamflows at
 

various locations was implemented. The model is built to preserve auto­

correlations between months, cross correlations between stations, means and
 

variances of historical data. Documentation and extensive description of
 

the model was presented orally and in written documents to Cairo University
 

and ministry participants. Documents are available. Attachment A summarizes
 

results of the operational model.
 

As an exercise in the theory behind this model, Cairo University
 

participants have built a univariate monthly generator.
 

A limitation of the above model is that it does not preserve annual
 

auto-correlations and the, so called, Hurst phenomena which influences the
 

occurrence of extremes. Due to the success of the Markov Model implementation,
 

we were able to provide two other models beyond what was promised in the
 

original proposal and which attempt to address the limitations of the Markov-


Autoregressive model as previously discussed.
 

The Broken Line Generator was implet.ented in the trip to Cairo on
 

August 1 after development at M.I.T. This model generates, at different
 

locations, annual values of streamflow preserving the annual autocorrelation,
 

cross correlations, means, variances, skewness and lliirst coefficients. Again,
 

documentation and explanat lin were pr hLLed ural I y kisoi Iii wI iLLen terw dald 

are available.
 

The model is operational both at Cairo and M.I.T. facilities. During
 

implementation some theoretical errors and difficulties were discovered in
 

the traditional Broken Line formulation. Tis constitutes an interesting
 

modification to a supposedly accepted technique that has been used
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extensively throughout the world. It was the uniaue properties of the large
 

Nile river systen which pointed out the inconsistencies. Solutions to the
 

problem have only partially been formulated. Further work is still
 

necessary. Attachment B presents and discusses some of the Broken Lin-


Generator results.
 

Coincidentally with the Broken Line Model, a Disaggregation Model
 

was developed and made operational at Cairo and M.I.T. This model takes
 

annual discharges ger-rated from the Broken Line process (or any other
 

source) and breaks them into staListically consistent monthly values. These
 

monthly values would preserve correlation between them and between stations.
 

The model was extensively discussed. Again, documentation on theory
 

and use is available. Attachment C also gives some results of this modpl with
 

relevant discussions.
 

For training purposes Cairo University participants will develop an
 

autoregressive multivariate model of annual streamflow values to be used
 

together with the disaggregation model.
 

Results from the above three models have been used by a sub-group of
 

the Water Resources Program to study and simulate the behavior of the Aswan
 

dam system including the implications to the proposed Toshka depression
 

spillway. Progress in this is reported elsewhere. As the reader can see,
 

the results are rapidly becoming useful in studies of large investment
 

programs.
 

During the past quarter arrangements have been finalized for visits
 

of Drs. Ibrahim and Shibini to M.I.T. for a two week period starting
 

October 1.
 

Plans for continuing projects were agreed on. They appear later in
 

this report.
 

Goals for the next quarter were set. A following section deals with
 

this topic.
 

Few problems have been encountered throughout the project. Computer
 

facilities at Cairo University are limited in capacity which have somewhat
 

restrained our goals. Accessibility to the machine has been hard sometimes,
 

due to apparently extremely busy periods. Breakdowns of facilities occur
 

relatively frequently. Problems with scientific subroutines, in particular
 

random number generators, are common.
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Data acquisition has proceeded reasonabJy well, although badly
 

needed operating rules and times of travel are still not available as
 

previously mentioned. Diversion schedules in barrages must also be obtained.
 

Most participants in Egypt, from the Ministry and the University,
 

must still get familiar with existing computing facilities and extensively
 

use them.
 

In general, though, the project has achieved more objectives than it
 

intended, and as such, we expect no delays or problems in completing this
 

first phase as scheduled.
 

Next Quarter Activities
 

By November 15, 1977 the following goals should be accomplished by
 

Cairo and M.I.T. participants.
 

Cairo Participants:
 

1. 	By the beginning of October data needs for continuation
 
projects (see Future Projects sections) must be assessed.
 

2. 	By the first week of September, all missing operating
 
rules, diversion schedules and travel times are to be
 
provided by the ministry.
 

3. 	Deregularization of flows will be completed as well
 
as the continuity-mass balance check.
 

4. 	Reports on the chi square tests and double mass analysis
 
should be furnished and provided to participants.
 

5. 	A multivariate annual streamflow generator based on auto­
regressive theory is to be prepared to be used with
 
available Disaggregation Model.
 

6. 	Get familiarized with available models. Hold seminars
 

and workshops.
 

7. 	Implement Frequency analysis program to obtain discharge­

frequency curves from generated streamflow.
 

8. 	Train Ministry personnel on use of models.
 

M.I.T. Participants:
 

1. 	Finalize versions of documentation and of implemented
 
programs.
 

2. 	Find a solution of previously discussed problems with
 
the Broken Line Process.
 

3. 	Make final runs with models, carry on study and
 
comparison of behavior.
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4. Prepare proposal for continuing work.
 

5. Start preparation of first phase final report.
 

It was agreed that Cairo and M.I.T. groups will exchange bi-weekly
 

prlrpau mnnrsndn. 

CotilnentL ou ActivitLes in Relation to Ministry Involvement and Interest
 

Although many offices in the Ministry will use the results of this
 

first phase of the study, our principal interactions have been with
 

Dr. Hassan Ibrahim, Head, Institute of Water Utilization, and Dr. Fouad
 

El Shibini, Deputy Director, Institute of Water Resources. Unfortunately,
 

we have had limited contact with Ministry personnel at the lower levels.
 

Contacts have only occurred in some of the open seminars. It is expected
 

that this will change, particularly in continuing projects. Part of the
 

reason for this limited contact with lower level Ministry staff members is
 

due to the physical separation between Cairo Universit7 headquarters and
 

facilities and Ministry centers.
 

Drs. Ibrahim and El Shibini are well aware of the techniques we are
 

employing. The essential data base being utilized is the Ministry's
 

information. Our mechanized approach differs from their usually manual
 

analysis. The ministry has no computer facilities.
 

The concept of streamflow synthesis is completely new to the
 

ministry operational framework. Usually, their analysis relies exclusively
 

on historical serico. We are providing and introducing to them the concept
 

of extracting a maximum amount of information from their available historical
 

data by using time series analysis and synthesis techniques. The generated
 

series provided by the models will be used in frequency analysis and
 

simulation studies. This is already being done in the simulation of the
 

Toshka depression spillway operation. Such simulation will provide design
 

and reliability information not available from exclusive reliance on the
 

historical streamflow series.
 

The compilation and analysis of data is a major contribution to the
 

Ministry. Data has been checked for consistency and is available for
 

computerized analysis. Deregulation of the data is a major source of
 

informatlon and insight on the extent of river controls. No deregulated
 

series presently exist.
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Statistical analysis of the data, necessary for the generation models,
 

has provided information as to the behavior,of the Nile, many times
 

corroborating previously observed physical behavior, and many times suggesting
 

previously ignored behavior. For example, on a yearly and monthly basis it
 

is observed that serial correlations in the White Nile are a lot higher than
 

in the Blue Nile and the main stem of the Nile. This corroborates that the
 

White Nile has a smooth filtered behavior due to the swampy regions. It
 

also says that the Blue Nile is a lot more variable, erratic and more
 

responsive to rainfall input. Clearly, also, the Blue Nile behavior dominates
 

the main stem statistics. It is also, unexpectedly, observed that skewness
 

is a lot higher in the White Nile. This implies that the swamps tend to
 

regulate and eliminate the low flow situations while being unable to
 

control high flow conditions. This has implications on projects in the area,
 

like the Jonglei Canal.
 

By the end of this first phase, Ministry staff members should be able
 

to use the available models with the cooperation of the Cairo University
 

participants.
 

Future Research Topics
 

After extensive discussionb between the Ministry, Cairo University
 

participants and M.I.T. members two main areas of work were clearly defined
 

as priorities. It is expected that work in these areas will extend for the
 

next three years.
 

The first area is the physical hydrologic understanding of the Bahr
 

El Gazal, Gebel and Zaraf regions in the White Nile which include the area
 

of the Jonglei Canal project. The objecti'e is to develop a rainfall-runoff
 

deterministic simulation capability, including a routing component. This
 

model will allow analysis of effects resulting from the Jonglei Canal and
 

of future plans for draining large swamp areas. Rainfall-runoff simulation
 

will not only lead to a better understanding of the region, but will provide
 

a valuable tool for studying the most promising posnibilities of increasing
 

the Nile River yield. Results from this simulation will indicate induced
 

statistics which will be necessary for our stochastic simulation models which
 

in turn are used to study necessary changes in reservoir ,--eration as well
 

as the operation of the proposed Toshka depression cana and spillway.
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The second area will rely extensively on our present statistical
 
and probabilistic studies as well as 
on the deterministic rainfall-runoff
 
studies. 
 The goal of this parallel development will be the on-line streamflow
 
forecasting capability at variouo points in the Nile system. 
This forecasting
 
is to be done using observed streamflow values in a feedback loop through
 
the use of modern control and estimation theory techniques. This methodology 
will account for the many times 
that available information is inaccurate and 
incomplete. Such streamflow forecasting is necessary to tie with water 
demand forecasting models like tl-e 
one presently being developed by a
 
U.N.D.P. team in Egypt. 
 The Joint use of this supply and demand forecast,
 
taking into account the uncertain nature of the series, will ultimately lead
 
to the concept of optimal on-line operating policies for dams and other
 
diversion structures. 
 This must be the final 
goal of all the water studies.
 

Attachments
 

A - Results of the Multivariate Markov Generator Test Runs 
B - Results of the Broken Line Stre~mflow Generator Test Runs
 
C - Results of the Disaggregation'Model Test Runs
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Attachment A: Stochastic Model of 
Nile Inflows to Lake Nasser
 

Results of the Multivariate Hlarkov Generator Test Runs 

The multivariate Markov Generator was 
run to produce the simula­
tion model inputs to be tested in the Nile Basin. 
 Four Gaging Stations
 
were selected, using tile selection criterion to cover all the main streams 
in the basin including all the possible sites that could be used in
 
the simulation of the systems. 
 Those gdging stations were:
 

Station Number 
 Name
 

I River Nile at Wadi lalfa 
2 Blue Nile at Roseires 
3 White Nile at Malakal
 
4 Bahr el Jibel at Mongalla
 

The period of available historical records was from 1912 to 1952
 
(41 years) of monthly data. 
 Five hundred years of monthly data were
 
generated for each theof four ',,ging stations, in five traces of 100 years 
each.
 

The statistics of the historical data and the statistics of one 
of these 100 year synthetic traces are shown in Table 1, 2, 3 and 4 (one for 
each gaging station). 

The statistics computed viere monthly mean, standard deviation, 
auto-correlation, cross-correlation lag zero and cross-correlation lag one 
coefficients, and skewness coefficients.
 

The synthetic data preserved all the historical statistics ex­
cept skewness, because this model only pr'-serves the skewness of the normal 
distribution or the ' kewness of the two parameters log normal distribution. 



TABLE 1. GAGING STATION 1: WADI HALFA
 

H(MICI1) , S(MCH) 	 (0) (1) (1)
 
MUTH H S 
 H S H S H S H S H 	 S 

J 2545 354 635 631 0.91 0.92 0.83 0.81 0.81 0.81 0.27 0.16
 

F 2399 2433 614 605 0.72 0.67 0.76 0.77 0.60 
 0.56 1.21 0.80 

H 2182 2190 671 604 0.91 0.88 0.55 0.46 0.32 0.28 1.59 1.19
 

A 1833 1817 651 599 0.88 
 0.87 0.35 0.26 -0.02 -0.03 1.74 0.87
 

M 1703 1643 602 487 0.63 0.59 0.16 0.14 0.18 
 0.20 2.24 0.81 

J 1906 1855 593 517 0.58 0.830.65 0.59 0.62 0.41 0.47 1.15 


J 4975 
 5C35 1593 1573 0.63 0.62 0.86 0.88 0.56 	 0.86
0.48 0.84
 

A 18996 19167 3233 3740 0.74 0.79, .0.85 
 0.80 0.58 0.65 -0.26 -0.07
 

S 21830 22031 3d63 4197 
 0.81 0.82 0.84 0.87 0.57 0.55 0.3 0.35 

0 14503 149-3 3191 3321 0.85 0.87 0.82 0.81 0.770.73 0.86 0.65
 

U 7244 72,9 1738 1794 0.93 0.94 0.89 0.94 0.84 0.72
0.84 	 1.03
 

o 4592 4267 ;36 848 0.94 0.90 0.77 0.78 -0.02 0.26 0.66 0.40
 

H = Iean (0) = au:ocorrelation coefficient to(1) 
= crosscorrelation coefficient (lag one) 

-S = standard deviaticn i(1) 	 crosscorrelation coeff. with Gaging Station 2 (Roseirez)
(lag zero) with Gaging Station 2 (Roseires)
 

H = Historical S = Synthetic 
 y = skewness coefficient
 



TABLE 2. 
GAGIJG STATION 2: ROSEIRES
 

14(MCM) 
 S(MCM) 
 p1(0) 
 PO(l)(.) 
 P101()
M)NTH H N ---
S H 
 S H 
 S H 
 S H 
 S H 
 S
 

J 773 763 179 
 176 0.'3 
 0.95 0.67 
 0.68 0.59 
 0.59 -0.27 0.49

F 456 445 113 
 100 0.66 0.63 0.62 
 0.61 0.53 
 0.52 0.42 

14 359 349 107 

0.29
 
97 0.52 0.33 0.52 
 0.41 0.50 


A 305 296 
0.35 1.09 0.64
 

125 103 
 0.32 0.30 
 0.43 0.34 
 0.48 0.48 
 1.12 0.85

H 639 632 387 342 
 0.64 0.66 
 0.49 0.54 
 0.51 0.59 

J 1666 1648 603 

1.76 1.27 
549 0.71 0.75 
 0.47 0.54 
0.41 0.46 
 1.50 
 0.71 -.
J 6562 6737 185? 1707 0.72 
 0.64 0.36 
 0.42 0.26 
 0.27 
 0.29 -0.38


A 15375 15735 3140 
­

2934 0.69 
 0.73 0.17 
 0.11 0.32 
 0.26 0.02 
 -0.11

S 12731 12830 2780 
 2849 0.70 
 0.68 0.30 
 0.26 0.51 
 0.51 0.32 
 -0.03
0 6601 
 6602 2013 1960 
 0.87 0.92 
 0.36 0.42 
 0.56 
 0.59 0.26 
 0.74
N 2617 2609 
 769 761 
 0.90 0.90 
 0.52 0.61 
 0.67 0.75 
 0.45 1.26
o 1348 1334 351 356 0.96 0.94 
 0.76 0.8i 
 0.10 
 0.23 -0.17 
 0.82
 

(*) Crosscorrelation coefficient with Gaging Station 3 (Malakal)
 



TABLE 3. GAGI NG STATION 3: WALAKAL
 

00S(1 0CM)(0) P0 (i )( (I y 

MSTH 

j 

F 

H 

2193 

1536 

2263 

556 

H 

794 

618 

S 

766 

559 

H 

0.88 

0.93 

S 

0.88 

0.92 

H 

0.66 

0.82 

S 

0.59 

0.77 

H 

0.67 

0.82 

S 

0.61 

0.78 

H 

1.69 

3.5 

S 

0.98 

1.08 

A 

.4 

J 

J 

A 

S 

0 

H 

0 

1477 

1346 

1531 

1923 

2407 

2760 

2946 

3241 

3134 

2945 

1461 

1349 

1544 

1937 

2424 

2793 

2989 

3284 

3175 

2979 

574 

295 

252 

252 

228 

258 

317 

354 

409 

613 

495 

258 

223 

222 

205 

237 

279 

327 

395 

588 

0.95 

0.U5 

0.89 

0.94 

0.88 

0.93 

0.94 

0.93 

0.92 

0.91 

0.93 

0.82 

0.23 

0.95 

0.86 

0.92 

0.91 

0.95 

0.89 

0.90 

0.85 

0.86 

0.74 

0.60 

0.65 

0.54 

0.62 

0.63 

0.70 

0.53 

0.82 

0.84 

0.72 

0.68 

0.63 

0.54 

0.56 

0.69 

0.GE 

0.53 

0.83 

0.73 

0.5q 

0.58 

0.45 

0.51 

0.56 

0.66 

0.67 

0.23 

0.79 

0.63 

0.65 

0.63 

0.45 

0.42 

0.52 

0.62 

0.63 

0.33 

4.92 

3.39 

1.11 

1.49 

1.83 

1.64 

1.07 

0.70 

0.78 

0.50 

0.78 

0.38 

O. , 

0.15 

0.10 

0.17 

0.03 

0.28 

0.59 

0.102 

(*) Crosscorrelation Coefficient with Gaging Station 4 (Mongalla) 



TABLE 4. GAGING STATIOU 4: MONGALLA 

MiTb s H ( S H H;DS S HI S s 

J 1926 1903 
 654 
 553 0.99 0.99 
 0.50 0.43 
 0.62 
 0.53 2.23 
 0.78
F 
 1647 1633 473 0.99 0.99 0.64

561 


0.55 0.66 
 0.59 2.07 0.74
N 1743 1740 500 0.9z 0.97 0.67605 
0.61 0.57 0.51 2.16 0.81A 1804 1811 
 551 
 456 0.85- 0.80 0.55 0.46 0.56 
 0.57 1.76 
 0.64
x 2243 
 2275 
 675 
 626 0.69 0.91 0.40 0.40 
 0.41 
 0.54 1.46 
 0.95
J 2143 2193 690 729 0.91 0.90 0.24 0.47 0.22 0.41 1.79 1.94J 2358 2427 679 675 0.H5 0.86 0.12 0.26 0.03 0.15 1.-5 1.41A 2767 2802 
 774 697 
 0.91 0.88 
 0.24 0.30 0.48 
 0.43 0.95S 2)m 2739 

0.92 
957 927 
 0.94 0.93 
 0.55 0.55 
 0.57 0.58 1.? 2 
 1.75
0 
 2629 
 2636 
 1012 
 939 0.93 0.93 
 0.58 0.66 
 0.52 0.65 2.62 
 1.83
1: 2297 2296 723 645 0.97 0.96 0.56 
 0.61 0.59 
 0.59 2.0b 
 1.19
3 2112 
 2128 
 654 
 577 0.99 0.98 0.51 0.46 0.33 
 0.22 1.8,j 0.03
 

') Crosscorrelation Coefficient with Gaging Station I (Wadi Halfa)
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Attachment B: Stochastic Model of Nile Inflows to Lake Nasser
 

Results of the Broken Line Streamflow Generator Test Runs
 

Th' modhl via',. ko.d Io produce 500 year ynthetic annual flow re­

cords for the four gaging stations used in the markov multivariate genera­

tor test run-. These Fur gyqing stations cover t:ie main stre-ams in the 

Nile Basin and have historical flow records for the peroid 1912 to 1952 

that are linearly independent (not the case for some of the excluded gaginr] 
U t-.Iz-,. ,f I,a t fc-.t, , ,(,j 1.31Ul~-,q-. ,* ," I cr.,,h I, -_: I r] h.,jcv,t I .: vc 

one autocorrelation coefficient, an operational requirement of the model
 

(Sennar has a small negative oi(0)).
 
For each gaging station Table 5 gives the mean, standard devia­

tion,, skewness, lag-one autocorrelation and Hurst coefficient for the :is­

torical and simulated flow records. The Hurst coefficient for the histori­

cal case was not computed but is the desired value for the simulatio. case. 

The means, standard deviations, lag-one autocorrelation and Hurst coefficients 

compare favorably. The large difference in historical skewness coefficients 

(.02 to 2.4) make them difficult to preserve and this is reflected in the 

c nparison of values. The problem will be the focus of further work. Table 

6 gives the lag-zero cross correlation matrices for the historical and simu­

lated records and shows that the structure is preserved. 



TABLE 5. BROKEN LINE. 

STATION M S y PI(O) HURST 

WADI HALFA H 

S 

ROSEIRES H 

S 

MALAKAL H 

S 

MOIGALLA H 

S 

85800 

84400 

49400 

49300 

27400 

27700 

26400 

26700 

12900 

13900 

9400 

10000 

4000 

4300 

7400 

7800 

0.36 

0.76 

0.02 

0.45 

2.36 

0.79 

1.90 

1.34 

.18 

.06 

.09 

.04 

.60 

.65 

.67 

.62 

.70 

.72 

.70 

.77 

.70 

.6" 

.70 

.69 

< 



TABLE 6. 
BROKEN LINE LAG-ZERO CROSS CORRELATION
 

STATION 

H
 

S 

WADI HALFA 1.000 .893 
 .524 .436 
 1.000 .914 .489 .471
ROSEIRES 
 .893 1.000 
 .310 
 .281 .914 1.000 .315 .339
MALAKAL 
 .524 
 .310 1.000 .799 489 .315 1.00 .928

MOUGALLA 
 .436 .281 
 .799 1.000 
 .471 .339 
 .928 1.000 
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Attachment C: Stochastic Model of Nile Inflows to Lake Nasser
 

Results of the Disaggregation lodel Test Runs
 

The model was used to disaggregate 41 years of annual flows from
 

the same 4 gaging stations used in the broken line streamflow generator.
 

The disaggregation scheme is shown in figure 1. Annual values are
 

disaggregated into biannual values, biannual values are disaggregated into
 

seasonal values, and each season is disaggregated into 3 monthly 
values;
 

Instead of using synthetic flows
 a total of 6 disaggregation processes. 


generated by the broken line model, historical flows were di.aggregated
 

so that results could be judged independently of an external model.
 

Results of the test are summarized in the following tables 7 to 15. 

For each disaggregation level, historical mean, standard deviation and
 

skewness is compared to resulting values for each station and the 
historical
 

cross correlation matrix is compared to the matrix computed from
 

disaggregated values.
 

Means, standard deviations and cross correlations were preserved.
 

Skewness was preserved in most cases although there is no explicit
 

mechanism for the preservation programmed.
 



FIGURE 1. DISAGGREGATION SCHEME 

LEVEL 1 LEVEL 2 LEVEL 3 

JAN FLOW 
,PMONTH 1 

JAN-MARCH FLO FEB FLOW>MONTH2 

SEASON I 
MARCH FLOW 
NMONTH 3 

JAN-DEC FLOW 
ANNUAL 

/ 

.... I 
JAN-JUNE FLOW ! 

2" BIANNUAL 1 

1', 

"',.,W'/' 

APRIL-JUNE FLO 

.,SEASON 2 
. "JUNE 

3 

-M 

APRIL FLOW 
MONTH 4 

MAY FLOW
ONTH 5 

FLOW 
- .MONTH 6 

iMONTH 7 

'-JULY-DEC FLOW' 
JULY-SEPT FLOSEASON 3,,OT8 

FLOW 

SEPT FLOW 

BIANNUAL 2 

OCT FLOW 
MONTH 10 

Each box is a disaggregation process. 
There are 6 processes in 3 levels. 

OCT-DEC FL0 
SEASON 4 low-

.. ............. 

. 

" --

NOV FLOW 
MONTH 1I 

DFC FLOW 
CMONTH 12 



TABLE 7. DISAGGREGATION MODEL
 

STATISTICS OF BIANNUAL VALUES
 

STATION SEASON M S y 

WADI HALFA JAN-JUNE H 13600 3000 2.05 

S 13600 2500 2.18 
JULY-DEC H 72200 12600 0.38 

ROSEIRES JAN-JUNE 

S 

H 

72100 

4200 

13200 

1000 

0.19 

0.92 

S 4300 800 0.04 
JULY-DEC H 45200 9000 -0.02 

MALAKAL JAN-JUNE 

S 

H 

44500 

10000 

8900 

2500 

0.19 

3.35 
S 10000 2400 2.71 

JULY-DEC H 17400 1900 0.76 

MONGALLA JAN-JUNE 
s 

H 
17400 

11500 
1900 

3500 
1.39 

1.93 
S 11500 3500 1.97 

JULY-DEC H 14900 4500 2.13 
S 14900 4300 1.96 



TABLE 8. DISAGGREGATION MODEL 

HISTORICAL BIANNUAL VALUE CROSS CORRELATION MATRIX 

STATION SEASON 

WADI HALFA JAN-JUNE 1.00 -.01 .49 .04 .92 .46 .65 .40 

JULY-DEC 1.00 .32 .90 .06 .63 .10 .44 

ROSEIRES JAN-JUN4E 1.00 .37 .41 .28 .20 .04 

JULY-DEC 1.00 .01 .56 .07 .41 

MALAKAL JAN-JUNE 1.00 .59 .82 .52 

JULY-DEC .1.00 .59 .74 

MONGALLA JAN-JUNE 1.00 .71 

JULY-DEC 1.00 



TABLE 9. DISAGGREGATION MODEL 

CROSS CORRELATION MATRIX OF SIMULATED BIANNUAL VALUES 

STATION SEASON 

WADI HALFA JAN-JUNE 1.00 .03 .50 .01 .95 .65 .70 .43 

JULY-DEC 1.00 .53 .84 .11 .68 .22 .42 

ROSEIRES JAN-JUHIE 1.00 .43 .42 .54 .17 .05 

JULY-DEC 1.00 .00 .58 .12 .42 

MALAKAL JAN-JUNE 1.00 .69 .81 .52 

JULY-DEC 1.00 .75 .73 

MONGALLA JAN-JUNE 1.00 .79 

JULY-DEC 1.00 



TABLE 10. DISAGGREGATION MODEL
 

STATISTICS OF SEASONAL VALUES
 

STATION M S y 

WADI HALFA SEASON 1 H 8100 1700 1.55 
S 8000 1700 2.66 

2 H 5400 1600 1.94 
S 5600 1200 0.29 

3 H 45800 8200 -0.01 
S 45900 8800 -0.05 

4 H 26400 5500 0.94 
S 26300 5400 0.61 

ROSEIRES 1 H 1600 400 -0.00 
S 1600 300 1.81 

2 H 2600 900 1.75 
S 2700 800 -0.01 

3 H 34700 6800 -0.02 
S 34400 7200 0.03 

4 H 10600 3000 0.19 
S 10200 2800 0.25 

MALAKAL 1 H 5200 1900 3.32 
S 5200 1800 2.43 

2 H 4800 700 2.33 
S 4800 700 2.44 

3 H 8100 800 1.61 
S 8100 800 2.15 

4 H 9300 1300 0.76 
S 9300 1200 1.18 

MONGALLA I H 5300 1800 2.27 
S 5300 1800 2.16 

2 H 6200 1800 1.65 
S 6200 1800 1.62 

3 H 7800 2300 1.60 
S 7900 2200 2.06 

4 H 7000 2300 2.45 
S 7000 2200 1.51 



TABLE 11. DISAGGREGATION MODEL
 

HISTORICAL SEASONAL VALUE CROSS CORRELATION MATRIX
 

STATION
 

WADI HALFA SEASON 1 1.00 
 .66 .00 
.08 .83 .09 .03 -.06 
 .90 .72 .63 .33 
 .67 .61 
 .49 .45
 
2 1.00 .01 -.14 .56 .41 .13 -.07 
 .78 .75 .57 .21 
 .53 .48 .28 .19
 
3 1.00 .68 .14 .38 .91 .54 -.02 
 .10 .33 .60 -.11 .08 
.33 .30
 
4 
 1.00 -.05 .20 .63 .87 
.11 .11 .35 
 .76 .13 
 .21 .47 .57
ROSEIRES 
 1 1.00 .19 .16 -.18 
 .67 .54 .40 
.12 .43 .38 
.33 .28
 
2 
 1.00 .42 .23 
 .12 .43 .30 .16 .03 
 .09 -.10 -.04
 
3 1.00 .61 
-.01 .12 .29 .62 -. 01 .12 .37 .33
 
4 

1.00 -.03 -.04 
 .11 .62 .02 .13 
 .35 .47
 
1 

1.00 .84 .76 .40 
.81 .72 .54 .51
2 

1.00 .82 .37 .80 .77 .46 
.43
 

3 

1.00 .70 .71 
 .69 .62 .55
 

4 
1.00 .39 
 .48 .73
MOUGALLA .71
1 

1.00 .89 
.64 .57
 
2 

3 
1.00 .77 .74 

1.00 .92 
4 

1.00 



TABLE 12. DISAGGREGATIO I MODEL
 

CROSS CORRELATION MATRIY OF SIMULATED SEASONAL VALUES
 

STATION 

WADI HALFA SEASONi 1 1.00 .56 -.01 .24 .81 .07 -.04 .01 .94 .87 .81 .59 .81 .75 .51 .54 

2 1.00 -.06 -.10 .48 .44 .09 -.07 .66 .73 .55 .28 .42 .32 .22 .11 

3 1.00 .70 .24 .42 .84 .51 -.03 .13 .45 .63 .11 .12 .37 .26 
4 1.00 .25 .36 .48 .84 .25 .25 .48 .74 .30 .35 .44 .54 

ROSEIRES 1 1.00 ".12 .14 -.02 .76 .68 .71 .54 .58 .51 .47 .49 
2 1.00 .29 .30 .13 .29 .33 .27 -. 01 -. 05 -. 13 -. 19 
3 1.00 .52 -.10 .11 .33 .56 .04 .11 .40 .25 
4 1.00 .03 .06 .19 .59 .10 .2u .36 .49 

KALAKAL 1 1.00 .89 .80 .54 .80 .70 .47 .51 
2 1.00 .88 .55 .85 .76 .50 .47 
3 

1.00 .81 .84 .77 .65 .55 

4 
1.00 .62 .65 .75 .69 

HONGALLA 1 
1.00 .92 .74 .67 

2 
1.00 .81 .78 

3 
1.00 .89 

4 
1.00 



TABLE 13. DISAGGREGATION MODEL
 

STATISTICS OF MONTHLY VALUES
 

STATIOn M S y 

WADI RALFA MONTH 1 H 3500 700 0.28 
S 3500 600 1.82 

2 H 2400 600 1.26 

S 2300 600 2.46 

3 H 2200 700 1.65 
S 2200 700 1.59 

ROSEIRES 1 H 800 200 -0.29 

S 800 100 1.81 
2 H 500 100 0.43 

S 500 100 1.97 

3 H 400 100 1.13 

S 300 100 0.55 
KALAKAL 1 H 2200 800 1.75 

S 2100 800 1.87 
2 H 1500 600 3.67 

S 1600 600 2.18 
3 H 1500 600 5.11 

S 1500 500 2.08 
MNGALLA 1 H 1900 600 2.32 

S 1900 600 2.21 
2 H 1600 600 2.15 

S 1600 500 2.09 

H 1700 "600 2.24 

S 1700 600 2.07 



TABLE 14. DISAGGREGATION MODEL 

HISTORICAL MONTHLY VALUE CROSS CORRELATION MATRIX 

STATION 

WAD! IIALFA MONTH 1 1.00 .91 .50 .83 .81 .57 .77 .69 .58 .50 .50 .50 

2 1.00 .71 .77 .76 .60 .92 .82 .69 .62 .64 .65 

3 1.00 .59 .55 .55 .79 .83 .75 .65 .66 .67 

ROSEIRES 1 1.00. ,.92 .63 .67 .59 .47 .36 .38 .38 

2 i.00 .65 .61 .62 .53 .39 .40 .40 

3 1.00 .58 .56 .52 .40 .42 .44 

MALAKAL 1 1.00 .88 .74 .66 .67 .68 

2 1.00 .93 .81 .82 .82 

3 1.00 .85 .84 .85 

MONGALLA 1 1.00 .99 .98 

2 1.00 .99 
3 1.00 



TABLE 15. DISAGGREGATION MODEL 

CROSS CORRELATION MATRIX OF SIMULATED MONTHLY VALUES 

STATION 

WAD! RALFA MOI(TH 1 1.00 .90 .59 .8C .75 .24 .81 .79 .71 .73 .72 .71 

2 1.00 .78 .78 .70 .35 .94 .88 .77 .82 .83 .83 

3 1.00 .70 .66 .40 .79 .83 .76 .65 .66 .67 

ROSEIRES 1 1.00. .88 .39 .75 .71 .59 .57 .58 .57 

2 1.00 .24 .66 .75 .70 .57 .56 .53 

3 1.00 .45 .32 .25 .24 .25 .29 

4L.AKAL 1 1.00 .89 .72 .72 .72 .72 

2 1.00 .93 .78 .77 .77 

3 1.00 .81 .79 .79 

MORIGALLA 1 1.00 .99 .98 

2 1.00 .99 

3 1.00 
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V.2 	NILE DELTA GROUNDWATER STUDY
 

Progress Report
 

June 1, 1977 - August 31, 1977
 

Project Objectives.
 

1. 	Develop a numerical model for the prediction of seawater
 
intrusion and piezometric head in coastal aquifers involving
 
irregular coastline.
 

2. 	Apply an existing aquifer model AQUIFEM and, later, the sea­
water intrusion to the Nile Delta aquifer to evaluate aquifer
 
water supply capacity (safe yield), aquifer cyclic storage
 
capability, and ir'igation and drainage effects.
 

3. 	Study the details o' seawater intrusion in the Delta aquifer
 

in order to formulate boundary conditions for the model and
 
to evaluate model results.
 

4. 	Evaluate the need for more sophisticated model studies in
 

the future, due to the complexity of the seawater intrusion
 
problem.
 

5. 	Transfer modern groundwater modeling techniques to Ministry
 

of Irrigation staff and Cairo University faculty.
 

6. 	Study the conjunctive use of surface water and groundwater
 
in the Nile Basin. 

The first year of the study will concentrate on AQUIFEM application,
 

model development, data preparation, and a detailed i.ialyois of the seawater 

intrusion process. The application of the seawater intrusion model to the 

Delta aquifer is scheduled for tile second year of the project, to be 

proposed at a later time.
 

Progress Daring Report Period: 1 June - 31 August, 1977. 

At the beginning of the report period, Professor John Wilson and 

Mr. Kenneth Strzepek visited Cairo for Lhree weeks. A great deal was 

accomplished during tile short stay in Egypt. Two formal seminars were given 

to an audience of Ministtry of Irrigation and Cairo University staffs. Tie 

seminars were entitled, "Simulation Modelling an Analytical Technique" and 

"Guidelines for Simulation Analysis." Additional informal seninars were 

held on the topic )f seawater intrusion in coastal aquifern and in the Delta 

aquifer in partictilar. A meetlng waii held with Ills Excellency Abul El 'ta, 

Minister of Irrigation. lie was pleatied that our project was being undertaken 

and gave hi tstipport by stating that all the data that we needed would be 

provided.
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A series of meetings %.re held with Dr. Kamal Hefny and 
his staff at
 

the Groundwater Research Institute, to discuss existing 
data for the Delta
 

A
 
aquifer and the program of analysis planned for the 

coming six months. 


Primary

report containing compiled data was presented by Dr. 

Hefny's staff. 


attention will be given to collecting additional information 
on the hydraulic
 

Because AQUIFEM (Aquifer
conductivity of the aquifer and the clay cap. 


Finite Element Model) is probably too large for 
long-term use on the Univer­

sity Computer, a finite difference model, called NILAQC, 
will be developed to
 

replace it for the preliminary analyses.
 

Professor Shecif M. Makian Ebeid, of the Electrical 
Engineering
 

He helped
 
Department, Cairo University, joined the project 

during our visit. 


implement AQUIFEM on the University computer, 
and during August updated it
 

the staff because of
He is an excellent addition to 
with the latest code. 


his familiarity with computer models and with 
the Delta hydrology.
 

Professor Abdelwahab Amer of the University 
devoted his full time to
 

A traiing program for university students 
in
 

the project during our visit. 


groundwater modeling is under his direction 
with the help of Dr. Makian.
 

While
 
Professor Amer travelled to M.I.T. at the beginning 

of August. 


here, he helped develop a finite element grid 
for the entire Delta aquifer
 

Since then the
 
and saw it implemented for the central portion 

of the Delta. 


model has been used to revise estimates of 
vertical recharge and discharge
 

Professor Amer also studied basic
 due to leakage through the clay cap. 


elements of numerical models and collected 
literature on seawater intrusion
 

to be used in the training program.
 

Professor Ebeid has applied NILAQC to the Delta aquifer to evaluate
 

first cali­
parameters and boundary conditions. The approach has been to 


brate the model using the relatively steady 
state piezometric heads of
 

calibrate for trangient conditions using observed
 current conditfoio,, then to 


This technique should provide an
 heads for years prior to the High Dam. 


Then the model will be available
 
indication of seawater interface movement. 


f,: preliminary evaluation of steady state safe 
yield.
 

Several new analytical seawater intrusion models 
have been developed
 

to account for the conditions observed in the data obtained 
during the June
 

re oriented toward providing mix regions of 
recharge/


visit. Theun models 


the distance from the coastline.
 
discharge throuph the clay cap, depending on 
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Part of the Delta aquifer study is oriented toward a preliminary appli­

cation o'. NITSIM, the river basin simulation model and the evaluation of
 

A series of meetiigs were held
future opportunities for systems analysis. 


with Sarwat Fahmy of the Ministry of Irrigation who is the Egyptian director
 

We were given the utmost cooperation
of the Office of the Water Master Plan. 


and all the data we requested that was available was supplied promptly.
 

Additionally, a great deal of time was spent working with Dr. Elassiouti,
 

Head of the Irrigation and Hydraulics Division of the Faculty of Engineering,
 

A training

Cairo University to introduc" the concepts of system analysis. 


program in "System Analysis in Water Resources Planning" was 
begun for the
 

Cairo University staff expected to participate in the official project.
 

this project

Many contacts were made that will be useful in the future 

as 


Among them was a visit to the Hydraulics Research Center
 becomes full scale. 


at the Deltaic Barrage.
 

After arrival back in the United States the existing MITSIM 
was
 

The data obtained in Egypt
modified to meet the needs of the Nile Basin. 


was analyzed and a simulation analysis was performed to analyze 
the opera­

tion of High Dam and the Toska Spillway. These preliminary results will be
 

sent to the Ministry staff for comments and suggestions. Also theoretical
 

work is being conducted to establish statistical confidence in 
the results
 

obtained from the simulation analysis.
 

Future Activities, Travel and Seminars for Next Period.
 

The goals for the fall period of the project are:
 

Complete prelimlary NILAQC and AQUIFEM calibrations and
1. 

safe yield analyses of the Delta aquifer.
 

Compile and organize the steady state analytical seawater
2. 

intrusion studies with applications.
 

3. 	To complete the transient analytical models of seawater
 

intrusion.
 

To make the final choice of approach for the numerical
4. 

seawater intrusion model.
 

To continue data collection and preparation efforts for
5. 

Nile Delta.
 

6. 	To continue background studies for the use of simulation
 

and other systems analysis techniques in the Nile River
 

Basin and complete the preliminary evaluation of the High
 

Dam 	and Toska Spillway.
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7. 	Additional training of staff by Professors Amer and Ebeid of
 
staff in the use of groundwater models and in groundwater
 
hydrology.
 

In late December Professor Wilson and Professor David Marks will visit
 

Cairo to:
 

1. 	Give formal seminars of groundwater modeling and seawater
 
intrusion in aquifers.
 

2. 	Continue liaison regarding data for Nile Delta and River
 
Basin Simulation "odels: data, results, coordination.
 

3. 	Explore grounds for water resources systems analysis project
 
connected to the Water Master Plan.
 

This trip will be proceeded by Dr. Hefny's visit to M.I.T., in late
 

Qctober. Dr. Hefny will spend one week at M.I.T. and a second week with the
 

Water Resources Department of the State of California studying their seawater
 

intrusion control barrier plans and groundwater management.
 

Difficulties Encountered
 

It has been discovered that the Cairo University Computer System will
 

be inadequate to meet the needs of running MITSIM. MITSIM requires approxi­

mately 400 K words of storage and the Cairo University facility has approxi­

mately 250 K. A program overlay is possible; however, overlays have never
 

been performed at Cairo University before. The seawater intrusion model to
 

be built will also require relatively large core, unless it is designed from
 

the outset to be disc-oriented. AQUIFEM fits on the computer, but is not an
 

efficient program for the ILC logic. Some alternative arrangements should
 

be made that will meet our needs as well as be acceptable to Cairo University.
 

Another problem is that in the Division of Irrigation and Hydraulics
 

no one has a knowledge of numerical modeling and system analysis techniques.
 

A large part of our effort must be to educate the staff in these modern
 

techniques. This, however, does take a great deal of their time, slowing
 

the 	analysis process.
 

There is inadequate data describing the location of the seawater wedge.
 

Deep cores were drilled many years and then abandoned, for a one time measure­

ment. Several deep wells are currently being drilled in the Eastern Delta.
 

However, there are numerous measurements in shallow wells which accurately
 

locate the intersection of the interface with the clay cap. This lack of
 

information of the interface may greatly increase the uncertainty of develop­

ment alternatives and slow down the analysis phase of the project.
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A.I.D. Investment Opportunities.
 

There are significant investment opportunities in the deep exploration
 

of the Delta aquifer. The purpose would be to better define the spatial and
 

temporal characteristics of the seawater interface and its zone of transition,
 

and to locate the basement or bottom of the aquifer. Secondary benefits
 

would be derived in the form of estimates of vertical hydraulic gradients
 

and 	vertical variation of hydraulic conductivity. A series of longitudinal
 

and 	lateral boring would be required.
 

Supplemental Progress Report - August 30, 1977.
 

Summary for River Basin Simulation Study.
 

1. 	The Ministry of Irrigation is currently addressing the problem
 

of developing an overall systems plan of Egyptian Water
 

Resourcei. This plan is being carried out by the Office of
 
to include Egyptian
the Water Master Plan and the UNDP. It is 


as well as expatriate staff. They wish to employ modern water
 

resources system analysis techniques, but at present have no
 

ability to do so. The first phase of the project is devoted
 

to data collection. The present data set is rather limited
 

or found in another Ministry.
 

2. 	The current project is very well suited to fit into the
 

The need for analytical tech­Ministry's planning process. 

niques can be provided by the project especially with M.I.T.'s
 

experiences in international River Basin Planning. The
 

project can also help with more efficient data collection by
 

providing a focus for the data collection. By introducing
 

these techniques there will be a need to train Ministry
 

personnel in these techniques.
 

The 	future direction is seen in reviewing the requirements of
3. 

the planning process and designing methodologies and imple­

mentation of planning tools to design a Master Plan for Water
 

in Egypt. These topics will be discussed during Professors
 
Marks' and Wilson's December trip.
 

Summary for Nile Delta Study
 

1. 	The Ministry of Irrigation currently has limited capability
 

for employing modern techniques of groundwater analysis,
 

particularly numerical models. Until recently all modeling
 

was done by expatriate staff on U.N. projects. Now, Dr. Ebeid
 

of the University has become involved in modeling, including
 

one 	other project prior to this. However, he is a consultant
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The data base
to the Ministry rather than a staff member. 

not oriented toward those items
collected by the Ministry is 


of most interest in resource evaluation. This is typical
 

where the data has not been drawn together in a systematic
 

analysis of the resource. There are also gaps in the data,
 

attributable to lack of funds rather than approach. The
 
Jeep portion of the Delta
 sparse information available for the 


aquifer is an example.
 

The current project can strengthen the Ministry by improving
2. 

analytical capabilities, and through these capabilities demon­

strating the importance of various types of data.
 

3. Near term future research in this project will primarily be
 

directed toward the development of a numerical model of sea-


Additional topics being
water intrusion in the Nile Delta. 


considered include an evaluation of the New Valley Develop­

ment, the use of systems techniques to improve data collection
 

and analysis, and a detailed level study of river aquifer
 
It would be particularly
interaction in Upper Egypt. 


valuable to the Ministry to enhance the data collection program.
 

It is anticipated that the seawater intrusion study will take
 
Addi­an additional two years from the date of this report. 


tional studies will be for at least a two-year period.
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V.3 	HOUSING AND THE CONSTRUCTION IWDUSTRY 

Progress Report 

June 1, 1977 - September 1, 1977 

I. SYNOPSIS OF PROJECT. (See initial project proposal and progress re­

port of June 1 for detailed description.): The project includes three
 

subprojects with each covering a particular aspect of the housing situa­

tion 	in Egypt. The work program for the projects is essentially int 

three phases: Phase 1) familiarization with situation of Egypt, identi­

fication of data required, initiating collaborative contacts with appro­

priate government agencies, and detailed structuring of research; 2) col­

lection of required data through field surveys, publishedl eports, dis­

cussions with the various ministries, and outlining tentative areas of 

conclusions and recommendations; and 3) evaluation and analysis of data, 

preparation of recommendations, discussions of preliminary conclusions 

with 	 informed officials and professionals, preparation of final report, 

and identification of areas/issues which require further detailed research. 

The subproject "Housing and Public Policy" is concerned with national 

housing policy with the objective of developing a model for evaluation
 

of public policy options. A basic model of the housing market has been 

developed based on extensive discussions with ministry experts, previous 

studies, and field research. Sufficient specific data which are required 

to test alternatives have been collected to allow initial limited computer 

runs to t..st the model as well as to suggest preliminary recommendations. 

The final phase of the work will focus on calibration of the parameters 

of the computer model through inputs of more refined detailed data. Var­

ious alternative scenarios will be tested for consideration of the minis­

tries concerned with houni,.
 

The goal of the subproject "Housing Construction Industry and Mater­
ials Supply" is to determine priorities for the allocation of resources 

and investments t ) increase the ava1labjIity of building materials. The 

focus '.s on resources, production, distribution, and consumption of 

selected materials, both conventional and non-conventional. Extensive 

datahawv been collected on cement, bricks, steel, glann, and gypsum, and 
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data arealmost complete for lumber, floor tiles, and sanitary fixtures.
 

Consumption data are still being prepared. The data will give some indi­

cation of housings' share in production and consumption of major building
 

materials and allow the determination of alternative scenarios of materials
 

usage in housing. Recommendations will be developed in the final phase
 

for maximizing the efficiency of use of both traditional and alternative
 

materials.
 

The final subproject, "Housing Construction Systems and Design Norms,"
 

is concerned with developing guidelines/references for appropriate housing
 

and physical planning. There are two primAry areas: 1) a study of the
 

industrialized building systems in Egypt with focus at the dwelling
 

scale; and 2) a study of :he larger scale aspects of the planning of
 

settlements. In gathering data for boti areas, particular stress has
 

been given to a field survey undertaken in six selected low-income areas.
 

These surveys are intended to be the prime source for determination of
 

user needs, physical characteristics of dwellings, existing space standards
 

and costs, and income correlations. Close collaboration has been estab­

lished with one of the plants producing prefabricated panels and the
 

study of industrialized building systems which allows direct applicabil­

ity in recomendations and possible testing of modified designs in future
 

research. Also, direct working collaboration has been initiated with the
 

group concerned with settlement patterns/standards and the General Organ­

ization for Physical Planning which is responsibl], among other tasks,
 

to assist towns throughout Egypt in preparing master plans and housing
 

subdivisions. The planning group intends to develop alternative planning
 

models for low-income areas based on existing and proposed codes, existing
 

settlement realities, and developer/financing mechanisms in the last
 

phase of the work. 

Joint recommendations will be prepared combining inputs from all 

subproject areas for the final phase of the work. 
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II. 	 STATUS OF PROJECTS: All of the subprojects are now in the final 

of data, and preparing conclusions andphase of analysis/evaluation 

recommendations. 

the data Wave been collected by theA. 	 Activities completed: Host of 

several field trips have been undertaken directedsubprojects, and 


toward securing the required data.
 

Data collection - all subprojects have essentially gathered the 

bulk of data required as support for their interest areas. The Housing 

Economy group has gathered information in two areas: a) material for 

b) data for the
determining the structure of the housing model; 


This information has
calibration of the parameters of the model. 


allowed the initial structuring of the model and the testing of the
 

computer program. The Materials group has nearly completed its data collection
 

for cement, steel, brick, gypsum and glass, particularly in the production
 

area. Sanitary fixtures, lumber, and floor tiles are in the process of 

being surveyed and should be completed in September. The study on Indus­

trialized Systems has been focusing its efforts on only one of the 

pre-fab systems imported from East Germany as a test case. Intensive 

meetings have been held with both the company's technical experts as 

well as with the designers of the first buildings with that system. The 

Site Planning group has focused itq data collection efforts on reference 

case studies of existing settlements, existing and proposed standards
 

for housing and planning, and utility intrastructure standards and costs.
 

Only the utility information 	is not yet complete at this point.
 

Field trips - All subprojects have had several working trips to 

Cairo. The emphasis was for M.I.T. tem members to work in Cairo during 

the summer to participate in the data collection efforts. Cairo members
 

will meet with counterparts 	 at M.I.T. during the fall during the prepar­

ation of the initial summary 	report. 

B. Activities planned: The focus of the last phase of the work is on 

the preparation of specific, clear recommendations for the use of the 

various ministries. The "product" from each of the subprojects will be 

as follows:
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From Economy Study: a model of the Egyptian housing economy with
 
various public policy alternatives tested through a computer analog.
 

From Materials Study: 
 a) detailed data on 3pecific materials
 
including production, distribution, and consumption. b) specific recom­
mendations as to possible causes of shortages and inefficiencies, and
 
Dotential means to alleviate such constraints in building materials for housing.
 

From Industrialized Systems Stu,.y: a) development of an evaluation
 
system for prefabrication systems in Egypt. 
b) analysis and redesign of
 
specific system in Egypt as pilot study to serve as model for other systems
 
to be analyzed in future.
 

From Site Planning Study: a) documentation of 6 selected low income
 
areas studied through field surveys carried out during the summer 1977
 
b) a comparative evaluation of old Cairo, a public housing project, and
 
an informal sector areas as a 
basis for developing alternative physical
 
planning models for future large scale housing developments.
 

Field trips: Field trips are 
planned by Cairo University personnel
 
to H.I.T. to discuss/prepare the final report 
as well as to bring remain­
ing data which sere collected.
 

Conference on Corntruction in Developing Countries: Members from 
both M.I.T. and Cairo University are planning to attend a 4 day conference
 
sponsored by the World Association for Element Building and Prefabrication.
 
Presentations will be made by industrialized housing experts who have
 
experience in developing country situations. In addition factory visits
 
will be made to several of the parent companies whose panel factories 
are now being imported into Egypt.
 

Joint N.I.T./Cairo University Meeting: 
Working sesoions are planned 
to be held at M.I.T. duriog the 2 week period of September 26 through 
October 7. The purpose of the sessions is to discuss the progress/ 
status of the research up to this point, to make plans for the completion 
of the initial phase of the research, and to investigate alternatives 
for future long term proposals. Participants from Cairo University will 
be a member from the Haterials group and all members of the Economy, 
Industrialized Systems, and Site Planning groupu. Three ministry officials 
from the General Organization for Physical Planning, Ministry of Housing
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and Reconstruction, have also been invited to attend. 
Aside from the
 
specific seminars devoted to present and future phases of the work, 
group meetings will be devoted toward discussions of specific housing 
issues critical to the Egyptian situation. Side trips would also be
 
arranged to specific housing interest areas in Boston including
 
a pre-casting factory, on-going housing projectR, and meetings with various
 
experts from area universities.
 

C. Initial Preliminary Conclusions: Tentative recommendations which 
will be made at the end of the initial phase of the work can already
 
be narrowed down into several areas: 
1) Particular emphasis/study should
 
be directed toward the informal sector of housing. This group, roughly
 
estimated at 50-75% of all new construction, must be considered in any future 

development plans of Egypt; 2) The demand for several building materials
 
is already exceeding the present actual production and emphasis must be
 
placed on more efficient use of existing materials/methods and investi­
gation of alternative, non-conventional materials; 3) The prefabricated 
housing systems imported into Egypt must undergo extensive modifications, 
both in the design of prefabricated elements and In the design of the
 
dwelling unit in order for them to be acceptable for low income housing; 
4) The problem of low income housing is not with the individual dwelling 
itself, but one of government provided servicee/utilities. Government
 
efforts should be directed toward providing basic infrastructure, services,
 
and more appropriate land distribution and subdivision, and should focus
 
on larger scale issues at the settlerent scale instead of the individual
 

dwelling.
 

III. APPLICABILITY OF WORK TO GOVERNMENT MINISTRIES. The research of 
all of the three subprojects is intended to assint the various ministries 
In their work. The Housing Economy group's result should be o, particular 
use to the Ministry of Planning a.i well as the Ministry of Housing and 
Reconstruction. 
The model being developed should allow experimentation with 
various public policy options before actual implementation. Specific 
policy changes could be tested, for example, relaxation of rent control, 
and their impact on other sectors of the economy could be ascurtained. 
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The work of the Materials group should be of direct use for the Mininstry 

of Housing and Reconstruction, the Ministry of Planning and the Ministry
 

of Industry. Priorities of investments, areas of shortages for the specific 

building materials and realistic alternatives with non-conventional materials
 
will be included in some of the recommendations of the work of the initial
 

phase. 

The work of the Industrialized Housing group should be of direct use 

to the various government owned companies charged with using the imporced 
prefabricated systems. Appropriate policies of use as well as specific 
recommendations for modifications should be of interest to each company. 

The Site Planning group is focusing its work for specific use of the 
General Organization for Physical Planning (GOPP) in the Ministry of Housing 
and Reconstruction. Use of the work is for government housing 
investment policies to emphasis land control and provision of infrastructure. 

The work would be directly used in that the strong ties established 
include 2 full time architects/plannars from the Ministry to assist in 

the work. 

IV. FUTURE DIRECTIONS/TOPICS. Specific areas considered for future 

research Included the following: 
From Housing Economy study: further refinement of model with the
 

addition of more specific data.
 

From Materials study: further research in new uses of conventional
 
and non-conventional materials with the testing of new materials in real
 

applications; further resenrch into productivity of building materials
 

production .nd use: evaluation of the effici-ncy of materials themselves
 
as now used as well an that of labor, capital (equipment) and other materials 

used in production and installation; research into other non-material
 

constraints on housing production: manpower, construction equipment, and
 

capital.
 
From Industrialized Systoms study: expansion of study to include the 

other large panel syntmn now being erected in Eqypt; tenting of actual 

redesign of panel systems with full size prototypes. 
From Site Planning itudy: three area. were identified an appropriate 

to both MIT and GOPP interests: teaching, research, and practical applications.
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teaching: discussions centered around offering a seminar in the GOPP 

during March of next year; participants would be approximately 10 people 

from the GOPP in an intensive 10 day session evaluating a specific pro­

ject as a vehicle for discussion and as a means of presenting planning 

issues. Also, possibilities were discussed, where an outstanding junior 

member of the GOPP could attend M.I.T. as a student in the Master of 

Architecture program. 

research: continued development of basic documentation of reference areas 

of land/dwelling systems; '--velopment of planning models of new areas
 

considering staging, low income people, and cultural and economic situa­

tion.
 

practical: demonstration of principles in a specific site, both in a
 

desert area of development, and in an expansion area in the agricultural
 

region.
 

A brief summry of the status of each of the three subprojects follows.
 

Each includes Synopsis of Projoct, Status, including activities completed and
 

planned; Applicability of work to ministries; and Future directions/topic.
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Subproject: 

HOUSING ECONO4Y AND PUBLIC POLICY
 

I. SYNOPSIS OF PROJECT. The subproject represents an attempt to develop a
 

working simulation model of the Egyptian housing economy, and to use this
 

model in establishing and evaluating Egyptian housing policy. The proposed
 

model departs from traditional modeling efforts indeveloping coun'ries in
 

several respects. The first and most important in that the model is not a
 

direct normative or planning model. It contains no objective function which
 

is either directly or implicitly maximized. Instead the model is a positive
 

forecasting tool, although unlike thone developed before. This in the unique
 

feature of the model -- it directly models the institutions that characterize
 

Egyptian housing. These include severe rent control, partial public control over
 

irvestment and prices, and an extensiv,, black market. "1he model take:; thtc-e insti­

tutions as given and tries ro predict individual behaviour within them. This 

raises the third advantage of the model -- it contain. a wide range of policy 

parameters. In the short run these Include government set housing rents and 

material prices, public housing investment and factor supplies. In the longer 

run, the model can be adopted to study the consequences of institutional 

changes such as the elimination of rent control.
 

A model so -ructured offers a numbe'r of advantages as a tool in public 

policy making. Because it is net within the local inrtit,itional framework,it 

cannot be discarded as "unrealistic". .;.vcondly, ItItn principle can provide pol­

icy makers with rough entimnten atmiot th. long riln) consllquentc i of alternative 

policies. An such, the itot;ilng 1c:onomy Subpr oject in;tcnd n to try to d,vilop it 

local, Egyptian capacity to run ,anid modify tho model--and to IntegritteIt into 

portions of the houing decision making process. 

II. srATUS OF PRoiJCT. During the first 9 eionths of the ntubproject, four Lanka 

or goals were identified. To date tvo of the tanka have been nucconafully 

completed. 
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1. The first task involved developing an "understanding" of the Egyptian
 

housing economy: How it works, public-private responsibilities, regulation,
 

etc. Such "knowledge" was acquired through several trips and extensive
 

talks with contractors, builders, academics, and government officials. At this
 

point, project staff feel that they have a good understanding of the logic and
 

structure of Egypt's housing economy.
 

2. The second task involves translating this understanding into a specific
 

computer-based model. Over the last serveral months, the project staff have
 

been designing and programming such a model, in Fortran, on MIT's IBM360
 

series computer. The model is 9till being tested and debugged now, but the
 

staff feels this portion of the project is progressing well. This final
 

model will be operable on several Egyptian computers. A more detailed dis­

cussion of the model is found in Attachment A. 

3. The third task is to develop close working relations with academics at
 
Cairo University and government policy makerq in various ministries, who
 

would aid in the development of the model and be likely candidates to later
 

use it. The projec staff feel to date that we have not been very successful
 

in accomplishing this. So far, no economists have been found with sufficient 
experience in housing problems, and no archr,cts or planners seem to 

have experience in economic modeling. Our only successful academic 

contact to da'e Is Professor M.A. Barrada. Things are not appreciably better 

at the ministerial level. The Ministry of Housing and Reconstruction is a 
very "administrative" organization, with few planning functions. As such, 

their responsiveness to some of our overtures has been weal'. The Ministry 

of Planning offers a potentially greater link, but we are only now beginning 

to explore thits. 

4. The final taak in to assemble, from various sources, data needed to 

calibrate the model. The project Is fully aware of what data are and are not 

available, bat to date, we have been only moderately successiful in acquiring 

thetm. We currently have data requstiv in at the Ministries of Houstng and 

Planning, and at the official cenatu aLgency, CAPHAS. 
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III. FUTURE DIRECLLONS. The housing economy subproject currently envisions an 

It is felt that the time is necessary
extension through the summer of 197b. 


to finish the model, acquire data, expand the Egyptian contacts and actually 

begin using the model to analyze policy. The following timetable is suggested 

for these tasks: 

-Finish model: Sep. '77 - Dec. '77
 

-Expand Egyptian contacts: Sep. '77 - Feb. '78
 

-Acquire data: Sep. '77 - Feb. '78
 

-Model simulations and policy analysis: Feb. '78 - July '78.
 

We feel this framework is quite reasonable and anticipate preparing
 

a formal proposal for extending the project.
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Attachment A: 

MODELING THE EGYPTIAN HOUSING ECONOMY
 

Any attempt to develop a model of the Egyptian housing economy must
 

recognize two important constraints. First, the government plays a major
 

role in regulating the private sector as well as operating a separate public
 

sector. Secondly, there is insufficient data for the application of sophis­

ticated econometric techniques. Both of these constraints are discussed
 

below, and each suggests that an algorithmic simulation approach is the
 

correct and most realistic mode of modeling. A proposed model is then
 

described along with a tentative system of equations.
 

I. Egypt's housing economy is clearly divided into a public and a private
 

sector, each with its own set of institutions and behavioral parameters. The
 

public sector currently builds essentially a single kind of middle class
 

housing and rents these at approximately 1/5 of cost. Naturally there is
 

e:cess demand, and waiting lines are long. There appears .o be no monetary
 

arbitrage in this market, despite occasional statements in the press that
 

some units are illegally sublet at higher rents. Most local housing offices
 

seem to enforce the law and so it may be assumed that the excess demand is
 

semi-permanent.
 

Egypt's private sector operates in quite a unique manner. To begin with,
 

one may imagine three submarkets existing within it: one for luxury housing,
 

the other for standard middle class housing, and the third for lower class
 

or "informal" housing. Within each submarket, the standing stock of housing
 

has rents set by law. Units built before 1968 have fairly uniform and
 

extremely low rents. Units built since 1968 have rents set ostensibly at
 

marginal production costs (generally several time higher than old units).
 

For each category of housing, therefore, there is a distribution of official
 

rents.
 

The important institution that holds this system together is a strong 

tenents'T Aghts law that prevents a tenant from being evicted as long as he 

meets the official rent. Landlord,,, therefore, cannot raise rents (even with 

a lease) because tenants will simply refuse to pay. The landlord response is 

to charge a one time entrance fee. Although this is illegal, as are rents 

above the prescribed level, it occurs only once, an a cash transaction, and 

is impossible to police. A landlord letting an apartment, therefore, is 
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essentially selling it or permanently leasing it for an initial fee plus the
 

official rent.
 

Such a system severely discourages turnover and locks a landlord into a
 

Individuals
one-time opportunity to cover the lifetime "costs" of his unit. 


rarely leave an apartment because they can at best split the new "key money"
 

with the old landlord and will be forced to pay full key money for a new
 

Each year a few old units do turn over, however, and these plus
apartment. 


new units constitute the supply of housing available for occupancy. The
 

"price" such units command is determined by demand, and once rented (effec­

tively sold), that price becomes part of the distribution of prices observed
 

in the standing stock. There is thus a substantial current divergence between
 

the average price of units within a submarket and the marginal price of new
 

or turnover units. Consumer decisions over whether to seek a new unit are
 

based on a comparison of the average-vs,-marginal price. Supplier decisions
 

are based purely on the marginal price.
 

This system has a number of interesting features to it. For example, if
 

not rising, eventually, as units turn over,
the marginal price of housing is 


the average price will equal the marginal. As this happens, more and more
 

In
people enter the market since old housing is no longer cheaper than new. 


short, the existence of hcy money eliminates rent control in the long run,
 

to tenants'
The continued existence of units with depressed rents is due more 


rights in conjunction with the steady inflation of housing costs and prices.
 

In such a s.tuation average and marginal prices continue to be different
 

although each moves upward over time.
 

The system also results in some dead weight efficiency loss. The lump sum
 

a unit is vacated prevents individuals from freely trading
fee which islost if 


with others, and thus units may be unoptimally distributed to families. Ihe
 

A great
net distributive effect of the system is difficult to ascertain. 


many poor people benefit by probably living in units they could not now afford.
 

time, those poor people who are forced to seek housing at the
At the same 


margin are much worse off paying fixed key money rather than rent. Wealth
 

among the poor is scarcer than income.
 

A final escape valve is the opportunity to double up with relatives. If
 

the number of houneholds vacating units plus new family formation exceeds the
 

units vacated plus new construction, prices rise until the excess demand is
 

Families who have doubled up
temporarily forced to seek shelter with others. 


represent a continual pool of those looking for final homes.
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II. In any economy which is characterized by multiple sectors -- some of 

which have permanent excess demand -- supply and demand curves are discontinous 

and difficult at best to identify. Such features are hard to capture with a 

system of econometric equations. Thus even if adequate data were available, 

an algorithmic simulation model might more realistically portray the features 

of Egypt's housing market. 

Reinforcing this methodological approach is the fact that a usable time
 

series on housing production, consumption, price and so forth simply does
 

not exist. Scattered pieces of information are available for selected years
 

and there is a wealth of small-sample or impressionistic information, but
 

these are clearly inadequate for econometric work. An algorithmic simulation
 

with "guestimated" parameters appears to be about the best that could be
 

expected.
 

III. The model will begin by taking the current period distribution of
 

people into houses (Nij), the previous period's set of factor prices and rents
 

(Pa, Ri, Ri) and the growth in urban families (AHj). Based on previous prices
 

some households do decide to improve their housing and others are forced to
 

vacate for random reasons. The closer average rents are to marginal ones,
 

the more this occurs (III. A., B., C.). Thi3 group, plus new families and
 

those in group quarters, constitutes each period's demand. The supply of units
 

for occupancy in each period is composed of those units vacated plus new con­

struction (CIT). New construction depends on profits which in turn are
 

estimated by the previous period's price of housing and the current prices of
 

materials. It is assumed that suppliers pay black market prices for factors,
 

either directly or impliciLly with waiting costs (in the case of queues).
 

Official government prices for materials set a floor, but not a ceiling on
 

factor costs. Given construction intentions, factor demands are developed
 

(II.A., B.).
 

Factor supplies are fixed in the short run since they are determined by
 

previous prices (if the factor is private) or by government action (if public)
 

(II., C.). The allocation of factors to contractors is determined by a short­

run market equilibrium in which prices adjust to distribute to those contrac­

tors willing to pay the most (based on expected profits) (II., D.). Construc­

tion proceeds (II., E.) and the new units are added to vacated ones for "sale" 

(IV., D.). 
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The pool of demanders is then allocated to the available stock with a
 

logit choice model (III., D.), Since most people will seek to locate in the
 

few public units that are available, this excess demand must be re-allocated
 

to the private sectors (IV,, A.). Short-run housing prices, in this marginal
 

market,are then adjusted to clear the market (IV,, B,). Again, excess demands
 

are eliminated through doubling up.
 

The pattern of allocation that results in this marginal market is then
 

used to update the overall configuration of families in units (IV., CJ, and
 

the housing prices that were necessary to clear the marginal market get
 

averaged in with those of the standing, non-active stock (V., A.). Finally,
 

of course, these marginal housing prices form the basis of consumer and
 

developer decisions in the next period. Similarly, prices established in
 

factor markets are used to establish the next period's factor supplies (II.
 

A., C.; III. A., B.).
 

This forms the tentative structure of the model. The lag structures are
 

certainly subject to change and numerous values of the various parameters
 

(I. E.) will have to be estimated. Our current view is that this will be
 

done from ad hoc data -- and then evaluating model forecasts in light of
 

recent actual market behavior.
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August 1977
EGYPTIAN HOUSING MODEL OUTLINE 


I. 	Notation
 

A. 	Subscripts
 

1. 	i - 1,m categories of housing supply 

(Example: i - 1,5 , #5 is doubling up, 4 is public housing, 

1-3 are various private types.) 

2. 	j - l,n classes of families
 

(Example: j - 1,1 low, medium, high income)
 

3. 	t - time period 

4. 	Z = type of factor z - l,p 

B. 	Prefixes
 

S - supply
 

D - demand
 

C - consumption (ex post)
 

C. 	Variables
 

All increase in number of families
 

M - units of factor
 

F - units of housing (stock)
 

I = units of housing investment
 

R 	 housing rents
 

N number of families living in standing stock
 

r = rate of return on capital
 

P = factor prices A
 

^ 
D. 	Variables with a over L.. I (e.g. I) are exogeneous.
 

E. 	Behavioral Parameters 

a W utility parameter - share of income spent on non-housing items 

0,1 - prod. coefficients
 

w( ) profit function
 

=
ML( ) supply function for non-public factors 

y, short-run adjustmnt coefficients for rents (prices) 

d - exot:cnou,; rate of annual unit vacancies 

6z short-run factor price adjustment coefficients 
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II. New Construction
 

A. 	Desired construction of new units as a function of expected profits 

T-1 - it P tTT R i 


i 1,3
ST 

DIT 1t(w 	 ) i - 1,3
i
 

B. 	Factor demand as a function of desired construction
 

DMT DIT 8 i 	- 1,3
 
- 1,p
it 	 i 


C. 	Factor supplies as a function of factor prices and goverment usage
 

for public sector construction
 

T 	A-T T

sT - CI4 841 if 	i is public factor 

T T TP- - CIT if L is private -,actor 
SilL I~P) C 4 41, 

D. 	Determine current period market factor prices to equilibriate demand
 

with fixed factor supply (based on previous period prices).
 

FP .T DM - S L = 1,p 

~,3 Dit ISj2 ~ 

E. 	Final factor consumption and unit construction
 

T DT i - 1,3
 
Cit it L - 1,p
 

CMT = CIT4


T
 

CIT a min[B 0iT . = 1,3
 

A
T 	.
 
C14
 CI4
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i. Final Housing Demand
 

A. 	Utility to families of renting new units at competitive private "rents
 

RT-1:
 
i
 

T T-1 	 i - 1,3

ii - Ri 'i 	 j - 1,3 

= MAX [U TUMAXT 
Xj i-1,3[ij
 

B. 	Utility to families of continuing to live in units at controlled rents
 
-T

Ri:
 

i - 1,5
UT 	U-T-1 


iJ 	 j - 1,3
 

C. 	Determine what proportion of families living in the standing stock
 

will seek relocation in any period:
 

H	T d T ifU-T > UHAXT i - 1,4
 
ij djij ij j j - 1,3
 

T-T 	 T
 
if UT < UHAXT
- NT 


ii 	 ii j 

T T
 
5j 4j 

H - r Hij + AH
 
i=1 ,5
 

D. 	Determine the pattern of housing demand from this "pool" of families
 

U ij  
T e 1 T 	 j - 1.3 
DF j Uij 	 I - 1,5
 

i
 

where U -U 	 j - 1,3
Liii i i - 1,3
 

LUT 	 j " 1,3
Ot ij 	 i - 4,5
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IV. Short-Run Equilibrium 

Distribute excess demand from public'sector to private sectors
A. 


J - 1,3

> SFT
If EDFT 


4 41
 

recompute DFT e (H - SF ) 

E eUij 

i-i1.3,5
 

B. Adjust private prices so that excess demands are zero
 

T 	 i -1,3T 	 P 
i - i[ DFij- SF ]Pi 

C. Final consumption of new and vacant houses in period T is added 
to
 

those remaining in standing stock
 

i 1,5
NT+l T T T 	 -
Nij NiJ - Hi j + DFij 	 j - 1,3 

D. Available housing supply in each period equals vacated units 
plus
 

new construction
 

T 	 i - 1,4T 
SF 	 EHij +CI 1,3 

V. 	Long-Run Equilibrium
 

Price of new and turnover units gets averaged into current 
stock


A. 


I E T T + PT T.) 
- 1,3

-T -T-1 J ij 


i i (Ni - Hij + DFij)
 

I ~ i
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Subproject: 

HOUSING CONSTRUCTION INDUSTRY AND MATERIALS SUPPLY
 

I. SYNOPSIS OF PROJECT (see the initial project proposal for a detailed
 

description): The focus of the study is materials as an input to construc­

tion and the technology and economics of their production, distribution, and
 

(1) a survey
use. Products after the first year are to be in three areas: 


of the availability and utilization of major construction materials in Egypt;
 

(2) tentative recommendations pertaining to the alleviation of the constraints
 

imposed on housing production by particular materials; and (3) suggestions
 

as to directions for future investigations. Concentration is to be on con­

ventional as well as non-conventional materials, assessed as to their future
 

potential 	in Egypt.
 

Research activities for the first year have been divided into three
 

general phases. The initial phase consists of overall structuring of the
 

research, identification of the materials traditionally used in housing con­

struction in Egypt and those which might be used, and data identification.
 

The second phase is detailed data collection and compilation. These phases
 

are anticipated to extend through September or longer if necessary. The
 

third and final phase, identification of apparent materials shortages and
 

inefficiencies in their use in housing construction and the underlying causes
 

and formulation of recommendations to alleviate these difficulties, is to
 

proceed through November, with some preliminary findings and tentaLive con­

clusions by September. December is reserved for the preparation of the
 

first year report.
 

II. 	 STATUS OF PROJECT: At this point, Phase 1 activities have been com­

pleted, Phase 2 is well underway particularly in the traditional materials
 

area, and Phase 3 is just beginning. All activities are expected to be com­

pleted, as scheduled, during the coming period. Three trips to Cairo have
 

been 	made to date, with at least one trip to MIT scheduled for the remaining
 

quarter as well as perhaps another trip to Cairo.
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A. Activities Completed: Phase I activities were finalized in July when
 

the Egyptian and MIT teams met in Cairo. The type of data to be collected
 

for the traditional materials is basically in line with that in the initial
 

data 	list presented in the June progress report, with a few modifications,
 

was agreed
particularly in the consumption area, as indicated below. It 


that data collection efforts would continue to be focused on cement (used in
 

concrete work, mortars, and plastering), steel (reinforcing bars), and bricks
 

(red, sand-lime, cellular concrete, and new clay bricks), proceeding to
 

glass, lumber (used in both the final structure and in its construction),
 

sanitary fixtures, and floor tiles (primarily cement tiles) as time permits.
 

As for the non-conventional materials, some preliminary work had been done
 

on plastics, gypsum, and other materials, and it was agreed to focus future
 

activities on stabilized earth, gypsum, and lightweight concrete, among
 

others.
 

The status, present and future, of Phase 2 activities, data collection
 

and compilation, is summarized below with respect to, first, traditional
 

materials and, then, non-conventional materials. A list of the tables and
 

figures summarizing much of the data gathered to date on (1)general infor­

mation, (2) cement, (3)steel, (4)bricks, (5)glass, and (6)gypsum is in­

cluded as Attachment A. The sources of information were recorded for each
 

type of data for reference purposes and are noted below in the discussion of
 

the data collected and that remaining to be collected on the various mate­

rials. Lumber, sanitary fixtures, and floor tiles remain to be surveyed as
 

time permits. In gathering the necessary information, certain guidelines
 

were set forth, including: (1) recording, whenever available, the same type
 

of data from more than one source, leaving the judgment of reliability to the
 

data analysis stage; (2)avoiding, as much as possible, the duplication of
 

any data that was included in the on-going Ministry of Industry studies of
 

the building materials sector (referred to as the Booz, Allen, Hamilton
 

study) and of the metallic products sector (referred to an the Atkins Plan­

ning Study), unless there was a necessity for comparison; and 	(3) concentra­

ting, whenever ponnible, on the consumption and trade data compared with 

local production and on production cost against official and current sales 

pricen with time. Activites In gathering data have also included monitoring 

and translating articlett from local newpapers, dealing with the housing 
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problem and with suggestions by authorities for its solution, which are of
 

help not only to the materials group, but to the entire housing project.
 

Much of the basic production, trade, and planned investment information
 

per the data list in the June progress report has been gathered for cement,
 

steel, bricks, and glass. The major sources have been visits to the four
 

cement plants as well as other materials plants, a Ministry of Planning re­

port on steel, and updating of the Building Research Institute's study of
 

bricks, as well as a few other sources like the Central Agency for Public
 

Mobilization and Statistics' Statistical Yearbook, Federation of Egyptian
 

Industries' Yearbook, Ministry of Housing and Reconstruction's Programme of
 

Reconstruction and Development, Joint Housing Team's (MOH1R, MOP, A.R.E. and
 

Office of Housing, US AID) Immediate Action Proposals for Housing in Lhypt
 

and Housing and Community Upgrading for Low Income Egyptians, and various
 

tables and figures collected from the Ministries of Housing and Reconstruc­

tion (MOHR), Industry (MOI), and Planning (MOP). The Booz, Allen, Hamilton
 

and Atkins Planning reports have been particularly useful sources. In the
 

case of tile red bricks produced mainly by private sector factories, a special
 

approach was adopted for collecting data on production, whereby data was
 

based both on official records for brick factories (from General Organization
 

for Industrialization) and on selective field surveys of the factories them­

selves. In some cases, the full time series remains to be completed; for
 

example, volume of production and imports/exports of materials in quantity
 

terms will, if possible, cover the years 1960, 196t, and 1970-1976. Further­

more, planned expansion of production capacity up to 1985, with an indica­

tion of the status of the project (e.g., under construction, financed, or
 

planning stage), is still missing in some cases. These particular items are
 

needed for the housing economy model subproject as well as for our own work.
 

Various other items of information, such as an indicatioit of inputs into
 

production, have been collected for some materials and are of primary inter­

est to the materials project.
 

An item of information which we had thought was not available, but which 

we found at lea;t for cement in the Booz, Allen, Hamilton report, is the sale 

of material.; to housing as well a; to other sectors. Thus give'l us the slhare 

of production legally going to housing. With it and our estimates of housing's 

consumption of materials, we can get some estimate of the quantity of materials 
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flowing into the housing sector from other sectors via the black market.
 

The sales distribution offices are probably the best sources for this infor­

mation for the regulated materials, cement, steel, glass, and lumber; the
 

unregulated materials are unlikely to have such central offices. The Booz,
 

Allen, Hamilton and Atkins Planning reports are also possibilities. If
 

these fail, it should be possible to estimate sales of at least structural
 

materials on the basis of cement sales to housing. These data will be ob­

tained for 1960, 1966, and 1970-1976 where possible.
 

The collection of consumption information Is-more difficult but very 

important, as this sets our study apart from the other on-going materials 

studies. That is, we agreed we should focus on materials usage in housing, 

and how it might bu made more efficient by, for example, uning traditional 

or alternative materials in new ways. The li:t of data pertaining to con­

sumption in the data list in the June progress.-i report netdsn ,tone revision 

in light of our findings. V-sfor consitmptLion of mtteriali on all aggregate 

basis, some information has been coll-,,ted for coment, steel, bricks, and 

glass, and more is availableIin a report, ent it 1ed t~otltloi.-it i'str3Iof 

Some Building Materials In A.R.E. up to the Ytar 1982, prepared by Dr. Yousri 

Khedr Ismail of the Faculty of Cozmnerc .. at C(tlro Univer ity, for the Ceneral 

Egyptian Organization for Building Matert .l. and Ccramic-s. The Booz, Allen, 

Hiamilton and Atkirn Plannin, reporti a l:io have rsome ruch figuret-t. The diffi­

culty with liiti .ype of dilt:! Is that the !)ts I i I or tich I I gurets Iii generally 

not made clear in the publlilied .;ourc,.. 

For aggregate con)ismptioiu of the rhevevieitrlal for 1900], 190 ', and 

1970-1976, It in probably bent jurit to uit- pr oduct tn plun tnmport s mlinut ex­

ports plust any change Il Invelntoric. %...u estlt .t (lota*l sales might. alter­

natively be used). Proj.cti n.-i t( 191V) tall be ,lte oi ll nv t'.S t batlt: 

using the MOItI'iS and MOs"!i ftgure-n on matril i us:iper h. of tive tnment and 

planned inveritmnent in virl outt titir egteortc thlie mli!I t le lite Allevn, nilton 

report used thin ai on,,- approiach tfo l'*s mat llI utire c-imlitiinp 2, 

but then eatiriated other matrl sl.4til lie banl- I he!ir ttr nt t igtlr;i. Wo 

have some data on thili trom 11IIIH an1(I o, but they are Illco:nni leiit. with 

each other and incomplete; we utre prenvitly 11y71itt to 4 lear tip thrue quot±oIo 

and got further informuttlon. 
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Most important is consumption of materials by housing. This is best
 

estimated on a disaggregate basis using technical coefficients (i.e., volume
 

of materials per square meter of housing) and volume of housing production.
 

This should be done for a couple different types of housing, such as 3 or so
 

kinds of formal housing (i.e., public/private, low/medium/high income level,
 

load-bearing/skeleton-frame construction), I or 2 kinds of informal housing,
 

and 1 prefabricated model. The housing economy model subproject is trying to
 

obtain estimates of housing production on this disaggregate basis for
 

1960, 1966, and 1970-1976 th jugh the MOHR, and their model will project
 

housing demand to 1985.
 

As for the technical coefficients, several possible sources exist. For
 

formal housing, these include: (1) the Joint Housing Team's Immediate Action
 

Proposals for Housing in Egypt; (2) an estimating book, prepared by the Gene­

ral Organization of Building Contractors, available in the library of the
 

Building Research Institute; (3) the work which Mr. Ahmed Gharib's group at
 

the MOHR is doing; and (4) data used at the governorate level for their
 

allocation of materials (obtainable by visiting one or two governorates).
 

The 1962 and 1977 (not yet passed) building code and specifications law and
 

1969 modification of the law might also be helpful. The suggestion was also
 

made by the Egyptian team that we Cevelop our own technical estimates based 

on typical plans which can be obtained from the MOIIR; this has been done Zor 

brick usage in low-cost housing, and could be expanded to include various types 

of housing and various materials. As for informal housing, the Joint Housing 

Team's Housing and Community Upgrading for Low Income Egyptia - has some in­

formation. Secondly, the informal sector survey of the housing project is to 

produce the raw data on materials usage (e.g., structural type, internal and 

external wall thicktesses, wall height, and dimensions of rooms for units 

surveyed -- from this brick usage can be estimated) and to develop typical 

housing types with materials u.,iage Indicated; some of these figures have 

already been developed. Finally, we also had an interview with a 3mall con­

tractor who dletalled, in price and quontity terms, the materials used in very 

low-cost (thotig not opecifically Informal) housing. One thing which needs 

further InvcsLigation still in what perceiit of these materials in the informal 

sector are recycled. Ai; for prefabricated housing, we have some figures on 

ctimr'nt and stteel ie In tle shell from Dr. Adel Fareed of Prefabricated Houses 
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Company and a table from the MOHR giving cement requirements for production
 

This should be sufficient for
and erection of the units by various plants. 


getting at least a rough estimate of the technical coefficients for such
 

housing; the architectural component of the housing team may be able to give
 

us some further information as their project progresses.
 

One last item falling under the consumption category in our initial data
 

list is official and black market prices of the seven materials for 1960,
 

1966, and 1970-1976. Some information has been collected on this. Sources
 

we have include the Joint Housing Team's Immediate Action Proposals for Hous­

ing in Egypt and Housing and Community Upgrading for Low Income Egyptians
 

Statistigues de la Construction.
and Battelle's Egypte Resume and Egypte: 


Additional sources pursued or being pursued in Egypt include the sales dis­

tribution offices, the ministries, the Central Organization for Prices in
 

Nasr City, and talking to some contractors who purchase materials regularly.
 

In suumary, these various data will give us an indication of housing'.s
 

share in production and consumption of major building materials, as well as
 

a clear picture of alternative scenarios of materials usage in housing.
 

Based on this and our knowledge of materials availability in Egypt, we can
 

begin to develop recommendationa for maximizing the efficiency of use of both
 

traditioaal and alternative materials in housing.
 

Phase 2 activities of data collection and compilation in the area of
 

In order to start
non-conventional materials have also been progressing. 


discusrions respecting possible non- or under-utilized materials for housing,
 

preliminary exploratory reports were prepared, respecting: (1) plastics,
 

(2) gypsum, and (3) other materials. The rationale behind the plastics and
 

composites report was that,with the growing petrochemicals industry in the
 

Middle East, polymeric materials and the composite materials employing them
 

are at le- Iqf potential interest in housing. They have exhibited rapid
 

growth in Ll&" United States, Europe, and Japan, particularly in the form of
 

for the future depends
composites. Whether or not this is a potential source 


upon the growth of the industry, particularly in Egypt. Prospects look some­

what promising though in that it has been learned that plastics are to be
 

locally produced by a joint venture company for the petrochemicals industry,
 

providing Egypt with nearly 300,000 tons yearly of plastics such as PVC,
 

polyethylene, polystyrene, and polypropylene, and that a limited amount of
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melamine resin is already being produced by a public sector company at Man­

soura City.
 

With respect to gypsum, Egypt has large deposits and a long history of
 

use, but its potential appears not to be attained. This is particularly
 

true of some of the newer developments in gypsum such as fiber reinforcement,
 

which greatly increases its strength and resistance to impact. Others are
 

newer plasters and hard cements derived from gypsum. As indicated by the list
 

of tables and figures in Attachment A, much data has already been gathered
 

regarding the availability a..d use of gypsum in Egypt.
 

Among the materials briefly noted in the third paper are: stabilized
 

earth, surface-bonded block, sulfur, high-strength mortars, bamboo, high­

speed paint spraying, and lightweight wall and partition construction. Stab­

ilized earth is of great interest as a low-cost, widely-available material,
 

particularly for single-storey or low-rise housing in towns, villages, and
 

rural areas. A great deal has been done in other parts of the world that
 

should be examined preparatory to possible development in Egypt. In surface­

bonded block, masonry units such as concrete block and brick are laid up ra­

pidly without mortar, and fiber-reinforced mortar is then plastered to the
 

surface, bonding the wall and providing a weather and wear-resistant surface.
 

Although glass fiber has been used most, natural fibers available ill Egypt
 

may perform satisfactorily. Su.fur is becoming available in many parts of
 

the world as a by-product of oil extraction. It has been shown that building
 

blocks and mass concrete bonded with sulfur rather than portland cement can
 

be achieved at low cost. If sulfur is available in Egypt at low cost, as it
 

appears it might be, it may help to ease the cement problem for concrete and
 

concrete block. The promising work at the Building Research Institute re­

specting the new and improved clay bricks brings up the question of improved
 

mortars. The incorporation of polymeric materials can greatly increase the
 

tensile and shear strengths of mortars, as well as their adhesion to brick
 

and block. Other additives and replacements for cement and lime may also
 

result in improvements, leading to improved quality and more efficient methods
 

of construction with masonry. Bamboo has already been well-studied in Egypt
 

as well as elsewhere; its potential and problems are well known. Methods of
 

painting entire rooms by power spraying have been developed which greatly
 

reduce the time and materials involved in finishing buildings. This might be
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particularly appropriate for the new prefabricated housing soon to be erected
 

in Egypt. Wail and partition construction, involving light metal framing
 

and a variety of wallboards, including gypsum, and making provision for util­

ities such as electrical lines, greatly reduce the weight of buildings and
 

accelerate the construction process.
 

As a consequence of these three preliminary reports and the joint meet­

ings in Cairo in July, it was decided that stabilized earth, gypsum, and
 

lightweight concrete would receive special emphasis in the immediate future.
 

In addition, consideration is also to be given to sulfur, high-speed spray
 

painting, surface-bonded block, improved bonding of masonry, plastics as
 

adjuncts to other materials, and sandwich construction. In search of further
 

information in these areas, letters have been written to various agencies,
 

such as the East-West Center in Hawaii, United Nations, Bandung Institute of
 

Technology in Indonesia, and CENAC at Ciudad Universitaria in Colombia, and
 

some replies received, as well as a review of the available literature begun.
 

Investigation of the availability of the requisite materials, in both raw and
 

manufactured forms (e.g., gypsum, materials for lightweight aggregate, sul­

fur, water glass, and flue ash) is underway in Cairo, with much data already
 

collected on gypsum as indicated in Attachment A.
 

Phase 3 activities are just beginning. Tentative conclusions and recom­

mendations concerning each building material studied, leading to a developed
 

technical and economic basis for a national housing policy, will be included
 

in the final report ending the initial year's work. According to the pre­

liminary analysis of the data gathered to date, however, two very general ob­

(1) the demand for building materials in many cases
servations can be made: 


is already exceeding present actual production; morriver, the rate of increase
 

in the demands in coming years is expected to widr.n the gap between production
 

and consumption, unless serious and active solutions are taken for alleviating
 

building materials shortages and/or inefficiencies; and (2) the need is essen­

tial, therefore, for the improvement of the efficiency of locally produced
 

building materials as well as for the introduction of new concepts for the
 

The following sorts of issues
utilization of locally available raw materials. 


will be taken into consideration in developing our final recommendations: (1)
 

defining any shortage or inefficiency in use of raw materials needed for build­

ing materia!3 processing, and the amount of their reserves on short and
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long-term bases; (2) identifying, if possible, any obstacles hindering build­

ing materials production to establish means for their alleviation; (3) deter­

mining local production through time and planned investments,and comparing
 

these with actual consumption to determine needed expansions or new projects;
 

(4) establishing production costs against sale prices through time to detect
 

any exaggerated profits; (5) studying the fluw of materials distribution from
 

producing plants to the consumer to locate transportation problems/distribu­

tion gaps; (6) determining materials allocation to the housing sector compared
 

with actual materials consuiitytion by that sector to locate any attraction to
 

or from competing sectors; and (7) estimating the technical coefficients upon
 

which the allocation of building materials to housing is based and the actual
 

coefficients for formal and informal housing to locate any waste or shortage
 

in materials usage or distribution.
 

As for travel in this quarter, in late June/early July, Professor Dietz
 

and Dr. Rossow, along with several other members of the housing team from MIT,
 

went to Cairo for the purpose of conferring and planning with their counter­

parts. In the course of his week-long visit, aside from meetings at the uni­

versity, Professor Dietz met wich Dr. Moustafa El Hifnawi, Chairman, and others
 

at the Building Research Institute and toured the facility; visited a tradi­

tional brickyard and a modern asbestos-cement plant; met with Mr. Ahmed S.
 

Mourad, President, and Dr. Adel Fareed, Project Manager, of Prefabricated
 

Houses Company and with them visited their new plant, one of eleven such
 

plants being erected in Egypt, and a housing site where domed and vaulted roof
 

units on concrete molds were being precast; and, on the last day, went to Suez
 

with several other members of the housing group to see the King Faisal housing
 

development and general reconstruction efforts in Suez, as well as the new
 

vehicular tunnel under the Canal. A major portion of Professor Dietz's time
 

in Cairo was spent in discussions with Dr. Mahmoud Reda, Professor Hassan
 

Fahmid Imam, Dr. Mohamed Ramez, and Professor Ahmed El Erian regarding the
 

three preliminary reports he had prepared and the direction of activities and
 

division of responsibilities for the remainder of the year in the area of non­

conventional materials. On his return to Boston, Professor Dietz stopped in
 

London to visit the Building Research Establishment Laboratories at Watford;
 

there, he discussed their work in fiber-reinforced gypsum and its possible
 

application In Egypt and the subject of stabilized earth, as well as obtain­

ing pertinent literature.
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Dr. Rossow's two-week visit overlapped with the last couple of days of
 

that of Professor Dietz, during which time meetings with their counterparts
 

and the trip to Suez were the major activities. Most of the rest of Dr.
 

Rossow's first week was also spent at the university. In the course of our
 

various meetings, the materials group reviewed the data on traditional mate­

rials that had been gathered, identified the gaps remaining and potential
 

means of filling them, and discussed some preliminary findings and conclu­

sions, as well as confirming our work schedule for the rest of the year. A
 

couple of meetings with the housing group as a whole were also held during
 

the first week in order to bring everyone up to date on the status of the
 

various subprojects. Collaboration among the subprojects is particularly
 

important with regard to the survey of the informal sector. In the course
 

of our general meetings, the details of the survey were discussed and changes
 

incorporated as necessary; meetings with the students actually doing the
 

two formal and
survey were also held, and trips were made by the MIT team to 


two informal areas to be surveyed.
 

During the second week more of Dr. Rossow's time was spent in the min­

istries and in meeting with a couple of industry people, although a final
 

wrap-up meetinr was held on the last day at the university with the materials
 

group. It was during this week that she had a chance to review the Booz,
 

Allen, Hamilton and Atkins Planning Phase 1 reports (market studies basically).
 

The general feeling was that they have good data on the production side, but
 

focus less on the consumption side. Moreover, they are aimed at total con­

sumption, and are not so concerned with housing's share and how materials
 

are used in housing, whether or not their use is efficient, etc. In the
 

Booz, Allen, Hamilton report, for example, consumption of all materials
 

appears to be based on cement consumption, which might be reasonable if one
 

is considering a particular type or mix of construction and structural mate­

rials, but seems less reasonable if one is looking at aggregate consumption
 

with a potentially changing product mix and all materials including finish
 

items. Also, consideration of the informal sector in housing construction
 

in the case of the Booz, Allen, Hamilton report,
appears to be rather vague; 


for example, a figure of 12 percent is added to the official consumption
 

figures to cover repairs, minor works, and other. It was at this point, then,
 

that we decided our effocts should he focused more on the usage side, both
 

in formal and informal housing.
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B. Activities Planned: Activities required to complete this first year's
 

effort fall into three categories: Phase 2, Phase 3, and final report writ­

ing activities. As indicated in Section II.A, certain data, particularly
 

that pertaining to consumption, remain to be collected on cement, steel,
 

bricks, and glass, while the full set of data is yet to be gathered for lum­

ber, sanitary fixtures, and floor tiles. To the extent possible in this first
 

year, these Phase 2 activities will be completed by the end of September, be­

fore the visit of Egyptian team members to MIT. Phase 2 activities pertain­

ing to non-conventional matc:ials will continue through the end of October.
 

Activities at MIT will focus on the collection and review of available lit­

erature and other sources of information on the technical and economic
 

aspects of developing/adapting for use and actually using stabilized earth,
 

gypsum, and lightweight concrete, among other less conventional materials,
 

in housing construction; activities in Cairo will be more concerned with in­

vestigation of the availability of the requisite raw materials and suitabil­

ity of such materials for use in Egypt. Phase 3 activities, formulation of
 

our tentative conclusiuns and recommendations regarding building materials
 

and their use in housing construction in Egypt, on the basis of our first
 

year's findings, will continue through mid-November. The joint meetings to
 

be held at MIT in late September/early October will be an especially important
 

time for development and discussion of these ideas. It is at this time also
 

that the final report will be outlined and responsibility for its writing
 

allocated among the team members, such that it can be completed by mid-


December.
 

As for planning next year's work, a proposal concerning our research
 

activities for next year and beyond will be prepared by mid-October. Possible
 

directions and topics for this research are noted below in Section IV. This
 

will be another major activity to be undertaken in our joint meeting in the
 

early fall.
 

The last item is travel planned for the remainder of this first year.
 

In late SepL.:mber/early October, Dr. Reda, along with several other rembers
 

of thr, housing team from Cairo, is to visit MIT for nearly two weeks. Aside
 

from making it possible for the materials and housing groups as a whole to meet
 

in numerous working sessions, this also gives the Egyptian team members an
 

opportunity to observe and utilize the facilities and resources available in
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the vicinity of MIT. In the course of the above discussions, several activities
 

have been noted which are expected to be accomplished at this time, includ­

ing: final gathering of Phase 2 inputs on conventional materials, discussion
 

of Phase 2 findings to generate Phase 3 outputs, discussion and writing of
 

the proposal for next year and beyond, and iinally, outlining and allocating
 

responsibility for the writing of the final report for this initial year. A
 

visit to Cairo by Dr. Rossow in late November has tentatively been scheduled
 

to wrap up Phase 3 activities and the final report.
 

III. APPLICABILITY OF WORK TO MINISTRIES: Concern over building materials 

availability and utilization is spread among three ministries, the MOIIR, MOI, 

and MOP, whose activities often seem to overlap and sometimes even conflict. 

The MOHR, for example, regulates the supply of cement, mainly, it appears, 

through the Egyptian Cement Office. Through Mr. Mesalamy's office (Under 

Secretary of Supply and Procurement), the MOIIR appears to be involved in 

trade in all controlled materials, combining planned investment in various 

sectors with their respective technical coefficients to arrive at materials 

needed which, when compared with materials locally produced, yields trade 

figures. Allocation of controlled materials to local governorates for housing 

construction also seems to be handled through Mr. Mesalamy's office; at the 

governorate level, then, materials permits are issued for particular types 

of housing and materials quantities. The MOI regulates the supply of other 

controlled materials, including steel, lumber, and glass, also, it appears, 

through distribution offices. Licenses for materials production are issued 

through the General Organization for Industrialization (GOFI) within the MOI 

at the time a firm commences operation. The MOP plans investment in various 

sectors; based on this, then, and their resnective technical coefficients, 

it estimates material,; needs much as the MOUIR does, except that the two sets 

of numbers appear to conflict. The MOP also appears to plan inveatment in 

expansion of materials production, although it isi not clear whether the MOP 

or the MOI/M(IR initiates this. 

Several studies involving building materials to varying degreeti, aside 

from ours, are going on In conjunction with these three minlstri, s. Joint 

MOIHR-AID teams are Investigating various housing issues: (1) firat, in a 

rather general context in their initial report, Immediate Action Iroman
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for Housing in Egypt, where some issues pertaining to materials in housing
 

are raised and some statistics given; and (2) second, in the more specific
 

contexts of their three more recent reports, one each on finance, urban land
 

use, and low-cost housing, where only the latter gets into the subject of
 

building materials, identifying their use in informal housing to some extent
 

and updating some of the statistics presented in the first report. A study
 

just beginning, under the direction of Mr. Gharib in the MOHR, is the devel­

opment of new technical coefficients for materials use in different types of
 

housing construction; as this is directly relevant to our work, we are pres­

ently trying to contact Mr. Gharib. The GOFI, within the MOI, under the
 

financing of the IBRD, is carrying out si" sector studies with in-house people
 

as well as Egyptian and foreign consultants. Two have been repeatedly men­

tioned as being of particular interest to our project: (1) building mate­

rials sector study (excludes lumber and metal products) using Booz, Allen,
 

Hamilton as foreign consultants; and (2) metallic products sector study
 

using Atkins Planning as their foreign consultants. These we have found to
 

be largely focused on the production end, with estimates of consumption on a
 

rather aggregate basis; we are thus relying on them for come of the more 

production-type data and trying to focus our efforts on identifying housing's 

share of production and its usage of materials and efficiency thereof. As 

of July, the MOP was very activel5 involved in developing its next five-year 

plan. 

With this understanding of the concerns of tive three ministrie:s regard­

ing the avallabi lity and utilization of building materials, it i!s clear that 

the finding; of our .;tudy are of potential importance and Interetst to each 

of them In their future planning activitLies. They need to know, for example, 

whether apparent shortages In the supply of particular materials reflect true 

shortages. (1.,.., siupply tii 1rt ie than dt mand perhaps beca.use of ce rtain long­

term probleins , like himiufficlent capacity, or more short-term ones. like 

pricing or uiuw-tial .iector d,,.nwd-i)or whether they actually reflect problema 

in maLtrial', dlt.tribiitt,, or ut |11,1ition, amotig other conditiont. On the 

has ii of our 11 tiding.ri, thet i, we can begin to re comurnnd tictiontl whte reby govarn­

rt-lit ,,1d 1 begpin ll1ev 1ate the onimdi itry mlgiht to riome, of conitralntsirmponed 

'tri-.1mg -dut by tr -materiAlt; might example,tip honi coti ct Ion thetle includ e, for 

txpantltion of prodtct loi of part icular materloil, developmett/atot.tat ion of 

http:tiding.ri
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new materials, setting/lifting of price controls, and adjusting the
 

utilization of particular materials. We further believe that the current
 

project can play a positive role by assisting the ministries in the develop­

ment of improved data compilation and usage techniques.
 

Our interactions with all three ministries to date have been reasonably
 

extensive in an effort: (1) to gain understanding of and insight into how
 

the housing and building materials sectors operate and interact, and what
 

problems they face; and (2) to collect data, as the ministries are the source
 

of much accumulated information. A list of some of our ministry contacts to
 

date, as well as an indication of the nature of the exchange, is given in
 

Attachment B. It might also be noted that Mr. Tarek Selim of the Minister's
 

Technical Office in the MOHR will be coming to MIT this fall to participate
 

in the Center for Advanced Engineering Studies program for a year or so,
 

perhaps ultimately entering a graduate degree program in engineering at MIT.
 

As for the future, we need to make our ministry contacts more solid -- to more
 

firmly enlist the support of under secretaries in the MOHR, MOI, and MOP, with
 

as
the result that personnel under them begin working more directly with us, 


has been more the case in the other ministry-related studies noted above.
 

We need to strengthen our three-way team of MIT-Cairo University-Mini-try
 

participants. This is of critical importance if we are to continue to gain
 

the active support and endorsement of the ministries and potential implement­

ation of recommendations we might make, becaube this is the only way we, and
 

they, can continue to be assured that our activities are relevant to and in
 

the interests of the ministries.
 

IV. FUTURE DIRECTI NS/TOPICS: Potential directions for work beyond this
 

first year lie in three areas, two involving further research in the building
 

materials field and one involving research into the other resources constrain­

ing housing construction. The first topic entails expansion of our work done
 

this year in the area of conventional and non-conventional materials along
 

somewhat more technical linen. Some specific items to be researched might in­

clude: improvement of the quality of certain traditional building materials
 

through the utilization of plastics, resins, sulfur, water glass, and fiber­

glass; stabilization of earth; studying the various aspects of utilizing gyp­

sum in the building industry; production of lightweight aggregates from cloyey 
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deposits and their utilization in the building industry; and determination
 

of optimum use of available limestone deposits in building materials pro­

duction (e.g., in lime production, as an aggregate for concrete, and as
 

regularly shaped bricks). This program of research would be directed toward
 

studying and utilizing locally available raw materials in the building indus­

try in Egypt, materials which are already largely known and applied elsewhere,
 

although they might be relatively new or untried in Egypt. Research activi­

ties thus fall into three basic areas: (1) information search on the parti­

cular materials (e.g., their use in other countries, resource availability in
 

Egypt, and so forth); (2) development, as necessary, to adapt the materials
 

to Egyptian conditions; and (3) most importantly, application of the materials
 

in actual production and construction. Dr. Adel Fareed, of Prefabricated
 

Houses Company, might be particularly helpful in such efforts, as he is in­

terested in testing new materials and techniques, uch as high-speed paint
 

spraying, alternatives to cement floor tiles, and lightweight aggregates, in
 

conjunction with prefabrication.
 

Further research into the productivity of building materials production
 

and utilization is a second area of potential interest for work beyond this
 

first year. The productivity and efficiency of particular materials as they
 

are now used in Egypt and how this might be improved warrant further investi­

gation. Moreover, the utilization of labor, capital (equipment), and other
 

materials in the production and installation of these materials is also of
 

concern. Given the greater availability of time and better knowledge of the
 

data base?, existing and potential, some of the more sophisticated analytic
 

tools, such as production functions and input-output analysis, may be appro­

priate for investigation of these issues in the future years of our project.
 

A third direction for research for next year aud beyond is to extend the
 

study to include the remaining resources affecting housing production, so as
 

to complete our picture of resource availability and utilization in housing
 

and construction in Egypt. Probably the next most important resource to
 

study is manpower in the form of skilled and unskilled labor, contractors,
 

and professionals; skilled labor for housing construction appears to be in
 

particularl, short supply, due to its high rate of temporary migration to
 

other Arab countries where wages are much higher. Construction equipment and
 

capital as needed by contractors for eluipment purchase and working capital
 

might also be considered. Land and capital for financing represent still two
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more resources impacting housing, resources which the MOHR-AID studies have
 

In any case, it seems clear that more in-depth
recently been investigating. 


analysis of these resource problems constraining housing production in Egypt
 

is needed in the near future.
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Attachment A:
 
LiqL of Tables and Figures Summarizing Data Gathered to Date
 

1. General Information
 

Number of buildings and housing units in Egypt (May 1966 census)
 
Units built for urban and rural housing (1969-74)
 
Quarry production of building materials (1952, 1969-74)
 
Local production of building materials (1952, 1968-74)
 
Private sector production of building materials during the years
 

1975 and 1976
 
Values of building material industries output (1952, 1969-74)
 
Development of production in constrt tion and housing sectors at
 

current-prices (1969-73)
 
Development of labor in construction and housing sectors (1969-73)
 
Development of wages in cinstruction and housing sectors at current prices
 
Development of income in construction and housing sectors at current
 

prices (1969-73)
 
Annual increase in prices of building materials (1961-74)
 
Proportionate cost of materials per 100 EE of residential construction
 

(March 1974)
 
Technical parameters and coefficients of informal sectors (1977)
 
Annual increase in construction costs (1961-74)
 
Cost changes of items encountered in housing jobs during years 1962
 

to 1965
 
Official and unofficial market prices of building materials in 1976
 
Public expenditure by housing and utilities sector as related to
 

total expenditure by all sectors (1969-74)
 
Investments in construction and housing sectors at current prices
 

(1969-73)
 
Building materials demands for 1977 based on an investment plan of 1300
 

million EE of which 715 million EE specified for building and con­
struction sector
 

Imports demand estimate for building materials in 1977 based on a 715
 
million EE investment plan
 

Building materials demands for 1977 by private and public sectors based
 
on an alternative investment plan 600 million EE for building
 
and construction sector
 

Five-year plan of investment in building materials for years 1976 to
 
1980
 

Exports and imports of stone, plaster, cement, asbestos and glass
 
(1969-74)
 

Building materials imports (1975 and 1976)
 
Imported building materials during the years 1975-77
 



V-69
 

2, Cement
 

Cement producing companies and their production capacities
 
Raw materials quantities and chemical composition utilized
 

in cement producing companies during 1976
 
Development of total local cement production from 1961 to 1976
 

Cement production during yearn of 1970 to 1976 distributed among
 

producing companies
 
Production of clinker and different types of cement by different
 

companies in 1976
 
Additional and total production capacities expected from 1975 to
 

1984
 
Projects for cement production under execution
 
Predicted total production capacities of cement up to year 1982
 

Means of transportation of cement within the period of 1970 to
 

1973
 
Sales and production coots of locally produced types of cements in
 

1973 and 1974
 
Price changes of locally produced types of cement (1973-77)
 

Production versus consumption of cement from 1970 to 1974
 

Cement consumption of various sectors during yenri of 1970 to
 

1974
 
from 1960 to 1976
Quantities of cement allocated to various sectors 

Estimated demands for cement from 1974 to 198, 
Exports, quantity and value, within the period 1964 through 1974 

Exports and imports of cement compared with local production during
 

1971 to 1976
 

3. Steel
 

Reserves of Egyptian iron ore
 
Iron ore production (1952, 1969-74)
 
Comparison of working efficiencien of still producing companies
 

Weight percentages of basic materials needed for producing a ton
 

of steel
 
Reinforcing steel production (1952, 1969-74.)
 
Production of steel rebars 37 and 52 by public sector companies
 

(1968-73)
 
Production capacities and actual production of steel rebars by existing 

companies in 1973
 
Expected steel production from exaan. ion pioJecto 1976-1985
 

projectsNew production capacitien according to p lanned expnnilon 


Total planned production capacities until year 1981,
 
Steel rebarn production and production costs through years 1973, 1974,
 

and 1975 by public sector cumpanl3e 
1963 throughPrice changes of steel rebaro during the period of 

September 19, 1973 
Steel prices to consumer for the steel 37 and 52 during the period 

from September 20, 1973 to May 24, 1977 

Steel prices to consumer for steel 37 and 52 start ing May 24, 1977 

Moans of transportation of nteel during 1913 
Diagram of the distribution procesn of atrel reinforcoment 
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Allocation of locally produced and imported steel rebars to various
 
sectors in 1973
 

Steel actual consumption and demands estimate until year 1984
 
Actual and minimum demands for steel 37 and 52 through 1974-84
 
Variation in factors influencing steel demands with time
 
Quantity and value of imported steel during 1960-73
 
Quantity and value of exported steel during 1960-72
 
Total production and imports of steel compared with distributed
 

quantities to give inventories (1967-77)
 
Prediction of surplus Production for export (based on steel 37)
 

4. Bricks
 

Developmen of brick production from 1963 to 1980
 
Red brick production (1963-75)
 
Sand-lime brick production (1965-78)
 
Estimation of rate of brick consumption per ton of cement (1970-80)
 
Development of red brick prices from 1970 to 1977
 
Total number of bricks used for housing construction within period
 

1970-75 and estimated demands within period 1976-80
 
Average number of housing units constructed within period 1970-75
 

and estimated demands to be constructed within period
 
1976-80
 

Total shortage in housing units estimated at three different years
 
Average number of housing units constructed within three time periods
 
Distribution of housing units constructed between public and private
 

sectors within three time periods
 

5. Glass
 

Demand of glass sand up to 1982 for El Nasr Company for glass and
 
mirrors
 

Glass and founderies sand total demand (1975-82)
 
Relative weights of production of different thicknesses of glass
 

sheets (1970-74, 75, 76)
 
Production of transparent flat glass sheets wvthin the years of 1971
 

to 1976, estimnted by area and value
 

Production of transparent glas sheets, estimated by weight (1971-76) 
Development of production cost of transparent flat glass within the
 

period form 1971 to 1976 
Factory and consumer prices of different types of glass 
Development of the consumption of glass utilized for building purposes 

in Egypt during the period from 1966 to 1972 
Development of consumption of transparent glass sheets given by local 

salesi and Imports (1971-76) 
Entimates of glatit connumption by uing the rabe consumed per one 

th1ou1II(d tLon of cement 
Demandu etitlmnte for glans consumptIon (1973-82) 
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6. Gypsum
 

Resources data
 
Chemical analysis of different types of gypsum
 
Location of gypsum quarries and factories in Egypt
 
Processing data
 
Production data
 
Development of consumption in Egypt during the period from 1966 to 1977
 
Development of gypsum production for 1969/70 up to 1974
 
Gypsum consumption related to cement consumption
 
Present market of gypsum products
 
Expected total demand of gypsum in 1982
 
Activity chart of the Egyptian Gypsum, Marble and Quarries Company (GYMCO)
 
Company's activities development from 1969/70 up to 1974
 
Company percentages production in tons for the various activities
 

during 1974
 
Company percentages sales in pounds for various activities during 1974
 
Development of company production and sales from 1966/67 up to 1974
 
Development of expected production of the company during 1974-1982
 
Development of labor and wages from 1966/67 up to 1974
 
Production capacity of projects
 
Geographic location of expected production
 
Geographic location of required investments 1976/80
 
Market needs for gypsum products
 
Development of expected production of gypsum up to 1982
 



Adel El Zorghby, Samir 

Naggar 


Michel Rafael, Ramzy 

Shenouda Morcos 


2. 	Ministry of Industry
 
Kamel Maksoud 


A.M. Fahmy 


Rob Voight, Jean-Yves 

Maillet, Tony Mayo, 

Paul Haskell 


Munir 


3. 	Ministry of Planning
 
Dr. Saad Hanafi 


Trying to collect data on and explanation
 
of materials requirements of various sec­
tors for various years and projected materials
 
needed to 1985
 
Discussion of materials for housing and
 
explanation/expansion of table of technical
 
coefficients in MOHR-AID's Immediate Action
 
Proposals...Egypt
 

Undersecretary of Supply--discussion of
 
information available in MOI on materials
 
for 	housing and introduction to Mr. Fahmy
 

GOFI liaison on building materials secrjr
 
study--discussion of study and introduction
 
to people doing study
 

Booz, Allen, Hamilton consultants to GOFI
 
on materials study--discussion of study
 
and possibility of getting copy of Phase
 
I report
 

GOFI--trying to get or at least see Phase
 
I reports of Atkins Planning and Booz,
 
Allen, Hamilton sector studies
 

Undersecretary--discussion of what informa­
tion MOP might have that would be useful
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Saleih Gobran Trying to collect MOP's data on materials
 
requirements of various sectors,
 
investment in construction in these sectors,
 
and associated materials needs to 1985
 
as well as planned investment in materials
 
production to 1985
 



Subproject: 

HOUSING CONSTRUCTION SYSTEMS AND DESIGN NORMS 

I. SYNOPSIS OF PROJECT. (See initial project proposals and June 1 
Progress Report for detailed description.): The overall goal is to
 

develop guidelines/references for appropriate housing and physical plan­
ning derived from physical and socio-economic realities. There are two
 
primary areas of concern: a) the industrialized buildings systems being
 
developed in Egypt; and b) the planning of settlements, with focus on
 
the provision of housing for the low income groups and larger scale land 

subdivision issues. 

The initial phase of the project included identification of basic 

land/dwelling catego-ies for evaluation of industrialized systems and 
determination of design criteria in the settlement studies. Initial
 
contacts were made with appropriate ministries in order to initiate long
 
term collaborative efforts. The data gathering phase took place during
 

July-August, where specific information was required, and field surveys
 
were scheduled. The final phase of the work was intended to include
 

recommcndations/conclusions which could be discussed with appropriate
 

officials. Also, areas/issues would be identified for future detailed
 

research.
 

The expected product at the end of the final phase includes the
 
developmont of an evaluation system for industrialized housing in Egypt,
 

and the analysi3 and redesign of a specific industrialized system in
 
Egypt as a pilot study to serve as a model for other systems being
 

developed. The site planning study would prepare alternative physical
 
planning models for low income areas which are intended to be used by
 

gover.ment agencies for future large scale housing developments. A des­
criptive report would also be prepared on the low income areas surveyed 

in detail during the summer.
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II. STATUS OF PROJECT: The project is now in the final phase of analysis
 

and evaluation of the data.
 

A. Activities completed: The group has concentrated on the collection
 

of data from the ministries and continued familiarization with the housing 

situation through meetings with government officials, field trips to
 

selected housing areas, and interviews with users, suppliers, and contrac­

tors. Project goals and the conceptual outline for the work was
 

further refined. Several field trips were undertaken by the MIT members
 

to Cairo to assist in data collection and continue joint coordination of 

the work. Close working contacts were initiated within the housing 

ministry to allow direct application/transfer of the work.
 

Field trips were carried out during July-August by MIT members to 

Cairo. The inittul joint trip by the two members during the first week 

in July had the following goals: a) Review/collaborate with Cairo Univer­

sity counterparts on progress of informal sector user survey, and indus­

trialized housing evaluation. b) Initiate/develop contacts within 

Ministry of Housing and Reconstruction. c) Determine specific areas of 

contribution of subprojects on housing to on-going work in Ministries.
 

d) Outline specific tasks for completion of work during initial phase.
 

e) Collect data from Ministries and continue familiarization with
 

housing situation through meetings with government officials, field trips
 

to selected housing areas, and interviews with users, suppliers, and
 

contractors.
 

An additional field trip in August was made by one of the MIT 

members to Cairo to continue data collection and preparation of field 

survey information. 

Meetings were also held in Washington with Dr. Fareed of the Prefabri­

cated Housing Company of Cairo to fu-ther discuss the project. 

Field survey: (See attached summary of areas sur-,eyed.) Six selected 

low-income areas of Cairo were surveyed with the objective of providing 
"real" data as well as to check data gathered from other sources. It was 

not possible to undertake a very large or detailed survey because of time 

and budget restrictions. Therefore, precise statistical results were not
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expected. The objective was to get indications and directions in
 

supporting or refuting various hypotheses proposed in the subprojects.
 

The survey was intended to collect data for the clearly specified
 

objectives of the subprojects, as well as to allow extraction of
 

additional information to correlate more factors if required in the
 

future. The survey was divided into two general parts:
 

1) Physical planning survey of the selected areas. The information to be
 

collected included densities, land use, type of housing, systems of lay­

out, etc. The informatior would be correlated to income categories,
 

family size, and other social and economic factors gathered from a family
 

questionnaire. The physical survey also provided the base from which the
 

household samples were selected to be interviewed.
 

2) Questionnaire and direct observation for the households in the selected
 

area.
 

The results of the questionnalre are intended to provide a reference
 

for the following: testing of hypotheses on low income social grouping;
 

determination of mechanisms for site development; establishment of site
 

layout criteria, demands on public facilities, expected use of areas, etc.;
 

determination of priorities of infrastructure by user in site develop­

ment; identification of issues requiring further detailed study.
 

The areas selected were based on the following variables: 

1) The resident's soclo-economic group/housing categories (see previous 

working paper in June 1 Progress Report): very low unstable; low stable; 

low unstable; middle stable; middle unstable; high. 2) Formal or informal 

development. 3) Age of area: recent (last 5 years); established (5 to
 

20 years); old (20 to 35 years). 4) Type of housing: "Emirates" (blocks 

of flats); houses; buildings developed on small plots. 5) Privately or 
publicly developed. Some types were excluded .s they fall outside the 

focus of the projects, for example the high income group. Other groups 

were excluded because they have been covered in other research: the low­

stable and middle-stable renidents in public housing. Faculty, 

studentn, and GOPP personnel were involved in the surveys. 
A descriptive report wan prepared documenting the areas studied at 

several levels of information: overall locality scale, block scale, typi­

cal dwelling, and typical family profile. 
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Refiner? conceptual framework for industrializedhousing study. 

Owing to t a limited time available and to constraints imposed by the
 

complexit, and scope of the subject, it was decided to develop a more
 

focussed strategy, by retaining the initial aim of evaluating and
 

assessing the relationship between existing prefabrication technology in
 

Egypt and design. This can be achieved by: a) Constructing an evaluation
 

system for all prefabrication systems in Egypt, based on a complete know­

ledge of their technical, economic, and design characteristics. b) Rela­

ting generic design standards, which are specific to well defined housing
 

categories, to a "typical" prefabrication system.
 

The second strategy was chosen for the following rearons: 1) The
 

methodology remains valid for all systems, thus allowir.g a more thorough
 

examination of each either concurrently or in the next phaLe. 2) Design
 

and performance in terms of specific income groups and site choices can
 

be better matched to their built counterparts on a system to system basis, 

rather than being applied to all. 3) Elements rommon to all systems can 

be defined by comparing each singular case study of each prefabrication 

system matched to specific target populations and sites. Conversely,
 

dependent as well as independent factors may be specified and/or defined
 

for the whole in1,dwtr) 4) The conclusions of the study will become
 

immediately .,pplicable in the real world, and can be tested for validity,
 

before jumping to unsubstantiated conclusions conceining all systems.
 

Thus, the current study is intended as a pilot study for applica­

tion to other systems, either already existing or planned.
 

The study will focus on a "typical" simple large concrete panel sys­

tem of the "closed" category (Ielwan) in order to investigate its capa­

bility to widen the range in terms of: layout modification; element or 

component diversification; ability to contribute to other, more "open" 

systems, both in conventional construction and in prefabrication (indus­

trialized riector); and possible diversification into other building 

categories (other than housing). 

The decision to limit the study to the evaluation and analysis of 

a "prototypical" large concrete panel prefabrication system during the 

first year of the project is based on the following considerations: 
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1) The East German system (Helwan) is the first prefab factory to be put 

into actual operation this year or early next year, and will be the first
 

one to produce large series. 2) The system is prototypical in all its 

technical and design aspects of a whole generic range of large concrete 

panel systems of other origin. It is essentially a "closed" system 

(i.e., only type-specific floor plans can be produced) and thus may 

create problems in terms of social and developmental upgrading in the 

future. 3) Recommendations for greater adaptability, flexibility, and 

variability in terms of a more "open" system approach can be applied to 

other systems later, but at the same time may be tested by using the 

East erman system as the first "case study". 

B. Activities planned. The final phase of the first year's work focus 

on the preparation of tentative recommendations for the ministries.
 

The expected product from the industrialized housing study includes two 

parts: a) the development of an evaluation system for prefabrication 

systems in Egypt; and b) analysi, and redesign of a specific system in 

Egypt as a pilot study to serve as a model for other systns to be ana­

lyzed in the future. The nite planning study will develop: 1) alter­

native planning models for new low income areas based on existing and 

newly proposed codes, existing settlement realities, and developer/ 

financing mechanisms; and 2) documentation/analysis of the selected low 

incomc areas studied In the field surveys carried out during the summer. 

Joj:,t MIT/Cairo University Conference. A meeting is planned during 

Septembur 26 - October 7, 1) to discuss tle status of the research to 

date; 2) to outline tanks for the completion of tile initial phase of 

the work; Mud 3) to prepare future proposals for a long term reoearch 

program. Pernonnel frrm the Ministry have also been invited to attend. 

The main a. tlvitle; would be working seations on varioun topics of 

concern to the group; some nzuggented arenn are: housing problems focused 

on the informal sector of Egypt,; p1hytilcal-social-economic surveys, 

methoda, analynin of data, proulem.s; induntrialized technology in devel­

oping areas considering cultural and economic realitien. 
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Hamburg Conference on Construction in Developing Countries: A 

member of the MIT group and two members from Cairo University are plan­

ning to attend the conference sponsored by the World Association for
 

Element Building and Prefabrication. The conference represents a unique
 

and timely opportunity to gather up-to-date information and data in the 

field of housing systems, particularly in view of the fact that most of
 

the systems planned or used in Egypt are of European origin. In 

addition, specific visits will be made to several of the parent companies
 

whose factories are now being imported into Egypt.
 

Field trips: An additional meeting in Cairo or Boston is planned
 

for November to discuss/coordinate final preparation of the report for
 

the completion of the first phase.
 

III. APPLICABILITY OF WORK TO MINISTRIES. Direct working collaboration
 

has been established for both the study of the industrialized building
 

systems and the study on site planning.
 

Contacts with the PrefabricatedHouses Company: Mr. A. S. Mourad, 

President, and Dr. Adel Fareed, Technical Director, have enthusiasti­

cally joined with the utudy on industrialized building systems. Full
 

cooperation has been pledged as noted in "Future Directions" of the
 

work. Weekly meetings have been held with Cairo University counter­

parts to discuss various technical features of the proposed systems.
 

Contacts with Ministnj of Housing for site planning study: Direct 

working collaboration has been set up with tne CU/MIT team working in 

the area of settlement patterns/standards and the General Organization 

for Phynical Planning (COPP). Mr. llafez Ali, Chairman of GOPP, pledged 

full cooperation with our group and assigned Michael Fouad, vice-

President os Research and Regional Planning, and Ramzy-Ezzat Constantin, 

Director of Planning, and two Junior architect/planners, to work with 

our group. The two junior architects would serve as direct liaison 



V-80
 

and assist us in data collection; they are assigned to work with us on 

a full-time basis as needed. Letters have been sent to Hafez Ali from 

the Cairo University executive committee reaffirming the offered 

collaboration. Among other tasks, the GOPP has overall responsibility 

to assist towns and villages in Egypt in preparing master plans, newly 

mandated by law, as well as having advisory powers on housing subdivision 

in the governorates. A strong continuing influence could be achieved 

with a successful initial project. Immediate interest and use of the 

work could be as a reference for the World Bank "site and services" 

projects now being developed under the responsibility of the GOPP. 

Further "site and services" projects are also being planned for AID 

funding.
 

The specific contribution of the subproject on settlement patterns and 

standards may be identified in three areas: a) redirection of the focus/ 

emphasis of government funds/efforts from involvement/provision of 

individual houses to larger scale issues: land subdivision and infra­

structure; b) development of land subdivision/infrastructure models as 

alternatives to costly and wasteful large scale planned housing develop­

ments currently favored; c) development of a methodology of survey/ 

data techniques to provide a base for future urban planning. The study 

provides a complement to the other housing subprojects in that both the 

larger scale settlement implications as well as the individual dwelling 

would be represented. 
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areas are being considered forSeveralIV. 	 FUTURE DIRECT1ONS/TOPICS" 
of the work.a continuationfuture more detailed study as possible 

systems may readily be expanded into 
The study on industrialized 

1) further detailed study of the other nine
 the following areas: 


2) testing of actual redesign/
systems being imported into Egypt; 


modifications of the panel systems with full size prototypes.
 

Houses Company (the firm handling
Fareed of the PrefabricatedDr. Adel 

the East European system being developed in 
Helwan) expressed full
 

cooperation and interest in terms of time, expertise, 	
and facilities in
 

the fabrication and testing of prototypes.
 

Various possib,.lities exist for future work on 
larger scale site
 

Several areas of collaboration are apparent from 
the
 

planning issues. 


General Organization for Physical Planning (Ministry of Housing) which
 

could be developed into long-term projects. Three areas have been
 

identified as follows:
 

- teaching: discussions centered around offering a seminar in 
the GOPP
 

participants would be approximately 10
 during March of next year; 


an intensive 10 day session evaluating a speci­people from the GOPP in 


fic project as a vehicle for discussion and as a means of presenting
 

planning issues. Also, possibilities were discussed, where an outstand­

ing junior member of the GOPP could attend MIT as a 
student in the
 

Master of Architecture program.
 

research: continued development of basic documentation of reference
 -


areas of land/dwelling systems; development of planning 
models of new
 

and culturrl.and economic
 areas considering staging, low income poepl, 


situation.
 
a specific site,
 

practical applicatiols: demonstration of principles in 

-

a desert area of development, and in an expansion 
area in the
 

both in 


agricultural region.
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Attachment B 

SUMMARY OF LOW INCOME SURVEYS 

Dr. Barrada, Dr. Zakia Shifie, Dr. Nasamat
 

August 1977
 

From the preliminary evaluation of the data available for the subpro­
jects, it became clear that there was much information which was not
 
available; therefore, a field survey was initiated. 
 It 	was not possi­
ble to undertake a very large or detailed survey because of time and
 
budget restrictions. 
Therefore, precise statistical rnsults were not
 
expected. 
The objective was to get indications and directions in
 
supporting or refuting variots hypothesis proposed in the subprojecto.
 

The team approved of carrying out this survey not only to achieve the
 
above objectives but also because it was felt that it could give the
 
following benefits:
 
1) 	to initiate a quick interest and involvement of students and faculty
 

in 	 the research through a tangible "product"; 
2) 	 to help establish a general background for all members of the team
 

with a common vocabulary and concepts;
 
3) to quickly establish a working relationship between members of the
 

team and start the communication mechanism.
 
4) to enable all members of the team to get a direct contact, "feeling",


and first hand information of part of the housing problem in Egypt,

particularly those members from MIT and Cairo University who are
 
new to these problems.
 

OBJECTIVES
 

The survey was intended to collect data for the clearly specified objec­
tives of the subprojects, as well as 
to 	allow extraction of additional
 
information to correlate more 
factors if required in the future. The
 
survey was divided into two general parts:
 
1) 	Physical planning survey of the selected areas. 
 The information to
 

be collected included densities, land use, type of housing, systems

of layout, etc. The information woLld be correlated 
to income cate­
gories, family size, and other social and economic factors gathered

from a family questionnaire. The physical survey also provided the
 
base from which 
the household samples were selected to be interviewed.
 

2) Questionnaire,and direct observation for the households in the
 
selected area.
 

The results of the questionnaire are intended to provide a reference for 
the following: 

- testing of hypothebis on low income social grouping
 
- establishment of prototype:J/models of dwelling designs
 

- determination of mechanismb for site development
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- establishment of site layout criteria; demands on public facilities,
 
expected use of areas, etc.
 

- determination of priorities of infrastructure by user in site develop­
ment
 

- identification of issues requiring further detailed study.
 

THE SURVEY TEAM 

Twenty two students from the Departmer. of Architecture formed three
 
survey groups (8, 8, and 6). Each group was headed by one teaching 
assistant. Each group was allocated two residential areas (Group 1:
 
two informal; Group 2: two formal; Group 3: one informal and one for­
mal). A member of the staff of Cairo University team accompanied
 
selected students and the teaching assistants in a preliminary identi­
fication of the areas.
 

SURVEY PERIOD
 

The surveysstarted on July 10, and lasted for approximately 2 weeks.
 
An additional 2 weeks were then required to prepare the plans at the
 
dwelling scale and to complete the site plans.
 

INITIAL PILOT SURVEY
 

An initial pilot survey was prepared in Cairo for testing before pre­
paration of the final form. Tle joint team then met in Cairo at the 
beginning of July for a review of thin pilot siurvey. :a:-ed on the 
pilot survey and comments from joinL team d',cuat;iona, the nurvey was 
revised into its final form. Also, it wan found that in mrost cases the 
areas chosen did not contain enough dwellingI from which to select the 
desired survey sample (40 to 50). Accordingly, the arean were increased 
to include 120 to 150 huildingni In each of the caite-.. 

The pt,,one of the te'it/ irvoy titt witt car rivd ot. I lte .June wan to: 
- a) familiarize the Iltudents with the arean nelected for research; 
- b) tent ing of survey format; 
- c) determine thIe approximate tit.. 1iecri~t:Ary to COquj)lette the quention­

nalire in eathI aren; 
- d) prepare a tiite plan for each area with the buildilings, "treets. 

ut ilitien. etc. 
The rcuults were en,'ouraging with both tudenit Interviewern and tho 
people ourveyed enthtnsiafim. 
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SELECTION OF AREAS
 

The types of localities in Egypt were identified according to the follow­
ing main variables:
 

1) 	The resident's socio-economic group/housing categories (see previous
 
working paper in June 1, Progress Report): very low unstable; low
 
stable; low unstable; middle stable; middle unstable; high.
 

2) 	Formal or informal development.
 

3) Age of area: recent (last 5 years); established (5 to 20 years);
 
old (20 to 35 years).
 

4) Type of housing: "Emirates" (blocks of flats); houses! buildings
 
developed on small plots.
 

5) Privately or publicly developed.
 

Some type,; were excluded as they fall outside the focus of the projects,
 
for example the high income group. Other groups were excluded because
 
they have been covered in other research: the low-stable and middle­
sLable residents in public housing.
 

The six areas chosen are representative of a type of category. There
 
are many other similar areas in Cairo.
 

.rOcality Housing
Category 

El liaram Low-stable 
and unstable 

Meet Okba Low-stable 
and tinstable 

Mataria Low-stable 
atnd unstable 

Helwan Low/medium 
stable 

Shoubra Middle-stable 

Abbanayia Middle-atabl: 

Type of 

Development 


Informal 


Tnformal 


Informal 


Formal and 

informal 


Formal 

Formal 

Age of 

Area 


Recent 


Old and 

established 


Recent 


Established 
and recent 


Estublished 

Old 

Type of 
Housing 

Type of 
Developer 

Small 
plots 

Private 

Small 
plots,
emirates 

Private 

Small 
Plots 

Private 

Houses, 
small 

Private 
and 

plots 
Emirates 

public 
Private 

Emirates Private 
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SELECTION OF SAMPLE FAMILIES
 

The families to be interviewed were determined from the site plan pre­
pared from the pilot survey. The procedure of selection was as 
follows: The height of each building was marked on the site plan for 
each area. The total number of buildings of various heights were 
recorded, and a percentage of each category (equal to the percentage of 
category to total) was allocated; i.e., if the total number of four­
story buildings was a third of the total number (30) then 10 samples 
would be selected from these 30. The necessary number of each category 
was chosen at random by each teaching assistant and marked on the site
 
plan, taking into consideration a choice which includes a variety of
 
building locations, i.e., corner, end of street, etc. If the building
 
chosen contained several floors and apartments, the students were left
 
free to choose any of these for the interview. The number of samples
 
selected for each area are as follows: Al Haram 35; Meet Okba 47;
 
Mataria 47; Helwan 43; Shoubra 45; Abbasayia 24.
 

LIMITATIONS OF SURVEY DATA
 

Precise btatistical results were not expected from the survey. The
 
objective was to get some indication and directions on specific issues
 
related to the low income sector. Specific comments pertaining to the
 
data are as follows:
 

1) 	Some of the survey questions were left blank without mentioning the
 
reason, which may be explained by: a) refusal to answer; b) error
 
by 	 interviewer; c) a negative answer and not recorded. 

2) 	Most of the chosen residential units from the informal sector were
 
on the ground floor. The residents of the ground floor intercepted
 
the students and wanted to know the reason for entering the house. 
Therefore, the tendency was to interview them while explaining. 

3) 	Some of the answers did not indicate a pattern becaune they were not 
answered by all of the people interviewed. This might have been due 
to: a) failure to granp the meaning of the question; b) desire of 
the student to finish the interview quickly; c) answer eid not fit 
in the format, and the student failed to record it as a general 
remnrk. 

4) 	 The questions omitted in all of the samples formed a unilorm pattern 
in the 6 areas, except for the question about inconke in Shoubna 
which wan not answered in any nample. 

5) 	 The people were 'sometime nusiplciloun when the students wanted to draw 
the dwelling unit and refused completely. This occurred primarily 
In the formal areas. In the informal areas the people were quite 
hospitable and helpful an noon as they were reassured that the Inter­
viewers were really otudents. (Some of them even offered tea or cold
 
drinkal)
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Attachment C 
WORKING PAPER: NOTES ON EGYPTIAN HOUSING SITUATION 
Reinhard Goethert, 1 September 1977 

Context: 1) The population of Egypt will double by the year 2000.
 

2) 	 The annual population growth is 2.41 for the country. 
Urban growth is appcoxir-,ately 4%, of which half is from
 
immigration and half is from natural growth. In 1960,
 
38% of the population was urban; in 1970, 44% was
 
urban (World Bank study, 1972).
 

3) The largest percentage of population is the low income;
 
which is also the sector growing most rapidly.
 

4) Rapid, undirected urbanization is having deteriorating
 
effects on the cities of Egypt. Focus of work on Cairo
 
allows immediate, direct use of the results of the study
 
and, secondly, it is inevitable that Cairo will continue
 
to grow in the immediate future despite efforts intended
 
to 	retard population inflow. The most severe impact is 
on 	Cairo, and perhaps is a forerunner of what will happen
 
in 	other cities in Egypt.
 

5) 	Rapid urbanization is also continuing on the limited 
scarce agricultural land, despite best efforts to stop 
expansion. 

Housing: 1) According to various studies (including MOHR/AID "immediate
 
action proposals for housing in Egypt"), there exists an
 
acute housing "shortage", which was approximately 1.5
 
millions in 1975.
 

2) 	There is a shortage of vital construction mater.als, in
 
particular cement. There is a shortage of skilled labor
 
due to the attraction of higher salaries in other Middle
 
Eastern countries.
 

3) 	Under present approaches, including industrialirpd syintemn,
 
there exists no way for the government to provide sufficient
 
housing for expected demand. (Within 10 years they could
 
feasibly only produce 172,000 units; AID report.)
 

4) Middle and higher incomes are sufficiently able to i.cquire 
and afford housing. 

5) Cost of existing minimum housing built by the government 
is around LE 2,800, which in beyond the economic capacity 
of 76%of the urban population. One consequence in that up 
to 70% of all urban housing currently built is by thu lower 
income "informal sector" which constructs dwellings illegally
 
outside of the formal nouning market.
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Government 1) It is estimated that 50% of subdivisions and 60% of
 
regulations: dwelling activity are in violation of existing legislation.
 

2) 	 Certain conditions are clear: a) building codes, and b) land 
subdivision regulations, are not compiled with. This is 
not confined to the low income areas (the so called "informal 
sector") but also prevalent throughout the income spectrum: 
middle, as well as high income dwelling construction. The 
middle and high income builders tend to comply with land sub­
division regulations but deviations from the building permits 
are common. No data/studies are available on the percentage 
of non-compliance but estimates range very high. 

3) What is then the purpose of the codes and laws? The promul­
gation of additional laws, however reasonably intended, gen­
erally means more 	 laws are ignored, and the general cynicism of 
the public toward government efforts is increased.
 

4) 	 A reasonable objective is to identify a minimum acceptable 
set of rules which must be followed for health, safety 
reasons. The criteria for the rules involve layout efficiency
 
to minimize present and future costs.
 

5, 	 It may be more appropriate to concentrate efforts on aspects 
within the direct control/responsibility of the government, 
i.e., the provision of infrastructure. 

Socio/ 1) Supremacy of the family unit remains the primary social/ 
cultural, cultural attribute. 

2) 	 Lower income and rural Feople tend to follow and require
traditional living patterns. Middle and higher income people 
tend to emulate/desire Europedn living patterns.
 

3) 	 The traditional village org.nization has been around the 
family clan. Several generations from a common descendent
 
often inhabit n specific section of a village known as
 
"Hlamula". The traditional rural house is composed of a num­
ber of rooms grouped around an open courtyard with high

windowless stone or brick walls. The courtyard serves func­
tional purposes of keeping chickerm, etc., and suited to the 
cultural traditions of h|e family.
 

Planning: 1) 	 "Traditional" neighborhoods offer direct pedestrian access 
to markets, employment, f-mily, and related to clinte/ 
cultural/social values with an unequaled vitality. They 
arc rich in social interaction and participation. However, 
thecy tond to lack water, proper itewag) disponal, and refuse 
collection nervicen which the city Is unable to providu 
because of limited finances, .kills, and materials. Also,

tharo arn few recreational op)n mpaco for people to go 
and nit with familien in the evenings an in tha cuntom
thiroughout the urban 3roan. Coffee .holvi, which upill into 
the atroets, become tle prima neighborhood focun in those 
areas. 
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2) 	'Non-traditionally" developed areas 
(often higher income,

but not necessarily) have comp'ete services but require

automobile use, and have poor land utilization resulting

in higher public costs disproportionate to population
 
served.
 

3) New public and private developments generally follow imported

European patterns which do not relate to Egyptian culture,
 
social structure, nor climate. 
Most of the large scale plan­
ning concepts 
are direct imports from these European models

-discrete land uses, low densities, "garden city" illusions,
 
automobile orientation.
 

4) 	The European "garden city", approach of apartment slabs set
 
in a green common space, is 
nonsense in reality, particularly

in the context of the lower income majority of the population
 
in Egypt.
 

1) 	Government and private intervention is required and large

scale developments must continue to be implemented.
 
However, the physical product must change.
 

2) Both new developments in desert areas and expansion of
 
existing urban areas will have basic requirunents of cost
 
efficiency in layout, encouragement of high densities,
 
and compact planning.
 

3) 	Large prcjects imply large numbers of people with varied
 
interests and backgrounds. Large housing projects tend to

provide a few restricted dwelling unit types for design/

administrative simplicity, stratifying the areas into a
 
narrow spectrum of a social group. However, although

redesign of the dwelling unit itself may better accommodate
 
each family's needs, the end result will be the same as
 
seen in the older housing projects for the lower income
 
groups throughout Egypt. For example, they will approach

the deteriorated conditions as 
in the Ain El Sira, Zeitum
 
projects in Cairo. 
The problem lies in the site planning.
 

4) 	Although site planning is perhaps in a narrow field of
 
specialization, it has broad implications on urban areas in
 
terms of financial health, physical efficiency, and culture,
 
both present and future.
 

5) 	The current planning of housing projects hati reinforced 4 
bad situation -the excessive amount of undofined open

areas/circulation sipace and unnecensary streets, which 
exacerbate t1o lack of maintenance, no refuse collection, etc. 
These open spaces, "green areas", are under the direct res­
ponsibility and control of the city which tu the lenst able to
maintain it in 
terms of finances and intorout/motivation for
 
maintenance. 
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6) The change of the arrangement or shape of the apartment 

slabs is not the issue. The key is the responsibility/ 
control, ownership and use of the landl the building 
is secondary. 

7) In housing projects, particularly for the low income, it 

is 	contrary to separate commercial facilities/small shops
 

from the dwelling structures. Daily food requirements 
demand easy access to allow small purchases of perishable 
food stables. It is a burden to the people to isolate 
the shops as is found in traditional western planning
 

areas who are dependent on the automobile induced sprawl
 

areas. Shops will develop despite best efforts of
 

authorities to control their development.
 

8) 	Areas should not be planned for exclusive use of the
 

automobile, with its land wastage ind burdens to urban
 
ild 	and the young.transportation, particularly to the 

The traditional pedestrian methods o- planning should be 

encouragedand continuedin new developments. 

9) Primary issues should not be obscured by purely visual 
attributes: texture, scale, patterns, decorations,
 
which are only one but immediately obvious aspect of an 
area's "character". Many of the mentioned characteristics 
which architects, etc., consider in defining an area,
 
cannot be artificially, instantaneously created, but are
 
subconsciously created over a long period of time. 

1) The image that one gets from public housing projects isIndividual 
worse than the actual individual family situation. Dwellings
dwelling 


unita: (from observation) generally tend to be clean, well-mr.intained, 
and reflect high family pride and investment: fancy light­
fixtures, decorated interior, flowers, and fine furnJ.,i ro
 

_' cm­quite r'-travagant considering the family's incer-. 


terior also shows/reflects pride as well an att i cs to indi­

vidualize units in the uniform mass of a project.
 

2) 	Dwelling construction and uto provision of dwellings appear 
not to be a problem from the physical sense. ',ridence 
through case studies clearly shows that the low income can 
finance and construct their own 4-5 ato j dwellings suited 
to their financial, physical, and social requirements. 
(Thin is not to say, however, that 'inancial and technical 
assistance programs by te government would not allow porhapu 
quicker, better dosignod buildings.) 

3) Dwellings clearly develop into 4-5 story structures, rwjardlesa 
of initial design, income group, or area. Often avon in thea 

larger establinhod housing projects, oxtanniona can be on 
encouraging onto o" viounly piolic land initially intended for 

public "green" areas. in some canes, )OOple hayv, oven added 
whole rooms illegally on tto ground floota. It in clear that 

planning must oonsider thin transformation into a higher donnity 
with its increased demands on schooln, utiltic;, tranuportation. 
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Informal 

sector 

housing: 


Focus of 
po ici esa 

4) 	Recommendations for reducing a unit size to 60-80m 2 and
 
smaller should be carefully considered in light of the
 
cultural situation and long term effects. Although
 
initially there may occur savings which lower costs to the
 
individual household (although studies have indicated that
 
this would still not be within reach of the majority), the
 
size is not tailored to the Egyptian culture, as in most
 
traditional cultures, with larger, extended families.
 
Smaller units either force "overcrowding" as families 
attempt to continue their traditional lifestyles, or 
families are forced to adopt nuclear family patterns with 
resultant breakdown of large family groups and long term 
social Ieteriorat ion/change. 

1) 	The provision of housing by the informal sector should be
 
encouraged and supported by the government. This is
 
perhaps the most effective in terms of cost and within the
 
reach of a greater number of population.
 

2) V e progressive nature of informal sector construction 
spreads the demand for building materials over a longer 
pariod of time. There would be no direct, immediate surge 
in demand on the already over-burdened materials industry. 

3) Families wust be encouraged and allowed to continue to 
construct their own dwellings. Aside from providing a 
shelter for a single family there is a clear trend and 
incentive for expanding to 4 stories which -:ovides shelter 
for 4 to 5 additional families while, at the same time: 
a)improving .he financial position of the family; 
b)providing additional hou3ing units onto the market. 

4) 	A possible government policy is to speed up the informally
 
produced dwellings by building a single story unit only
 
(either prefabricated or conve.ntional; whichever cheaper,
 
quicker) and to encourage the owner to expand on own
 
resources. Government costs would be for only one unit,
 
with a net rain of five units.
 

1) 	 The primary focus of the government should be, a) how 
to 	provide maximum benefit to mot people, and b) how
 

to addrou the problems which tho people are not able to
 
solve/handle thwnnelvon and which require a larger scale
 

of organization.
 

2) 	Policies should concentrate on the urban arena because of 
the limited agriculturilland and the resultant inevitable 
urbanization process. 
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3) 	 Particular consideration should be given to the low income 
majority currently outside of the formal housing market. 

4) 	 The focus should be on larger scale settlements instead of 
single dwellings.
 

5) 	 The problem clearly lies in the realm of government provided 
services: water supply, sewage disposal, street lighting, 
street paving, refuse collection, and electricity supply. 
Gove..nment efforts should be directed toward providing basic 
infrastructure, services,and more appropriate land distri­
bution and subdivision. The subdivision of land must be 
assumed by the government to control direction, areas to 
be 	used, and to a large extent, to assure future, economi­
cally feasible, provision of utilities. 

6) 	 Planning models should be determined through the study of 
selected urban areas to determine realistic land policies 
including land uses, densities, circulation, and dwelling 
needs. 
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V.4 	URBAN TRANSPORTATION IN METROPOLITAN CAIRO
 

Progress Report
 

March 15, 1977 - September 1, 1977
 

Administrative Organization.
 

In the M.I.T. group, the principal investigator is Ralph Gakenheimer 

and the project manager is Thomas Brigham. There are two assisr tis, Martin 

Michael of the Department of Urban Studies and Planning who is -. clalizing 

in transport project development and programming, and Donald Keller of the 

Department of Civil Engineering, who is specializing in technical aspectL of 

programming. In addition, there has been part time help from Atul Sharma on
 

the economics of auto ownerrhip, and from Mougtafa Amar on tra'el demand 

modelling. Travel survey and travel demand aspects of the research are 

directed to Tom Brigham, who also participates in the other parts of the
 

research.
 

Coordinator of the research in Egypt is Mr. Ali El-Daghistany, Vice 

Minister of Transportation. Director of research for the counterpart team 

in Dr. Mohamed El-iawary of Cairo University. Participation of the Transpor­

tation Planning Authority of the Ministry of Transport is led by Mr. Abdel-Aal 

Salmawy, Technical Director. The project also includes Dr. Farouk El-Heri 

(Cairo Vniversity) and Dr. Mohamed Ownin (jAnyut University), and Mr. Hokhtar 

lassan of thLe Tranportation Planning Authority of the Ministry of Tranapor­

tation. Student assiatantq include Ahmed Bndazvi and llnnidi Ismatl. Thisn 

group has planned and executed the travwl survey (including a pilot survey 

followed by the full survey). It has processed the data and prepared all 

the neceasary inputs to computer analya li of the data. It has hoeted the 

vinitng rmer'bern of the K.I.T. teats and facllltated till anpect. of data 

gathering. It ha" Independently collected A large amount of data on auto 

ownerohip and transportntion project developrwnt. In short, the performance 

of the counterpart team under Dr. El 1lawnry'" direction in all aspect, of 

thin research has been very tu:ccesnul. 

Following Initial exploratory visita to Cairo to arlct objectivoo 

of r..nrarch and menns of a'complitrihlg it, the following pinno of vork havo 

taken place: (1) Layotut of the grn-ral ntrategy of research, (2) Plnninng 

Atnd akAeUtling of the travel survey illt datia procr.nslu1g in Ciro, with A visit 

to Cairo by Brigham to participate in tho planning of both clemonta, (3) A 
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three week visit to Cairo by Gakenheimer and Michael to collect data on 

(4) The rest of the sunmr in Cambridge preparingproject development, 

materials on programming, the analysis of auto ownership, and the preparation
 

of project development information toward a paper on the project development
 

experience, (5)nuring the rest of the summr the Cairo team hnn completed
 

the survey coding and data processing, and has collected materials on project 

development, (6) In August and September, members of the Cairo Team are
 

arriving in Cambridge for the blending of these materials and the consolida­

tion of the research effort.
 

Activities to the Present Time.
 

Element 1: Travel Analysi~s. 

asof the urban transportation projectSummary - The first element 

outlined in he project proposal of March 3, 1977 is 90Z complete. Traffic
 

volumes and travel behavior in the greater Cairo metropolitan are. have been
 

monitored, and standard survey procedures and documents have been developed
 

to allow repetition of the surveys by responsible governuentel agencies.
 

Consistent data collected over time will provide an essential tool for diag­

nosis of urban traunportation problems, the planning of solutions to the
 

problems and the monitoring of the effectiveneer, of the solutions implemented. 

Members of the project team from Cairo University, the Cairo Transport 

Authority and M.I.T. agreed that development of analytical models and planning
 

methodologies to demonstrate use of the LUscted data would aid not only the
 

adoption of the project work by governmental agencies, but also in the
 

id III of the project itself. Hence, the scope of
 progress of elemnts I" 


the work was expanded to include development and application of a traffic
 

speeds given alter­assignment model, which could predict traffic flown and 


nate forms of the Cairo street network, and in conjunction, speed and delay
 

of the
studies for arterial and collector streets forming the oveguntn 


network.
 

In addition. it was agreed that the transit portion of the travel
 

behavior surveys will be excluded from this year'. program, due to the fact
 

that the number of atationa which would have been employed In the survey
 

avAilablS would not have provided sufficiently
given the renource. 
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comprehensive data. This exclusion allowed the expansion of the private
 

vehicular travel behavior portion of the survey and a corresponding increase
 

in its eventual usefulness.
 

Traffic Volume and Travel Behavior Surveys -- Criteria for the surveys
 

were developed and applied to the actual survey effort in the form of the
 

following steps. First, a preliminary traffic volume and O-D survey was
 

performed in order to train supervisory personnel for the larger survey, and 

also to obtain data with which to analyze the 6th of October/Tahrir/Galaa 

bridge traffic flow problem. The analysis oi the resulting data allowed the 

staff to gain familiarity with the analytical tasks which were largely 

computer-performed during the processing of the comprehensive survey data. 

(See "A Study of Traffic Flows on the 6th of October and Tahrir Bridges Axes" 

by E-Ilawary, Owais and Abdel-Bary, May 1977.) Second, the main survey was 

conducted utilizing 267 counting stations, roughly 96 percent of which were 

also travel behaxvior survey stations. Third, since the main survey occurred 

on a single day and covered the 10 busiest hours of the day, traffic fluctu­

ation surveys were undertaken to measure traffic volumes in centrai city, 

peripheral, and auburban areas over the entire 24-hour day for one week. 

These data were used to estimate total daily volumes, hourly fluctuations 

and weekly fluctuations in traffic of various common vehicle types. Fourth, 

in order to calibrate a traffic annsigument model accurately enough to allow 

it to be uned in Egypt, relationships between traffic capacity, volume and 

speed over the network needed to be determined. Hence, speed . delay 

surveys were conducted on -tufficient number. of ntreetl and inte:Iections to 

develop Cairo-specific paramcter, for relationship, between link speed and 

traffic volume for ntreets of various widths, and for various types of 

adjacent land us.. 

Contildernble effort wan devoted to nurvey area doli. -ntion, origin­

dentination zone election and location of the murvey .tntion no a" to maxi­

mize nurvey data output. 1Three different nurvey formn were developed, which 

are an follown: 

4) Traffic Volume - dnirsi.ned to nlow count iug of all the major 
typen of vcticle, nnt Iii tIdit lhn to provide distinction 
between private atI pub 11 c tratinit buses, narnig the three 
prltwc ipl typtin of p)u, lic trnvilt vehiclon (trar=i, buses, and 

trolley boe). adt,!betw n, private nuton . ind taxis. 
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b) 	On-Route Interview - origin/destination and trip purpose were
 

the key data elements desired. In addition, vehicle type,
 

occupancy governate of registration and over-night parking
 
location were also asked.
 

c) 	Speed and Delay - designed to allow the timing of traffic
 
flow speeds along arterial and collector streets and delays
 
encountered at intersections and traffic circles. The
 
surveys are conducted in a floating car moving in traffic
 
at roughly average speed.
 

Following collection of the data, the Cairo University computer facility
 

was employed to sort and tabulate the results. Key data elements include
 

traffic volumes, vehicle occupancy, trip purpose, trip origin and desintation,
 

governate of registration and overall indices of vehicle flows within, into
 

and out of the metropolitan area.
 

Documentation of preparation and execution of the surveys is complete.
 

Preparation of a traffic volume/travel behavior survey manual for future,
 

and hopefully regular use at the Transport Planning Authority and related
 

governmental agencies is well underway and is expected to be completed by
 

the end of September. The manual will allow the surveys and data tabulation
 

methods to be replicated with a minimum of effort and technical expertise.
 

The selection and implementation of the traffic assignment program in
 

Cairo is aiproximately 40% complete. An assignment program is currently
 

being nat up at M.I.T., which will provide a pilot system to demonstrate
 

program implementation, application of the model to the Cairo situation, and
 

provide a framework for further strent and highway network analysis on-site
 

in Cairo. The work at M.I.T. is being performed jointly by M.I.T. team 

members, and visiting project team members from Cairo University and the 

Cairo Transport Planning Authority. 

It in ,nticipated that a parallel system will be net up in Cairo,
 

preferably at Cairo University, and that a number of potential solutions to
 

either localized or general traffic congestion will be tested and documented
 

by 	the end of Derembur, 1977.
 

Zlement II: Project Proaramming 

As a first sitep in the adaptation of project programaing technology
 

to amet Egyptian necds, a study of current transportation project Implementation
 

procedures was undertaken jointly by the Cairo counterpart team and members
 

of 	the M.I.T. team in Cafio during June. Following t'i Initial revivu ot U.S.
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programming literature which began during the Spring.in Cambridge, and after
 

discussion between the M.I.T. and Cairo teams in Egypt, it was determined
 

that this study should be based on a review of the historical development
 

and current status of a number of transportation projects in the Cairo area.
 

For this purpose, a "project status" package was written, designed to assist
 

in the collection of information in four project-characteristic areas:
 

(1)project description and component/element breakdown; (2)source of
 

funding; (3) identification of the organizations v'iich developed the project
 

idea, as well as the project designers, constructors, and those responsible
 

for implementation; and (4) identification of problems which arose (and the
 

non-problems which didn't) in the course of project development and
 

implementation. Utilizing this guideline, an extensive series of interviews
 

and general discussions were held in Cairo, first to identify the current 

set of proposed and on-going transportation projects, and then to gather 

information on each project in the four previously mentioned areas. Sources 

of information included individuals associated with Cairo University, the 

Transportation Planning Authority of the Ministry of Transportation, the 

Ministry of Housing and Reconstruction - General Office of Physical Planning, 

and the Gize and Cairo Governorates, as well as private firms involved in the 

design and construction of projects. The result- of this data gathering 

effort are currently being analyzed by the M.I.T. team in Cambridge (with 

the participation of visiting Cairo University team members), while the 

counterpart team in Cairo continuei to assemble more refined data on tile 

various projects. Thin analynia is enabling the research teams to develop 

an overall picture of the manner in which urban tranispornacion projects are 

currently developed and implemented in Cairo, as well an identifying 

specific project-implementatton problems. It will conclude with a paper, 

commenting on thia asembled informaition, "The Project Oevelopment Pxperianca 

in Trannirtation In Cairo." 

Concurrent with thene actlvitlets, the review of U.S. programming 

methodologKles in continuing in Ctnmbridge. Specific example, of pant 

programming efforts, -. well as proponed-b*t-untr ii technique.i, iate being 

axamin,'d. rho intent her. Iti to gi.ural : the progrn.i ng experience of the 

UI.,., and then. in conjunction with the rennrch concerning projact 

Implementation in Egypt, to identify thore techntiquen which might bo uusuful 
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and adaptable in the Egyptian context. Special attention is being given to
 

the definition and understanding of uncertainty in project development. The
 

principal objective ia to prepare a programing method which fit* the
 

institutional realities and other requirements.
 

Element III: Auto Ownership
 

Beginning in May, and continuing through Jr'ne and July, an H.I.T. teasm 

member in Cambridge has been assembling and reviewing information pertaining 

to auto ownership, both in developing and developed nations. Particular 

emphasis has been placed on pinpointing the particular factors which appear 

to influence the level and pattern of distribution of ovneruhip. The work 

of identifying these factors in the specific case of Egypt was initiated in 

Cairo during June, when i,.I.T. team members, together with the Ceiro
 

University counterpart team, began to assemble a broad range of basic
 

information pertaining to the ownership of automobiles in that country.
 

This information includes data specifically concerning "who owns automobiles,"
 

the cost of purchasing and maintaining autos (including the problems of delay
 

and high cost in auto purchasing, and fuel and insurance costs), the
 

importation of automobiles and their co=-ponenta (foreign capital requirem,.nts,
 

foreign sources of autos and parts, and tariff stn..tureo), domestic proluction
 

and asacmbly of automobiles (historic patterns; planned production levels for
 

the future; and manpower, materials and capital requirements and availability);
 

information concerning alternatives to private auto ownership (taxis, remis,
 

azd public transportation services); and basic demographic data.
 

Remainder of the Contract Period
 

Elament I: Travel Analysis.
 

During the next three and a half months we will put the UTP8 package
 

of the USDOT into operation on the IBM computing machinery at M.I.T. This
 

will be done with the assistance of Mokhtar Hannan, visiting umeahcr of the
 

Cairo team. When tho program.5 are operating we will examine specific
 

alternatives in Cairo transportation system development an introductory
 

exercisee of interest to transport officials in Cairo and as preparation for 

the incorporation of these programo into otor programming Maethod.
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At the same time, we will finalize the choice of a traffic assignment
 

program for Cairo. This includes working through certain obstacles caused
 

by the differences in computer equipment between the U.S. and Cairo.
 

Before the end of 1he contract year, exercises with project alternatives
 

will also be done in Cairo.
 

Eiement II: Project Programming
 

During the remainder of the contract year, most of our available
 

person-months will be put to this task. We will complete the project
 

review paper, as a distillation of experience in project implementation
 

toward selecting features of our programming method. In addition, an
 

introductory memorandum on the programming process is in the final stages
 

of preparation, a memorandum of the technical aspects of programming will
 

soon be ready, and a memo on uncertainty will be completed. The lat-.cz
 

reflects our thought that differences in the uncertainties of phenomena, and
 

differeit views of uncertainties may be a key to understanding the Cairo
 

situation. From this work we expect to advance to a general paper for
 

discussion on programming method for transportation improvements in Cairo
 

by the end of the contract year.
 

Element III: Auto Ownership
 

This element will not receive further work before the end of this
 

contract period, (except through informal sources, such as work by students
 

in related courses).
 

The Next Contract Year
 

Pruposed activities for next year include continuation of some of the
 

on- oing activities and the beginning of some new ones. It is convenient
 

to mcntion them in three elements.
 

1. Refinement and application of the programming method. Since we
 

will only reach the completion of the component parts of the programming
 

method by the end of the current contract year, we will be left during the
 

zoming year to consider its operability as a complete method, to apply it
 

cm : series of test canes, .tnd to further refine it for use as a tool of
 

decisionmaking. The emphasis is on application of the method developed
 

during the first contract year, and on generating the improvements resulting
 

from applications.
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for the eztension of
2. 	 Auto Ownership. We hope to have means 

a
the analysis of auto ownership. The purpose would be to work 	 toward 

model which relates auto ownership to (a) import tariffs, (b)manufacturing
 

administrative decisions affecting
policy, (c) user costs, and the many 

is based on our belief that auto ownership is the
these factors. This work 

aspect of urban transportation which is the most significantly manageable 

Changes in the import tariffs on automobiles, for example, 
could
 

by olicy. 


a great impact on traffic in the streets of Cairo within a shnrt time-­
have 

than fy feasible action on transportationno doubt a much greater impact 

within the city itself. At the same time, since this policy levet does not
 

exist in the U.S. and most other post-industrialized countries, 
there is
 

Our
 
no background of analytical technique with which to study the 

subject. 

objective is to develop a perspective on auto ownership which will 
bring the 

the Egyptian government to it as a means of transportationattention of 

planning, and suggest the consequences of government action on 
the subject.
 

3. Transit. The principal new element of next year's research
 

would be our entry into the subject of mass transit. There are many reasons
 

While traffic on the street is the immediate basis for
for doing this. 


expanding the capacity of the transportation system, it Is a fact that well 

are by public transit. In terms 
over 90 percent of the trips made to Cairo 


of its social role and its significance to the economy in general, public
 

transit is much the more important mode. In Cairo it suffers 	severe problem 

of under-investment and overcrowding.
 

Our project experience up to the present time includes substantial
 

We have had a number of contacts
preparation for transit sector research. 


We have annual
with the Cairo Transit Authority, the operating agency. 


reports of the agency, describing operating performance, conditions of 
the
 

fleet, and so forth. We have information relevant to transit 	in the set
 

of projects reviewed for study of projec programing activity. We have
 

We will
information on transit vehicles as traffic in the travel surveys. 


have the UTPS package mounted, at least in Cambridge, offering an array of
 

programs for the analysis of mass transit. Hopefully, the programs to be
 

put into operation in Cairo will also have transit analysis features.
 

Our purpose is to prepare to examine project alternatives in Mass
 

transit as well as in street traffic, and to add the methods for doing this
 

This will extend our programing capability
to our programming capability. 
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to include means of examining the efficiency of scheduling and headways,
 

measuring needs for transit equipment, and, generally, evaluating proposed
 

improvements to transit effectiveness.
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V.5 IGHWAY TRANSPORT PLANNING IN EGT 

Progress Report
 

June..l, 1977 - September 1, 1977
 

OBJECTIVE 

The primary objective of this cooperative effort continues to be the 

strengthening of Egyptian institutional capabilities for the analysis,
 

planning, and programming of highway investments. This will be-accomplished
 

by establishing a data collection and inventory methodology reflecting
 

the parameters appropriate for upgrading and maintenance deciions in
 

Egypt, by applying and calibrating an existing evaluation framework-the
 

Road Investment Analysis Model-for use in these decisions, end by the
 

training of Transport Planning Authority and Cairo University personnel
 

in the use of these data collection and analyais techniques. Emphasis
 

has been placed on the identification, and resolution of the major issues
 

confronting the establishment of appropriate maintenance and utgrading
 

standards and schedulings for Egypt.
 

Specifically the work will build upon the existing MIT effort in 

Ethiopia by applying the developed framework and methodology to the fol­

loving issues:
 

1) Economic evaluation of proposed -pojects (both new cbOstzuction
 

and upgrading of existing links)
 

2) Economic evaluation of design and maintenance standards in the 

context of the larger road network 

3) Development of projections of future maintenance requirements
 

and traffic patterns
 

4) Recommendation of equipment required to develop and maintain the 

data inventory of the network condition and maintenance activities.
 

To demonstrate the methodology, the team is concentrating on data 

collection and malyses for a single maintenance zone, through the involve­

ment of Cairo University graduate and undergraduate students, and collabora­

tion with Transport Planning Authorit'y officials and Cairo University
 

on the development and use of this evaluation framework on Egyptian
 

The calibra­maintenance and upgrading situations of immediate interest. 
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tion aspect of the project involves adapting to Egyptian conditions empir­

ical relationships of pavement deterioration and maintenance effects which
 

have been developed by MIT and applied in Ethiopia, and is expected to
 

proceed over the longer term.
 

PROGRAM OF WORK
 

The research activities for the first year have been divided into
 

four general phases. The initial phase is coordination of the research
 

effort, identification of an area of study, and identification of data
 

The second phase is installation of
requirements and availabilities. 


the computer model at the Cairo University Scientific Computation Center,
 

and training of Egyptian personnel in its theory, use, and data require-


The third phase is detailed data collection and compila­ments and formnats. 


These phases overlap and are expected to extended through September.
tion, 


The last phase, the analysis of the specific cases chosen by the team,
 

and sensitivity analyses on them, along with tentative conclusions and
 

recommendations derived from them, will proceed concurrently from July
 

through November. December is reserved for preparation of the final report.
 

PROGRESS TO DATE
 

The overall program is running close to the original schedule, despite
 

the computer implementation difficulties discussed below. Responsibilities
 

for the various data items required have been distributed among the team
 

members according to their field of expertise, and appropriate data sources
 

within the ministry identified. The zone of study has been reduced from
 

the original zone due to data requirements and limitations imposed by the
 

The new zone is bounded on the west and
model on allowable network size. 


south by the roads on the west bank of the Rosetta Branch of the Nile between
 

the cities of Tawfikieh, Tanalay, Khatatba, and Kanater, and on the east
 

and north by the Calro-Alexandria Agricultural Road, between the cities of
 

Qalub (just north of Cairo) and Tawfikieh (where the Agricultural Road
 

the Rosetta Branch). The included network, comprising 32 links
crosses 


and 21 nodes (not all of which are traffic generators) iis close to the
 

maximum the model is capable at present of analyzing. A map of this
 

study zone is attached.
 

The required data and methods of collection and processing were demon­

strated by Mr. Brian Brademeyer through a series of seminars on the User
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Manual, covering each of the data areas in turn. Two links from the study.
 

zone were selected as initial case studies to demonstrate the model and
 

data collection and processing, with the data being generated and struc­

tured by various Egyptian team members, depending on field of expertise,
 

One link connects the towns of Kafr El-Dauwar and Abu Hiubus via the
 

Cairo-Alexandria Agricultural Road; the other is a new road linking Shibin
 

El Kom to the Rosetta Branch of the Nile at Tamalay. The fo&i r has
 

been analyzed at MIT for three construction and two maintenance options,
 

and the results reviewed in Cairo while the latter was used
 

to demonstrate various data collection requirements and options. Data
 

collection forms were also developed for the major data blocks,
 

The second phase, implementation of the computer model and instruc­

tion on its use and data requirements has been successfully concluded,
 

with the Kafr El-Dauwar-Abu Hiummus link being run as an example at
 

the CAPMAS National Computation Center. Implementation on the Cairo
 

University facilities is proceeding, and should be completed shortly.
 

Considerable difficulties were encountered in converting the Road Invest­

ment Analysis Model (RIAM) from IBM to ICL hardware facilities, involving:
 

(1) the inability of ICL to read an IBM source tape, which required pro­

graier Ms. Dorria El-Aggon to create an assembler language program to
 

read the IBM tape and pack it in the form used by ICL; (2) the different
 

length of words between the two machines and the unavailability of real
 

variable comparisons for equality on ICL, which required Dr. Shorif
 

Ebeid and Ms. Dorria to scan the program line by line and convert the
 

92 alphameric comparisons used in the program into the form acceptable
 

to ICL; and (3) the program size reduction necessary for the Egyptian com­

puters, which required that Mr. Brademeyer and Dr. Ebeid devise an ef­

ficient ICL-overlay structure. Of minor annoyance were the hardware
 

problems at the ICL of Cairo Unviersity, which caused repated delays.
 

The third phase, detailed data collection and procensing, required
 

a distillation of currently available sources, and implem.citation of new
 

surveys where the necessary data base was weak or non-existent.
 

Transport Planning Authority personnel have gathered all data required 

for the link characteristics and pxooosed construction nrojects and sain­

tenance policies (by Engr. Sayed Khalil, Director 9f Ceometric'Dedign) along 

with data on existing link traffic volumes, (by Engr. Mohad Khalil, 
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Director of Traffic Division) and prepared in tabu­

lar form, with coding and card punching currently underway . The vehicle 

characteristics and costs data were collected, on a preliminary basis,
 

by Dr. Abdel Fathy Lashine from available Trrnsport Planning Authority
 

records and the Egypt National Transport Study, Phase I, Inter.m Report.
 

From these, data deficiencies were identified and are discussed below. 

A report on the data collection prepared by Engr. Mohammed Khalil, is 

attached as Appendix I. 

The Kafr El-Dauwar--Abu liummus example that was run at MIT, and 

later at CAPMAS, indicated excessive cost savings for intercity taxi­

cabs with reductions in pavement roughness (up to a factor of 5 to 6). 

The Egyptian team members suspected these values as unrealistic; as they 

were derived from data in the Interim Report and the Transport and Road 

Research Laboratory Kenya equations (which were presumably being used 

outside their calibrated range in this instan.'i). Dr. Lashine of the 

Transport Planning Authority arranged for an interview survey of inter­

city taxicab drivers, with the data gathtred as well as the differences 

with the Phase I Interim Report presented In Appendix II to this report.
 

Due to the magnitude of the discrepancies and their implications for the
 

reliability of operating cost predictions, additional surveys on bus and
 

truck costs are now anticipated by the ministry. These new volumes will
 

be used in revised cane studies run at MIT and Cairo University.
 

However,
Traffic counts have been made on all links in the study area. 


origin-destination data was not availabc, as the zones used in the Egypt 

National Transport Study, Phase I, Interim Report were too aggregate for 

our purposes; nor was there information on route choice behavior. To 

remedy this situation, an 0-I) interview survey was performed in the study 

zone on August 8 under the direction of Dr. El-llawnry and Dr, Ownis. The interview 

stations were taken an the stations used for the traffic counts. Fifty­

four students and forty-two patrolmen were employed in the one-day survey. 

The forms were developed by Dr. Mohame d Oeals and Mr. Brademeyer, with 

the finalization (tone by the entire project group.
 

Of the questions, two were directed to O-D flown (where are you coming
 

from, where are you going) and the remainder were aimed at determining 

route choice behavior. Quentionn asked v'ere: what are the major cities 

in your route; will you atop at any city enroute; if no, for oow long; 

do you normally take thin route; if so, why; if not, why thin time; and 
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what is your estimate of your travel time. The intent of the interview
 

was to get as much information about the route actually used as possible,
 

and an indication of knowledge of available alternatives. This data will
 

be analyzed at KIT after it ha, been processed by Dr. Owais. A map
 

indrcating the survey stations is attached. 

Based on Mr. Michael J. Markow's review of available sources (Appen­

dix III), the project team determined the pieces of equipment desired 

to conduct the tests for the network condition inventory, and their speci­

fications; these were prepared by Engr. Abd El Maksoud Sadek, General
 

lizector for Design and Laboratory Section, and are attached as Appendix
 

TV. A preliminary meeting was arranged between Mr. Brademeyer, Dr. Lashin,
 

Mr. James Norris, and Mr. Richard L. Aitken of the USAID Comodity Import 

Program to discuss the procedural aspects of obtaining the equipment, 

and further negotiations between the ministry and AID arb currently underW. 

Priority has been given to analysis at the network level, as indicated 

by the objectives. The present link evaluation model in currently being 

modified at KIT to incorporate these network aspects, with completion 

expected by mid-September. The data required by the new model has already 

been collected by the Egyptian team members, and is currently being pro' 

ceased in Cairo.
 

PLANS FOR THE COMING PERIOD 

The work for the coming period (September through December) will be 

in three areas: calibration of traffic assignment parameters; analysts 

of the network study zone; and preparation of the final report. 

of time and divermionCalibration of the assignment parameters (value 

at HIT once the O-D survey route preferenceintensity) will be performed 

data has been processed by the Egyptian team members. Since all of the 

study zone lies inside the agricultural area, no attempt will be made
 

at present to determine the effects of the desert on route choice, although
 

program will bethis will be addressed in the future. A small computer 

developed at MIT to convert the data gathered in Cairo into the form accep­

table to the LOGIT calibration program. The predicted values of the be­

haviorel parameters will then be used in the network analysis phase. 

The network will be preliminarily analyzed to determine the operating 
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costs and travel times for the various links, providing the cost data
 

necessary for performing the route choice calibration discussed above.
 

Once these behavioral parameters have been determined, 'he study network
 

will be analyzed under the proposed maintenance policies and construction
 

schedules, and projections of traffic flows and maintenance expenditures
 

developed. Several perturbations around the proposed investment program
 

will also be analyzed for sensitivity.
 

To accomplish the above tasks and prepare for the final report, Dr.
 

Mohammed Owais will travel to MIT from the period of September 5 to
 

October 5 (or thereabouts). His participation will include the case
 

study analysis, the writing of the final report, and the preparation of
 

a detailed program for the next year. In addition, Dr. Mohammed El-Hawary
 

will visit Boston periodically between late August and mid-October, to
 

Cairo, to monitor project progress.
 

FUTURE DIRECTIONS AND TOPICS OF RESEARCH
 

In the longer term outlook, we plan to address three interrelated
 

The network
and hierarchical extensions of the current program. 


planning, implementation, and evaluation effort will be expanded to
 

include the rest of the Egyptian network, maintenance organization and
 

capacity constraints, and calibration of the empirical relationships to
 

the Egyptian environment. Capital budgeting and programming techniques
 

will be devised to consider the "optimal" timing and scale of future
 

road investments, and to consider economic, materials, capacity, and
 

institutional constraints to program implementation. Multi-modal models
 

will be developed to consider the intermodal impacts of intercity trans­

port investments, and to address sector improvements in a unified manner,
 

using simplified models of non-road transport.
 

Concurrently and complimentarily, specific shorter term goals of more
 

modest scale would consider the following items: more sophisticated
 

assignment models which are based on attraction-generation techniques
 

which free the user from O-D demands and path enumeration data require­

ments; calibration of the environmental factors peculiar to Egypt; expan­

sion of the behaviroal parameters to include the effects of desert travel
 

on route choice, giving planners an indication of what policies should
 

be followed to encourage utilization of desert roads; development of con­

gestion models which reflect the traffic mix and behavioral patterns in
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Egypt; and the effects of water table height on road deterioration;
 

among others. Also of interest would be the expansion and updating of
 

the data base relevant to transport investment, and analysis of the organ­

izational and institutional constraints on investment policy.
 

Other investment opportunities which AID may be interested in funding
 

ceparately from the present program include improvements in maintenance
 

organization; purchase of additional construction and maintenance equip­

ment; studies of the impacts of transport regulations; and inventory
 

and data base development, such as Phase II of the Egypt National Trans­

port Study.
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Attachment A: HIGHWAY TRANSPORT PLANNING IN EGYPT
 

Road Evaluation Equipment
 

This memo updates an earlier listing of road evaluation equipment
 

for Egypt. It is correlated whereever possible to entries in a set of
 

Prices include estimated
manufacturer catalogs that have been enclosed. 


shipping costs to Cairo.
 

Itappears that manufacturers of pavement evaluation equipment
 

There are, however, many potential
are limited to the firms listed. 


suppliers in the categories of vehicle weighing and traffic counting.
 

sample of these firms have been included to illustrate
Catalog cuts from a 


the range of products available. Lists of other potential suppliers, taken
 

from the Thomas Register and the Industrial Product Director, are appended
 

to the end of the memo.
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1. Pavement Roughness Measurements
 

A. BPR Roughometer: Soiltest, Inc., CT444 or equivalent
 

Estimated price: $30,000
 

Manufacturers or Suppliers:
 

Soiltest, Inc.
 
2205 Lee Street
 
Evanston, IL 60202
 
(312)869-5500
 

James Cox and Cons, Inc.
 
PO Box 674
 
Colfax, CA 95713
 
(916)346-8322
 

K.J. Law Engineers, Inc.
 
23660 Research Drive
 
Farmington Hills, Michigan 48024 
(313)478-3150
 

Reese Maintenance Corporation
 
Napolean, OH 43545
 

B. Road Meter
 

Estimated price: $2000 - 5000
 

Manufacturers or Suppliers:
 

PCA Roadometer
 
Soiltest, Inc., Model ML-500B or equivalent
 

Potential Suppliers:
 

Soiltest, Inc.
 
2205 Lee Street
 
Evanston, IL 60202
 
(312)869-5500
 

James Cox & Sons, Inc.
 
PO Box 674
 
Colfax, CA 95713 
(916)346-8322
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Mays Ride Meter
 
Catalog 0890: $2000
 

Rainhart Co.
 
PO Box 4533
 
600-608 Wflliams Street 
Austin, TX 73751
 
(512)452-8848
 

2. Pavement Deflection Measurements
 

A. Recordable Benkelmin beam, Soiltest HT300 and HT320 or equivalent.
 
2 required
 

Estimated price: $1000
 

Potential Manufacturers or Suppliers:
 

Soiltest, Inc.
 
2205 Lee Street
 
Evanston, IL 60202
 
(312)869-5500
 

James Cox and Sons, Inc. 
PO Box 674
 
Colfax, CA 95713
 
(916)346-8322
 

K.J. Law Enjineers, Inc.
 
23660 Research Drive 
Farmington Hills, Michigan 48024
 
(313)478-3150
 

Reese M3intenance Corporation
 
Hapolean, Oh 43545 

B. Oynaflct
 

Estimated price: $20,000 plus 2,000 training 

Manufacturers: 

Radiation Engineering and Manufacturing Co.
 
Box 214, Rt. 5
 
Fort Worth, Texas 76126
 

Lane-Wells, Inc.
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C. Road Rater
 

Estimated price: $60,000
 

Manufacturer or Supplier:
 

Foundation Mchaics, Inc. 
c/o yle Laboratories
 
1128 Maryland Street
 
El Segundo, CA 90245
 
(21 3)678-4251
 

3. Skid Resistance
 

Portable Skid Tester, 2 required
 

Estimated price: $2000
 

Manufacturer or Supplier:
 

Soiltest, Inc. Model HT120
 
2205 Lee Street
 
Evanston, IL 60202
 
(312)869-5500
 

4. Pavement Coring
 

4-inch and G-inch core diameter thin-wall diamond bits to operate with
 

Soiltest DR 705A rig, 60 of each required
 

E.timated price:
 

4" core--$400 each 
6" cne--$600 each 

Manufacturir: 

Soiltest, Inc.

4"--DR1360 or DR1460
 

6"--DR1348 or DR1448
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5. Axle Loads
 

A. Weigh-in Motion device--40 pad location required
 

Weighing and Weighing-in-Motion Systems
 
Weighwrlte In-Motion Weighing
 
(Requires Trucks to Reduce Speed to 3-4 kph)
 
Price: $18,000
 
Smiths Industries
 
PO Box 209
 
Industrial Way
 
Wilmington, MA 01887
 

Treadle Scale Weighing System
 
(for static of 3-4 kph weighing)
 
BLH Electronics
 
42 Fourth Avenue
 
Waltham, MA 02154
 
(617)890-6700
 

Unitech Dynamic Weighing System
 
(weighs, counts, and records speed of traveling vehicles)
 
Price: $35,000 - 50,000
 
Unitech, Inc.
 
1005 East St. Elmo Road
 
Austin, TX 78745
 
(512)444-0541
 

Streeter Amet Highspeed Highway Weighing System
 
Streeter Amet Corp.
 
Grayslake, IL 60030
 
(312)223-4801
 

5 required
B. Semi-Stationary or Portable Weigh Scales: 


ELDEC model 3040 with 3410 printer:
 
Price: $11,000 per pair with printer
 
LOADOMETER "Hi-Way" scales (no recorders)
 
Price: $1000 per scale
 
Loadometer Corporation
 
1700 Union Avenue
 
Baltimore, MD 21211 

6. Traffic Recording 

Streeter Amet Corporation Traffic Classifer
 
(Model 401) or MR 112/114 Counters
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Surveyor Series
 
Price: $950 - 1700 each
 
DEPCO
 
117 East Helena Street
 
Dayton, Ohio 45404
 
(513)461-5898
 

Stevens print-punch recorders
 
Leupold and Stevens, Inc.
 
PO Box 688
 
Beaverton, Oregon 97005
 

Fisher and Porter punched tape counters
 
Price $1000
 
Fisher & Porter Co.
 
Warminster, PA 18974
 
(215)674-6000
 



V-115 

TRAFFIC COUNTER
 

SPnchTaD"egmaoi.M =~~I~~u~afiml~uMLowls=-= 
TdSIallW Pmem 1503-44641711. AAAAAV"sn".WA 

RA "ord STEVENSfoof"I PR IN T.PUN C H,i ,- i. o raw 
lot
 m. 040#AAPA. 

Me tot In field or teletypewtot prt­qredlng 

08AMA*iU, ' ,,.gg " r'eOBIng.Resole to zero after punn. 

n'c 3O ".A- y Dle. 

*1 

Dual recording for directonal 
t Iuem~w. o .... ......--. A ,,~ ~ 0" C~onts or two liWa nid othrtfeature. 

"W16"146. Stadar4,1110111110 " 16channel reorders anld tapePeoWOe 0 00 1161 W0al10 1110111od1 

STVENSTRAFFICPR-IAN X b .Bo'[....' Ai. ""' epI ~vnIc0 U- OS"'" .... ' oH~9 if. Sta. ,, ; 

ti |5 e . Ine, MW 1Oid.Me Do m 
- AM~l, 0.km etwa P 

0 Tufle Ceum And C&WsG.Ptu94n)a
P . -- Were"-P. AAAA 
Urc.WSI.TN R: PA .... , 

, X.umoape1L In. 110 LI elVoAIM ° AA 
PvA,,.,bsr,," W. Ar -

KHILL 8OLID STATI" 

f~e o 4.3ilWd00"eI.on owe M 

,~~ ~..,,, ~ ~ .,I,, ~ ~ q --M -A 

-.too, IL.w~ so$., ....ol 
,* , •s SeS. d @ S4N.l*4 *, I 

L.., - J. , IOdmm~a@, .l: ..... , .,,,,o,, -. 

ii ,,,r, . . ! XiL I .I n ~ oe ootooeeg#oH e~ee4 eee*oo.e " Li~ 


http:AV"sn".WA


V-116
 

VEHICLE WEIGHING
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Attachment 1: 	 Road Evaluation Equipment Required for Highway Transport
 

Planning in Egypt
 

A. 	Pavement Roughnesu Measurements:
 

Soiltest, Inc. CT444 or equivalent.
1. 	One BPR Roughometer: 


This piece of equipment works at an operating speed of 10
 

miles/hr and it will be used only for calibrating the Portland
 

Cement Association Roadometer which works at an operating speed
 

of 50 miles/hr
 

Model KL-500B or
2. Four units 	of PCA Roadometer: Soiltest, Inc., 


equivalent. Also as it is explained in HRB Special Report
 

No. 133, some types of automobiles cannot work with the apparatus
 

for unknown reasons, it is required fhat the apparatus be supplied
 

0ith a reliable automobile such as a Ford Custon b00.
 

B. 	Pavement Deflection Measurements
 

1. 	Recordable Benkelman beam, Soiltest HT300 and HT320 or equivalent,
 

They will be used to calibrate the Dynaflect.
two 	are required. 


2. Dynaflect, 	four are required.
 

C, 	Skid Resistance
 

Portable Skid Tester, Soiltest Model HT120, 2 are required.
 

D. 	Pavement Coring
 

4-inch and 6 inch core diameter thin-wall diamond bits to operate 
with
 

Soiltest DR 705 rig, 60 of each required.
 

E. 	Training
 

It is required that three young engineers attend a 3-month training
 

course in the United States on using the equipment and on PSI measure­

ments. If it is possible, we would like an expert from the United
 

States to joint the Egyptian team during their first measurements for
 

PSI.
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TRAFFIC
 

A. 	Weigh in Motion Equipment
 

Required 5 Streeter Amet Weigh in motion device Model 4500/3
 

B. 	Traffic Recording Equipment
 

a) Required 50 Streeter Amet Corporation Model MR-112 for two
 

1:ne vehicle counter
 

b) Required 20 Streeter Amet Corporation Model MR-114 for four
 

lane counter
 

c) Required 10 Streeter Amet Classifier Model 401
 

N.B. 	 All equipment has to be supplied complete with all necessary
 

accessories, and spare parts for 10 years.
 

Training
 

It is required that three engineers each attend a one month training
 

in the United States on using and repairing the equipment.
course 
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HIGHWAY TRANSPORT PLANNING
 

PROGRAM
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for
 

INVENTORY: CONSTRUCTIONS, STANDARDS
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Ministry of Transport
 
Egyptian Highway and Water
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INTRODUCTION
 

According to the agreement held by:
 

--THE MASSACHUSETTS INSTITUTE OF TECHNOLOGY.
 

--FACULTY OF ENGINEERING CAIRO UNIVERSITY.
 

--MINISTRY OF TRANSPORT AND COMMUNICATIONS.
 

a) TRANSPORT PLANNING AUTHORITY.
 

b) ROADS AND WATERWAY EGYPTIAN AUTHORITY.
 

For adopting the Massachusetts Institute of Technology Road Invest­

ment Analysis Model for use in evaluating alternative design, construc-.
 

tion and maintenance strategies for the Egyptian Road Network:
 

The Faculty of Engineering and the Ministry of Transport personnel
 

have cooperated to begin to study the Monofia and Qalubia governates
 

Road network.
 

The data collected here for the road conditions, Road inventory, geo­

metric standard, traffic counts, vehicle characteristics depend on:
 

a) The actual information taken from the field survey, traffic
 

survey, and laboratory tests.
 

b) Adoptation the AASHO Interim Guide methods for calculation of
 

both the total EQUIVALENT SINGLE AXLE LOAD per lane and the
 

Structural Number.
 

c) AASHO ROAD TEST RESULTS Applied to pavement design in Illinois:
 

H.R.R.-No. 90 (1965).
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2 

The road network studied consists of the following links.
 

1. SHOUBRA/QALUB Double Direction road length 	 7.0 km
 

35.0 km
2. QALUB/BANHA 	 g 

o 	 44.0 km
3. BANHA/TANTA 


4. TANTA/KAFR EL ZIAT 	 " 18.0 km 

5. KAFR EL ZIAT/TOFICIA 	 " " 8.0 km 

9.6 km
6. QALUB/KANATER " 	 road 

18.0 km
7. KANATER/SANTRISS " 


14.0 km
8. SANTRISS/BAGOR " 	 'I 

13.0 km9. BAGOR/SHEBIN EL KOM 	 "" 

10. SHEBIN EL KOM/KOM EL AKDER road " 5.0 	km 

11. 	 KOM EL AKDER/BABEL of , 9.0 km 

road 11.0 km12. BABEL/TANTA 


13. KANATER/KATATBA 	 Is 39.0 km
 

14. 	 KHATATBA/TAWFICIA ,, 53.0 km
 

if 9.0 km
15. ASHMON/SANTRISS 


16. BANHA/BAGOR 	 " 18.0 km 

17. BAGOR/TAMALAY 	 ,, 23.0 km
 

18. BERKT SABEH/SHEBEN ELKOM" 12.0 	km
 

12.0 km
19. 	 QUESSINA/SHEBIN EL KOM " 

" 17.0 km20. 	SHOHADA/TALLA/BABEL 


km
21. SHOHDA/MONOF 


22. KANATER/BILTAN 21.9 	km
 

4.0 km
23. BILTAN/TOKH 


24. BILTAN/BANHA 9.1 	km
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PAVEMENT DESIGN ADOPTED
 

FOR THE STRUCTURAL NUMBER
 

Indetermining the structural number, the following equations were
 

used:
 

Dt (or) SN - aID1 + a2D2 + a3D3
 

Where a,,a 2, a3 are coefficients of relative strength of the surface,
 

base and subbase respectively.
 

and D1, D2, D3 are thickness ininches of the surface, base and subbase
 

respectively for the composite pavement.
 

For the coefficients a1, a2,a3 we have used both the following tables:
 

--AASHO Interim guide coefficients Table 1.
 

--AASHO Road Test Results applied to Pavement Design in Illinois
 

H.R.R. No. 90 1965 (Table 2).
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TABLE 1
 

COEFFICIENTS OF RELATIVE STRENGTH OF
 
PAVEMENT COMPONENTS
 

COEFFICIENT (3) 

PAVEMENT COMPONENT a1 2 a3 

Surface course: 

Road mix (low stability) 
Plantmix (high stability) 
Sand asphalt 

0.20 
0.44 (4)* 
0.40 

Base course: 

Sandy gravel 
Crushed stone 
Cement treated (no. soil cement): 

0.07 (2) 
0.14 

650 psi or more (1) 
400 psi to 650 psi 
400 psi or less 

0.23 (2) 
0.20 
0.15 

Bituminous treated: 

Course graded 
Sand asphalt 
Lime treated 

0.34 (2) 
0.30 
0.15 - 0.30 

Subbase: 

Sandy gravel 
Sand or sandy-clay 

0.11 
0. 

(4)* 
. 

1. Compressive strength at 7 days 
2. 	This value has been estimated from AASHO Road Test data, but not to
 

the accuracy of those factors marked with an asterisk.
 
3. 	It is expected that each state will study these coefficients and
 

make such changes as their experience indicates necessary. (Sources
 
AASHO 127, P. 22)
 

4. 	After AASHO ROAD TEST Equation.
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TABLE 2
 

MINIMUM COEFFICIENTS FOR PAVEMENT STRUCTURE
 
MATER IALS
 

MATERIALS Min, Strength Coefficients
 
Requirements
 
MS CBR PSI a, a2 a3
 

Bituminous surface subclass
 
-; B-3, and -4 300 0.2
 

B-5 and I-1 900 0.3
 
1-11 1,700 0.4
 

Base Course
 
ranul ar 

Gravel, Grade 7 50 0.10 
Gravel, Gride 9 70 0.12 
Crushed stone, Grade 8 90 0.13 
Water bound macad:-1 110 0.14 
Selected soil ,.ibil*:-edW/P6 300c 0.15 
Granula,- rr:'il st,:b ized 1450 c 0.20 

W/PC 10,nt 650 0.23 
Granular miterhl stabilized 0.234450 C c 0.20
W/l ime fly,;1-h 650 

Granular materi,' -tabilized

W/bit materia',is 

Emulsififed asphalts 300 0.16 
Liquid a&ph-lts 400 0.18
 
Paving ,:i ,:Its 600 0.20
 

900 0.24
 
PC cnncrete (new I,',, 2,500C 0.50
 

Subbise
 

Gravt,
 
30 0.11
GriX', 11 

50 0.12
Grade 7 


0.13
Grade 4 70 


Crushed stone
 
Grade 8 90 
 0.14 
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--For calculating the traffic count and data interms of equivalent
 
18--kip single--axle load applications we have used the following
 
tables:
 

AVERAGE EQUIVALENCE FACTORS FOR THE DESIGN OF FLEXIBLE PAVEMENT
 
STRUCTUREAASHO INTERIM GUIDE
 

Serviceability index expected to be reached at the end of the
 
design period: 2.0
 

TABLE 3
 

EQUIVALENT FACTORS
 
AXLELOAD SINGLE TANDEM
 

AXLES AXLES
 

2000 , 8000 0.006 mn 
8000 -16000 0.18 0.02 
16000 - 20000 1.00 0.08 
20000 - 200G0 2.35 0.17 
24000 - 30000 5.80 0.42 
30000 - 3,w00 12.00 0.83 
3WOO - 38000 20.00 1.38
 
38000 - 44000 33.00 2.40
 
44000 - 48000 --- 3.50
 

Passenger Cars 0.0002
 

Source: AASHO (127, p. I9a)
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SOURCES OF DATA
 

1. 	For the location, geometric and traffic count data:
 

a) 	Field survey has been carried out under observation of Eng.
 

Mohamed Khalil Hassen
 

--the survey crew consists of 2 groups:
 

each group consists of six men and a driver.
 

--collecting geometric data was done by two engineers.
 

b) The equipment for the survey consists of 20 Traffic counters
 

and two cars.
 

2. 	Other Data and Calculation have been carried out by Eng. 
Abdel Maksoud
 

Sadek, Road Laboratory Department
 

Eng. Sayed Ali Khalil, Road Laboratory Department
 

Eng. Mohamed Shaker, Road Laboratory Department
 

Eng. Ibrahim Nusser, Faculty of Engineering
 

Azem, Faculty of Engineering
Eng. Sayed Abd El 


3. 	SOIL DATA (subgrade CBR) have been from previous tests carried 
during
 

execution of the construction of the Roads.
 

Dry and wet season length).
4. 	The WEATHER (ANNUALRAIN Fall, 


DATA Have been taken from the Meteorology Department Information.
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4. FL.' PAVEMENT DATA (surface type, shoulder, carriageway thickness):
 

Pavement field borings have been carried out to determine pavement 

thicknesses in addition to visual inspections of the pavement
 

surface (deformation, Wearing, cracking), 

5. For the FINANCIAL COST, Prices and UNIT COSTS have been taken from
 

the up-to-date construction costs of t~ie highway projects items.
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EXAMPLE FOR CALCULATION
 

SHEETS
 

We mention here after an example for the data collected for
 

the link QALUB/BANHA.
 

--The QALUB/BANHA link consists of 3 sections which run from
 

Kilo 15.0 - 26.0
 

26.0 - 35.0
 

and from Kilo 35.0 - 50.0
 

1. The Pavement of which consists of
 

1. SECTION (1)from Kilo 15 - Kilo 26
 

The first pavement of this section was constructed in 1958, con­

sisting of:
 

a) A layer of pitran gravel of thickness 25cm = 10".
 

b) Portland cement coiLcrete layer (without shrinkage or expansion
 

joints) of thickness 17.5 cm = 7".
 

c) Hot mix asphalt concrete of thickness 5,0 cm = 2".
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Then first reinforced repavement of this section was constructed in 

196?, with the layers as follows: 

d) A layer of pit run gravel of thickness 25 cm - 10". 

e) Asphalt concrete binder course of thickness 5 cm = 2". 

--And in 1972
 

f) The last surfacing of hot mix asphalt of thickness 5 cm = 2".
 

2. Section (2)from Kilo 26 - 35 

= 10".a) Consisting of an old layer of limestone of thickness 25 cm 


--In 1955
 

b) A layer of 15 cm - 6" or pitrum gravel.
 

d) A layer of hot mix surface course f 5 cm = 2" 

--In 1962
 

e) A layer of hot mix asphalt concrete f 5 cm = 2"
 

--In 1972
 

f) A layer of open graded (premix) hot mix asphalt concrete 6cm
 

2.4.
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-- In 1962 

e) A layer of 5 cm = 2" hot mix ashpalt concrete and then in 1972. 

f) 6 cm = 2.4" open graded (premix) hot mix asphalt concrete.
 

g) 4 cm = 1.6 hot mix asphalt concrete surface course.
 



TABLE 4
 

CALCULATION OF STRUCTURAL NUMBER (SN OR DT) FOR LINK: QALUB/BANHA
 

Year Type of Material Section 1 Section 2 Section 3 
of Used in From kilo 15 - 26 From kilo 26 - 35 From kilo 35 - 50 
Const. Layer co"structed layer Coeff ZSN layer Coeff. ESN layer Coeff. ESN 

cns inches cmns Inches 	 cms inches
 

1955 	 Macdam calcarous 15.0 10" 0.14 1.40
 
stone.
 
Stab. sandy clay 15.0 6" 0.05 0.30
 
Pit run gravel base 10.0 4" 0.07 0.28 15.0 6" 0.07 0.42 25.0 10" 0.07 0.70
 
Port. concrete slab 17.5 7" 0.5 3.50
 
Hot mix asphalt
 

concrete 5.0 2" 0.4 0.80 5.0 2" 0.4 0.80 5.0 2" 0.4 0.80
 
5.0 	 2" 0.44 0.88 5.0 2 0.44 0.88
 

1962 	 Pit run gravel 25.0 10" 0.07 0.70
 
Hot mix asphalt
 
concrete binder 5.0 2" 0.40 0.80
 
Hot mix asphalt
 
concrete surface 5.0 2" 0.44 0.88 5.0 2" 0.44 0.88
 

1970 	 Hot mix asphalt-,
 
concrete surface 5.0 2" 0.44 0.88
 

1972 	 Hot mix open

graded. (premix) 6.0 2.4 0.34 0.816 6.0 2.4 0.34 0.81E
 
Hot mix asphalt
 
concrete surface 4.0 1.6 0.44 0.704 4.0 1.6 0.44 0.704
 

Total Structural
 
Number 6.96 5.900 5.08C
 

Total Thickness of
 
Pavement in MMi. 675 650 650
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CALCULATION OF STRUCTURAL NUMBER
 
FOR PROJECT (OVERLAY 1)
 

--Layer suggested to be constructed: 

Hot mix open-graded (premix) of 6cm = 2.4" 

S.N. 2.4 x 0 34coeff. = 0.800
 

for OVL
 

For Project (OVERLAY 2)
 

--Layers suggested to he constructed:
 

a) Hot mix open graded (premix) of
 

6 cm = 2.4".
 

SN = 2.4 x 0.34 = 0.800
 

b) Hot mix asphalt concrete surface course of 5.0 cm - 2". 

SN - 2.OX 0.44 = 0.88 

ESN * 1.680 

for 

Ovl 2 J
0 
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TOTAL STRUCTURAL NUMBER
 

OF SECTIONS AFTER
 

PROPOSED OVERLAY
 

For OVL 1 

Section 1 = 6.96 + 0.8 = 7.76 

Section 2 - 5.90 + 0.8 = 6.70 

Section 3 - 5.08 + 0.8 - 5.88 

For OVL 2 

Section 1 - 6.96 + 1.68 - 8.64 

Section 2 - 5.90 + 1.68 = 7.58 

Section 3 = 5.08 + 1.68 = 6.76 



CALCULATION FOR EQUIVALENT 

SINGLE AXLES PER LANE 

SINCE OVERLAY AND SINCE SEALING 

FOR QALUB/BANHA LINK 

Years since last overlay = 4 

Years since last sealing = 2 

VEHICLE TYPE NUMBER/DAY/LANE NUMBER OF AXLES COEFF. FACTOR N'ESAC/LANE/DAY 

u b Lfl 

Private 4803 2 0.006 57.5 

Lorry 1060 2 0.18 381.5 

Lorry with Truck 457 2 single 
2 dual 

0.18 
0.42 

547 

Bus 252 2 0.18 90.5 

1076.5 

Equiv. Singel Axles/lane/ 4 year = 1076.5 x 4 x 36 = 2.153 H.11 
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Calculation for total FINANCIAL COST:
 

For Project: OVI 1:
 

Price of Premix course of 6.0 cm - 50000 x 15 x 2.0 a 1,500,000 LE
 

Price of Patching for lcm average ­ 50000 x 15 x 4 a 300,000 

Sealing or tack coat - 50000 x 15 x 0.2 - 150,000 

Shoulder paving 

3 cm premix course w 2 x 50000x I x 10 = 100,000 

18.5 cm wear course w 2 x 5000 x1.25x- 125,000 

Miscellaneous a 400 

2,575,000 LE 

For project OVL 2 

The same items above 9 Surfacecourse of 5 cm thickness * 

50000 x 15 x 2.4 - 1,800,000 

Total 4,375,000 LE
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INTERCITY TAXICAB OPERATING COSTS
 

1. INTRODUCTION
 

The vehicle operating cost isconsidered to be one of the essential
 

items to be taken into consideration in the economic analysis of projects
 

related to road construction and maintenance. Chapter 4 of the draft re­

port of the Highway Cost Model (HCM) examines this item indetail and
 

illustrates upon the input data required for the Model.
 

During the first run of the computer program for the link of the
 

Cairo-Alexandria Highway between Kafer El-Dawar and Abou-Hoomos, and due
 

to the preliminary nature of such investigation, itwas decided to use
 

any available data without going into detail of their precise accuracy.
 

The Berger-Dorsch Egypt National Transport Study, Phase I, interim report,
 

provided these necessary basic data.
 

2. VEHICLE CLASSIFICATION
 

The vehicle classification scheme of the HCM proposes five dif­

ferent types of Vehicles:
 

Motor Cars
 

Light Goods
 

Buses
 

Medium Goods
 

Heavy Goods
 

In view of the nature of the different types of vehicles operating
 

on the Highway network in Egypt, some alterations on this classification
 

was introducted.
 

A. Motor Cars
 

The motorcars under the HCM proposed scheme include passenger vehicles
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seating not more than nine passengers. Estate cars, taxis and hired cars
 

are also included, but not "land-rover" or "mini-bus" types of vehicles.
 

The data provided by the Berger-Dorsch report, however, illustrates
 

upon som;e basic differences between the operatir.g characteristic, of both 

private cars and Intercity taxicabs (ICTC). This is primarily due to the 

annual mil,3e of each type which was estimated to be over 100,000 km for 

ICTC, wherean for private cars this would norrwifly not exceed 15,000 kni. 

Hence it was cons iderd more appropriate to introduce in the 11CM two types 

for 	the motorcars.
 

i. 	Private Cars
 

This includes all passenger vehicles having a plate number with
 

"P" registration.
 

ii. 	Intercitk,_T:i_Cabs (ICTC)
 

This inclu,- non-meter taxis operating outside urban areas.
 

8. 	Liht Good%
 

The R ir.pr-Dorsch report indicates that thir category of vehicles 

does not represent any apprec1ible percentage among the differ-itt types 

of vehicler on the road. This type was tot, th(refore, conidered in the 

present study.
 

Goods and Heavy Goods
 

These typcrs we're studied in accordance with the requirements mentioned
 

in the HCM classificatlon.
 

C. 	Buo..j 1 ,zdiutn 


3. 	OPERATING COSTS
 

As mentioned before the preliminary data concerning the operating costs
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were taken directly from the Berger-Dorsch report. The next step was
 

to carry out a detailed study with the objective of achieving realistic
 

figures concerning the operating costs of the different types of vehicles.
 

The first phase of this invdstigation was directed towards the operating
 

costs of ICTC.
 

4. 	STATIONS FOR THE SURVEY
 

These were designed to cover the main corridors along which the
 

ICTC operate over the Delta and Upper Egypt as follows:
 

a. Cairo Zone
 

There are three main stations in the Cairo area:
 

1. Cairo--Deltd: Destinations for ICTC are: Alexandria; Daman­

hour, Tanta; El-Mansoura Damietta; E1-Mahalla; Shebin El-Kome;
 

Menouf; Desouk; Quesna; Benha.
 

2. Cairo--Upper Egypt: Oestination: Beni-Swaif; EI-Menia;
 

Assiut; Sohag, Safaga; El-Fayoum.
 

3. Cairo--Suez Canal Zone
 

Destination: Port Said; Ismaillia; Suez; Zagazig.
 

b. Alexandria Zone
 

Destination: Mersa-Matrah; Dananhour; Tanta, El-Mahalla;
 

Rasetta; EI-Mansoura, Kafer EI-Dawar, Zagzig, Cairo.
 

c. 	 Tanta Zone 

Destination: Cairo; Alexandria, Damanhour; Ismailla; Kafer El 

Sheikh; El-Mansoura, Port Said, Ismaillia. 
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d. 	Port Said Zone
 

Destination: Cairo; Suez; Ismaillia; Tanta; Mahalla; Damietta;
 

Mansoura; Alexandria; Zagazig
 

e. 	Ismaillia Zone
 

Destination: Cairo; Prot Said; Suez; Mansoura; Zagazig.
 

5. 	INTERVIEW FORMS
 

These were prepared with the objective getting a true picture about
 

the operating costs of this type of vehicle, a copy of these forms is
 

attached with this report.
 

6. 	EXECUTION OF SURVEY
 

This task was undertaken by interviewing the drivers at the stations.
 

Two engineers and their assistants spent eight working days on that job.
 

As expected there was at the beginning of the interviewing a reluctancy
 

on the drivers' side to answer them, thinking that the survey might be
 

connected w' h the Income Tax authority. Other drivers tried to give
 

the impression that they are loosing heavily. Later when they were
 

assured that there was nothing in this interview related to the income
 

tax authority, the forms themselves were the primary support for this
 

view as they contained nothing about their names or their licensing number,
 

a more positive and accurate response was achieved. On the other hand
 

there was sonesortof a cross-checking in the forms themselves which
 

would indicate those who might grossly under- or over-estimate any item.
 

During the interview itwas noticed that most of the drivers do not
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own their cars. There eixst several private companies who own and operate
 

these services employing the drivers. Data from those who operate these
 

companies were also included inthe survey.
 

Altogether there were about 320 completed interview forms. Twenty
 

of them were rejected as being completely outside the normal range. The
 

rest of the forms were grouped and analyzed to give the answers required.
 

7. RESULTS
 

The results were obtained by getting the mean value of each item.
 

A. Annual Mileage = 70,180 km. 

Itmight be of interest to know that the results indicate that there
 

is a direct relation between the annual mileage of ICTC and the distance
 

between the two cities along which the car operates. The longer the
 

distance between the two cities the larger the annual mileage. The
 

range varied between 36,000 up to 100,000 km/year.
 

B. Type of Car
 

The Peugeot 504 GL Estate car dominates the fleet of the ICTC opera­

ting on the Egyptian highway. This type, with 7 passengers, presents about
 

62% of the total number interviewed. One would expect roughly the same
 

percentage would apply for the car s which were inoperation during the
 

interview. It might be of interest to know that second to this type of.
 

car inpercentage isthe preceeding Peugeot 404 Estate car.
 

Characteristics of Peugeot 504 GL Estate
 

Max towing capacity = 1500 kg 

Max power, DIN 93 bhp
 

Max road speed - 160 km/hr
 

Engine 4 cylinder, super gasoline
 



V-143 

C. Average Present AGE of the Cars
 

It is noticeable that the average ICTC is relatively new.
 

Average Age = 4.00 Years
 

D. Fuel Consumption
 

Type of fuel: super gasoline
 

Basic Consumption = 7.67 km/Lt
 

Basic Cost = 0.08 LE/Lt
 

Annual Cost 70180 x7.--67 x 0.08
 

= 732.02 LE
 

E. Engine Oil
 

Basic Consumption = 0.0007 Lt/km
 

Basic Cost = 0.21? LE/Lt
 

Annual Cost u 70180 x 0.0007 x 0.2.7
 

* 13.40 LE
 

F. Lubrication
 

A total sum of 28.00 LE/year
 

G. Tires 

Lifetime = 22,500 km/tire
 

Cost/tire 25.0 LE (official price) Jr." (A4'weJ ea€.
 
4~x5 70180
 

Annual Cost 4 x 25 x 70180 311.92 LE
 

H, Maintenance
 

a. Parts 250.0 LE/yr
 

b. Labor * 332.0 LE/yr
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I. Driver Cost
 

As explained before most of the drivers work for several companies.
 

Ingeneral the driver receives 20% of the gross revenue earned by the ICTC.
 

Therefore total cost of driver/year = 0.20 x Ol54x 6.6 x 70180
100
 

- 500.26 LE
 

J. Annual Registration
 

LE 120
 

K. Fines (for committing any offense against traffic law)/year
 

LE 48/year
 

L. Garage
 

LE 60/year
 

M. Parking (Fees for the use of t6 public station)
 

LE 208.8/year
 

N. Administrative Overheads
 

154.8 LE/year
 

0. Insurance
 

Due to the high rate of accidents of this type of cars, public insurance
 

companies refuse to make any insurance policy with their operators
 

GENERAL INFORMATION 

Average Speed a 70.18 km/hr (from any city center to city center) 

Occupancy Rate - 6.6 passenger/ICTC 

-Average Fares a 5.4 x 10 3 LE/km
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ATTACHMENT E
 

O-D TRAFFIC SURVEY ON RURAL NETWORK 

Dr. Mohamed Owais 

1. 	 ObJectives
 

Traffic assignment methods deal with the problem of allocating fixed
 

traffics demands between origin-destination (O-D) paris to an existing or
 

hypothetical transportation network made up of links connecting nodes.
 

The Logit Diversion Model adopted for traffic assigned on Delta Rural
 

Highway Network in Egypt formulation is:
 

where 

Vi W volume of a certain vehicle type in a certain 

year assigned to path i between a certain origin 
and destination; 

V - total demand of this vehicle type in this year 
between this origin and destination; 

9 - intensity of diversion parameter for this vehicle 

type; 

H - number of paths between this origin and destination; 
and 

GPi W generalized price of path i for this year and 
this vehicle type. 

The generalized pri e formulation is:
 

GP - VOCi + VALTIH . TT i
 

where 

VOCi - vehicle operating costs over path i for this year 
and thin vehicle type, 

VALTIM - value of time for this vehicle type, and 

TT, a travel time over path i for this year and this 
vehicle type. 

are vehicle type specific, and
The model's parameters, VALTIM the 0, 


will be estimated using disaggregate data concerning route choice.
 

For the purpose of calibrating both parameters, VALTIM and 0, a survey
 

was conducted on the 8th of August 1977.
 



V-146
 

2. Design of interview sheet
 

The interview sheet was designed to collect information about vehicle
 

type, O-D pair route choice. For the O-D pair route choice, three criteria
 

were considered in designing the form: previous knowledge about O-D route
 

alternatives, perception of travel time, and pre-trip route decision. A
 

typical form sheet is included in this report.
 

3. Selection of interview stations
 

The interview stations were selected so as to interview traffic in both
 

directions on each link of study area network. Twenty-one interview stations
 

were selected. These stations were located near traffic police check points.
 

Steel barriers were located at interview points for safety precautions.
 

In the following table a list is given for station number and location,
 

and a diagramatic sketch shows the locations.
 

Station Number Location
 

1 Kalama
 

2 Touck
 

3 Kafer El-Gazar
 

4 Quesna
 

5 Defra
 

6 El-Tadreib
 

7 Katatba
 

8 Nicla
 

9 Abou-Yoeaf
 

10 Sanries
 

11 Kafr.-E1-Gonami
 

12 Angahs 

13 Sars El-Layar 

14 Shenwan 

15 Meet Abou Sheah 

16 El-Kased 

17 Betebs 

18 El-Batanon 

19 Kafer-El-Arab 

20 El-Kausean 

21 El-Hadvah 
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4. 	 Organization
 

4.1 	 Interviewing Crews
 

The Cairo-Alexandria agricultural expressway carries a heavy traffic
 

volume, much more than any other link in the network. For this reason, six
 

interviewers were allocated for each of stations 1 and 2 to interview vehicle
 

drivers in each direction. For stations 3 to 6 four interviewers were
 

allocated for each station. For the rest of the stations, 7-21, two
 

interviewers were allocated; bringing the interview team to 54 members.
 

Also, another 5 interviewers were listed for reserve. At each interview
 

station two traffic policemen were allocated to stop traffic in both
 

directions. Also, patrols in cars were organized to check the progress
 

of the interviewers. Before the survey day, a lengthy meeting was held
 

at Cairo University between the supervising team of the survey and the
 

graduate students from the Civil Engineering Department taking part in the
 

interview. In this meeting, the interview questionaire was discussed and
 

questions raised from the students were answered.
 

4.2 	 Timing of Survey
 

A typical weekday representative of average traffic volumes was
 

chosen for conduting the survey: Monday, the 8th of August, 1977. Traffic
 

driver interviews were conducted from 7:00 a.m. until 19:00 p.m., with a
 

break from 13:00-14:00 p.m.
 

4.3 	 Distribution of interviewers to allocated stations
 

During the meeting held at Cairo University it was decided that all
 

the persons participating in the survey would gather at Cairo University
 

main entrance at 5:00 a.m. on the survey day. Six routes were selected to
 

distribute the interviewers at their interview stations before 7:00 a.m..
 

A bus conveyed rh,' interviewers of ntations 1-6 using route number 1. Five
 

Peugeot 6-seat intercity taxis covered the rest of the stations, with
 

stations number 21, 8 and 7 as route 2, stations 9, 10 and 11 as route 3, 

stations 12, 13 and 20 as route 4, stations 14, 15 and 16 as route 5, and 

stations 17, 18 and 19 as route 6. 
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5. Results 

5.1 Zoning
 

The study area was divided into a number of zones. The zone boundary
 

is the governorate boundary of the Markaz which was also considered as
 

zone centroid. The external area surrounding the study area was divided
 

into 11 zones. These boundaries of the external zones were chosen as a
 

natural barrier, such as a canal, and as each zone generated or attracted
 

traffic using a major highway crossing the study area.
 

5.2 O-D Hatrix for each interview station
 

After the data had been collected, manual processing was carried out.
 

Since five vehicle types were interviewed (private cars, intercity taxis,
 

bus, trucks and trucks with trailers) there are five O-D matrix sheets for
 

every interview station. As the sample size interviewed for each vehichle
 

type was considered as representative of the daily traffic, the O-D matrix
 

was expanded by a factor which is the Average Daily Traffic (ADT) divided by
 

the sample size. Each cell in the O-D matrix was then multiplied by this
 

factor.
 

5.3 aster O-D Matrix
 

The master O-D matrix was obtained by adding together the enlarged
 

O-D cells for each vehicle type at each interview station for the 21 stations,
 

producing 5 master O-D matrices for the 5 vehicle types. A typical form of
 

the data analysis is given.
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V.6 GOVERNMENT IMPACT ON SMALL-SCALE INDUSTRY
 

Progress Report
 

March 15, 1977 - September 1, 1977
 

-
This report covers activities carried out in the period of March 15 


September 1st, 1977 under the project on the impact of governmental policy
 

on small-scale industrial development in Egypt. The principal objective
 

of this study is to analyze the ways that government encourages or discourages
 

innovation and expansion in small industrial firms by examining the impact
 

of governmental pol4.cies, bureaucratic practices, and organizational
 

structures on the behavior of small entrepreneurs. On the basis of this
 

analysis, recommendations can be developed for policy and organizational
 

changes to increase incentives for expansion in the small-scale industrial
 

sector. Project activities fall into three categories: (1) Data collection
 

and analysis of small-scale industry; (2) Data collection on governmental
 

activities in the small-scale sector and analysis of the interactions
 

between small firms and government; and (3) Recommendations. Because the
 

project is to be ccnpleted in a short period (March 15, 1977 - December 15,
 

1977), we chose to :tudy one industry in depth: shoemaking. This industry
 

was selected because of its export potential, its high labor-capital ratios,
 

and its weight within the private sector.
 

1. 	 Data collection an analyRis of small-scale industry
 

In this study, small-scale industry has been defined as firms
 

employing under 100 workers. Data on such firma is scattered throughout
 

government ministries; and little of it is current: the last comprehensive
 

census 	of industrial production was taken in 1966.
 

The major data bases available for the project are the 1977 GOFI
 

study of the private sector, a 1974 census of firms employing 1-9 workers
 

and a 1972 survey of shoemaking firmn. Project activities in the period
 

March - June focused on the discovery, collection, and translation of these
 

dttrces and on planning the collection of two new sets of data: the first,
 

data on shoemaking firma that have applied for loans from the Development
 

Industrial Bank; and the second, survey data on a stratified sample of
 

200 shoemaking firma in the Cairo governorate. With the assistance of the
 

Development Industrial Bank, data was collected from the dossiers of shoo
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firms that applied for loans on firm characteristics (assets, number of
 

workers, indebtedness, investment projects) and on success in loan
 

repayment. The survey of 200 shoemaking firms is presently undenay under
 

the supervision of Dr. Mustapha Kamel El-Said Ibrahim and will be completed
 

by October, 1977. The sample has been stratified by firm assets; this
 

information has been provided by the tax inspectorate for animal.wealth.
 

We seek information on firm characteristics (ownership, assets, number of
 

workers, equipment), firm histories, and the contacts between various
 

governmental agents (tax inspectors, social security inspectors, cooperative
 

officials, and so forth) and small firms. We also seek to understand the
 

entrepreneurs' perceptions of their chances for growth and to determine
 

under what circumstances (lower interest rates? no interest-profit.-sharing?
 

more flexibility -infiring and hiring? increased demand? more secure
 

demand?) small industrialists might decide to invest and expand.
 

2. 	 Data collection on governmental activities in the small-scale sector
 

and analysis of industry-government interactions
 

Responsibility for the small-scale private industrial sector is
 

divided between the Hinistry for Local Governments and the Ministry of
 

Industry. The former deals with firms employing 1-9 workers; under its
 

aegis is organized the Handicrafts Industries and Productive Cooperative
 

Organization whose member organizations provide some of the raw materials
 

for artisanal producers, market some of their production, providn some
 

social services, and in a few cases, organize joint production. The
 

Ministry of Industry deals with firms employing over 9 and is responsible
 

for licensing the expansion or creation of new productive facilt.in and
 

for controlling the quality of production. In addition to these two
 

ministries with direct responsibility for the private small-nceal sector,
 

other government agencies take decisions with significant impact on small
 

firms. For example, the tax reform currently proposed by the Mintatry of
 

Finance, which would lower taxes for all firma in the small-size c:ategory
 

that agreed to keep books, would clearly alter the structure of incentives
 

for small entrepreneurs. Regulations on hiring, firing, wages, nppr ntlice­

ships and social benefits payments arc determined by the Ministricti of Labor
 

and Social Welfare. The policies and procedures of the Development
 

Industrial Bank and the Nasr Social Bank affect the likelihood of investment
 

by small entrepreneurs.
 

http:facilt.in
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The principal sources of data on the activities of government in
 

small-scale sector and on the impact of various policies and procedures on 

expansion in tha sector are extended interviews in the ministries and 

agencies, on the one hand, and interviews with industrialints, on tile other. 

The work in the ministries was begun in a pre-study visit to Cairo in 

January, 1977, continued during a two-week stay in June, and will be 

completed in a two-week period in the winter of 1977-8. Site vi-it to 

about twenty small firms and cooperativen provided tlie upportunity for 

preliminary discussions of rthe impact of governmental policies and 

On the basis of these open-ended discussions, queations wereprocedures. 

designed for the shoe induirr-, survey described abcve that will 

systematically explore the industrialists' perceptions of governmental 

impact.
 

Given the uneven quality of the economic data we have and can hope
 

to obtain, it is illusory to expect any rigorous mentur;!n of the impact of
 

policy on production and investment decisions. And yet, even from the
 

",,oft" data obtained in the pr . linary round of interviews, certain trends 

emerged which are illumint-in!:. :lues to government-industry relatiotnhips. 

For example, we learned from goverz'qtt officials about new efforts to 

develop the marketing aarvices of the cooperativt.j; also, that when
 

cooperatives sell the merchandise of a member, they aubtract a mum to be 

applied at the end of each year against the member'u taxes. We learned from
 

the tax inspectors of the extremely high raten of tax evasion among the very 

firms that are the target group of the cow,)rativcn: typLcallj thene at-all 

firms are inspected every four to nix yearn. Virtually no punndLiCu nrc ever 

levied against thtm. We learned trom lnduatr,1I1lnta bout their dIritrust 

of the apparntly arbitrary and .rrio -I lnterverr Ionn of the tax authot'itit-:t. 

It comes . no surprise, then, v lenin that even in t p ,nrod of .tirp l;t vlio 

pr-. lction, members are reluctvtnt to let th,, cooper.-I vi :zarket their r3,!i 

for %f.nrof enmesh ing thenselve. In negot IttIona %:th t.:, innw: rorn who.;e­

notice ti, ! might otherwise,h iirt to enc ,ape,, if not Inde1 fiitcly, tt 1,..an I 

for four or five yearn. In brief , two h i:euauc:ratclo.s -- the tax atuirlortt !vv 

and the cooperatives -- are working at crous putrd:ra. Unitr-,' !hoim op l 4vcir 

an tax collectors i t:.-kv&Iing the cooperativen without prodt(:1tug -ulittant l41 

improvement in the coll ,.tlon of taxes. On the basis of data fronr our 
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interviews and from the survey we hope to build on cases like the example
 

just cited to develop a fuller picture of the way the policies and procedures
 

of various governmiut agencles work either to provide incentives for
 

industrial growth or, conversely, as in the example, tj persuade the
 

industrialist that the prudent course is remaining within old routines
 

and avoiding risks.
 

3. Recommendations
 

Although it will be impossible to spell-out recommendations before
 

the study described above is completed, several tentative conclusions are
 

already emerging. First, with respect to measures that the Egyptian
 

government might take within existing budgetary constraints to promote
 

development of small-scale industry, our observation1s of the interactions
 

between government and business suggest that policies which require
 

considerable bureaucratic intervention and expertise are less likely to
 

be successful than policies that provide across-the-board incentives to
 

which any industrialist might respond. An example of the first kind of
 

policies are technical assistance programs, which presuppoB.e that managers
 

and workers are so deficient in necessary skill that no significant advance
 

is possible without remedying these deficiencies and that this is best
 

accomplished by usinp experts, administrative agencies (whether Egyptian
 

governmental or international), and a structured program of government
 

interventions to provide training. The World Bank Mission that studied
 

small-scale industry in Egypt (report of June, 1977) has prol ied such an
 

approach. An ,'xample of the second kind of approach would be reform of the
 

tax system in order to eliminate those features that discourage expansion.
 

Such a reform might be implemented without the creation of nevy I'areaucracies;
 

its success would be far less dependent on administrative competence and far
 

more dependent on appropriate structuring of tax 4ncentives. To achieve
 

thin, the Egyptina governnent would need much better information on the
 

sectors it in trying to ttx, regulate, and stimulrte than it currently 

possesses. Though the two approaches are not mutually exclusive, choices 

must be made; and in our final recomr'nditions we foresee suggesting steps 

that might be taken to implement reforms of the second type. 
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Secondly, with respect to measures that foreign funding agencies
 

might take to promote the development of small-scale industry in Egypt,
 

we hope to be able to propose criteria and procedures for financing that
 

would substitute for those currently applied in evaluating loans to large
 

enterprises.
 

Mustapha Kamal El-Said Ibrahim (Cairo University) has primary
 

responsibility for the completion of part (1); Suzanne Berger (M.I.T.) has
 

primary responsibility for (2); they will jointly prepare part (3).
 

John Potter (M.I.T.) and Judith Chubb (M.I.T.) are associated with the
 

research.
 



Attachment A: Government Impact on Small-Scale Industry
 

QUESTIONNAIRE
 

Introduction: Interviewer explains: In our country in the past
 

we have been interested in big firms and public sector firms. Now
 

small firms, for they are
we realize that we need to know about 


important to the country. We are from Cairo University and we are
 

doing research on this question. After the open door policies, it
 

is clear that this is very important, and we ask your help. What we
 

need is to understand how your business works and what its problems
 

are. Everything you say to me is confidential. We do not record
 

your name. We do not give information on particular individuals to
 

goverument or to anyone. We are interviewing 200 people and in our
 

report, all the comments and figures from all 200 firms will be
 

combined, so it will be impossible to identify your particular firm.
 

First, some facts we need to know about your firm:
 

1. 	 How old is it?
 

2. 	 Is there one owner or more? (Specify)
 

2A. 	How maay workshops?
 

(here insert
3. 	To understand how your firm works, could you answer 


Arak questionnaire, p. 22-23)
 

4. 	This place of work -- do you own it or rent it?
 

Estimated size
 

5. 	What are the places you buy raw materials? (Interviewer: take
 

each place and ask for each the following questions:)
 

a/ 	Is it a cooperative or what?
 

b/ 	How often do you go there?
 

c/ 	Do you pay cash everytime?
 

d/ 	If not, what are the conditions of purchase?
 

e/ Do they always have what you need?
 



QUESTIONNAIRE 	- Page 2
 

6. 	How many regular workers do you have here? (exclude trainees
 

and boys)
 

7. 	How long have they been here? (Interviewer: In small firms go
 

through individual cases; in firms over ten, get average time
 

in firm and range of time in firm.)
 

8. 	 How old were the workers when they came to the firm?
 

9. 	 How many trainees and boys help here?
 

10. 	Did you have more workers or fewer workers three years ago?
 

11. 	How many hour per day do workers work this month on average?
 

How many did they work three years ago?
 

12. 	What is the total number of pairs of shoes you made this month?
 

How many did you make in a month three years ago?
 

13. 	If you had the opportunity to sell more shoes that you are making
 

now, what would you do?
 

(If 	he says, 'hire more workers,' ask:
 
What do you have to offer a worker to get him to come?
 

How 	do you get rid of the worker when you don't need him
 
any 	more? ) 

(If 	he says 'buy more machines,' ask:
 
What type of machines?
 

Where, how, did you learn aboit the machines? 	 ) 

(If 	he says subcontract, ask: 
Will he subcontract all or part of the shoes needed? 

How will he divide profits with the subcontractor? ) 

14. 	If you need to borrow money to operate or expand, how do you get
 

it? (List all sources) If he says family and friends, ask if
 

they earned it by work abroad)
 



V-158
 

QUESTIONNAIRE - Page 3
 

15. 	If you had the opportunity to borrow money at 2-3% interest to
 

buy machines, would you?
 

(If he says no, ask: Would you consider a new machine if 

offered, like the Nasr bank offers taxis, with monthly 

repayment? 

If no, Or would you agree to get money be a profit-sharing 

arrangement? ) 

(If 	he answers yes to Question 15, ask:
 

What kind of machines would you buy?
 

What kind of guarantee could you offer to the bank?
 

16. 	Do you produce only when you have orders? 

(Ifyes, ask: How do you get orders? _) 

(If no, ask: How do you decide how much to produce? 

and 	then ask:
 

17. 	How do you sell what you produce? (Interviewer asks: local 

market7 Export market? ) 

18. 	Sometimes opportunities exist to expand a business, either with
 

more machines or more workers. But owners hesitate. Have you
 

ever been in this situation?
 

(If yes, ask:) Why did you hesitate?
 

(If he mentions hisgher taxes, follow up with questions. If
 

not, ask directly, Would you hesitate because tax inspectors
 

would look at new machines and more ,enches and increase
 

your taxes too much? (Explore)
 

(If 	he mentions social insurance, follow up with questions.
 

If not ask directly, If you hired new workers, might you
 

have troubles with social insurance? (Explore)
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QUESTIONNAIRE - 4
 

18A. How often do you change your models?
 

Where do you get the new ideas?
 

others
19. 	 Some people say that government interferes too much; 


say that government does not do enough. We would like to know
 

your experiences.
 

a/ Have you ever gone to the local government? For What?
 

What happened?
 

b/ Have you ever gone to the government to get raw materials?
 

What happened?
 

c/ What government officials have come to see you in your shop?
 

What happened? Determine department.
 

20. 	 What about the cooperatives? What is your experience with them?
 

21. 	 Many things changed after the October war in 1973. Are
 

things better for you now, worse, or the same?
 

(Explore)
 

22. 	 When you think about the future, do you think in 2 or 3 years
 

your situation will be better or worse? or wame? Do you think
 

your 	firm will be bigger?
 

to follow you in your business?
23. 	 Finally, would you like your son 


(If not, why not)
 



V-160
 

V.7 DEVELOPMENT OF IMPROVED MACROECONOMIC AND SECTORAL PLANNING METHODS 

Progress Report
 

June 1, 1977 - August 31, 1977
 

1. Introduction
 

Progress continues to be made on this project whose purpose is to
 

improve methods of macroeconomic and sectoral planning which can be applied
 

effectively by Egyptian economic authorities. The emphasis so far continues
 

to be on the assembly and preparation of data necessary for implementing
 

consistent sectoral planning methods. During the period since the last
 

project report some major changes in organization were necessary. However,
 

these have resulted in improved effectiveness in preparation of the data.
 

These changes have also strengthened ties with the Ministry of Planning.
 

Data preparation has proceeded far enough to begin testing the
 

consistency of the national income accounts for 1973, classified sectorally,
 

with the input-output table for that year. That has yielded experience
 

with the types of problems to be encountered in working with the most recent
 

data. Subsequent data preparation work has also been planned in more detail
 

and is underway. In addition a paper evaluating more current macroeconomic
 

conditions in the Egyptian economy was prepared with Professor Nazli Choucri
 

in conjunction with the project on Egyptian Labor Migration.
 

2. Changes in personnel and institutional arrangements
 

The previous Minister of Planning has suggested that the connection
 

of this project with the Ministry of Planning be established through the
 

Institute of National Planning. Therefore extensive discussions were held
 

with the Director of the INP, Mr. Sabry Abdullah, to make arrangem'ents for
 

the cooperation of two members of his staff, Mr. Ibrahim Issawy and
 

Mr. Ali Nassar, on the project. Itwas believed that definite arrangements
 

had, in fact, been made. However, subsequently, the INP asked for formal
 

subcontracting arrangements and a lump sum payment. Since it was not
 

possible for the prolect to enter into arrangements of this type, and not
 

deemed desirable ever, if it were possible, the potential connection with the
 

INP had to be abandoned.
 

However, with assistance of the present Minister of Planning direct
 

association was established with two other members of the Ministry
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These have been the most active and
Mahmoud Saleh and Morris Farid. 


responsible persons in the Ministry in the preparation of input-output
 

tables and other sectoral information which is essential for the multi­

sectoral planning methods proposed for development.
 

Active direction of the project in Cairo continues to be under the
 

supervision of Dr. Amr Mohie-Eldin who has given a wide range of assistance
 

in other projects as well. Mr. Esam Montasser of the Ministry of Planning
 

and Dr. Gouda Abdul Khalik continue to participate actively in the research.
 

The participation of Dr. Ahmad El Safty has been less active and is
 

expected to terminate shortly as he takes up a position in Kuwait.
 

Professor Lance Taylor of M.I.T. spent a week in Cairo at the beginning
 

of August working actively with members of the project there. Professor Eckaus
 

also spent a week in Cairo in August working on the project.
 

3. 	 Research Accomplished
 

The first objective was to gain experience in testiug the consistency
 

of the national income accounts and the input-output tables are available
 

This was done for the year 1973 by estimating a
for the Egyptian economy. 


These vectors
sectorally disaggregated set of final demands for that year. 


were summed and multiplied by the (I-A)
-1 matrix, computed from the input­

output table. The resulting set of outputs is now being compared, sector
 

by sector, with output data for the economy. There are a number of
 

discrepancies, some of which are being corrected by re-examination of the
 

national income accounts and some.of which may require revision of the input­

output tables flows.
 

However, it is expected that a somewhat more current input-output
 

table will become available in the near future. Therefore, the emphasis
 

on establishing consistency of the input-output table and the national
 

income accounts will shift to this new table.
 

In addition, detailed plans were made for the estimation of the other
 

sets of data necessary for the implementation of a multisectoral planning
 

model.
 

Dr. Amr Mohie-Eldin continues his research on the dtructure of prices
 

Dr. Gouda Abdul Khalik
and prepared a paper on price and wage policy in Egypt. 


has prepared a first draft of a study of the detailed composition of exports
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and imports. Dr. Esam Montasser's work on the detailed composition of private
 

and government consumption has also progressed. The contributions of both
 

were necessary in order to make the computations previously described.
 

During the week which Professor Taylor spent in Cairo, he helped
 

in the programing and final steps of the computation of the technical
 

coefficients matrix associated with the 1973 input-output table and the
 

(I-A)"1 inverse matrix and the test of the consistency of the table with the
 

income and output data for 1973. Professor Eckaus continued work on the
 

comparison of the actual and computed output estimates and assessed with
 

Dr. Amr Mohie-Eldin the status of the project and the program of future work.
 

Another paper was prepared jointly by Professor Nazli Choucri and
 

Professor Eckaus, combining the insights gained in the Egyptian Latior 

Migration project and the project on Improved Macroeconomic and Sectoral
 

Planning Methods. This paper has been circulated in draft form for comments.
 



V-163
 

Attachment A: 	Development of Improved Macroeconomic
 
and Sectoral Planning Methods
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V-164 May 26, 1977 

A New View of the Egyptian Econom, 

1. Introduction 

There is a conventional view of the Egyptian economy which argues that the current 

situation is not a viable one and emphasizes the magnitude of the social and economic 

problems which must be overcome In order to generate sustained development. To mention 

only a few of the difficulties which are stressed in this view: the overall rate of economic 

growth is low, especially as compared to the growth in population; there is an unusually 

high proportion of consumption of the national income and correspondingly low levels of 

saving; there is a high rate of inflation, extensive domestic price distortions and production 

and distribution inefficiencies which arise from that and bureaucratic sources; the economic 

decision making machinery of the government is slow and cumbersome and there is an 

apparent absence of cogently planned policies in a number of critical areas. 

The pessimists predict that Egypt will become "the Bangladesh of the Middle East." 

The optimists say that, if the country can only "hold on" for a few years, conveying the 

Image of hanging from a great height by one's fingernails, then revenues from Suez Canal, 

new oil discoveries and unspecified foreign investments will finally bring some respite 

to the country. Even in this optimistic view it is believed that the basic problems will not 

be overcome, but the favorable developments will make it possible to live with the problems 

and to grow In spite of them. 

Yet there are inconsistencies among both "optimists" and "pessimists" holding the 

conventional view which should create some doubts as to its full accuracy. First, there 

is the question of how the apparent high rate of growth consumption is being maintained. 
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That type of phenomenon is usually associated with a high rather than a low income growth. 

Second, it is also true that imports have risen rapidly, contributing to the balance of pay­

ments difficulties, but an inspection of the composition of imports indicates that there is a 

substantial part which is not final consumption goods but rather inputs into new capital 

formation. Secondly, looking more widely, the massive migration of Egyptian manpower, 

while creating local shortages, is also generating substantial incomes earned abroad, a 

part of which are returning as remittances. Moreover, the common complaints about 

shortages of domestic construction labor are only partially explained by migration; such 

shortages could also be counted as evidence of a construction boom. These are only 

examples of other inconsistencies as well. 

Thus, there is evidence that the conventional view of the Egyptian economy is, at 

least, not fully correct and should be re-examined to determine the extent to which it 

corresponds to the current realities. It may reflect a stereotyped opinion which though 

widely held, and having important elements of truth, Is not completely accurate. Such 

a re-examination is the object of this brief note. In the space of only a few pages, a full 

investigation of the conventional and revisionist views cannot be presented. However, the 

issues are too important to wait for the full development of the alternative positions but 

should be raised as soon as possible for broader discussion. 
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II. The Conventional View of the Current State of the Egyptian Econom, 

In the interests of brevity - and because the intended readers of this note are already 

familiar with the situation - this review of the conventional view of the current state of 

the Egyptian economy will be presented in outline. The economy is commonly characterized 

as follows: 

- low overall rates of growth associated with low rates of investment and saving, 

and domestic savings in the aggregate b-ing negative; 

- relatively high rates of consumption, due to subsidization of important components 

of expenditures particularly of low income groups as well as control of some con­

sumer prices; 

- large balance of payments deficits due to a relatively low growth of exports, and 

a rapid expansion of imports, again largely because of consumption growth; 

- a high rate of inflation, partly "imported" but partly due to domt J' 2:2: iures; 

- rapid growth in the government deficit due to expenditures far outrunning tax 

receipts; 

- growing social and economic inequities represented by uu'egulated Importation 

of conspicuous luxury imports, ineffective income taxation and subsidies to consump­

tion of middle income groups; 

- low labor productivity, particularly in the public sectors due to compulsory hiring 

requirements and other administrative factors; 

- distortions In the price system, including an overvalued exchange rntc and price
 

controls and/or subsidies on major intermediate and final goods and services;
 

- a bureaucratic and control-ridden system of approvals and allocutionnj for major
 

primary and intermediate products; 
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In urban areas combined with scarcity of particular types- open unemployment 


of skilled workers;
 

a lack of clarity in economic policy which has ita erfects domestically in
-

to accept major policy chanties and abroad In discouragementunwllingnes , 

of foreign investmet. 

made more oxplicit in a number oi directionsThe list could undou)td1ly be expanded and 

It is also sonewhat uniair In t!)at for each gcnerali'rcd coinplint thereand dimensions. 

are undoubtedly important (.c:ceptionq. !owever, it shoul!i be emphasi':ed thit it Is not 

being argued here that all of these omplnint' aic, in fact, correct descriptions ef "he 

Rather the purpose of the listlnr is simply to charactcriz • th!: eon-Egyptian economy. 

widely held both in Egypt and abroad, of the current stte of the E-,,ptivnventional views, 

economy. 
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M. 	 A Revisionist View of the Egyptian Economy 

While some of the unfavorable characterizations of the Egyptian economy are 

undoubtedly correct to some degree, the conventional view is inadequate, if not erroneous, 

in important respects. Again for the sake of brevity, it will not be possible to provide 

an exhaustive treatment of this thesis here, but some important qualifications can be 

pointed out. 

A. 	 The Significance of Migrant Labor in Evaluating the Current State of the 

Egyptian Economy 

Everyone agrees that the phenomenon of the rapid increase in the migration of 

Egyptian labor to other countries of the Mid-East must be quite significant for Egypt as well 

as 	for the councrie:, receiving that labor. The migration includes profeosionals, skilled 

and unnkilled labor. It appears to be mainly short term in nature, rather than permalient, 

and 	lt already making a substantial contribution to the Egyptian economy vi:, the remittances 

which are sent back to Egypt. 

In Egypt, as in other countries, a careful accounting of the contributions of migrant 

labor to the economy is not attempted in the national income accounts. However, the 

principles of proper national income accounting are clear. The earaings of Egyptian 

migrPnts who retain their citizenship and plan to return are part of the national income and 

product of Egypt, though not a part of the domestically produm..d irnome. The consumption 

abroad of Egyptian nationals should be counted like imports or tourist expJenditures abroad; 

a subtraction from the national product. So the net addition to the national product of 

Egypt, due to Egyptian nationals and permanent residentc who ,re working abroad, In the 

savings of those peo'sons. It uhould be emphasized that these savings arc not necessarily 

the 	slamo as emigrant remittances. Remittances are just those funds, from s-vings or other 
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sources, which happen to be sent back to Egypt in any year. The remittances can be 

used for any purpose as any other type of funds but a considerable part of them are undoubtedly 

used to finance domestic consumption in Egypt. 

It is understandable that in Egypt, as in other countries, the difficulties of estimating 

net wage income earned abroad after foreign consumption should lead to the omission of 

thiv item. Yet the failure to do the accounting correctly does distort the view of the current 

state of the Egyptian economy. 

Consider the following national income and product identity in which taxes and de­

preciation are neglected: 

National Income = Wages + Rent + Interest + Profits = Gross National Product 

Private Consumption + Saving + Government Consumption Expenditures + 

Exports - Imports. 

In this identity, saving, being identically equal to investment, is substituted for investment 

in the sum of the total uses of the national product. Private consumption naturally appears 

in the uses of the national product, and, of course, that part of total consumption financed 

by remittancen cannot be distinguished from any other consumption. So the effects on 

consumption of the earnings of migrant labor which are sent home do appear in the national 

income accounts. Following the national income accounting principles described above, the 

savings by migTant labor ought also to Pnpear in the national income accounts. But, as 

noted, that estimation is never attempted. On:y the effects on consumption appear in these 

calculations. The result is to increase the ratio of consumption to gross national product 

above what the ratio would be if both the consumption and savings by mijrant workers 

were taken into account. 
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Although the direction of the effect of neglecting migrant labor income and savirg 

is clear, the previous argument does not, itself, establish the magnitude of the effect. 

That requires more careful estimation than can be done here, but some rough calculations 

will indicate orders of magnitude. These will reveal the potential effect of migrant 

earnings. 

The total number of Egyptian migrants working abroad has been estimated in the 

range from 500, 000 to 1,000,000, that is, from roughly five percent to ten percent of 

the labor force. The income differentials between migrant workers, as compared to 

domestic wage 'incomes, has, in turn, been estimated from five to ten times. Thus, 

the total wage income of migrant workers may be from 25 percent to 100 percent of 

domestic wage incomes. 

But the consumption abroad by migrant workers must be subtracted to obtain the net 

additions to the national product If consumption abroad is 80 percent of migrant incomes, 

perhaps a high figure, so that savings were only 20 percent, the net addition to Egyptian 

national wage income would be 5 percent to 20 percent. If the consumption rate by 

migrants were 60 percent of their income and the savings rate 40 percent, the net 

addition to wage income would be 10 percent to 40 percent. 

Suppose now that wage income, in turn, was 60 percent of national income. Then 

the net addition to national income by migrant workers abroad might range from 3 percent 

to 12 percent or from 6 percent to 24 percent. This is a substantial amount to be 

omitted from the national income accounts. It chould be noted that as long as the number 

of non-permanent migrants is growing, this underestimate will, in turn, grow, and will. 

continue to give an erroncous view of the state uf the economy. 

It was noted previously that remittances need not bo associated with current saving 
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but rather are flows from accumulated funds. These flows may well lag behind savings 

abroad, if reports are correct that there is some accumulation of funds which is repatriated 

only when workers return home. If we assume that migrant workers do send back two-thirds 

of their current saving, that adds 2-4 percent to domestic purchasing power, at the low end 

of the estimate range. At the high end of the estimate range, remittances add 8-16 

percent to domestic purchasing. 

If, in turn, the entire amount of remittances are spent on consumption, the additions 

to consumption range from 2 to 16 percent according to the above calculations. The con­

sumption levels are raised and, since saving is calculated as a residual, subtracting those 

higher levels of consumption from an unchanged national income, means lower apparent 

saving. Thus adding percentages such as those to domestic consumption without adding 

current migrant saving to the national product implies an important distortion of the 

national accounts. The mistake in national accounting - which, again, is not unique t. 

Egypt - could be in part responsible for the prevailing view of a high consumption-low 

savings economy. Correcting the mistake revises this conventional view. 

It should be emphasized that high private consumption is not the only element in the 

conventional view of Egypt as a high consumption-low savings and investment economy. 

The rapid increase in public consumption is partly responsible fo:' this view. Yet 

government subsidies to private consumption have risen even more rapidly. Those 

subsidies, while adding to the government deficit, of course, are essentially supports 

to private consumption. They permit private saving to be more substantial while 

reducing public saving. Of course, a pound spent to subsidize consumption does not 

become a pound of private saving. 
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There are a number of other important effects of large scale migration of 

workers on the Egyptian economy. These will be followed up in subsequent papers. 

The preceding calculations, rough as they are, make the point that Egyptian migration 

of workers to other countries of the Middle East is not a marginal phenomenon of recent 

years, but a central feature of current economic conditions. 
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B. A Revisionist View: Egypt as a Booming Economy 

The emphasis in the conventional view of the Egyp 4 an economy on the rapid growth 

in consumption tends to suggest that this is the source of the pressure on the Egyptian 

economy that is manifest in increasing prices and balance of payments deficits. 

Correspondingly, the implication is that the levels of investment are relatively low. 

Yet an examination of both the nationjil accounts and the data on physical production and 

use of essential components of investment suggest that there has, in fact, been a rapid 

growth in investment in recent years. 

Investment was stagnant, or even declined, for a number of years during the 1960's. 

In the aggregate in some years it was twelve percent or less of gross national product. 

Since there were some major net investment projects being undertaken which would account 

for a large part of the total, this means that there may actually have been disinvestment in 

some sectors of the economy. 

By comparisou, in 1974 total investment appears to have grown by roughly 45 

percent over 1973 in value terms and in 1975, the increase may have been almost 60 

percent as compared to 1974, again in current values. Even when deflated these 

represent impressive increases. 

The national account estimates tend to be verified by real data on production and 

use of major components of fixed investment. For example, cement production runs from 

3,300 roughly to 3,500 thousand tons per year. But in recent years exports, which were 

about one million tons, have virtually halted and cement was imported at a rate of over
 

1, 300 thousand tons in 1976. Similarly, the import of steel reinforcing bars which had
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been negligible in the early 1970's has grown substantially. Domestic production of these 

bars runs about 220-260 thousand tons per year. In 1976, there were imports of 350 

thousand tons. 

Investment is reported to have been constrained in 1976 due to growing balance of 

payments deficits which were controlled by limiting investment. But this again is evidence 

of the strong stimulus for new Investment which exists. 

An Inspection of the commodity composition of imports also tends to confirm the 

other data on investments. The machinery and equipment imports rose by 60 percent 

in 1974 over 1973 and base metals and manufactures rose by almost 150 percent in the 

same period. Thus, while there can be little doubt that consumption growth is providing 

a substantial impetus to the Egyptian economy, similarly there can be little doubt that 

investment growth is also pushing hard on available resources. 

Unfortunately, data on the division of investment between the private and public 

sector is not available in detail. There are some suggestions that private sector invest­

ment responded with special vigor to the new policies enunciated In 1973. For example, 

th. value of approvals of private Investment undertakings by the General Organization 

for Industry almost tripled from 1971/72 to 1973, though they subsequently leveled off. 

The growth and vigor of the private sector is also shown by the 80 percent increase 

in Its exports of manufactured goods from 1973 to 1974 as compared to a roughly 45 percent 

increase in public sector manufactured exports. In 1975, exports of manufactures by both 

sectors declined, with private sector exports falling most. 

Finally, the balance of payments deficits and high levels of consumption are, in 

themselves, circumstantial evidence of a booming economy. The income which Is 
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being used to rurchase foreign and domestic consumption goods is not being generated 

by government tr isfers alone, nor do those account for the high proportion of investment 

goods among ir.,iorts. It is more plausible that high levels of investment are, in turn, 

pushing consumption. 

Thus, again, a conventional stereotype of the Egyptian economy appears to be less 

than fully accurate. That stereotype emphasizes the inefficiencies, the distortions, the 

bureaucratic obstacles and lack of initiative in the economy. Yet, however, serious as 

those impediments might be, the economy appears to have advanced rather rapidly since the 

new policy directives of 1973. Whether those advances can be sustained and accelerated 

in another question which can only be touched upon here. 
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C. 	 A Revisionist Perspective on the Characteristics of Public Administration 

and Policy Formulation 

As noted, the conventional view of Egyptian administration with respect to the 

economy and other aspects of society is that it is a heavily bureaucratic and control-ridden 

system. While it is not the purpose of this section to deny this aspect of Egyptian 

society, it is useful to put it in perspective. And that perspective does create a new 

view. Aga"l, only a brief outline of the argument will. be presented. 

There are significant new elements in Egyptian administration and policy formulation. 

These are: 

- domestic political liberalization as evidenced in the greater scope given to 

public media, the formation of new political groupings, the greater openness and 

vigor of parliamentary debates; 

-	wider role in policy-making given to political groups and parliamentary committees 

as Indicated by their active review of government programs; 

- Impetus to rationalization of economic policy not only in response to pressures from 

International institutions and sources of economic assistance, but from internal 

sources;
 

- the growting emphasis on domestic economic, educational and cultural develop­

ments in Egypt, providing a new basis for regional leadership. 

These and other changes are hardly sweeping away cleanly and swiftly all the 

previous patterns of administrative behavior. Rather there is disjuncture between 

established patterns and new trends and, as a result, new stresses which, on occasion, 

break out In dramatic forms. Yet, it is clear that the greater participation In political 
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processes is being encouraged. This is having effects which are not being fully anticipated 

and which are being dealt with in ad hoc ways. Sometimes steps backward are taken after 

steps forward. Yet the trends persist. And the domestic political trends are, to some 

degree, contributing to the entrepreneurship and vitality which is showing in the economy. 
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IV. 	The Significance of the Revisionist View of the i.,rrent Situation in Egypt 

There are many old problems to be overcome in the course of the further political 

ad economic modernization of Egypt. The conventional view emphasizes these problems 

and, in doing so, fails to appreciate both the strong positive trends which exist and the 

new problems which are emerging. 

The Egyptian economy gives many signs of a system under pressure, struggling with 

old bureaucratic rigidities and inadequate methods of policy formation and in some ways 

trying to do too much too quickly. The result is disappointed expectations, inefficiencies 

and "living beyond its means." But consider what is not true - though often impled: the 

system Is not bogged down by its old rules; liberalization of the economy has not failed 

to generate entrepreneurship; the labor force has not failed to respond to economic incen­

tives. In the political and administrative areas, liberalization nas not been followed by 

repression; bureaucratic patterns have not been unchanged; public enterprise has not 

been content simply to maintain its output positions and private enterprise has not been timid. 

Thus, 	 the social and economic problems of Egypt do not have their source in a lack 

of initiative and ferment. The problems are those of managing growth and changf) from 

many sources. Internal investment and foreign migration, domestic liberalization and 

new patterns of regional leadership, are transforming the country. The problems are 

difficult ones in their own right and, if not resolved, could frustrate development by 

generating social inequities and unfulfilled expectations at home and abroad, and could 

impose unnecessarily high costs through inefficiencies. But the problems of dealing with 

growth are still easier than those of stagnation and, in their character, more encouraging. 

The new news of the Egyptian economy is one of hope. 
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V.8 EGYPTIAN LABOR MIGRATION 

Progress Report
 

June 1, 1977 - September 1, 1977
 

Progress to Date:
 

The major effort during this past phase was a continuation of data
 

collection with a view to writing an initial report on the implications of
 

labor migration for the construction industry in Egypt. This paper is to
 

be authored jointly by Professors Mohie-Eldin,, Choucri, and Eckaus.
 

an outline of the paper which indicates the directions of the
Attached is 


analysis, the type of data that would be required, and the scope of the
 

analysis.
 

We focus on the construction industry because it is critical to the
 

whole, because there is strong evidence of outward migration
economy as a 


among construction workers, and because the Ministry of Labor has been
 

concerned with developing procedures for regulating that migration.
 

During this past period, we have also contributed a paper written
 

with Professor Eckaus, entitled "Interactions of Political and Economic
 

Change: The Case of Egypt" (August, 1977), and prepared two other papers
 

that bear directly on labor migration in egypt. The first, by a research
 

associate for this project, Ijaz Gilani, is entitled "International Migration:
 

Some Lessons for an Egyptian Migration Policy." This paper reviews the
 

policy experience of Turkey and Yugoslavia (both countries export labor to
 

Europe), and draws some appropriate inferences for the Egyptian case. The
 

second paper, by Professor Choucri, is entitled "Migration Processes Among
 

The Middle East," and seeks to develop the conceptual
Developing Countries: 


basis for nystematic analysis of the m!gration process and of the policy
 

interventions that could affect this process.
 

Next Phase:
 

We expect, first, to complete our analysis of migration in the
 

construction industry and draw the implications for the economy as a whole,
 

"clean" the data, and begin more syntematic and quantitative analysis of the
 

dimensions of labor migration in Egypt, with the view of generating a
 

comprehensive perspective that would assist in identifying appropriate policy
 

interventions and evaluating current policies.
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Difficulties Encountered:
 

The major difficulties involve obtaining consistent and complete data
 

series on many aspects of labor migration. An enormous amount of time and
 

effort is going into the data gathering and "cleaning."
 



R. S. Ec1kaus
V-181 

A. Mohie-Eldiln
 

Attachment A: Egyptian Labor Migration
 

Suggected Title:
 

Migration and Employiet in Constr~uction:
 

it
Critical Factors in Developm
er


1. Introduction 

RSZ This will be a brief statement of the issues and 
the content of the 

AN paper. 

II. Employment and development patterns in rgypt: 
overall and in construction
 

sector
 

Overall patterns of employment in Egypt
AM A. 


Patterns of investment and their significance 
for constructton
 

AH B. 

RSE activity
 

III. The relations of construction activity 
to the rest of the Egyptian
 

economy.
 

Input-output and capital forLing interrelations 
of construction
 

AM-RSE A. 

with the rest of the economy.
 

AH B. Distribution of construction in the Egyptian 
economy
 

1. Sectoral
 

2. Relacive importance of major projects
 

3. 	Geographic
 

asconstraints on construction
 
AM IV. Materials, capacity and foreign exchange 


V. Labor force avnilabilities in construction
NC 


A. Characteristics of labor force in 	construction 
and growth
 

1. Size
 

2. Age
 

3. Occupational structure
 

4. Origins
 

, Patterns of recruitment into dorestic labor 
force
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NC VI. Emin n of construction 	workers
 

A. Overall patterns ok eiigration
 

D. Buigration of conslIri=%ion workers
 

1. Overtll patterns
 

2. Recruitment
 

3. Returneeu
 

C. Relative wages and effects on migration
 

NC VII. Special Policies Affecting Migration and Returnees
 

AM
 
A. 	Domestic
 

Labor pqrmits, political environment
 

Secondment practices
 

3. Foreign
 

1. 	Saudi Arabia
 

Work permits
2. 	Libya 


Laws of natioaality
3. 	Kuwait and Gulf 


Residence permits
4. Iraq 

VIII. 	 Social Cests of Conitrictoon La)or Miratio 

of construction(Vo~e leritriction of "iscuusion to unique fenaturos 

labor wovement) 

A. Emigra'ion and wage incrsscs in construction a a means
K! 	
of adjuctment by EgyptlAn economy to international demands
 

e'fectc of pushing so much of the adjustment
and pricos ­
through a single sector
 

. On 	wage costs in the sector
 

2. On 	relntive costs of inventment
 

3. On 	stability of labor force and planning problems
 

4. On gestation periods in construction
 

AB5 Other social coots
 

I. On 	income distribution
 

2. On 	rural-urban population movaments 
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Relative social versus private marginal products 
of conotruction


3. 

labor
 

IX. 	Social Benefits of Construction Labor Migration
RSE 


Improvements in individual-family welfare
A. 


- nominal

B. Social value of remittances in the form of funds 


versus shadow price of foreign exchange
 

C. 	Savings patterns and the capture of savings
 

NC X, Conclusion 
RSE 

Distinctive features of construction migration in relation A. 

to total labor migration
 

B. 	 Implications of migration policies and patterns 
for Egyptian 

development 
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V.9 HEALTH CARE DELIVERY SYSTEMS 

Progress Report
 

June 1, 1977 - September 1, 1977
 

Progress To Date:
 

During this past phase in our project, we have focused largely on
 

four tasks: (1) delineating the interrelationship between demographic and
 

malnutrition indicators on the one hand, and developmental Indicators, on
 

the other; (2) developing a questionnaire to be administered through the
 

Ministry of Health field offices to obcain systrmatic information on the
 

administration of health services and approaches to malnutrition; (3) planning
 

the subsequent phases of this project; and (4)establishing and formalizing
 

a working relationship between the Cairo University/M.I.T. team and the
 

representatives from the Ministry of Health.
 

A. Relationship between Malnutritior Indi 'ors and Development
 

The first major task involved developing means for unravelling the
 

relationship between malnutrition and development. This was done in two
 

phases. First, developing the correlation betueen infint mortality (as a
 

demographic indicator of malnutrition) and various development indicntors;
 

and second, describing the interrelationships using regression analysis. In
 

each phase, the governorate was used as the unit of analysis. Governorate­

wide data are highly revealing in indicating the differences among 1arious
 

regions of Egypt with respect to child mortality and to development. Although
 

we have also found that the correlation between both sets of variables
 

were generally low, closer investigations revealci high interconnections
 

among the development variables and close relationships to infant mortality.
 

Indeed governorate data are sufficiently refined to enable an initial untangling
 

of major relationships. The cortelation and renren lon analyses are described
 

Dr. Field ind b-, George Ropes. 1 
in project memoranda prepared by 

Throughout this analysin, the Sinai wwi; excluded from all calculations, 

on the grounds that it wan anomalous in several responses. Thus there were
 

IJohn 0. Field, "Correlation: Infnnt Mortality and Selected Varinbleo by
 
Govarnoraten," (July 19, 1977), and George Ropes, "A Report on Correlation
 
and Regression Analynin of the Egyptian Ifealth Care Data," (M.I.T.,
 
August 23, 1977).
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24 cases each representing a governorate. The development variables employed
 

% women in the paid labor force, crude bMrth rate,
were the following: 


% total illiteracy, % femal illiteracy, % urban, % households with electricity,
 

% households with pure water in the dwelling and % households with pure
 

water in the building.
 

Two major dependent variables were examined: infant mortality and
 

crude birth rate. The most important results to date include the following:
 

first, there are significant differences among regions of the country in
 

terms of the relationship of demographic and malnutrition variables to
 

developmental ones. Egypt cannot be treated as a single entity if the
 

factors affecting infant mortality in various regions of the country are
 

to be understood.
 

Second, the results indicate that development is not a simple or
 

direct path to reduced infant mortality. For example, illiteracy alone
 

has little impact on infant mortality (R
2 

.05) and female illiteracy has
 

even less impact. Similarly, reduction of birth rate alone has only a
 

limited impact. For urban governorates R
2 

- .23. However, when the effects 

of total illiteracy and birth rate together are examined, they account for
 

50% of the observed variance in infant mortality (i.e., R
2 increases to .50).
 

Neither a reduction in the birth rate alone, nor an increase in literacy
 

alone haa a direct impact on reducing infant mortality. But together, their
 

combined effect is to reduce infant mortality.
 

Third, for some regions of the country, other developmental variables,
 

such as urbanization and total illiteracy have important effects on reducing
 

infant mortality. By the same token, the most significant determinants of
 

the birth rate are delineated when the data are disaggregated by governorate.
 

Urbanization is consistently an important factor in reducing the birth rate
 

and, again, there are marked differences among the governorates.
 

These results are titill tentative, pending further analysis and
 

refinement, but point to the importance of focusing on the governorates in
 

order to obtain a more dlnaggregated, and more accurate, perspective on the
 

relationship between demographiL and development variables in Egypt.
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B. 	 Developing a questionnaire on Health Delivery
 

The second major task undertaken during th.is past period was the
 

developmen- of a questionnaire to be administered through the bureaucracy
 

and agencies of the Ministry of Health to obtain systematic information oil
 

the perspective from the periphery, and on assessments of malnutrition by
 

those who are responsible for administering the Ministry's policies on these
 

issues. The draft questionnaire was prepared initially at M.I.T., and
 

revised following discussions with tIhe Cairo University team and representatives
 

from the Ministry of Health.
 

The major thrust of the questionnaire is two-fold: (a) to elicit
 

information on the Ministry's perspective on health delivery and malnutrition
 

problems; and (b) to request systematic data from the Ministry's own fil.es,
 

both 	at the center and at the periphery.
 

C. 	 Planning Subsequent Phases of the Project
 

The next phases of this project include:
 

(a) the final completion of the questionnaire and its dissemination
 
through the Ministry of Health's own administration;
 

(b) 	 two papers: one by the Cairo University team; the second with 
the collaboration of the Ministry of Health. Drb. Shafika Nasser
 
and Mervat El Rafie will complete their review of the malnutrition
 
problem in Egypt and the Ministry's approaches to that probleo;
 
Dr. Salah Shahbander and Motaz Mobarak of the Ministry of Health
 
will complete their analysis of the history of the health service
 
in Egypt;
 

(c) 	a sample survey to be tested on two governorates, one in Upper
 
Egypt and one in Lower Egypt, in order to obtain more systematic
 
data on health status and malnutrition. The pilot will be
 
undertaken in the fall and a large scale survey at a later
 
stage; and
 

(d) the inclusion of a two week period of weighing children and
 
attendant training of personnel built into the survey act.vity.
 

D. 	 Regularizing Working Relationnhipo with the Minintry of 11ealth 

Under the direction of Dr. Salah Shahbander, a weekly meeting between 

the Cairo University group and the Minintry of Health representativen in 

held to assure coordination ot activitien and collaboration. The major 

affect of these meetings in to enable varioua participants to present to 

the entire group their own work, obtain assistance, and develop cohesion 
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among the group. The meetings are in the form of a seminar to which visitors
 

from M.I.T. and elsewhere are invited to address the group and, in turn, to
 

share some of the methodological and substantive problems.
 

Problems At This Stage
 

So far, the major problems involved collection and analysis of health
 

related data. There appear to be strong inconsistencies in observations for
 

the same variables reported in different years, which draw attention to
 

We have developed some hypotheses about
potentially serious data problems. 


However, despite the data problems, some
the nature of the difficulties. 


patterns emerge in the regression analysis that point to major differences
 

among the governorates with respect to the relationship between infant
 

mortality and developmental indicators.
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TekphswAra Co& 617 MASSACHUSETTS INSTITUTE OF TECHNOLOGY CasbMrnNP 
253-3131 INTERNATIONAL NUTRITION POLICY AND PLANNING PROGRAM 

20A-222
 
Department alNutiiion 18 Vassar Street
 

ad FoodScie Cambridge, Mass. 02139 U.S.A. Qum for aiiSas
 

Attachment A: Health Care Delivery Systems
 

MEMORANDUM
 

To: 	 Shafica S. Nasser
 
Mervat El-Rafie
 
Salah Shahbandar
 

From: 	 John 0. Field
 

Date: 	 July 19, 1977
 

CORRELATIONS: 	 INFANT MORTALITY AND SELECTED VARIABLES,
 
BY GOVERNORATE
 

You will recall that, while in Cairo in June, I attempted
 
a number of correlations using governorate-level data. The
 
idea was to establish some sim.]e empirical relationships
 
between malnutrition and other features of Egyptian life. This
 
memorandum summarizes my findings and inclides both the raw
 
data that I employed and the statistical results derived.
 

The Data
 

Most of the data anilyzed were drawn from "The Preliminary
 
Results of the General Population and Housing Census, 22/23
 
Novemih.r 1976 in Egypt," Central Agency for Public Mobilisation
 
and 5tatistics, mimeo , 1977, 57pp. Included are the following,
 
all broken down Ly governorato.
 

* 	 Women in the paid labor force (percent of "economically active" 
women six years and oldor) 

* 	 Percent illiterate in the population aged ten yeirs and above 

e 	Percent illiterate Pmonq fcmalns .n-od ten and abov,. (cIlculatod 
from the actual numlbrni the percentage figures undersLate 
the rate of female illiteracy since the population totals 
include all ages.) 

• 	Purcent urban
 

* 	Parcentago o: households with electricity
 

* 	 Percentage of hounoholds without purified drinking water
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" -Percentage of households with purified drinking water: tap
 
in dwelling
 

" 	Percentage of households with purified drinking water: tap
 
in dwelling or inside building
 

These variables were each correlated with infant mortality
 

for 1973 given to me by the Ministry of Health. In
rates 

addition, infant mortality rates for 1972 documented by CAPMAS
 
were used to test consistency in the correlations given occasionall3
 
major differences in the mortality figures for the two years. Of
 

a proxy for the
necessity, infant mortality must serve as 

incidence and seriousness of basic protein-caloric malnutrition.
 
Regrettably, I was not able to screen out mortality for newly
 

so 	as to strengthen the
born children under four months of age 

mortality-malnutrition connection. This is something that would
 

be worth doing if the data are available in that form. It would
 
also make sense to do similar runs with toddler mortality rates.
 

The final variable included in the correlations i3 the crude
 
birth rate for 1973, also provided by the Ministry of Health.
 

These variables are all plausibly linked with infant mortality,
 
especially when arranged by governorate for purposes of capturing
 
variation within the country and the extent to which mortality
 
is, in fact, associated with other conditions.
 

Conspicuous by their absence Pre data on per capita income
 
by governorate. Please send these data to me, if they are
 
availablc, along with anything else that you would like me to
 
work on.
 

Theory
 

In the main, infant mortality should be correlated with
 
One would also expect the associations
variables such as these. 


to 	be visible at the governorate lcvn-l. That is, governorates 
high in infant mortality might ba expected to show high birth
 
rates, high illiteracy, and low indice; of development, whereas
 
governorates with low mortality rateo would b, expected to show
 
relatively low birth rates, less illiteracy, and higher levels
 
of 	development.
 

More specifically, as wor, r, tntr the labor force in 
increasing numbers, it woul, be reasonable to hypothesize that 
infant mortality will dccl '.,' in rc!ipoI)se to the greater income 
earned by the family and tI improvod wellbcing made possible 
by 	 this added income. On tiL- othe.- hiind, a nu,.,bor of .-naly:;tf. 
(Hart, Reutlinqer-Selowaky, etc.) have ponited t e opposite eff,:ct: 
decreased child welfare re:iultinq from reduced maternal attention 
generally and len:riWed opportunity for breaiit feedinq in 
particular. Reutlinqer tid Selownky, on the strength of data 

F the country ars a whcilv, it would bc useful to portray1'or 
infant mortality by monthly aq for at least the firtit yv.a 
of life and, prefernbly, f(ir tho firnt thrc yearn of life. 
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from Calcutta, refer to a "negative income effect" for these
 
(Shlomo Reutlinger and Marcello Selowsky, Malnutrition
reasons 


and Poverty: Magnitude and Policy Options, World Bank staff
 
Occasional Papers, No. 23, Baltimore: The Johns Hopkins University
 
Press, 1976, p. 35).
 

If the "child survival hypothesis" (Wray, Taylor et al.,
 
Brewer, etc.) is correct, higher rates of infant mortality
 
should contribute to higher birth rates as parents replace
 
their losses and compensate for anticipated losses, all the
 
while maintaining a high norm of desired family size. Similarly,
 
if what is true elsewhere is true in Egypt, later Cr Idren in
 
a family will be more vulnerable to malnutrition, hi Ith hazards,
 
and mortality than earlier children, again suggesting a positive
 
correlation between birth rates and infant mortality. 

Illiteracy and mortality are thought to go together for at
 
least two reasons. First, illiteracy in an indicator of low
 
development conceived as improvement in population attributes
 
and capabilities. Compared with the eLocated, illiterates are
 
"backward" nnd less able to cope with changes taking place 
around them. Second, illiteracy - maternal illiteracy in
 
particular - is sometimes (Kerala studies, etc.) viewed as a
 
direct barrier to appropriate child care. The illiterate mother
 
is bound by traditional beliefs and practices deemed harmful to
 
her vulnerable child, and she is less adept as well as less 
inclined to seek proper care when necessary. 

Urbanization has long been regarded as a prime indicator of 
development, more urban societies being, presumably, more
 
developed in a whole variety of ways. On the other hand, social
 
deprivation is often accentuated by economic development, notably
 
in the burgeoning of urban slums and in the multiple in;:iults that 
afflict people living there. According to several studie;
 
(Wray, etc.), malnutrition is a more serious problem among the 
urban poor than among the rural poor. We might, therefore, expect 
a positive correlation between percent urban and infant mortality 
in Egypt, although the reverse might also be true to the extent 
that urbanization entaila higher incomes, greater amenities, 
improved sanitation and water, and easier access to services,
 
including health care. In ouch canes, greater urbanity would be 
accompanied by lower infant mortality.
 

Electrification is another development indicator which, in
 
the proesent instance, reprcents a direct benefit to people in 
their homes. Appropriately, the distributional quality of 
development ii taken into account. While it would require fai:ly 
tortuous reansoninq to claim that electrification, as such, :;hould 
reduce mortality, household electrification may, in fact, be a 
form of disseminated development which alters people's life­
styleo enough to trigger other change s that are more directly 
relevant to mortality (such as whether farm animals are kept in 
th- dwelling, or independently houned). In general, one would
 
expect infant mortality to be lower in places where household
 
electrification is most advanced.
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If any indice of disseminated development should have a
 
direct bearing on malnutrition/morbidity/mortality, it is the
 
availability of purified drinking water. With the possible
 
exception of environmental sanitation, no other infrastructural
 
change is more likely to make a difference to this clustei of
 
variables. Households without purified drinking water reasonably
 
accessible to them are prime candidates for high infant mortality
 
rates. Households with purified water in their homes are
 
distinctly advantaged in Egypt, and one would expect a markedly
 
lower incidrnce of infant mortality in such housch'.ds than
 
elsewhere, unless a tap in the same building constitutes a
 
functional equivalent.
 

With the data provided by CAPMAS and the Ministry of Health,
 
I have tested these propositions in the most rudimentary way,
 
makina simple linear correlations between infant mortality and
 
the other conditions mentioned, with rhe data broken down by
 
governorat( in order to capture intra-country variation. Primary
 
reliance w.s on the Pearson r (product moment correlation
 
coefficienz), supplemented occasionally by the Spear. -n r (rank
 
correlatic coefficient) as a hedp('lagainst possibly i-Luty data.
 
The Spear-tan test, normally re;erved for ordinal data, make-;
 
sense on '-he assumption that the actual figures being correlated
 
are not aLways accurate but that the relative positioning of
 
governor; tes is. All relationships excluded the Sinai, a
 
politica. anomaly. The other three Frontier qoverno ates were
 
also ex. _uded when the lack of matching data made this necessary.
 

Findings
 

The raw dietributions (see attachments) support the proposition
 
linking higher infant mortaliLy to lower levels of development
 
in that, regionally, mortality tends to be highest in Upper Egl 't,
 
where development has typically lagged behind the rest of the
 
country. So a regional pattern is apparent in the data.
 

On the other hand, at the governorate level the correlations­
with near uniformity-are disappo*nting substantively and
 
insignificant statistically. Although in the predicted direction,
 
for the most part, they are generally quite low, and little
 
confidence can be iaced in thcrml.
 

SEE TABLE ON THE
 
NEXT PAGE
 

That infant mortality Is not meaningfully related to women in 
the paid labor force is perhaps explained by the fact that most 
Egyptian women are in the labor force, albeit without pay. That 
in, the ditforence btween the two types of labor J:npliod - one 
traditional and the other in the modora, organized :.cLor - may 
not be all that relevant to child welfare. On the other hand, 
the negative sign nuqcients that the added income dorived from a 
women's working [or pay does not coJIiributo to child welfar 
either, at lvent as reflected in moitality data. Something on the 
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CORRELATIONS: INFANT MORTALITY AND
 
SELECTED VARIABLES, BY GOVERNOP.ATE
 

Pearson r 	 Spearman rrho
 

INFANT INFANT INFANT INFANT 
MORTALITY MORTALITY MORTALITY MORTALITY 
1973 1972 1973 1972 

WOKEN IN THE PAID -.203 -.187 -.04 
LABOR FORCE *ns. nos. nose 

CRUDE BIRTH .352 .471 .299 .357
 
RATE,* Sig.at .05 Sig.at .01 n.s. Sig.at .05
 

(one tailed (one tailed test) (one tailed
 

test) Sig.at .02 test)
 
(two tailed teat)
 

PERCENT -.079 
ILLITERATE I n.. 

PERCENT FEMALE -.212 
ILLITERATE * n.. 

PERCENT .106 NOTE: this correlation is reduced
 
URBAN * n.e. by fact that four governorates
 

are 100% urban.
 

PERCENT -.019 
HOUSEHOLDS n.e. 
WITH ELECTRICITY I 

PLACENT .199 .166 
HOUSEHOLDS n.. n.. 
WITHOUT
 
PURIFIED DRINKING 
WATER 0
 

PERCENT HOUSEHOLDS -.174
 
WITH PURIFIED n..
 
DRINKING WATER:
 
TAP III DWELLING I
 

PERCENT HOUSEHOLDS -.136 
WITH PURIFIED 	 n.e,
 

DRINKING WATER: 
TAP IN DWELLING 
01 INSIDE BUILDING 0 

4 minus Sinai
 

minus - Yvontier governorates for lack of Patching data 

NOTEt 	 Pierson r Is the standArd linear co:roIAtion coefficient measuring the extant to 
which the s me unita occupy the 4n4:a ralntive positlion i two variabl!I . Sposrman rrh. 
to a rank order coefficient uned hrv n A hadKO nP.41at pontilbly faulty dat4. 
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order of a "negative income effect" is apparent but mild. Viewed
 
nutritionally, the proportion of women in the paid labor force is
 
not (yet) a positive development indicator.
 

The one relationship achieving statistical significance is
 
.hat between infant mortality and the crude birth rate. Moreover,
 
the fact that the correlation is positive supports a linkage made
 
in the literature (Levinson-Abbott, etc.) uniting nutrition policy
 
and family planning. Either existing children must survive for
 
parents to have fewer of them, later children are more likely to
 
die than earlier children, or some combination of the two.
 
Whatever the case, this is a finding which suggests the need
 
for direct health sector attention to malnutrition/mortality,
 
expecially since development - even disseminated development ­
has such limited impact on the problem.
 

That infant mortality is not significantly correlated with
 
illiteracy is a case in point. Education to the level of literacy
 
does not seem to result in better child care. In fact, the
 
relationship is slightly inverse. It is even more inverse whn
 
female literacy is considered alone. Governorates with 1ow,-L
 
levels of infant mortality tend to be governorates with higher
 
proportions of illiterate women, Kafr-El-Sheik being a notable
 
example and Kena being another. Still, the correlations are
 
insignificant, and an element of ecological fallacy may be
 
involved.
 

The remaining results can be summarized quickly. Urbanity
 
and mortality are very weakly related, and again the direction
 
of the relationship is the opposite of what conventional
 
development theory would predict. Household electrification
 
has al..ost no discernible impact on mortality. The availability
 
of purified drinking water, theoretically an important factor,
 
turns out to be both insigniticant and negative in the correlations.
 

In sum, the message of thin exercise -insofar as there is one ­
is simple and somewhat unexpected. Mortality and fertility are
 
significantly correlated. Mortality and development, variously
 
defined, are not. rhe former comes as no surprise; the latter does.
 
The two together suggest that direct nutrition - health interventions
 
will be nicessary if infant mortality in to be reduced substantially.
 
Raliance on food subsidies and on economic development, the current
 
"policy" in Egypt, is likely to prove disappointing or at leant
 
disappointin~gly slow.*
 

Possiblo Explanations
 

Lost any of thin be taken too seriously, there are several
 
reasona why the corre]ations are so poor aside from the reality of
 
the situation.
 

' As if to vorify this obcarvaLion, the Ministry of l|oalth's own
 
calculationl show a not dncroascu in infant mortality of only
 
11 pnr thousand betwoon 1952 mnd 1972, .,asic Statistical
 
Information of Health Servicen," Ministry of |Ioal~h, .ainuary 1975,p.2
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" 	 Infant mortality is an inadequate indicator of malnutrition. 
Not only is a fair amount of mortality not nutrition related, 

Infant mortality
much malnutrition does not end in mortality. 

alone does not capture the dynamics imputed by the propositions
 
mentioned above, at least some of which dynamics have delayed
 
effects and may not be fully manifest until data are available
 

for older age cohorts. It is also possible, of course, that
 

the propositions are themselves weak.
 

" 	 The data may not be sufficiently accurate for the correlations
 
to portray reality. Conceivably, genuine differences among the
 

governorates are not being picked up, resulting in washed out
 

correlations. Moreover, since mortality is generally considered
 
the dependent variable in the relationships under review, ideally
 

one would want to lag mortality or, barring that, maintain
 
time parity. Unfortunately, the mortality data precede the
 
other data by three to four years. This is a likely source of
 
distortion.
 

Another possibility is that the hypothe.sized relationships
* 

exist but are not linear. Linear testing, as in the results
 
reported here, would then understate the degree of association.
 

It is also possible that the thrust of the propositions mentioned
* 

going on, intervening
is correct but that other things are 


between the one-to-one reiationshiki. tested with the effect of
 
washing them out. Many of the linkages imputed between
 
mortality rates and other conditions are quite indirect, and
 
the nature of the associations involved may be missed for lack
 

of more complete data. (Needless to say, were there more
 
complete data and were this more than a vaguely suggestive
 
exercise, we would want to go well beyond simple correlations
 
in our analysis.)
 

* 	 Finally, in a substantive vein it bears noting that the data
 
convey lots of anomalies, correctly or otherwise, from the
 
standpoint of the theoretical expectations advanced above.
 

- Cairo and Alexandria. despite their being centers of 
modernity, reveal fairly high rates of infant mortality. 
Illiteracy, however, is quite low - comparatively, as is 

the proportion of households lacking eluct-ricity and 
purified drinkinq water. Curiously enough, the crude 
birth rate i: -ao low in Cairo and Alexandria. In terms 
of the correletions, none of this "makes !ien:jo." 

Aswan auffers from a very high rate of infant mortality 
but 	 in otherwise nondescript. Matrouh had the lowest 
mortality rate of any governorate in 1973 (39/1,000) 
while at the naet, time manifenting a birth rate that %tas 
well above average. tatrouh in also low on illittrncy 
and average on urbanity. Aztiyut , avvr.q'(; concerninq 

mortality, has a higlqmr-than-ivoraqo crude birth rat, buit 
is low on purified dritikintj w'%ter. And no on. Patte:iS 
such as these are doath on significant correlationis. 
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The data for Port Said, Suez, and ismailia show the
 

effects of their being in or close to the war zone, a
 

possible source of additional anomalies.
 

The Bottom Line
 

No analysis resting solely on correlations deserves to be
 

paid serious attention, and the data at my disposal may be unequal
 

even to such simple (and simple-minded) treatment.
 

On the other hand, the exercise has brought to light two
 

distinct possibilities, both of which are important to policy.
 

First, a signiiicant relationship does seem to exist in Egypt
 
One may infer from
between infant mortality and the birth rate. 


this, and with fairly solid theoretical grounding, that family
 

planning objectives wojuld be furthered by investments in better
 
The case for
nutrition and hoalth among the very young. 


nutrition's becoming a higher priority concern of the Ministry
 

of Health is, thereby, strengthened considerably.
 

- and often
Second, the correlatici, suggest a very weak 
inverse - r-elz-ions:,ip between mortality and development. The 

own cure, at
implicatiort of this is t;iat development is not its 


least in the 	short run, for the multiple insults underlying
 
we may presume, toddler) mortality. Malnutrition
infant (,nc., 


may not be a ri dical problem, as Dr. Bindary claims: but as 

a socio-ecdoti;ic problem, whi.ch he also claims, it appears to 

be remarkably re.sistant to socio-economic development. Health
 

policy, t.hereifor.,, becomes one of several ways in which the
 

Government of Egypt can impact the problem by mears of direct
 

interventicns without waiting for "development," finally, t.
 

parform its presumed magic.
 

* Conversation with John 0. Field, June 1977, in Cairo.
 

Wafik Hausouna 	 Eckaus/Taylor
co 

George Ropes 	 Nevin Scrimshaw
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DRAFT
 

Attachment B: Health Care Delivery Systems
 

Progress Report on Correlation and Regression Analysis
 
of Egyptian Health Care Data
 

Submitted by George Ropes, August 23,1977
 

The results obtained from John 0. Field's correlation
 

analysis of data provided by CAPMAS and the Ministry of Health
 

(see JOF memorandum of July 19,1977) prompted further analysis
 

of those data. Accordingly, at Prof. Field's request I have
 

been engaged for the past several weeks in submitting the data
 

to more complex statistical scrutiny, utilizing MIT's excellent
 

computer facilities. I employed the Statistical Package for the
 

Social Sciences (SPSS).
 

The data were punched on IBM cards and entered into the
 

computer. Each governorate was considered a case. Sinai was
 

excluded from all calculations, on the grounds that it was
 

anomalous in several respects. There were thus 24 cases. Data
 

were available on a total of eleven variables: 

1) Infant Mortality Rate 1973 (Mort73) 

2) Infant Mortality Rate 1972 (Mort72) 

3) Percent Women in the Paid Labor Force ' (Pdlabor) 

4) Crude Birth Rate (Birth)
 

5) Percent Total Illiteracy (Totillit)
 

6) Percent Female Illiteracy (Femillit)
 
7) Percent Urban (Urban) 
g) Percent Houscholdu with Electricity (Elec) 

9) Percent Houncholds without Pure Water (Nowator) 

10) Percent Households with Pure Water in the 

Dwelling (Watrdwcl) 

11) Percent |1ouscLholds with Pure Water in the 

Builtlina (watrb~ldri) 
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Twenty-one cases had values for all eleven variables. The
 

Frontier governorates were missing values for Variables 8-11.
 

The first procedure followed was to reconfirm and extend
 

Prof. Field's correlavion co-aputations, employing somewhat refined
 

data. (Female illiteracy rates were recalculated from the CAPMAS
 

illiteracy rates tor the Frontier governorates.)
data, as were cotal 


Means and standard deviations were obtained for all variables.
 

Pearson correlation coefficients were obtained for Mort73 and
 

Mort72 against all the other variables, both for Egypt as a
 

whole, and for the various regions. See the appended table for
 

a su nary of the significant correlations. The aggregate data
 

for All Egypt is shown to be masking significant relationships
 

that only become apparent when the data arc disaggregated.
 

Scattergrams were also produced for Mort73, Mort72, and
 

Birth, against all other variables, in order to provide a visual
 

These plots
representation of the distribution of the data. 


tended to confirm the observation that the regions were distinctly
 

different.
 

Multiple regression is a statistical technique which
 

indicates the combined effect that several independent pariables
 

may have in explaining the variance in a given dependent
 

variable. Regression may be used either descriptively or
 

inferentially to predict valueu from an observed sample. In
 

this case, we were primarily concerned with describing the
 

relationships among our sot of demographic and developmental
 

variablia. Three different dependent viriablen were examined:
 

Mort73, Mort72, and Birth.
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A large number of computer runs were made, for Egypt as a
 

whole and different regions separately and together, in order to
 

clarify as much as possible our understanding of the interactions
 

among the variables.
 

In our first runs, four variations were tested, involving
 

all combinations of Totillit and Femillit, and Watrdwel and
 

Watrbldg. The combination of Totillit and Watrbldg proved to
 

be the most descriptive of the four possibilities.
 

In the course of our proceedings, we became concerned that
 

our R2 values were being artificially inflated by multi­

colinearity among the independent variables. Therefoie, each
 

independent variable was successively regressed against all the
 

High F values for these equations
other independent variables. 


were taken to indicate multicolinearity. On the basis of these
 

runs and an examination of the individual F values for the
 

variables in these equations, Elec and Watrbldg were excluded from
 

the final series of runs. The independent variables which were
 

included were: Pdlabor,Birth,Totillit,Urban,Nowater. Parameters
 

were established which caused only those variables which were
 

level and which had at least 25% of their
significant at the 0.1 


variance not explained by the variables already in the equation
 

to be entered. A summary of results is appended.
 

Residual plots were also generated. No glaring problems
 

wore evident from an examination of these plots.
 

Discussion:
 

Substatively, the rolationchips elucidated by this exercise
 

are extremely informative.
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The first point worth of note is the importance, even
 

necessity, of disaggregating the data. Egypt cannot be
 

treated as a single entity if the factors affecting infant
 

mortality in the various regions of the country are to be
 

understood.
 

Second, the importance of collecting complete and accurate
 

data is underlined. The differences between the results for Mort73
 

and Mort72 highlight this point. Given good data, one would
 

expect less variability in the relationships from year to year,
 

and from region to region.
 

Third, it is apparent that development is not, at least
 

directly, the path to reduced infant mortality. For example,
 

total illiteracy alone has little effect on infant mortality
 

(All Egypt: R2=.05, F=2.27 n.s.). Female illiteracy has even
 

less impact (R2- -.01, F=0.63 n.s.). Reducing the crude birth
 

rate likewise has only limited impact (Urban/Lower/Upper:
 

R2-.23, F=7.18). When both are entered, however, Totillit and
 

Birth together account for 50t of the observed variance in
 

Mort73 rates. Most of Totillit's impact on Mort73 is thus
 

indirect, through the Birth variable. Further path analysis
 

of this type will be pursued.
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Correlations: MORT73
 

Region Significant at .01 Significant at .05 

All Egypt ----- Birth 

Urban 
Lower 
Upper Birth 

Urban 
Lower Birth 

Lower 
Upper 

Urban Birth 

Lower -- -

Upper 'otillit 
Femillit 

Frontier .Femillit 
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Correlations: MORT72
 

Region Significant at .01 Significant at .05
 

Birth

All Egypt 


Urban
 
Birth
Lower 


Upper
 

Urban
 
Birth
Lower 


Lower
 
Birth
Upper 


Birth
Urban 


Lower
 

Totillit
 
Femillit
 --....
Upper 
 Urban
 
Elec
 

Femillit
Frontier 




MORT73
 

Urban2 
Lower Mort73 - 104.778 + 1.827 Birth - 1.283 Totillit [R2=.50, F=10.99 (.001)] 
Upper (4.663)c (3.320)b 

Urban2 2 
Lower Mort7s = 148.438 + 1.721 Birth - 2.415 Totillit + 0.688 Nowater [R =.80, 

(5 . 9 8 7 )c (5 . 8 1 7 )c (2 .7 0 6 )a F =17.21 (.001)] 

3

Lower
 
Upper No variables entered at 0.1 level (F) 

Lower 4 No variables entered at 0.1 level (F) 

5
Upper Mort73 = 202.833 - 1.526 Totillit [R2=.43, F=6.49 (.05)]
(2. 549) a 

Lower6 2 
Upper Mort73 - 205.015 - 1.782 Totillit [R -.28, F=8.66 (.01)] 
Frontier (2.942) b 

1: 21 cases Student t statistic in parentheses (DF=N-k-l)
 
2: 13 cases a = .05 (two-tailed)
 
3: 17 cases b = .01
 
4: 9 cases c = 001
 
5: 8 cases
 
6: 20 cases
 



MORT72
 

Urban 1 2 
Lover Mort72 - -34.076 + 3.140 Birth + 0.850 Urban [R =.63, F=18.42 (.001)] 

Upper (6. 0 3 2 c ( 4 . 1 2 2 )c 

Urban 2 2 
Lower Mort72 - -85.122 + 3.337 Birth + 1.288 Urban + 1.025 Nowater [R =.78,
 

P =15.53 (.001)]

(5 . 4 4 1 )c (2 .7 70 )a(6.601)c 


3Lower 
Upper Mort72 - -38.401 + 3.044 girth + 1.140 Urban [R =.46, F=7.93 (.005)]

(3.78 3)b (2 .4 37)a
 

Lower4 No variables entered at 0.1 level (F)
 
I 

upper 5 Mort72 - 249.808 - 1.532 Totillit - 0.700 Nowater JR2 =.78, F=13.42 (.01)] 

(4 .2 7 5 )b (3.408} a 

Lower 6 2 
Upper - -42.108 + 1.252 Urban + 2.982 Birth [R -.40, F=7.57 (.005))

-Mort72 


Frontier (3.3 7 5)b (2.941)b 

Student t statistic in parentheses (DF=N-k-1)1: 21 cases 

2: 13 cases a = .05 (two-tailed)
 
3: 17 cases b - .01 
4: 9 c-ses C = .001 
5: 8 cases 
6: 20 cases
 



Urban 
Lover 

Upper 


2

Urbarn

Lower 


Lower3 


Upper 


Loower4 


Upper5 


6
Laver 
Upper 

Frontier
 

t statistic 

a - .05 
b .01 


C .001 


BIRTH (with MORT73) 

2 
Birth ­ 23.272 - 0.286 Urban + 0.243 Mort73 [R -.76, F=34.28 (.001)] 

( 6 . 6 9 3 )c (4.358) c 

Birth - 14.647 - 0.355 Urban + o.332 Mort73 - 0.266 Nowater + 0.920 Pdlabor 2 

(7.651) c (6 . 6 6 5 )c- " (2.635)a"F (2.432)a [R 290.=29.BC 
(.001)] 

No '-riables entered at 0.1 level (F) 

.o variables entered at 0.1 level (F) 

No variables entered at 0.1 level (F) 

so variables entered at 0.1 level (F) 

in parentheses (two-talled) 1: 21 cases 
2: 13 cases 
3: 17 cases 
4: 9 cases 
5: 8 cases 
6: 20 cases 



BIRTH (with MORT72)
 

Urban'
 
Lower Birth = 22.573 - 0.280 Urban + 0.213 Mort72 [R2=.84, F=54.63 (.001)]
 
Upper (7.950)c (6.032)c
 

Urban2 2 
Lower Birth = 29.386 - 0.376 Urban + 0.248 Mort72 - 0.275 Nowater [R =.90, F=38.16 

(.001)]
(7.982)c ( 6 . 6 0 1 )c (2.6 8 0 )a 

Lower3
 

Upper Birth = 27.815 + 0.166 Morf72 - 0.285 Urban [R2=.49, F=8.93 (.005)]
 

(3.783) b (2.697)a 

Lower4 Birth = 33.754 - 0.480 Urban + 0.159 Mort72 [R2=.60, F=7.23 (.05)] 

(2.805) (2.667) a 

Upper5 No variables entered at 0.1 level (F)
 

6
Lower

Upper No variables entered at 0.1 level (F) 
Frontier 

t statistic in parenthesis (two-tailed) 1: 21 cases 
a = .05 2: 13 cases
 

3: 17 cases
b = .01 

c = .001 4: 9 cases 

5: 8 cases
 
6: 20 cases
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MEMORANDUM
 

TO: 	 Shafica Nasser
 
Mervat El-Rafie
 
Salah Shahbandar
 

FROM: 	 John Field
 

DATE: 	 August 18, 1977
 

EXPLAINING INFANT MORTALITY AND THE CRUDE
 
BIRTH RATE IN EGYPT: SOME INITIAL REGRESSIONS
 

This is an interim report on a regression analysis of
 

Egyptian data performed by George Ropes and myself in late
 

July and early August, 1977. Our objective has been to see
 

how much we can learn about the dynamics of infant mortality
 

and the crude birth rate in Egypt from a restricted, if the­

oretically relevant, body of data organized at the governor­
ate level. The analysis is still in progress, with our cur­

rent findings (reported here) being tested for possible vio­

lation of the assumptions underlying linear regression. Vital
 

additional data will be introduced as they become available.
 
Caution in interpretation is warranted on both counts. On
 

the other hand, the findings so far are sufficiently striking
 
to justify "early" sharing with our colleagues in the Health
 
Care Delivery Systems Project.
 

Background
 

The present work is a spin-off from the correlations cal­

culated by hand and discussed in my memo of July 19, 1977. Two
 

things emerged from that effort. First, infant mortality in
 

Egypt appears to be very weakly (and insignificantly) corre­
lated with various types of development despite all sorts of
 

Second, in­theoretical reasons for expecting the opposite. 

fant mortality appears to be positively (and significantly)
 

The inference drawn
correlated with the crude birth rate. 

was that development, variously conceived, has little impact
 
on mortality but that mortality probably does influence fer­
tility quite strongly while being itself influenced by fer­
tility in 	turn.
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The Analysis
 

Regression analysis permits identification of those var­
iables that have an independent influence on the dependent var­
iable while taking other selected variables into account. It
 
also permits specification of the degree of influence exerted
 
by each variable in the equation and at what level of confi­
dence. Finally, it permits a test of significance for the
 
equation as a whole, and it indicates how much of the total
 
variation in the dependent variable is being "explained" by
 
the variables in the equation. All this is pretty heady stuff,
 
particularly when the results are as impressiye as ours seem,
 
at first glance, to 

be.
 

Regressions were run with infant mortality in 1973, infant
 
mortality in 1972, and the crude birth rate in 1973 serving as
 
the dependent variables. Independent (i.e., causal) variables
 
include the percentage of each governorate's population that
 
is urban; the percentage illiterate (total and female); the
 
proportion of women in the paid labor force; the percentage of
 
households with electricity; and the proportion of households
 
lacking access to purified drinking water, having purified
 
water in the dwelling, or having it at least in the same
 
building. Regressions were run for Egypt as a whole (minus
 
the four Frontier governorates for lack of.data) and region­
ally comparing Upper and Lower,:Egypt, the latter including
 
and then excluding the four urban governorates of Cairo,
 
Alexandria, Port Said, and Suez.
 

A quick caveat is in order. Of necessity we are trying
 
to explain 1972 and 1973 "effects" by reference to 1976 "causes".
 
The mortality and birth data precede the development data in
 
time, although the latter are said to "cause" the former. This
 
is not as preposterous as it sounds if one assumes - as we
 
must - that distributions in 1976 reflect realities in 1972-3
 
or even earlier as well.
 

Findings
 

Table 1 shows the "best model" explaining infant mortal­
ity in 1973. Beta weights, i.e., standardized regression co­
efficients, are given for each variable. This model, and
 
those in succeeding tables, were generated by step-wise re­
gression, with the computer entering variables in descending
 
order of significance to a limit of .05.
 

Several things stand out in this table. First, only two
 
of seven possible variables - birth and % illiterate - emerge
 
as having an independent and significant influence on mortality.
 
The rest are either redundant, insignificant, or both. Illit­
eracy is, in fact, strongly intercorrelated with urbanity,
 
electrification, and purified water (suggesting a markedly
 
skewed pattern of development in Egypt). With illiteracy
 
"entered" into the model, none of these other correlates is
 
a sufficiently independent influence to justify inclusion.
 
The variables which best explain variation in infant mortal­
ity - as revealed in these data - are the birth rate and illit­
eracy, the latter simply being the strongest developmental
 
influence.
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Table 1: Infant Mortality in 1973 - Egypt (minus Frontier) 

MORT73 - 0.947 BIRTH - 0.674 TOTILLIT 

Sig. .01 .01 

Equation sig.: .001 (F 10.99)
 
Adjusted R' .500
 

MORT73 - infant mortaliVy in 1973
 
BIRTH - crude birth rate
 
TOTILLIT - total illiteracy (%)
 

Second, whereas the influence of the birth rate is in
 
the predicted direction, that of illiteracy is not. Higher
 
birth rates are conducive to higher mortality rates. This
 
is either a function of more completo reporting of both phen­
omenr in come governorates as against others, or it is a func­
tion of the oft-noted tendency for later children to be es­
pecially vulnerable to malnutrition, disease, and resulting
 
mortality. Whichever, the beta indicates that 99 times out
 
of 100, a 1% increase (or decrease) in the birth rate will ­
on the average - produce almost the same change (.9%) in the
 
rate of infant mortality when the effects of illiteracy are
 
held constant. By comparison, the impact of illiteracy is
 
both weaker and inverse, although still highly significant.
 
A 1% decrease in illiteracy will actually increase the in­
cidence of infant mortality by an average of .67% when the
 
effects of the birth rate are taken into account. We shall
 
see this pattern repeated for mortality in 1972.
 

Third, not only is the equation as a whole significant at
 
.001, it explains a remarkable 50% of the total variation in
 
infant mortality in 1973, That is, two variables - the birth
 
rate and the prevalence of illiteracy - by themselves and in
 
relation to each other - account for half of the variation
 
observed in infant mcrtality from one governorate to another!
 
Such power from such parsimony is rare.
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In sum, we can assert with considerable confidence that
 
infant mortality in 1973 was influenced principally by the
 
birth rate that year, and, to a somewhat lesser extent, by
 
the degree of illiteracy. Other factors were also at work ­
we simply did not have measures of them,whatever they are;
 
but we can say that several prominent variables available
 
to us failed to show an independent influence. With birth
 
and illiteracy rates known, urbanity, electrification, the
 
absence or presence of purified water, and the like have.very
 
little explanatory power of their own. It is even conceiva­
ble that, had data for birth ratea been a year or two earlier
 
than those for infant mortality, the impact would be greater
 
still.
 

Table 2 shows the "best model" explaining infant mortal­
ity in 1972. A number of similarities and differences are
 
apparent.
 

Table 2: Infant Mortality in 1972 - Egypt (minus Frontier) 

MORT72 = 1.291 BIRTH +.1.679 URBAN - 1.414 WATRBLDG - 0.615 TOTILLIT 

Sig. .01 .01 .01. .01 

Equation Sig.: .001 (F = 24.52) 
%djusted R : .824 

MORT72 - infant mortality in 1972 
BIRTH - crude birth rate 
URBAN - urban population (%) 
WATRBLDG - households with purified drinking water in the same 

building (%) 
TOTILLIT - total illiteracy (%) 

Principle among the differences is the fact that four
 
independent variables enter the equation, each significant
 
unto itself and each ble to improve significantly the total
 
equation's adjusted R as well. That three of the four are
 
stronly intercorrelated measured of development (Urban:Watr­
bldg, .93; Urban:Totillit, .85; Watrbldg:Totillit, .90) does
 
not - in this instance- obviate their having apparently in­
dependent effects. Development, it would seem, comes in
 
different guises and with different implications.
 



V-215
 

A second difference of note is that the causal strength
 

of the constituent variables in the model is 
generally great­

er than before. This reflects both the added number of var­

iables in the model and, presumably, differences 
in the
 

A 1% decrease (increase)

mortality data for the two years. 


in the birth rate may now be expected to result in 
an aver­

age decrease (increase) in infant mortality of 1.3%, holding
 

the rest of the model constant. Purified water has about
 

- 1.4%) inversely. Surprisingly, ur­the same impact (1%: 

Under the con­banization emerges as a negative influence. 


ditions specified in the model, a 1% increase in the 
urban
 

population yields an increment of infant mortality 
by a
 

- evidence once again that some
substantial average of 1.7% 

economic development actually accentuates human deprivation.
 

The weaker influence of illiteracy (1%: -.62%) is similar
 

to what it was for mortality in 1973, and again it is inverse.
 

Marginal improvements in literacy will actually add to the
 

mortality rate when the effects of birth rate, urbanity,
 

and purified water are held constant.
 
The final difference worth mention is that this more
 

complete model improves our explanation for variation in
 

infant mortality. Whereas with the 1973 data we were able
 

to account for "only" 50% of the infant mortality in Egypt,
 

the 1972 data enables us to account for fully 82% of the
 
of the variation is not explained by
variation. Only 18% 


our model, an incredibly low figure when it is realized that
 

this model contains no measures of health services and health
 

status, two fairly direct influences on survival.
 
In the main, the two models are quite similar in their
 

message. Infant mortality is highly conditioned by the crude
 
birth rate; and development - when represented by heightened
 
literacy or by urbanization - can make the problem worse even
 

while the expansion of purified water to more and more house­

holds makes it better. Clearly, different types of develop­

ment dispose in different directions so far as infant mor­
tality is concerned. The net effect of development may well
 

be felt in its significance for fertility. This effect is
 
shown in Table 3.
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Table 3: The Crude Birth Rate in 1973 - Egypt (minus Frontier)
 

a) With infant mortality in 1973 as candidate for entry...
 

BIRTH - - 0.721 URBAN + 0.470 MORT73
 
Sig. .01 .01
 

Equation sig.: .001 (F a 34.28)
 
Adjusted R : .769
 

b) With infant mortality in 1972 as a candidate for entry...
 

BIRTH - -1.253 URBAN + 0.592 MORT72 + 1.034 WATRBLDG + 0.482 FEMILLIT 

Sig. .01 .01 .01 .01 

Equation sig.: .001 (F - 58.95)
 
Adjusted R : .921
 

BIRTH - crude birth rate
 
URBAN = urban population (%)
 
MORT73 - infant mortality in 1973
 
MORT72 - infant mortality in 1972
 
WATRBLDG - households with purified drinking water in the same
 

same building (%)
 
FEMILLIT - female illiteracy
 

At a glance it is apparent that these models accounting
 
for the crude birth rate are remarkably similar to those ac­
counting for infant mortality. The number and type of var­
iables are the same in each instance, depending on whether
 
one uses mortality data for 1973 or 1972. The overall explan­
atory power of birth rate models is even greater.
 

Just as the birth rate has a significant influence on
 
infant mortality, infant mortality has a significant influence
 
on the birth rate. This is an interaction which I suspect is
 
of profound substantive importance, an interaction condition­
ing the effects (on mortality and fertility) of just about
 
everything else going on in Egypt. Additional work is needed
 
to pursue this notion. Suffice it here to note simply that
 
as mortality increases (decreases) by 1% the birth rate will
 
increase (decrease) by roughly 1/2% wh3n other changes are
 
held constant.
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Urbanization, seemingly a foe of reduced infant mortal­

ity in Table 2, returns as a friend in Table 3 through its
 

negative influence on the birth rate, which in turn varies
 

positively with mortality. Urbanization consistently dimin­
about a 1%:l% basis, with mortality and
ishes fertility o 


other influences partialled. Whether urbanization is, on
 

balance, a positive or negative influence on infant mortal­
ity cannot be established on the basis of the analysis to date.
 

Ambiguity returns again in the second equation of Table
 
3. Purified water, an effective antidote to infant mortal­

ity (1972 data), is a positive influence on fertility. The
 

more water, the more births; and the more births, the more
 

mortality even though more water also means, directly, lessened
 
mortality. The two edges of development nre apparent once
 

again.
 
Similarly, illiteracy among women means higher birth rates,
 

which is what one would expect. However, improved literacy in
 

general has a negative effect on infant mortality (Table 2),
 

which is not what one would expect. Again, the Egyptian situa­

tion suggests powerful cross-pressures. Perhaps path analysis
 

can sort out the conflicting tendencies evident in the data.
 
In the midst of all this confusion, two rather formidable
 

figures stand out. Urbanity and mortality (1973) alone account
 

for 3/4ths of the variation in the birth rate from governor­
ate to governorate. Urbanity and mortality (1972), along with
 
purified water and female illiteracy, account for fully 92%
 
of the variation in fertility. These equations display an
 
explanatory virtuosity rarely seen in ctoss-sectional analy­
sis.
 

Regional variation is evident Jn the dcrta and not merely
 
with regard to levels of mortality, fertility, and the like.
 
The dynamics are different, too, if one can believe regressions
 
in which the number of governorates is quite small (N=13 for
 
Lower Egypt, including the four urban governorates of Cairo,
 
Alexandria, Port Said, and Suez; N=9 for Upper Egypt).
 

Perhaps the most striking difference between Lower/Urban
 
Egypt when infant mortality is the dependent variable, is the
 
failure of the birth rate to enter the equations for Upper
 
Egypt as against being the first to do so for Lower/Urban
 
Egypt. By the same token, with birth rates as the dependent
 
variable morta]ity emerges as a strong influence in Lower/Urban
 
Egypt but nct in Upper Egypt. The message would seem to be
 
that the mortality-fertility dynamic noted consistently at the
 
national level is pretty much a product of circumstances in
 
Lower/Urban Egypt. In Upper Egypt mortality is most influenced
 
by literacy and the availability of purified water, two aspects
 
of "disseminated development", while variation in the birth
 
rate there is not adequately explained by any of the variables
 
currently in the file.
 

The only other observaticn worth making i3 that for Lower 
Egypt alone without the four urban governorates, only one mod­
el is significant: Urbanity (Beta = -.620) and infant mortality 
1972 (Beta - +.590) explain 61% of the variation in the crude 
birth rate CF - 7.23 (.059 . Further investigation of the 
dynamics operating in Lower Egypt are indicated. 

Table 4 summarizes the regional findings for infant mor­
tality, and Table 5 does so for the crude birth rate.
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Table 4: Infant Mortality by Region
 

Lower/Urban Egypt Upper Egypt 

(Sig.) (Sig.) 

MORT73- 1.104 
-1.261 
-1.426 

1.019 

(.01) BIRTH 
(.01) TOTILLIT 
(.01) WATRBLDG 
(.01) URBAN 

-0.721 (.025) TOTILLIT 

Equation S g.: .001 (F-41.68) .05 (F'- 6.49) 
' Adjusted R : .931 .439
 

MORT72- 1.357 (.01) BIRTH -0.763 (.01) TOTILLIT 
1.359 (.01) URB'\N -0.608 (.01) NOWATER 
0.504 (.025) NOWATER
 

Equation sig.: .001 (F-15.53) .01 (F=13.42)
 
Adjusted R : .784 .780
 

NOWATER - households lacking access to pruified drinking 
water (%) 

Table 5: The Crude Birth Rate by Region
 

Lower/Urban Egypt Upper Egy 

(Sig.) 

BIRTH - -0.921 (.01) URBAN 
0.616 (.01) MORT73
 

-0.321 (.025) NOWATER
 
0.221 (.025) PDLABOR
 

Equation Sig.: .001 (F-29.80)
 
Adjusted R2 : .906
 

BIRTH - -0.974 (.01) URBAN 
0.611 (.01) MORT72
 

-0.332 (.025) NOWATER
 

Equation Sig.: .001 (F=38.17)
 
Adjusted R2 : .903
 

b. 
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The Next Step
 

At the same time that we are testing the equations already
 
produced for statistical flaws, we need to add new variables
 
in order to enrich the theoretical value of our models. As
 
discussed in our meetings this week, it would be desirable to
 
have measures both of health services (average population
 
per health center or unit, for example) and of health status
 
(extent of gastroenteritis, schistosomiasis, and the like) at
 
the governorate level. We could then explore the following
 
sets of relationships - an exciting prospect.
 

Development Health Care
 
(different kinds)
 

Health Status + a 	positive causal
 
relationship
 

- M inverse causal
relationship
 

Mortality -- Fertility
 

oos 	 George Ropes Almotaz Nobarak
 
Eckaus/Taylor ostafa Hanmmamy
 
Nevin Scrimshaw Abdel Monem Fouad
 
Joe Wray Nabil Nasar
 

Wafitz Hassouna
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V.10 ENGINEERING APPLICATIONS FOR THE EGYPTIAN PLASTICS INDUSTRY 

Progress Report
 

June 1, 1977 - September 1, 1977
 

Objective: To strengthen the area of plastics technology in Egypt.
 

Progress to Date: The starting date of this project was 1 June, 1977.
 

Since then, the following actions have been taken:
 

1. Arrangements for technical collaboration have been made with 
the
 

Delta Plastics and El Sharif Plastics,
National Plastics Co., 


all located in Cairo. Attention will focus ,n extruded poly­

vinyl chloride (pvc) pipe and polyethylene !,"e) film for
 

future possibilitieb
fertilizer sacks initially, with some 


which include modified polystyrene (ABS) refrigerator door
 

as yet unopecified material.
liners nnd butane gas tanks of 


2. A tensile tester for plastics has been designed by Dr. Bayoumi
 

and reviewed by the people at M.I.T. It should.be constructed
 

and in operation by 1 November, 1977.
 

3. 	 A testing apparatus for pvc pipe will be built and put into 

operation at Cairo University within the next 1-2 months. 

4, A series of tents on nealed Joints taken from p.a. film sacks 

Plantica has been performed. The jointsmanufactured by National 
made. were sound and strong a" the base film from which they were 

3. 	 In response to n request from the Petrochemicals Project, with 

which a good liaison has been establinhed,.work on cronn­

referencing and comparison of spocifications for plastics has 

begun. This involves idratifying the specificntions for a par­

ticular plastic material or plastic product available from the 
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American Society for Testing and Materials (ASTM), from the
 

German plastics industry and from Italian sources and com­

paring them for the purpose of setting Egyptian standards,
 

re­specifications and operating procedures. Such will 1,e 


quired by the Petrochemicals Project once their production
 

plant comes on-stream.
 

6. A fairly extensive literature survey on plastic pipe has been
 

completed and copies made for the workers at Cairo University.
 

In addition, subscriptions to several technical journals have
 

been started for them and a library nucleus of 25-30 texts
 

has been ordered.
 

Activities For the Next Period
 

During the next period, the following is anticipated:
 

1. Completion of the construction of the tensile tester.
 

2. Completion of the pipe tenting apparatus. 

3. Start of a program of testing fertilizer-filled p.c. sacks
 

to evaluate the seal made at the fertilizer factory, which
 

may be more prone to failure than the one made at the bag
 

factory.
 

4. Continuation of the work on specifications and standards.
 

5. 	 Begin a study of the feasibility of replacing welded steel 

use with tanks made of a suitablebutane gas tanks for home 

plastic. Advantages would include lower weight, corrosion 

resitance, less noise in handling reduced possibility of 

explosion in a fire and improved impact resistance.
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Project Personnel
 

Ministry
 

Dr. Hamid Amer, Head, Petrochemicals Project
 

Eng. M. El Warrack, Technical Director, Petrochemicals Project
 

Eng. Mansour Rabid, Manager, National Plastics Company
 

M.I.T.
 

Frederick McGarry, Professor of Materials !cience
 

Robert E. Cohen, Associate Professor of Chemical Engineering
 

John R. Potter, Technical Officer, Technology Adaptation Program
 

Cairo University
 

Salah A. Bayoumi, Head, Department of Design & Production Engineering
 

Mahmoud El Rafoi, Associate Professor, Dept. of Chemical Engineering
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V.11 	LONG-TERM INVESTMENT PLANNING FOR THE EGYPTIAN ELECTRIC POWER SYSTEM
 

Progress Report
 

June 1, 1977 - September 1, 1977
 

The basic objective of this project is to help develop professional
 

skills in applying mathematical economics and operations research to analyze
 

project alternatives for Egyptians concerned with planning electric power
 

projects. The beat way to develop autonomous capabilities in this area, as
 

well as the best way to get answers to important investment questions, is to
 

start in right away building simple, practical models, feeding data into 

them, and analyzing the results. Ilen, if everything seemi to be proceeding 

smoothly, the models cat be made increasingly complex and elaborate, to 

incorporate more and more featuren of reality. The emphasis it; going to be 

on developing a hands-on capability for building and analyzing useful, sinple, 

operational models which give anowers to some pertinent questions of invest­

ment planning. 

This basic philotiophy has been agreed to by the partic4. )ant.s fromn the 

Ministry of Electricity, Cairo University and M.I.T. 1the environunent In MOE 

and Cairo Un. versity is favorable for thin tiort of applied e,:onomic ,nralyvii 

because the Egyptian engineers tire very able In the technical aspects of 

their field and are eager to neriously develop their own capabilitien in 

applying operations research and mnthetical economics. 

In the firat weeks of July, several meetings were held in the office 

of the Firat Underuecretary of Srate of the Hlinintry of I .tricity and Energy 

to discuss implementation of the agreement between M.I.i., Cairo Univernity 

and the Ministry concerning the ntLtdy ot ,-term investment planting for 

the Egyptian electric power system. Tei following people attended thoere 

metingn: from M.I.T., Prof. Weitzman; from the Ministry of Electricity and 

Energy, Eng. H. Aba:A, Dr. F. Taher, Dr. It. EU-Shaor, Dr. E. El-;htirk.wi, 

Dr. H. Sweidan, Eng. E1-Crrtar, Eng. K. Yassin, Elng. S. Doan; from Cairt 

Univernity, Prof. S. Abo-lHannein, Prof. S. El-;obki, Dr. It. Anin, Eng. 

11. El-Kolaly, Eng. H. Knlhtx)tsd. 

nim of evaluat V;5At these meetingn, a npeclltic st~pe ,:Y proc-t o., 

applied to samrple data provided by HItil , pa rmonnl am! awr-c crutd aueni­

tivity analynsi was performed. Also, wi looked at aome aledlIc ways of 

formulating the problem of sOlecting an optimum combinatin of GEVAm and jl44 

http:El-;htirk.wi


V-224
 

turbine generators. Finally, we discusled the general features which would
 

be desirable to include in an expanded model of investment planning.
 

A research strategy was proposed which consists of the following three
 

projects: (1) a preinvestment survey for investment planning, (2) a study of
 

the optimum mixture of different types of power sta.tons for variable demand,
 

and (3) an expanded model for investment planning.
 

The first project in concerned wi:h the following set of issues. The
 

Ministry of Electricity is confronted with the task of selecting electricity
 

generating projects from a wide range of options, including hydroelectric,
 

thermal using various fossil fuels, gas turbine, and nuclear. Many of these
 

projects are big relative to the demand being served. In such a situation,
 

it is not clear how to rank projects. Cost per rated kilowatt is not a good
 

measure because there is a fair amount of excess capacity introduced with a
 

large project. We have mathematically formulated the problem of expanding
 

capacity at minimum present discounted cost and, under certain simplifying
 

assumptions, devised a formula for an "equivalent cost per kilowatt" which
 

has a rigorous foundation as the solution to the optimal capacity expansion
 

problem and automatically corrects for the size of a project. This formula
 

can be used to rank various investment alternatives and lends itself very
 

readily to economic analysis whereby the main parameteLs -- cost of fuel,
 

rate of interest, growth of demand, etc. -- are varied and the effect is noted.
 

We have already applied this methodology to some crude cost figures on various
 

investment alternatives and the results seem to constitute a very useful
 

preinvestment survey. We have agreed on the following execution steps:
 

-- data collection for different types of plants; 

-- calculitions of the "equivalent cost of capacity" for each 
type of plant; 

-- ranking the various investment alternatives; 

-- economic analysis (calculating the effects of varying all of 
the important parameters; 

-- general conclusions and recommendations. 

This project is currently underway and it is anticipated that there
 

should be concrete results by November or December. An enclosed paper
 

describes the analytic framework being used. We hope to extend this methodo­

logy to a more sophinticated and complicated model. An of September let, data
 

collection for nix new power plants in almost completed, and preliminary
 

equivalent costs of capncity" have been calculated.
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The second project ar 'eout of a practical problem suggested by Ministry
 

personnel. The demand for electricity varies -- daily, weekly and seasonally.
 

Some types of plants (steam generators) are relatively cheap per kilowatt
 

provided they are used at near full capacity. At low capacity utilization,
 

they are relatively expensive. Other types of plants (gas turbines) are
 

relatively expensive per peak kilowatt, but the output can be easily and
 

cheaply varied, and they are relatively cheaper per kilowatt at low output.
 

The basic question is this: Given the pattern of demand fluctuations, what
 

is the least cost combination of power station types? We have succeeded in
 

mathematically formulating a very simple version of this problem, but a more
 

sophisticated model should be developed, and it should be applied to real
 

data. The execution steps of this task are:
 

-- development of a good mathematical model;
 
-- data collection;
 
-- model solution on-a computer;
 
-- economic analysis (calculating the effects of varying parameters);
 
-- general conclusions and recomendations.
 

This project is underway and we hope to have some results by December.
 

At the present time, a model has been created of fairly general applicability,
 

and a complete computer algorithm to determine the minimum cost plant mixture
 

ratio has been prepared.
 

The third project area is less well defined than the other two. It
 

involves constructing a much more complicated complete programming model which
 

would determine leaqt cost investment combinations for a very general situ­

ation, as contrasted with the pL'cemeal, partial approaches being undertaken
 

in the other two projects. In principle, such a model could encompass regional
 

effects, investment lumpiness, transmission losses, time variable demand, etc.
 

The drawback in that such a model is hard to formulate, very difficult to
 

solve on a computer, and cumbersome to analyze parametrically because of its
 

large size. We hope to work up to more general formulations of the problem
 

of optimal investment strategies by successively relaxing the constraints in
 

the existing simple models (after we thoroughly understand those models) in
 

directions that seem most fruitful. The third project is not completely
 

defined at this stage, bocause it depends very much on what we learn from the
 

other two models. As we solve the simpler models, however, we will continually
 

be thinking of how we would like to formulate a more general model.
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We are hoping the funding of this project can be expanded in the future 

because th. project is turning out to be of greater interest and use than was 

originally suspected and the initial budget underestimated project needs. The 

original proposal funded sixty (60) hours a month of Egyptian research time, 

and it now looks as if the project should employ triple that amount if it is 

to realize its full potential. In addition to developing the third project 

area, we would to incorporate several new topics in the future. 
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Attachment A: 	Long-Term Investment Planning for the Egyptian
 
Electric Power System
 

Investment Criteria for Lumpy Capacity Expansion
 

M.L. Weitzman
 

Summary
 

Suppose that capacity must be expanded over time in some industry or
 

sector. If all capacity expanding projects are small, it is easy to rank
 

them. The next project to be undertaken should have the lowest cost per unit
 

of capacity. 	When some investments are large, this simple criterion no longer
 

works. A large project might have low unit costs and yet. be undesirable
 

because its huge capacity could only be fully utilized at some future time.
 

The standard approach to investment planning based on an individual evaluation
 

of separate projects doesn't normally work when there are Indivisibilities.
 

.To determine if and when an individual project should be untertaken, the
 

entire investment strategy must be mapped out in unison. This can be a very
 

messy combinatoric problem, especially if repetitive strategies are disallowed
 

because some ways of increasing capacity are uniquely tied to geographic or
 

other conditions.
 

Surprisingly enough, it turns out that even when investment projects are
 

big and lumpy, the project analysis approach can be made to work. This is a
 

tremendous simplification, since investment priorities can be ranked by the
 

simple expedient of calculating a single cost-like number for each project.
 

The present paper is concerned with explaining this result, which provides a
 

rigorous theory of investment criteria for choosing among large scale projects.
 

Introduction
 

The present paper can be viewed as an exercise in trying to strongly
 

characterize an optimal policy for expanding capacity when investments must be
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made in discrete or lumpy projects. Although the theory is developed at an
 

abstract level, perhaps the easiest way to convey its flavor is by starting
 

with a specific example.
 

Suppose planners are considering the beat way to expand electricity gener­

ation in some country or region. A more or less steady expansion of the sys­

tem is contemplated, far into the future. Assume that all electricity must
 

be domestically produced (later we consider the possibilities of exports or
 

imports).
 

Generating capacity is expanded by investing in individual projects, There
 

may be many alternatives of various sizes. Some projects are repeatable ­

like thermal or perhaps nuclear power plants of various sizes. Other projects,
 

frequently very large ones, are by their very nature once and for all invest­

ments because they are tied to a specific location. Hydro-electric installa­

tions readily cme to mind. Many of the newer exotic technology projects are
 

also no-repeatable - harnessing tidal flows (Fundy, Britainy), diverting
 

water into natural depressions (Quattara), etc.
 

The basic question is: which project should be undertaken next? This
 

question is more difficult to answer then might be supposed. Among small
 

projects it would suffice to develop next that generating source offering the
 

lowest (present discounted) cost per rated kilowatt of capacity. But when
 

a project is large, initial excess capacity is almost inevitable. Nor is it
 

clear how to correct the "lowest cost per kilowatt" formula for excess capacity.
 

Indeed, there is no reason to expect that one lumpy investment project may
 

be analyzed in isolation from the alternatives by assigning to it a single
 

number which can meaningfully be compared with the other assigned numbers. In
 

a world of lumpy projects, optimal investment strategies can usually only be
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analyzed as an entire (mixed integer) programming problem formulated over 

some large time horizon. The solution typically involves a complicated inter­

among all the projects which defies any simple analysis.
dependAnce1 Such
 

problems are combinatoric in nature and they are frequently difficult or
 

expensive to solve.
 

Of course, if the least cost capacity expansion problem has special
 

features, these may be advantageously utilized in characterizing and finding
 

an optimal solution. Thus, for example, in the Chenery-Hanne capacity expansion
 

model! infinite repeatability of all projects and a linearly growing demand
 

limits the strategy space to capacity expansion of one size plant only. An
 

optimal strategy is easily found by locating that size plant which gives
 

lowest present discounted cost when it alone is always expanded to meet new
 

demand. The situation is fundamentally different when non-repetitive projects
 

are considered, and a seemingly messy combinatoric problem immediately emerges.
 

The basic conclusion of the present paper is that under certain assump­

tions it Is possible to assign eacth project a "recovery cost" which gives a
 

correct ordinal ranking of when it should be undertaken relative to the other
 

projects. Thus, all the advantages of a single rate of return criterion apply
 

in an unfamiliar context. That project should be next undertaken which has
 

the lowest recovery cost. The formula giving a project's recovery cost is 

a relatively straightforward adjustment of the cost per kilowatt which takes 

account of the project's size; it is easy to apply and has an elementary
 

economic interpretation.
 

While the conclusions of the present paper are based on a simplified
 

wider context. For example,
model, it is hoped they may be of some use in a 
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the notion of recovery cost might prove helpful in providing a rough screening
 

criterion for large projects technically not covered by this paper's formal
 

model.
 

The Model
 

We consider a planning situation where the demand for a certain commodity
 

is prescribed at each time and must always be fulfilled. For analytic con­

D(t) is taken to be a linear func­venience, the fixed final demand schedule 

tion of time: 

D(t) - A + Bt. (1) 

Formula (1)might be defended as a first order approximation holding for at
 

least the near future. It represents a key assumption which greatly simpli­

fies the analysis.
 

Demand is met by investing in discrete projects which expand capacity.
 

A typical pattern of capacity expansion is depicted in Fig. 1.
 

output
 

rated system capacity
 

final demand A + Bt 

_ time 

FIGURE 1
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Let there be a total of n different projects. The first m of these are
 

unique and non-repeatable. Projects +l through n are repeatable and can be
 

invested in over and over again.
 

Let project i (1 ! 1 : n) have a full capacity output of Ki. Without
 

significant loss of generality, we allow projects to begin producing only
 

when no excess capacity exists in the system (all previous projects are pro­

ducing at full capacity). If project i is chosen to increase the rated
 

capacity of the system by coming on line at T (a time when there is zero
 

excess capacity in the system), it is restricted to do so according to the
 

following prearranged prod::tion schedule. At time t, T : t T + Ki, the out­

put of project i is B(t-T), leaving excess capacity Ki - B(t-T). At
 

K
 
capacity level,
time T + i, the output of project i reaches its full rated 


B 

and it remains there forever (every capacity expanding project is as-
K1 , I 

sumed for simplicity to be infinitely durable). Thus, the output stream
 

of project i coming on line at time T would look as follows:
 

output
 

slope - B 

T Ktie
 

TB
 

FIGURE 2
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If project i is chosen to begin coming on line at T, it forces out­

lays to be made at time t as given by the project cost function Fi(t-T). 

When t<1, project i is in the primary construction phase. It is during
 

this phase that are incurred the major construction costs associated with
K 

creating an installation of size Kit At times from T to T + Ki, basic
B 

overhead installations have already been completed and secondary capacity
 

is filled in according to the prescribed linear schedule. Finally, for
 

times after T + Ki, all construction has been completed and the only out-

B 

lays are variable operating costs.
 

To use an example from hydro-electric generation, the first phase 

would be concerned with constructing a dam and creating the basic overhead for 

a transmission system and other installations. The second phase would in­

volve filline in the existing system with more generators and transmission
 

lines until full capacity is reached. At that time the third phase begins,
 

with full capacity operating costs being the only outlays. For a small
 

thermal plant, the second phase is of minor consequence, the first and
 

third phases being dominant. 

Optimal Capacity Expansion 

The basic problem is to schedule capacity expanding projects to come 

on line meeting final demand at minimum present discounted cost. Let the 

hth plant installed (h-l,2,...) be a project of type j(h) and let it
 

-begin operatinp at time Th. Mathematically, the problem is to introduce projects
 

in the-optimal order J*(1),J*(2),... which minimize
 

Flj(h)(t-Th) e- r t dt, (2) 
hlI h 
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subject to T1 "T 1 (3)
 

(4)
Th+l - Th +KB 

for i-l,..., m, and I 4 h, j(h) - i -> J(Z) * 1. (5) 

The objective function (2) is the present discounted value of all costs
 

incurred in expanding capacity. Time T1 (- TI, given) is the first time when
 

no excess capacity exists in the system and a new plant must begin operating.
 

Thereafter, as expressed by equation (4), new capacity comes on line at times
 

when the old capacity just exactly covers demand. Condition (5) precludes
 

using any of the non-repeatable projects i-l,..., m more than once. Note
 

that we are implicitely assuming there is enough start up time to complete
 

project J*(h) before time Th. So long as there is at least one repeatable
 

project, a solution of (2)-(5) must exist.
 

Because projects are indivisible, problem (2)-(5) possesses a complicated
 

combinatoric structure which seemingly defies easy solution. Surprisingly,
 

it turns out that the model as it is formulated has enough structure to
 

induce a very simple characterization of an optimal solution. A "recovery
 

cost" is assigned to each project. That project is next undertaken which has
 

the lowest recovery cost among all remaining alternatives. Thus, we have the
 

unexpected result that lumpy projects can be meaningfully ranked as investment
 

.priorities.
 

Many of the underlying assumptions of formulation (2)-(5) -- arithmetic
 

growth of demand, infinite project lifetime, etc. - may appear to be un­
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Yet the model as a whole captures enough essential aspects of
realistic. 


reality that its solution id likely to be relatively robust over the near
 

future. What we are really interested in knowing is not so much the complete
 

solution to an infinite horizon problem, so much as the identification of the
 

next project, or the next few, to be built (after that, the data will change
 

anyway). Identifying the next few projects to be built is easily and quickly
 

done for the model (2)-(5). The optimality of this choice is unlikely to be
 

much sensitive to the shortcomingu of the present formulation. In other
 

words, my feeling is that if a more complicated and realistic model were con­

structed, the investment program for the near future obtained by numerically
 

solving it would not differ appreciably from the present model's recommenda­

tions.
 

Even for complicated investment situations, the project ranking which
 

emerges as a solution to the simplified model (2)-(5) might serve as a rough
 

screening device or as a starting point for more sophisticated analyses, like
 

The fact that it is possible to sharply characterize
integer programming 


an optimal solution makes problem (2)-(5) a natural preliminary to any more
 

And the present model may even be a reasonable description
general analysis. 


of some situations.
 

Solving the Problem
 

Define the recovery cost of a project to be the hypothetical payment
 

.per unit of output which would make the project just break even. The recovery
 

cost for project i, Ci, is defined as the solution to:
 

"r
0AI B ere C K ersdsdi(s)- lop a e do. (6)
KoI /B/ I 
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The right hand side of equation (6) is the total cost of project i, dis-


The left hand
counted back to the time when it first starts coming on line. 


side is the hypothetical discounted revenue accumulated by charging a price
 

per unit of output (the first integral covers the expansion phase and
of C 


the second full capacity operation).
 

Integrating out the left hand side of (6)yields the formula
 

r 2 _- F(s) ers ds (7) 

I/B) 
B(1_,-rK 

Although the notion of recovery cost has intuitive appeal, the following
 

theorem gives it a rigorous basis as a criterion for selecting among discrete
 

projects of differing sizes.
 

Theorem: A necessary and sufficient condition for an optimal solution
 

of problem (2)-(5) is the rule: 

alwayn select next the project with lowest recoverEy cost. 

At time Ti, that project i* (,.J*(l)) should come on line which satisfies: 

rain c , (8) 

1* :5 m), it is deleted off the list
If I* is a non-repeatable project (1 :S 


from which the next project J*(2) in selected (by the criterion of lowest
 Ki* 

. Note that once arecovery cont) to come on line at time T2 w T + ­

repentnbe proJerit (0-m4 ,...,n) it .ie)lc:ted by the criterion of minimum
 

recovery coot, it will continua to be selected by that name criterion (so
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long as a project with lower recovery cost is not added to the list of avail­

able projects). 

Because it is so easy to calculate recovery costs, sensitivity analysis
 

is made especially simple. The effects on project ranking of changing such
 

parameters as the interest rate, growth of demand, plant capacity or cost
 

estimates is easily determined. It is also easy to say how an optimal in­

vestment strategy changes when certain projects are added to or deleted from
 

the list of prospective candidates.
 

That such an elementary decision rule as (8) is optimal depends more
 

*crucially than might be supposed on the simplifying assumptions of the model.
 

There does not seem to be available a sharp characterization of an optimal solu­

tion when, for example, demand varies non-linearly with time, projects depreci­

ate, or the discount rate is not constant. About all that might be said of 

a general character in such situations is that a limiting argument could be 

used to show the results presented here are valid as an approximation when 

the stipulated preconditions are close to being met.
 

Proof of Optimality 

For completeness, we prove the optimality of decision rule (8) from 

first principles. An alternative approach would be to demonstrate that (2)-(5) 

is a particular example of a resource pool problem and then to apply the general 

theory developed in Weitzman [1976] to this special case. 

The following monotonicity property is important:
 

In an optimal policy,
 

cj(h) 5cj (h+l)() 
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for all h-1,2,...
 

proof: Consider an alternative policy that reverses the order of in­

vestment in projects j(h) and j(h+l) but leaves unchanged the rest of the
 

program. That is, at time T11 project j(h+l) comes on line and at time Th + 

J(h+l) project J(h) cornea on line - otherwise everything else remains the 
B 

same. The difference in present discounted cost between the old policy
 

and the new variation is
 

+a-rTh y j(h) 'r(Th+KJ(h)/B) ¥j(h+l) 

" (erTh yj(h+l) + r(ThJ(+)/ Yj(h)
 

"rTh -rK4 lB 
(1-

-rK 
h) 
A 

, (10)
j' Yj(h+l)', Yj(h)(1-_ )-

where O 

r s (11)Y =- L F (s) e do. 

Inequality (9) must hold because otherwise, from formulas (7) and (11), 

in poitive and the original policy is non-optimal.expression (10) 

The main body of proof now proc&edn by contradiction with the nelection 

the first invest­rule based on (8). Suppone that it in optimal to choose as 

ment some project j(l)(+i*) satisfying 

(12)
cJl) > Cie 
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Let the present discounted cost of this allegedly optimal policy be
 

CO -rTh
 

(13)
C = YJ(h)e 

h-l
 

Equation (13) can be rewritten as
 

a YJ (h) - - - rAjh 
I) h) (14)CE ( 

h-l l-erKj (h) 

where, making use of (4),
 

-rT 1CO -rK. B -rTh -rTh e-rTh . (15)=E: (1-e j~h -=e -E 


h-l h-2
h-i 


It follows from the monotonicity property (9) that since project i*
 

in the allegedly optimal
satisfying (12) does not come on line at time T 

policy, it never does. Consider an alternative poliLy of commencing with Ki*
 

+ !the allegedly op­project i* and postponing to a starting date of T, 


tional policy which had previously begun at T1. In other words, what was
 
Ki*
 

policy over [T1 ,c) now becomes policy over (T1 + j---,) and project i*
 

The present discounted cost of this alternative policy is
 now begins at T1.
 

, -rTi -rK, lB (16)a He iY+ i*a 
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From (12), (9), (11), and (7), 

-rKi* IB -rKj "2(
(h)/B1-e -j1-e -r 

Combining (17) with (14), (15), 

-rTI
yi*e < , 
-rKi*/B


l-e
 

which can be rewritten as
 

-rT1 -rKi,/B
 
e Yi* + e a < a
 

By (16), this implies 

of < Q6 

The alternative policy has lower present discounted cost than the proposed
 

optimum, a contradiction. Hence, the surposition (12) is false. The selec­

tion rule based on (8) is a necessary condition for an optimum.
 

This concludes our proof of the form of an optimal policy. Strictly
 

speaking, we have proved the necessity of the selection rule based on (8)
 

for a project coming on line at T1. The extension to Th for all h is im­

mediate. The selection rule (8) specifies a unique choice of J*(h) for
 

each h (except in the case of ties, for which it is easy to show that how
 

the tie is broken makes no difference to the value of the objective function).
 

Thus, since an optimum exists, sufficiency of the selection rule based on
 

(8) has also been demonstrated.
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A Few Brief Extensions
 

It is easy to extend the model to cover the case where imports are
 

To make the
available at price P and exports can be sold at price p(<P). 


problem irteresting, p should be higher than variable production costs 
(other­

wise thare is no exporting) and P should be high enough to ward off 
a stategy
 

of importing everything and producing nothing domestically.
 

When imports and exports were disallowed, the output stream of project
 

i coming on line at time T was as depicted in Fig. 2. Now the corresponding
 

output stream would be as depicted in Fig. 3.
 

output
 

FIGURE 3
 

Ki 	 ---------.-- .- -- timK 	 '! 
K , , ,,time
T 


TB
 

For T periods of time, the commodity is imported to help meet final de-


Then, when plant i comes on line at time T + T, it immediately pro­mand. 


duces at full capacity, exporting the excess production over domestic 
demand.
 

K1 

At time T + !-, 	there is no excess capacity.
 

is selected to minimize net present discounted project costs,
The time 


taking into account import costs, export revenues, and ali production costs
 

for project i coming on line with full capacity at time T. Except for these 

new not present 	discounted costs replacing the previous {yi 
) in formula (7)
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The
 
and elsewhere, the analysis based on equation (8) remains the same. 


effect of having import or export possibilities is generally 
to increase the
 

of large scale projects.
relative desirability 


With a slightly different interpretation, the same analysis 
covers the
 

around the
 
case of a piecewise linear benefit function kinked at 

time t 

In this interpretation, the import price is target demand level A + Bt. 


the welfare loss of falling short a unit from target 
and the export price
 

is the welfare gain of delivering an extra unit above 
target.
 

Some other generalizatiors of the model are possible, 
but it would
 

be tedious to go on listing them.
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Footnotes
 

1. See, for example, Chenery [19591.
 

2. See Chenery (1952] or Manne [1967].
 

3. See, for example, Westphal (1971].
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