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PREFACE
 

This report is one of a series of publications whizh describe various
 

studies undertaken under the sponsorship of the Technology Adaptation Program
 

at the Massachusetts Institute of Technolov.
 

The United States Department cf State, through the Agency for International
 

Development, awarded the Massachusetts Institute of Technology a contract to
 

provide support at M.I.T. for the develorment, in conjunction with institutions
 

in selected developing countries, of ,.nab'lities useful in the adaptation of
 

technologies and problem-solving techniqucs to the needs of those countries.
 

This particular study describes research conducted in conjunction with Cairo
 

University, Cairo, Egypt.
 

In the process of making the TAP supported study some insight ha- been
 

gained into how appropriate technologies can be identifies and adapted to the
 

needs of developing countries per se. and it is expected that the recommenda­

tions developed will serve as a guide to other developing countries for the
 

solution of similar problems which ma: be encountered there.
 

This research is carried out by Cairo University/M.I.T. lechnological
 

Planning Program, under the auspices of the M.I.T. Technology Adaptation
 

Program, which is funded b the United States Agency of International Develop­

ment (USAID), Cairo, Egypt. The view and opinions expressed in this report,
 

however, are those of the .uthors and do not necessarily reflect those of the
 

sponsors.
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Introduction
 

Since 1977, Cairo University (CU) and the Massachusetts Institute of
 

Technology (MIT) have worked cooperatively in a multi-faceted technology
 

adaptation program addressing research needs of Egypt. 
 One component of
 

this program has beep the urban transportation system in Cairo; within
 

Before
this component, a wide range of research topics was examined. 


detailing methods and findings of these topics, it is useful to first
 

review the goals of the Urban Transportation Research Project. This
 

cooperative effort between MIT and tran!portation professionals in Cairo
 

is designed to:
 

- Improve and broaden capabilities of acad'mic and planning insti­

tutions concerned with transportation in Egypt.
 

- Establish a comprehensive and reliable data base that can be
 

ased in transportation studies a.d that can be periodically
 

tested and updated by appropriate governmental agencies.
 

- Adapt and calibrate those transport planning models and methods
 

most suitable for Cairo.
 

- Formulate and test the sensitivity of transportation behavior and
 

performance to alternative transportation investment, traffic
 

management, and gbvernment policies.
 

These broad goals lead to a rather varied research agenda, covering
 

many aspects of transportation operations, deciqion making, planning, and
 

programming. Volume III describes the achievements made in developing
 

transport planning aids and methods as part of this research agenda.
 

There are five major sections to this volume, each of wh':h is des­

cribed briefly below :
 

Basic Data Elaboration, Volume III, Parr (1)
 

Two traffic surveys-a 1977 survey of private transport Ji Cairo And
 

a 1978 survey of public transport use- £-rm the bees's for much of the
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research in this project. 
Thp survey results are stored on magnetic tapes,
 

and a complete documentation of these two surveys and their results is
 

available in the Department of Civil Engineering, Faculty of Engineering,
 

Cairo University. Data elaboration for speed/volume/travel time relation­

ships, s'cio-economic variables for the traffic zones and parking supply
 

and use ore among the subjects covered in Part one of this report.
 

Travel Demand Forecasting, Volune III, Part (2)
 

An important methodological foundation of urban transportation
 

plannicg is the development of an analytical capability to model future
 

transport supply and demand relationships. Toward this end, trip genera­

tion, distribution and assignment models were calibrated for 
the Cairo
 

region; requisite investigations to obtain required input data for these
 

models 
(such as car occupancy rates, peak hour factors, trip information)
 

were also undertaken in order to 
facilitate modal calibration. With
 

these models, forecasts of travel demand in Greater Cairo by different
 

transport modes and for different trip purposes are obtained. 
 The fore­

cast travel demand is then assigned to the future transpurt network in
 

the city, and system performance is evaluated. 
These subjects are
 

covered in Part two of this report.
 

Auto Ownership, Volume III, Part (2)
 

The dramatic increase in the n.-iher of private cars 
in Cairo (aboe
 

a 40% increase between 1976 and 1978) significantly contributes to the
 

problems of congestion, afeiy, and pollution (both air and noise) in
 

Cairo, The purpose of this auto ownership study was to develop a suitable
 

methodology for estimating future increases in car ownership for the
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whole of Egypt, as well as for the different traffic zones in Greater
 

Cairo in particular. The scope and findings of the auto ownership study
 

are described in Part three of this report.
 

Parking, Volume III, Part (2)
 

Like most cities of its size, Cairo faces important questions about
 

the future role of parking facilities and policies. This research
 

element sought to develop a model which accurately portrays the inter­

action between parking supply (by type and location) and vehicular traffic
 

operating on the urban street network in the CBD. Such a model is very
 

useful in evaluating different parkin- policies in the city center and
 

outlying areas of Cairo. Part four of this report reviews this phase
 

of the research.
 

Case Studies, Yolume III, Part (2)
 

Following these four methodological parts of the report, case studies
 

are presented to illustrate the anplications of the data base ane the
 

analytical tools developed in the course of the project to date. Tha
 

first case study shows how the data and planning aids presented in parts
 

one and two of this report can be used in project programming. The
 

second case study investigates the impact of the regional underground
 

line on surface public transport services in the city center.
 

As can be seen from this description of work effort, considerable
 

energy has gone into making this research a success. Future research
 

will benefit from the time and effort spitnt in establishing the solid
 

foundation that the research activities described in this report represent.
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CHAPTER 11
 

TRAVEL DEMAND FORECASTING
 

1. 	Introduction
 

Travel demand forecasting is the stage of Urban Transportation
 

Planning in which mathematical models are calibrated to represent the
 

functional relationships between base year travel demand and both the
 

existing planning parameters and the features of the existing transport
 

system. The calibrated models are then used for forecasting future
 

Zravel demands in the study area. Three types of model were calibrated
 

and 	tested during this phase of the project as set out below:
 

a. 	Trip Generation
 

b. 	Trip Distribution Models
 
c. 	Traffic Assignment Models
 

Once 	calibrated, these models were used for forecasting future travel
 

demand and traffic flows in Greater Cairo. In calibrating the above
 

models, several techniques were considered; those which most suited the
 

nature of the study area, as well as the available data set, were chosen
 

for 	use. A total of 40 internal reports were produced in which the back­

ground, progress, and problems faced in the development and calibration
 

of models were described in detail. It should be noted, therefore, that
 

in this report an outline of the work done in travel demand forecasting
 

is presented first, followed by the main results obtained. Detailed
 

analysis and results are not included, and so the reader may wish to
 

refer to the list of internal reports given in section 9 for additional
 

information on specific topics. Fig. (II-I) shows a simplified flow chart
 

of the analysis procedure followed in the travel demand forecasting stage
 

of the project.
 

Finally, modal split analy? Ls was omitted from .he modeling sequence
 

for two main reasons. First, there is a lack of sufficient data with
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which to undertake such an investigation properly. Second, since car
 

owners rarely use public transport because of the low level of service,
 

it is clear that no modal choice actually occurs; those who use public
 

transport do so not out of choice, but out of necessity.
 

1.1 	 Objectives
 

The main objectives of travel demand forecasting (TDF) activities
 

of the project included:
 

1. 	To calibrate trip generation, distribution, and assignment
 

models for Greater Cairo.
 

2. 	To investigate different modeling techniques for each of the
 

above mentioned models and to recommend the most suitable ones
 

to be used considering local conditions.
 

3. 	To develop suitable computer programs and packages through which
 

to undertake travel demand forecasting procedures and modeling.
 

1.2 	Limitations
 

As in any transportation study, some limitations were imposed on the
 

analysis of travel demand forecasting in Greater Cairo. These limitations
 

are briefly discussed hdre.
 

First, the 1977 (1)& 1978 (2)travel surveys were not undertaken with
 

the objective of enabling detailed sophisticated modeling. As a conse­

quence, they did not per.:it the calibration of certain TDF models.
 

Secondly, splitting trips by purpose was limited to three main categories
 

(home based work, home based other, and non-home based) although 10
 

different trip purpose classifications were available from the interview
 

results. This was done to increase sample size for each purpose type.
 

Thirdly, the available trip information represented only 10 hours of
 

typical working days, hence the established trip generation and distribution
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models corresponded to those 10 hours. 
 No soclo-economic data were
 

gathered at the household (or individual) level during the 1977 and 1978
 

surveys and hence disaggregate modeling was not possible. 
Furthermore,
 

no data were available for formulation of a generalized cost fun,:tion.
 

Hence, the trip distribution gravity model (as well 
as traffic assignment)
 

was based on minimum travel times only.
 

Finally, the socio-economic data set has some 
limitations, including
 

the difficulties of establishing some variables at 
the traffic zone level
 

with a reasonable degree of accuracy and of predicting some variables
 

(such as income).
 

The above mentioned limitations are not very different from those
 

usually faced in typical urban transport studics, especially in developing
 

countries. Nonetheless, every effort was made to minimize the impact of
 

such limitations on 
the analysis of travel demand forecasting in this
 

pioneer study, the first-of its nature to be undertaken in Creater Cairo.
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2. Travel Characteristic In Greatoer Calro 

2.1 GeneralLTrtp-Making Sratist iti
 

The Urban 'frannportation Project offered tile firnt opportunity to 

carry out a comprehensive survey or person trip [ in metropolitan Cairo 

and to collect information to form a tiound do to hato Indelipentioble for 

transport planners . This section immar[izen ,0mtlof the trip c haracter­

istics that were obhHrved during riIe velictila0r and publ Ic transoport 

surveys (1, 2).
 

Table 11-1 Hhown tile total perHon rnoveintllIu on the different modeH 

during the mornin 3 peak hour, which Won found to be H-9 a.m, The total 

number cf person trips amounted to 438,400, of which 44.1% used private 

modes of trvnsport and the remaining 55.9%usned public transport. 

Seventy-five percent of the public tranuport paonengera une busHn; the 

Nile ferry accounts for 1% of the Otiblio ronotport paut'ngern; the 

remaining 4 modes (namely trom, trolley, metro, and turban rolllway) have 

approximately equal shar\n of tile rem ml g 24% of the .iMiHnenger market. 

Tile fluxlbility of th- publ)ll' traIllprtm bun, the ailze of Ito network 

and fleet, as well as tile operatial diffi'tiIltL[cu envointtred by other 

public transport niodes (power cu ti, lnoln-intiuLted track, etc.) make the 

bus a more "attractive" mode of tranuport overall. lable 11-2 ahofw the 

number of line" and the number of vehiclen of the different pulit! 

transport moden. 

Table 11-3 nhown an niverage all-day occupantcy rate factor for the 

different private moden, c lanif led accord ilg to two movellont typen: 

Private modes conint or privatev cortn, Lax iH, privaL mocro IhuHCH, 
and private buses. 



Table (II-1)
 

Total Passenger Movement by Mode at Hour 8 to 9 a.m. 1 1aAll 
Mode 1 Private 

iCar 
Taxi Micro Bus Private 

Bus 
P.T.Bus Tram Trolly Metro Ferry Railwayl 

Modes 
Passenger Trips' 71777 47972 17771 55875 185875 17008! 10471 15070 2248 14333 438400 

iPercentage 
 16.4 10.9 4.1 
 12.7 42.4 3.9 2.4 
 3.4 0.5 3.3 100
 

i I I 

Table (11-2)
 

Number of lines and Vehicles of the Different Public Transport Modes
 

F4 

rI.T. BusMode Tram Trolly Metro 
 Ferry Railway i 

No. of Lines 
 220 
 21 6 
 7 
 6 
 2
 

No- of Operating
 I
 o e i 
 ngj 1439 156 74 45 
 18 
 28
 
Vehicles 

No. of Opera- A tram unit consists of 
2 cars, a metro unit consists of 4 cars, and
ting Units a
train unit varies between 3 and 6 cars, depending on the time of day.
 



urban/urban and rural/urban. It was found that the occupancy rate for 

the latter movement is higher than for the former movement, except for 

the private bus.
 

The total passenger movement by trip purposes for the whole survey 

period is shown in Table 11-4 split between private car, taxi, and public 

transport modes. It can be seen that the home-baet-d trips constitute more 

than 50% of the trips an all modes. However, the nn-home based taxi 

trips exceed the home based work taxi trips, as should be expected. 

The hourly fluctuation fact orm lor urban/urban and ruraL/urban move­

ments for the different private trannpor' modes are shown in Tables I1-5-a) 

and b). For urban/urban movements, the peak period for private cars and 

taxis extends from 8-10 a.m. , while mst of the pr iv,te micro-buses and 

private buses run between 7-8 a m. as t hey gnerally serve schools and 

Industrial companies that usually have an early start to the day. It is 

notable from these tables that, while pr ival car and taxi users are 

spread more or less evenly all day long,, micro-los and pr ivate hus users 

,are more concentrated during the mo iniin and eveni ng peaks (1-8 a.m. ald 

3-4 p.m.), i.e. during the starting and endilng hours n! a working day. 

Table 11-5-c shows the hourly fluctua tl on for public transport pa.sse.llers. 

The results shown in this tahle InatLe thaL the vo1lne of paun;i lers 

using public transport modes is evn ly dL1st rIhLted between the different 

hours of the day. 

2.2 Soclo-Economic Features of Traffic Zo1nes 

Thii noct ion dWlCtissesH the noc i'o-tconomic and land use varilables 

chosen for Introduction Into tihe trip generation models for Greater (afro. 
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Table 11-3
 

Occupancy Rates for Selected Modes in Cairo Metropolitan Area
 

roe Private Taxi Micro Bus Private Bus
 

Car
Movement 


Urban / Urban 2.09 3.01 5.47 25.70
 

Rural / Urban 2.45 5.19 6.18 10.44 

Table 11-4
 

Passenger Trips by Trip Purpose and Mode In Cairo
 

Mode Private Car Taxi Public Transport
 

Purpose Nu.mber % Number Number %
 

HBW 307085 45.4 151745 34.3 1106430 68.5
 

HBO 194537 28.7 102118 23.1 322795 
 20.0
 

NHB 175222 25.9 188594 42.6 186123 
 11.5
 

All Purpose 676844 100.0 442457 100 1615348 
 100
 

Survey period for 10 hours (7 a.m. until 11 a.m.; I p.m. until 4 p.m.;
 
6 p.m. until 9 p.m.).
 

Survey period for Publid Transport: 6 a.m. to 3 p.m.
 



Table 11-5 

a) Private Transport Hourly Fluctuation Factors for Urban / Urban Movement in Cairo 

tudy Hour 7-8 8-9 9 -10 10-11 13 -14 14-15 15-16 18-19 19-20 20-21 All Survey 

I period
Mode 

0.08 1.00
0.13 i 0.12 0.11 0.11 0.11 0.08 0.10 0.09Private Car 0.09 

0.12 0.09 0.07 1.00
 
Taxi 0.15 0.12 0.13 0.10 0.09 0.07 0.08 


0.05 1.00
0.16 i 0.06 0.11I 0.09 0.09 0.11 0.07 0.04
Micro Bus 0.23 


____________________ ____ ____ 011 0.1 II___ 00j 0.034 0.01 .0
 
1.000.03 0.11 0.11 0.14 0.03 0.03 0.01

Private Bus 0.34 0.10 0.09 

Table 11-5 

b) Private :ransport Hourly Fluctuation Factor for Rural I Urban Movement in Cairo 

All survey
_Study _Hour Mio 8-9 9-10 I 10-11 13-14 14-15 15-16 18-19 19-20 20-21 period 

0.04 0.04 1.00
0.09 0.15 0.06
0.11 0.13 0.12 0.12 0.14
Private Car 


1.00
0.09 0.13 0.091 0.10 0.06 
0.09 0.10 0.11 0.13 0.11
Taxi 

0.32 0.23 ; 0.03 0.03 1.00
 
Micro Bus 0.03 0.09 0.11 0.10 0.04 0.03 


0.07 0.04 007 0.36 0.01 0.02 1.00
 
Private Bus 0.08 0.23 0.08 0.06 


Table 11-5
 

Hourly Fluctuation Factors for Public Transport Mo.,e.ent (Bus-Trolley-Tram-Ferr'-"etro­c) 
Suburban Railway) in Cairo 

7-8 I 1 All Survey 

8-9 9-10 10-11 i 11-12 i2-13 13-14 14-15 periodStudy Hour 6-7 7-8 


0.12 10.1 0.10 1.00 
Fluct Factor 0.06 0.12 0.13 0.13 0.12 0.11 

F-----------­
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Each variable was subjected to statistical analysis to show its variability
 

among different traffic zones 
of the study area, its frequency distribution,
 

and the geographical categorization of its zonal values (3).
 

A total of 12 variables was selected from the set of 36 variables
 

for Greater Cairo traffic zones (4); see also chapter I, section (1.6).
 

The selection was made on the basis of the variable's logical importance
 

in influencing zonal trip generation (productions and attractions) for
 

different trip purposes. Table 11.6 lists the chosen variables.
 

Table 11.7 lists the main statistics of each of the selected 12
 

variables. In addition, histograms for each variable were drawn. 
These
 

histograms are presented and discussed in detail in reference (4). 
 Some
 

pertinent comments concerning the selected variables are mentioned here.
 

Firstly, variability between zonal rates such as POP/HH, POP/ROOM,
 

and INCOME/HH was low if compared with the remaining 9 variables iz Table
 

11.7. Furthermore, average family size of all analysis zones wag 4.6
 

persons/household, ahigh value compared with metropolitan areas of the
 

developed world. It alsb appears fom Table 11.7 that tle average number
 

of personsper room in each zone (POP/ROOM) was 1.758 with a relatively 

narrow range. This reflects the severe housing problem in Cairo.
 

In addition, it is clear from Table 11.7 that among all of the 12
 

variables considered, JO, RTSL5, EMPWTE, and TE are distinguished by tile
 

great variability between zones (coefficients of variation> 1.0). This
 

means, in the case of JO, that work places were not evenly distributed
 

among traffic zones. This is logical since great concentrations of jobs
 

occurred in separate locations within the city. Similar conclusions
 

apply to the cases of RTSL5, EMPWTE, and TE. However, it is interesting
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Table 11.6
 

Chosen Socio-Economic and Land Use Variables for
 
Trip Generation Analysis
 

No. VarIahles Units Abbreviation 

I Population POP 

2 Household 11H 

3 Total labor force & total studenLs TLF + TST 

4 Household size P01 / 111H 
5 People per room POP/Room 

6 Average income per household L.E./1H INCOYY/lltl 

7 Population density Persons/km2 POP/RAREA 

8 Rooms ROOM 

9 Jobs offered JO 

10 Retail sales 103 L.E. RTSL.5 

11 Employment in whole Lrade 

establishmunts EMPWTE 

12 Trading establirPett s TE 

Detailed definition for every variable Is found In report TDFI7/TG4 (4). 



Table 11-7 

Summary Statistics for the Zonal Planning Variables
 

No. Abb. of 

variable 

1 POP 

2 HH 

3 TLF + TST 

4 POPHH 

5 POP/ROOM 

6 INCOME/HH 

7 POP/AREA 

8 ROOM 

9 JO 

10 RTSL5 

11 EMPTIE 

12 TE 

No. of n 

obser-v t n s(X) 


vations 
II 
120 57,635 


107 11,905 


107 29,413 


107 4.685 


107 1.758 


107 689.54 


106 36,618 


107 29,329 


117 7,464 


99 796 


99 232 


99 1,615 


Standard 


deviation 


(S) 


57,340 


11,720 


28,326 


0.398 


0.533 


285.53 


34,739 


24,348 


10,089 


1,869 


379 


1,731 


Coef. of
 

variation
C V 

C.V.T= ()
 

0.995
 

0.982
 

0.963
 

0.085
 

0.303
 

0.414
 

0.959
 

0.830
 

1.352
 

2.348
 

1.634
 

1.072
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to note that the highest coefficient of variation, 2.348, was obtained
 

for RTSL5. One of the reasons may be the concentration of trading
 

activities in Cairo's central business district (CBD), the triangle of
 

Tahrir, Ramsis, and Atab3 squares, with only two of three other trading
 

centers scattered around the city.
 

Each variable was classified into 5 categories (as given in Table
 

11.8) with the -ones relevant to each 'ategory given the same color on a
 

zoning system map. A total of 12 maps corresponding to each of the
 

variables given in Table 11.6 are presented and discussed in reference
 

(4). However, the main comments on the geographical distribution of some
 

selected varaibles are given below.
 

Nearly all the very low population zones were located in the east 

and south peripheral zones of the city. In fact, these zones were located 

in tile newly developed residential area of Greater Cairo. leavily popu­

lated zones were mainly concentrated in the extreme north on both sides 

of the river Nile. It should be noted, however, thait these zones were 

characterized by a very large residential area and, accordingly, total 

population in each of these zones was expected to be high.
 

As far as the zones of low and medium categories were concerned,
 

they were mainly located within Cairo boundaries (i.e., the 66 zones of
 

the enlarged CBD (ECBD)) with the low population zones to the west of the 

Nile and the medium zones mainly located to t0e east. A few exceptions
 

occur, such as zones (21 001) and (21 003) which were characterized by
 

a high number of households, even though the population in these zones is 

medium. Similar exceptions are zones (21 802), (21 701) and (21 702)
 

where the above trend applies. Furthermore, zones (21 801), (20 802) 
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(21 201) and (22 501) were among the few very low population zones located
 

within the 66 zones of ECBD. 
 It is notable that the above mentioned four
 

zones are considered to be the zones with the highest standard living in
 

the capital.
 

As far as the distribution of job opportunities is concerned (i.e.
 

variable JO), it can be concluded that three of the zones with very high
 

job opportunities were (10 600), (10 501), and (11 409). 
 These are the
 

main industrial zoues in the Greater Criro region. Zones with a very
 

high number of jobs are in and around the CBD area. The majority of the
 

remaining zones of the ECBD belonged to the medium category. Zones
 

located at the southeast peripherals generally offered few jobs.
 

Zones having high and rery high values of the the number of TE were
 

found around the CBD, with the remaining zones of ECBD having mostly
 

medium values. Peripheral zones generally belonged to the low category,
 

whereas most of the southern zones had a medium values of TE.
 

The main concentration of EMPWTE is located in the eastern side of
 

the CRD. 
These were heavily occupied by wholesale trade establishments,
 

including zones (21 001), (21 602), and (21 401).
 

Comparing the two variables POP/RAREA and INCOME/iff, an inverse
 

correlation appears to exist between them. 
 Zones which had high values
 

of POP/RAREA had low values of INCOE/|llI and vice versa. This is 
a
 

logical finding since heavily populated areas are expected to have a low
 

standard of living. Generally, zones around the CBD had high values of
 

POP/RAREA and low values of INCOME/11i and this corresponds well with the
 

patterns of urban structure in large metropolitan areas. It can also be
 

noted that low residential density zones were scattered around peripheral
 

zones of the study area. The increase in POP/ROOM is associated with a
 

decrease in household income.
 



Table 11-8 

Categories for the Zonal Planning Variables
 

Ranges of Categories 

Variable 

No. Abb. 1 2 3 4 5 

Very Low Low Medium High Very High 

I POP < 14,999 15,000-59,999 60,000-179,999 180,000-269,999 > 270,000 

2 HH < 3,999 4,000-10,999 11,000- 25,999 26,000- 33,999 >, 34,000 

3 TLF + TST < 5,999 6,000-29,999-" 30,000- 83,999 84,000- 95,999 > 96,000 

4 POP/HH < 3.199 3.7 - 4.499 4.5 - 4.899 4.9 - 4.999 > 5.0 

5 POP/ROOM < 1.09 1.1 - 1.59 1.6 - 2.09 2.1 - 2.49 22.5 

6 INCOME/HH < 349 350 - 509 510 - 869 870 - 1069 11070 

7 POP/AREA < 11,999 12,000-31,999 32,000- 79,999 80,000- 99,999 > 100,000 

8 ROOM < 9,999 10,000-29,999 30,000- 69,999 70,000- 94,909 >. 95,000 

9 JO < 1,499 1,500- 2,999 3,000- 4,999 15,000- 39,999 > 40,000 

10 RTSL5 < 200 200-800 800-1800 1800-2500 >. 2500 

11 EMPWTE < 149 150-299 300- 899 900- 1,499 1,500 

12 TE < 299 300-599 600- 2,699 2,700-6,299 6,300 
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2.3 Public Transport Trip Generation Features ci Traffic Zones 

This section discusses zonal trip generation characteristics of
 

Greater Cairo (5). Data from each trip type were subjected to statistical
 

analysis showing its variability between different traffic zones of the
 

study area and its frequency distribution. The geographical categoriza­

tion of zonal trip rates was also analyzed.
 

A set of 14 zonal variables was seltcted to represent trips made for
 

different purposes as well as 'qo percentages of zonal trips and zonal
 

trip rates. Table 11-9 lists the zonal trip variables and the two trip
 

per-entages while Table II-10 lists the 16 zonal trip rate variables.
 

The follwoing points should be noted concerning the definitions of trip
 

types;
 

1. 	Home based work trips included work, business, and education
 
trips.
 

2, 	Home based other trips included all home based trips for purposes
 
other than work, business, education and shopping.
 

3. 	Home based other and shopping trips included all home based
 
trips other than work, business and education.
 

4. 	Only trips with both origin and distribution in Greater Cairo
 
(but excluding intra-zonal trips) were considered.
 

5. 	All trips for different purposes were aggregated to represent
 
the available 10 hours (6 a.m. to 4 p.m.) of 1978 survey (I).
 

6. 	All trips for different purposes represented all public transport
 

modes (i.e. bus, ferry, Heli'polis metro, and rail rapid transit).
 

Tables II-11 and 11-12 list the main statistics for each of the 14
 

zonal total variables, the 2 percentage varaibles and the 16 zonal trip
 

rates defined above. Histograms for the variables were drawn and are
 

presented along with a detailed discussion and comments on the tables,
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Table 11-9 

Zonal Trip and Trip Percentage Variables Used 

in Public Transport Trip Generation Analysis 

No. Variable Notation 

I Production home based work PI;BW 

2 Production home based other PUBO 

3 Production home based shopp!ng PIIBS 

4 
5 

Production home based otihr ,nd shopping 
Production total home baised 

PItBOS 
IPTHB 

6 Production non-home based PNIIB 

7 Production total purposes PTOf 

8 Attraction home ba:,ed work AIIBW 

9 Attraction home based other AIBO 

10 Attraction home based shopping AIMS 

11 Attraction home based other and shopping AIIBOS 

12 Attraction total home based ATHB 

13 Attraction .on-homp based ANIIB 

14 AtLI r ct ion total, purposes ATOT 
15 Iome based work trip production/total trip 

productions (%) (I'llBW/PTOT);" 
16 Home basud work trip attraction/total trip 

attractjns () (AIIBW/ATOT)Z 



11-18 

Table II-10
 

Zonal Trip Rate Variables Used in the
 
Public Transport Trip Generation Analysis
 

No. Variable Notati n 

17 Production home based work per household PIIBW/1II 
18 
19 
20 
21 
22 
23 

Production 
Production 
Production 
Production 
Productioa. 
Production 

home based other per household 
home based shopping per household 
home based othor flhopping per bousehold 
!rtal home based per household 
non-home based per household 
total. purposes per hou:sehold 

PlIBO/li)I 
PIIBS/;UH 
PIIWOS/HI 
PTlIB/I11 
PNIIh/iIII 
PTO'i/III 

24 
25 

Attraction 
Attraction 

home 
home 

based 
based 

work per jobs offered 
other per jobs offered 

AIIBW/JO 
AIIBO/JO 

26 
27 

Attraction 
Attraction 

home 
home 

based 
based 

shopping per Jobs offered 
other ind shopping per jobs 

AIIBS/JO 

28 
29 

offered 
Attraction 
Attraction 

total home bas.-d per Jobs offerea 
non-home based 'owr .Job' of fered 

AtIBOS/JO 
ATIJB/.O 
ANIB/,JO 

30 AtLra'tlon total purpo, ea pr .ob-, offered AtOT/,JO 
31 Attractlon home based .hopping per tradilg t.taI li-­

32 
shmen ts 
Attraction home bfised other and shoppln per tradei:n' 

AlILBS /E 

establishments AHIBOS/TE 



Table I-ii
 

Summarv Statistics of the Zonal Public Transport Trip and Trin Percentage Variables
 

No. of Standard Coeff. of 
Mean 

No. Variable obser- ( deviation Variation 

vations (S) Cv=) 

1 PHBW 119 9091.9805 9406.0352 1.0G350 

2 PHBO 119 229L.4297 ?270.2813 0.98950 

3 PE-S 119 411.8557 355.6165 0.86338 

I PHBOS 119 2659.0278 259S.6213 0.97728 

5 P-B 119 !1497.9:90 11,51.281-1 0.99594 

b PNHB 119 16A'..9897 1652.0532 1.00430 

* PTOT 119 133S1.316- 130S6.8086 0.97-90 

8 .{BW 1'9 ........ !12s0.91A 1.25076 

9 AP30 119 3109.3638 1.35515 

10 A-H3S 19 LII.SSS-951.2953 -. 3090 

11 AHBOS 11Q 0 3899.9'2 

12 PTHB 119 i1 . 3 1.676.171: 0.73 

i3 A%\B 119 1; c n -;-i76.4255 

1- -ATOT 119 3 . 1653S.0703 1.23591 

15 (PEH3/PTT). 119 .5 :.5645 0.!S.542 

= r,("5.00-.60 0.18753 



_________ _________ ____________ ___________ 

Table 11-12
 

Suary Statistics of Zonal Public T-ansport Trip Rate Variables
 

1 
No. 

No. of 
Mean 

Standard Coeff. of 

Variab le obser.v t o s(X )( deviationS Variaticn 

vations (S) 
S 

CV=( 

17 PHBW/HH 107 1.01940 0.96C50 0.94222 

18 PHBO/HH 107 0.25350 0.28290 1.11590 

19 PBS/HP 107 0.43100 0.04040 0-93735 

20 PHBOS/HH 107 0.30140 0.28220 0.93630 

21 PTHB!hH 107 1.32170 1.23500 0.93440 

22 PNHB'JO 99 0.45550 0.6s7c¢ 1.50830 

-3 PTOT,'iU1 107 1.61750 1.59400 C.9E5 

24 AHBW/Jo 99 3.26573 9.09393 2.78470 

25 AHBO/J0 99 0.63408 0.72'8 - 1.14890 

26 AHBS.J0 99 0.05887 0.08162 1.38640 

27 AHBOS/JO 99 n.60753 0.70770 1.16488 

28 ATHB/JO 99 3.63143 9.59429 2.64200 

29 Amjo 9; 6.365 3 65 1.05740 

30 ATOT/JO ; 99 5.9;3 0.280 DC 2.422 

31 AHES/TE 90 0.31865 0.64602 2.02737 

32 AFBOS/TE i 99 3.12S21 4.44580 1.42119 
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in reference (5). Ilwevor, stomlie Onoel cominn tt I aind, r to il I 1-11 

11-12 and tile histogramsto are ai 'ollow.: 

- The mean of tlt, trip rate PIIW/iIII I.;ipprox imaittly I.1. This m1e1n 
that on average every household madt,oni1 one work tr I p da ily() 
on puliItc t ranqport mIvns . Tihe eiaIn of" AIIM/,() - .3 int ill that 
Oil 'erilg hiollti publI It tr plort tr ip; wore tlte d;ily fit"each 
job offered. This high valut, mav -loit romllf'-4ttor' that affect 
AlIOW trlp!, other than .10, Itll I I ZoneO. tdnt'dit aViLIhb ll Cii1' 
and the oX .-1itett' of" Jobs whiclh tite!oin tite mort, thatlltwo trips tL 
the place ot' work (1,., work Iplacte which clo.:;v 4 hours dtirltog
lunch ld open1 :ig;i )tig) Other intllitti 'll bls 11-1l, tt)tie! evei, . ii 
and 11-12 appeared to he reaona tbl,lr the Varlilble~l they1v 
represent, 

- All cieffl c lentx o't var ltlt had higl h vl ltvtiLi 

- All hi stogran had approx iMato It hy xaiivt shape, be,log to01v skewed 
the left. 

- There wa correlattim betveent hioite i1ied trip productiton tiir 
different purposes, This wa clear from the too ftc loot tf varia­
tion tif the percentage PiIII/i''OT, which had .a itw Value. 'l ls 
cnncluxion also appi les to trip aittract limos. 

- Variability of the zonal oggregitt AllO), A i1, ant Ait10S wore 
very high--especlially AIMtS, which had the ltigh st value ofi 
coefficient of variatin Io Table iIstotgrams for thten 1I1-11. 
varllb! cx had a comiiimon slhape, with titl, tail and LiolMtd( ShiIfted 
to the left. iHowever, there were t!iontzo.ti whitlh dev lttti far 
from the meai to ti left-hiii d itle. ''littia, Iith thet ranu t, ind 
coefficient of vartlon fior th.i varlatble wro vterv high. tllt of 
tite retaxonsh ohl ld this lfndlog, may it tht, ccti'ittrit lon titmajtor 
trading activities illCairo's (:it) t t itorewith ,i r it trading 
centers sci ttored the Eciutll), 1ihte a1itn iiarouid city. ,111t)l)iii , 
zones inay reduce the t' ioffic loot ti var lit lol ttoa gra:it extlnt . 
WIlose zones with extreme villie of Alit; di(i not all fect AIIBOS btecastie 
AIIBS has a tlow Iercentage of AilliBOS; (AIitS/AlIli)S II. 

Note that only i0 hours ttf til day are taken Into 
con.ideratttn as mentitted earlier, iod Ihat the word cialiv here­
after should be taken to mean the 10 htours perlol of the 1978 sur­
vey (2). 
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Each variable was clessIfied into 5 categories with zones relevant 

to ench category given the same color on a zonintg system map. Limits of 

these categories are given in Tables 11.13 and T.14. These maps are 

presented and discussed In details in reference (5). However, some perti­

nent comments on these maps are set out below. 

- Variables P11BW, P1110, P1S, P1IBS, P'r11l and PTOT' 

Most of the zones with low of P111W, P1111BO, PIIBOS, PTIIBvalues PlIBS, 

and PTOT were located in the eastern peripherals of the city. In fact, 

these zones were located In the newly developed residential area of 

Greater Cairo which also had low values of population. Zones located in 

the south peripherals of the city (excluding zone 11409, llelwan) had low 

and very low values. Other peripheral zones of the city had roughly 

medium values. Zones which had a high population alsoihad high values 

of all trips under consideration. High standard of living zoues (such 

as 20801, 20802 and 21101) had low and very low values because their 

residents may have used privat. transport rather than public transport 

modes. CBD zones were divided Into 2 groups. The first :roup contai­

ned zones (21201, 21203, 21204 and 21207) In which the main city squa­

res were located, namely Tahrir, Ataba, Falaki and Ramt;is. These zones 

were considered from the most accessible zones and almost all of these 

zones had medium values. The second group contained zones (21202, 

21205 d 21206) which were lesn accessible than ;:ones of the first 

group and mainly had low values. These zones were mainly shopping zones. 

Zones located around CBD, and within the enlarged area, generaly had 

medium values.
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Table [[-13
 

Categories of the Public Transport Zonal Trip
 

and Trip Percentage Variables 

Ranges of Categories 

Varia-
No. ble 1 2 3 4 5 

Very low Low Medium lHgh Very high 

1 PHBW < 2000 2000-8000 8000-24000 24000-38000 38000 

2 PHBO < 400 400-1600 1600- 6000 60100- 8400 > 840(0 

3 PHBS < 80 80- 320 320- 1200 1200- 1440 > 1440 

4 PHBOS < 700 700-2800 2800- 7000 7000- 9800 98oo 

5 PTHB < 2000 2000-6000 6000-14000 14000-22000 22000 

6 PNHB < 500 500-1500 1500- 4000 4000- 6000 > 6000 

7 PTOT <3000 3000-12000 12000-36000 36000-51000 y51000 

8 AHBW < 2500 2500-5000 5000-27500 27500-45)0 > 45000 

9 AHBO < 800 800-1600 1600- 6400 6400-112)0 > 112000 

10 AHBS < 100 100- 200 200- 1000 1000- 1400 > 1400 

11 AHBOS < 700 700-1400 1400- 8400 8400-13300 > 13300 

12 ATHB < 4000 4000-8000 8000-12000 12000-24000 > 24000 

13 ANHB < 500 500-1000 1000- 4500 4500- 6500 6500 

14 ATOT < 4000 4000-8000 8000-40000 40000-56000 . 56000 

15 (PttBW/ 

PTOT)% < 55 55-65 65-70 70-80 0 HO 

16 (AHBW/ 

ATOT)% < 60 60-65 65-70 70-80 81) 
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Table 11-14
 

Categories of the Public Transport Zonal Trip Rate Variables
 

Ranges of Categories 

No. Variable 1 2 3 4 5 

very low low medium high very high 

17 PHBW/HH 0-0.60 0.6 -1.00 1.00-1.4 1.40- 3.00 3.00- 5.2 

18 PHBO/HH 0-0.15 0.15-0.25 0.25-0.30 0.30- 0.60 0.60- 1.30 

19 PHBS/HH 0-0.03 0.03-0.06 0.06-0.08 0.08- 0.11 0.11- 0.21 

20 PHBOS/HH 0-0.18 0.18-0.36 0.36-0.42 0.42- 0.72 0.72- 1.44 

21 PTHB/HH 0-0.80 0.80-1.40 1.40-1.80 1.80- 3.20 3.20- 6.63 

22 PNHB/HII 0-0.20 0.20-0.40 0.40-0.60 0.60- 1.00 1.00- 6.00 

23 PTOT/HH 0-1.00 1.00-1.50 1.50-2.00 2.00- 4.00 4. .- 9.00 

24 AHBW/JO 0-0.20 0.20-0.40 0.40-1.30 1.30- 2.60 2.60- 4.40 

25 AHBO/JO 0-0.20 0.20-0.40 0.40-1.30 1.30- 2.60 2.60- 4.40 

26 AHBS/JO 0.0.02 0.02-0.04 0.04-o.10 0.10- 0.18 0.18- 0.52 

27 AHBOS/JO 0-0.20 0.20-0.40 0.40-1.20 1.20- 1.80 1.80- 4.80 

28 ATHB/JO 0-1.00 il.00-2.00 2.00-8.00 8.00-12.00 12.00-93.75 

29 ANHB/JO 0-0.10 0.10-0.20 0.20-0.70 0.70- 1.00 1.00- 5.10 

30 ATOT/JO 0-1.00 1.00-2.00 2.00-8.50 8.50-14.00 14.00-99.50 

31 AHBS/TE 0-0.05 0.05-0.15 0.15-0.65 0.65- 1.55 1.55- 4.15 

32 AHBOS/TE 0-1.Ol 1.00-2.00 2.00-7.00 7.00-11.50 11.50-30.85 
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- Variables PNHB, AItBW, AlIBO, AIMIS, AIiIiOS, ATIII, ANItB, and ATOT 

The category of trip attractions and non-home bIased trip productLons 

was similar in many zones. Nearly all zones In tL eastern and southern 

peripheral zones of the city had low or Ver' low Values. The first 

group of CBD zones (21201, 21203, 21204, and 21207) had very high values, 

while the group of CHi) zones (21202, 21205, and 21206 ) had low or very 

low values. Zones around the C(BD had high and medium values, and those 

in the peripheral zones of the enlarg d CI]) had low or very low values 

As for AHBS, it was shown that shopp Ing zones In the CiHi) had very high 

values of this trip type, as might he expected. Other zones having 

medium values were almost all l-caited around tei'CI). 

- (PiHBW/PTOT)% 

CUD rones, and some su rrounding zones had low . ilues of (PIIiW/IPTOT) % 

because of the large numbher of noti-home ha sed trips. Also, high-standard­

of living zones (such as 2181, 21802, and 211OI) had very low values 

because the residents of these zones were a lhIe to make a highe r iercen t­

age of shoppilng and other trips. he h ihest va Ilos were found outs ide 

the enlarged CHI) zones because the se zones were le.ss accessilIe I)y 

public transport. Hence, the res ldenth of thOe zoneS were expected to 

make a idigher percentage of work trip:. In general , Zones Jotated 

within the enlarged CHI) had low values, while those Ioca ted outside tile 

enlarged CHI) had high values. 

- (AHBW/ATOT) % 

Almost all enlarged Ciil) zones had low or very low val o.v; those 

located outside ClD had high or very high valuets; and zones around tie 
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river Nile, witOin the enlarged CBD, had medium values. Industrial zones 

(such as 11409, 11411, 10600, and 11413) had high or very high values, 

as expected. 

- PHBW/HH, PHBO/HH|, PIUBS/M1l, IIIBOS/I1, andPTIII/11 PTOT/IFII
 

There were 
 some similarities among the geographilcal distributions
 

of these six variables. For instance, the first group 
 of CBI) zones had
 

high and very ligh values, while Lhe second group had medlum 
 to very low 

values. High-standard-of-living zones (such as zones 21801, 20802, 211(1, 

and 20401) had low and medium values because the residents In these zones 

could use private transport. Almost all the zones' valutes rang'd between 

low and very low categories, but there were many zones with extreme values. 

This indicated that there was some correlation between the trip values
 

(i.e., PHIBW, PHBO, PUBS, 
 PIIBOS, PTIlB, and PTOT) and the number of house­

holds in each zone (11l1). 

- PNIB/JO, AtBW/JO, AIIO/JO, AIIBS/JO, AIIIIOS/.1O, ATIIB/bo , ANIII/JO and 
ATOT/JO 

There was also similarity among the geographical ditrilutions of 

these variables. The highest trip attraction zones were nearly all 

located east of the city while the zones south of the city h d high and 

medium values. Zones beside the Nile mediumriver hod viltes. Nearly 

all zones in the north of the city had low and very low values. In 

general, zones in the enlarged CD had lower values than zones outside 

this sector. CBD which highzones had values in the case of zone total 

trips had, in the case of zonal ratcstrip (per .O), medium t, very low 

values.
 

http:AIIIIOS/.1O
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2.4 	 Private Transport Trip Generation Features of Traffic Zones
 

This section discusses private transport trip generation features
 

in Greater Cairo (6). Each trip type was subjected t,-statistical analysis 

showing its variability among different traffic zones of the study area 

and its frequency distribution. The geographical classification of 

zonal trip rates was also analyzed.
 

A set of 12 zonal variables representing total trips made for 

different purposes by private car and taxi was selected. Table 11-15
 

lists zonal total variables, and Table 11-16 lists the 12 zonal trip 

rate variables. The following points concerning different types of trips 

are 	noted.
 

1. Home based work trips included work, business and education 
trips.
 

2. 	 Home based other trips included all home bz ied trips for purposes 
other than work, business and education. 

3. 	 All trips for different purposes were aggregated to represent the 
available 10 hour,; (7-11 a.m., it a.m.-4 p.m. and 6-9 p.m.) of 
1977 	survey (1).
 

4. 	Only trips with both origin and dest nat ion in Greater Cairo (but 
excluding intra-zonal trips) were considered. 

5. 	Only private car and taxi trips were selected for anlaysis from 
among the available trip data on other private transport modes, 
such 	as private bus.
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Table 11-15
 

Zonal Trip Variables Used In the 
Private Transportation Trip Generation Analysis
 

No. Variables Notation
 

I Home based work private car trip production PHBWC
 

2 Home based other private car trip production PHIBOC
 

3 Non-home based private car trip production PNHBC
 

4 Home based work private car trip attractiozi AHBWC
 
5 Home based other private car trip attraction AHBOC
 

6 Non-home based private car trip attraction ANHBC
 

7 Home based work taxi trip production PHBWT
 

8 Home based other taxi trip production PHBOT
 

9 Non-home based taxi trip production PNHBT 

10 Home based work tAxi trip attraction AHBWT 

11 Home based other taxi trip attraction AHBOT 

12 Non-home based taxi trip attraction ANHBT 

Table 11-16
 

Zonal Trip Rate Variables Used in the 
Private Transport Trip Generation Analysis 

No. Variables Notation 

13 Home based work privatv car trip production per houshold PIrBwC/HH 

14 Home based other private car trip production per houshold PHBOC/HH 

15 Non-home based private car trip production per jobs offered PNHBC/.O 

16 Home based work private car tripattraction per jobs offered AHBWC/JO 

17 Home based other private car trip attraction per jobs offered AHBOC/JO 

18 Non-home based private car trip attraction per jobs offered ANHBC/JO 

19 Home based work taxi trip production per household PHBWT/HH 

20 Home based other taxi trip production per household PHBOT/HH 

21 Non-home based taxi trip production per jobs offered PNIIBT/JO 

22 Home based work taxi trip attraction per Jobs offered AHBWT/JO 

23 Home ba..d other taxi trip attraction per jobs offered AHBOT/JO 

24 Non-home based taxi trip attraction per jobs offered ANHBT/JO 
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Tables 11-17 and 11-18 summarize the main statistics of each of the
 

12 zonal aggregate total variables and the 12 zonal trip rates. In
 

addition, histograms for each variable were drawn and are given in 

reference (6). General comments on Tables 11-17 and 11-18 and the said 

histograms are as follows:
 

- Average values of trip rates PIIBWC/1 and PIIBWT/IIH are 0.58 and 0.20 

for car and taxi, respectively. This means that, on average, for every 

two households in Greater Cairo, about one work trip by car is made per 

day, whereas every five households make one daily work trip by taxi on 

average. The corresponding figure on public transport is about one home 

based work trip per household 
per day.# 

- Average values of trip rates AIIBWC/JO and AIIBWT/.J0 are 0.84 and 0.33 

for car and taxi, respectively. The corresponding figure in case of
 

public transport modes is 3.30 trips per job per day #. Therefore, it
 

may be concluded that, in general, every job offered in Greater Cairo
 

generated about 4 trips daily on all transport modes. This figure, of
 

course, should only be taken as a rough indicator of potential trip
 

generation and not as an exact design value.
 

- All histograms had approximately the same shape with one tall and the 

mode shifted to the left side of the mean. 

Note that only 10 hours of the day are taken into consideration in 
1977 survey (1), as mentioned earlier, and that the word "daily" here 
corresponds to the whole survey period.
 

MNote the difference in time periods between 1978 public transport 
survey (2) and 1977 private transport survey (1). 

http:AIIBWT/.J0


Table 11-17
 

Sunnary Statistics of Zonal Private Transport Trip Variables
 

No variable 
No. of 

observations 
(n) 

Mean Standard 
deviation 

X)C.V=(SI) 

Coef. of 
variation 

1 PHBWC 80 3838.56 4076.32 1.06 

2 PHBOC 80 2431.71 2794.78 1.15 

3 PNHBC 80 2190.28 1848.89 0.84 

4 AHBWC 79 3887.15 3998.33 1.03 

5 AHBOC 80 2431.71 3279.99 1.34 

6 ANHBC 79 2218.00 2339.96 1.05 

7 PHBWT 79 1920.82 3435.00 1.79 
8 PHBOT 78 1309.20 1417.92 I 1.08 

9 PNHBT 80 2357.43 1954.66 0.83 

10 AHBWT 80 1896.81 2752.23 1.45 

11 

12 

AHBOT 

ANHBT 

77 

78 

1326.20 

2417.87 

1300.11f 2951.97 

0.98 

1.22 



Table 11-18
 

Summary Statistics of Zonal Private Transport Trip Rate Variables
 

No variable 

I 

13 PHBWC/HH 

14 PHBOC/HH 

15 PNBCO/JO 

16 AHBWC/JO 

17 AHBCO/JO 

18 ANHBC/JO 

19 PHBWT/HH 

20 PHBOT/HH 

21 PNHBT/JO 

22 AHBI,/JO 

23 AHBOT/JO 

24 ANHB/JO 

No. of 

observations 


(n) 


72 


72 


72 


77 


78 


77 


71 


70 


72 


78 

5 


76 


Mean 


(X) 


0.58 


0.49 


0.38 


0.84 


0.62 


0.40 


0.20 


0.19 


0.30 


0.33 

0.29 


0.36 


Standard 
deviation 

(S) 

Coef. of 
variation 

C.V=(S/X) 

0.76 1.29 

0.88 1.80 

0.58 

2.08 

1.53 

2.49 

1.02 1.65 

0.56 1.40 

0.33 

0.28 

0.51 

1.66 

1.46 

1. 1 

0.63 1.90 

0.38 1.33 

0.55 1.53 
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- All the coefficients of variation for all the zone 
trip totals had
 

high values except the variable PHBWT, which had 
a very high value. The 

shape of Lhe histogram of this variable had one tail with mode shifted
 

to the lelt of the diagram, but there were 
some zones which deviated far
 

from the mean to the right hand side. Thus, both the range and the
 

coefficient of variation of this variable were very high. 
 One of the
 

reasons for this characteristic may be the variation 
in the amount of
 

taxi service provided from one zone to another. 
 On the other hand, the
 

coefficients of variation for all the zonal trip rates were very high,
 

especially AHBWC/JO and AHBWT/JO.
 

Each variable was classified into 5 ranges of value and coded by
 

color an a zoning system map. Limits of these categories are shown in
 

Tables 11-19 and 11-20. The corresponding maps are pre.sented in refer­

ence (6), but the main observations about the maps are given here:
 

Most of the zones with very low or 
low values of PHBWC, PIHBOC,
 

PNHBC, AHBWC, AHBOC, and ANHBC were 
located In the noili, mid-north, 

northwest and southeastizones of Greater Cairo. Zones with high or very
 

high values were located primarily in the northwest and southwest peri­

pheral zones of the city. Furthermore, it appeared that center zones
 

attracted very high work and non-home based trips by car.
 

Some of the high income zones (such as 20802) had the lowest values 

of private car trips; this may have occurred due to the low number of 

people living there. This zone (20802) was aJways in the high range In 

terms of car trip production rates per hou!;ehold for different 
trip 

purposes. It is also interesting to note that zones(10800 and t02OO) 

always had high or very high trip totals by car and taxi for different
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TableI& 11-19 

Categorien of the Zonal Prlvatc 'IrinHimnt Trip Variables 

Rangesi of Categories
 
Variable
 

No. 1 2 3 4­

very low low mnedinin high very high 

1 PHBWC C 1600 
 1600-3599 3600-6399 6400-8799 8800
 

2 PHBOC < 800 800-1999 2000-4399 4400-7199 7200
 

3 PNHBC 
 < 800 800-1799 1800-3399 3400-6199 , 6200 

4 ANBWC < 1200 1200-3199 3200-6799 6800-11999 a112000
 

5 AHDOC < 800 800-1999 2000-3999 4000-6399 6400
 

6 ANHBC < 800 800-1799 1800-3399 3400-6399 6400
 

7 YI'BWT < 800 800-'1399 1400-2799 2800-4799 ; 4800 

a PHBOT < 400 400-999 1000-2399 2400-2599 3600 

9 PNHBT 11000 1000-19?9 200(O-4399 4400-5999 6000 

10 ABWTr < 600 600-1199 1200-3599 3600-6199 6200 

11 AHBOT < 600 j 600-1199 1200-2399 2400-3799 3 3800 

12 ANKIT < 1000 1e50-17991800-3999 4,000-6599 • 6600 
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Table 11-20
 

Categories of the Zonal Private Transport Trip Rate Va. iables 

Variable 1anges of Categories
 

No .1 
 2 3 4 
 5abb. 4 5 

very low low 
 medium high very high 

13 1IIBW/1111 
 < 0.15 0.15-0.499 0.5-1.249 1.25-1.749 >, 1.75 

14 PIIBOC/IIII < 0.05 0.05-1.99 0.20-0.849 O.85-1.349 > 1.35 

15 PNHBC/JO < 0.1 0.1 -0.249 0.25-0.549 0.55-0.999 1.0
 

16 AIIBWC/,JO < 0.15 
 0.15-0449 0.45-1.149 1.15-1.849 > 1.85 

17 AHBOC/JO < 0.1 0.1 -0.249 0.25-1.049 1.05-2.299 2.3
 

18 
 ANIIBC/JO < 0.1 0.1 -0.349 0.35-0.749 0.75-1.599 1.6 

19 P'IIBWT/IIII < 0.07 0.07-0.147 0.15-0.449 0.45-0.949 0.95 

20 1I'IBOT/IIII 0.05< 0.05-0.099 0.1 -0.449 0.45-0.949 > 0.95 

21 PNIIIIT/,JO < 0,1 0.1 -0.299 0.25-0.599 0.6 -0.899 >- 0.9 

22 AIIBWT/,JO < 0.07 0.07-0.199 
 0.2 -0.599 0.6 -].049 > 1.05 

23 AIIHBIJO 0.07< 0.07-0.199 0.2 -0.749 0.74-1.399 > 1.4 

24 ANIIBT/J0 0.15< 0.15-0.299 0.3 -0.549j0.55-1.099 I 

http:0.05-1.99
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trip production and attraction purposes. This may be due to the existence 

of the Pyramids of Giza and the Sphinx In zone (12O), to which thousands 

of tourists and workers in tourist-based businesses travel daily. As for 

zone (10800), it Included the high income district of El-Nuzha and is very 

close to Cairo International Airport. 

Looking at trip production rates per household (I'IIBWC/IIH, PIIBOC/HlI, 

PHNBC/IIIIU, PIIBWT/HI, and PIlBOT/HH!I), most of the (reater Cairo zones, 

especially those located around thp city :enter and extending to the 

north and southeast peripheral zones, were either low or very low. This 

is quite reasonable because people living In these zones are mainly of 

low and medium income and depend on public transport rather than private 

transport.
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3. 	Trip Generation Analysis
 

The trip generation analysis itarted with a review of modeling
 

techniques (7), after which different trip generation methods were in­

vestigated (8). In view of the available data, a specific program was 

selected (9). This section of the report briefly outlines the efforts 

undertaken in implementing the above mentione!d program (9) and the 

results obtained.
 

3.1 	 Public Transport Trip 
 Meneration
Models
 

Based on the available data wasset, 	 It only possible to calibrate 

two 	trip generation models at the aggregate level; namely, the regression
 

model and the 
cross classification model. 
 A detailed description of the
 

analysis methodology is given In references (10, 11, 
& 12).
 

As given in Table I1-21, 
14 trip types were selected as dependent
 

variables of 
the trip generation regression model 
and 17 trip types for
 

cross classification analysis.
 

The 	dependent varlakles given in Table 11-21 
were LiJosnified into
 

two groups. The first consisted of all 
Lime 	 based trip productions while 

the second contained trip attractions and nun-home based trip productions.
 

These are listed in Table I-22, together with the set of planning
 

parameters (i.e., explanatory or independent variables) which are expected
 

to affect the trips of each type in each group.
 

Several forms of trip generation models were calibrated; those 

presented in followingthe section are 	 the most ac,.,,rate and reliable 

obtained (10, 11, & 12).
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Table [[-21 

Trip Types used in Public Transport Trip (eneration Model 

Type of 
Analy- No. Dependent Variables Notations 

1 Production home based work PlIBW 

2 Production home hased other l'ltBO 

3 Production home based shopi) og PIIBS 

4 Production home based other and shopping PHBOS 

5 Production total home based PTIIB 

6 Production non-home based PNHB 
0 o., 7 Production total purposes PTOT 

4) 8 Attraction home based work AIIBW 
00 
)C4 9 Attraction home based other AIIBO 

10 Attraction home based shopping AJIBS 

11 Attraction home based other and shopping AtIBOS 

12 Attraction total home based ATIIB 

13 Attraction non-home based ANIIB 

14 Attraction total purposes ATOT 

1 Production home based work per household PIIBW/IIII 

2 Production home based other per household PIIBO/HI 

3 Production home based shopping ptr household PUBS/Illl 

4 Production home based other shopping per 
household PIiBOS/llhI 

5 Production total home based per hosehold PTHB/lll 

o 6 Production non-home baaed per household PNIIB/Ht 

4= 
U 

7 Production total purposes per household PTOT/H|l 

44 
.,4 

8 Attraction home based work per .lob offered AHiBW/,10 

U) 9 Attraction home based other per job offered AIIBO/JO 

L) 10 Attraction home based shopping per job 
offered AIIBS/JO 

U)
0 

11 Attraction home based other shopping per 
jol: offered AIIBOS/.10 

12 Attraction total home based per job offered A'T*IB/.IO 

13 Attraction non-home based per job offered ANIB/JO 

14 Attraction total purpese per job offered ATOT/JO 

i5 Attraction home baned shopping per trading 
establishment AlIBS/TE 

16 Attraction home based other and shopping 

per trading establishment AHBOS/TE 

17 Production non-home based per job offered PNIIB/JO 



11-38
 

Table 11-22
 

Independent Variables Used In
 
Public Transport Trip Generation Analysis
 

Type of 
Analysis 

Group 
No. 

Dependent Variables 
(trip types) 

PHBW, P11BO, PIIBS, PAIBOS, 

PTHB, and PTOT 

0 
2 AHBW, AHBO, AHBS, AHBOS, 

ATHB, ATOT, PNIIB, & ANHB 

1 PHBW/HH, PHBO/1Hi, P|11S/AU, 

0o 
PHBOS/HH, PTNIB/lFi, 
PNHB/NH and PTOT/H11 

U 
44 

2 AHBW/JO, ANlBO/JO, AjjBS/JO, 
AHBOS/JO, ATIiB/JO, ANNiB/.JO, 

(0 
ATOT/JO, PNHB/JO, AlIBS/TE 
and AHBOS/TE 

Tndependent Variables
 
(planning parameters)
 

POP, MLF, FLF, TLF, JO, HH,
 

ROOM, INCOME, NUIT, MST,
 

FST, and TST
 

POP, MLF, FLF, TLF, JO, lH, 

ROOM, INCOME, MSIT, TE,
 
EMPTE, RTE, EMPRTE, WTE,
 

EMPWrE, RTE5,EMPRTE5,
 

MST, FST, and TST.
 

POP/Hi, INCOME/MH 

(TLF+TST)/HI!, POP/ROOM 
and FLOOR/RB 

JO/HH, (JO-TLF)/11H,TE/HH, 

JO/TLF, JO/(TB-RB), RTSL5 

INCOME/Hl, JO/AREA,
 
and EMPWTE/AREA
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3.1.1 Regression Models
 

Tables 11-23 and 11-24 give the trip generation regression models 

together with supporting statistics for trip productions and attractions,
 

respectively. 
Although these models yielded results difficult to confi­

dently interpret, those results were the best obtained. Details of these
 

models are discussed in reference (10 & 12).
 

3.1.2 Cross Classification Models
 

Many cross-classification models corresponding to different trip
 

production purposes were produced based 
on one or more independent vari­

ables. Each model was produced in several forms according to the number
 

of categories or closs categories and/or the limits of different inter­

vals in the model with the same Independent variable(s). Eventually, a
 

short list of cross-classification models was selected for 
final examina­

tion in order to choosi the best model to be used in prediction. After
 

careful examination of these models, the one 
given in 'able 11-25 was
 

selected using POP/ROOM ns the independent variable. The details of the
 

cross-classification analysis can be roundIn reerence (1, 12). No
 

reasonable model was obtained for trip attractions.
 

3.2 Private Transport Trip Generation Models
 

Only zonal regression analysis was tried In calibratln$ prlvsjte
 

transport trip generation models. Two separate models were developed-­

one for car trips and the other for taxi 
tripsasince the tajorIty.of
 

private transport trips occur 
by these two modes. 

Bearing in mind the available data set, the 12 trip types listed In 

Table 11-26 were selected as dependent riables of the trip generatloA
 

models. 

http:tajorIty.of


Public Transport 

Table 11-23 

Zonal Trip Production Regression Equation, 

I0 

Regression Equation R2 
(S.E.IY)Z (Const./j)% No. of Observations 

0. 

equ.
o. 

A 

1163 + 0.274
0.001 

0.6799 

ROOM 
0.4623 88 79 13 104 

2 
0 

equ. 420 + 0.0651 
0.001 
0.6680 

ROOM 
0.4463 82 75 19 104 

3 

C. 

4 
r 

equ. 

LA 

eq'. 
_,-

/3 

75 + 0.0099 
0.001 

0.6675 

495 + 0.075 
0.001 

0.6750 

ROOM 

ROOM 

0.4455 

0.4556 

82 

85 

72 

74 

21 

19 

104 

104 

5. 
_ 

C-

6. 
-

Tr 

equ. 
c-

equ. 
. 

IL 

2674 

731.2 

+ 0.349 ROOM 
0.001 

0.6804 

+ 0.0523J0 + 0.9655IPWTE 
0.001 0.001 

0.4835 0.3244 

0.4629 

0.4676 

88 

38 

77 

62 

24 

55 

104 

90 

-

eq. 

,0.6b07 

1659 + 0.37 
0 

ROOM 

0.4365 79 75 13 104 

AI) 

Level 

" Values 

of. signilficacc 

significant atc4= 0.001 

The beta coe f ficlnt 

0 
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Public Transport Zonal Trip Attraction Regression Equations
 

z
 

Regression Equation R42
 
F S. E./Y )% 

8 eqs. 
 5076 + 0.5165 JO - 0.1040 HLF
 
0.001 0.01 
 0.5099 45 
 67 
0.7737 - 0.2172 

9 equ. 1162 + 0.1025 JO 
0 ( 0.001 0.3387 47 78 

0.582 
10 equ. 42 + 0.0345 JO c 0.001 0.4230 67 144 

0.6504 

11 equ.
oc 

1204 + 0.1370 JO
0.001 0.3937 59 80 

) 0.6504 

12 equ. 
0L 

6361 + 0.6580 JO 
0.001 

- 0.1120 MLF 
0.05 0.464 43 68 

0.7578 - 0.1799 

13 equ.
o 643 + 0.0584 JO + 1.0432 EPWTE0.001 0.001 0.4872 41 68 

< 0.4996 0.324 

14 equ. 
 7091 + 0.7304 JO - 0.1093 LF
 
0 0.4890 42 67
0.001 0.1 
- 0.7477 - 0.1560 

: Level of significance 
 /3 The beta coafficient
 

(Const./Y)% 


69 


61 


15 


55 


67 


50 


65 


No. of Observations
 

90
 

93
 

93
 

93
 

90
 

90
 

90
 

All F values significant at a - 0.001
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Tai1e 11-25
 

Cross-Classification Model for Public
 
Transport Trip Production Rates
 

Grouping 
 Average trip production rate for each purpose
Category 0 C°14&j m 0Category POP/ROOM PHBW PHBO PHBS PIIBOS : PTHP PNII PTOT c 

no. HH H1 H IlH t il 

1 El.2 1.145 0.298 0.043 0.341 1.1487 0.335 1.82 0.039 12 

2 1.2-1.399 1.117 0.273 0.041 0.314 1.431 O.17(, 1.607 0.063 13 

3 1.4-1.599 1.042 0.2431 0.041 0.284 1.326 0.19 1.524 0.061 5 

4 1.6-1.799 0.919 0.215 0.033 0.248 
 1.167 0.114] 1.281 0.192 15
 
5 1.8-1.999 0.856 0.214 
0.034 0.248 11.104 0.132 1.236 0.216 12 

6 2.0-2.199 0.654 0.190 0.030 0.220 0.875 0.0901 0.965 0.192 14 

7 )2.2 0.535 0.1341 0.027 0.162 0.750 o.02! 0.779 0.215 18
 

8 - 2.809 0.818 0.077 0.895 3.704 31.61 5.316 0.012 

9 - 0.556 0.1721 0.0151 0.187 0.744 0.657 1.401 0.009 4
 

The two groups of the CBD zones mentioned ehrlier, (see sectIon 2.3).
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Table 11-26 

Zonal Trip Variables Used in Private 
Transport Trip Generation Model 

Mode No. Variables Notation 

1 Home based work private car trip production PlIBWC 

2 Home based other private car trip production PHBOC 

3 Non-home based private car trip production PNHBC 

4 Home based work private car trip attraction AIIBWC 

5 Home baaed other private car trip production AHBOC 

6 Non-home based private car trip production ANIIBC 

7 Home based work taxi trip production PHB ' 

8 Home based other taxi trip prc.dIt'tion PUBOT 

9 Non-home basech taxi trip production PNHBT 

10 Home based work taxi trip attractlon AHBWT 

11 Home based other taxi trip attraction AHBOT 

12 Non-home based taxi trip production ANHBT 
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The following socio-economic and land use ,ariables were examined
 

as independent variables: 
 POP, MLF, HH, JO, ROOM, and CAR. These
 

variables are defined in Table 11-6, except for the last variable, CAR,
 

which is the number of private cars owned by residents of each traffic
 

zone. 
 Values of this variable for base year and zonal projectionq were
 

obtained from the anlaysis of car ownership activity of the project (see
 

Part III of this report).
 

Several forms of trip generation models were calibrated (13), and
 

the best models are presented in Tables 11-27 and 11-28, together with
 

key statistics for private car and taxi respectively. Although some of
 

the calibrated equations showed poor explanatory power, they were all
 

statistically significant.
 

3.3 Projections of Planning Parameters in Greater (.airo (198U 
- 2000)
 

This section gives a brief review of the methodology, the availability
 

of data, the assumptions, and the considvrations underlying the projec­

tions of socio-economic variables in Greater Cairo, 1980 to 
2000. Tile
 

consistency of the results is then generally discussed. 
The projected
 

variables were predicted for the sane traffic 
zones as defined below. 

The 120 traffic zones of Greater Cairo were divided into 3 groups as 

follows: 

- Group A includes those zones which lie within the boundaries of 
Greater Cairo and have reached saturation with respect to 
buildings (i.e., do not contain land area for additional build­
ings. New buildings would only be cases of substitution).
 

-
Group B includes those zones lying within the boundaries of
 
Greater Cairo, but still having land area on which additional
 
buildings might be constructed.
 



Table 11-27 

Private Car Zonal Trip Generation Regression Equations 

Model 
No. Regression Equation R2 F (S.EIY)Z (Const./Y)% 

No. of
observation 

I 

r. 

eq. 

< 

1501 + 1.54 CAR 
0.001 
0.8172 

0.668 129 4b 43 66 

2 

C. 

eq. 

-

1350 + 0.4279 CAR 

0.005 

0.16 11 N.A. 69 60 

3 
U 

eq. 

)3 

277 + 0.11 JO + 
0.001 
0.5788 

0.676 CAR 
0.001 
0,5515 

0.506 31 59 13 63 

4 eq. 
C-4 
13 

3040 + 0.2934 JO ­ 0.1026 HLF 
0.001 0.001 
0.6208 -0.376 

0.41 21 86 79 63 

5 

o 
eq. 

Q 
686 + 1.1153 CAR 

0.001 
0.8487 

0.71 165 48 32 66 

6 

z 

eq. 

3 

399 + 0.11 JO + 0.518 CAR 
0.001 0.005 
0.4701 0.3394 

0.266 11 92 19 63 

: Level of significance 

: The beta coefficient 

All F values significant at O(.= 0.1 



Table 11-28 

Model 
o 

No. 

Taxi Zonal Trip Generation Regression Equations 

Equation R2 F 

Iobservation 

(S.E/Y.)% No. of 

eq. 349 + 0.038 HH + 0.284 CAR 

0.001 0.001 

0.4943 0.429 

0.384 19 61 28 65 

2 eq. 647 + 0.1937 CAR 

0.005 

0.-64 11 N.A 71 

3 eq. 1110 + 0.0655 JO + 0.2368 CAR 

0.005 0.1 i 
0.161 6 74 56 63 

0.3802 0.2183 

4 leq. 

I 

-212 + 0.533 CAR + 0.105 JO 

0.05 0.1 

0.325 0.2358 

0.127 183 -16 57 

5 eq. 

) 

167 + 0.273 CAR+ 
0.001 

0.5799 

0.062 JO 
0.001 

0.4930 

0.440 20 54 16 63 

< 

eq. 

0< 

207 + 0.485 CAR+ 

0.001 

0.6363 

0.084 JO 

0.001 

0.4078 

0.444 21 

[ 
58 13 55 

5: Level of significance
 

A : The beta coefficient
 

All F vales significant at o. = 0.1
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- Grou0p C Inc ludes Lnonso i aj aL thi, bIundr len of Greater 'aI lro 
wllch are Ii kvl y to e. el.rId m re:, 

A liL )f thesne grotn In gi Vli W zdl. I of referc e (14),AJ eind I 

Data on nocIJ-Wioflicfl ii varilabile were ,riinally gi eVl in Report TF 

IS/TC6 (4) and wLre av',I|blli vlii/ l for i daLt, 19j7h).Pt Lt ;ake of 

data, rib ld lai.i' d;,tei.pro j ct oonH, ther , IdeaIly' be ',i' lor -it ieaj"L twit 

An attempt to dcterminei Lh varlabl en fiil Lh. z v'n from ren jItJ O /.120 thie 

of 1960 populati ni aritamn; of E'ypt iro~v'd very laorioriu. )becail!:. thbe data 

two nI,' If v a:ntinrtwn( twa CL'fllin., were ,iei! ,d b ,wereriIJf;rati d t r l H aiil 

Shilakhiatm. Ai, a uiino'qu|'llc'|e, a ;roci'Hi I red i~trlhutl in by tei' 120 

traff c zo wan II{ I|'" !nl the InUidiroie e ';y,talig i'nilleral new len 

of distrlcts and ShlaihaLn 1 h./I,. lhi wa doine for olly a Jew varI­

111)J iamel y:Ce , 

- 'TI(Jta populat ioi (P101') 

- HMise labor fi rce (MI.S)
 
- f (f ldi (1111)
numl,'rhou,thh 

- NurLber of riiomsni (11,i)0l4)
 
- .1o offered (0).
 

Ad jiititiEitii to the biiiidar li' oi the 19,1) dali 1,06 zoie-i wvr. imade to 

mlatcl thosne of 19/6 a% giVL'll I refetrnlcea (I,). 

Tle e eral diiirnipt i 0111 ii','d for pIol' tLiy i'ah vlri ablae ;irt! niLt iiit 

be low: 

- The r;iten of changelni ejih var laid i,r. obe det'ri ned accordilng 
tio tie differeni als bel't'el the three.' gr.lupa Of zmlwes--A, 1, a:iui C 
defI ined earl ier (14). 

- After 1975, the rate "It mlgrnationi to the Cin; t; nu'rliiir;te ,,tared 
a markel deviline, Idi aLli i thial Greater Ca lr hid r:tahid a 
satur;it |ion polit Ir the i atv nevalt ivi,i. 

- Tie lew tiavlni aroumnid Cal ro , S.afli:t - 10 Ramnadai - It Ori tber - I1 
Asrwl etc., ;ara' ey.'; t'u toi a! Lraact abItout 4 millina people by 2001) 
from iS' Whole Of V:gypt. I", mlJliair of thiaie are e~.p.''td Et 
c(ome from Greater (CJro, 
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Accordingly, the total population of Greater Cairo in the year 2000
 

will be lebs than past projections by government agencies or 
by other
 

institutions. 
These estimates place the year 2000 population of Greater
 

Cairo at roughly 15 million.
 

3.3.1 	 Projection of Total Population
 

The most reasonable model for projecting variables such as popula­

tion is the Ltio Model, consisting of the following elements:
 

Notation
 

For each zone 
i (i - 1, 2, 3, ..., 120), define:
 

x, a the value of the variable x for zone I
 

Pi- proportion (%) of x 
from 	the nummation of x over all zones:
 

"-
 x 100, 
 this 	gives EP1 
" 160
 

t2 I
dates at which data are available (census dates 1960, 1966, and
 
t ] 1976)
 

r-	 annual rate of change In PI during the period (ty, t 2 ) 
-[P(2) 

il/n 

L.[1 	t1 )J -1, assuming a geometric change model 

r2 -	 annual rate of change in P during the period (t2 , t 3 ). 
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Procedure 

The following procedure was used in projecting the variable xi 

a) Calculate P[ for all zones to find the distribution of x among zones 

In tl, t 2 , and t3. 

Pt
 

Zone tI t 2 L3 

1 - - ­

2 - -­

120 - - -

EP 100 100 10(
 

b) Analyze the trend of PI in each zone from the above table resulting
 

in two cases:
 

1) PI either increased or decreased in both periods, (t,, t2)&(t2, t3).
 

2) P1 increased in (ti, t2 ) and decreased in (t2 , t3 ) or vice versa.
, 

c) In case (1), rIand r2 were calculnted and the numerically smaller 

was assumed to represent the annual rate of change :n P in 1977, In 

case (2), r 2 was calculated and half of Its value assumed to represent 

the rate of change in Pi in 1977.
 

d) The proportion P for years after 1976 would change on the assumption
 

that the annual rate of change in P will decline linearly reaching zero
 

sometime in the future. This time In the date at which pull and punh
 

factors relevant to the variable xI would balance. This time was deter­

mined according to economic projections on one hand and by professional
 

judgment on the other. In similar studies for estimating future popula­

tion in each state of the United States, this time was estimated as 50
 

years, which is generally accepted to be a reasonable assumption.
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e) After estimating PI for each zone I for the years after 1976, the total 

value of xi (xI) is projected from 1976 to 2000. For example, if x1 

represents the population, it is projected by the exponential formula: 

" HoertNt 

f) 
The projected total is allocated to zones In time years of prolection 

using the estimated values of proportions Pi" 

3.3.2 Male Lalbor Force Projections 

Bearing in mind the three groups of Greater Cairo traffic zones 

(A, H, and C) defined previously, the following assumptions were made: 

- For group A, It was assumed that the activity rate in each zone
 
would remain constant during the period (1976 - 2000) at its 1976
 
level.
 

- For group B, it was assumed that the activity rate in each zone 
would remain constant during the period (1976 - 1987) at its 19/6

level, and then increase gradually to reach the value 30% In the
 
year 2000.
 

w For group C, it was assumed that the activity rate in each zone
 
would increase gradually during the period 
1976 - 1990. During
the period 1990 - 2000, the increase in the rate would continue 
but with lower slope until the activity rate reaches 40% in the 
year 2000. 

Th data of 1960 were used with the data of 1976 to calculate the 

annual change in activity rates 
(A.R.) during the period 1960-76 as 

indicators of tie speed of Increase In ratesthe In groups A and B. 

Some of the available data given for 1976 were not reliable and were 

adjusted, such as: 

Zone Observed A.R. Adjustee A.R. 

10300 0.0879 25% 

11403 0.0525 23 
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3.3.3 	Households Projections
 

For the projection of households, the mean size of the household in
 

each group of zones was estimated taking into consideration trends found
 

These
in different studies which had been carried out in Egypt (15). 


estimates are:
 

Year 

Grou 1980 81 83 87 90 95 2000 

Of Z OOes 

A 4.80 4.80 4.80 4.60 4.40 4.20 4.00 

B 4.80 4.80 4.60 4.4G 4.20 4.00 3.80 

C 3.40 3.40 3.50 3.54 3.60 3.66 3.73 

Using the population estimated for these years by zones, the number
 

of households in each zone was estimated.
 

3.3.4 	Projection of the Number of Rooms
 

The ratio Pop/Room was calculated in 1960 and !976. The trend in
 

this ratio in the period 1980 - 2000 was estimated using the following
 

assumptions:
 

- In group A this ratio was assumed to decrease very slowly up to
 

2000 at the same rate of its annupl decrease in 1960-76.
 

- In group B it was assumed that the ratio would decrease in 1980­
2000 at an annual rate less than that of the perlos 1960-76.
 

- In group C the rate of decrease in the ratio was assumed to be
 

much less than that of 1960-76 (see Appendix III of reference (14).
 

3.3.5 Projections of Jobs Offered
 

The ratio Pop/Job was calculated for the year 1976 for all zones and
 

the frequency distribution of the ratio was as follows:
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Pop./JO 
 Number of zones
 

.0-1 
 3
 
2-5 
 22
 

6-10 
 32
 
11-20 
 41
 

21-40 
 15
 

>41 
 7
 

Total 
 120
 

The mode of this ratio is In the interval 11-20 meaning that most of
 

the zones have the ratio of population to Jobs of between II and 20.
 

In fact, most of these zones were in groups B and C. Zones of group A
 

had ratios of less than 11 
because these zones are saturated and employ­

ment had reached the level required to serve the However, zones
zone. 


with new buildings, like Nasr-City, have not yet reached the employment
 

required to serve it. 
In this last case, the current ratio Pop/Jo is
 

greater.
 

The ratio of Pop/Jq was estimated for the period 1980-2000 and jobs
 

were 
calculated using the projected population given In section 3.3.1.
 

3.3.6 Projections of Planning Parameters
 

Projections of planning parameters are given at the 120 traffic zone
 

level for years 1980, 1981, 1983, 1987, 1990, 1995, and 2000 in Appendix
 

IV of reference (14).
 

3.3.7 Consistency of Results
 

The following table gives the projections of the 5 variables under
 

consideration for Greater Cairo as a whole. 
 Some measures .fconsistency
 

are derived In the same table.
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Variables and Measures of Consistency (1980-2000)
 

2000
1980 1990 


(In Thousands)
 

POP 8,465 10,716 13,257
 

NLF 2,044 2,863 3,992
 

H 1,877 2,580 3,432
 

ROOM 4,818 6,495 7,858
 

JO 0,995 1,059 1,098
 

A F/POP (2) 24% 27% 30% 

Jo/ POP. (3) 12% 10% F% 

POP/ROOM 1.8 1.6 1.7
 

Household ?ize(pewsons) 4.5 4.2 3.9
 

Some important remarks about these data are as follows:
 

It is shown that the MLF/POP rate gradually increases from 24% In
 

1980 to 30% in 2000. This is due to the expected change in the
 

age structure of the populatian. Fertility is expected to decrease,
 

leading to a smaller proportion of children age 15 or under and
 

consequently, to a greater proportion of persons between 15 and 65,
 

the source of the labor force.
 

JO/POP rate will decrease from 12% in 1980 to 8% In 2000. This
 

means that the number of jobs offered will decrease frou 12 jobs 

for each 100 individuals In 198U to 8 jobs for each 100 individ­

uals in 2000. This is because in 2000 it is expected that a 

large proportion of new buildings will exist in many zones. In 

these zones, the number of workers in estabil~iments would not 

have reached the maximum level.
 

- POP/ROOM is decreasing because the rate of growth of rooms will
 

be faster than the rate of growth of the population.
 

3.4 Trip Generation Forecasts
 

Trip generation forecasts were produced at the zonal level for
 

public transport trips as well as car and taxi trips for the target years
 

1981, 1983, 1987, 1990, and 2000. Results are documented in reference
 

(16).
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4. Trip Distribution
 

Several methods have been used previously in calibrating trip
 

distribution models (17). It 
was initially decided to concentrate our
 

efforts on two types of model, 
 namely the BPR (Bureau of Public Roads)
 

gravity model (18, 19) and the growth factor model. 
 The former was to
 

be used for long-term forecasting and the latter for short-term and
 

rural forecasting. Later, however, the analysis focussed on 
the BPR
 

model due to resource limitations, although some progress was made in
 

preparing a computer program which performs growth factor methods. 
 It
 

is recommended that this effort should continue if any future work in
 

trip distribution is to take place. 
Thus, this section of the report
 

concentrates on only describing the calibration of gravity models of trip
 

distribution.
 

4.1 Calibration and Testing of 
the BPR Gravity Model of Trip Distribution
 

The BPR gravity model of trip distributJon was chosen for two main
 

reasons. 
 First, it is rvlatively easy to calibrate, and second, it has
 

been used successfully in several other transport studies (17. 
18, 19,
 

20, and 21).
 

The BPR gravity model of trip distribution is formulated as follows
 

(18):
 

T
ij 

-
ED Kj Fij 

where,
 

Tij - Trip interchanges between zones I and 

O- = Trip production from zone i
 

D - Trip attraction to zone j 
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Kij = 	Socio-economic adjustment factor applied to 
movements between zones i and 1 

F j .	 Travel friction factor between zones I and J. 

The calibration procedure for this model Is described In project 

report TDF 28/TD 5 (22). A special computer program which performs the 

calibration procedure was developed at Cairo University and the details 

of this program are given in references (22, 23, 24, and 25).
 

4.2 The Calibrated Modele
 

Six gravity models of trip distribution were calibrated according to
 

trip purpose and travel mode as follows:
 

a) Car Trips
 

Model 1 - Home based work (HBW)
 
Model 2 - Home based other (lBO)
 
Model 3 - Non-home based (JHB)
 

b) Taxi Trips 

Model 4 - Home based work (IIBW) 
Model 5 - Home based other (HBO) 
Model 6 - Non-home based (NHB). 

The calibrated travel friction function for each model took the
 

following form:
 

=, -t 
F j-ae 	o ij-tI
 

where: 

Fij = Travel friction factor between zones I and J 

t j = Travel time (min.) between zonec.; I and J 

a, , = Calibration constants
 

e = Exponential constant
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This form was not imposed a priori during calibration. Seven
 

different friction function forms were tried during the calibration of
 

each model (see references 22, 23, & 24) and the best function among them
 

chosen. Incidentally, it happened that the best function in all cases
 

was that described by the above equation. 
This result shows some
 

consistency in the reaction of Cairo travelers to travel time, regardless
 

of the trip purposes, both for car trips and taxi trips. 
 However, the
 

constants of the travel friction function (i.e. values of a, 0, y in tne
 

equation) varied among the six models as 
given latter.
 

The introduction of Kij factors did not improve the calibrated
 

models and hence no Kij values appear in the final fourmulations.
 

Furthermore, in some models, relatively big differences appeared between
 

survey and model values of River Nile crossings. Due to time limitations,
 

it 
was not possible to pursue investigation of these two issues, but it
 

is strongly recommended 
to do so in any future research about trip 

distribution in Greater Cairo. 

Nevertheless, all six models gave results very similar (at level of 

significance a ­ .001) to the survey trip length frequency distribution.
 

Furthermore, all the fitted friction functions were statistically signifi­

cant at .001 level. Full details of the calibrated model appear in
 

reference 
(26) and Table 11-29 gives the constants of the six calibrated
 

models.
 

Figs. 11-2 to 11-7 show survey and model trip length frequency
 

distributions for each of the six calibrated models.
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Table 11-29
 

Constants of the Gravity Model of Trip Distribution
 

Model 

No. 

Travel Trip* 

Mode Purpose 04. 

1 1 11BW 4.169333 .067119 .134718 

2 

3 

Car HBO 

J411B 
'f.75O5020 

4.368551 

.0.o7360 

.060060 

-.265157 

0.2391456 

4 HBW 9.7351P8 .156931 .522134 

5 r Taxi HBO 2.357711 .132692 .636944 

6 NHB 4.415479 .142161 .709309 

rHW - home based work trips MIB = non-hovie ha;cd trip 

HBO - home based other trips 
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5. Traffic Assignment
 

The impc..tance of the assignment model lies in Its results which
 

were used to evaluate projects from a technical and economic point of
 

view 	(27 & 28). Furthermore, different parking plicies in and around
 

the CBD can be tested using the assignment model to determine the effect
 

of each policy on the network configuration (29).
 

Different computer packages were used to assign present and future
 

O/D matricce to the Cairo network. Packages previously used In the
 

developed countries showed some deficiencies in handling the transporta­

tion 	problems in developing countries and so a special package "The
 

Cairo University Assignment Package" was developed.
 

5.1 	 The ICL Package
 

The assignment package developed by ICL (30) 
to be 	run on the 19U0
 

series computer was used with the relevant Cairo data. The main dif­

ference between this package and conventional assignment models rests
 

with 	the network coding and the simulation of traffic volume approaching
 

or leaving a zone. The network is divided into sections, each of which
 

is given a unique number which is used to describe how the sections are
 

Interconnected. Every section is represented by Its centrold, and hence
 

a section forrq part of a zone if Its centroid falls within that zone.
 

Furthermore, flows originating from and attracted to each section are
 

considered to emanate from these centroids, resulting In an everly
 

spread assignment.
 

The data required to run the package were collected, coded, punched,
 

revised, and stored on a magnetic tape. Details about the modifications
 

of the package to suit local conditior.s can be found in Reference (31).
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The package ran successfully for a limited time with the ictual data but
 

stopped with an execution error not identified because thc source code
 

was not available.
 

5.2 	The Urban Transportation Planning System (L:TPS) Package
 

The assignment model of the UTPS package was tried next. The
 

capacity restraint formula incorporated in this package adjusts the link
 

travel time according to the function:
 

T = T It + 0.15 (-)410 C 

where, 

T - estimated link time at volume V 

T - free flow link time0
 

V - link volume
 

C - practical capacity of the link.
 

The factors of 0.15 and 4, known more generally as a and E, are
 

constants calibrated for U.S. traffic characteristics. However, these
 

factors were calibrated to suit the local conditions In Cairo in a
 

separate study, (see section 1-5 In Chapter 1). and values of u and 8
 

for various area type/facility type combinations were determined.
 

The network was represented in terms of links and nodes. Zone
 

centroids were enumerated serially. la thiC case uf Cairo, enumeration
 

goes from 1 to 108. In order to avoid any confusion between this enu­

meration and the existing node enumeration on the link/node map. th­

same node enumeration was used by adding the figure of 1000 to each number.
 

Thus, a node enumerated "I" on the key map was coded as "1001" for the
 

program.
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The 	maximum allowable number of links approaching one node was 4. 

In case this condition did not hold, dummy nodes were added to the 

network and connected to the actual nodes by "zero" links. A full
 

description of the coding of Cairo street network can be found in
 

Reference (32).
 

Several runs of 
the 	UTPS package were carried out at M.I.T. 
Analy­

sis of these rins showed that the accuracy of the model was constrained
 

for two main reasons.
 

1) 	The program neglected the impact of public transport on the
 
netuork.
 

2) 	The program did not take into consideration the time spent at
 
the Intersections as a result of severe congestion ,a case wfuch
probably did not occur on 
the day of the travel time survey).
 

Details of the analysis ot 
these runs can be found in Rel. 
(J3).
 

5.3 Cairo University AssignmenL Package
 

As mentioned earlier, the impact of public transport on the network
 

should be carefully modeled, especially in a developing country where it
 

plays a central role. 
Tnis led the Cairo Universit) team to develop a
 

computer program initally based on work by Hassat. (34) 
to take this
 

factor into consideration. 
This was achieved by calculating for each
 

link an initial load that consisted of public transport and commercial
 

vehicles running along that link during the period under considerat. .
 

using the appropriate passenger car equivalent (P.C.E.) 
conversion factors.
 

This measure would have the effect of simulating the congested network
 

characterized by a high percentage of public transport and commercial
 

vehicles.
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In oraer to avoid confusion that mignt be caused by'giving the same 

node different coding numbers, a new enumeration system was developed. 

Zone centroids were given numbers from 1 to IU8, and the actual no!es 

given 	serial numbers starting from 109. Zone centroids were connected to
 

the actual network through centrold connectors. The maximum number of
 

links approaching any node was raised to five, wita duncnv nodes and zero
 

links catering for nodes with more than five links.
 

The data input to the program is described in detail in Reference
 

(35). The program consisted of:
 

1. A 	master segment that: 

o Reads the different data sections
 
" Prints out the data for visual inspection
 
o Calculates the impedance-of each link according to toe cap.,.city 

restraint formula.
 
o Calls subroutine "Minimum Route" 
o Outputs the results. 

2. 	Subroutine "Minimum Route"
 

This Is a st:adard routine that calculates and prints out the
 

shortest path between aLl O/D pails according to lIink impedance. It then 

assigns to this path the O/D vovume determined for tiiis step. Initially, 

the Moore algorithm (j6) was used to build ti,,e minimum trees. nowever, 

dynamic programming (37) was subsequently used to improve the model per­

formance. 'he necessary alterations to the main program to incorporate 

this subroutine were carried out and ire descrihed tin Rel. (38). 

The following turp:its can te prodticed hv tilt, model: 

1) All input p.iam',I, s nad network data 
ii) The impeda~ice t v,0 llik, i.e, I Ik travel titmte alter ,iint 

iteration of the ined pr oenIcapi ityent ra I Ioading 
111) The minimum route hctweell v'ati 0/i) pall- t1t,0r Iht It' .14 I "i |itti1n 

iv) The a signed volme on%tach litlk 
v) The mlimum impodnmc matr x hot ,oi otl Otl) pIinii 

vl) Importatt slttatiti%'it h t u'tol Itt |he l woi,'k poI ol iiwiWO 0t' 
rat ios ntla , 'qtegat vohlicIuto l dke' \v. l-ll/;1le , 

A mimplift %!flo kit iiv lt' I1 IIl 1li1, 4111hti'rOw 'l ' pl l,111% 1i1WOWht tIIt 
oIOn tho Ill hd orili tf plt'ogit'f ItI vinl tn'iIt ll h,,' l I hl. Illitilt l 
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5.4 Evaluation Procedure :
 

In order to evaluate the impact of the different network configu­

rations it 
was decided to calculate two measures : volume/capacity
 

ratio and the aggregate vehicular travel time (p.c.e.hr/hr). An eva­

luation program wcs developed to carry out the following steps:
 

i) Calculate the link capacity according to its area 
type, facility
 

type and number of lanes.
 

ii) Calculate the volume/cepacity ratio for real 
links only by divi­

ding the load on the link obtained after the last iteration by its
 

capacity obtained from step (i).
 

ili) ClasLify the volume/capacity ratlos Into 10 incremelnt and print
 

a frequency table.
 

iv) calculAto tle aggroglt O vs'ih it,t raI'ivlvI 11% i Il}t t l­

duct of th tra14vo lhuo ailolp 1114'1 I11he' af0 1411 llo 111ia 

I 11t,\ 't4llsu l' 

uk r , lI
 

sit p and Iho r tiepw 'ilvi' volim' o oi11I1t Iii ,
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6. Development of Computer Programs
 

6.1 Trip Distribution Program
 

Figure 11.8 shows a simplified flow chart of the different steps of
 

the trip di3tribution program; a brief description of the required sub­

programs is presented below. Full detaits of the trip distribution
 

program are given in references (22, 24, & 25).
 

Subprogram I - Sample O/D Matrix
 

This subprogram prepares sample 0/1) matrices for different trip
 

purposes in a non-directional form. It also calculates row and column
 

summations of ea,'h matrix, and determines necessary fa:tors for trans­

ferring non-dircctional matrices Into directional ones for use before 

assignment.
 

Subprogram 2 - Minimum Travel Time Matrix 

This subprogram prepares travel ttle matrices in the right formit. 

It altio provides thei ii.s1b1 v t, t erm ilulgII rll II ,d Illt r I' va,It I 1 'l- t sIt 

shoul d t I alp tr (Ir Iate ftlllt' it oill ex hit I 

.heI,Iilvv IV 1 Ii I i1t kllc I I l l l Il 

1lt, 10r1 i ll I l i l t,i Ii t I t it I I I vt lI I I I Itill I till%I I lilt ki ll Its ItItlill 

14 1 4 ,it 1111t 11Ii I 1 

If q 1 l 


Sllllll i l l i s*II llq l i1 II/I1 1 i f , llI. 1 l 1q1ll' ' 11 I lli1
 

111 1 1 lth1111 I P i l 1l1 l h )-ll k, 11 1, IM1 I i I ll 

1111111 lhl 111 111 11 f It 

116111,11 V 11 11 1111 1111 li kl il1/1lt1 f Iil I10111w c1 il 
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- _ (2) Minimum travel (1) Sample ODtime matrices 
 matrix
 

~It 

II 

~i 

L.... 

F -

.N. 

(6) Balancing attractions 

"Fn° (7) Check trip length 

ffrequency distributions 
t o.K. 

(8) Ckeck topographical 

crossing 

synthustad 0 matrix 

L T JNo.] (7) Chck rp legth 
frquecy dit rbut ions 

.K. 

_/_ ___ 

-

I 

. K, 

Dt ermiing 

IN--/ 
il 

L-

f11t hl tilllltI- i 1"t t! i IjIItl/ 

H11111- #'Ilitl I111 111 11iti, 
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Subprogram 5 - Obtaining Synthe.ized O/D Matrix
 

This subprogram produces a synthesized 0/1) matrix. using a given travel
 

friction function and setting zone to zone adjustment factors to unity.
 

Subprogram 6 - Balancing Attractions
 

This subprogram balances column summations (attractions) using an 

Iterative procedure. An acceptable level of accuracy Is specified in 

order to stop the procedure (i.e., £ T 1- y, where f is to be 

given by program 	user).
 

Subprogram 7 - Check Modeled Against Onserved Trip Length F:equency
 

Distributions
 

This subprogram compares the observed and estimated trip length
 
2
 

frequency distributions, using the X statistical test. Sample O/D 

matrix obtained by subprogram 1, as well as syntnesized O/ matrix obtained 

by subprogram 6, were inserted into subprogram 4, tuether with the mini­

mum travel time matrix. The resulting trip length frequency distribution 

(i.e., observed and estimated) are tire two diLstributions to be compared. 
2 

saLtist actory according to aIf the results of 	the X test were not 

prescribed level 	of significance (to be specifled by the user) the sub­

to proceed as fol lows. Fitrst, it caltctlates new travelprogram was then 

friciton factors, 	 then It calls sibprogrim I lin trder to fit the noew 

trivet fr .ttton futct Ion. 

8ahl~prgru 8 - Choek TitsiuLICa ' 

11111 suLbproi;li n cil'uc I ttl ll m vt'iua'ntm v'rosicg tnyiitiigripih lt4ili 

( itlclh riv,er)t,'i 0/I)it a ;IV 	l 4n1barrier hat may 	 ex t In Ih' atitliy ,il''{ 

g ou'tlllilg 14hll,
miatrix atnd the Idelt If laltln ,o1if Itit' (it I.onIiiIIIticha tit 

tlumlId 11, 4llli dIl llait I Il hi 1t11111p14 I1t/I)Lle barrier. Thli sidlpriigranll 
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matrix and then to the modeled matrix. It will then compore survey and
 

model crossings and detect any unacceptable ditferences according to a
 

prescribed value 0 (i.e., survey crossings - model crossings ± 0) speci­

fled by the user. If the difterences are not acceptanle, the subprogram
 

would so indicate to the user who could change travel impedances (e.g.,
 

time) on certain links of the network (e.g., bridges) if appropriate.
 

Subprogram 9 - Determining Kij Factors
 

This subprogram determines Kij factors. It then inserts these fac­

tors into the gravity model and produces a new adjusted synthesized O/D
 

matrix. Then, the subprogram calls subprogram / in order to check the
 

new adjusted trip length frequency distribution against the surveyed one.
 

If the results are not acceptable, it will give a message to the user in
 

order to adjust K j factors.
 

Subprogram 10 - Testing the Model
 

This subprogram performs the statistical tests described in reference
 

(22). If the outcome or tile test is not satisfactory, the subprogram will
 

give a message to the user who car. decide which step he should start for 

reiteration of the process, i.e. to go back to subprograms 8 or 9 for 

final adjsitmenta.
 

6.2_ Assignment Program 

Figure 11.9 shows a nimp i'itld flow chart of tiho asilgniuovt program 

itid a hr tof domeripi lo1 oat t reiplilred suhlroAram re ' rliiltld helowl 

ThIii ch tll, Vill lty of codld 111 twork 1111d the 

lu111.11 1l 11ctoordiligR t ilIII 0,o lti| ilW llhill rti1l . 

in uhlprirogrmi1 kkl theo 

http:lu111.11
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It produces a list of errors which is used by the user to edit and
 

correct the network or the initial load.
 

Subprogram 2 - Network Description
 

This subprogram produces a printout of the network configuration in
 

a readable form for visual inspection.
 

Subprogram 3 - Building of Minimum Trees
 

This subprogram is used to build minimum trees, i.e. the shortest
 

path between each O/D pair of the coded network. The shortest path cal­

culation is based on:
 

a. Initial travel time of links, assuming we are going to build 
minimum trees under free flow conditions, or alternatively, 

b. Impedance calculations. 
discussed in Chapter I. 

The impedance calculation formula Is 

Subprogram 4 - Assignment 

This subprogram assigns the trips moving between each O/D pair to the 

links of the shortest phth between that pair. 

A loaded network is the final output of this subprogram. 

Subprogram 5 - Evaluation
 

This subprogram produces the final evaluation reports of the assign­

ment program, they are as follows:
 

a. Minimum travel time matrix
 
b. List of minimum routes
 
c. Final load on each link 
d. Final travel time on each link 
e. Final volume/capacity on each link 
f. The aggregate vehicle travel time of the network measured
 

vehicle hr/hr. 
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7. Recommendations for Further Work
 

In view of the limitations of the data sets mentioned before, and
 

bearing in mind the different activities of travel demand forecasting
 

carried out in the project, some recommendations for further work are
 

summarized in this section:
 

7.1 Trip Generation Analysis
 

Perhaps the most important recommendation in this area is to perform
 

trip generation analysis at the disaggregate level (household or individ­

ual). This sort of behavioral modelling may shed more light on the trip
 

making of Cairo residents. It should be noted, however, that there is no
 

guarantee that this type of disaggrejate analysis will produce "better"
 

models than those obtained at the aggregate level during this project.
 

Nevertheless, this analysis will make it possible to compare the accuracy
 

and validity of each type of analysis in Greater Cairo. For instance,
 

such disaggregate analysis enables the study of the variation in trips
 

and socio-economic paramcters that occur between and within traffic zones.
 

Accordingly, validity of aggregate trip generation models will be inves­

tigated in more detail. Furthermore, the disaggregate analysis should
 

consider a wide range of trips by purpose, such as work, educatlon,
 

shopping, recreation, social, and other trips. Effort can also be directed
 

towards establishing more logical and accurate planning parameters that
 

can be more easily predicted. In addition, the influence of accessibility
 

on trip generation should be investigated, especially for public transport
 

trips, given the zonal regresnion results obtained in this study.
 

Incorporation of accessibility and/or variables that reflect the supply
 

side may add to the explanatory power of the equations.
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7.2 	 Modal Split Analysis
 

Although modal split analysis was not included in the travel demand
 

forecasting activities of the project, it is important to undertake such
 

an anlaysis in the future. This type of analysis should be undertaken 

at the disaggregate level, incorporating a wide range of mode choice 

variables , and should initially focus on submodal split analysis (i.e., 

mude choice within public transportation modes). 

7.3 	Trip Distribution
 

a broad program of trip distribution
As mentioned in reference (39) 


analysis was initiated. However, ultimately only the BPR gravity model
 

(19 & 26) was applied due to time and other constrair,ts. These limita­

tions led also to shortening the analysis of the calibration of the BPR
 

model. Therefore, the following isliues warrant further investigation:
 

1. 	Extension of the analysis of the six gravity models calibrated and
 

presented in this report to cover:
 

a. 	A discussion and comments on the calibrated travel friction
 

functions
 

b. 	Wider investigation of the effect of Introducing soclo-economic
 

adjustment factors into the models
 

c. 	Adjustment of travel friction assigned to the bridges in order
 

to close the gap between the survey and model results for River
 

Nile crossings that appeared in the calibrated models
 

d. 	Undertake the procedure of testing the six calibrated models as
 

illustrated in subprogram 10 of report TDF28/TD5 (22).
 

2. 	Enhancement of the developed computer program so as to be easily
 
operated by any user.
 

3. 	Calibration of different trip distribution models such as entropy
 

maximizing models, opportuniLy mcdels and so on. This would allow
 

comparison between different models and deciding more confidently
 

which of them is moot suitable for 	local conditions.
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4. 	Using generalized cost instead of travel time in gra ity model
 

calibrations. This, of course, requires another analysis in order
 
to establish a generalized cost function for Greater Cairo.
 

5. 	Studying the nature and form of travel friction function suitable for
 

gravity model calibration in different size urban areas. This study
 
will pave the way for trip distribution modeling to be used in
 
different urban areas in Egypt.
 

6. 	Finalizing the computer program developed for growth factor methods.
 
This program has already been written and tried on a test run.
 

However, time limitations did not allow its finalization or use. Such
 
a program would be useful in short term forecasts and in rural area
 
studies.
 

7.4 Assignment Program
 

a) 	Enhance the program to be more efficient
 

b) 	Develop an assignment program to include the effect of public
 
transport passengers
 

c) 	Develop a more comprehensive evaluation ptocedure. In such
 
development, the economic impact of the different network con­
figurations is mainly reflected in the overall travel time
 
savings for both private and public road usere. The assignment
 
model could calculate these savings according to the following
 
functions:
 

a) 	Private Transport Users
 

3 m 24
 
T1 n Z 	AO • h"fh"
 

A Im * I xe ' j th' 

C-1 CZ=l h=l
 

where,
 

TJ . total travel time for private road users for year i if
 
project set j is implemented
 

n = number of working days in a year (assumed to be 300 days)
 

AO 	= auto occupancy which could be classified by area type into 
c 3 classes. Links within a certain area type could be 

given the auto occupancy value of this class. Values of
 
AO could be obtained by dividing the total number of
 
passengers by the total number of P.C.E.'s.
 

m = total number of links in the network 
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xeh = 	 final load on link t in P.C.E.'s/hr after the last 
increment is assigned during the peak hour 

feh ' ratio of the volume for the hth hour to the peak hourly
 
volume. The use of such a factor will overcome the need
 

to run the assignment model for the non-peak hours.
 

tth - travel time along link e during hour h. The value of th 
for the peak hour is output from the assignment model. 
Howevcr, for the off-peak hours this value could be 
extracted from the appropriate volume/delay curves 
(T = T (1 + a(x E h /C)) 

b) Public Transit Users
 

,j ' 24 p
 
Ti 
 n Z E E ak "F kh 'kh th
 

£=l h=l k=l
 

where,
 

Tj- total tine for public transport users for ye.r i if
 
project set j has been implemented
 

aLk -	binary parameter for each link = 1 if linu (k) uses link
 
(t) and zero otherwise
 

Fkh = 	 bus frequency f. line (k) during hour (h). CTA generally 
uses two frequencies one for the peak and one for the 
off peak periods 

Ckh - average vehicle occupancy on line (k) during hour (h). 
It is proposed to use 120 and 80 passenger/hr during peak 
and off peak hours resoectively. 

tth = same as mentioned above, and could be increased by an 
average of Z minutes dwell time at each stop alhng the 
link. 

In order to transform the savings in travel time and operating costs
 

into monetray terms, values suggested by Jameson Mackay & Parkers (40)
 

could be used for public and private road users independently.
 

7.5 Development of TDF Computer Package
 

As mentioned above, different computer programs were developed in
 

the project for the calibration and testing of various models of travel
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demand forecasting. It is recommended to integrate these programs into
 

one package which could be used by transport planners in Cairo. The
 

existing package makes a good starting point for developing another one
 

which would be suitable not only for Cairo but also for other metropolitan
 

areas in developing countries. Such a package is considered a necessary
 

tool which can bring together in a usable format all modelling and program-,
 

ming efforts of the project team during the last four years. Figure II.10
 

shows a proposed simplified flow chart of components of such a package
 

and reference (41) gives more detail and discussion about the proposed
 

package and its importance.
 

7.6 Related Research Topics
 

Other research topics that are worth considering in the future include
 

the following:
 

a. 	Formulation of generalized cost function that is suitable for
 
local conditions in Greater Cairo
 

b. 	Investigating the validity and usefulness of calibrating combined
 
models such as generation/distribution, distribution/modal split
 
and generation/distribution/modal split models.
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8. List of Project Papers and Reports in Travel Demand Forecasting
 

Serial 

No. 

TtlIe Author(s) Date Area 

Code 

Library 

Code 

1 The ICL Traffic Assignment 

Package Progress Report 

T. El-Reedy 1978 - 21/3 

2 Urban Traffic Patterns and 

Trip Generation Rates in 

Cairo 

M. El-Hawary 

M.S. El-Hawary 

Oct. TDFl/TCl 

1978 

21/8 

3 Trip Generation Rates M. El-Hawary 

M. S. El-Hawary 

Oct. TDF2/TC2 

1978 

21/9 

4 Functional Evaluation D. Keller Nov. 

1978 

- 21/6 

5 Travel Demand Forecas-

ting, Options 

D. Keller Nov. 

1978 

- 21/10 

6 Notes on the Preparation 

of Data for Analysis of 

Trip Generation Rates 

D. Keller Dec. 

1978 

TDF3 

7 The Trip Generation Model 

Review of Analysis Techni-

ques 

A.S. Huzayyin Dec. TDF4/TGI 

1978 

21/1 

8 Coding of the Street Net-

work in Cairo to apply 

"U road" Assignment Model 

M. Hassan 1978 - 21/7 

9 UTPS 

Vol. 0 - UTPS Introduction 

- UTPS Reference 

Manual 

- UTPS Users Guide 

Vol. I - U Logit Users 

Guide 

F. Bouthelier Dec. 

1978 

- 21/47 
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Serial 

No. 
Title Author(s) Date Area 
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Library 

Code 

- Demand Model Se­

lection Manual 

- General Purpose 

Subroutines and 

Vol. 2 

Utility Programs 

- Characteristics 

of Urban 

Vol. 3 

Transportation 

Systems 

- Network Develop­

ment Manual. 

- Software Systems 

Development' 

Manual 

10 Estimation of hourly tra-

ffic volume in the mis-

sing 6 hours of 1977 

Cairo Traffic Survey 

A.S. Huzayyin Jan. TDF5/TC3 

1979 

21/96 

11 The effect of changing 

shop opening hours in 

Cairo on traffic patterns 

in the city centre 

H. El-Hawary 

A.S. Huzayyin 

Feb. TDF6/TC4 

1979 

60/2 

12 Travel Demand in Cairo 

Projections with the 

atrix-Factor-Method 

D.,.eller Feb. 

1979 

- 21/73 

13 k Review of Trip Distribu- M.K. hnin 

:ion 

Feb. TDF7/TDl 

1979 

21/94 

14 Some Observations on the 

Private Vehicular Trip 

Rates in Cairo 

D. Keller Feb. TDFIO.l/ 

1979 TC5.l 

21/72 
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No. 

Title Author(s) Date Area 
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Library 

Code 

15 Trip Generation Model for 

Cairo, Analysis Programme 

A.S. Huzayyin Mar. TDF8/TG2 

1979 

21/95 

16 Progress Report on Travel 

Demand Forecasting 

A.S. Huzayyin Apr. TDF9 

1979 

21/91 

17 Commerts on the analysis 

of trip rates 

T.M. El-Hakim Apr. TDFlO.2/ 

1979 TC5.2 

21/92 

18 Frequency distribution of 

some socio-economic varia-

bles of the 66 traffic 

zones of the enlarged 

C.B.D. area 

T.M. El-Hakim Apr. TDFIl/ 

1979 TG3 

21/116 

19 Trip distribution model 

for Cairo, analysis pro-

gram 

M.K. Amin Apr. TDFl2/ 

1979 TD2 

21/93 

20 Comments on the paper of 

D. Keller concerning pro-

jection of travel demand 

using the uniform growth 

factor method 

M.K. Amin Apr. TDF13/ 

1979 TD3 

21/98 

21 Occupancy Rates of Pri-

vate Cars and Taxis in 

Greater Cairo 

S. E1-Hawary Apr. TDF14 

1979 

21/97 

22 I) Trip Information re-

quired for trip genera-

tion and trip distribu­

tion models (private 

transport) 

A.S. Huzayyin 

T.M. El-Hakim 

May 

1979 

TDFI5.1 21/320 

23 II) Details of computa-

tion steps necessary for 

T.M. El-Hakim May 

1979 

TDF15.2 21/321 



li-4 

Serial 
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Library 
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determining the required 

trip information descibed 

in TDFl5.1 

24 Trip information required 

for the analysis cf travel 

A.S. Huzayyin July TDFl6.1 

1979 

21/142 

demand forecasting 

25 Computational guidlines 

for determining the requi-

red trip information for 

the ana]ysis of travel de­

mand forecasting 

T.M. El-Hakim July TDFl6.2 

1979 

21/176 

26 Documentation of Greater 

Cairo Zonal soslo-econo-

mic and land use charac-

T.M. El-Hakim July TDFl7/ 

1979 TG4 

21/177 

teristics 

27 Preliminary investigation 

of the cross classifica-

tion tabulation of zonal 

A.S. Huzayyin 

T.M. El-Hakim 

July TDF18 

1979 

21/178 

trip generation rates 

28 Preliminary investigation 

into the nature of travel 

friction factors in Grea-

A.S. Huzayyin July TDF19/ 

1979 TD4 

21/143 

ter Cairo 

29 Present and proposed future A.S. Huzayyin 

activities on travel de-

mand forecasting 

Aug. TDF20 

1979 

21/144 

30 Comments on "Documenta-

tIon of Greater Cairo 

zonal socio-economic & 

land use variables (Re­

port TDFI8/TG6) 

A.M. Hardman Sept. 

1979 

- 21/152 
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No. 

;itle Author(s) Date Area 
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Library 

gode 

31 Latent demand for public 

transit service in Cairo 

H. Mahmassani Nov. 

1979 

- 21/198 

32 Usage of UTPS Package for 

Modelling the Assignment 

of Vehicular Traffic to 

M. Hassan Nov. 

1979 

- 21/197 

the Road Network in Cairo, 

Background & Status of Pre-

Present Work 

33 Operating UTPS in Egypt M.H. El-Sherif 1979 - 21/356 

34 Summary of methodology 

used in regression and 

cross classification ana­

lysis of public transport 

trip generation modelling 

T.M. E1-Hakim Apr. TDF21/ 

1980 TG6 

21/253 

35 The effect of error~in 

public transport enlarge-

ment factors on trip pro­

ductions and attractions 

used in trip generation 

analysis 

T.M. EI-Hakim Apr. TDF22/ 

1980 TG7 

21/313 

36 Vol. I - Traffic Assign-

ment model 

T. El-Reedy 

T. Hashem 

Apr. 

1980 

21/255 

Vol. 2 - Appendix A : 

Test Run(Computer 

Print) 

Vol. 2 - Appendix B 

The effect of 

changing the ini­

tial loading of 

the network on 

the derived min. 

route 
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Serial 
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Title Author(s) Date Area 
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Library 
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Vol. 4 - Appendix C 

The effect of chan­

ging the interzonal 

volumes. 

37 Transit User Survey (1978) 

Data 

A. Hardman June 

1980 

- 21/284 

38 Vol. I - Shortest path Al- H. Mahmassani 

gorithms for As-

signment Model. 

Vol. 2 - Computation Ana- R. Dial 

lysis of Alterna- F. Glover 

tive Algorithms & D. Karney 

Labeling techni- D. Klingman 

ques for finding 

shortest path 

tress 

July 

1980 

- 21/277 

39 Comments on the remarks 

about public transport 

trip rates mentioned in 

A. Hardman's report titled 

"Characteristics of Cairo 

T.M. El-Hakim July TDF23/ 

1980 TG8 

21/268 

Transit Users", June 1980 

40 Cairo Land Use and Popula-

tion Characteristics by 

A. Hardman July 

1980 

- 21/282 

zones 

41 The Cairo University As-

signment Model 

T. El-Reedy 

T.M. Hashem 

July 

1980 

- 21/280 

42 Assessment of network De-

pendent economic impacts 

H. Mahmassani Sept. 

1980 

- 21/331 
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Library 
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43 Characteristics of Greater 

Cairo traffic zones sosio-

economic variables 

T.M. El-Hakim Nov. TDF24/ 

1980 TG9 

21/334 

44 Public transport trip gene- T.M. El-Hakim 

ration characteristics of 

Greater Cairo traffic zones 

Nov. TDF25/ 

1980 TG1O 

21/348 

45 Public transport trip ge-

neration regression models 

for Greater Cario 

T.M. El-Hakim Nov. TDF26/ 

1980 TGlI. 

21/360 

46 Travel demand forecasting 

package for developing 

countries (TDFPDC) 

A.S. Huzayyin Nov. TDF27 

1980 

21/303 

47 Computer Program for cali-

bration of trip distribu-

tion gravity model 

A.S. Huzayyin Nov. TDF28/ 

1980 TD5 

21/304 

48 Preliminary report on the 

analysis of the impact of 

changing shop opening 

hours in Greater Cairo on 

traffic characteristics 

and travel demand forecas­

ting in the Capital 

M. EI-Hawary 

A.S. Huzayyin 

Nov. TDF29/ 

1980 TG6 

21/305 

49 Proposal of the methodo-

logy for projecting zonal 

planning variables in Grea­

ter Cairo (1976 - 2000). 

S, Zaghloul 

N. Gheita 

Nov. TDF30/ 

1980 TG12 

21/306 

50 Progress Report on 

signment Package 

the As- T. El-Reedy 

T. Hashem 

Nov. 

1980 

- 21/298 
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No. 

Title Author(s) Date Area 

Code 

Library 

Code 

51 Assessment of non-network 

economic impacts 

A. Hardman Dec. 

1980 

- 21/332 

52 Multicrireria Evaluation 

in the Revised Programming 

Procedure 

11.Mahmassani Dec. 

1980 

- 21/324 

53 Operationalisation of the 

network economic impacts 

T. El-Reedy 1980 - 21/358 

54 Testing of gravity model, 

calibracion procedure and 

computer program 

M.M. Shouman 

A.S. Baiumy 

Mar. TDF3I/ 

1981 TD6 

21/364 

55 Computational procedure 

of gravity model calibra-

tion 

A.S. IuzayyIn 

A.S. Baiumy 

M.M. Shouman 

Apr. TDF32/ 

1980 TD7 

21/365 

56 Public transport trip 

generation cross-classi-

fication maodel for Grea­

ter Cairo 

T.M. El-Ilakim May TDF33/ 

1981 TGI3 

21/366 

57 Private transport trip 

generation characteris-

tics of Greater Cairo 

traffic zones 

T.M. EI-Hakim June TDF34/ 

1981 TG14 

21/367 

58 Private transport trip 

generation regression 

model for Greater Cairo 

T.M. El-llakini July TDF35/ 

1981 Tfl15 

21/368 
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Code 

Library 

Code 

59 Projection of zonal plan-

ning pararaeters in Greater 

Cairo (1980-2000). 

S. Zaghloul 

N. Gheita 

July TDF36/ 

TGI6 

21/369 

60 Comparison between trip 

genration regression and 

cross classification mo­

dels for prediction of 

public transport trips in 

Greater Cairo 

T.M. El-Hakim July TDF37/ 

TG17 

21/370 

61 Future zonal trip genra-

tion in Greater Cairo 

T.M. El-Hakim Aug. 

1981 

TDF38/ 

TG18 

21/371 

62 System specifications of 

gravity maodel calibra-

tion program 

T. Hashem 

A. Rashad 

Aug. 

1981 

TDF39/ 

TD8 

21/372 

63 Gravity model of trip dis-

tribution for Greater 

Cairo 

A.S. Huzayyin Aug. 

1981 

TDF40/ 

TD9 

21/373 
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CHAPTFR III
 

PRIVATE CAR OWNERSHIP
 

1. Introduction
 

Car ownership forecasting is of foremost significance in the formula­

tion of future transportation policies. At the national level, the number
 

of private cars in Egypt is increasing at a rate greater than the rate of
 

increase of population (see Table III.). Using the time series of the
 

motorization index (MI), A. Gazarin (1) has derived three trend pro­

jections of demand up to 1985 (see Fig. 111.1). Table 111.2 shows the
 

most likely of these estimates (Estimate 2). The Netherland Engineering
 

Consultants (NEDECO), working in Egypt have developed a regression model
 

relating passenger car ownership in Egypt to the gross lomestic product
 

(GDP) per capita in constant prices of 1977 L.E. (2). This model (with
 

2
 
R . 0.7) has the form:
 

MI - -8.2 + 0.088 (GDP per capita in constant 1977 L.E.).
 

The increasing auto-ownership in Greater Cairo (Table 111.3) contributes
 

significantly to the problems of congestion, accidents, air, and noise
 

pollution.
 

This section of the report describes models for estimating the future
 

increase in private car ownership in Egypt and in each traffic zone in
 

Greater Cairo. After reviewing previous efforts in this field and also
 

the available data (3), a zonal regression analysis technique was used to
 

develop two models:
 

a. The Egypt Model
 

This is a regression model at the national level developed from data
 

collected in different time periods. It gives the 'elationship between
 

MI: number of autos per 1000 population
 



L I-2
 

Units 
'(thousands)9" 

1 

80 1
I 

70 / !2' 

60 

50 

1 
jI 3 

40 

30 30 

I 
/1 / 

I I , 

/6// 
, 
3 

/ 

lo 

10 

61 65 a 70 75 80 85 Year 

Fig. (II.1) 

Automobile Demand Forecasts Up to 1985 



, 
Population

Year


Year (thousands) 


1964 28659 


1965 29389 


1966 30139 


1967 30835 


1968 31547 


1969 32276 


1970 33022 


1971 33785 


1972 34565 


1973 35363 


1974 36130 


1975 37016 


1976 37870 


1977 38745 


1978 41000 


* Source : CAPMAS 

** Source ; Traffic Agency 
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Tajble III.1
 

Car Ownership in Egypt
 

** 
Private Cars 


77721 


82034 


89042 


89964 


96548 


101973 


108130 


115908 


123259 


128868 


138334 


153734 


175523 


207684 


245293 


Private Cars per
 

10,000 Capita
 

27.12
 

27.91
 

29.54
 

29.18
 

30.50
 

31.59
 

32.74
 

34.31
 

35.61
 

36.44
 

38.26
 

41.53
 

46.35
 

53.60
 

59.83
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Table (111.2)
 

An Estimation of Motorization Index (up to 1985)
 

Private Car 
Year Demand 

(000) 

1972 8.6 

1973 12.0 

1974 15.0 

1975 19.0 

1976 23.0 

1977 27.0 

1978 32.0 

1979 36.0 

1980 40.0 

1981 45.0 

1982 50.0 

1983 55.0 

1984 62.0 

1985 67.0 

Private Car 

Total
 

(000) 


141.5 


151.0 


164.0 


180.0 


200.0 


224.0 


252.0 


285.0 


321.0 


382.0 


406.0 


458.0 


515.0 


576.0 


Table (III.3)
 

Car Onership in Greater Cairo
 

Year 	 Population 

(estimated) 


1966 6113032 


1967 6282577 


1968 6452122 


1969 6621667 


1970 6791212 


1971 6960756 


1972 7140301 


1973 7299846 


1974 7469391 


1975 7638936 


1976 8000133 


Source : Traffic Agency
 

Private cars 


60671 


63994 


69170 


73367 


75484 


78549 


81285 


83807 


88229 


95558 


110730 


Motorization Index
 

(Cars / 1000 pop.)
 

3.9
 

4.1
 

4.4
 

4.8
 

5.2
 

5.7
 

6.3
 

7.0
 

7.7
 

8.4
 

9.3
 

10.2
 

11.2
 

12.3
 

Private Cars per
 
10,000 Capita
 

99.25
 

101.86
 

107.21
 

111.40
 

111.15
 

112.85
 

113.84
 

114.81
 

118.12
 

125.09
 

138.41
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the number of private cars per thousand inhabitants in Egypt and tile 

main variables affecting auto ownership. 

b. The Cairo Zonal Model
 

For each of tile 66 traffic zones of the study area in Greater Cairo 

(4) defined in Part I of this report, private car ownership data and 

socio-economic parameters were collected and processed and a cross­

sectional zonal regression model was developed. Tile traffic data were 

obtained from the traffic survey discussed in Part I, section ].1, and 

also from the Central Traffic Agency. The socio-economic data were
 

collected from the Central Agency for Public Mobilization and Statistics
 

(CAMPAS). The data required to estimate car prices were collected from
 

EI-Nasr Car Company (NASCO).
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2. 	The Egypt Model
 

2.1 	Model Form
 

The dependent variable (Y) is the number of private 
cars per 10,000 

capita, while the independent variables were chosen as follows: 

XI = Average annual per capita income (in constant 1.970 L.E.) 

X2 = Average car price (in constant 1970 L.E. i 100) 

X3 = Annual Transport investment per capita (in constant 1970 L.E. X 10) 

X4 Number of workers leaving Egypt annually t total population = 


(X 10,000)
 

The 	model 
to be estimated is a time series linear regression model
 

in the form:
 

Y = 	b + E biX .
o 	 ii
 
I
 

The computer program used for estimation is based on the abbreviated
 

"Doolittle Method" (3).
 

A sequence of four models was estimated with the results of each
 

model summarized below.
 

2.2 	 The First Model
 

For the period 1969-1977, the following model was developed with
 

XI, X2, X3, and X4 as independent variables:
 

Y = -5.45 + 0,23X 1 + 0.9OX29 + .0IX3 + .07X4"
 

The bivariate correlation coefficients are as follows:
 

A lag of one year is introduced 
to take into account the completion
 
time of projects.
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Variable X2 
 3X X
 

X2 0.2519 

Xi 0.8986 -0.1316 

X0 0.8978 0.69824 0.5341 


Y 0.9531 0.4414 0.7987 0.9507
 

The multiple correlation coefficient = 0.98 

The residual SS = 14.07
 

Standard Error of Estimate = SEE = 3.5
 

0.09, o = 0.14.
 

For tsting the significance of each variable, the F-test Is used with the
 

critical value F 0.9 (1,4)* = 4.54.
 

Hypothesis b0 0 bb = 0 b4 =0 

F 3878.253 j105.3997 5.0223 0.7702 0.8414
 

From the F-test, it seems that X3 and X4 are insignificant, so they 

were excluded in the second model. 

0.9 = 1 - a; a is the level of significance = 0.1 
(1.4) are the degres of freedom (vi, v2 ) fur t4he F-tcst. 
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2.3 	 The FCecond Model
 

For the period 1967-]977 (excluding 1968 which is a special case)
 

and 	 with X1 , X2 as independent variables, the model takes the form: 

Y = -20.21 + 0.61XI + 0.46X,; 

with the following correlation matrix: 

Variable 	 X 
 T 2
 

X2 	 0.1298 

Y 	 0.9499 0.2379 

RMULT 	 = 0.95696 

RSS = 41.6012 

SEE = 5.9430 

SEES 
 = 0.15655
 

b 
o 	 = 0.53238 

F 0.9 (1,7) = 3.59
 

Hypothesis b0 0 b 	 - 0
 

F 	 2424.752 74 995 1.112 

2 
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In this model, X2 is insignificant. So the third model has X
 

as the only independent variable.
 

2.4 	 The Third Model 

Y = - 15.05 + 0.6187X1 

RMULT = 0.94994
 

RSS 	= 48.2076
 

SEE 	= 6.0260
 

SEE 	 _ 0.15874
 

b
 

S= -0.39645
 

FO.9 	 (1,8) - 3.4& 

Hypothesis 	 bo - 0 b. 0 

F 	 .2391.385 73.963
 

2.5 	The Fourth Model
 

In this model (X2/X ) was taken ai the independent variable for the 

period 1965-78 excluding 1968. It has tile form: 

Y = 	64.34 - 1.64 (-). 

RMULT - 0.54165
 

RSS 	 = 888.6799
 

SEE 	 = 74.0567 

SEE 	 = 1.97857 

Y 



b 
1. 71897 

F 0.9 (1.12) = 3.18 

Hypothesis 
 ) = 0 b,= 0 

F 15 98. 003 502.932 

In this model, either current prices or fixed prices may be used,
 
since the Independent variable is and
a ratio, is not affected by infla­
tion. But its disadvantage is the small IIULT relative to the other 

models.
 

2.6 Forecasts cf Auto Ownership in Eypt 

Each of the preceedingmodels could he used to predict auto ownership, 
but with different level. of reliability. The third model appears to he 
the best among the ones tested and is also the simplest one as It has 

only one independent variable to he predicted. 

In order to estimate future private car ownership on the national 
level using thirdthe model, the per capita income must be forecasted for 
the analysis period. In doing this, it was noticed that the rote of 
increase of capitaper income was very low and nearly constant before tie 
year 1973, while rapid growth occurred al'ter 1973 (seethe war Vig. Iii.2). 
If the per capita income continues to incmreasc at this high rate, it wil. 
lead to a very high level of car ownership (Est. 1). On tile other hand, 

if the rate of increase is as before 1973, will a lowerit lead to 
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estimate of car ownership (Est. 2). A third estimate which is the
 

average of these low and high estimates is considered to be the most
 

reasonable, taking into account the probability of changing economic
 

conditions over long periods (Est. 3). The estimated private car owner­

ship according te these income trends are shown in Table 111.4.
 

To check the estimates given In Table 1II.4, the cross-section UN
 

countries' regression model (5) Ls used. This model has the form:
 

Total. number of private cars = cx(GNP • 106) ;
 

GNP = Gross National Product in U.S. dollars 

Using 1970 as the base year:
 

a = 0.1189, = 0.1958
 

The population given in Table 
111.5 is lased oi a rate of increase
 

of 2% per year (see Bulletin of Statistics UN Estimation). If we assume
 

US $ - 0.7 L.E., then the estimated car ownership figures will be as 

shown in Table 111.5
 

The results of Table 111.5 are obtained by using the estimates of
 

income of Table 111.4. However, the UN model gives decreasing values of
 

auto ownership per capita over time, which is an unreasonable result. 

The estimates for the far future (the year 2000), however, do not vary
 

too much from those shown in Table 111.4. It should also be noted that
 

the relationship between the purchasing power L.E. and the dollarof US 

may vary with time; so a more detailed economic study Is required to use
 

the UN model with confidence.
 



Table (111.4)
 

Forecasts of Auto-ownership
 

Pr.r Capita Income (1970 L.E.) Private Car Ownership (Cars/10,O00 Capita)
 

Year
 
t
is Est. 2nd Est. 3 rd Est Ist Est. 2 nd Est. 3 rd Est.
 

69.3 53.2 61.3
1985 i36 110 123 


67.7
113 133.5 80.4 55.0
1990 154 


119 152.5 100.3 58.7 79.5
2000 186 


Table (111.5) Estimates of Population and Auto-ownership
 

Total Number of Cars (1000 Cars) 
 Private Car Ownership (Cars/10,000 Capita)
 

Year Population
 
s t 1s t 
(millions) 1 Est 2nd Est. 3 rd Est. Est. 2nd Est. 3 rd Est.
 

102.3 86.4 94.4

1985 45.850 469 396 433 


102.3 79.9 91.3
1990 50.622 518 404 462 


97.5 68.3 83.3
2000 61.708 601 421 51. 
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3. The Cairo Zonal Model
 

3.1 	 Model Form
 

The following eight zonal variables were identified as likely to
 

affect private car ownership: 

X1 . average per capita income (L.E./year) 

X2 - average percent of per capita income spent on 
transportation and communication 

X3 = number of people per room 

X4 = % of population employed (6 years and older) 

X5 = % of population educated (10 years and older who can read 
and write)
 

X - % of population who are highly educated (10 years and older)
6
 

X7 - % of population of age 12-65 years
 

X8 . No. of garages per 1,000 capita.
 

The estimate of the number of private cars owned in each traffic
 

zone was based on the survey carried out in April 1971 (see Part I,
 

section 1.1). Through this survey, we obtained the number of vehicles
 

parked at night in each traffic zone. Using the following notation:
 

y, - private cars parked by oight in zone (i) (in the sample), 

Y, . estimated private cars owned in the zone (1). 

Then, Yi can be estimated as: 

Y, y xTotal private cars registered inGreater Cairo (1976)-i 

= 'Total 	 sample size 

110730
 
i i 49100 2
 

This formula seems to give a good estimate for private car ownership
 

since nearly every car owner parks his car close to his home.
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So for each traffic zone tile dependent variable in cars per thousand
 

is:
 

Y1
 
X 1000 

Population of traffic zone (i)
 

Tables of the independent and dependent variables for each traffic
 

zone are given in reference (3).
 

As for the Egypt model, the model is a cross-sectional linear
 

regression midel of the form:
 

y = bo + 	 E b i X 
i 

The same 	computer program used in the Egypt model is also applied here.
 

3.2 The 	First Model
 

For the 66 zones and the 8 independent variables, the regression
 

coefficients are:
 

85.2671; 	 - 0.2249b0 	 b 1 


11.2837 	 = - 42.9134b2 	 b 3 


b - 0.9780 	 = - 0.8869b5 


b 6 8.3237 	 = 0.4365b7 

b8 - - 0.9390, the correlation matrix has the for,, 
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X,-

x 

0.6486 -

X. 

--­

x 

X3 x4 

x 

5 6 

.7 

7 

A 

x3 -0.6557 -0.6184 

X4 0.2394 032 045 

X5 -0.2803 -0,2229 0,2647 0,1429 

X6 0.7999 0.6775 -0-7815 0.4102 -0.2388 

0.3216 0.3243 -0.3582 0.3705 -0.1414 0J280 

X8 0.6750 0.6551 -0.6767 0,2891 -0.2890 0.9223 0.2235 

y 0.5173 0.5828 -0.6038 0,2859 -0.2050 0.6469 0.2636 0.5999 

The multiple correlation coefficient: 

RMIULT - 0,69042 

RSS - 326140.0831 

SEE m 5721.7558 

SE - 103.19 b - 1,54. 
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For testing the significance of variables, tho F-test 
is used with
 

= 2.80.the critical value F 0.9 (1,57) 


b b 0 b4
Hypothesis 0 I b 0 3I 4 

0 

0.0108
I 11.4950 I 7.1489
F 35.4616 1 29.1475 


b b, - b (1

Hypothesis b 0 - 0 


0.0343 0.03,11
3.9909
0.0579
F 


X5, X7 ' X8 are not significant.
,
From the F-test it seems that X4


Also, from the bivariate correlation matrix, 
X, is highly correlated with 

5 which Is less 
X2 , X3 , and X6; and it has a correlation coefficient with 

than that of X2 - X3 and X6 with y. So in the second run X6' X.1 X.2are 

their hivurlatein the model based on
the independent variables includud 

gIl Iit- IL'.icient with y and t1c i r s
correlation cotv,, 

3.3 The Second Model
 

It takes the form
 

y - 47.4125 + 5.9486 X6 - 43.7479 X3 + 10.1084 X2
 

with the same bivariate correlation coefficients 
and with
 

RMULT - 0.68693
 

RSS = 329137.8185
 

SEE - 5308.6745 b 0.8510
 

SEE = 95.75
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F 0.9 (1,62) = 2.79 

- 0 - 0 b2 - 0

Hypothesis b - 0 b6 b3 


F 38.2210 49.1246 2.9107 3.3613
 

It is noticed that these 3 independent variables are significant.
 

3.4. Forecastsof Auto-ownership at Cairo Zonal level
 

It is clear from the statistical tests that the second model could
 

be used to forecast car ownership at Cairo zonal level with the same
 

accuracy as the first model. The advantage of the second model is that
 

forecasts for only three socio-economic variables are required: 

-- % of population who are highly educated (X6 ) 

-- No. of people per rom (X3 ) 

-- Average percent of per capita income spent on transportation 
and communication per year (X2).
 

The accuracy of the chosen model can be seen in the difference
 

between the observed and estimated (Y) values as presented in
 

Table 111.6 for selected zones.
 

3.4.1 Projecting the Percentages of Highly Educated People
 

The number of highly educated people is increasing in Egypt as
 

shown in Table 111.7.
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Table 111.6
 

Application of the Zonal Model for Car-ownership
 

to Three Traffic Zones
 

Zones 	 Adminis­
trative X6 X 3 X2 Y Diff.
 

District
 
(Kism)
 

21002 El-Khalifa 3.1 2.02 2.50 1.83 7.753 -0.923
 

Abdin
 

21201 Kasr El-Nile 8.5 1.50 12.00 125.50 139.095 -13.595
 

Bolak
 

EI-Sayeda­

20102 Zinab 4.2 1.9 3.09 23.95 20.510 3.440
 

Abdin
 

Table 111.7 

Annual Rate of Increase of Percentage 

of Highly Educated People 

Year 	 Highly * Population X Population who Annual rate of
 

Educated are highly educated increase of X
 

71/72 26558 34565 0.077
 

72/73 29598 35363 0.084 0.007
 

73/74 37574 36180 0.104 0.020
 

74/75 41916 37016 0.132 0.028
 

75/76 55430 37870 0.146 0.014
 

76/77 63853 38745 0.165 0.019
 

Source: Annual Statistical Book CAMPAS 1978
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The average rate of increase in X6 is O.018/year. Three estimates
 

are considered for the traffic 
zones:
 

Eat. (1) 	Annual rate of increase of X6 = R6 = 0.018
 
(the same as the whole of Egypt)
 

Est. (2) 	Expecting a high rate of 
increase of X6 for Cairo, R6
5(0.018) = 0.09 
 6
 

Est. 
(3) Which lies between the previous two estimates, i.e. R6
0.054 
 6
 

Thus, in any year n of 
the analysis period:
 

[X6Jn - IX6]0 + [R6] (i) 	 (1) 

where [X6]n - value of X. at the year (n)

0
 

[X6] . value of X6
0 	 at the base year (1976)
 

(i) - (n) - (1976) 

3.4.2 Projecting Number of People per Room
 

Noting both that the population is increasing at an annual rate of 2%
 

and that there is a policy of encouraging construction of the new cities
 

outside Cairo, the following three estimates for the annual 
rate of
 

increase of X3 (denoted by R3) were used:
 

Est. (1) -
R3 0.02 ( the increase in population) 

Est. (2) : R3 = zero (people per room will remain unchanged)
 

Est. (3) : 0.01 (medium estiamte).
 

Thus, in any year (n)
 

[X3 1n - [X3 ]0 [1 + R3J 	 (2) 
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3.4.3 Projecting Percent of per Capita Income Spent cn Transportation
 

X2 is increasing by a rate of about 0.05 per .ear, for the country
 

as a whole. Thus, in Greater Cairo, rate R2 may be estimated as:
 

Est. (1): R2 = 	 0.05 (the same rs the whole of Egypt). 

Est. 	(2): R2 = 5(.50) = 0.25 as the percent of cne individual
 
expenditure on transportation itiexpected to increase
 
at a higher rate than the average (more trips, higher
 
increase of auto-owning, increasing price of petrol,...
 
etc.)
 

= 
Est. (3): R2 0.15 the average of the figure of Est. (1) and 
Est. (2) 

Hence, in any year n: 

[X21 n = [X2 ]0 + [R21 (i) (3) 

3.4.4 	 Estimation of Auto O.ership
 

The preceeding estimates for the independent variables lead to three
 

estimates of auto ownership for each traffic zone, namely low (Est. 1),
 

high (Est. 2), and medium (Est. 3) for each projection year.
 

The results are shown in Table 111.8 for the same three zcnes shown 

in Table 111.7. The low (Est. 1) seems to be unreasonable, as it gives 

car ownership the decreasing with time and there are many negative values 

due to the negative regression coefficient of X . Est. (2) gives high 

estimates for future auto ownership, for which there is a remote likeli­

hood. The most reasonable estimate appears to be Est. (3), which is the 

medium one, based on presently anticipated trends and future economic 

conditions. 



Table 111.8 

Estimates for Auto Ownership in three Traffic Zones 

Zone Year X6 X3 X2 Y 
No. Est.(1) Est.(2) Est.(3) Est.(1) Est.(2) Est.(3) Est.(1) Est.(2) Est.(3) Est.(1) Est.(2) Est.(3) 

1985 3.26 3.91 3.59 2.4 2.02 2.2 2.95 4.75 3.85 - 8.2 30.7 11.8 

21002 1990 3.35 4.36 3.86 2.7 2.02 2.3 3.20 6.0 4.6 -18.7 46.4 16.4 

2000 3.53 5.26 4.40 3.3 2.02 2.6 3.70 8.5 6.1 -38.6 76.7 21.5 

1985 3.66 9.31 8.99 1.8 1.5 1.E 12.45 14.25 13.35 145.9 1'0.2 165.9 
21201 1990 8.75 9.76 9.26 2.0 1.5 1.7 12.7 15.5 14.1 139.4 1-6 171.4 

2000 8.93 10.65 9.80 2.4 1.5 1.9 13.2 18.0 15.6 128.5 226.8 180.7 

1985 4.36 5.01 4.69 2.3 1.9 2.1 3.54 5.34 4.44 8.3 4S.2 
20102 1990 4.45 5.46 4.96 2.5 1.9 2.2 3.79 6.59 5.19 2.9 63.9 32.9 

-- _ _ 

2000 

_ _ I_ 4.63 _ 

6.36 

_ 

5.50 

_ 

3.1 1.9 

_ 

2.4 

_ 

4.29 

_ 

9.09 

_ _ 

6.69 

I_ _ -_ 

-18.1 

_ 

94.2 

_ _ 

4"i.I 
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4. List of Project Papers and Reports in Part III: 

Serial 

No. 

Title Author(s) Pate Area 

Code 

Library 

Code 

1 Policy Frame for Private 

Auto-Ownership 

R. Gakenheimer 1977 - 21/55 

2 Summary of Framework of 

Auto-Ownerships study in 

Cairo 

H. Shishido 1978 - 21/11 

3 Car Ownership N.S. Ghaly 1978 - 21/12 

4 Linear Programming Model 

of Estimating Auto-Owner-

ship 

11.Shishide Apr. 

1979 

- 21/82 

5 Some Prespectives on Auto- H. Shishido 

ownership. 

Apr. 

1979 

- 21/81 

6 Car - Ownership N.S. Chaly Apr. 

1979 

- 21/77 

7 Linear Programming Model 

for Estimating the Num-

ber of Passenger Autos 

for the Auto-Ownership 

Study 

H. Shishido June 

1979 

- 21/103 

8 Dat'a obtained for Auto-

Owxnership Study (Linear 

Programming) 

II.Sltshidu June 

1979 

21/121 

9 Data obtained for Auto-

Ownership Study 

N.S. Chaly July 

1979 

21/126 

10 The Basic Salary of fore- 

man in Nasr Car Company 

N.S. Ghaly July 

1979 

21/135 

11 Auto-Ownership Study N.S. Ghaly July 

1979 

21/138 
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Serial 

No. 

Title Author(s) Date Area 

Code 

Library 

Code 

12 Private Car-Ownership in 

Egypt 

N.S. Ghaly Aug. 

1979 

- 21/139 

13 Proposal for Future Study 

on Auto-Ownership (Macro-

aspect Side) 

H. Shishido Aug. 

1979 

- 21/169 

14 Auto-Ownership Study from 

Supply Side 

H. Shishido Aug. 

1.979 

- 21/170 

15 Consideration on the Egypt A.H.El-Salmawy 

tian Automative Market 

Dec. 

L979 

- 21/183 

16 Auto-Ownership Study from 

Supply Side - A Reision -

I. Shishido Dec. 

1979 

- 21/189 

17 Auto-Ownership Study from 

Demand Side 

H. Shishido Dec. 

1979 

- 21/230 

18 Consideration on the 

Egyptian automotive mar­

ket 

A. Hardman 1979 - 21/99 

19 Data obtained for Auto-

Ownership Study 

N.S. Ghaly 1979 - 21/352 

20 Private Car Ownership in 

Egypt and for the zones 

of Greater Cairo 

N.S. Ghaly 1980 - 21/302 

21 Appendix A : Table of 

socio-economic Data 

Used for Building up 

the Auto-Ownership 

Models 

N.S, Ghaly 1981 - 21/363 
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CAPTER IV 

THE 	PARKING STUDY
 

1. 	Introduction
 

The parking problem in tile Cairo central business district (CBD) area
 

creates a serious traffic problem that greatly reduces the performance of
 

the 	street network in the heavily used downtown area. During most of the
 

daytime hours, one-half hour or more of searching is required to find an
 

available legal parking space, sometimes with no success. This results
 

in added congestion to the already crowded streets, attendant increases
 

in delay and accidents, and reduced system capacity.
 

The severity of the problem has become more pronounced as the popu­

lation and number of cars have markedly Increased (3; and 17% per annum, 

respectively) without a corresponding increase In either the capacJty of 

parking facilities or the level and frequency of public transport service.
 

Furthermore, a considerable increase has occurred during the last few 

years in most working, shopping, and recreational activities in the CBD
 

area. This implies additLional increases In the number of vehicular trips 

in the already overcrowded CBD street network. 

Illegal parking in the downtown Cairo area Is currently widespread. 

Naturally, this is a direct result of the large deficiency in both on and 

off-street parking facilitie.i, low monetary penalties imposed on violating 

parking laws, and low enforcement policies. 

The existing conditions and the expected future increase in parking
 

demand require a sound parking management scheme that views the parking
 

facilities in the Cairo CBD as an integral part of the total urban 

transportation system.
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1.1 Study Objectives and Limitations
 

This study seeks to develop ai model th.t differs from ,o:Wnenionl
 

parking models by considering the interaction between pirkIng supply (by 

type and iccation), parking demand, and vehicular traffic assigned 
to the 

urban street network. The study also uses the developed model to In­

vestigate and evaluite the effect of different parking policy options 

(e.g., increase of tariffs, elimination of some on-street free parking,
 

construction of multi-level garai,,s) 
on the traffic pattern along the
 

Cairo CBD street network.
 

The model 
uses the O/D traffic volume matrices developed in the
 

CU/MIT Urban Transportation Project (see Part I, section 1.1) 
as input data.
 

Changes in these O/D traffic volumes, due to iwplementation of a particu­

lar parking policy option, were considered beyond the scope of 
this
 

study.
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2. Network Descript ion
 

The street network was defined In terms of nodes and links with a 

link being a one-way connection between two intersections (nodes). A 

two-way street, for example, was described as two I inks, one for each 

direction. 

The network under consideration was categorized according to area 

type. Five area types were identified for this purpose: 

1. CBD
 
2. Fringe
 
3. Residential 
4. Outer CBD (small CBI) on periphery of large metropolitan area) 
5. Rural.
 

The links of the network were classified into two main groups; real 

links and Imaginary links. 

2.1 Real Links
 

These links represen 2d the existing street network of the study 

area and were categorized according to the facility type. Five facili­

ties were defined for this purpose, namely: 

1. Onc-way arterial with ti parklng 
2. One-way arterial with parking both sides 
3. One-way arterial with one-side parking
 
4. Two-way arterial with parking both sides, and 
5. Two-way arterial with no parking
 

2.2 Imaginary Links
 

These links represented all parking-related facilities as well as 

centrold connectors. To simulate actual field conditions, the imaginary 

links were subdivided into the following categories: 

2.2.1 Centrold Connectors , 

These imaginary links connected some selected nodes of the real 

network to the centroids o' traffic zones in which the parking study was 

coaducted.
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2.2.2 Searching Time Links
 

These links represented the distance traveled by a car entering or 

leaving a parking place. When entering a zone, the driver spends a cer­

tain time looking for a place to park. This time is I function of the 

parked volume and the capacity of the parking facllitv. When a car
 

leaves a parking facility, the nininimum time spent on this link is set to 

a predetermined value. Searching time lI nks are connected to the real 

network through some selected nodes at one end and to a parking link at 

the other end. The choice of these nodes depends solely upon the user's 

field experience of the network under study. 

2.2.3 Parking Links
 

Parking links are places where vehicles are parked and were divided
 

into four categories according to type and location, as follows:
 

1. On-street free parking
 
2. On-street metered parking 
3. On-street Illegal parking
 
4. Off-street parking lot or garage.
 

Each of the above four parking types was classified according to a 

direction. The volume attractcd to the respective parking facility was 

defined as positive and the volume emitted as negative. The centrold of 

an illegal parking facility was assumed to coincide with the centrold of 

the on-street free parking facility and its capacity was assumed to be 

approximately equal to the capacity ol that on-streot parkiug facility. 

Parking links are connected to the respective search in; time links 

at one end and to a pedestrian link at the other end. 

2.2.4 Pedestrian Link
 

These are used by the motorists afterparking their vehicles to reach 

their final destinations (zone centroids). Two types of pedestrian links 
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were defined in the network structure. The first type of pedestrian link 

zone. Theconnected the zone centroid to a parking link within 	tile sLme 

link in a zo.ne ad­second type connected the zone centroid to a parking 

has the advantage of simu­jacent to tile one considered. This 	 structure 

lating the actual field conditions. Sone trip-makers 	actually park 

their vehicles in a zone near their destination due to either deficiency 

of supply or high parking cost in tile zone to which they are heading. 

They then walk to their final destinations. 

2.2.5 Parking Counter
 

The 	 imaginary parking counter, one in each zone where a parking 

with illegal parking to lndituitepolicy is considered, was used together 

parking counter was notthe deficiency in parking supply. This imaginary 

the parking supply In a I the study zones was completelyloaded until all 

In the network description providedexhausted. Including such a facility 

a means of using the model to simulate the case where thto actual parking 

demand exceeded the availahle supply. 

According 	 to this network structure, all vehicles generated from a 

parking policy was studied should leave the zone centroidzone where the 

through a pedestrian link, followed by a parking link, and finally by a 

time link that led to the actual network. Similarly, allsearching 

vehicles attracted to a zone where parking policy was employed would enter 

network through a serachiingthe zone from a reasonable node of the actual 

followed by a parking link, and finally by a pedestrlian link.time link, 

In all other zones, the zone centroid was connected to the real links 

through lt ce ntroid connectors. These different conditions can be seen 

in Figure 	IV.I. 
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3. 	 Model Description 

In order to satisfy the study objectives, the model was structured 

to include the following components: 

3.1 	 Generalized Cost Function 

This function was used to calculate the impedance to travel between 

any pair of zones. The cost of travel on each link was calculated by
 

multiplying the time consumed on this link a reasonable
by monetary value 

(A), depending upon the area type/facility type combination (f the respec­

tive link. The following two cost functlon. were used for real and 

imaginary links, respectively:
 

3.1.1 	 Cost Function for Real Links
 

The model used the vapacity-restra ined formula developed by the
 

U.S. 	 Department of Transportation (1) and included In the Urban Transpor­

tation Planning System (U.T.P.S.) model. This formula was stated as 

follows:
 

T To [1 + /C1) 

where: 

T Travel time in minutes for a given traffic volume 

T0 Travel time in minutes corresponding to the free flow 
conditions
 

a and - Calibration parameters
 

=
Q Traffic volume on the link under consideration, P.C.E./hr 

k.= Capacity of the li nk under consideration. P.C. E./hr 

The 	 parameters a and 6 were calculated for the Egyptian conditions (see 

section 1.5 of Part I of this report). 
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3.1.2 Cost Functions for Imaginary Links
 

A. 	 Searching Time Links
 

Dalays on searching time links were expressed as follows:
 

A
 
T- a - + Tr
 

I-Q2/C 2 I 

where: 

A = minimum time spent by a motorist looking for an on-street 

o parking space under free flow conditions or in an empty
 

car park, in minutes.
 

"
 Q2 	 number of parked cars in a certain area type/facility type
 
combinat ion
 

C2 - number of parking spaces available within an area type/ 

facility type combination 

T -	 length of the searching time link divided by the free flow 
speed (Vo), Li~ minutes. 

The parameter T1 in the above relationship was used to prevent the
 

vehicular traffic fiom using the searching time link as a part of tile 

real network. The application of the above relationshilp in a case where 

the parked volume is zero gives a searching time value equal to the 

constant (A + T ). However, as the parked volume approaches the capacity 

of the parking facility in connection with the searching time link, delays 

on the latter approach infinity. 

B. 	 Parking Links 

The parking cost associated with the parking links is simply the 

out-of-pocket cost to park a vehicle in a certain area type/facility 

type combination. It should be noted that the model recognized a linear 

relationship between parking duration and parking cost, unless the 

parking link was classified as on-street-free-of-charge. 
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In order to 
prevent assigning vehicles to an at-capacity parking
 

link, its mpedance was increased by an extremely high value 
(1000
 

monetary units). Therefore, during the next assignment step, such 
links 

would have no chance of being selected in the route choice stage. 

C. 	Pedestrian Links
 

The 	time spent on a pedestrian link was calculated assuming a
 

walking speed that varied according to the area type In which the pedes­

trian link was located.
 

The total cost will, therefore, be the summation of 
all costs between
 

two zone centroids.
 

3.2 	 Route Choice
 

Having calculated tile impedance to travel alonv 
 each link, tile model
 

searches for the minimum route 
 between every pair of zones. This was
 

achieved using standard algorithms (see Part II 
 of this reprt). However, 

a minor alteration was introduced to suit the nature of the problem under 

consideration. This alteration consisted of loading the reasonable links
 

with an initial load that 
was equal to the volume of all vehicles other 

than private cars during the time period considered. As for parking 

links, they were initially loaded with the volume parked prior to the 

beginning of the simulation time.
 

3.3 	 Traffic Assignment
 

Once the network was loaded with other-than-private vehicles (the 

initial loading), the origin/destinatlon matrix of private cars~was 

assigned to the shortest route between every O/D pair. This was achieved 

by assigning increments of the O/D matrix under consideration and recal­

culating the minimum route between zones after each increment. The 
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minimum route is very likely to change after each loading step, as it is 

a function of the volume/capacity ratio on each link. Increments should 

be as small as possible in order to reduce the possibility that the 

volume assigned to a particular parking facility is greater than its 

capacity. 

To implement the model where acute illegal parking problems exist, 

a "capacity-cerrection" formula was included. This correction depended 

on the on-street illegal volume/legal capacity ratio. When this ratio 

exceeded a predetermined value, the capacity of the link tinder considera­

tion was multiplied by a corresponding reduction factor. 

Conventional assignment runs are usually done for a specific peak 

hour using the corresponding hourly matrix. However, the highest demand 

for parking generally occurs an hour or two after the morning peak hour. 

The model is, therefore, preferable run for a period long enough to 

reflect the interaction between parking supply and volume of traffic 

during the different hours. A facility was Included in tile model to 

update the initial loading and parking volume at the end of each hour 

before assigning the private car matrix of the following hour. 

3.4 Model Structure
 

3.4.1 Input Data 

The Input data to the model were as follows:
 

1. The road network described In a node and link system.
 

2. Description of the link characteristics for use in the capacity­

restrained formula, which included the area type/facility type and 
number of lanes in each link.
 

3. The capacity-restrained calibrationparameters (a,o) of the normal 
link delay/volume relationship. These parameters varied according to 

the area type/facility type combination of each link. 
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4. 	The practical capacity per lane used in the dealy/volume relationship.
 
This capacity varied according to the area type/facility type combinations
 

5. 	The free-flow travel time of each real and pedestrian link (T0 ). 

6. 	Monetary value of time (N) which varled according to the area type/
 
facility type combination.
 

7. 	Free-flow travel time (A ) on tie searching-time links. This tire
 
was defined as the time required by a motorist to park his car under
 
free-flow conditions assuming no accumulation of parked cars.
 

B. 	Original parking volume (i.e., cars parked before the first study
 
hour) at the zones considered for the parking study.
 

9. 	Origin-destination traffic volume matrices from the first to the
 
last study hours.
 

10. 	 The initial load of other-than-private cars on every link for every
 
study hour (e.g., public transport vehicles, taxis, trucks, etc.).
 

11. 	 Parking cost, if any, for every study hour.
 

3.4.2 Output of the Model
 

The model is capable of giving the following ouLput after each
 

assignment step:
 

1. 	Data for each link as input to the model.
 

2. 	The impedance of each link.
 

3. 	The minimum route between origin and destinatiLn zones.
 

4. 	The minimum impedance matrix between origin and destination zones.
 

5. 	The assigned volume on each link.
 

6. 	Zoanl parking volume to capacity ratios.
 

7. 	Saturated links by zone.
 

8. 	Number of vehicles parked in zoOeI other than their final destination
 
zones.
 

9. A warning sign to Indicate if the total parking demand Is greater
 
than the parking supply at any zone.
 

10. 	 Parking deficiency (needed additional parking spaces).
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4. 	Program Description
 

The program was divided Into three segments as shoon in Figure IV.2 

which is a simplified flow chart for the program. The detailed flow 

diagram is included in reference (1). 

4.1 	 The Master Segment
 

1. 	Reads the different parameters required for computation,
 

2. 	Prints out the input data for visual Inpection.
 

3. 	Calculates the incremental volume for each 0/1) pair to be assigned 

at each step. 

4. 	Calculates the Impedance of each link using Its appropriate formula
 

at the end of each iterative step.
 

5. 	Calls subroutine "Minimunm Route."
 

6. 	Prints out the minimum impedance matrix, as well as the total volume
 

of traffic on each link at the end of each hour. It also outlines
 
all links at or exceeding capacity.
 

7. 	Prints out the following statistics:
 
-	 Volume/capacity ratio foc each parking zone
 

Number of saturated links in each zone
 

- Number of vehicles parked In zones other than their final destination. 

All tile above steps were repeated for each iteration and each hour. 

4.2 	 Subroutine "Minimum .oute" 

1. Calculates the miaimum route between each 0/1) pair for each In­

crement.
 
2. 	Calls subroutinfe "Assign."
 

4.S 	Subroutine "Assign"
 

Assigns every increment of traffic load on every link of the minimum
 

route identified by the previous segment. 
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INPUT DATA
 

1.OD MATRIX 
FOR EVERY
 

2.NETWORK DESCRIPTION
HOUR IN THE 
S(LINKS AND NODES)
STUDY PERIOD
 

3.NETWORK CHARACTERISTICS
 

- CAPACITY OF LINKS 

- VALUE OF TIME 

- CAPACITY OF PARKINn LINKS 

- INITIAL LINK LOADS 

MAIN PROGRAM OF THE MODEL 

[ ",mIN. ROUTE" SUBROUTINE 

L"ASSIGN" SUBROUTINE
 

TE OLMES
FlNO
 

is ~ UPDATE TdE PARKIN 

HOUR HOUR?NEXT 

Fig. IV,.2:Simpl tfied Flow Chart, of the P rogram 
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4.4 	 Options for Use of the Computer Package
 

The computer package can be used with the following options:
 

1. Assignment of one origin-destination matrix, using the all-or­

nothing without capacity-restr;iT.ed technique. Minimum route trees are
 

built in this case according to the chosen link impedance.
 

2. Assignment of one or more origin-destination matrices, by the
 

all-ro-nothing wi._ capacity-restrained technique, in a Lime stepwiie
 

form. Minimum route trees are built in this case according to the chosen
 

link cost as variable with travel time.
 

3. Assignment of one or more origin-destination matrices, by the
 

all-or-nothing with capacity-restrained technique and parking capacity
 

restrained, time scepwisa form. Minimum route trees are built similar
 

to No. 2 above.
 

4.5 	 Specific Points Censidered in Developing the Assignment Technique
 

The following are some of the key points considered in the computer
 

package for implementation of the options described above.
 

1. Centroid connectors to real nodes were given an imaginary cost
 

of 1000 units to prevent any transfer within the imaginary links. The
 

computer program subtracted these exaggerated costs from the minimum
 

routes to avoid the inclusion of artificial costs.
 

2. Numeration of the network nodes, includIng the zone centrolds,
 

had to be in a serial form. Zone centroids were numbered successive.y
 

beginning with I.
 

3. The assignment started at 7:00 a.m. and the volume at each
 

parking facility was updated at the beginning of each hour, i.e. volume
 

http:capacity-restr;iT.ed
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at a particular hour ­ volume at previous hours + volume assigned at
 

the previous hourp ­ volume leaving at the previous hour . Also,
 

number of spaces available was dpdated on an hourly basis.
 

4. At any particular hour, Volume leaving a zone should not come
 

from an empty parking facility. 
 This feature was provided by raising
 

its impedince at the route choice stage.
 

5. 
Parking facilities were given a priority criterion. 
For instance,
 

on-street free parking was filled 
first, then on-street metered parking
 

and so forth.
 

6. Travel time on an 
inlet link was calculated as the searching time
 
A

from the capacity-restrained formula: 
 T - /C + Tit
 

on the other hand, travel time at 
an outlet was considered 
as the minimum
 

parking time A + TI.
0
 

7. Differentiation was made between 
znnes containing parking
 

facilities to be analyzed (such as CBD zones), and zones with parking 

facilities but not analyzed.
 

8. All parking links were connected to the same reasonable nodes 

on the real network through more than one searching time link. 

9. The links were classified a~cording to zone number.
 

0. The capacity values of 
the real links were corrected for the 

presence of illegal parking, If the illegal parking volume in any 
zone
 

was greater than or equal to 40% of the legal parking volume, one lane 

from each real link In the same zone was eliminated. 

11. The imaginary parking counter was 
given an assumed high capacity
 

of 5000 vehicles.
 

12. The imaginary parking counter was 
given a moderately high
 

impedance (500 monetary units) 
to serve a dual prupose. Firstly, to
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the parking counter links before exhausting
prevent assigning vehicles to 


the total parking supply in all zones, as this artificial impedance value
 

the other parking links. Secondly, the impedance
is higher than that of 


of the parking counter, being less than that of at-capacity parking links,
 

will ensure assigning vehicles to the former when the total supply of al1
 

zones is consumed.
 

13. The maximum number of links connected to any node was four.
 

For nodes that had more than four links, one dummy node (or more if
 

needed) was created.
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5. Collection of Input Data
 

Various input data were required before exercising tie model. 'rile
 

main advantage of this model 
was it' c:raclty to use the orfgin-demt nat ion
 

traffic volume data, previously desvribed in Part 
 I of this report. This model 

used the calibration parameters of the capacity-restraint formnlh (a and 0), 

practical capacities of the links, and toIrvt-flow speeds corresponding 


different area type/facility type combinations, also described In 
 Part I.
 

Reasonable assumptions based on ovai lable data were 
made for the moneta. y
 

values of different types of travel time on different link types.
 

5.1 	 Zoning
 

Zone boundaries 
 for the study aria were those determined in section 

1.1 of Part 1, with eleven zones Included In the parking study, based on
 

the considerations discussed In the park!ing surveys (section 1.3 of Part
 

I).
 

5.2 	 Or.IgIn/!)estlnat on Traffic Plows 

Two methods for determinng tho hour Iv or igin/dest I louont traffic 

volumes (for each hour of the mornung perlod 7:(0 to [1:00 and for tire 

whole morning period using the hour f IL 'trlot 1o1 factors) were proposed 

in Part I of tits report. Table IV-I gvles tih vehhiular trips up to 

11:00 a.m. obtained from the two method. lihe two metlrmds are consistc-nt 

with almost no variation in the accumulated vehricular traffic by the end 

of the morning period (11:00 a.m.). As the parking volume and capaclty of 

each lInk were updated by the en or earh hour in the described mondel, tine 

accumulated traffic determnLed in meth od I was assumed more appropriate 

for this study. 
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Comparison Between Method 1 and Method 2 for Hourly Zonal Traffic Flows
 

tudy Hour 
HourMethod 1 

* * **c. 
Method 2 

Acc. 
Method 1 

Zone Name 7 - 8 - 9 9 - 10 10 - 11 Acc. 7 - 98 - 9 10-i* Acc** 4 .hod2 

Garden City + 915 + 65 + 448 + 206 + 1634 + 343 + 494 + 444 + 429 + 1710 104.7 
Area of Ministries + 312 + 612 + 334 + 181 + l%39 + 288 + 418 + 379 I + 361 + 1446 100.5 
El-Tahrir + 945 + 1371 + 881 + 610 + 3807 + 774 + 651 + 1006 + 971 + 3401 89.3 
Talaat Harb + 627 + 1150 + 485 + 162 + 2469 + 517 + 751 + 675 + 651 + 2594 105.6 
Attaba + 241 + 1052 + 986 + 583 + 2862 + 580 + 840 + 754 + 726 + 2900 101.3 
Abdin + 31 + 19 + 124 + 1145 + 1319 + 248 + 357 + -322 + 309 + 1236 93.7 
Klot Beik - 19 -252 + 105 - 40 - 205 - 36j- 53:- 49 - 47 - 185 90.2 
Tawfikia 
Ramsis 

+ 387 
+ 871 

+ 
+ 

875 
807 

+ 301 
+ 982 

+ 
+ 

1613 
1187 

+ 3176 
+ 3847 

+ 612 
+ 782 

+ 882 
+ 1132 

+ 789 
+ 1015 

+ 759 
+ 978 

+ 
+ 

3042 
3907 

95.8 
88.9 

Azhar + 140 i+ 414 + 396 + 642 + 1592 + 311 + 452 + 404 + 386 1+ 1553 97.6 
Bab El Sheria - 107 -1860 - 6 + 295 - 2268 -453 - 677 - 584 - 562 - 2276 100.4 

Total + 4388 + 4253 + 5039 + 5992 19672 + 3966 + 4491 + 5155 + 4961 19328 98.3 

* The difference between emmission and attraction per hour for each of the parking zones in the study area 
•* The sunnation of the previous differences for each zone. 
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5.3 	Selection of the Study Hours
 

Study hours were chosen based on the maximum accumulation of parked
 

vehicles in the study area, as determined from the origin/destination
 

traffic flow matrices. 
Table IV.2 shows this accumulation in each zone
 

for the critical 10 hours of the day. 
 It is clear that the maximum
 

accumulation of parked vehicles occurs between 7:00 a.m. and 11:00 a.m.
 

so this period was selected for the study.
 

5.4 	Link Data
 

The physical conditions of each link in the study area were obtained
 
from the 197 7street inventory updated In 1981: 
see 	section 1.4 of Part I.
 

5.5 	 Initial Load on the Network
 

The traffic counts performed in 1977 
as a part of the CU/MIT Urban
 
Transportation Project and presented in section 1.1 of Part Iwere based on
 
267 	stations chosen on 260 links of the study area. 
 This number of links
 
represents 14% of the total 
links In the study area. 
Thus, it was ausumed
 

that the ratio between public transport and commercial vehicles to 
the
 
total 
traffic volume on links without counting stations is equal 
to that
 
on links with counting stations having the same area 
type/facility type
 
combination. 
To calculate the volume of public transport and commercial
 

vehicles on real links, the following steps were 
followed:
 

I. 
From the traffic count survey and for each individual station,
the initial load of public transport and commercial vehicles
 
was determined.
 

2. 
For 	each link, the practical capacity was determined.
 

3. 	The initial load of public transport and commercial vehicles oneach link with a counting station calculated in step (I) was
divided by its capacity. 
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Accumulated Volume of Private Cars at Each Zone
 

eriod (7:00 2( From 13:00 p.m. to 16:00 p.m.) 
 3(From 18:00 p.m. to 21:00 p.m.)
Name (Zone 0a.m
 

Zto1100 a.m 13 - 14 14 ­ 15 15 - 16 Accumulated 18 - lq 19 - 2G s 2n - 21 Accumulated
 

Garden City + 1634 + 275 + 275 
 + 225 + 775 + 225 
 + 200 + 175 + 600
 
Area of Ministries + 1439 - 28 - 28 - 23 
 - 79 - 23 - 20 - 18 - 61
 
EI-Tahrir + 3807 + 456 
 + 456 + 373 + 1285 + 373 + 331 + 290 + 994 
Talaat Harb + 2469 - 315 - 315 - 258 - 888 -258 - 229 -201 
 - 688 
Attaba + 2862 + 633 + 633 + "518 + 1784 + 518 
 + 460 + 403 + 1381
 
Abdin + 1319 
 + 182 + 182 + 149 + 
513 + 149 + 132 + 116 
 + 397
 
Klot Beik - 205 - 86 - 86 
 - 70 - 242 - 70 ­ 63 - 55 188
 
Thwfikia + 3176 + 345 
 + 345 + 282 + 972 + 282 
 + 251 + 219 + 752
 

+ 3847 + 863 + 863 
 + 706 + 2432 + 706 
 + 627 + 549 + 1882
 
Azhar + 1592 + 126 + 126 + 113 + 365 +113 + 91 + 80 + 284
 

Bab El Sheria -2268 
 - 451 -451 - 369 -1271 - 369 - 328 - 287 
 - 984
 

Total + 19672 + 2000 + 2000 + 1646 
 + 5646 + 1645 + 1452 
 + 1271 + 4369
 

•Determined from the hourly matrices of vehicular trips ( see 
table IV.1)
 
*The sumation of the differences between emmission and attraction for each of the parking study 
zones.
 

***Determined from the all-day matrix of vehicular trips and fluctuation factors 
(sectIon (2) of charter T).
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4. 	 The ratios determined it) step (3) were classified ac'ord ng to 
their area typo/faellity tvl) comb it Ions. Then, tlie average

of the ratios for the different area type/facility type combina­
tLions were calculated as givwn In Table IV-3.
 

5. 	Values obtained 
in step (2) were multiplied by the corres)ondlng

value calculated in step 	(4) to get the public transport and
commercial vehicles loads on 
links 	with no cout:ting stations.
 

5.6 	 Speed/Volume Characteristics
 

Values of the calibration parameters (iaand 0) of the capacity­

restrainted formula are shown In sect ion 1.5 of l'art I of this 
report. 

5.7 	Tip Cost
 

The trip cost is one of the most important parameters which affect 

the output of the model. The components of the trip cost considered In 

this study were: 

1. 	Private car operating costs.
 
2. 	Value of time for work and non-work trips.
 
3. 	Parking charge.
 

5.7.1 	 Operating Cost for Private Cars
 

Vehicle operating osts can be divided into groups:
two 

1. 	Variable (fuel., lubricants, tires, and maintenance) 

2. Fixed (capital costs, insurance, taxes, etc.)
 

The basic assumptions made In this study were:
 

1. 	Interest rate (r) = 8%
 

2. 	Price of fuel 
 = 130 	mlllims/.litre 

3. 	Average price of private car = 4250 I.E.
 

4. 	Capital cost rL eof vehicle x 0.95 x C(F
 
Annual mileage. 

where CRF is the Capital Recovery Factor. 
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Table IV-3 

Average Initial Load/Capacity Ratios (Z)
 

lat. Hour : 7.00 - 8.00a.m. 

Facility Two-Way 
Type 

Area Type No. Parking 


CBD 22.296 


Fringe 27.556 


Residential 23.494 


Outer CBD 33.590 


Rural 23.210 


2nd Hour : 8.00 - 9.00 a.m. 

Facility
 
e Two-Way 


Typ 
Area Typ No Parking 


CBD 20.824 


Fringe 25.780 


Resid'ntial 24.203 


Outer CBD 22.564 


Rural 25.972 


TeOne-Way 
Park. both 


sides 


18.158 


21.677 


24.549 


16.869 


28.702 


Two-Way 

Park. both 


sides 


16.435 


22.762 


24.759 


15.051 


27.619 


No Parking 


21.695 


18.948 


11.909 


6.485 


6.785
 

One-Way 

No. parking 

18.195 


19.025 


9.727 


9.515 


2.785
 

One-Way 
Park. one Park.both
 

side sides
 

7.993 10.388
 

10.567
 

10.084
 

8.857
 

One-Way One-Way
 
Park. one Park. both
 
side sides
 

8.975 9.017
 

14.600
 

15.532
 

9.643
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Table IV-3
 

Average Initial Load/Capacity Ratios (Cont.)
 
3rd. Hour : 9.00 - 10.00 a.m. 

"facillit y
.Typt Two-Way 

Type 
Area Type No. Pakking 

CBD 23.838 


Fringe 25.073 


Residential 23.494 


Outer CBD 22.667 


Rural 32.410 


10.00 ­4th Hour 1 11.00 a.m.
 

Facility
 
Two-Way
Type 

Area Typ No Parking 

CBD 26.800 


Fvinge 27.678 


Residential 24.959 


Outer CBD 22.615 


Rural 30.872 


Two-Way 


Park. both 

sides 


18.448 


26.423 


25.983 


19.798 


29.905 


Two-Way

Park. both 


sides 


19.730 


25.929 


25.890 


22.828 


32.833 


One-Wgav
 

No Pkn 


20.857 


18.365 


9.939 


9.939 


8.560
 

One-Way 


No. parking 

21.729 


19,274 


10.697 


10.303 


8.537
 

One-Wav Onr-lWav
 
Park. one Park.both
 

side sides
 

10.217 9.721
 

16.500
 

15.869
 

15.966
 

One-Way One-Way
Park. one Park. both
 
side sides 

9.957 12.950
 

15.533
 

13.691
 

15.286
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Table IV-4 illustrates tile effect of speed on fuel consumption.
 

annual mileage, lifetime, and lifetime mileage (2).
 

Table IV-5 shows the vehicle operating costs adopted in the National 

Transport Study by NEDECO as related to speed (2). 

5.7.2 Value of Time
 

The valuep of time for home-based work trips and home-based other 

purpose trips were determined based on average wage rates in Egypt. For 

home-based work trips, the method followed to calculate the monetary 

value of time was reasonably straightforward. In contrast, a number of
 

assumptions had to be made to calculata the monetary value of non-work
 

trips. 

From the data of CAPMAS, the national 1970 income was 246 I.E/alnlum. 

However, when excluding agricultural workers, thlis increased to 3*5 1l:/ 

annum.
 

The following procedure was adopted to dertlvt a 1981 average (GreaLor 

Cairo Income based on the 1976 average value for Egypt: 

1. To recognize the trend of avera);g inco.ie and infilation over tile 

last four years, the figure was lncreased by 10,' per ammm glving 46 

LE/year for 1981.
 

2. For those people employed in Cairo, an annual increa.ie of 15Z 

In the average income was assumed to be reasonable. This gave an 

average annual income for Cairo of 328I.E. 

To derive the value of time in this case, it is necensary to e:tI­

mate the number of working hours per anntum. This was estimated as 10b02 

hours (267 working days per year x o hours per day). 

http:increa.ie
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Table lV-4 

Fuel Consumption, Annual Mi]uLagL*, and LI fecthli llta:j.-e(2) 

Speed ( km/hr) 20 40 60 80 100
 

Fuel Consumption Lit/lOOOkm 130 113.5 103 100 1.11.5
 

Annual mileage km (000) 12 18 22 25 28
 

Lifetime (year) 15 11.5 10.5 10 9.5
 

Lifetime mileage (000) 180 207 231 250 266
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Table 5
 

Vehicle Operating cost L.E./I000 km.
 

Speed 
km/hr 20 40 60 80 100
 

Fuel 16.9 14.8 13.4 13.0 14.5
 

Engine Oil 3.4 2.8 2.8 2.8 2.8
 

Tires 0.9 1.8 3.1. 4.2 4.8
 

intenance
 

- Parts 4.9 4.1 d1.l 4.3 4.7 

- Labor 1.4 1.2 1.2 1.3 1.4 

i
Total Variable 


Costs 24.1 21.7 i 21.9 23.0 25.3
 

Capital Costs 38.0 29.5 25.6 23.6 21.5
 

Other Fixed
 

Costs 12.1 8.1 6.6 5.8 5.2
 

Total Fixed
 

Costs 50.1 37.6 32.2 29.1 26.7
 

ota Operating
 

Cost 77.6 62.3 56.8 54.7 54.9
 

The above values are transformed to monetary values of time utilizing the 

different speed classes as slown In Table (IV-6). 

Table IV-b 

Speed and Operating Costs
 

30 40 50 hO HfC 100Speed(',n/hr) 5 10 15 20 

Operating 38 
Cost(Mill/Min) 1.8517.80 21.75 25.87 33.70 4II.53 49.17 56.80 72.93 91.50 

http:1.8517.80
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To calculate the value of working t.iLn, t11hoag. rate was iucreat;ed 

by approximately 10% to allow for sodvial L.tirity and other povmnents.
 

Thus, the computed average income 
 of h28 L.E. resulted in the fi'lo'I1g' 

value of working time:
 

Value of working time 1" 22x S02 
1. x 100 - 43.12 piaster/hour 

7.19 rillirw/min. 

Value of Time for Home-based Other Trips
 

Travel to and from work, .ind time spent in shopping, visiting friends, 

and gnneral leisure is normally classified as non-working time. Clearly. 

the value to the individual of such time varies according to purpose, tile 

travel time component (i.e., walking, waitinjg, or in-vehicle time),
 

comfort, and convenience. 
 Empirical evidence has shown that a reasonable
 

approximation to the value of tile for home-hased other trips in the case 

of travel In Egypt is 40% ­ 50% of the value of working time. 

Thus, the value of time for home-based otiier trips is calculated as. 

Unit Value - 622 x 0.45 x100 17.64 plaster/hr
1602
 

2.94 milllms/min.
 

Average Value of Time for Home-based Work Trips and Home-based Other 
Purpose Trips 

The following steps were followed to estimate the average value of 

time for home-based work and other purpose trips: 

1. Vehicle occupancy rate was determined for private cars, as 
shown in Part I of this rport.
 

2. The ratio of the work and other-purpose volune or trips to the 
total traffic volume was assumed ajscalculated for the haoo 
year (1977) and for different area types. 
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3. 	 The weighted average valueo; of time for all trips in the 
different area types were determined, as shown in Table IV-7. 

The monetary values of time for real links were calculated as the 

sum of the operating cost of vehicle per unit tlmne, accortlng to the 

speed class (see Table IV-U), and the value of time for hone-hased work 

and other purpose trips (Table IV-7). For imaglnary links, the value of 

time was calculated according to the respective area type/facilitv type 

combination. Values of time on pede!;trian links were considcred equal 

to that of the home-based work and other purpose trips, A reasonable 

oqumption was made for the ralue of tim! on parking links. 

Based on the above, monetary values calculated for trip tinen along 

imaginary links are shown In Table lV-3.
 

5.8 Parking Supply, Illegal Volume, and Overrniiht Voltne 

Data related to parking supply available in the study area zones 

together with illegal and overnight parking volumes are shown with tile 

necessary details in section 1.3 of Pl'3L I of this r:port. 
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Table IV-7 

Value of Time for Home-based Work and Other Purpose Trips
 

Area Type Trip Purpose 
Percentage Occupancy Average Value 

of Total Rate of Time 
millims/min. 

Home-work 72.10 
C.B.D 2.12 12.69 

Home-other 27.90 

Fring 
Home-work 74.60 2.12

2 ] 12.932 9 

Home-other 25.40 

Resid- Home-work 70.66 
enll2,12 12.57 

ential Home-other 29.34 

Outer Home-work 63.64 

C.R.n. 2.12 11.94 

Home-other 36.36 

Home-work 74.17 
Rural 2,12 12.88 

Home-other. 25.83 



Table IV-8 

Monetary Value of Time for Imaginary Links 

Facility Centroid 

TypeStreet 

AreaConnector Free 

O Street 

Metered Illegal 

Off- Searching 

Time Pedestrian Counter 

1 34.64 0.83 1.00 1.67 1.67 34.64 12.69 3.33 

CBD 

2 

Fringe 

38.80 0.67 0.83 1.38 1.33 38.80 12.93 2.75 

3 
I~I-

Residential 39,44 0.50 0.67 1.11 1.17 39.44 1 12.57 2.22 

Outer CBD 

4 
1 37.81 0.67 0.83 1.38 1.33 37.81 11.94 

-
2.75 

5 

Rurall 

38.75 0.33 0.50 0.83 1.00 38.75 12.88 1.67 
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6. Model Application
 

The proposed was fir.st on the Cairomodel tested Creater street 

network to assign th= 1981 vehicular traffic and parking voluriles on the 

respective links. Data collected were updated to 1981 using the appro­

priate enlargement factors (see section 5 of this Part and section 1.1, 

Part I).
 

The model was then used to test several transport and parking policy 

options for the future. Different scenarlos were fornulated for this 

purpose and each was tested separately to evaluate Its effect on traffic 

patterns and parking volumes In the street network of the Cairo CIID area. 

6.1 Existing Conditions
 

6.1.1 Updating the Collected Data
 

As the model was applied In June 1981,lt was necessary to update
 

some of the collected data to reflect the chlnges that had taken place
 

since the date of the survey(s). The parking supply was increased h,/; 

the 1,200 spaces that wqre proviied in 1')8') ;ftLer the construct on of tile 

6th October bridge. Seven hundred space; werv provided along El-G;alaa 

Street and the other 500 spaces r-present the 6th Octoher parking lot. 

These spaces were added to the supply of the gRusis and l:l-Tahrir zones, 

respectively. 

Based on car registration data of the Central Traffic Agnecy, 

together with the results of the latest parking, survey, Tahle IV-9 gives 

the growth factors for the period froi the traffic count sirvey (April. 

1977) to the date of model Implemeuntation (H;iv I9B ). The taheIC also 

shows the percent of each vehicle type In t'e total, as deterrulled by the 

latest parking survey. 
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Table IV-9 

Increase in Vehicle Registration from April 


Vehicle Type 


Passenger Cars 


Taxis 


Micro Buse:s 

Private Buses 


Percent of Total 

90.15 


4.15 


4.50 


1.20 


1977 until May 1981
 

Growth Factors
 
(April 77-May 1981)
 

82.9
 

42,9
 

57.0
 

57.0
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The weighted average growth factor for this period (49 months) is 

79.76%. To update the overnight and illegal parking volumes surveyed in
 
17 months 76;i a sd
 

January 1980, a growth factor ')f79.7b x 49 months . 27. 67/ was used.
 

Tables IV-1O and IV-11 show the updated overnight and illegal parking volumes
 

by zones.
 

6.1.2 Modifications in the Street Network 

Modifications in the Street Netuork, since the road inventory survey
 

of 1977, are shown in section 1.4 of Part I of this report.
 

6.1.3 Calculation of the Initial Loads on the Street Network 

The 	following steps were followed to calculate tie Initial load:
 

1. 	The 1977 hourly initial load for public transport and commercial 
vehicles was updated to 1981, using a 6% annual rate of increase. 

2. 	The person trips in the O/D matrices of the differenl vehicle 
types were converted to vehicular trips using the nccupancy rate 
for each mode. 

3. 	Vehicular trips were converted to R.(I:s using the appropriate 
conversion factors (passenger car = 1, taxi - I, microbus - 1.25, 
and private bus - 2). 

4 
4. 	Vehicular P.C.E.'s matrices for the different modea were updated 

to reflect the traffic growth between April 1977 and Iay 1981 
(as shown in section 6.1.1). 

5. 	The hourly updated P.C.E.'s matrices for taxis, microbuses and 
private buses were added. 

6. 	The matrix obtained in the above step was assigned to the street 
network, thus obtaining the final initial load for each hour. 

6.2 Parking Policy Scenarios
 

Several parking options have been suggested for the Cairo CIV) area 

(3,4,5). Based on these past efforts and taking Into consideration the 

developments that have occurred in the Cairo CBD area during the last fell 

years, two policy scenarios for the year 19133 were evaluated using the 

proposed model. 



Table IV-l0
 

Estimrated Overnight Parking Volume in 1981 

Parking On- Street Off - Street 

oea . Facility f Total 
Zone Name Free Metered Illegal Total Garage Lot Total 

Garlen ij 1,374 152 1,526 1,259 1,295 2,821 

Are., of ::i.t-ie 2,210 626 2,836 579 108 687 3,523 

El -ahrir 214 107 321 152 144 296 617 

Talaa_ Firb 1,374 35 439 1,848 2,065 180 2,245 4,093 

At-abi 498 184 682 497 46 543 1,225 

Abd in 442 268 710 467 467 1,177 

K!-t 3Lii. 610 107 717 60 158 218 935 

Tawf 1kia 862 36 898 341 36 377 1,275 

Ramsis 366 262 628 714 47 761 1,389 

Azhar and GTheria 378 77 455 101 101 556 

Bab El Sheria 732 27 759 198 33 231 990 

Total 9060 35 2,285 11,380 6,368 853 7,221 i 18,601 

________~ _ __ _ ~_ L_I _ J__ 
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Table IV-11
 

Estimated Illopal Parking Volume (1981)
 

Z N of Illegal

Zone Name Illegal to On-Street 


Parking Volume Parking Supply 


Garden City 1,135 
 68.3 


Area of Ministries 1,653 
 79.3 


E1-Tahrlr 1,972 
 536.0 


Talaat Harb 4,273 158.3 


Attaba 1,771 
 340.6 


Abdin 1,778 
 331.8 


Klot Beik 628 79.7 


Tawfikia 1,440 
 12-9.3 


Ramsis 1,736 138.7 


Azhar and Ghora 1,865 506.8 


Bab-El-Sheria 1,401 
 176.6 


Total 19,652 159.4 


% of Illegal
 
To Total Parking
 

Supply
 

37.7
 

42.3
 

82.8
 

78.1
 

97.6
 

177.3
 

47.5
 

88.5
 

67.6
 

176.4
 

78.4
 

75.7
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6.2.1 Scenario One
 

The objective of scenario one wis to reduce the problem of illegal 

parking in the core of the CBD area (zones 21201 to 21207) by alplvinf 

the following measures: 

1. 	Increase the parking violation penalry fron 1 I..lE. to 1U I..'. 

2. 	Increase off-street parking supply In these seven zones from 
13,758 to 19,308 spaces. This coold he achieved by providing 
ten multi-story garages. Tliree of the garages are curront ly 
under construction (Kasr i.]Mile, Bank Ill:or, and tlaroof) and 
two other garages (El BoStaln and lidan Opera) Were recommended 
in previous studies of Cairo governorate and proposed to le 
constructed in the near fulLure. Alnav, rage parking charge of 
15 PT/hr. was suggested. 

Table IV-12 shows the number of parklng spaces either removed or added in 

the seven zoneu, and a summary of the overall parking supply by type, 

location, and zone is presented In Table IV-13. In addition, a summary 

of illegal parking by zone is sl:own in Table IV-14. 

Figure IV-3 illustrates the traffic dlirections in the C111) streets 

and locations of the proposed multilevel garages. 

6.2.2 Scenario Two
 

The objective of scenario two was to eliminate on-street free parklng 

and to reduce the problem of illeal parkin:- in the !ore of the CIII) ares 

(zones 21201 to 21207) as follows:
 

1. Increase on-street metered pacl log supply In these sevenl Zone:; 

from 157 to 4,767 spaces; i.e., all on-street free parking becomes con­

trolled on-street metered parking oin the streets with high traffic 

volumes. Thus, the parking supply and Illegal parking spaces In the M.ID 

area would be decreased by 1,384 and 3,955 spaces, respectively. The 

parking charge for these meters would be 5.P.r./ir. (5). 
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Table IV-12
 

Estimated Parking Spaces in the Core of 
the 	CBD Area
 

--- to 


1. Kasr El Nile (Private) 


2. Bank Misr (Private) 


3. Maarouf (public) 


4. El Bostan (Public) 


5. Midan Opera (Public) 


6. Azbakia Garden Adjacent to
 

El Gomhouria St.(Public) 


7. Regional Taxi Station at
 
Ahmed Helmy (Public) 


8. Taxi Station at Kolaly
 

(public) 


9. Midan BI Tahrir at Nile
 
Hilton (Public) 


10. 	Sh. Fawala Behind Bank
 
Misr (rublic) 


Total 


Number of parking spaces
 

Removed 
 Added 
 Net
 

500 500
 

275 275
 

675 675
 

275 700 425
 

650 1,850 1,200
 

75 300 225
 

800 800
 

300 300
 

600 600
 

150 550
 

1,150 6,709 
 5,550
 



Table IV-13 

Suggested Parking Supply by Type, Location, and Zone (Scenario 1)
 

Parking Facility 


ZoeNaeFree
Zone:Ne 


Garden City 


Area of Ministries 


El Tahrir 


Talaat Harb 


Attaba 


Abdin 


Klot Beik 


Tawfi-kia 


Ramsis 


Azhar and Choria 


Bab El Sheria 


Total 


On - Street 

Metered 
 Public 


1,661 1,030 


2,087 426 


368 677 


2,542 149 3,451 


512 8 2,610 


536 348 


789 36 


1,122 118 


1,252 1,574 


368 ­

793 198 


12,030 157 10,468 


Off -


Garages 


Private 


229 


153 


75 


1,464 


37 


119 


24 


223 


240 


-


-

2,564 


Street
 

Lots
 

87 


1,246 


1,862 


284 


73 


-


472 


164 


603 


689 


796 


6,276 


Total Total
 

Off - Street
 

1,346 3,007
 

1,825 3,912
 

2,614 2,982
 

5,199 7,890
 

2,720 2,240
 

467 1 1,003
 

532 1,321
 

505 1,627
 

2,417 3,669
 

689 1,057
 

994 1,787
 

19,308 31,495
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2, Increase off-street parking supply in the core of the CBD area
 

from 13,758 to 19,308 spaces by providing ten multilevel garages as
 

presented in scenario one.
 

Table IV-15 shows the proposed parking supply by type, location, and
 

zone. In addition, a sunmary of Illegal parking spaces by zone for
 

scenario two is presented in Table IV-14.
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'fable IV-14
 

Illegal Parking Volume by Zone 

Zone Name 	 Scenarto I Scenario 

1,135 	 1,135
 

1,653
 

Garden City 


Area of Ministries 1,053 


1,744
El Tahrir 1,472 


Talaat Harb 
 4,273 2,750
 

Attaba 
 1,776 	 1,109 

1,778 1,323
 

Klot Beik 


Abdin 


628 289
 

1,440 902
Tawf ikia 


Ramsis 
 1,736 1,526 

Azhar and Ghoria 1,865 1,865 

Bab-El-Snerlna 1,401 1,401 

19,652 	 15,697
Total 




-- /b -

-Z> 

,' 
*w.z -. 
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- * Locatjon of the proposed multi-level garages 

Figure IV-3 :Locations of the Proposed Multi-level Garages 

/ . 



Table IV-15
 

Suggested Parking Supply by Type, Location, and Zone (Scenario 2)
 

Parking "acllity 

Zo e N m 


Garden City 


Area of Ministries 


El Tahrir 


Talaat Harb 


Attaba 


Abdin 


Klot Beik 


Tawfikia 


Rs is 


Azhar and Ghoria 


Bab El 3heria 


Total 


On - Street 

Free aetered 


1,661 


2,087 


- 276 

492 f 1,687. 
112 308. 

172 273.. 

80 532 


- 842 


114 849 


368 


793 


5,879 4767 


Gara 

Public 


I 1,030 

426 


677 


3,451 


2,610 


348 


36 


118 


1,574 


-


198 


10,468 


Off ­

e 


Private 


229 

153 


75 


1,464 


37 


119 


24 


223 


240 


-


-

2,564 


Street
 

osTtLots
 

87 

1,246 


1,B62 


284 


73 


-

472 


164 


603 


689 


796 


6,276 


TotalTo a 

Off - Street 

1,346 3,007 

1,825 3,912
 

2,614 2,890
 

5,199 7,378
 

2,720 3,140
 

467 912
 

532 1,144
 

505 1,346
 

2,417 3,380
 

689 1,057
 

994 1,787
 

19 308 29,951,
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CIIAPTER V 

CASE STU)IES 

1. Introduction
 

As shown in the first four parts of this report*, a great deal. of 

effort has been put into the development of planning tools for Greater 

Cairo. These tools will. be useful in a wide range of transport planning 

and decision-making which will be required in Cairo In the coming years. 

While it would be futile to show the application of all the techniques 

developed in this research, it is useful to demorstrate how some of the 

methods can be used to tackle the types of problems currently existing 

in Cairo. Accordingly, in this part of the report two case studies will 

be presented to show the practical value of the analytical techniques. 

The first case study is of project programming in Greater Cairo and 

shows how the travel demand forecasting methods presented in Part I1 of 

this report can be used to Investigate the value of aiternat ,ve capitcl 

investment programs. The second case study shows low the Iapact of the 

new regional undergroynd line on ,iurface puhlic transport services call 

be assessed using the travel demand forecast fil, methods presented earl ier 

in this rep';rt. 

It should be stressed That these tewo case studies are presented for 

illustrative putrposes onlj and are not Intended to make definitive 

recommendations on the topics addressed. 

2. Project Programming 

2.1_ Objective 

This case qtkidy demonstrates the use of transport planning ailds and 

tools discussed la Parts I and II In the evaluation of system performance 

for different network configurations resulting from possible future 

* 	 Cairo Urban Transport Project, Transport Planning Aids and Tools, Final 

Report, Volume III Part 1 and Part 2 
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capital investments. These applications are useful In the staging of
 

slated projects for implementation.
 

2.2 	 Projects in Slate
 

Projects considered to be In the slate are:
 

- Abu E1-Ela Bridge, Zamalek Bridge
 

- Abbassis Bridge, 6th of October Elevated Road Extension to Chamra
 

- King Faisal Bridge
 

- Helwan-Heliopolis autostrad
 

- 26th July elevated roadway
 

- Ramsis Street extension to Ghamra
 

- Sekket El Waill Bridge (Railways)
 

- Giza square flyover
 

- King Fisal Street
 

- Road El-Farag Bridge
 

2.3 	Procedure
 

2.3.1 	 Travel Demand Forecasting
 

In order to determine the 1981, 1983, and 1987 hourly traffic volume
 

matrices to be used in the assignment stages, the following steps were
 

followed:
 

1. 	1977 private car and tixl passenger (80X80) matrices were developed 

for Greater Cairo traffic zones and for the survey period (i.e., for 

10 hours). This required some "smoothing" and fill tg in of the 

empty cells )see Part I of this report). 

See Working Paper "Different Networks to be Tested with the Assignment
 
Program" by T. Y. El Reedy, 1981, Project library, Cairo University.
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2. 	 1977 private car and taxi passenger (108X108) matrices wore developed 

for Greater Cairo and rura, traffic zones for each of the morning 

survey hours (i.e. 7-8, $-9, 9-10, and 10-11) after smoothing and 

filling the empty cells (see Part I). 

3. 	1977 hourly fluctuation matrices (80X80) were developed for private 

car passengers for Greater Cairo traffic zones by dividing the 

respective cell data from Step 2 by those obtained finStep 1. This 

was also done for taxi passengers. 

4. 	 Trip generation and distribution techniques discussed in Part II 

were used to produce (80X80) private car and taxi passenger matrices 

for the Greater Cairo Traffic zones fur the 10 hours corresponding 

to the survey periodsof 1977. These matrices were produced for the 

years 1981, 1983, and 1987. In the case study presented here, only 

one scenario for soclo-economic development In Greater Cairo was 

assumed. 

5. 	The results of step (3) were multiplied by the corresponding ones of 

step (4) to obtain Elhe morning hourly passenger movements (80X80) 

matrices for private cars and taxis. Total Internal passenger move­

ments for Greater Cairo residents by prlvate .car and taxi were 

forecast (see results in Table V-i). 

6. 	 Morning hourly rural/urban movements fur the Greater Ciairo traffic 

zones for the year 1977 were jbtaiued from results In step (2) for 

private car and taxi passengrrs, 

7. 	 Results from step (6) were multiplied by an assumed growth factor 

obtained from previous car and taxi registration trends to obtain 

rural/urban movements for the years 1981, 1983, and 1987. The 



Table V-1 : Forecast Internal Total Passenger Movements in Greater Cairo 

Hour 7-8 A.M. 8-9 A.M. 9-10 A.H. 10-11 A.H. 

Year Pri. Car Taxi Pri. Car Taxi Pri. Car Taxi Pri. Car Taxi 

198] 77 964 47 974 110 697 54 208 79 780 43 758 91 720 50 771 

1983 82 041 50 291 115 808 56 733 84 521 46 586 95 283 52 286 

1987 88 344 56 256 127 957 62 220 91 867 50 910 102 477 56 Q(13 



Table V-2: Forecast Rural/Urban Total Passenger Hovements for Greater Cairo Reginn 

Hour 7-8 A.M. 8-9 A.M. 9-10 A.M. 10-11 A.h. 

Year Pri. Car Taxi Pri. Cgr Taxi Pri. Car Taxi Pri. Car Taxi 

1"1 7 282 12 205 8 016 13 581 8 327 15 383 7 530 15 771 

1983 9 670 14 803 10 649 16 479 11 053 18 665 9 998 19 130 

1987 12 030 17 476 13 243 19 464 13 745 22 037 12 446 22 597 

I 



Table V-3: Forecast Total Passenger Movements for Greater Cairo -

Year 

Hour 

Pri. 

7-Z A.P. 

,.ar Taxi Pri. 

8-9 A.M. 

Car Taxi Pri. 

9-10 A.M. 

Car Taxi 

10-11 A.F. 

Pri. Car Taixi 

1981 85 246 60 179 118 713 67 789 88 107 59 141 99 250 66 542 

1983 91 711 65 094 126 457 73 212 95 574 65 251 105 281 7] 4-1 

1987 100 374 73 732 141 200 81 684 

1!_____ 
105 612 

_ _ _ _ _ _ 

72 947 

_ _ _ _ _ _ 

114 923 

_ _ _ _ _ _ 

7 , 40( 

_ _ _ _ _ 

J1 
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annual increase in registrations was fou,'d to be 20.3% for private 

cars and 10.5% for taxis between 1977 and 1981. The estimated 

are 	 showntotal rural/urban passenger movements for Greater Cairo 

in 	Table V-2.
 

8. 	The results of step (7) were merged with those of step (5) to obtain 

the modal (108XI08) hourly passenger matrices by model by mode for 

the years 1981, 1983, and 1987. Total estimated hourly passenger 

movements for private cars and taxis are shown In Table V-3. 

9. 	 Morning period trip matrices were obtained for passerger movements 

by minibuses and private buses for the years 1981, 1983, and 1987 

by multiplying the corresponding 1977 matrices by a growth factor 

based on the increase in vehicle registration between the years 

1977 and 1981. The increase per year was assumed to by 14% for 

both minibusas and private buses. 

10. 	 The hourly passenger matrices obtained in steps (8) and (9) were 

then converted to passenger car equivalent (P.C.E.) matrices uuing 

the following conversion factors: 

Passenger Car Equivalent Factor 

Mode P.C.. '.
 

Minibus . 25
 

Private Bus 2.00
 

Occunan:y rates
 

Mode Rural /Ur ban i~j Urban/ Urban Trips 

Private Car 2.45 	 2.09 

Taxi 5.19 3.01
 

Micro Buses 6.18 5.47
 

Private Buses K(.44 25.70
 

See 	 Part I of this report. 



Table V-4: Estimated Total Passenger Car Equivalent Movements for Greater Cairo Region
 

Year
 

Y 


Hour 

Inter. 


7-8 A.M. Exter. 


Total 


Inter. 


8-9 A.m. Exter. 


Total 


Inter. 


9-10 A.M. Exter. 


Total 


Inter. 


10-11 A.M. Exter. 


Tota 1 


1981 


77 582 


6 107 


83-689 


83 692 


8 034 


91 726 


58 861 


6 885 


65 746 


b5 173 


6 614 


71 787 


1983 1987 

86 827 98 321 

7 7S! 9 452 

94 608 107 773 

90 418 101 580 

If-228 12 405 

10 646 113 985 

63 801 70 600 

8 766 10 646 

72 567 81 246 

68 705 75 025 

8 395 10 181 

77 100 85 206 
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8-9 A.M.The maximum total P.C.E. 's movements was found to occur between 

(see Table V-4) in the corresponding matrix which was used in the
 

assignment stage.
 

2.3.2 Network Configuration and Assignment
 

Tha 	Cairo street network of 1977 was coded, revised, punched,
 

This network was subsequently
checked, and stored on a magnetic tape. 


used to test the assignnent program with the 1977 O/D matrices by
 

checking the assigned volumes with the measured voltumes at selected
 

stations (see Part I of this report).
 

The Cairo street network of 1981 was also coded, revised, punched,
 

to the
checked, and stored, incorporating the alterations already made 


1977 network.
 

The Cairo street network of 1983 then consists of the 1981 network
 

plus the selected improvements, Including the King Faisal Bridge, King
 

Faisal Street, Guiza Square flyover, Zamalek Bridge, 26th July flyover,
 

Abbassia Bridge, Ramsis Street extension to Chamra.
 

Three scenarios are examined for 
the 1987 network ,-onfIguration:
 

1983 network
Scenario 1: 	"Do-nothing" alternative, i.e. the 


without additions.
 

Scenario 2: 	 The Sekket El Waily Bridge, the 6th October elevated
 

road extension to Ghamra, and the Abu El ,.la Bridge
 

added to the 1983 network.
 

Scenario 3: 	 Scenario 2 plus the Helwan-lleliopolis autoqtrade and
 

the Road El Farag Bridge.
 

See Working Paper "Different Networks to he Tested with the Assignment
 

Reedy, Project Library, Cairo University.
Program" by T. Y. El 
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The assignment program is the main analysis tool for evaluation of the
 

proposed configurations. Volume/capacity ratios for all network links
 

are then used in an economic assessment. Details of the assignment pro­

gram are found in Part II of this report.
 

2.4 Results
 

The morning rush hour (8-9 A.M.) PCE matrices were assigned to the
 

corresponding network configurations defined in the previous section for
 

the years 1981, 1983, and 1987. The Cairo University stepwise capacity
 

restraint assignment was used for this exercise. An initial load for
 

each link having public transport or commercial vehicle movement in 1977
 

was assumed for each year extrapolating past trends in public transport
 

demand and vehicle registration. Corrections and adjustments were made
 

for the changes which have taken place in the public transport networks
 

and in the traffic regulations for routing commercial vehicles. These
 

initial loads were also converted Into PCE movements.
 

Results of these assignment runs yielded the following types of
 

network link information:
 

- Total volume assigned (in P.C.E.s), travel time (in minutes),
 
and the volume/capacity (V/C) ratio for each link in the network
 

- Number of links in the network having the same V/C ratlo, I.e.,
 
roughly equivalent levels of service (see Table V-5).
 

- Total aggregate vehicle travel time (AVTT) on the whole network,
 
estimated in P.C.E. travel hours per hour (see Table V-5).
 

Table V-6 shows the volumes assigned to each of the bridges connect­

ing the western and eastern parts of Greater Cairo. The total traffic
 

crossing the River Nile from West to East is estimated to be 20,287,
 

22,412, and 25,573 aid from East to West 18,109, 19,961, and 23,172 hir
 



Tab]e V-5 

Link Volume Capacity Ratios Summary
 

Frequency
Class 


25
 - 1% 

21


10 - 20% 

27
20 - 30% 
91


40 - 50% 
103
 

50 - 60% 
 8560 - 70% 
106
 

70 - 80% 

87
80 - 90% 
81

90 - 100% 
915
> 100% 

1639
TOTAL 


124003.21 PCE.Jlll./H1R.
Aggregate Vehicle Travel Time (AVTT) 


http:124003.21
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the years 1981, 1983, and 1987 respectively (Scenario 1). The increase
 

in total traffic crossing the River iile in both directions compared with
 

1981 was found to be 10 percent for 1983 and 25 percent for 1987. From
 

Table V-4 the increase of total traffic movements in the study area for
 

the years 1983 and 1987 (again compared to 1981) were found to be 9
 

percent and 23 percent, respectively. The comparison between the
 

corresponding traffic figures and also between the 1981 assigned volumes
 

and those r-easured in April 1977 and February 1980 (given in Table V-6)
 

tend to verify the consistency of -he results of the assignment runs.
 

However, the distribution of traffic on the bridges has changed
 

dramatically, due to changes in traffic operation on the 6th October
 

Bridge and the opening to traffic of the proposed Rod El-Farag and the
 

ew Abu El-Ela Bridges.
 

Detailed operational and economic analysis fol iinks and the whole
 

network are needed according to the procedures presented in part (2) of 

volume III of the Project Final Report based on the results of the 

assignment runs. The cdnstruction of new bridges and their opening to 

traffic have significant effects on the traffic volumes assigned to the
 

different links of the Greater Cairo enlarged downtown. Table V-6 presents 

also the volumes assigned to some Important links. The 6th October 

elevated road, Ramsis, Salah Salem and Kornish Streets will have 

heavier traffic volumes (which leans a low level of service) if Rod 

El-Farag and Abu El-Ela Bridge are not opened to traffic in 1987. 

Results of the overall operational evaluations of the performance 

of these networks in 1983 and 1987 compared to that of 1981 are givenl in 

Tables V- 7 and V- 8. Table V-7 shows rhat the inriber of links having a 
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from about 43 percent for 1981
than 100 percent increasesV/C ratio more 

year 1983 and to 52 percent in thLe year 1987, even 
to 48 percent in the 

EL-Faraq; 3ridges, as 
under Scenario 3, which Includes Abu F1l-ta and Rod 

is that 
well as the Helwan Auto-Strade. An implication of this finding 

increase from an estimated 69,238
the total vehicle operating hours will 

1983 and to 98,559 in 1987 measured in P.C.E. hours/
in 1981 to 85,586 in 

The increase in vehicle OperatIn,, hours 
hour in the morning rush hour. 

to he 23 percent and 42 percent,
traffic delays was estimateddue to 

exceed increases in traffic volumes that 
respectively; these far tht, 

be 9 percent and 23 percent, respectively. A rough 
were estimated to 

losses In vehicle operating, costs due to the 
estimate of yearly monetaiy 


not include
level of service (which does
increased deterioration in the 


monetary losses of passenger travel time) is estimated to be 15 and 20
 

find ing Indicates the
 
mill L.E. in 1983 and 1987, respectively. This 


street netWork capacity through additional

importance of Increpsing 


and appro­traffic mnnagerent schemes,roadway construction projects, 

reduce S:tret curl) parling,priate parking policy revisions designed to 

especially on main arterial streets.
 



Tabl3 V-6 

MEASURED AND ASSIGNED TRAFFIC VOLUMES ON THE NILE BRIDGES 

(a) WEST TO EAST 

SURVEY COUNT ASSIGNED TRAFFIC VOLUME 

BRIDGES APRIL FEB. 
1977 1980 1981 1983 1987 Si 1987 S2 1987 S3 

GIZA 1,711 2,680 3,451 3,870 4,946 4,807 4,795 

GAMEA 1,869 2,832 2,503 3,031 3,148 2,833 2,805 

TAHKIR 3,643 2,622 3,647 3,764 4,274 3,685 3,278 

6th OCTOBER 4,261 7,971 9,695 10,790 8,293 7,317 

ABU EL ELA 2,203 1,217 1,280 481 566 4,302 3,131 

IMBABA 1,312 1,282 1,435 1,571 1,849 1,849 1,849 

ROD EL FARAQ 3,524 

TOTAL 10,738 14,894 20,287 22,412 25,573 25,769 26,699 



BRIDGES 

GIZA 

GAMEA 

TAHRIR 

6th OCTOBER 

ABU EL ELA -

IMBABA 

ROD EL FARAQ 

TOTAL 

Table V-6 

MEASURED AND ASSIGNED TRAFFIC VOLUMES ON THE NILE BRIDGES 

(b) EAST TO WEST 

SURVEY COUNT ASIGNED TRAFFIC VO-LUME 

APRIL FEB. 
1977 1980 1981 1983 1987 Si 1987 S2 1987 S3 

2,000 2. >:' 3.277 3,802 4,163 4,113 4,310 

2,026 2,75 2,550 3,116 3,862 3,836 3,518 

328 2,15i 2,560 2,844 3,321 2,881 2,701 

2,158 3.088 6,259 7,654 8,832 7,052 5,358 

1,058 ],662 1,580 432 508 3,072 2,651 

1,637 1.173 1,927 2,113 2,486 2,486 2,486 

3,609 

9.207 13,109 18,109 19,961 23.172 23,440 24,633 
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TAILE(v-G)gJEASURFD AM ASSIGNEDTUAFFIC VOLUMESONSOMtIMPORTANTSTREETSIN GREATER CAIROENLARGEDDOWTOWN 
IN MRNINGRUSHHOUR 

oRI.L LINK MAN LINK KSC:PTICN 
SURVEYCOU/IT 

LIN -

DIRECTIONAPRIL IlARCH 
1977 1982 

1981 

ASSIGNEDTRAFFICVOLUME 

1983 19687St 1987 $2 1967 S3 

1 Frm Thrwat St. 
to Auaf Sq. 

160-748 1.167 4.382 5,241 S.773 4.602 3.720 

2 
Basis 

Fr'm Riasci Sq.
to Gkonr 

791-782 766 4,175 5.803 6,673 4.920 4.60 

3 Street From Ghwe to 
Bisa Sq. 

339-799 
311-80009-NO 

3.30 3.706 5.123 5.725 4.382 4.393 

4 

S 

r.. Serayet St. 
to Sclah SlmeSt. 
Fromlth Slis St. 
to Sareyat St. 

412-M 

17-843 

1.575 

712 

1.925 

1.1S1 

1.105 

1.276 

1,490 

1,S6 

1.416 

1.229 

1.182 

944 

6 

7 

8 

Gel"a Street 

Wish Street 

FromShanes St. to 
Assaf Sq. 
From Attaba Sq. to 

*ab.1 Shei& St. 
Fre tab @ISheria 
St. to Attaba St. 

814-714 

736-30 

398-736 

1.183 

1.764 

1.752 

4,209 

962 

2.799 

3.81S 

1.447 

3.690 

4.139 

1.305 

4.183 

5.363 

1. 477 

3.120 

4,703 

1.331 

3.164 

9 

10 

si Salim 
stret 

r,-m I is St. tq
Yo4,tsef Abbas St. 

from SayedEIha St. 
to Sur-el-Eyom 

8S6-857 

643-380 

1.757 

1.665 

3.146 

2.702 

3.49S 

3.208 

3.722 

3.647 

3.726 

3.586 

3.90D 

2.902 

11 Shobra Street To Gplu St. 818-140 2.875 6.111 6.301 6,219 7.464 6.430 

12 Torma Street Frm Was St. 140-348 1.482 2.616 2.434 2,941 3.500 3.210 

13 
14 
1s 
16 

U7 

18 

20 

Ibrahim El 
Lakhany 
Galas 
Bridge 

6tkOctober 
ElevaLed Rd. 

Axhar Street 

From RoxiSq. 4;0-481
T9 Rool S. 481-480 
From Glc Iride Sq. 167-603 
ToKared 
Free Maired 288- 58 
To alfj 8r.1l5a.Ove7*r To 6as ST. 6-9KU46 
W.as Frm Rals 

. . 921-67 
ToAttaba 390-388 
From Attabe 
To Hlwasen 111-388 

611 
841 

4.436 

2.332 

1,072 

2.030 

1344 

-" 

1,102
1.542 
3,812 

2.756 

2,566 
2.908 

,271 

1.210 
1 656 
3.945 

3,193 

3, 

3.38_ 
2.592 

1.292 

1.361 
1.949 
4.486 

3.678 

4.G44 

3.433 
2,925 

1.775 

1.398 
1,771 

3,897 

3.190 

.4 

3.655 
2,411 

1,20 

1.3§0
1,9)7 

3.490 

3.348 

3,O"­

3,4) 
2,S03 

1280 

Street 
or 

Frm Tahrtr Sq. ?08-207 1.730 197 
597f 

1 649
1.4. 

1 960
1 960 1iu9 

177765
7T7il 1 

24 Street to iababs 3ridge 
From ImbabBridge 
to Shchre 1 
.. 11lit _ 

9135-936 1,249 

130-931 1,786 

2.101 

1,372 

2.647 

2,523 

2,648 

2.771 

3.132 

3.223 

2,953 

3,557 i 

2.380 

.81 
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3. rnmpact of Cairo Regional Underground Line on Surf'ace Public- 'ransprt 

Services
 

3.1 Background
 

Lt was recently decided to implement the regional line of the 

proposed Greater Cairo Underground urban rail network. Work has started,
 

and construction of the regional line will connect the Helwan and
 

Mataria suburban railway lines with a 4 km tunnel; thus, a 42-km rapid
 

rail line will operate from Helwan in the south to El-marg in the north.
 

This long mass transit line will obviously be the backbone of public
 

transport in the city. It is certain that this line will force draimatic changes 

in the size, level of use, and type of service offered by other transport
 

modes operating in Greater Cairo. Using the data base and modeling
 

teciniques developed during the CU/MIT Cairo Urban Transport Project, it
 

is possible to analyze the anticipated effects of the regional under­

ground line on Cairb's surface public transport services. To do so 

within budget limitations, this task was assigned to senior Cairo
 

University transport planning students in Civil Engineering as their
 

B.Sc. degree project. Since the whole exercise had to be completed in
 

four weeks, numerous assumptions and approximations were made, and as 

a result, the analysis presented here is of a general nature. The
 

analysis presented here points toward directions of effects and "order
 

of magnitude" quantitative assessments of various impacts,the new rail
 

line is likely to have. The importance of undertaking a wider InvstL­

gation of this topic in the very near future and before operating th 

line i3 a major conclusion of this preliminary analysis. 
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3.2 	 Objective and Scope
 

The main-objective of the 
investigation is to determine the nature
 

of effects that a regional 
underground line will have 

on surface public
 

transport services in Greater 
Cairo in 1987, with special 

focus on impacts
 

in the city centre.
 

following restrictions
 
the constraints mentioned 

above, the 

Due to 


the analysis:
were imposed on 


stored on a magnetic tape.
 
Only 	the street network 

was coded and 

1. 


to
 

Therefore, some modifications 
and assumptions were made 

in order 


make 	this network represents 
the public transport system 

as closely
 

as possible.
 

Accordingly,
 
No public transport assignment 

package was available. 

2. 


"ill or nothing"
 
the street network assignment 

package with an 


minimum travel time algorithm 
without capacity constialnt 


was used
 

No information was available
 
in assigning public transport 

trips. 


some plausible assump­
about public transport transfer 

times; hence 


The outcome of the analysti
 meet this data need. 
tions were made to 


was then subject to alteration 
and corrections.
 

3.3 	 Proceure Outline
 

The analysis procedure adopted 
in this study was conditioned 

on the
 

The main steps of this
 

objectives and limitations 
mentioned above. 


The year

flow 	chart given in Fig. 

V-1. 

summarized in the 
procedure are 


the official year for opening 
the whole regional line to
 

1987, which is 


designated as the horizon 
year for this analysis.
 

traffic, was 
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3.3.1 	Future Trip Generation
 

Based on the calibrated public transport trip generation models for
 

Greater Cairo (see Chapter II), 1987 zonal trip productions and attractions
 

were calcualted. The zonal trips were calculated for a period corre­

sponding to that of the 1978 public transport survey (7 A.M. to 3 P.M.
 

of a working day).
 

3.3.2 	Public Transport Network 1978 and 1987
 

The 1977 street network and the 19178 public transport network were
 

available (see Part I). However, only the 1977 street network was coded
 

and stored on magnetic tape. To save time, it was decided to use this
 

file after introducing the necessary adjustments to obtain a 1987 coded
 

generalized public transport network. Major adjustments were:
 

a. 	All links having no public transport running on them were eliminated
 

by assigning each a travel time of 99.00 minutes.
 

b. 	To change the coded private car travel time on each link to public
 

transport travel time, link travel times for private car was multi­

plied by a factor depending on the area and facility type as shown
 

in Table V-9.
 

c. 	Since the street network available for calculation of minimum travel
 

time 	matrices was based on 80 zones, and knowing that the public
 

transport zoning system has 120 zones, an aggregation process was
 

applied to reduce the 120 public transport zones to 80. The 66
 

zones of the central area of Cairo were left unchanged and the 54
 

external zones of Greater Cairo were aggregated to the 14 zones
 

defined in Part I. As a result of this aggregation, the travel time
 

was increased to all centroid connectors of.the 14 external zones.
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1978 Modal Pu-I 1978 Public197Pang
 

Transport
blic Transpor 1978 Street Network O/D Data Parameters
Network[ 


ICode a Generalized Calibrate Trip Public Transport
 

1978 Public Trans- Distribution Trip Generation
 
Models
port Network Model 


1hzl I 
1987 trip distri- 197ZnlTi
Build minimum 'aution (non-direct; 1 

GenerationJpersons ,all day)
Trees 


Directional & 1987 Peak Trip Code 1987 Gene-
Matrix (direct., ralized Public 

Peak Hour Factors persons) kransportNetwor m > 

1987 Peak Vehicle Build 1.987 m[ cuanyRae min. TreesTrip Matrices
Occupancy Rates 


Fleet Capacity Assignment
 

Evaluation 1.-


Get Trans F e
 

Endj
 

Procedure Used to Analyze Effects of Underground Rail Line
Fig. V-2 
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This 	"penalty" travel time also recognized the effect of transfers
 

as well as the type of mode operating in each zone. Table V-]0 gives
 

the values of the penalty travel times.
 

The 1987 generalized public trangport network took into consideration
 

the plans of CUiro Transport Authority (CTA). The following assumptions
 

were made to code the 1987 network.
 

a. 	New nodes ridlinks for the underground regional line (U.G.) were
 

included as well as the extension of the tramway network at the
 

periphery of Greater Cairo.
 

b. 	 U.C. average speed was assumed to be 35 km/hr. 

c. 	In order to take the effect of the U.(;. line on reducing Journey 

time, link travel times were multiplied by reduction factors 

according to their distance from the U.G. line. These factors are 

presented in Table V-11 

Table (V-9) :Adjustment Factors to Convert Link Private Car Travel 

Time 	into Public Transport Travel Time
 

Facility
 
Type 1 2 3 4 5 6
 

Area 	Type
 

1. 	C.B.D. 1.48 1.85 1.33 1.48 1.33 1.85
 

2. 	Fringe 1.48 1.85 1.33 1.48 1.33 1.85
 

3. 	Residential 1.39 1.73 1.25 1.39 1.25 1.73:
 

4. 	Outer C.B.D. 1.48 1.85 1.33 1.48 1.33 1.85
 

5. 	Rural 1.71 2.13 1.54 1.71 1.54 2.13
 

See 	Part I for definition of facility and irea types.
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Table V-10 Penalty Travel Times for the 14 External Zones
 

Zone Number Penalty travel time (min.)
 

10
10100 


10
 

10300 


10200 


10
 

10
10400 


10
 

10600 


10500 


10
 

10700 
 15
 

10
10800 


10
 

i100 


10900 


10
 

11100 
 10
 

10
11200 


12
11300 


11400 
 15
 

Table V-I Link Travel-Time Reduction Factors Reflecting Effect of the
 

U.G. Line on Journey Times
 

Distance of zone
 

centroid on each Reduction Associated minimum travel time
 

side of the U.G. Factor on each link (min)
 

route (km)
 

465 0.2 2.0 

>5 - 4 1.5 0.5 5.0 

>1.5 0.8 7.0
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3.3.3 Trip Distribution
 

Using the above assumptions, mLnimum travel time matrices were
 

obtained. The trip distribution program developed in Chapter 1lwas then
 

used to calibrate three trip distribution models, one model for each
 

trip 	purpose.
 

The trip distribution program resulted in three passenger trip
 

matrices corresponding to 1987, one for each defined trip purpose.
 

Since the matrices indicated non-directional person-trips for the nine
 

hours between 7 A.M. and 4 P.M., it was necessary to apply three factors
 

These factors were:
to obtain directional peak hour vehile matrices. 


- 'directional factors 

- vehicle occupancy rates
 

- peak hour factors.
 

Based on the 1978 public transport survey data, these factors were
 

produced and storedin computer files. Accordingly, the required
 

ready for assignment applic:itions.
matrices were produced in the format 


The 	trip distribution exercise was repeated twice, first using 1987
 

travel times that corresponded to the "do nothing" alternative, and the
 

second, using travel times with the U.G. in service.
 

3.3.4 	 .ssignment
 

With the results of the trip distribution process, assignment runs
 

were made using the Cairo University computer package. An "all or nothing"
 

method of assignment without capacity constraint was applied in the
 

or nothing"
public transport runs. As a result of using the "all 


assignment, it was found that some heavily loaded while other
links were 


links had zero volume, an unrealistic condition. To correct such errors,
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a reassignment process was developed 
giving a preference in loading 

to
 

To achieve reliable
 
the underground until it reached 

its capacity. 


results for the reassignment process, 
every mode was treated separately.
 

Then, a combination of all modes 
was studied to determine the configura­

tions for new lines in Greater 
Cairo with the 	regional undeti,round 

line
 

The following points explain 
the steps of the correction
 

operating. 


process:
 

the underground:

1. Correcting the loads on the links 

of 


The loads on links parallel to Lhe underground links of any
 

the corresponding
 
public transport mode were removed 

and reloaded on 


links of the underground, taking into consideration the 
maximum
 

the line (60,000 passengers/hour).
capacity of 


2. 	Correcting the loads on 
the links of the other modes:
 

carry bus passengers given
 
Considering the street capacities 

to 


of thu tram and the metro 
also the fleet capacities

in Table V-12 and 

the loads on all links ol the ilbpolis metro, tram 
of Heliopolis, 

corricted by transferring loads from one mode to 
and buses were 

another.
 

theUnderground
3.4 	 Estimated Impact of 


As mentioned earlier, two cases 
of assignment of peak hour public
 

obtained:trips expected in 1987 were 
transport person 

1. 	 The "do nothing" case, (DN).
 

(UGO).
in Operation" case
2. 	 The "Underground 

these two cases was made in 
A comparison between the results 

of 

the underground line on public transport order to assess the impact of 


service in Greater Cairo.
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Table V-12: Maximum Capacity by Road Class
 

Class No. Classification Peak Pass/hour
 

12 way - 2 lanes 3000
 

2 2 way - 3 lanes 4000
 

32 way - 4 lanes 50VO
 

42 way - 5 lanes 6000
 

5 2 way - 6 lanea 7000
 

6 Divided - 2 lanes each direction 8000
 

7 Divided - 3 lanes each direction 12000
 

8 Divided - 4 lanes each direction 15000
 

9 Divided 1 5 lanes each direction 18000
 

10 One way - 2 lanes 8000
 

11 One way - 3 lanes 12000
 

12 One way - 4 lanes 15000
 

13 One way - 5 lanes 10000
 

14 One wa' - 6 lanes 15000
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Table V-13 gives the expected city center bus trips in the 
1987
 

It is clear from these data that
 morning peak in the DN and UGO cases. 


the number of bus trips to and from the city 
centre is expected to be
 

reduced dramatically (by about 70%) after implementing the regional
 

high volumcs of passenger
other words, the presentInundergvound line. 


transfer trips that take place in the city center will be narkedly re-


Transfer trips that occurred in the city 
center in 1978 accounted
 

duced. 


for about 30% of total trips in Greater Cairo, or the equivalent 
of one
 

million trips.
 

in Lhe 1987 MIorning Peak.Bus TripsTable V-13: Expected City Center 

Do Nothing Underground Difference % 

Case Case Change 

Entering 

Leaving 

73426 

74487 

20366 

23264 

53060 

51223 

-72% 

-69% 

-70%
104283
43630
147913
Total 


number of buses running in
Accordingly, it is anticipated that the the 

city center streets can be dramatically re;'uced. 
Figure V-2 shows these 

estimated reductions for selected major streets in the city center. On 

average, a 36% reduction in bus flows is expected to take place on the 

selected 11 streets shown in Fig. V-2 during the 1987 morning peak. 
On 

some streets a massive reduction will occur, such as 
on Kasr El-Einy Street
 

where the reduction will be 98%.
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in bus trip 	ends at the three major
a great reductionFurthermore, 

Table V-14
 
squares in the city center are also 

expected. Fig. V-3 ,.d 


by bus57%, and 58'. of peak hour trip ends 
show that reductions of 81%, 

at Tahrir, Ramsis and Ataba squares, 
respectively.

will take plaL 

Bus Trip Ends in Major City Center SquaresTable V.1 4: 


1987 change
1987 Total Trip lnds
Squares 


Trips
DN ti 	 x
 
Reduction 

Tahrir 52000 10000 42000 -81% 

Ramais 42500 10375 32125 -57% 

Attaba 48750 20500 28250 -58% 

103375 	 -72%
143250 40875 


public transport operations in che 
It is concluded that private 	and 

to be much improved after implementa­
of Cairo are 	expectedcity center 

of buses will largely
The endless 	chains
tion of the 	underground ln 1987. 


The large numberbecome smoother.
vanish and, 	 hence, traffic flow will 

trips will be eliminated, and so pedestrian/vehiIle conflicts 
of transfer 

will be reduced.
 

the total number of 1987
 
Another output of the assignment runs was 


alternatives.
 
peak hour passenger travel time for the "DIN"and the "UI;O" 


The results were as follows:
 

DN 143,046 passenger-hours
 
s
 

UGO 121,11b passenger-hour
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The difference of 21,928 passenger-hours in the peak 
hour only is
 

equivalent to annual savings of at least 30 million pounds 
using some
 

sensible assumptions about traveler value of time.
 

Projected bus flows in Greater Cairo in 1987 were also 
plotted as
 

flow bands for the DN and the U11O cases, showing the expected values of
 

in Greater Cairo. It appeared

bus flow3 (passenger/hr) on bus routes 


from these plots that most city streets will have low 
bus movements.
 

However, some streets will experience heavy volumes, 
including Al-Ahrari
 

and the 26 July streets. These movements will be caused by the diversion
 

This problem may be mitigated
of many trips to the underground route. 


rerouting some lines to
 by introducing designated bus lane schemes or 

parallel streets. 

Expected changes in public transport trip transfers were 
also calcu­

lated which showed that the major transfers will be Bus/UG 
and would talke 

at major UG stations along the regional UG line, with heavy
place 

as dictated by the existing public
transfers occurring in the city center 

transport 6ystem.
 

To illustrate, consider a person wt' lives in Al-Ahram and 
wrcks
 

to Tahrir

in Ismailia Square, Heliopolis. Currently, he must take a bus 


Square (in the city center) and transfer to another bus line which would
 

Whaen the U.G. is in operation, this person
take him to his destination. 


will instead go directly from Al-Ahram to El-lialek El-Saleh 
underground
 

station and take the U.C. to Kobrv El-Kobba and then take a bus to
 

However, the forecast transfers draw attention to the

lemailia Square. 


need for careful consideration of constructing UG stations of .aimple
 

capp'-ity with sufficient exits and entrances so as to avoid 
congestior
 

inside the station and the station's vicinity.
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3.5 	Conclusions and Recommendations
 

It is concluded from this study that Cairo city center travel and
 

traffic flow will be much improved after opening the regional UG line to
 

service. Long chains of buses will be largely eliminated and traffic
 

flow will be smoother. The large numbers of transfer trips will be
 

significantly reduced and distributed along the UG route. In addition,
 

there will be reduced public transport travel time, reduced street
 

traffic delays (especially in the city center), and reduced accidents
 

and pedestrian vehicle conflicts. However, it is also concluded from
 

this stud5y that some points should be taken into consideration in order
 

to ensure the success of the UG service together with other public
 

transport services in Cairo. These actions are briefly summarized in
 

the following tentative recommendations:
 

1. 	Reduce the number of bus lines that terminate at Tahrir, Ramsis,
 

and Attaba Squares.
 

2. 	Eliminate the Metro line between EI-Demerdash and Ramsis Square be­

cause all its passenhers could use the underground instead.
 

3. 	Due to the expected heavy transfer movements at stations along the
 

underground route, it is important to take care in the design of
 

the entrances to these stations and their connections to the surface
 

transfer stations.
 

4. 	Increase and improve bus service that transport people between
 

underground stations and different zones in the city. This, of
 

courec, can be achieved by different corridor analysis and route
 

restructuring, as explained in other parts of the final project
 

report.
 

Cairo University/Massachusetts Institute of Technology, TPP, Bus Service
 
Palnning, TAP Report No. 82-1, May 1982.
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Introduce special bus lanes where appropriate, on streets 
that are
 

5. 


*xpected to carry heavy volumes of bus trips (12000 passenger/hr
 

and more) in 1987.
 

3.6 	 Recezinendations for Further Study
 

The main objective of this investigation was to throw some 
light on
 

the majn impacts that are expected to take place on public transport
 

service in Grcater Cairo upon the operation of the regional U.G. 
line in
 

Bearing in mind time, budget, and other con'traints imposed on
1987. 


this study, the following recommendations for additional study are
 

made:
 

a more
1. 	The exercise described in this report should be repeated in 


improve the accuracy and
comprehensive and refined way in order to 


reliability of the projected-impacts.
 

necessary to coordinate the
2. Public transport corridor designs are 


U.G. and other'surface transport to get maximum benefit of the high
 

These should be designed in detail.
investment in the U.G. 


3. Practical recommendations about the planning and design of major
 

U.G. transfer stations and the related suriacp facilities should be
 

deveoped after site and system studies are completed.
 


