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EXECUTIVE SUMMARY
 

This is a report on the findings of the Cairo-Assuit Highway
 
Feasibility Study which was undertaken for the Roads and Bridges Authority
 
(RBA) of the Egyptian Ministry of Transport and Communications between
 
October 1985 and September 1986.
 

The Study was sponsored by the United States Agency for International
 
Development (USAID) under the Project Grant Agreement with Egypt for
 
Technical Cooperation and Feasibility Studies (Project No. 263-0102).
 
USAID funded the erntire foreign exchange budget, and the local budget was
 
jointly funded by USAID and RBA.
 

The Contract was signed on September 18, 1985. A month was allowed
 
fox mobilization of staff and ordering equipment for use on the Study
 
(computers and traffic survey equipment), and the Study got underway on
 
October 17th with the arrival of the Project Director in Egypt. Several
 
reports were issued during the Study, culminating in the draft final
 
report presented in late September 1986.
 

The final report is accompanied by seven volumes containing 33
 
appendices to the report, detailing the analyses and findings of the
 
Study. Plans of the new highway prepared to scale 1:25,000, together with
 
typical cross-sections, interchange layouts and geological sections, are
 
contained in the Plan Volume accompanying the report.
 

Objectives of the Study
 

The intent of the Study was to undertake engineering and economic 
feasibility studies of a new or improved highway in Upper Egypt between 
Cairo and Assuit. 

The Contract specified the major objectives of the Study as follows:
 

1. Determine whether a major investment in road construction
 
and/or improvement is warranted.
 

2. Explain and document whether such an investment is
 
economically feasible and what types and magnitudes of
 
benefits and costs will occur.
 

3. If the investment is found to be feasible and financially
 
viable, determine the best type of road, and/or
 
improvement, alignment location, design standards, and a
 
recommended implementation program schedule.
 

The detailed scope of work required a preliminary engineering design
 
for a completely new road from Cairo to Assuit, together with an
 
engineering assessment of the requirements for upgrading the existing
 
highway. The task of the Study was then to evaluate the economic
 
feasibility of these projects, and to recommend a program of investment.
 



The Study Area
 

The Cairo-Assuit Corridor is located in the northern part of Upper
 
Egypt in the Governorates of Giza, Fayoum, Beni Suef, Minia and Assuit.
 
The Corridor reaches from the boundaries of Greater Cairo co the town of
 
Assuit located about half-way between Cairo end Luxor, a distance by road
 
of 365 kilometers.
 

The Corridor consists of a narrow strip of agricultural land located
 
on both sides of the River Nile, but with most development on the west
 
bank. The width of the agricultural land varies along the Corridor, at
 
so-me points reducing to as little as 5 kilometers, but averaging between
 
10 and 20 kilometers.
 

Beyond the agricultural 
 land along the Nile lies barran desert which
 
is virtually uninhabited. The one exception to this is 
 the large
 
cultivated oasis of Fayoum located 
 in the Western Desert and separated
 
from the main corridor by about 10 km of desert,
 

The agricultural land is intensely cultivated, but is also densely
 
populated. Nearly 
 8 million people live in the Corridor, out of a total
 
population for Egypt of 47 million, and a population of over 23 million
 
for Upper Egypt.
 

Most of Upper Egypt is currently served by a single paved road and a
 
railway, both located on 
 the west bank of the Nile within the limits of
 
the Study Corridor. 
 In the northern section of the Corridor, there are
 
two additional main paved highways. One 
serves the east bank between Cairo
 
and Beni Suef, a road currently being extended to Minia, and the other
 
links Fayoum with Cairo and Beni Suef.
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EXISTING TRANSPORT
 

The Study conducted a set of traffic surveys to collect information on
 

existing highway transport in the Corridor. Information on other modes was
 
obtained from Government Agencies and the recently completed Egypt
 
National Transport Study (ENTS).
 

Traffic Surveys
 

Four major surveys of highway traffic were undertaken in the period
 
from mid-December 1985 to end-February 1986, as follows:
 

Roadside Interview and Manual Traffic Count Survey
 
Automatic Traffic Count Survey
 
Truck Weighing Survey
 
Journey Time Survey
 

The Roadside Interview Survey took one month to complete. Interview
 
stations i.ere located at 16 sites in the Corridor, 8 of which were located
 
along the main West Bank CairG-Assuit Highway. Each station was operated
 
in both directions of travel for at least two days during daylight hours,
 
with four stations operated continously for 24 hours over three days. A
 
further 11 sites were selected for additional two-day and three-day
 
traffic counts. The main objective of the survey questionnaire completed
 
for each vehicle was to obtain the origin and destination of the journey.
 
Additional information was collected on vehicle and journey
 
characteristics. A total of 127,337 interviews were completed which
 
represents a 77 percent sample of the traffic passing the interview
 
stations during interview hours.
 

Using a set of scales imported from the United States, a truck
 
weighing survey was conducted in February 1986. Three locations were
 
selected along the main west bank Cairo-Assuit Highway and truck weighing
 
operations were conducted for four days at each site. The objective of
 
the survey was to measure truck weights and axle loads for a
 
representative selection of loaded trucks. In total, 2,756 trucks were
 
weighed during the survey.
 

A juurney time survey was conducted to determine light and heavy
 
vehicle speeds under different traffic conditions and within different
 
types of Corridor development. The survey was also used to obtain
 
additional traffic counts covering all sections of the existing highway,
 
and to provide an inventory of highway characteristics related to traffic
 
capacity.
 

Some automatic traffic counts were conducted at thp same time as the
 
Roadside Interview and Manual Traffic Count Survey, mainly to provide a
 
check on the manual counts. After the Roadside Interview Survey was
 
completed, two long-term recording traffic counters were set up on the
 
main West Bank Cairo-Assuit Highway to monitor traffic variations over a
 
six week period.
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1986 Highway Traffic Volumes
 

Traffic volumes on the main West Bank Highway varied between 12,000
 
vehicles per day near Cairo #o 6,000 vehicles per day near Assuit.
 
Traffic was classified by 12 different vehicle types. The main vehicle
 
represented was the pickup which accounted for 27 percent of the total.
 
While most of these pickups were used for goods transport, about 10
 
percent were adapted for low-cost passenger transport. Trucks made up 26
 
percent of the traffic stream. Half were single trucks, and the rest were
 
large trucks towing trailers or semi-trailers. Private cars (12 percent)
 
and taxis made up about 40 percent of the total traffic and buses, rather
 
surprisingly, only 5 percent.
 

The surveys indicated that 25 percent of trucks and 15 percent of
 
passenger vehicles moved during the nighttime hours from 10:00 pm to 6:00
 
am. During daylight hours (6:00 am to 5:00 pm at the time of the survey),

53 percent of trucks and 60 percent of passenger vehicle movements were
 
recorded.
 

Traffic speeds in the corridor were similar for light and heavy
 
vehicles, averaging 61 and 55 kilometers per hour between Cairo and
 
Assuit. Probably the straight alignment and complete absence of grades,
 
both factors which can reduce truck speeds significantly, explains the
 
similarity. 
Of course, traffic speeds vary from place to place depending
 
upon road type and the characteristics of the area alongside the route. In
 
particular, 
only 60 percent of the route could be called open country; the
 
rest was either urban or, more commonly, village development, and
 
congestion in these areas slowed traffic considerably.
 

Comparisons with past traffic counts indicate that the rapid traffic
 
growth in the Corridor between 1979 and 1983 of 25 percent per year,

slowed over the last two years to an average of 8.2 percent per year.
 
Annual traffic growth rates 1983-1985 at individual count sites in the
 
Corridor ranged from 23 percent on the Fayoum Desert Road to 2 percent
 
between Beni Suef and Minia. However, not too much weight shoud be put on
 
individual count comparisons when made by different studies. It is
 
unfortunate that a regular 
count program is not yet started, although
 
plans are in hand to do this.
 

Passenger Vehicle Characteristics
 

The main passenger carrying vehicles in the Corridor were the various
 
forms of taxi (car, van and pick-up) and they carried nearly 50 percent of
 
all passengers. The two classes of buses carried nearly 30 percent with
 
most in the larger standard bus. About 25 percent of private cars had a
 
driver only and they accounted for only 6 percent of the total passenger
 
volume.
 

Truck Characteristics
 

The most significant findings of the traffic surveys concerned trucks.
 
In particular, the Truck Weighing Survey revealed 
 that a very high
 
proportion of trucks on the Cairo-Assuit Highway were overloaded -
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grossly overloaded in many instances. Comparisons were made with truck
 

weighing surveys previously conducted in Egypt in 1979 and 1981 and these
 
indicated that what was already a bad situation had got significantly
 
worse.
 

Three main types of truck operate on the Cairo-Assuit Highway: single
 
trucks, combination trucks (single trucks towing a trailer), and
 
articulated trucks (a tractor unit attached to a semi-trailer). It was
 
estimated that of all loaded trucks, about 75 percent of the large
 
combination and articulated trucks, and about one third of all single
 
trucks exceeded the legal axle load limits. Particularly severe offenders
 
were the combination trucks carrying bags of cement. On average, these
 
trucks weighed 63 tons (maximum legal weight is 48 tons for the largest
 
size of combinaticn truck). It was further estimated that 60 percent of
 
all single axles (excluding front axles), 81 percent of all tandem axles
 
and 63 percent of all tridem axles were overloaded (again considering
 
loaded trucks only).
 

Part of the problem is that trucks are routinely licensed to carry
 
more than permitted by the current legal axle load law. Also, until
 
recently trucks could be imported from countries permitting much higher
 
axle loads than Egypt, and were then licensed to carry these loads.
 
However, the main problem is that vehicles are loaded beyond their
 
licensed capacity.
 

The implications for pavement design are serious. Damage done to a
 
road pavement increases 20 to 30 times when an axle load is doubled. Hence
 
even slight overloading has serious consequences for maintenance and
 
rehabilitation, and gross overloading, as observed in the Cairo-Assuit
 
Corridor, rapidly accelerates the rate of deterioration of the pavement.
 

Journey Lengths
 

The great majority of journeys were short distance with over one half
 
of 30 kilometers or less. There was great variation in Journey length
 
between the different vehicle types. Most passenger vehicles had
 
relatively short journey lengths with only about 5 percent exceeding 150
 
kilometers. The large multi-unit trucks, on the other hand, showed much
 
longer journey lengths, with 2 percent of journeys as long as 800
 
kilometers.
 

Movement Patterns in the Corridor
 

It was found that the Governorates in the Corridor are very
 
self-contained, with the bulk of all daily traffic movements taking place
 
entirely within each Governorate. In fact, traffic entirely within
 
Governorates represented almost 50 percent of all movements observed in
 
the Corridor, considering all internal and external movements together.
 
Movements between Governorates in the Corridor represented only about 7
 
percent of the total.
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External movements to and 
 from the Cairo and the North iepresented

nearly 25 percent of all traffic. Only one third of this (about 7.5
 
percent of all Corridor traffic) was truly long distance passing beyond

Fayoum and the part of Giza located in the Corridor. There was very
 
little interaction between the Corridor and Upper Egypt south of Assuit.
 
Through movements without intermediate stops amounted to just over 1000
 
vehicles per day, representing less than 2 percent of all traffic.
 

Traffic Accidents
 

Existing traffic 
 accident data in the Corridor were reviewed.
 
Comparisons were difficult because of the different basis for each set 
of
 
statistics. Based 
 on these results, accident rates were derived for
 
different classes of road, distinguishing between 2-lane and 4--lane roads,

and between roads located in desert 
 regions and those in agricultural
 
areas.
 

Road Transport Services
 

The total vehicle fleet in Egypt experienced a high rate of increase
 
during the last decade, about 
16.5 percent per year on average. The most
 
recent registration statistics 
indicate that the rate of increase slowed
 
for 1984/86 to about 13.7 per cent per year.
 

Passenger and freight transport 
service are provided by both the
 
public and private sectors. The General Nile Company for Upper Egypt

provides 
public bus service within the Corridor. Non-transport public and
 
private firms also supply 
 bus service for their employees. The private

sector currently accounts for 57.2 perccnt 
 of total bus registration.
 
Private taxis provide service between 
and within the cities, towis and
 
villages. The inter-city taxi fleet is quite extensive and active with
 
per-passenger kilometer charges higher than air-conditioned bus rates.
 

Freight transport services are supplied 
by five public transport

companies, "own account" 
 trucks registered by non--transport public and
 
private firm&. cooperative trucking associations, small private transport

firms and individuial trurkers. The truck fleet increased rapidly during

the 1975-1984 period with an average annual growth rate in 
excess of 21
 
percent. 
 The pick up category (<3 tons) was responsible for much of this
 
growth with an annual average rate of increase in excess of 30 percent for
 
the period. Freight transport is essentially not regulated with no
 
restrictions as 
 to entry, routing or vehicle specifications. Official
 
axle load limits are not enforced. The five public companies function as
 
price leaders in setting 
 freight tariffs for the commodities they
 
transport. 
 Other rates are determined by competition.
 

Non-Highway Transport
 

A 
review was made of transport by railroad, waterways and pipelines in
 
order to complete 
 the picture of transport in tLe Cairo-Assuit corridor.
 
This review was based partly on interviews with each of the modal
 
authorities, and partly on the reports 
 of the recent Egypt National
 
Transport Study (ENTS). In the case of railroads, a consultant railroad
 
specialist visited Egypt 
for one month and reviewed operations.
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Giza to Assuit is a double track
Railroads - The railroad from 


standard guage rail line comprising a route length of 375 kilometers. It
 

is located close to the main West Bank Highway, paralleling a major
 

north-south irrigation canal. The alignment is relatively straight and,
 

since the topography of the Corridor is flat, there are no problems of
 

grade. South of Assuit, the line becomes single track.
 

In 1985/86, the line carried approaching 2 million tons of freight in
 

the Corridor compared with about 19 million tons of inter-Governorate
 
movements carried by road. Rail carried a greater proportion of rail
 

passengers, sharing inter-governorate movements equally with bus and with
 
taxi.
 

As well as recommending investments in rail, ENTS forecast a
 

substantial increase in rail traffic, with a quadrupling of freight
 

volumes serving origins and destinations in the Corridor by 2000.
 

However, ENTS emphasized the "ta-get setting" nature of these forecasts
 

and admitted that they would be difficult to achieve. While improvements
 

in train operations had clearly been made since ENTS, this Study was not
 

convinced that the ENTS forecasts of high rail traffic growth could be
 

met. Available evidence did not point to major growth in rail operations
 

sufficient to attract traffic from other modes.
 

Waterways - The section of the Nile between Cairo and Assuit is the
 

most heavily used part of the Egyptian waterway system with current
 

freight volumes at about the same level as for the railroad. ENTS
 

envisaged a large increase in products carried on this section of the Nile
 

but again admitted that they would be difficult to achieve. Discussions
 
with the River Transport Authority indicated that no start has been made
 

on the changes necessary for the ENTS forecasts to be realized. It was
 

concluded that no new developments could be expected which might impact
 
road transport traffic forecasts.
 

Pipeline Transport - There is at present no pipeline in the
 

Cairo-Assuit Corridor but a petroleum product pipeline is currently under
 

construction to link Cairo with the new refinery also under construction
 
at tssuit. In future, it is expected that all inter-Governorate transport
 

of petroleum products will be by pipeline, but local distribution of
 

products will continue to be made by road.
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ENGINEERING ASSESSMENT OF THE EXISTING HIGHWAYS
 

The principal route serving the Corridor is located on the west bank
 
of the Nile where almost all settlements and activities are located. 
 At
 
the northern end of the Corridor are 
two other principal routes; the East
 
Bank Highway between Cairo and Beni Suef, and the Giza-Fayoum-Beni Suef
 
Road.
 

Route Descriptions
 

The main West 
Bank Highway from Cairo to Assuit is 365 kilometers long

and is very well aligned, typically with long straight sections of 5-15
 
kilometers 
linked by gentle curves. Grades are extremely flat. The first
 
46 kilometers of route out 
of Cairo to Aiyat are 4-lane divided standard.
 
Apart from 
 some sections through towns, the remainder is 2-lane only,
 
mostly without shoulders.
 

The highway passes through 
a mixture of agricultural land (60 percent)

and both small and large communities. The communities are scattered in
 
short lengths route
along the with about 200 changes of classification
 
between Cairo and Assuit. 
A feature of the highway is the great frequency

of police check points where typically the road is narrowed to 
a single

lane using temporary barricades. Over 40 check points, or one every 8
 
kilometers, were observed.
 

East Bank Highway - This road assumed greater importance on the
 
opening of the new Nile Bridge at Beni Suef in 1985, 
since this enabled it
 
to serve as an alternative to 
the existing West Bank Highway. South of

Helwan, the road has similar characteristics to the main West Bank Highway
 
-- mainly 2-lan: construction through agricultural land but with frequent
 
passages through small villages. After Koraimat, the road passes through

desert (30 kilometers) until reaching the new bridge at Beni Suef.
 

Giza-Fayoum-Beni Suef Road 
- The first part of this route out of Giza
 
is the 53 kilometer Fayoum Desert Road, mainly 2-lane with gravel

shoulders. After entering Fayoum the has
the Oasis, road similar
 
characteristics to main
the West Bank Highway. The section through the
 
center of the Fayoum Governorate Capital is very difficult with crowded
 
urban streets in poor condition. 
After exiting Fayoum, this is generally
 
a good well-surfaced and well aligned 2-lane road with paved shoulders.
 

Nile Bridges
 

Until recently, the only crossings of the River Nile were at 
the

northern 
 and southern extremities of the Cairo-Assuit Corridor with 350
 
kms of highway between them. In 1985, 
a new 4-lane bridge was opened at
 
Beni Suef, allowing Beni Suef to expand into non-agricultural land on the
 
East Bank of Nile, and linking with the East Bank Highway to Helwan and
 
Cairo. 
 A new 4-lane bridge is also under construction at Minia due to be
 
completed in 1987.
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Recent and Current Construction
 

A substantial investment in highways is currently in progress in the
 

Corridor. It is estimated that investments have been of the order of LE
 

10-15 million per year for the last six to eight years.
 

A major part of this work is a rehabilitation program for the main
 

West Bank Highway which will transform it into a good 2-lane highway with
 

paved shoulders for the entire distance from Cairo to Assuit. However,
 

pavement strength is low as commented later in this section. Two other
 

major construction projects are also underway, as follows:
 

New East Bank Highway - The opening of the Nile Bridge at Beni Suef,
 

and the rehabilitation of the existing highway between Helwan and Beni
 

Suef, have created a new East Bank Highway capable of relieving the
 

existing West Bank Highway of significant volumes of long distance
 

traffic. A second stage of the East Bank Highway is now under
 

construction between Beni Suef and Minia and will link with the new Nile
 

Bridge now under construction at Minia. Completion is programmed for
 
early 1988, and will then provide an alternative route to the existing
 

West Bank Highway for two-thirds of the distance along the Cairo-Assuit
 

Corridor.
 

Inspection of the new construction between Beni Suef and Minia raised
 

two concerns. First, the geometric alignment is deficient in places, with
 

some blind summits and sharp curves. Secondly, the pavement structure is
 

not particularly strong, and is unlikely to withstand the high axle loads
 

imposed by heavy trucks. Therefore, if trucks (which dominate long
 

distance traffic) transfer to the new road in significant quantities as
 

expected by this Study, the new sections are likely to deteriorate
 

rapidly.
 

The Inter-Governorate Highway - The Governorates of Fayoum, Beni Suef
 

and Minia are collaborating on upgrading 221 kilometers of existing
 

highway to form a new route linking the three Governorates. The roads
 

selected for upgrading follow the line of the Bahr Youssef Canal parallel
 

to the main West Bank Highway located in the agricultural area.
 

Potentially, this project could provide significant relief to the
 

main existing highway, but it suffers from poor alignment in sections and
 

a weak pavement design. Funding is restricted and the completion date is
 

uncertain. It was concluded that this new Inter-governorate route could
 

serve a useful role in relieving the existing main West Bank Highway of
 

local traffic, but that most traffic would continue to use the existing
 

highway.
 

Highway Maintenance
 

For the main roads now in use in the Corridor, RBA has followed a
 

policy which reduces maintenance to a minimum. The asphaltic concrete
 

pavements are a high-type, modern surfacing, plant-mixed and
 

machine-laid. They are relatively massive pavements for most of the
 

length, consisting usually of 6 cm open-graded "premix" or "binder"
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course, followed by 5 cm wearing couses of denser gradation. Such heavy
 
pavements do not develop potholes and breaks in the 
same way as thinner
 
pavements and surface treatments. If well-constructed they can withstand
 
much use and overloading without requiring the constant small repairs
 
which are typical of lighter surfacings under such conditions. They do
 
fail, of course, if subjected to traffic in excess of the load capacities
 
of the base and surface layers, and there is extensive failure of this
 
kind evident in the Corridor now. However, overlays and rehabilitation to
 
correct this fall outside normal routine maintenance, and are discussed
 
separately.
 

One serious problem of shoulder usage exists. Much of the length of
 
the present Cairo-Assuit highway is closely parallel to main irrigation
 
canals, and the channel and 
 slopes of the canals have tu be maintained
 
constantly by the Irrigation Authority. The crawler-mounted draglines and
 
other machines used for this work often occupy part of the shoulder,
 
including even having one track on the edge of the travelway pavement.
 
The silt and organic matter dredged from the canals is frequently cast on
 
or near the shoulder.
 

There is no obvious solution to this problems, since the canal
 
maintenance is a legitimate and necessary function, and the working space
 
available for it is often limited. Nevertheless, the effects on the
 
highway are seriots, and the water saturated dredged material, entirely
 
bad for the road, should be removed promptly from the highway shoulders.
 
It would appear to be good material for land reclamation and of
 
considerable value if hauled to suitable disposal sites. Wherever space
 
permits, 
 the embankments should be widened or lower terraces constructed
 
to provide working platforms for the draglines.
 

For the purposes of this feasibility study, pavement maintenance was
 
estimated to include patching, smoothing overlays to correct local
 
deficiences, sealing over patches and any other repairs which may be
 
susceptible to raveling, and periodic seal coating (surface dressing) for
 
the roadway full width, at intervals of several years. The rates and
 
frequency for all such work were estimated considering pavement age and
 
traffic volumes, plus the initial observed condition of the pavement where
 
applicable. Costs were also estimated for maintenance of drainage and
 
other structures, embankments, line painting and sign maintenance.
 
However, given the relatively low maintenance needs of the existing
 
highways (overlaying being treated as infrastructure investment),
 
estimated maintenance costs were low.
 

Evaluation of Highway Pavements
 

A visual rating of pavement surface conditions was undertaken early in
 
the Study. Based on this, 20 locations were selected for field borings to
 
establish pavement structure and to provided samples for laboratory
 
analysis. An evaluation was then made of the strength of the existing
 
pavements, and this was used, together with projected traffic data, 
to
 
establish future pavement strengthening requirements.
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It was concluded that a proper prograra of overlaying could maintain
 
these pavements in good condition, for less cost than the current KBA
 
policy of overlaying and rehabilitation only when pavements become
 
seriously deterioraLed. However, action will be required early since,
 
despite the present program of rehabilitation, pavements in most sections
 
of the Corridor are weak and are unlikely to be able to withstand current
 
or expected axle loedings, even with some form of axle weight control, for
 
more than a few years.
 

It is estimated that over 1.23 million cubic meters of asphaltic
 
overlay will be required on the existing road system over the period 1987
 
to 2009, reducing to 1.12 million cubic meters if the main West Bank
 
Highway is improved as described below, or 1.06 million cubic meters if
 
the new Cairo-Assuit Highway is constructed. At a financial cost of LE
 
55.7 per cubic meter, this implies an investment of between LE 59 and 67 
million over the period, averaging LE 2,6 to 3.0 million per year. Higher 
expenaditures are likely to be necessary in the early part of The period to 
bring pavements up tc an acceptable strength. However, a proper program 
of pavement overlaying must be determinea based on a detailed ana2ysis of 
pavement strengths, :identifying priority sections for early treatment. It 
is emphasized that the evidence compiled by This Study is not sufficient 
to identify a detailedpogram of pavement strengthening. 

Candidate Construction Projects on the ExistingHighways
 

Two major investment projects were considered for improving the
 
existing West Bank Highway: constructing bypasses around the major towns
 
along the highway, and widening the highway to 4-lane standard.
 

Alignments for bypasses were located around 14 towns on the existing
 
West Bank Highwey whete conditions in the center of the town seriously
 
impeded through traffic, a condition which could be expected to get worse
 
over time. The total length of bypasses was 82 kilometers.
 

An assessment was also made of the requirement for wideniihg all
 
sections of the existing West Bank Highway to 4-lane standard. A total of
 
246 kilometers of highway were involved from Aiyat, where the existing
 
4-lane construction out of Cairo ends, to Manqabad where the existing
 
4-lane construction into Assuit begins. Significant sections of the
 
existing highway had canals on both sides of the road, one being the main
 
canal and the other being a smaller feeder canal. Widening the road would
 
mean relocating the smaller canal, and the engineering and cost estimates
 
took this into account.
 

Unit Highway Construction Costs - For the most part, financial costs
 
(the prices actually paid to contractors) were derived from comparisons of
 
recent bids. For economic evaluation purposes, it was necessary to
 
convert these costs to economic resource costs, which adjust for taxes,
 
import duties and subsidies, to obtain a truer measure of National
 
resources consumed by construction.
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Land Costs - Generally, the prices adopted assumed that land would be
 
expropriated by Government for construction, which implied much lower
 
prices than, for example, if the land were to be used for industr). Land
 
prices adopted ranged from zero for desert land to LE 5 per square meter
 
for agricultural land close to the existing main highway.
 

Costs of both 2-lane and 4-lane bypasses, and the costs of widening
 
the existing highway between bypasses are summarized below.
 

COST OF CONSTRUCTION OF BYPASSES AIND WIDENING
 
(LE millions, 1986)
 

FINANCIAL ECONOMIC
 
IMPROVEMENT COSTS COSTS
 

2-1ane bypasses 24.8 31.6
 
4-lane bypasses 37.9 49.6
 
Widening 74.8 95.0
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DESIGN OF THE NEW CAIRO-ASSUIT HIGHWAY
 

The principal project evaluated by the Study was a completely new road 

frow Cairo to Assuit. The Study considered all aspects of the new road, 
from the broad issue of location -- which side of the Nile River, how far 
from the existing communities -- through to detailed route location, 
preliminary engineering design and costing. 

Alignment Options Evaluated
 

The first task of the Study was to evaluate alternative alignment
 
options for the new highway and recommend an alignment for more detailed
 
study. This task, which occupied the first two months of the Study,
 
considered alignments on both sides of the Nile, including some located in
 
the desert far from the main Corridor.
 

Principally on the grounds of lower construction costs, better
 
accessibility to existing communities in the Corridor, and potential for
 
opening new areas for development, an alignment on the West bank of the
 
Nile was selected, located in the desert just outside the existing
 
developed agricultural area.
 

After agreeing the alignment with RBA, an aerial photographic survey
 
of the alignment was completed and a set of US Army topographic maps of
 
the Corridor were obtained from USAID. Both photographs and maps were
 
prepared to scale 1:25,000. A detailed soils survey was conducted along
 
the length of the alignm2nt.
 

Prelimimary Engineering Design
 

The main constraints for locating the new alignment were:
 

i) 	 Location of the high voltage transmission
 
lines from Aswan to Cairo.
 

ii) 	 Location of the planned new petroleum product
 
pipeline from Cairo to Assuit.
 

iii) 	The limits of agricultural development,
 
including new extensions of agricultural land
 
reclaimed from the desert.
 

iv) 	 Topography (only a significant issue in the
 
south of the Corridor).
 

Geometric design standards used for the preliminary engineering design
 
of the new highway were based on USA standards. A design speed of 110
 
kilometers per hour was assumed for the new highway, and 65 kilometers per
 
hour for the access roads. All other parameters, including curvatures,
 
superelevation, stopping and passing sight distances were selected
 
appropriate to these speeds.
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The terrain is generally easy and there were few problems in locating
 
the new highway in conformity with these standards. The only sections
 
which presented any difficulty were those opposite Minia, where the new
 
alignment enters the narrow section between the rock escarpment and the
 
agricultural land, and between Mallawi and Dairut. However, the road could
 
be located in both these sections according to design standards. It was
 
concluded that a full. 4-lane expressway could be located in the selected
 
Corridor designed to the highest standards of alignment.
 

The total length of the final alignment, from the Fayoum Desert Road
 

to the New Valley Road, is 343.3 kilometers.
 

Pavement Design
 

Much pavement construction in Egypt appears to use standard designs
 
with little regard to actual or predicted axle loadings. An important
 
element of the Study was the preparation of realistic designs capable of
 
withstanding forecast axle loadings.
 

Based on forecast axle loading of up to 60 million equivalent standard
 
axles over 20 years, and with measured base soil CBR values of 8 percent
 
or better, a standard pavement structure was adopted as follows:
 

Crushed stone sub-base 15 cm
 
Asphalt base course 18-20
 
Wearing surface 5
 

It was assumed that an additional 5 cm strengthening overlay would be
 

placed after 10 years.
 

Costs of Construction
 

Costs of construction were estimated based on preliminary design
 
quantities. CUL and fill was estimated from the road profile, and
 
pavement quantities from the cross-section design. Structures for
 
interchanges, crossings of wadis, and protection against sand dunes in
 
some locations were estimated individually. Allowance was made for an
 
additional slip road for the Cairo Ring Road/Fayoum Desert Road
 
intersection, located just to the North of the northern terminus of the
 
new highway. Some agricultural land would be required where the road
 
crosses the agricultural strip linking Beni Suef and Fayoum.
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Total costs of construction are summarized below.
 

CONSTRUCTION COSTS OF THE NEW CAIRO-ASSUIT HIGHWAY
 

(LE millions, 1985/86)
 

FIRST STAGE TOTAL
 
COST CLASS CONSTRUCTION (1) CONSTRUCTION (2)
 

Financial 88.6 179.4
 
Economic 118.2 240.7
 
Foreign Exchange 33.6 69.4
 

NOTE: 	Access roads with their intersections
 
costed separately
 

(1) 2-lane construction with at-grade intersections
 
(2) 4-lane construction with grade-separated intersections
 

Access Roads
 

An important feature of the design of the new highway was the
 
identification of suitable access roads linking the new road to the
 
existing communities in the Corridor. The aim was to provide a link to
 
each of the Markez capitals. Since these communitifs are almost
 
exclusively located along the existing West Bank Highway, access roads
 
would have to cross the existing agricultural area which is in places 20
 
kilometers wide. It is therefore inevitable that some agricultural land
 
would be used in the construction of access roads. To reduce this to
 
minimum, use was made of existing roads, improving and extending them to
 
the line of the new highway.
 

Field inspections of the candidate access roads showed most to be
 
sub-standard in terms of width, pavement condition and shoulders.
 
Therefore costs were estimated for widening the existing roads, and
 
extending the roads to the line of the new highway. Pavement design was
 
based on forecast traffic and axle loadings which varied by location. All
 
new construction was in desert areas or areas of reclaimed land on the
 
fringe of the desert.
 

- 15 



--------------- ----------------------------------

The total length of access road was estimated at 181 kilometers of
 
which 143 kilometers was existing roadway. A total of 1.2 million square
 
meters rf agricultural land would be required adjacent to the existing
 
roads for improvement, and 72 thousand square meters of reclaimed land.
 

Construction costs are summarized below:
 

CONSTRUCTION COSTS OF ACCESS ROADS
 
(LE millions, 1985/86)
 

FIRST STAGE TOTAL
 

COST CLASS CONSTRUCTION (1) CONSTRUCTION (2)
 

Financial 28.6 64.0 
Economic 36.9 84.7 
Foreign Exchange 9.3 25.4 

(1) At-grade intersections
 
(2) Grade separated intersections
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ECONOMIC STUDIES
 

The economic studies covered population, economic growth and costs of
 

transport.
 

Economic Parameters
 

The Study made a number of necessary assumptions on economic
 

parameters to be used both in the traffic forecasting and economic
 

evaluation stages. The key assumptions were as follows:
 

1) Inflation - On the basis that inflation affects all sectors of
 

the economy, it was disregarded in the Study forecasts. Therefore
 

all economic and financial values used in the Study were in terms
 
of constant 1985/86 LE.
 

2) Discount Rate - Following the lead of the recent Egypt
 

National Transport Study, a discount rate of 12 percent was
 

selected for economic evaluations.
 

3) Interest Rate - After considering a range of market interest
 

rates, a value of 12 percent was selected by the Study for
 

financial calculations in the transport sector. This was modified
 

for the evaluation of toll systems, as discussed later.
 

4) Shadow Pricing - Special prices (or shadow prices) were
 

required for certain items to allow for scarcity or distortions
 

in the market which, if left uncorrected, would bias the
 

evaluations. These covered foreign exchange (adopting US$1.00 =
 

LE 1.80), price of petroleum (adopted long term price of US$20
 

per barrel), labor costs and values of time for passengers and
 

cargo.
 

National Economic Base
 

Detailed reviews were made of the recent development of Egypt in terms
 

of population growth and growth in the Economy. These served as a base
 

frum which to make projections of future trends in development which
 

provided the background for the forecasts of traffic by the Study.
 

Population - The Study made an extensive review of the four recent
 

censuses in Egypt. An original contribution by this Study was a detailed
 

assessment of the comparability of census results, taking account of the
 

many administrative boundary and regional classification changes
 

introduced over recent years. By adjusting all census results to common
 

boundaries, new light was shed on the rate of urbanization, which the
 

Study believes has been overstated in other recent studies.
 

Population forecast methodology utilized by this Study gave a
 

projected year 2000 national population of 68 million, compared with 47
 

million today. Population in the Corridor is forecast to grow from 7.6
 

million today to 10.6 million by the year 2000.
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The year 2000 projection for Egypt is 2.7 percent higher than the
 
midpoint between high and low projections used in ENTS Phase III. It is,
 
however, only four tenths of one percent higher than the medium projection
 
of the National Urban Policy Study (NUPS), and this difference is not
 
statistically significant.
 

This Study utilized the United Nations URGD method to forecast
 
urbanization trends. The use of this method, plus a careful and thorough
 
comparability adjustment, yielded an urbanization rate lower than previous
 
studies. For the year 2000, the ENTS Phase III urban proportion was 60
 
percent, the NUPS urban proportion was 54.8 percent, and the urban
 
proportion in this Study was 50.5 percent. It is felt that the
 
methodology used in the Cairo-Assuit Highway Feasibility Study provides a
 
more reliable basis for projection of travel demands.
 

Economics - Long term growth of the National gross domestic product
 
has been about 5.8 percent annually for the period 1956 to 1985. The
 
1975-80 period was one of high growth, around 9.3 percent annually, funded
 
primarily by large increase in foreign exchange earnings from the
 
petroleum sector, Suez Canal, expatriate remittances, tourism and foreign
 
assistance. With the advent of the 80s the rates of growth declined,
 
averaging 6.4 percent for the period 1980-1985. By thc end of the first
 
quarter 1986, international and domestic events signalled the end of rapid
 
growth prospects and the beginning of an austerity period for the Egyptian
 
economy. Sizeable absolute decreases in the petroleum sector, tourism and
 
expatriate remittances are considered probable, with Suez earnings either
 
stable or showing a modest increase. Other export earnings are thought
 
not likelv to increase significantly in the medium run and foreign
 
assistance to replace the entire magnitude of the expected decrease is
 
unlikely. The Study therefore adopted a modest annual economic rate of
 
growth for 1985-1990 of 4 percent, increasing to 6 percent for 1990-2000.
 

Traffic Model Input - The schematic selected to represent transport
 
network flows within Egypt for transport planning and analysis purposes
 
divides the nation into 64 traffic/economic analysis zones. Within the
 
Cairo-Assuit Corridor, zone boundaries, in general, conformed to the
 
administrative boundaries at the marakez (district) level. Beyond the
 
Corridor, less detail was required and zone boundaries, in general,
 
conformed to administrative boundaries at the governorate level. Zonal
 
gross domestic product estimates were derived by combining regional
 
population and per capita income estimates. 
 Per capita income estimates
 
by region and by urban-rural classification were based on the CAPMAS
 
Urban-Rural Household Expenditures surveys of 1974/75 and 1981/82.
 

Costs of Highway Transport
 

Costs of highway transport were required for two purposes in the
 
Study; traffic forecasting and project evaluation.
 

For forecasting traffic, the price paid for transport was required,
 
since this is what determines behavior and route choice. The price paid
 
could be tariffs for users of transport services (taxis, buses, trucking
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companies), or the financial costs of owning and operating vehicles, for
 

private owners. The situation is ccmplicated by the fact that private car
 
owners generally do not perceive the full costs of motoring, disregarding
 

sucn items as maintenance and depreciation, although they are more aware
 

of personal time consumed in journeys. For forecasting traffic demand and
 

routing, perceived financial costs were developed by the Study to take
 
account of all these factors.
 

Project evaluation required the use of economic resource costs which
 
eliminate financial transfers in the economy, such as duties, taxes and
 
subsidies. Shadow pricing was also used to better establish the true cost
 
of resour:es consumed in transport opcrations. The most dramatic
 

difference between financial and economic costs is in the price of diesel
 

fuel, which is 3 piastres per liter to purchase (financial cost), whereas
 

the resource valuation is about 20 piastres per liter (economic cost).
 

Selected Vehicles - Since costs vary considerably by size and function
 
of vehicle, a range of nine vehicle types were selected for traffic
 

forecasting and evaluation. Vehicle operating costs were derived for each
 

vehicle type separately.
 

The vehicles were selected based on the traffic survey results, and
 
guided by previous studies of transport in Egypt. They consisted of two
 

cars (sub-divided according to trip purpose), two taxis (car and van), a
 
pickup, a bus, and three trucks of varying sizes. Vehicle
 

characteristics, including utilization rates, and unit costs (considering
 

the vehicle, tires, fuel, oil, maintenance labor, spare parts and
 

depreciation) were estimated for each.
 

Free-flow Vehicle Operating Costs - Costs of vehicle operations
 

assuming congestion free conditions were estimated using the World Bank
 
Highway Design and Maintenance Standards Model (HDM). The operation of
 

this model was first calibrated to Egyptian conditions by running with
 

data from the Egypt National Transport Study (ENTS) and adjusting the
 

model to reproduce the ENTS final costs. The calibrated model was then
 

used to estimate operating costs for this Study based on current vehicle
 
characteristics and unit costs.
 

Compared with ENTS 1983 costs, vehicle operating costs for this Study
 

were generally only a little higher. This was a result of two contrary
 

factors: increases in unit costs from ENTS of the order of 20 percent, but
 

decreases in costs due to assumed higher vehicle utilization rates derived
 

from the Study surveys.
 

Vehicle Operating Cost Adjustment --Adjustments are generally made to
 

free-flow operating costs to adjust for three items: road geometry, road
 

surface condition and congestion.
 

No adjustments were made for road geometry in this Study, since the 

great majority of thQ roads under study were well aligned with flat 

grades. 
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Four classes of road surface were recognized: excellent, very good, 
good and fair. For each, the HDM model was used to estimate cost 
adjustment factors. 

The main attention was focissed on congestion costs. The Study made
 
use of standard tables of costo dnd time associated with speed-change
 
cycles (slowing down and speeding up again), stop cycles (slowing down to
 
a complete halt, before re-starting and coming back up to the original
 
speed), and idling (when the vehicle waits in a completely halted traffic
 
stream). In each case, the costs and time associated with congestion were
 
stated as "excess" cost and time, to be added to the costs of free-flow
 
vehicle operations. Excess cost tables for this Study were prepared as a
 
function of the free-flow costs estimated previously using the HDM model.
 

Time Costs - The values of passenger and cargo time per vehicle were
 
estimated for each of the selected vehicle types, based on vehicle
 
occupancies, passenger time values (which depended on vehicle type and
 
purpose) and cargo values (derived from the mix of cargoes found in the
 
roadside interview survey). Passenger time values ranged from LE 1.45 per
 
vehicle hour for private car non-work purpose, to LE 4.58 per vehicle hour
 
for the bus. Cargo time values per vehicle hour were very low, with a
 
maximum of LE 0.074 for the Combination Truck.
 

Toll Costs - Toll costs were derited from the only toll road in
 
operation in Egypt, the Alexandria Desert Road, ranging from 5 to 25
 
milliemes rer vehicle-kilometer depending on vehicle size. These are very
 
low toll rates, representing just 5 percent of free-flow vehicle operating
 
costs.
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HIGHWAY TRAFFIC FORECASTS
 

Following a review of the non-highway modes of transport in the
 

Corridor, it was concluded that growth in highway transport would be
 

affected principally by the new Cairo-Assuit petroleum product pipeline,
 

but that a major switch from higbway to rail and waterways as in the
 
"target-setting" forecasts of ENTS was unlikely to occur. Hence the main
 
highway traffic forecasts for this Study took account only of the new
 
pipeline, and disregarded the ENTS forecasts for rail and waterways. In
 
the evaluation phase, sensitivity tests were made to assess the impact of
 

lower growth in highway traffic which could be attributed to, among other
 
things, a faster growth rate in rail and waterways.
 

The approach of the Study to highway traffic forecasting was in two
 
stages. In the first stage, initial traffic forecasts were prepared for
 

each of the two forecast years 1990 and 2000 based on i) population and
 
GDP projections, and ii) growth rates by vehicle type relative to the
 

national economic growth rate. Adjustments were made to take account of
 

the new Cairo-Assuit petroleum product pipeline, and for expected changes
 
in the distribution of cement following the opening of the new cement
 

plant in Assuit. In the second stage, the initial traffic forecasts for
 

each year were analyzed using the computer traffic model, which adjusted
 
the traffic forecasts according to the level of traffic congestion
 

detected.
 

Vehicle Growth Rates
 

While the overall rate of traffic growth is determined by changes in
 

populatioi and GDP, growth rates by individual vehicle cype are likely to
 

vary considerably. Therefore, an analysis was made for each vehicle type
 

to determine likely growth rates relative to the overall growth rate in
 

the economy. Past growth rates by vehicle type were studied, and account
 

was taken of the traffic forecasts made by ENTS (although noting their
 

policy bias towards non-highway transport discussed earlier).
 

With assumed GDP annual growth rates of 4 percent and 6 percent for
 

the years 1985-1990 and 1990-2000 respectively, the following vehicle
 
annual growth rates were selected:
 

VEHICLE GROWTH RATES TO 1990 AND 2000
 

VEHICLE TYPE 1985-1990 1990-2000
 

Private car 6.5 percent 8.0 percent
 
Taxi-car 2.5 3.5
 
Taxi-van 6.4 8.2
 
Pickup 5.0 6.5
 
Bus 4.0 6.0
 
Truck 4.0 6.0
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These were the starting point for forecasting traffic growth in the
 
Corridor. The initial forecasts of traffic varied by traffic zone
 
according to the particular growth in GDP of the zone, and all initial
 
forecasts were modified in the traffic model according to the degree of
 
congestion detected on the road system.
 

Initial Traffic Forecasts
 

The initial forecasts of traffic, before taking traffic congestion
 
into account, showed an increase of 1.25 times to 1990 and 2.4 times to
 
2000, compared with the 1985/86 Base Year. These represent average annual
 
growth rates of 5 percent to 1990 and 6.5 percent to 2000. These traffic
 
growth rates are lower than have been experienced in the last years prior
 
to the Study, and reflect the expected lower future growth rates in the
 
National Economy.
 

A case can certainly be made for traffic growth rates higher than
 
reported here, based on past traffic growth rates. However, a strong case
 
could also be made for lqwer traffic growth, on the basis that the
 
reduction in the National economic growth could be much sharper over the
 
next few years than assumed by this Study, and by assuming a greater role
 
for waterway and railroad transport, both of which have opportunities for
 
increasing their share of transport in the Corridor. Hence the traffic
 
forecasts presented here represented a middle ground, suicable for project
 
identification and evaluation. Sensitivity tests were also prepared to
 
assess the affect of different growth rate assumptions on Study
 
recommendations.
 

Alternative Investment Packages
 

For each highway alternative considered for the Cairo-Assuit Corridor,
 
it was necessary to define the road characteristics in a form for computer
 
analysis. These descriptions were termed "coded road networks". Each
 
network defined covered all of Egypt, but with the finest detail
 
concentrated in the Cairo-Assuit Corridor.
 

Five basic coded networks were prepared for the Study, as follows:
 

Base Year Network
 
Committed Network
 
Overlay Network
 
Expressway Network
 
Improved Network
 

The Base Year Network described the existing road conditions and was
 
used to establish reference travel times and costs for comparison with
 
estimated future conditions.
 

The Committed Network represented the likely future road system with
 
the addition of only those current projects which were actually in
 
construction or definitely funded. It also assumed the current policy
 
for road surface improvement, which allows the roads to deteriorate to a
 
poor quality of surface before rehabilitation.
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The Overlay Network consisted of the Committed Network, but with a
 

program of more frequent road surface overlays. Thus the configuration of
 

the network in terms of links and nodes was identical to the Committed
 

Network, but a better quality of road surface was assumed. This network
 

was the principal reference network, against which the performance of the
 
other networks containing new highway investments could be compared.
 

The Expressway Network consisted of the Overlay Network with the
 

addition of the new Cairo-Assuit Highway for which preliminary designs
 

have been prepared by this Study. The term -Expressway' referred to the
 

possible final layout of the Highway with divided carriageways, and grade
 

separated intersections. The evaluation stage decided by what year such a
 

configuration could be justified, and use of the term Expressway to
 

describe the network containing the new highway did not imply a
 

pre-judgement on the construction recommendations.
 

The Improved Network wac the alternative to the Expressway Network,
 

and consisted of the Overlay Network (Committed Network plus improved
 

overlay policy) together with improvements to the alignment of the
 

existing West Bank Highway. In fact, two distinct networks were prepared
 

assuming a staging of improvements. In the first stage, two-lane bypasses
 
were assumed for all towns along the West Bank Highway which currently did
 

not have one. In the second stage, the entire West Bank Highway,
 
including the new bypasses, was assumed to be widened to four lanes.
 

Committed Network Traffic Forecast
 

The Traffic Model results for the Committed Network showed that with
 

no new highway improvement projects in the Cairo-Assuit Corridor beyond
 

those already in construction or otherwise committed, traffic congestion
 

could be expected to increase. This would have the effect of slowing
 

traffic growth to below the initial forecast level, which implies a
 

stagnation in economic development in the Corridor. The reduction in trips
 

from initial forecast levels would be slight by 1990 - about I percent 

because of the current road improvement program in the Corridor, but would
 

be much more significant by 2000 with a forecast 7 percent reduction.
 

Traffic volumes on the existing West Bank Highway were forecast to be
 

lower than in Base Year by 1990, and this was because of the impact of the
 

new East Bank Highway assumed to be complete from Cairo to Minia. By the
 

year 2000, however, forecast volumes exceed Bose Year traffiz
 

considerably, it was estimated that the resulting increased congestion
 

would increase travel times between Cairo and Assuit by one third, or
 

between 2 and 3 hours.
 

Improved Network Traffic Forecast
 

For 1990, the Improved Network consisted of the Committed Network
 

with the addition of 14 two-lane bypasses. Hence the network would offer
 

a good two-lane road with paved shoulders all the way from Cairo to 

Assuit, avoiding '.11 passages through the twons and cities along the 
route. 
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However, this improvement made little difference to forecast traffic
 
flows, indicating that the benefits to traffic of being able to bypass
 
congested town centers, was offset by the increased length of highway
 
along the Bypass alignments. Overall, the bypasses added 16 kms to the
 
length of the existing Cairo-Assuit Highway.
 

The year 2000 forecasts showed the Improved Network was substantially
 
better in traffic impact through the widening of the entire route between
 
Aiyat (46kms south of Cairo) to Assuit, including the 1990 bypasses. Not
 
surprisingly, traffic volumes on the existing West Bank Highway under this
 
alternative were the highest of all the network alternatives, ranging
 
between 5 and 
15 percent above the volumes recorded on the other networks.
 
Travel times between Cairo and Assuit by the year 2000 were estimated to
 
be an hour less than in Base Year, indicating the congestion-free natur:
 
of the Improved Network.
 

Expressway Network Traffic Forecast
 

Forecast volumes on the new highway in the year 2000 ranged from about
 
10,000 vehicles day between Giza and Beni Suef 
to about 3,000 vehicles per
 
day near Assuit. Volumes in at
1990 were about half this level.
 

Traffic volumes on the existing West Bank Highway were reduced by the
 
new highway, but not greatly. This was because much of the long distance
 
traffic on the sections from Cairo to Minia had already been taken by the
 
new East 3ank Highway. South of Minia, where there was no East Bank
 
Highway, the new highway relieved the existing road of about 3-4,000
 
vehicles per d3y, with some additional traffic on the expressway due to
 
traffic generation.
 

Travel times between Cairo and Assult were forecast to be of the same
 
order as the Improved Network by 2000, that is to say, a total travel time 
of about 1 hour less than today. However, this reduction in travel time 
applied only to long distance traffic using the new highway. Short 
distance traffic remaining on the existing West Bank Highway would gain
 
little benefit from the new highway, unlike the Improved Network which
 
reduced travel times generally for both long and short distance traffic.
 

The volumes forecast on the new Cairo-Assuit Highway are not
 
particularly high for an expressway, and 
 do not support 4-lane
 
construction in the early stages of the pzc~ect. The reason is that much
 
of The traffic in the Corridor is very short distance. Half the total
 
traffic volume in the Corridor moves entirely within the Governorates, and
 
only 2 percent of total traffic is moving from one end of the Corridor to
 
the other. Overall, only about 20 percent of the traffic in the Corridor
 
is a candidate for travel on the Expressway, and even this traffic is
 
shared by other roads, in particular the East Bank Highway.
 

However, although the forecast volumes of traffic on 
the new highway
 
are not high, this traffic gains great benefit from bypassing the
 
congested existing highways. It was the task of the evaluation to judge
 
whether these benefits would be sufficient to justify construction.
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Staging and Sensitivity Tests
 

Some further traffic forecasts were made for the purpose of evaluating
 

economic feasibility and staging of the new highway construction. The
 

main result to emerge was that forecast traffic volumes for the nev
 

Cairo-Assuit highway assuming 2-lane construction instead of 4-lane as
 
above, were very little reduced.
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EVALUATIONS
 

The alternative investments considered by the Study were evaluated
 

from several different viewpoints, including economic, financial, social
 
and environmental.
 

Economic Evaluation
 

The task of the economic evaluation was to assess the economic value
 
to the Nation of each investment considered by the Study. This was done
 
by comparing the costs of construction aind maintenance for each investment
 
with the economic benefits expected to 1e brought about by the investment.
 

Each network described in the previous section was treated as a
 
complete package of investmnts; the separate projects included in each
 
network were not evaluated individually.
 

Project Costs and Benefits - Project costs for either improving the
 
existing highway or building a new highway were presented earlier; it is
 
sufficient to note here that the economic evaluation required economic
 
resource costs, which are on average about one quarter to one third higher
 
than financial costs paid to contractors.
 

The three types of benefit considered in the economic evaluation were
 
the savings in vehicle operating costs, passenger time, and traffic
 
accidents. In all cases, the savings were calculated in comparison to
 
costs on the Overlay Network, which was identical in configuration to the
 
Committed Network but which assumed an improved program of pavement
 
strengthening by overlays.
 

Development benefits, that is to say, the benefits from opening up
 
regions for new growth, were included in the economic evaluation, not
 
explicitly in terms of locations of new factories and cities, but
 
implicitly in the valuation of generated traffic benefits. Other benefits
 
for which quantification in economic terms is more controversial, in
 
particular environmental anC social benefits, were considered in a
 
qualitative manner, as discussed later.
 

It was concluded that the two major types of projects considered by
 
the Study - the new Cairo--Assuit Highway and improvements to the existing
 
highway -- both sh-wed strong benefits by the year 2000 and were both
 
serious candidates fc: consideration.
 

It is also worth noting that the vehicle operating costs benefits of
 
the Overlay Network compared with the Committed Network were substantial,
 
exceeding the benefits of both the Expressway and Improved Networks
 
(compared with Overlay). This emphasises the the fact that considerable
 
benefits can be obtained by providing good pavement surfaces on existing
 
roads.
 

Cost Benefit Evaluation - The cost/benefit evaluation brought together
 
all the estimates of costs and benefits for each year and arrayed them in
 
a time series, inte.polating and extrapolating cost and benefit values
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where necessary. Cost and benefit values were then discounted to a common
 

year, 1986, using the Study selected discount rate of 12 percent, and a
 
set of economic indicators were calculated to show project feasibility.
 

Expressway Network - The evaluation indicated that a new highway from
 
Cairo to Assuit could be economically justified for opening in the 1990s.
 
Results indicated clearly from the purely economic viewpoirt, that it
 
should be built initially to 2-lane standard and not 4-lane. These
 
conclusions were supported by the traffic evaluation which indicated no
 
need of :-iane highway in the first stage.
 

Project benefits mainly came from savings in vehicle operating costs,
 
in particular truck operating costs, but passenger time savings were
 
significant as well. However, these were reduced to one third of the
 
calculated value in one of the sets of evaluation parameters presented to 
demonstrate that they were not essential at the full rate for economic 
feasibility. 

Accident savings were negligible, if not negative. This was mainly
 
because traffic would be diverted from the 4-lane Cairo-Aiyat section of
 
the existing highway, where accident rates could be expected to be lower
 
than on the new 2-lane highway presented here.
 

The striking feature of the Expressway Network results is that few
 
benefits (3.4 percent) accrued to internal movements in the Corridor. Such
 
benefits as did accrue to this traffic arose from the longer distance
 
inter-Governorate movements, and from the slight relief in congestion in
 
the main Corridor brought about by the new highway. This clearly
 
demonstrates that the main benefit of the new highway would be to long
 
distance traffic moving to, from, and through the Corridor.
 

Inspection of the net cost/benefit stream indicated a starting date
 
for construction as 1990. Assuming that international funding would be
 
required to finance the project, with the checks and controls that this
 
necessarily implies, this was considered realistic, if not optimistic.
 
Assuming the start of construction as 1990 (with the period up to 1990
 
being consumed in agreeing financing, final design and contractor
 
tendering), and a 4-year construction period, the economic evaluation
 
shows an Internal Rate of Return (IRR) of 16.8 percent, a Net Present
 
Value (NPV) of LE 47.7 million and a Benefit/Cost (B/C) Ratio of 1.55.
 

Sensitivity tests indicated that lower traffic growth rates, caused
 
either by slower economic growth or by some transfer of traffic to other
 
modes, could postpone the optimum date of opening by a few years.
 

It was concluded that in terms of the foreign exchange component
 
alone, the evaluation was not favorable, indicating that costs in foreign
 
exchange of constructing the new highway would not be justified by the
 
savings in foreign exchange in reduced operating costs.
 

Improvements to the Existing Highway - The network with the best
 
economic performance was the Improved Network. iven counting just one
 
third of time benefits, the network achieved an IRR of 18.5%, an NPV of LE
 
81.7 million and a B/C ratio of 2.06.
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It was assumed that improvements would start with the construction of
 
1t bypasses around the major towns and cities along the route which lack
 
such a bypass (the great majority). This construction was assumed for the
 
period 1987-1989 (which financial period ends in mid-1990). Construction
 
would then commence on widening those sections of the road which are not
 
divided highway; essentially the entire route between Aiyat and Assuit.
 
This work was assumed to last until the Year 2000, allowing for
 
significant difficulties in acquiring land for right-of-way.
 

Bypasses on their own in the early 1990s would generate few benefits
 
(since they add length to a road which was expected to be no more
 
congested in 1990 than in the Study Base Year 1985/86). In fact, economic
 
benefits were estimated as negative, but they were set to zero in this
 
evaluation on the basis that there would be sufficient benefits within the
 
bypassed towns to at least off-set the negative benefits for traffic
 
passing through. Benefits were expected to build up over the construction
 
period of widening, since each section of widening would be a complete and
 
useable while other sections were still in construction.
 

Vehicle operating cost savings were nearly equalled by passenger time
 
savings due to the traffic congesuion likely to prevail with no new
 
highway construction in the Corridor. Estimated traffic accident savings
 
were considerable with completion of the safer 4-lane highway.
 

It was concluded that the Improvd Network shows a better spread of
 
benefits than the Expressway Network. Benefits to traffic moving entirely
 
within the Corridor were increased greatly, external benefits were also
 
increased, but at the same time, through traffic benefits were scarcely
 
changed.
 

Financial Evaluation of the New Cairo-Assuit Highway
 

Since the highway was envisaged to be a high quality road with limited
 
access, the possibilities for financing, or at least offsetting,
 
construction costs from toll revenues was considered.
 

Two main alternative types of toll system were evaluated; a barrier
 
system which places toll booths across the main highway between each
 
access road, and a closed toll system which effectively seals off the
 
tolled highway by placing barriers on all access roads.
 

Costs of the two systems were similar. A lower cost barrier system
 
was also considered which assumed barriers on only 3 of the 13 sections of
 
the new highway. However, the lower cost advantage of this reduced
 
barrier system is counterbalanced by the prospect of reduced revenues.
 

Estimated Toll Revenues - Several alternative toll rates were
 
evaluated ranging from current tolls, as charged on the existing
 
Cairo-Alexandria Desert Road, to a rate 15 times higher. Under these
 
assumptions, the charge for a private car travelling from Cairo to Assuit
 
would range from about LE 2 to LE 26. The charge for a multi-unit truck
 
would range from LE 9 to LE 130. Although traffic would decrease with
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progressively higher tolls, total toll revenues were estimated to increase
 

with each toll increase.
 

Toll Evaluation Procedure - The evaluation of tolls brought together
 

the estimates of costs and revenues, and arrayed them in a project
 

lifetime table. Various economic parameters were calculated in a similar
 

manner to the economic evaluation.
 

The results for both the Closed system and the Complete Barrier system
 

were very promising. The evaluation for the Closed System (slightly the
 

more costly of the two) indicated an Internal Rate of Return (IRR) of 10.3
 

percent, a Benefit/Cost (B/C) ratio of 1.47 and a Net Present Value (NPV)
 

of LE 68.7 million. It is emphasised that the IRR of 10.3 percent
 

represents a real return on investment, excluding inflation. Moreover,
 

net revenues were estimated to reach the level debt service required to
 

pay off capital and interest by the early 1990s. It was estimated that an
 

even better result could be obtained with higher tolls.
 

The Limited Barrier toll system would be less costly to implement and
 

run but would suffer a shortfall in revenue compared with the Closed
 

System and the Complete Barrier System. A slight fall in revenues to,
 

say, 80 percent would not be very serious, but a revenue loss of 50
 

percent would reduce revenues to below the point of full financial
 

feasibility, although still making a substantial contribution to project
 
costs.
 

The results of a sensitivity test assuming revenues reduced by 20
 
percent and all costs, including highway construction and implementing and
 
operating the toll system, increased by 20 percent indicated that revenues
 
in these circumstances would fall only fractionally below those required
 
for full financial feasibility.
 

Conclusions on the Toll Evaluation - The financial evaluation
 
indicated that tolls could make a substantial contribution to the costs of
 
constructing and maintaining a new Cairo-Assuit Highway. It is possible,
 
with tolls at a sufficiently high level, that the new highway could be
 
completely financed from tolls. However, the estimates of revenues are
 
theoretical, and more information on driver behaviour in the face of high
 
tolls would be required before a final conclusion was reached. In
 
addition, traffic safety, and security for remote toll stations (which
 
could be collecting LE 2-3,000 per day) would have to be considered. The
 

high risk and uncertainty appears to make private financing of the highway
 

unlikely, but this is a prospect which deserves fuller investigation.
 

A closed toll system with toll booths on access roads appears to be
 

the best alternative, since toll collection could be complete without the
 

safety hazards and delays associated with barrier tolls located on the
 
road itself. A medium toll level at about four times the 1986 tolls
 
charged on the Alexandria Desert Road gave high revenues with little loss
 
of economic benefits and would appear to be a suitable toll level to aim
 
at.
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.nvironmental and Social Evaluation
 

The purpose of the environmental and social assessment was to identify
 

significant environmental effects and social issues which could be
 
examined in more detail as appropriate if a full scale assessment is
 
deemed necessary at a later time.
 

Water Quality Assessment - The most significant factor determining
 
potential water quality impacts is the very low rainfall. The small
 
amount of rainfall provides almost no transport of pollutants into the
 
waterways. For this reason, potential water quality impacts produced by
 

the alternatives can all be considered as insignificant or marginal.
 
However, the new highway has an advantage over improving the existing road
 
since it removes traffic from the area of the main irrigation canals.
 

Air Quality Assessement - Overall, the amount of change in volumes of
 

traffic as well as the total volume of traffic moving along the Corridor
 
under all of the alternatives is low enough to consider any air quality
 
impacts as marginal or insignificant. Traffic volumes would change by only
 
about one half of the amounts necessary to produce significant impacts.
 
However, the new highway produces the lowest adverse impact and the
 

highest level of improvement. It does this by allowing higher, more
 
efficient operating speeds and by removing the pollutant source away from
 
the exposed population.
 

Noise Assessment - It would be possible to effect a significant
 

reduction in noise levels which would be perceptible by the local
 

population if a reasonable volume of truck traffic were diverted off the
 
West Bank road. Bypasses offer some potential for doing this by carrying
 

traffic around town centers instead of through the town centers. However,
 
the new desert highway offers a better possibility of significant noise
 

reduction by removing traffic volumes and noise sources from exposed
 
population.
 

Land Resources Assessment - The new highway would require about 1.3
 

million square meters of agricultural land, mostly for access roads, which
 
could be considered as a moderate adverse impact. The adverse impact of
 

the bypasses and widening the West Bank Highway, requiring about 6.3
 
million square meter of agricultural land, would probably be considered
 

significant.
 

Ecological, Historic, Cultural, and Aesthetic Resources - No
 
significant impacts resultant from the highway alternatives were
 

identified with respect to ecological, historic, cultural or aesthetic
 
resources. Accessibility of ancient sites and other historic and cultural
 
resources would be improved to the extent that each alternative improves
 

overall accessibility.
 

Social Impact Assessment - Complex and varied social impacts, both
 

adverse and beneficial, can be identified. However, those which can be
 

most directly related to the alternatives appear to be the the
 
controversial issue of the taking of agricultural land. Social issues
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surrounding the conversion of agricultural land are in approximate
 
proportion to the required amounts of land taking as described above in
 

connection with land resources. There are expected developmental benefits
 
to be derived from a new desert highway in the form of opening new land in
 

the desert fringe for development or reclamation. However, these
 

developmental benefits could not be solely derived from highway
 
construction, but would require supplemental investment in infrastructure
 
and other economic incentives. Accessibility of social and cultural
 
facilities would be improved generally by any of the alternate options.
 

General Conclusion - Environmental and social impacts can be
 
quantified to a certain extent, but they remain largely subjective and
 

judgmental. In the current case, it appears that the environmental
 
factors which have the highest probability of either producing or
 
receiving significant impacts are noise and land resources.
 

On balance, it appears that the new highway offers the least risk of
 

adverse impacts and the highest expectation of positive benefits. It
 
accomplishes this not so much by producing lower impact values, but by
 

removing the source of impact away from the exposed receptors, primarily
 
by shifting the highway and its traffic away from the exposed human
 

population.
 

Policy and Administration
 

A review was made of transport policy as it affects highway planning,
 
and the capacity of RBA to implement major new highway projects.
 

Transport Policy - As set forth in the current Five Year Plan,
 

National Policy appears directed toward expanding the rail and water share
 

of passenger and cargo internal transport vis a vis highways. The East
 
Nile and the Sudanese highways are mentioned as priority road construction
 

projects for RBA. However, within the highway sector, the major emphasis
 
is on the improvement and maintenance of the existing network. RBA
 

internal policies support the national objectives.
 

Finance - The current Five Year Plan budget for the inter-city road
 

network allocates LE 200 million to RBA, 47.6 percent of the total, the
 
rest being allocated to the Ministries of Reconstruction and Local
 

Administration. The amount originally requested by RBA for the period was
 

on the order of LE 350 million. The emphasis of the current RBA five year
 

plan is on road rehabilitation with 60 percent of the total budget
 

allocated to this activity. 1985/86 expenditure is estimated at LE 46
 

million in 1985 prices and the 1986/87 expenditure is planned at LE 48
 

million. Current expectations, however, anticipate an austerity budget on
 

the order of LE 41.4 million.
 

RBA Implementation Capacity - The amount of road construction and
 

rehabilitation completed annually through the RBA appears to be a function
 
mainly of the amount of funds available. For example, when a
 
supplementary budget provided funds, the second carriageway of the
 
Cairo-Alexandria Toll Road (about 200 kms) was designed and tendered by
 
the RBA in about one year. Using four companies, construction was
 
completed in three years.
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The organizational structure of the RBA is assessed as 
satisfactory

and poses no serious problem to project im-klementation. Under the World
 
Bank assisted Egypt Highway Maintenance Project, personnel and equipment

deficiencies at the headquarters and district levels of RBA have been
 
identified and are being corrected. 
 Recent RBA performance indicates a
 
capacity for construction and rehabilitation in the neighborhood of
 
400-500 kms annually.
 

It is estimated that professional, technical and labor manpower is
 
available 
 to support an annual increase in production on the order of
 
34-38 percent for the public and private construction companies. Given
 
adequate funding, including foreign exchange, there would appear to be no
 
severe constraints to the successful implementation of a Cairo-Assuit
 
highway project by the RBA.
 

Recource to private funding 
 o',rcos fo' the financing of intercity
 
highway projects is not within the experience or legal authority of the
 
RBA. Such a proposal, in the opinion of RBA, would be rejected by the
 
Ministry of Transportation and higher political authority.
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CONCLUSIONS AND RECOMMENDATIONS
 

The main objective of this Study was, in the words of the Contract,
 
"to determine whether a major investment in road construction and/or
 
improvement is warranted". The conclusion of this Study is that a major
 
investment is warranted, and that it should take the form of a new highway
 
constructed from Cairo to Assuit, located in the desert just outside the
 
existing agricultural lands on the west bank of the Nile. This is
 
preferred to the other main alternative examined by the Study which is to
 
make major improvements to the existing West Bank highway.
 

The economic evaluation showed that the new highway would generate
 
sufficient economic benefits to justify construction. In addition, it is
 
believed that a key role of the new highway could be to provide a focus
 
for a new development of Upper Egypt which has been for long a relatively
 
neglected backwater of the Nation. 
 This is not an issue for highway
 
planning engineers alone, but requires and deserves the attention of
 
Government at 
the highest level. The new highway would also constitute an
 
important section of the proposed East African Highway from Cairo to
 
southern Africa, linking the principal East African nations.
 

A decision on the project can only be taken by Government in relation
 
to other priorities, both in the transport sector and elsewhere. The
 
function of this Study has been to establish the necessary factual basis
 
on which further discussions and plans can be based.
 

If the conclusions of this Study on a new Cairo-Assuit Highway are
 
accepted, the Study recommends that procedures leading to final design and
 
construction tendering are commenced immediately with a view to starting
 
construction in 1990. It is estimated that the first stage of
 
construction, consisting 
of a 2-lane highway with at-grade intersections,
 
would cost LE 117 million in 1985/86 financial costs.
 

Existing Situation and Likely Developments
 

The existing highway from Cairo to Assuit is an unpleasant and
 
hazardous highway to drive along. In particular, it lacks shoulders for
 
much of the route, the road pavement is in poor condition, and the road
 
passes through many communities where through traffic mingles with animal
 
carts, street vendors, pedestrians and all the other local traffic
 
associated with rural townships.
 

However, while the existing highway has some severe problems, a major
 
program of improvements is in hand to rehabilitate the existing pavement
 
and to construct new highways in the Corridor, which will alleviate many
 
of these problems by 1990. In fact, the additional traffic capacity
 
currently being added in the Corridor will result in traffic volumes on
 
the West Bank Highway remaining at about the current levels up to 1990.
 
After that. traffic conditions are likely to deteriorate seriously.
 
Unless something is done, the Cairo-Assuit Corridor, and the rest of Upper
 
Egypt for which the Corridor i. the gateway, will be increasingly isolated
 
from the rest of Egypt. This is a serious problem considering that Upper
 
Egypt contains about 30 percent of the National population.
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Improvement of the Existing Highway
 

The obvious solution to the transport problems of the Corridor is to
 
increase the traffic capacity of the main West Bank Highway. Almost all
 
the communities of the Corridor are located on, or very close to, this
 
road and it clearly offers the most direct link between all the
 
communities. There is little wrong with the alignment of the road, and
 
widening and strengthening could convert it into an excellent all-purpose
 
highway. This Study considered the addition of bypasses for 14 towns
 
along the route, and widening the entire route to 4-lane standard.
 

It was concluded that improving the existing highway was, in fact, by
 
far the best solution from the traffic and economic viewpoints. However,
 
such a project would be in serious conflict with Government land policy,
 
both by taking an estimated 6 million square meters of agricultural land
 
for initial road construction and widening, and thereafter by acting as
 
focus for all subsequent urban and other developments in the Corridor.
 
Moreover, the project would likely to encounter such severe political
 
opposition as to make implementation impossible in a reasonable time
 
scale. The Study doubts that such a project could be put into effect, and
 
does not recommend pursuing it further. Improvements to the existing
 
highway should concentrate on providing and maintaining a good surface
 
with adequate paved shoulders. Further growth in local traffic can
 
probably be accomodated by improving parallel roads in the agricultural 
areas, such as the current project by the Governorates of Fayoum, Beni 
Suef and Minia. However, it is likely that most traffic will tend to 
concentrate on the main West Bank Highway, and this poses problems for the
 
longer distance movements in the Corridor.
 

Construction of a New Cairo-Assuit Highway
 

The alternative to improving the existing road is to construct an
 
entirely new road from Cairo to Assuit. Such a project could solve the
 
problems of access for the long distance movements in the Corridor.
 

Traffic Analysis - Traffic volumes of 10,000 vehicles per day in 2000
 
were forecast for the northern section of the highway, dropping to 3-5,000
 
soiith of Beni Suef. These volumes are fairly low, mainly because mch of
 
the Corridor traffic is short distance (over half of all journeys are less
 
than 30 kilometers) and would not find it worthwhile to travel to and from
 
the new highway.
 

Economic Evaluation - It was concluded that, despite the comparatively
 
low volumes of traffic forecast for the new road, the new highway would
 
generate sufficient economic benefits to justify a start of construction
 
by 1990. In view of the relatively high cost of the project, foreign
 
funding would be essential. With the necessary checks and controls
 
associated with foreign funding, 1990 is probably the earliest realistiz
 
start date for construction.
 



Financial Evaluation - The financial evaluation indicated that tolls
 
on the new highway could contribute substantially to construction costs,
 
and could possibly finance the new highway entirely. Much would depend
 
driver reactions to tolls - levels of four times the very low tolls
 

currently charged on the Alexandria Desert Road are envisaged. However,
 
given the build up in congestion forecast by the Study for the existing
 
road, the toll revenue forecasts are not considered ovEr-optimistic.
 

Environmental and Social Evaluation - It was concluded that the new
 
highway would have some environmental and social advantages by removing 
traffic from the existing populated areas. However, at the levels of 
traffic forecast, these benefits could not be a major consideration. The 
new ruad would require some agricultural land -- about 1.3 million square
 
meters -- almost entirely to widen the existing roads across the
 
agricultural areas to give access to the new highway.
 

Development Prospects - The Study firmly believes that there is a
 
great planning opportunity associated with a new Cairo-Assuit Highway and
 
that this is where the real potential of the highway lies. within the
 
Corridor, a potential population of over 10 million people would be living
 
within 5 to 20 kilometers of the new road. Opportunities exist for
 
extending the agricultural area in what is currently the fringe of the
 
accessible zone. It provides an opportunity for new towns and communities
 
having the advantages of good access to north and south, close proximity
 
to the existing population centers from where the people would come, and
 
room to expand industry, major and minor, without the contraints imposed
 
by the ban on using arable land. In short, it would give the Corridor
 
room to breath.
 

Potential development benefits of a new highway are ofter regarded by
 
lending institutions with great and justifiable suspicion. Too often, it
 
is the easy way to justify a new road which could not be justified by
 
other means. In this case though, the Study believes that there is a sound
 
economic case for constructing the new highway, and that the potential
 
development opportunities and benefits are simply ah additional argument
 
in its favor.
 

Staging of the New Highway - The Study recommends that the initial
 
construction should be to 2-lane standard with at-grade intersections,
 
Reservation of land for full 4-lane construction should be made, but
 
timing of further construction would depend on actual traffic growth. For
 
development reasons the Study recommends construction starting from Cairo,
 
since this will create a stronger impression of opening up the Corridor
 
for new development which would probably gain most strength from ties to
 
Cairo and the North.
 

Cc-iclusions on the New Highway - It is considered that if a major
 
improvement of the existing highway is ruled out for Government land
 
policy and practical implementation reasons, then long distance access to
 
Upper Egypt communities both in and beyond the Cairo-Assuit Corridor must
 
be provided for. While rail, waterways and continued development of the
 
East Bank Highway could all contribute to further growth, the potential of
 
a new West Bank Highway is much greater.
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Other Issues
 

Other important issues raised during the Study are summarized here.
 

Traffic Census Program - A regular program of traffic counts with an
 
annual report would have assisted the Study considerably. It is known that
 
plans are in hand for just such a program and this is strongly endorsed by
 
this Study.
 

Truck Weights - The Study recommends that the issue of truck weight
 
licensing and and axle load enforcement are studied in more detail. A
 
National solution is required, which could include an increase in legal
 
axle loads.
 

Pavement Strengthening Policy - This Study strongly recommends that RBA 
adopt more modern methods of planning for pavement strengthening. Various
 
methods, such as taking deflection measurements at regular intervals, are
 
available to assess pavement condition, and some procedure should be
 
adopted by RBA as part of the regular pavement maintenance program.
 

In particular, it is feared that the current program of rehabilitation
 
in the Corridor will not be sufficient to prevent deterioration under the
 
high axle loads imposed by heavy trucks. However, the data on which this
 
conclusion is based were limited, and 
 were certainly insufficient for
 
detailed programming purposes. There is no satisfactory substitute for a
 
detailed survey of pavement condition for preparing a program of new work.
 

Urban Traffic Planning in the Corridor - Although urban traffic
 
planning issues were clearly beyond the scope of this Study, it 
was
 
observed that many of the towns in the Corridor present chaotic traffic
 
conditions which can 
be expected to get worse over time as car ownership

and population increase. In particular, the Governorate capitals of
 
Fayoum, Beni 
 Suef, Minia and Assuit are facing traffic problems which
 
deserve detailed study.
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Chapter 1
 

INTRODUCTION
 

This is a report on the findings of the Cairo-Assuit Highway
 

Feasibility Study which was undertaken for the Roads and Bridges Authority
 
(RBA) of the Egyptian Ministry of Transport and Communications between
 
October 1985 and September 1986.
 

The Study was sponsored by the United States Agency for International
 
Development (USAID) under the Project Grant Agreement with Egypt for
 
Technical Cooperation and Feasibility Studies (Project No. 263-0102).
 
USAID funded the entire foreign exchange budget but the local currency
 
budget was jointly funded by USAID and RBA.
 

The Study was conducted by Wilbur Smith and Associates in
 
collaboration with Egyptian Consultants Consortium, an association of
 
Engineering and Geological Consulting Office (EGCO), the office of Dr.
 
Abdel Moneim Osman, and Maadi Consulting Group.
 

Objectives of the Study
 

The intent of the Study was to undertake engineering and economic
 
feasibility studies of a new or improved highway in Upper Egypt between
 
Cairo and Assuit. Early discussions between USAID and RBA had considered
 
the possibility of a study of the whole of Upper Egypt from Cairo to
 
Aswan, but Assuit, located about half way between Cairo and Aswan, was
 
eventually selected as the southern boundary for the Study.
 

The Contract specified the major objectives of the Study as follows:
 

1. Determine whether a major investment in road construction
 
and/or improvement is warranted.
 

2. Explain and document whether such an investment is
 
economically feasible and what types and magnitudes of
 
benefits and costs will occur.
 

3. If -he investment is found to be feasible and financially
 
viable, determine the best type of road, and/or
 
improvement, alignment location, design standards, and a
 
recommended implementation program schedule.
 

The detailed specification of work tasks in the Contract clarified the
 
scope of work by requiring a preliminary engineering design for a
 
completely new road from Cairo to Assuit, together with an engineering
 
assessment (but not plans) for upgrading the existing highway. The task
 
of the Study was then to evaluate the economic feasibility of these
 
projects, and to recommend a program of investment.
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The Study Area
 

The Cairo-Assuit Corridor is located in the northern part of Upper
 

Egypt in the Goverorates of Giza, Fayoum, Beni Suef, Minia and Assuit.
 
The Corridor reaches from the boundaries of Greater Cairo to the town of
 
Assuit, a distance by road of 365 kilometers. The Corridor is illustrated
 
in Figure 1-1
 

Geography - The Corridor consists of a narrow strip of agricultural
 
land located on both sides of the River Nile, but with most develcpment on
 
the west bank. The width of the agricultural land varies along the
 
Corridor, at some points reducing to as little as 5 kilometers, but
 
averaging between 10 and 20 kilometers.
 

The outer boundaries of the agricultural land mostly mark the extent
 
of the fertile silt deposits laid down over thousands of years during the
 
annual Nile floods and which must still be irrigated by water from the
 
River Nile. However, the historical boundaries are being pushed back as
 
desert is reclaimed by transporting top soil and introducing irrigation.
 

Beyond the agricultural land along the Nile lies barran desert which
 
is virtually uninhabited. A major exception to this is the large
 
cultivated oasis of Fayoum located in the Western Desert and separated
 
from the main Corridor by about 10 km of desert. Fayoum is also dependent
 
on waters brought from the River Nile.
 

The land on the east bank of the Nile slopes up to the hills lying 
between the Nile Valley and the Red Sea which reach a height of 800-900 
meters. Near Cairo the land near the Nile is flat, but at the southern end 
of the Corridor the east bank terrain becomes quite rugged, with limestone
 
cliffs coming to the edge of the Nile in some places.
 

The land on the west bank of the River Nile is much flatter, which is
 
why the Nile silt deposits, and hence the developed areas of the Corridor,
 
are concentrated on the west bank. The main exceptions to the generally
 
flat terrain on the west bank are the low hills near Assuit, and the
 
occasional rock escarpments in the Western Desert.
 

Population - The agricultural land in the Corridor is intensely
 
cultivated, but is also densely populated. Nearly 8 million people live
 
in the Corridor, out of a total population of Egypt of 47 million, and a
 
population of over 13 million for Upper Egypt.
 

About 75 percent of the Corridor population are classified as rural.
 
However, there are 13 towns along the Corridor with more than 50,000
 
inhabitants, the largest being the Governorate capitals. Assuit is the
 
largest city with a population of over 300,000. One of the key planning
 
issues in the Corridor is the preservation of scarce agricultural land
 
from encroachment by urban and industrial development.
 

Access - Most of Upper Egypt is currently served by a single paved
 
road and a railway, both located on the west bank of the Nile within the
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limits of the Study Corridor. In the northern section of the Corridor,
 
there are two additional main paved highways. One serves the east bank
 
between Cairo and Beni Suef, a road currently being extended to Minia, and
 
the other links Fayoum with Cairo and Beni Suef.
 

Other paved and unpaved roads perpendicular to the main West Bank
 
Highway penetrate the agricultural area on the west bank. These are in
 
turn connected to feeder roads which run parallel to the main highway.
 
Some of the feeder roads are paved, but most are unpaved. In very few
 
places do these parallel feeder roads link up to form an alternative route
 
to the main highway, although plans are in progress to make these links.
 

Nile Bridges - Until recently, the only crossings of the River Nile
 
were at Maraziq (near Helwan) and Assuit, located respectively at the
 
northern and southern extremities of the Cairo-Assuit Corridor and with
 
350 kms of highway between them. In 1985, a new 4-lane bridge was opened
 
at Beni Suef, and a 4-lane bridge is under construction at Minia due to be
 
completed in 1987. The primary purpose of both new bridges is to allow
 
the Governorate capitals where they are located to expand into the desert
 
lands on the East Bank of the Nile, but each bridge also links with the
 
East Bank Highway currently being extended from Beni Suef to Minia.
 

Study Work Program
 

The overall schedule for the Study is illustrated in Figure 1-2. The
 
Contract was signed on September 18, 1985. A month was allowed for
 
mobilization of staff and ordering equipment for use on the Study
 
(computers and traffic survey equipment), and the Study got underway on
 
October 17th with the arrival of the Project Director in Egypt.
 

Alignment Options Study - The initial phase of the Study was of a
 
preparatory nature to identify, in broad terms, the best location for a
 
new Cairo-Assuit highway. No attempt was made to evaluate the worth of
 
building a new highway in this Phase. The task was simply to answer the
 
question "If a new highway is to be built between Cairo and Assuit, where
 
should it be located?" This phase culminated in an Alignment Options
 
Report presented in mid-December 1985 which recommended an alignment on
 
the west side of the Nile in the desert just outside the existing
 
agriculttiral area. Following intensive discussions, this recommendation
 
was accepted and authorization was given at a meeting on December 30, 1985
 
to proceed with the detailed engineering and economic feasibility studies.
 

Traffic Surveys - A program of traffic surveys was started in December
 
1985 to provide up-to-date information on traffic movements in the
 
Cairo-Assuit Corridor. The main survey was a driver interview survey
 
conlucted at 16 locations in the Corridor, supplemented by classified
 
counts at 11 other locations. This survey took one month to complete,
 
ending on January 15 just before the University holidays started. A major
 
survey truck weights was completed in February using a set of portable
 
scales imported from the USA. Other surveys of journey speeds and some
 
automatic traffic counts were made, all surveys being completed by the end
 
of February 1986.
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Processing of the survey data for computer analysis started
 
immediately after commencement of the first survey, but the great quantity
 
of data collected meant that the task of analyzing the survey data was not
 
completed until the end of April.
 

Engineering Studies of the Proposed New Highway - With the acceptance

of the Alignment Options Report, plans were made to fly the selected
 
alignmelLt to obtain up-to--date aerial photographs for use in detailed
 
alignment definition. The photographic survey started in late January and
 
photographs were received in mid-February. A photo-interpretation was
 
undertaken to determine the main geological features of the region of the
 
road, and to define a program of soil sampling. The soils survey started
 
in March and laboratory tests on the 40 samples were received by the Study
 
in mid-May.
 

Alignment definition proceeded based on photographs, maps and field
 
inspections, and the final alignment was presented to RBA at a special
 
meeting in the Study offices on May 8. This was followed by the
 
preparation of alignment layout plans, together with more detailed plans
 
of intersections for alternative traffic levels.
 

Access roads merited special attention, since good access to the
 
existing communities along the Corridor was perceived as an important
 
feature of the new highway, yet there was a need to reduce the use made of
 
agricultural land to build the roads. It was decided to adapt existing
 
roads crossing the the agricultural area, and this required field
 
inspections of each one.
 

Pavement design was completed late in the Study, based on the forecast
 
traffic levels and taking detailed account of the problem of vehicle
 
overloading in the Corridor. Accordingly, a much heavier pavement was
 
designed than noi-mally used in Egypt to ensure a good pavement surface
 
over the design liie.
 

Engineering Studies of the Existing Highways - A visual inspection of
 
the 500 kilometers of existing East and West Bank Highways was completed
 
during January 1986 and a pavement rating report prepared detailing
 
pavement condition by 95 highway sub-sections. Based on this, 20
 
locations along the highways were located for borings to obtain
 
information on pavement structure and condition. The borings were
 
completed in February and laboratory test reports were received by the
 
Study in March.
 

An assessment was then made of existing pavement strengths, updated by
 
the rehabilitation and overlaying projects either actually in progress or
 
committed to be completed in the next few years. Forecast traffic and
 
axle loads were used to prepare estimates of pavement strengthening needs.
 
Routine maintenance needs were also assessed.
 

The Study also examined major infrastructure projects for the existing
 
West Bank Highway, including a program of bypasses to take the road around
 
the existing towns, and a program of widening the highway to 4-lane
 
standard. These studies were completed between May and July.
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Costing of all projects was undertaken in the last month of the Study,
 
after engineering requirements had been adjusted to final forecast traffic
 
volumes.
 

Socio-economic Studies - An important elem( it of the traffic
 
forecasting and evaluation process was the projection of future
 
development and growth in the Cairo-Assuit Corridor. This was set in the
 
context 
of the overall growth in the Egyptian economy. Detailed studies of
 
population and economic trends were started in January 1986 and
 
projections for the two 
forecast years of 1990 and ?000 were completed in
 
May.
 

This element of work also examined costs of highway transport,
 
determirg costs in a suitable format for traffic forecasting and later
 
project evaluation.
 

Traffic Analysis and Forecasting - The main source of information on
 
traffic patterns in the Corridor was, of course, the traffic surveys
 
undertaken by the Study. The results of the traffic surveys were analysed
 
to determine the characteristics of travel in the Corridor -- origin and
 
destination patterns, velhicle types, journey lengths, passengers and cargo
 
transported, journey speeds, etc. Information was also collected 
on the
 
other modes of transport in the Corridor; essentially rail, water and
 
pipeline. The findings of these analyses were presented in the Base Year
 
Transport Report issued in April 1985.
 

Based on the analyses of Base Year traffic patterns, a computer
 
Traffic Model was developed for use in projecting and analysing future
 
traffic in the Corridor. The model worked in two stages. The first stage

made an initial forecast of traffic for each forecast year (1990 and 2000)
 
based on projected growth in population and the economy. The second stage

analyzed the initial forecasts in relation to alternative highway
 
investment projects, allocating traffic among competing routes (eg
 
existing highway vs new highway) and modifying the forecasts to take
 
account of congestion. Thuf- for each alternative highway investment plan
 
investigated by the Study, 
 a unique traffic forecast was prepared. The
 
model was eventually used to analyze 28 alternative combinations of
 
investment type and year, including sensitivity, staging and toll
 
analyses. This stage was completed in July.
 

Evaluations - A review of archeological conflicts of the new highway
 
was made in April as part of the final alignment definition.
 

An evaluation of the environmental and social implications of
 
alternative investments was completed in June and July. There was
 
insufficient base information to complete a full environmental evaluation
 
according to accepted US standards, but assesments were made based on
 
experience and judgement.
 

A review was made of the administrative capacity of the Roads and
 
Bridges Authority, to assess the capability of implementing any new
 
hghway project in the Cairo-Assuit Corridor.
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The economic evaluation compared the economic benefits of the
 
alternative investments with the costs of implementation. The methodology
 
for benefit estimation required detailed traffic data -- volumes, costs,
 
speeds -- from the Traffic Model, and so the process for benefit
 
astimation was computerized and incorporated directly into the Traffic
 
Model process. Construction cost estimates were derived from the
 
engineering studies of the proposed new road and the existing highways.
 
The financial evaluation analyzed the revenue earning potential of tolls
 
in the new highway. The economic and financial evaluations used a similar
 
methodology and both were completed in the final stages of the Study.
 

Study' Reports 

Several reports were prepared in the course of the Study which are
 
issued separately from this Final Report. They are as follows:
 

Alignment Options Report December 1985
 

Work Plan Report January 1986
 

Exi- ing Highway Soil Testing
 
Laboratory Report (Sami
 
Saad Company) March 1986
 

Base Year Transport Report April 1986
 

New Highway Soil Testing
 
Laboratory Report (Sami
 
Saad Company) May 1986
 

Future Year Transport Report August 1986
 

Computer Program Operating
 
Instructions August 1986
 

Visual Rating Survey of
 
the Existing Highway September 1986
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Layout of the Final Report
 

This report is accompanied by even volumes containing 33 appendices
 
to the report, detailing the analyses and findings of the Study. The
 
volumes are as follows:
 

Appendix Volume 1 Traffic Surveys
 
Appendix Volume 2 Base Year Transport
 
Appendix Volume 3 Existing Highways
 
Appendix Volume 4 Proposed New Highway
 
Appendix Volume 5 Socio-economic Studies
 
Appendix Volume 6 Traffic Forecasts
 
Appendix Volume 7 Evaluations
 

Plans of the new highway prepared to scale 1:25,000, together with
 
typical cross-sections, interchange layouts and geological sections, 
are
 
contained in the Plan Volume accompanying the report.
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Chapter 2
 

EXISTING TRANSPORT
 

This chapter describes the existing transport patterns in the
 

Cairo-Assuit Corridor. It is based mainly on surveys of highway transport
 
conducted by the Study, but is supplemented by analyses of available data
 
on other modes of transport.
 

Traffic Surveys
 

Four major surveys of highway traffic were undertaken in the period
 
from mid-December 1985 to end-February 1986, as follows:
 

Roadside Interview and Manual Traffic Count Survey
 
Automatic Traffic Count Survey
 
Truck Weighing Survey
 
Journey Time Survey
 

Locations of survey sites for the first three surveys are shown in
 

Figure 2-1.
 

Roadside Interview and Manual Traffic Count Survey
 

This survey was started on December 16th 1985 and tuok one month to
 

complete. Interview stations were located at 16 sites in the Corridor.
 
Three sites were located on the roads entering Fayoum, two were located on
 
the East Bank Helwan-Beni Suef road and three were located on the roads
 
entering Assuit from the South. The remaining eight stations were located
 
along the main West Bank Cairo-Assuit Highway.
 

Each station was operated in both directions of travel for at least
 
two days during daylight hours. This was generally from 6:00am to 5:00pm,
 
but early morning mist sometimes delayed the start of interviewing for
 
safety reasons. One station was operated for less than two days because a
 
road re-paving operation commenced requiring the early abandonment of
 
interviewing. Four stations were operated continuously for 24 hours over
 

three days.
 

Manual counts of vehicles passing each station were maintained over a
 
period of 16 hours at each interview site, covering all the hours of
 
interviewing and also the evening hours up to 10:00pm. At the 24-hour
 
interview sites, counts were maintained continously over the entire three
 
days. Traffic was counted separately for each direction of travel, and
 

vehicles were classified by 11 vehicle types. In addition to the manual
 
counts at the 16 interview stations, two-day 16-hour counts were made at
 
11 additional locations to provide further information on traffic volumes.
 

The main objective of the survey questionnaire completed for each
 

vehicle was to obtain the origin and destination for each vehicle.
 
Additional information was collected on vehicle chai.cteristics, including
 

vehicle classification, number of axles, number of seats and, for trucks
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only, the licensed empty and loaded weights. 
 The number of occupants was
 
recorded for all vehicles, together with the purpose of the journey for
 
cars, taxis and pick-ups. Cargo type and weight of load were obtained for
 
trucks. In total 127,337 interviews were completed which represents a 77
 
percent sample of the traffic passing the interview stations during
 
interview hours.
 

The survey questionnaires were prepared in the office for computer
 
analysis. This entailed 
converting the survey information into numerical
 
codes and then entering this data into the computer. The first stage of
 
the analysis was to edit the interviews for completeness and consistency.
 
After editing the interviews, about 8 percent were rejected because of
 
incomplete information and the remainder were passed 
 to the survey
 
tabulating and analysis procedures.
 

Automatic Traffic Count Survey
 

Some automatic traffic counts were conducted at the same time as the
 
Roadside Interview and Traffic Count Survey, mainly to provide a check on
 
the manual counting procedures. However, the disadvantage of automatic
 
counts is that they provide no classification of traffic, so apart from
 
this checking function the automatic counts were not used further.
 

After the Roadside Interview Survey was completed, two long-term
 
recording traffic counters were set up on 
the main West Bank Cairo-Assuit
 
Highway to monitor traffic variation over a longer period. The counters
 
were 
checked at weekly intervals and the paper tapes containing the counts
 
were brought back to the office for analysis. This survey was carried out
 
over a 6-week period from January 27th to March 8th.
 

Truck Weighing Survey
 

UF;ing a set of Lodec scales imported from the United States, a truck
 
weighing survey was conducted between February 7 and February 19. Three
 
locations were selected along the main West Bank Cairo-Assuit Highway and
 
truck weighing operations were conducted for four days at each site. It
 
was originally intended to 
weigh trucks for two days in each direction,
 
but the pattern of cargo movements meant that a large proportion of
 
northbound trucks during daylight hours at each station were empty. Hence
 
the survey was conducted for three days southbound and only one day
 
northbound at each site.
 

The objective of the survey was to measure truck weights and axle
 
loads for a representative selection of loaded trucks. Empty weights were
 
obtained from the vehicle licence, but a selection of empty trucks were
 
weighed also to verify the licence information.
 

The scales consisted of two platforms, one for each wheel track, and
 
each platform was capable of weighing a standard tridem wheel group. 
 The
 
two scales were linked by cables to a portable computing device which
 
provided a visual reading and a 
printed record of each complete axle
 
group.
 

- 2.2



N O R CAIRO I,, , t 

ci 2 .. 
-t AHIiC4 ----- 3 

-R1
 

C5 ~~~~ " ~ ......- ~ .R R Al 

C- . . ..... . . 

W 2. ,,,,,-' BfNJs,, 
'StMA-

C6--

Il_-,L*),, ./ . SA, ld( 

- S 

MINIA 

IOU Q ytan CAll CAIM• l Mmlan" 

/ .~~~~PIRCIPAtROAD . 

... : ~lll 12 .,o, IH[I ~kO _.,--.OADINCONSINUCIION... 

Cll~~~1!Ili ............ A,"1t4 

W3 .. ASS ITR1 

.... ta JIG_ F'! 

R
 

R7 
R4 

R64
 
R3
 

... ,t 

L,,,3.,
 

R13
 
R16
 

WituiSmih nd ~~cii, S 'OCAIOS ONEW¥ALLIY REY GIATGOVERNRAT FIGURI2-

O a -i l Highway fNisibility Study 

L w,, miohRand A-o,,.,., LOCATIONS OF SURVEY STATIONS 
[ aR, Consulta nts Co..tium F IG U R E 2 -1 



Additional information was requested from the driver in order to
 

complete a questionnaire compatible with the Roadside Interview Survey.
 

Origin and Destination information was not collected, and no counts were
 
maintained of the total traffic stream. Expansion of the survey results to
 

represent the total traffic stream (of trucks) was based on the control
 

totals from the Roadside Interview Survey.
 

In total, 2756 trucks were weighed. After editing the data by
 
computer, some 8 percent samples were rejected and the rest were passed to
 
the analysis and tabulation procedures.
 

Journey Time Survey
 

A journey time survey was conducted on the main West Bank Highway from
 

February 2-14. Four complete return trips were made between Cairo and
 
Assuit measuring light vehicle speeds on two runs and heavy vehicle speeds
 

on the others. A similar set of runs were made in May to collect data on
 
the Giza-Fayoum-Beni Suef Road and the East Bank Highway from Helwan to
 
Beni Suef.
 

The moving observer method was used which requires the survey car to
 

drive at the same speed as the vehicles in the class being measured, at
 
the same time maintaing counts of opposing traffic and of vehicles
 
overtaking, or being overtaken by, the survey car. The highway was
 
divided into 222 sections determined by intersections with other roads,
 

road construction class, and the nature of development along the
 
roadside. The survey was used primarily to determine light and heavy
 
vehicle speeds under different conditions. However, the results were also
 
used to obtain traffic counts for all sections of the existing highway,
 
and to provide an inventory of highway characteristics related to traffic
 
capacity.
 

1986 Highway Traffic Volumes
 

Traffic volumes in the Cairo-Assuit Corridor are shown in Figure 2-2.
 

The main characteristics are summarized below.
 

Vehicle Types - Traffic was classified by 12 different vehicle types.
 
The average composition of the traffic stream is illustrated in Figure
 
2-3.
 

The main vehicle represented was the pickup which made up 27 percent
 

of the total. While most pickups were used for goods transport, about 10
 

percent were adapted for low-cost passenger transport.
 

Trucks made up 26 percent of the traffic stream. Half were single
 
trucks, and the rest were large trucks towing trailers. "ars and taxis
 
(excluding pickup taxis) make up about 40 percent of the total traffic and
 

buses, rather surprisingly, only 5 percent.
 

Road Capacity Considerations - When considering road capacity, it is
 
necessary to take account of the different sizes of vehicles, converting
 
each vehicle to an equivalent passenger car unit (PCU). For example, a
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large multi-unit truck was considered equivalent to 3.5 passenger cars in
 
terms of road space occupancy.
 

The average distribution of vehicles measued in PCUs is also shown in
 

Figure 2-3. This indicates that while trucks and large buses make up 30
 
percent of the number of vehicles on the road, they constitute 46 percent
 
of the volume of the traffic stream when measured in PCUs.
 

Traffic by Time of Day - Traffic volumes vary by time of day. The
 
surveys indicated that 25 percent of trucks and 15 percent of passenger
 
vehicles moved during the nighttime hours from 10:00 pm to 6:00 am. During
 
daylight hours when most of the survey stations were operated (6:00 am to
 
5:00 pm), 53 percent of trucks and 60 percent of passenger vehicle
 
movements were recorded.
 

Traffic Variation by Day of Week - Traffic variation through the week
 

during the survey period was significant. In particular, Tuesday volumes
 
were low at all sites recorded, while Monday volumes were particularly
 
high. Truck volumes decreased over Friday and Saturday, but passenger
 
vehicle volumes remained more even.
 

Traffic Speeds - Traffic speeds in the Corridor were similar for light
 
and heavy vehicles on the main West Bank Highway between Cairo and Assuit,
 
averaging 61 and 55 kilometers per hour respectively. Probably the
 
straight alignment and complete absence of grades, both factors which can
 
slow vruck speeds significantly, explains the similarity. Of course,
 
traffic speeds varied from place to place depending upon road type and the
 
characteristics of the area alongside the route. In particular, only 60
 
percent of the route could be called open country; the rest was either
 
urban or, more commonly, village development, and congestion in these
 
areas could slow traffic considerably.
 

Traffic Growth - Comparisons with past traffic counts indicate that
 

the rapid traffic growth in the Corridor between 1979 and 1983 of 25
 
percent per year, slowed over the last two years to an average of 8.2
 
percent per year. Annual traffic growth rates 1983-1985 at individual
 
count siLes in the Corridor ranged from 23 percent on the Fayoum Desert
 

Road to 2 percent between Beni Suef and Minia. However, not too much
 
weight should be put on individual count comparisons when made by
 
different studies. It is unfortunate that a regular count program is not
 
yet started, although plans are in hand to do this.
 

Characteristics of Passenger Carrying Vehicles
 

Figure 2-4 illustrates the distribution of passengers by vehicle type,
 
and indicates the purpose of journey for car and taxi passengers. (Bus
 
passengers were not interviewed).
 

The main passenger carrying vehicles in the Corridor were the various
 

forms of taxi (car, van and pickup) and they accounted for about 49
 
percent of all passengers. The taxi van is rapidly growing more popular in
 
Egypt, combining greater comfort when compared with a bus, and greater
 
economy compared with a standard taxi. The two classes of bus carried
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just over 30 percent with most in the larger standard bus. About 28
 

percent of private cars had a driver only and they accounted for only 6
 
percent of the total passenger volume. Trucks and pick-ups carried an
 
average of one passenger who was probably a relief driver or assistant.
 

Over 75 percent of taxis of all classes gave work or business as the
 
journey purpose. The remainder of taxis mostly quoted "other" meaning some
 
form of personal business such as shopping. About 7 percent of taxi cars
 
were used for holiday or touring, but only 3-5 percent of the other taxi
 
types were used for this purpose.
 

Only 55 percent of private cars were used for work or business. Nearly
 
20 percent were involved in touring or holiday and 25 percent were used
 
for other purposes.
 

Characteristics of Trucks
 

Three main types of truck operate on the Cairo-Assuit Highway: single
 
trucks with no trailer, combination trucks (single trucks pulling a
 
draw-bar trailer which has axles at the front and rear), and articulated
 
trucks (tractor units pulling a semi-trailer with axles only at the
 
rear). The multi-unit trucks (combination and articulated) come in a
 
variety of configurations, and the distribution by each type is shown in
 
Figure 2-5.
 

Licensed Truck Weights - Trucks are normally measured in terms of
 
either their empty weight, their carrying capacity or their fully loaded
 
weight.
 

The empty weight is determined by the characteristics of the
 

manufactured truck, either as purchased or as subsequently modified. This
 
also determines the actual carrying capacity of the truck: this capacity
 
can be exceeded only at risk of damage to the truck. The sum of the empty
 
weight and the carrying capacity give the fully loaded weight of the
 
truck.
 

After allowing for vehicle dimensions and capacities as manufactured,
 
an additional very important consideration is the law regarding legal
 
loads which are permitted on axles. These laws are necessary since
 
overloaded axles can cause a disproportionate amount of damage to the
 
highway resulting in high costs of maintenance and repair for the highway
 
authorities. Legal axle loads in Egypt are as follows:
 

Single axle, single tires
 
(normal front axle) - 6 tons
 

Single axle, double tires
 
(normal rear axle) - 10 tons
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Tandem axle
 
(two axles closely spaced) - 16 tons
 

Tridem axle
 
(three axles closely spaced) - 22 tons
 

Quadram axle
 
(four axles closely spaced) - 30 tons
 

Therefore, to keep within the legally allowed axle loadings, the
 
maximum licensed weight of any truck should be no more than 52 tons which
 
applies to the largest possible articulated truck configuration. The
 
largest 6-axle combination trucks should be licensed for no more than 48
 
tons.
 

However, it appears that many trucks are routinely licensed to carry
 

loads which put them considerably in excess of the maximum legal loads.
 
For example, licensed loaded weights for 6-axle combination trucks as
 
recorded in the Truck Highway Survey, are shown in Figure 2-6 which shows
 
that over 60 percent of these trucks are licensed to carry more than the
 
axle load law specifies.
 

Measured Truck Weights - The truck weighing survey revealed that a
 

very high proportion of trucks on the Cairo-Assuit Highway were overloaded
 
-- grossly overloaded in many instances. Comparisons were made with truck
 
weighing surveys previously conducted in Egypt in 1979 and 1981 and these
 
indicated that what was already a bad situation has got significantly
 
worse. Figure 2-6 cited above also records the measured loads on tandem
 
axles: 81 percent of those measured in the truck weight survey were over
 

the legal limit of 16 tons (excluding trucks with no load).
 

It was estimated that of all loaded trucks, 75 percent of the large
 
combination and articulated trucks, and about one third of all single
 
trucks exceeded the legal load limits. Particularly severe offenders were
 
the combination trucks carrying bags of cement, essentially because bags
 
of cement are very dense and many bags can be loaded onto a vehicle with
 
little difficulty. The average combination truck loaded with cement (and
 
about 90 percent of all cement is carried in this type of truck) weighs 63
 
tons, and 28 percent weigh over 70 tons.
 

Anyone who doubts these weights can readily observe cement trucks
 
passing through Cairo at night. It is common to see as many as 1300 bags
 
on a combination truck, 800 on the trailer (20 rows, 4 across and 10 deep)
 
and 500 on the truck (which has less "capacity" because of the drivers
 
cab). Each bag weighs a standard 50 kgs, giving a total load of 65
 

tonnes. With an empty weight of 15 tons, this gives an 80 ton truck. Some
 

can be observed more heavily loaded than this.
 

Part of the problem is that, as noted above, trucks are licensed to
 
carry more than permitted by the current legal axle load law. However,
 
the main problem is that vehicles are loaded beyond even their licensed
 
capacity.
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Trip Length Distributions
 

Figure 2-7 show.: the distribution of movements in the Corridor by
 

journey length, separately for all vehicles, and then for large trucks
 

only.
 

This clearly demonstrates that the great majority of trips vw - short 
distance with over one half of 30 kilometers or less. There was great 

variation in Journey length between the different vehicle types. Most 
passenger vehicles had relatively short journey lengths with only about 5 
percent exceeding 150 kilometers. The large multi-unit trucks, on the 

other hand, showed much longer journey lengths, with 2 percent of journeys 

as long as 800 kilometers. 

Movement Patterns in the Corridor
 

Figure 2-8 illustrates the relative size of movements between the
 
Governorateb in the Corridor and Figure 2-9 shows the volumes of external
 
movements to and from the Corridor. The volumes shown are average 24 hour
 

daily volumes in vebicles.
 

It can be appreciated that the Governorates In the Corridor are very
 

self-contained, with the bulk of all movements taking place entirely
 
within each Governorate. In fact, the volume of movements entirely within
 
Governorates represented almost 50 percent of all movements observed in
 
the Corridor, considering all internal and externa. movements together.
 
Movements between Governorates in the Corridor represented only about 7
 
percent of all trips, and the great majority of these were to the
 
adjoining Governorate.
 

Most external movements to and from tLe Cairo-Assuit Corridor were
 
associated with Greater Cairo and the North. There were strong movements
 
int. Giza and Fayoum, and the movements to Beni Suef, Minia and Assuit
 
were substantial. External movements to and from the North represented
 

nearly 25 percent of all traffic in the Corridor. Only one third of this
 
(about 7.5 percent of all Corridor traffic) was truly long distance
 

passing beyond Fayoum and Giza.
 

Movements between the Corridor and the South (rest of Assuit
 

Governorate, Upper Egypt, New Valley and the Red Sea) were much lighter.
 
By far the largest part of this movement movement was traffic into and out
 
of Assuit, most of which were movements within Assuit Governorate which is
 
cut in two by the Study Corridor boundary. There was very little
 

interaction between the South and the rest of the Corridor.
 

Through movements passing along the Corridor without intermediate
 
stops were significant, although representing less than 2 percent of all
 
traffic in the Corridor.
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Road Transport Services
 

The total vehicle fleet in Egypt experienced a high rate of increase
 

during the last decade, about 16.5 percent per year on the average. The
 
most recent registration statistics indicate a decrease in the rate of
 
increase for 1984/86 to about 13.7 per cent per year.
 

Within the Study Corridor, passenger and freight transport service are
 
provided by both the public and private sectors.
 

Passenger Services - The General Nile Company for Upper Egypt provides
 
public bus service within the Corridor. Non-transport public and private
 
firms also supply bus service for their employees. The private sector
 
currently accounts for 57.2 percent of total bus registration. Private
 
taxis provide service between and within the cities, towns and villages.
 
The inter-city taxi fleet is quite extensive and active with per-passenger
 
kilometer charges higher than air condition bus rates. This no doubt
 
indicates the inadequacy of public bus services.
 

Freight Services - Freight transport services are supplied by five
 
public transport companies, "om account" trucks registered by
 
non-transport public and private firms, cooperative trucking associations,
 
small private transport firms and individual truckers. The truck fleet
 
increased rapidly during the 1975-1984 period with an average annual
 
growth rate in excess of 21 percent. The pick up category (<3 tons) was
 
responsible for much of this growth with an annual average rate of
 
increase in excess of 30 percent for the period. Freight transport is
 
essentially not regulated with no restrictions as to entry, routing or
 
vehicle specifications. Official axle load limits are not enforced. The
 
five public companies function as price leaders in setting freight tariffs
 
for the commodities they transport. Other rates are determined by
 
competition.
 

Traffic Accidents
 

Existing traffic accident data in the Corridor were reviewed, but
 
comparisons were difficult because of the different basis for each set of
 
statistics. The available statistics are summarized in Table 2-1.
 

Based on there results, accident rates were derived for different
 

classes of road in the Corridor as follows:
 

INJURY ACCIDENT RATE
 

ROAD CLASS Injury only Fatal
 

(per million veh-kms)
 

2-lane valley highway 1.20 0.300
 

2-lane desert highway 0.50 0.030
 

4-lane divided highway 0.25 0.016
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Table 2-1
 

VEHICLE ACCIDENTS - UPPER EGYPT
 

LOCATION Fatal 
ACCIDENTS 
Injury Damage Total Fatal 

PERCENT OF 
Injury D

TOTAL 
amage 

Within Governorate of 

Beni-Suef, Minia, 
Assuit, Sohag, Qena, 
Aswan(Av.1980-84) 1045 3037 1595 5677 18.4% 53.5% 28.1% 

Within Governorates
 
of Beni-Suef, Minia,
 

366 974 694 2034 18.% 47.9% 34.1%
Assuit(Av.1980-84) 


Giza South(O-70km)
 
Cairo-Assuit
 
Highway(1985) 28 65 42 135 20.7% 48.1% 31.2%
 

Giza South(0-160km)
 
Cairo-Assuit
 

- 108 - 128 15.6% - 84.4% Highway(Av.1983-84)(1) 20 


Fayoum Desert Road
 
10 68 39 117 8.5% 58.1% 33.4%
(Av.1980-84) 


Cairo-Assuit Highway
 
120 382 232 734 16.4% 52.0% 31.6%
Beni-Suef(Av.1980-85) 


SOURCE: Central Traffic Agency
 
(1) Injury and damage data were not separated
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Other Modes of Transport
 

A review was made of transport by railroad, waterways and pipelines in
 
order to complete the picture of Corridor transport. This review was
 
based partly on interviews with each of the modal authorities, and partly
 
on the reports of the recent Egypt National Transport Study (ENTS). In
 
the case of railroads, a consultant railroad specialist visited Egypt for
 
one month and made extensive reviews of actual operations.
 

Railroads - The railroad from Giza to Assuit 
 is a double track
 
standard guage 
rail line comprising a route length of 375 kilometers. It
 
is located close to the main West Bank Highway, paralleling a major

north-south irrigation canal. The alignment is relatively straight, and
 
since the topography of the Corridor is flat, there are no problems of of
 
grade. South of Assuit, the line becomes single track.
 

In 1986, the line carried approaching 2 million tons of freight in the
 
Corridor, of which perhaps 75 percent served locations in the Corridor,
 
the rest being through traffic. This compares with about 19 million tons
 
of inter-Governorate movements carried 
by road. Rail carries a greater

proportion of rail passengers, sharing inter-governorate movements evenly
 
with bus and with taxi (approximately 20 million passengers annually for
 
each).
 

The ENTS Study (Reference 1) recommended a substantial program of
 
track and signalling improvements in the Corridor, and both observations
 
and interviews with the Egyptian National Railways Authority (ENRA)
 
indicated that work was being done. For example, investments have been
 
made in automatic train control and centralized traffic control, track is
 
being upgraded and investments have be,'n made in mechanized track
 
maintenance equipment.
 

As well as recommending investments in rail, ENTS forecast a
 
substantial increase in rail traffic, with a quadrupling of freight

volumes serving origins and destinations in the Corridor by 2000.
 
However, ENTS also emphasized the "target setting" nature of these
 
forecasts and admitted that they would be difficult to achieve.
 

While improvements in train operations had clearly been made since
 
ENTS, this Study was not convinced that the ENTS forecasts of rail traffic
 
could be met. The investments in centralized traffic control south of Beni
 
Suef envisaged by ENTS did not appear to be committed, and standards of
 
track maintenance, even in the rehabilitated sections, fell short of that
 
required to substantially increase train operations. It was concluded
 
that ENRA should be able to keep up with normal growth in traffic
 
associated with general growth in economic activities, but available
 
evidence did not point 
 to major growth in rail traffic sufficient to
 
attract traffic from other modes.
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Waterways - The section of the Nile between Cairo and Assuit is the
 
most heavily used part of the Egyptian waterway system with freight
 
volumes at about the came level as for the railroad. ENTS envisaged a
 
sharp increase in products carried on this section of the Nile, with a a
 
doubling of total traffic between 1983 and 2000, including a near tripling
 
of traffic serving locations in the Corridor. As with the ENTS rail
 
forecasts, however, these represented "target setting" forecasts and again

ENTS admitted that they would be difficult to achieve.
 

In contrast to rail, discussions with the River Transport Authority
 
indicate that no real start has been made on 
the changes necessary for the
 
ENTS forecasts to be realized, although some investments were being made
 
by the authorities responsible for the 
new cement plant at Assuit. A
 
particular problem 
noted by the River Transport Authority is that control
 
of the river system is in the hands of the Ministry of Irrigation since
 
the main function of the waterways is the supply of water to the
 
agricultural lands. Hence investments are determined by the Irrigation
 
Ministry and dredging to provide adequate navigable depth does not appear
 
to have a high priority. This was supported by comments made by the
 
Egyptian General Petroleum Corporation about the need to use rail
 
transport at times of low water in the Nile.
 

Pipeline Transport - There is at present no pipeline in the
 
Cairo-Assuit Corridor but a petroleum product pipeline is currently under
 
construction to link Cairo with the 
new refinery under construction at
 
Assuit. Both are expected to be completed by 1987.
 

Petroleum products currently move to each of the Governorate capitals
 
by river, rail and road. River is stated to be the preferred mode, and
 
then rail 
 at times of low water in the Nile. It was said that trucks are
 
not used extensively for Governorate supply, although significant volumes
 
were observed in the Roadside Interview Survey.
 

In future, it is expected that all inter-Governorate transport of
 
petroleum products will be by pipeline, but local distribution of products
 
will continue to be made by road.
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Chapter 3
 

ENGINEERING ASSESSMENT OF THE EXISTING HIGHWAYS
 

This chapter describes the engineering assessments made of the
 

existing main roads in the Cairo-Assuit Corridor.
 

General Description of the Corridor Highways
 

The principal route serving the Corridor is on the west bank of the
 
Nile where almost all settlements and activities are located. At the
 
northern end of the Corridor, two other principal routes serve the
 
Corridor: the East Bank Highway between Cairo and Beni Suef, and the
 
Giza-Fayoum-Beni Suef Road.
 

These principal routes were inventoried, noting construction standard
 
(2-lane or 4-lane), the presence of shoulders, and the type of development
 
along the road. Development was classified into five classes as follows:
 

Urban represents city centers and also the centers of major
 
towns such as Beni Suef or Minia.
 

Heavy Village represents sections outside urban
 
centers where the dwellings and commercial developments of
 
the village or town front onto the road, with consequent
 
interference to traffic.
 

Light Village represents areas where the road passes through
 
settled areas which generate some local movements on the main
 
road, but where the main road traffic has clear priority and
 
suffers only slight interference.
 

Open Country represent sections of road with no adjacent
 
buildings. However, all land in the Corridor is intensely
 
cultivated and there is almost no wild undeveloped land.
 
Hence even road sections in open country have significant
 
levels of local traffic accessing the farms and holdings
 
along the route.
 

Desert represents sections of route through barren desert,
 
usually with no development whatsoever, apart from some
 
factories or storage areas near major communities.
 

A classification of the principal routes in the Corridor is presented
 
in Table 3-1.
 

The West Bank Highway - The main highway from Cairo to Assuit on the
 
west bank of the Nile is 365 kilometers in length measured from Monib
 
(approximately where the Cairo Ring Road is planned to cross the road) to
 
the rail level crossing just short of the centre of Assuit. For the most
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Table 3-1
 

EXISTING HIGHWAY CLASSIFICATION
 

(kilometers)
 

CAIRO GIZA FAYOUM CAIRO
 

DESCRIPTION ASSUIT (1) FAYOUM (2) BENI SUEF BENI SUEF (3)
 

4-lane
 

Urban 12.7 1.1 0.4 23.0
 

Light Village 15.4 1.8 0.0 0.9
 

Open Country 31.8 0.0 0.0 4.3
 

Desert 0.0 10.5 0.0 2.7
 

59.9 13.4 0.4 30.9
 

2-lane, with shoulders
 

Heavy Village 17.9 0.0 0.8 3.1
 

Light Village 12.1 0.0 0.0 1.2
 

Open Country 37.6 0.0 37.9 0.0
 

Desert 0.0 42.3 0.0 6.3
 

67.6 42.3 38.7 10.6
 

2-lane, no shoulder
 

0.0 0.6
Urban 1.1 1.4 


Heavy village 12.9 0.3 2.1 5.1
 

Light Village 72.8 4.7 1.5 10.5
 

Open Country 150.2 20.3 2.7 36.9
 

0.0 0.0 0.0 21.7
Desert 


237.0 25.3 7.7 74.8
 

46.8 116.3
TOTAL DISTANCE 364.5 81.0 


(1) West Bank Highway, measured from Monib.
 

(2) Measured from the Western Desert Road
 

(3) East Bank Highway, measured from planned intersection with Cairo
 

Ring Road.
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part, the West Bank Highway is located alongside the navigable Ibrahimiya
 
Canal. The highway is very well aligned, typically with long straight
 
sections of 5-15 kilometers linked by gentle curves. Grades are extremely
 
flat, the entire road rising no more than 30 meters over the entire
 

distance from Cairo to Assuit.
 

The first 46 kilometers of route out of Cairo to Aiyat are 4-lane
 
divided standard. Apart from some sections through towns along the route,
 
including the last 7 kilometers into Assuit, the remaining 305 kilometers
 
of the highway is 2-lane only. At the time of the route inventory in
 
early 1986, only 70 kilometers had shoulders but, as discussed later, work
 
is currently in hand to add shoulders to much of the route.
 

About 60 percent of the route could be classed as Open Country, but
 

this is intensely worked land and generates a substantial flow of short
 
distance local traffic on the route. About 100 kilometers of route passes
 
through Light Village development; areas with communities close to the
 
route, although without any frontage on the main road itself. Heavy
 
Village, with shops, housing and other urban development fronting onto the
 
road takes up 30 kilometers or 8.5 percent of the route. The sections of
 
light and heavy village are scattered in short lengths along the route
 
with about 200 changes of class in the entire route.
 

Another feature of the route is the great frequency of police check
 
points where typically the road is narrowed to a single lane using
 
temporary barricades. A total of 44 check points, or one every 8
 
kilometers, were observed.
 

Giza-Fayoum - The first part of this rovte out of Giza is the 53
 
kilometer Fayoum Desert Road, mainly 2-lane with gravel shoulders. After
 
entering the Fayoum Oasis, the road has similar characteristics to the
 
main West Bank Highway -- mainly Open Country classification, but passing
 
through small communities with Light Village and Heavy village
 
classification. The section through the center of the Fayoum Governorate
 
Capital is very difficult with crowded urban streets in poor condition.
 

Fayoum-Beni Suef - After exiting Fayoum, this is generally a good
 
well-surfaced and well aligned 2-lane road with paved shoulders. The
 
major problem on this route is the crossing of the Bahr Youssef Canal at
 
El Lahoun on the boundary between Beni Suef and Fayoum. The road follows a
 
tortuous alignment in order to use an old and narrow bridge.
 

East Bank Highway - This road assumed greater importance on the
 
opening of the new Nile Bridge at Beni Suef in 1985, since this enabled
 
the road to serve as an alternative to the existing West Bank Highway. The
 
initial section of the road out of Cairo is a 4-lane urban arterial
 
serving the important communities of Maadi and Helwan, now part of Greater
 
Cairo.
 

South of Helwan, the road changes to 2-lane with similar
 
characteristics to the main West Bank Highway -- mainly Open Country
 
classification but with frequent passages through small villages. After
 
Koraimat, the east bank agricultural area reduces to a narrow strip close
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to the Nile, and for about 30 kilometer, the road is located in the desert
 
outside this area. On reaching Beni Suef, the road changes to 4-lane
 

standard around which the developments of the new town of Beni Suef are
 

taking place.
 

Nile Bridges -- Until recently, the only crossings of the River Nile
 

were at the northern and southern extremities of the Cairo-Assuit Corridor
 
with 350 kms of highway between them. At the northern end, the crossing
 
at Maraziq near Helwan is a narrow and congested 2-lane road crossing the
 
Nile on a bridge shared with the rail line from Helwan to the Baharia
 
Oasis. At the southern end, the road crosses the top of the Assuit
 
barrage, again a narrow and congested 2-lane road.
 

In 1985, a new 4-lane bridge was opened at Beni Suef. Built primarily
 
to allow the city of Beni Suef to expand into non-agricultural land on the
 
east bank of Nile, the bridge links with the East Bank Highway to Helwan
 
and Cairo. The bridge is well located to the south of Beni Suef so that
 
traffic from Upper Egypt can cross the Nile to the East Bank Highway
 
without passing thr:,,gh Beni Suef.
 

A new 4-lane bridge is under construction at Minia due to be completed
 
:n 1987. As with the Beni Suef bridge, the primary purpose of the Minia
 
:iridge is to allow the city of Minia to expand into the desert lands on
 
:he east bank of the Nile. This bridge will also link with the East Bank
 
.ighway which is currently being extended from Beni Suef to Minia.
 
.!owever, the Minia bridge is being built with the western bridgehead
 
.ocated within MinTia, and this is likely to impede its function of
 
diverting traffic from the West Bank Highway.
 

No other bridges across the Nile within the Cairo-Assuit Corridor are
 
planned at present.
 

Recent and Current Construction
 

Recent and current construction projects on the main East and West
 
Bank Highways is summarized in Table 3-2. All prices are in current
 
financial costs, some being estimates several years old. Insufficient data
 
were available to convert all prices to LE 1985/86, but it can be taken
 

that this would substantially increase the sums in Table 3.2.
 

The principal roads in the Corridor were constructed and paved in a 10
 
year period from the mid-1940s to the mid-'1950s. Some major rehabilitation
 
work was undertaken ten years later and in the late 1970s a further round
 
of rehabilitation commenced which is still underway today. The aim of the
 
current program is to strengthen the existing pavement by rehabilitation
 

or overlaying, and to add paved shoulders. In a few locations -- Aiyat,
 

Fashn and Dairut -- bypasses have been added, but there is no general
 

program of bypass construction for all places in need.
 

In addition to pavement strengthening, significant new construction
 
projects are also underway. These include the new Nile bridges at Beni
 
Suef and Minia, the new East Bank Highway from Cairo to Minia, and an
 
Inter-governorate road linking Fayoum, Minia and Beni Suef. The new Nile
 

bridges were discussed earlier, and the other two projects are discussed
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---------------------------------------------------------

Table 3-2
 

RECENT AND CURRENT HIGHWAY CONSTRUCTION AND IMPROVEMENT PROJECTS
 

(1978-1988, current prices)
 

PROJECT 

PROJECT DISTANCE TYPE (1) 


East Bank Highway
 

Helwan-Saff 

Saff-Koraimat 

Koraimat-Beni Suef 

Beni Suef-Shek Fadl 

Shek Fadl-Minia 

Abnub-Assuit 


West Bank Highway
 

Giza-Dahshur (2) 

Dahshur-Aiyat (2) 


Aiyat-Beni Suef 


Beni Suef-Maletia 

Malatia-Abu Qurqas 

Abu Qurqas-Dairut 

Dairut-Assuit (3) 


(kms) 


32 

32 

32 

74 

60 

8 


238 


23 

23 


64 

50 

95 

43 

62 


360 


Rehabilitation 

Rehabilitation 

Rehabilitation 

Reconstruction 

Reconstruction 

Rehabilitation 


New construction 

New construction 


Rehabilitation 

Rehabilitation 

Rehabilitation 

Rehabilitation 

Rehabilitation 


Inter-Governorate Highway 

Fayoum section 21 Reconstruction 

Beni Suef section 65 Reconstruction 
Minia 'ection 135 Reconstruction 

221 

Nile Bridges 

Beni Suef - New construction 

Minia - New construction 

TOTAL 819 

ESTIMATED PLANNED
 
COST COMPLETION
 

(LE mils) 

3.2 Dec 1987
 
2.5 1985
 
2.4 Jun 1986
 

14.9 Jun 1987
 
9.8 Jan 1988
 
0.7 1985
 

33.5
 

4.0 1985
 
6.0 Nov 1985
 

6.4 May 1988
 
3.9 Oct 1987
 
11.4 Dec 1986
 
4.0 1984
 

7.5 1985
 

43.2
 

2.5 1989
 
4.0 1989
 

12.0 1989
 

18.5
 

9.5 1985
 
10.5 Dec 1986
 

20.0
 

115.2
 

(1) Rehabilitation includes overlaying and construction of shoulders.
 

Reconstruction implies major re-building of the road.
 
(2) Constructed to 4-lane standard
 
(3) Including the Dairut Bypass
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New East Bank Highway - The opening of the Nile Bridge at Beni Suef,
 
and the rehabilitation of the existing highway between Helwan and Beni
 

Suef, have created a new East Bank Highway capable of relieving the
 
existing West Bank Highway of significant long distance traffic. At the
 

time of the traffic surveys conducted by this Study (December 1985 to
 
February 1986), little traffic had transferred to the East Bank Highway.
 
This was probably due to two reasons; first, the Beni Suef Bridge had only
 
recently been opened so many drivers were not aware of the new route, and
 
secondly, major road works were still in progress near Helwan which made
 
the northern end of the route unattractive. However, the Helwan
 
Autostrade opened in May 1986 and this completed this first section of the
 
East Bank Highway, and greater transfer of traffic to the East Bank
 
Highway has now taken place.
 

A second stage of the East Bank Highway is now under construction
 

between Beni Suef and Minia. Like the first section, it is being built
 
with a 7.5 meter carriageway and a 2.5 meter paved shoulder on each side.
 
The first section from Beni Suef to Shek Fadl (74 kilometers) was started
 
in December 1984 and at April 1986 was estimated to be 34 percent
 
complete. The second section from Minia to Shek Fadl (60 kilometers) was
 

started in January 1986. Completion of the East Bank Highway from Beni
 

Suef to Minia, programmed for early 1988, wll provide an alternative
 
route to the existing West Bank Highway for two-thirds of the distance
 
along the Cairo-Assuit Corridor.
 

Inspection of the new construction tetween Beni Suef and Minia raised
 
two concerns. First, the geometric alignment is deficient in places, with
 
some blind summits and sharp curves. These occur in the relatively easy
 
terrain close to Beni Suef and it can be expected that the more difficult
 
terrain near Minia will present more problems of this nature. These
 
alignment deficiencies have beer. due to restricted funding which has
 
limited the quantities of earthworks which can be undertaken. Secondly,
 
the pavement structure (25 cm pit run gravel sub-base with 5 cm ashphalt
 
base and 5 cm asphalt wearing surface) is not particularly strong, and is
 
unlikely to withstand the high axle loads imposed by heavy trucks.
 
Therefore, if truck; (which dominate long distance traffic) transfer to
 

the new road in significant quantities as expected by this Study, the new
 

sections are likely to deteriorate rapidly.
 

RBA would like to complete the East Bank Highway from Minia to Assuit,
 

a distance of about 130 kilometers, but terrain becomes much more severe
 
south of Minia and no construction plans have been prepared. RBA would
 
also like to construct a new section of this highway from the Helwan
 

Autostrade to Koraimat located in the desert outside the existing
 
agricultural area, in order to complete a desert route from Cairo to
 

Assuit on the east bank. At the specific request of RBA, this Study has
 

provided an alignment and profile for the 60 kilometer Helwan-Korairat
 
section, but no costing or evaluations were undertaken.
 

The Inter-Governorate highway - The Governorates of Fayoum, Beni Suef
 
and Minia are collaborating on upgrading 221 kilometers of existing
 
highway to form a new route linking the three Governorates. Some of the
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existing roads are currently unpaved, and others are paved but of
 
sub-standard construction. All sections are being re-constructed with a
 
7.5 meter paved carriageway and two 2-mete- paved shoulders. The roads
 
selected for upgrading follow the line of the Bahr Youssef Canal parallel
 
to the main West Bank Highway located in the agricultural area.
 

The Roads and Bridges Authority are not involved in this project.
 
Construction of the first sections started in August 1985 with funds
 
allocated from the Ministry of Planning. The planned construction period
 
was initially 4 years, but funding at present is not sufficient to meet
 
this schedule.
 

Potentially, thic project could provide significant relief to the main
 
existing highway, but there are some problems. First, the existing roads
 
are not all well-aligned. In some places, the road crosses from one side
 
of an irrigation canal to the other, involving two right angle turns onto
 
and off the bridge over the canal; in other places there are sharp 
curves. The Governorates have insisted that no agricultural land be taken 
for the construction, even to to give a better alignment, and this is 
likely to limit the usefulness of the road in giving relief to the
 
existing highway.
 

A neconO concern is that there are still construction problems to be
 
solved such as the relocation of electricity pylons and the design and
 
funding of major bridges. ThiriT, the pavement stucture of the new road
 
(45 cm pit run gravel sub-base, 5 m asphalt base and 5 cm asphalt wearing
 
surface), would be insufficient to withstand the axle loadings imposed by
 
the large trucks on the main highway.
 

It was concluded that this new Inter-governorate route would serve a
 
useful role in re)ieving the existing main West Bank Highway of local
 
traffic, but that most traffic would continue to use the existing highway.
 

Conclusions on R;.zent and Current Construction - A substantial
 
investment has been, and is still being, made in highways the Cairo-Assuit
 
Corridor. Allowing for an adjustmenl current prices quoted in Table 3-2
 
to 1985/86 levels, and for improvements to the Giza-Fayoum-Beni Suef Road
 
not included in the Table, it is estimated that the current investments
 
have been o' the order of LE 10-15 million per year for the last six to
 
eight years.
 

This current improvement phase will transform the West Bank Highway
 
from Cairo to Assuit into a good 2-lane highway with shoulders. However
 
there is cause for concern about pavement strength, even after the current
 
rehabilitation, and this is discussed later in this Chapter.
 

Some traffic relief will be provided by the new Inter-Governorate road
 
and East Bank Highway. However, neither of these latter routes would be
 
able to withstand the heavy axle loads imposed by the large multi-unit
 
trucks in the Corridor without re-inforcement, and the geometric
 
alignments fall short of desirable standards. Therefore neither is really
 
suitable to fulfill the function of a main trunk route, although the East
 
Bank Highway is likely to be forced into this role.
 

-3.7



Highway Maintenance
 

A review was made of current highway maintenance activities, and
 

future maintenance activities identified.
 

Review of Current Maintenance Practice - For the main route now in use
 
to the south of Cairo, the Roads and Bridges Authority of Egypt (RBA) has
 
followed a policy which reduces maintenance to a minimum. The asphaltic
 
concrete pavements are a high-type, modern surfacing, plant-mixed and
 
machine-laid. They are relatively massive pavements for most of the
 
length, consisting usually of 6 cm open-graded "premix" or "binder"
 
courses, followed by 5 cm wearing courses of denser gradation. Such heavy
 

pavements do not develop potholes and breaks in the same way as thinner
 
pavements and surface treatments, and if well-constructed they can
 
withstand much use and overloading without requiring the constant small
 

repairs which are typical of lighter surfacings under such conditions.
 
They do fail, of course, if subjected to tr, ific in excess of the load
 

capacities of the base and surface layers, and there is extensive failure
 
of this kind evident in the Corridor now.
 

It has not been the policy of RBA to do seal coats (surface dressing
 
with stone aggregates) on these major road sections, so this maintenance
 

activity is also absent. Seal coating is practised by most national
 
highway agencies but it is not universal, and in Egypt two of the main
 

reasons for the work are not fully pertinent, those of sealing against
 
wetting and of providing a better braking surface under wet conditions. It
 

is believed that other important benefits would justify the cost of
 

surface dressings, and it is recommended that they be done in the future,
 

but the justification will perhaps be uncertain until some careful studies
 
-re made.
 

Some shoulders are paved on the existing Corridor highways, and where
 

they are not paved this improvement is now in progress on almost all
 

sections. This again reduces maintenance since the upkeep of paved
 

shoulders is much less than that for soil or gravel shoulders, especially
 

where they are used by non-vehicular traffic.
 

One 	 serious problem of shoulder usage exists. Much of the length of
 

the present Cairo-Assuit highway is closely parallel to main irrigation
 

canals, and the channel and slopes of the canals have to be maintained
 

constantly by the Irrigation Authority. The crawler-mounted draglines and
 

other machines used for this work often occupy part of the shoulder,
 
including even having one track on the edge of the travelway pavement, and
 

the silt and organic matter dredged from the canals is frequently cast on
 

or near the shoulder. This practice has several negative aspects:
 

(1) 	The dragline is an obstruction to and a danger to highway
 

traffic.
 
(2) 	These operations are causing some damage to pavement edges
 

and shoulders,
 
(3) 	The saturated dredged material puts large amounts of free
 

water into unpaved shouldors and embankments, reducing the
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lateral support for the pavements and the stawility of the
 
slopes and perhaps even the base layers. Furthermore, the
 
draglining sometimes leaves very steep embankment slopes.
 

(4) The dredged material is left t. dry in place along the
 
highway, sometimes, it appears, for months or even years.
 
This nullifies the purpose of the shoulder for highway use,
 
prevents shoulder maintenance, and obstructs highway
 
drainage.
 

(5) 	The eventual removal of the spoil material may cause further
 
damage to the shoulders and pavements, depending on how it
 
is done.
 

There is no obvious solution to these problems, since the canal
 
maintenance is a legitimate and necessary function, and the working space
 
available for it is often limited. Nevertheless, the effects on the
 
highway are serious, and the dredged material, entirely bad for the road,
 
should apparently be quite good for land reclamation and of considerable
 
value if hauled to suitable disposal sites. It should be removed promptly
 
from the highway shoulders, and wherever space permits, the embankments
 
should be widened or lower terraces constructed to provide working
 
platforms for the draglines.
 

Identification of Road Maintenance Activities - For the purposes of
 
this feasibility study, travelway maintenance was estimated to include
 
patching, smoothing overlays to correct local deficiencies, sealing over
 
patches and any other repairs which may be susceptible to raveling, and
 
periodic seal coating (surface dressing) for the roadway full width, at
 
intervals of several years. The rates and frequency for all such work
 
were estimated considering pavement age and traffic volumes, plus the
 
initial observed condition of the pavement where applicable.
 

A separate estimate was made of total overlay quantities required to
 
strengthen existing pavements. These overlay quantities were considered
 
as additional highway investments (not as maintenance) with thicknesses
 
similar to those now used by RBA in rehabilitations.
 

The maintenance of paved shoulders was considered; with minimum
 
patching of pavement damage, along with periodic sealing of the surface.
 
Unpaved shoulders need more attention. It is important to have a
 
well-compacted, stable shoulder up to the level of the pavement edge, to
 
minimize breakage of the edge. In addition, in agricultural zones, there
 
is a need to replace the shoulder material worn away or displaced by
 
pedestrian traffic, carts and animals.
 

Drainage maintenance was expected to be a major cost in the
 
Cairo-Assuit Corridor. In the desert areas it is necessary to keep
 
channels cleared of encroachments, to check pipe and box culverts
 
annually, and to re-shape dikes and channels after the infrequent storms.
 
Cleaning of any ditches in cut sections is needed. The more numerous
 
drainage crossings in agricultural zones impose a higher cost for checking
 
and cleaning, even if they are maintained in part by irrigation
 
authorities, but little ditch or channel work was expected.
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Regarding the right of way, the principal concern was the stability of
 

the embankment slopes in farm areas. Maintenance includes shaping and the
 

replacement of eroded or settled slope material. Within the Nile Valley,
 

some control of vegetation is needed along the highway shoulders.
 

is required for bridges and other structures
Very little maintenance 

of reinforced concrete, but some minor cost can be expected for the repair
 

of 
 spalled concrete decks, damaged railings, and problems around piers and
 

abutments.
 

The upkeep of pavement striping and the painting or replacement of
 
These traffic
signs can be a significant expense on high-volume highways. 


important for the safe and efficient use of the road.
service elements are 


It appears that emergency maintenance is a minor concern between Cairo
 

funds should be provided in overall maintenance
and Assuit. However, some 

the repair of occasional damage caused by high-intensity rains,
costs for 


pavement clearing and repair after serious accidents, and the possible
 

encroachment of dune sands during unusual desert storms.
 

Evaluation of Highway Pavements
 

A visual rating of pavement surface conditions was undertaken early in
 

the Study. Based on this, 20 locations were identified for field borings
 

structure and to provided samples for laboratory
to establish pavement 

the strength of the existing
analysis. An analysis was then made of 


together with projected traffic data, to
pavements, and this was used, 


establish future pavement overlay requirements.
 

The Visual Rating Survey - This was undertaken in January 1986 by two
 

the Study. A detailed report was produced containing a link
engineers of 

inventory, link ratings and photographs of each link. The results of the
 

visual rating are summarised Figure 3-1. The rating revealed a wide
 

range of pavement conditions, from good for the recently overlayed
 

sections, to extremely poor for many sections which have received no
 

reinforcement in 10-15 years.
 

- The 20 field samples were all hand-dug within the
Pavement Structure 

100 cm depth. They showed a variety of structures, generally
travelway to 


wearing and binder courses over
consisting of asphaltic concrete (A.C) 

or pit run gravel.
unbound granualar base, the latter either crushed stone 


Many pavements showed multi-layers of A.C. as a result of overlaying
 
material of 43
operations, with one boring showing a total depth of A.C. 


cms. Other borings showed new granular base courses laid over old A.C.
 

surfaces. Typi;al structures revealed by four of the borings are
 

illustrated in Figure 3-2.
 

Tests on the asphaltic materials indicated significant variations in
 

bitumen content which points to inadequate control of plant mixing.
 

from 1500 to 2900 with associated flow
Marshall test stabilities ranged 


values of 7 to 12. This seems satisfactory, although indicating somewhat
 

brittle pavements.
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The granular bases were reasonably unifcrm and were in generally in
 
good condition with little intrusion of silt or breakdown of aggregate.
 
However, over half the samples performed poorly in the abrasion tests
 
which indicates poor selection of materials.
 

The CBR tests on the bearing soils were a little inconclusive, showing
 
considerable variation for soils with similar classifications. On the
 
evidence available, a CBR of about 4 percent was adopted for soils in the 
agricultural areas, and 8-10 percent for the desert areas on the East 
Bank. 

Evaluation of the Strength of Existing Pavements - A common means for
 
assessing the structural adequacy of existing pavements is to take
 
deflection measurements annually or every two or three years. This
 
procedure measures the deformation, or rebound, of the pavement under a
 
standard loading. Other methods of determining pavement performance are
 
also in use. All are intended to find weakness and potential failure in
 
the pavemetIt structure before the effects are visible on the surface, in
 
order to quantify the remaining structural value.
 

Lacking deflection or similar measurements, estimates of pavement
 
strength were made from the results of the borings and visual rating. The
 
adopted procedure was to estimate an equivalent asphalt thickness at each
 
site investigated, which could then be taken as an indicator of pavement
 
strength for adjacent sections of highway. Not much accuracy could be
 
expected from this method, since 20 borings in a total of about 470
 
kilometers of highway, at sites selected with no real information about
 
how typical the sites were, was a very limited sample to work from.
 

Using the boring data and the condition rating survey, it was possible
 
to assign rough asphaltic concrete (A.C.) equivalent thicknesses to the
 
different road construction layers in place, guided by the descriptions in
 
the Asphaltic Institute (AI) manual on overlays. There was no way of
 
judging the integrity of the old pavements now overlayed or buried, but it
 
seemed safe (and conservative) to assume that they were substantially
 
cracked and deformed.
 

This exercise was done for the 20 borings on existing pavements, with
 
an estimated total A.C. equivalent thickness in mm at each site,
 
designated Te. These values were then modified to reflect rehabilitation
 
and overlay work either in progress or committed to be completed by 1990.
 
The results are included in Annex 3B-3 with the location of each boring
 
and the links of existing road to which each was presumed to apply.
 

The results are summarized in Table 3-3. Considering the high axle
 
loads recorded in the Truck Weighing Survey conducted by this Study in
 
February 1986, the results are not very encouraging. The survey indicated
 
that a typical loading on the existing West Bank Highway was about 14,000
 
equivalent standard axles (EAL) per day, or about 5 million per year. At
 
these axle loads, the pavement strengths in Table 3. indicate the onset
 
of pavement deterioration in less than a year in host locations, with few
 
locations having an expected life of much more than 4 or 5 years.
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Table 3-3
 

ESTIMATED PAVEMENT STRENGTHS OF EXISTING HIGHWAYS
 

ON COMPLETION OF CURRENT REHABILITATION PROGRAM
 
(Equivalent asphalt thickness)
 

EST EQUIV ASPHALT THICKNESS ESTIMATED
 

SECTION DISTANCE Surveyed After Cur Rehab 
LIFE IN 
EAL (1) 

--- --------------- -------- --------- --------------- ----------
(kms) (mm) (mm) (millions) 

East Bank Highway 

Helwan-Saff 32 122-150 221-249 1-3 
Saff-Koraimat 32 184-201 184-201 <1 
Koraimat-Beni Suef 32 248-274 248-274 10-20 
Beni Suef-Minia (2) 134 - 165 <1 
Abnub-Assuit 8 200-242 200-242 1-3 

West Bank Highway 

Monib-Aiyat 46 203-218 203-218 1-2 
Aiyat-Wasta 34 150 249 3 
Wasta-Beni Suef 30 266 365 50 
Beni Suef-Maletia 50 120-195 219-280 1-8 
Maletia-Qulusna 44 252-316 252-316 3-20 
Qulusna-Minia 28 245 344 30 
Minia-Abu Qurqas 23 177 222 1-2 
Abu Qurqas-Deir Mawas 34 257-322 257-322 4-20 
Deir Mawas-Assuit 76 257-304 257-304 4-12 

Giza-Fayoum-Beni Suef (3) 

Giza--Dahshur Road 10 280 280 
 8
 
Dahshur Road-Edge Oasis 44 180 180 
 <1
 
Edge Oasis-Fayoum 27 141-150 141-150 <1
 
Fayoum-Beni Suef 47 141 141 <1
 

(1) Equivalent standard axle loads.
 
(2) Estimated from construction specification.
 
(3) Estimated from pavement structures indicated by RBA engineers.
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Estimates of Overlay Needs
 

Estimates of overlay needs were based on pavement strength, estimated
 

according to the process set out in the previous section, and expected
 
traffic loadings.
 

Axle Loading - Using the traffic forecasts of the Study, estimates
 
were made of the cumulative equivalent axle loadings (EAL) likely to be
 
sustained by each road link over the 25 year period up to 2009. Since
 
traffic varied by investment case evaluated, separate estimates were
 
required for each case. Three cases were evaluated for the Committed,
 
Improved and Expressway Networks (see Chapter 6 for definitions of the
 
Networks).
 

It was necessary to make some assumptions on axle loadings. As
 
reported elsewhere, axle loads measured in the Corridor in the Truck
 
Weighing Survey were exceptionally high, with axles weighing as much as
 
twice the legal limit. At the time of the Study, Roads and Bridges
 
Authority were planning a campaign to enforce legal axle loads, and
 
several weighing scales had been purchased for this purpose. Given the
 
prevalance of high axle loads, and the fact that most vehicles are
 
licensed for loads in excess of axle load limits, it was assumed for the
 
purposes of this evaluation that only the very highest axle loadings would
 
be restricted, and that up to 50 percent overloads would persist.
 

Required Thickness of Overlay - Analyses were made to identify the
 
road structure required to support different axle loadings, considering
 
the types of materials available in Egypt.
 

The pavement structure required for each value of cumulative EAL was
 
expressed as a total equivalent asphalt thickness, designated Ta. Values
 
of required Ta for a range of axle loadings are shown in Figure 3-3. For
 
each link, the required asphaltic thickness Ta to withstand the estimated
 
cumulative EAL for the period up to 2009 was computed. This value was
 
then compared with the asphaltic thickness Te of the link, as estimated
 
from borings and mt ,*ied by current and committed overlay and
 
rehabilition works. The difference between the values for Ta and Te gave
 
the total thickness of asphaltic overlay required on the link for the
 
period up to 2009. Actual overlays would be in thinner layers staged over
 
time, but the data available did not permit programming of overlays by
 
link to be determined.
 

Assuming that overlays would be required to cover both pavement and
 
shoulders, the total volume of asphalt was computed for each link, and
 
summed for all existing roads in the Corridor.
 

Comment on Method - The methodology described for estimating overlay
 
needs was the best that could be done with available data, and was thought
 
adequate for estimating the total overlay requirements for existing roads
 
for feasibility study purposes. However, the results depended on a few
 
samples of the road structure and many assumptions were made. Therefore
 
the results should not be taken as a program of overlaying, and actual
 
overlay needs should be established from pavement condition and
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deterioration over time. As noted earlier, RBA would be well advised to
 

investigate more scientific methods of estimating overlay needs than are
 

nov used.
 

Summary of Overlay Needs - Results were also calculated for legal axle
 

loadings and for current axle loadings. The results are summarized in
 
Table 3-4.
 

Table 3-4
 

PAVEMENT OVERLAY NEEDS
 
(thous cu m of asphalt, 1987-2009)
 

TRANSPORT NETWORK ASSUMED
 

AXLE LOAD POLICY Committed Improved Expressway
 

Current axle loads (1) 1,327 1,211 1,157
 
Legal axle loads 870 797 706
 

Axles up to 50%
 
overloaded 1,232 1,125 1,061
 

(1) Up to 100% overloaded
 

It is estimated that over 1.23 million cubic meters of asphaltic
 
overlay will be required on the existing road system over the period 1987
 

to 2009, reducing to 1.125 million cubic meters if the main West Bank
 
Highway is improved as described later in this chapter, or 1.06 mkllion
 

cubic meters if the new Cairo-Assuit Highway is constructed. At a
 

financial cost of LE 55.7 per cubic meter, this implies an investment of
 

between LE 59 and 67 million over the period, averaging LE 2.6 to 3.0
 

million per year. Higher expenditures are likely to be necessary in the
 

early part of the period to bring pavements up to an acceptable strength.
 

However, a proper program of pavement overlaying must be determined based
 

on a detailed analysis of pavement strengths, identifying priority
 

sections for early treatment. It is emphasized that the evidence compiled
 

by this Study is not sufficient to identify a detailed program of pavement
 

strengthening.
 

Comparison with Current Policy - The policy of RBA since pavements
 

were first placed in the 1940s and 50s has been to overlay pavements with
 

about 6cms of base course plus 5cm of wearing course when the pavement
 

shows advanced signs of distress -- potholes, severe cracking, rutting
 

etc. A levelling course is usually required which adds, on average, about
 

2-4 cms of asphaltic material. The interval betwuLL overlays has been
 

about 12 to 15 years.
 

It was estimated that an overlay of this type every 12 to 15 years
 

would require about 1,500 thousand cubic meters of asphalt base and
 

wearing course, and about 400 thousand cubic meters more of levelling
 

course, over the period 1987-2009. This is considerably in excess of the
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volumes indicated above, which at first sight appears surprising since the
 
program of reduced overlaying estimated by the Study is expected to
 
produce better surfaces than the current RBA policy.
 

The reason for this is that the overlay policy recommended by this
 
Study assumes that overlays are placed in advance of visible pavement
 
deterioration. This has the key advantage that the existing pavement being
 
overlayed remains intact and contributes to the strength of the final
 
pavement. It can be seen from Figure 3-3 that 10 cm of asphalt added to a
 
pavement of total equivalent asphalt thickness of 300 mm would add about
 
80 million EALs to the life of the pavement, but adding the same overlay
 
to a pavement which has deteriorated to an equivalent asphalt thickness of
 
200 mm adds only about 9 million EALs to the life. Thus timely overlays
 
reduce the need for later overlays, wheras delay.d overlays require much
 
more work and materials to make good the deteriorated surface and add
 
sufficient strength to withstand further axle loads.
 

A further extremely important advantage of early pavement overlaying
 
is that the road surface remains in good condition with associ, d lower
 
vehicle operacing costs.
 

Conclusions on Pavement Strengthening - Based on the assessment of
 
pavement condition from the visual rating survey and the borings, and
 
taking into account the current program of rehabilitation in the Corridor,
 
it was concluded that a proper program of overlaying could maintain these
 
pavements in good condition, probably for less cost than a policy of
 
overlaying and rehabilitation only when pavements become seriously
 
deteriorated. However, action will be tequired early since, despite the
 
present program, pavements in most sections of the Corridor are weak and
 
cannot withstand current or expected axle loadings, even with some form of
 
axle weight control, for more than a few years.
 

New Construction on the Existing Highways
 

Some major investment projects were considered for improving the
 
existing West Bank Highway: constructing bypasses around 14 of the major
 
towns along the highway, and widening the highway to 4-lane standard.
 

Construction of Bypasses - Alignments for bypasses were located around
 
all towns on the existing West Bank Highway where conditions in the center
 
of the town seriously impeded through traffic, a condition which could be
 
expected to get worse over time. A total of 14 towns where identified as
 
requiring bypasses as shown in Figure 3-4.
 

Within the limits of this Study, it was not possible to undertake a
 
full engineering design of each bypass. The procedure adopted, therefore,
 
was to examine aerial photographs of the highway (at scale 1:10,000 taken
 
in August 1984) and plot an appropriate line for a bypass, avoiding urban
 
development and taking account of features such as irrigation canals and
 
other obstacles. The length of bypasses, and the distance bypassed, were
 
estimated for traffic forecasting purposes. Engineering cost estimates
 
were prepared based on a standard cross section, and estimates for
 
particular structures were identified separately. A total of 82 kilometers
 
of bypasses were costed.
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Widening the Existing Highway - Costs were estimated for widening all
 

sections of the existing West Bank Highway between bypasses to 4-lane
 

standard. A total of 246.3 kilometers of highway were involved from Aiyat,
 

where the existing 4-lane construction out of Cairo ends, to Manqabad
 

where the existing 4-lane construction into Assuit begins.
 

Significant sections of the existing highway had canals on both sides
 

of the road, one being the main canal and the other being a smaller feeder
 

canal. Widening the road would mean relocating the smaller canal, and the
 

engineering and cost estimates took this into account.
 

Unit Highway Construction Costs - For the most part, financial costs
 

(the prices actually paie to contractors) were derived from comparisons of
 

recent bids. The price values adopted were generally towards the higher
 

end of the Roads and Bridges Authority sources, on the assumption that
 

construction standards would be high and that good specifications would be
 

written and enforced for new constuction of the major projects considered
 

by this Study. Some special costs, in particular for structures, were
 

determined individually for each application. For economic evaluation
 

convert these costs to economic resource
purposes, it was necessary to 


costs, which adjust for taxes, import duties and subsidies to obtain a
 

truer measure of National resources consumed by construction.
 

Land Costs - Land costs were established by discussions with RBA and
 

with the different Governorates in the Corridor. It was difficult to
 

establish agricultural land costs with any certainty, since much depended
 

the prices adopted assumed that land
on location and ownership. Geneially, 


would be expropriated by Government for construction, which implied much
 

lower prices than, for example, if the land were to be used for industry.
 

The issue was complicated by the general ban on further use of
 

agricultural land for i n-agricultural purposes; it was assumed that this
 

would be dealt with as a policy issue for the development of the Corridor.
 

Land prices adopted were as follows:
 

Agricultural land:
 
Existing road widening LE 5.0 per square meter
 

Bypasses 3.6
 

Reclaimed land 
 1.4
 

Desert land 
 0.0
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Construction Cost Estimates - Costs of both 2-lane and 4-lane
 
bypasses, and the costs of widening the existing highway between bypasses
 

are summarized in Table 3-5 below.
 

Table 3-5 

COST OF IMPROVEMENTS TO THE EXISTING
 
WEST BANK HIGHWAY
 

(LE mIllions, 1986)
 

FINANCIAL ECONOMIC 
IMPROVEMENT COSTS COSTS 

2-lane bpasses 24.8 31.6 
4-lane oypasses 37.9 49.6 
Widening 74.8 95.0 
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Chapter 4
 

DESIGN OF THE NEW CAIRO-ASSUIT HIGHWAY
 

The principal picject evaluated by the Study was a completely new road
 

from Cairo to Assuit. The Stuy considered all aspects of the new road,
 
from the broad issue of location -- which si.de of the Nile River, how far 
from the existing communities -- through to detailed route location, 
preliminary engineering design and costing. The plans for the new highway
 
are presented in a separate Plan Volume on 29 drawings, with the aligment
 
plans to scales of 1:25,000 horizontal and 1:250 vertical.
 

Alignment Options Evaluated
 

The first task of the Study was to evaluate alternative alignment
 
options for the new highway and recommend an alignment for more detailed
 
study. This task, which occupied the first two months of the Study,
 
considered alignments on both sides of the Nile, including some located in
 
the desert far from the existing Corridor. The alternatives are shown in
 
Figure 4-1.
 

The alignment options were evaluated from several viewpoints, as
 

follows:
 

Construction cost
 
Forecast traffic
 
Economic feasibility
 
Access and Development
 
Strategic
 
Archeological
 
Social
 

It was considered that neither of the alignments located far from the
 
Nile, the Eastern Desert Alignment and the Western Desert Alignment, were
 

suitable for a new Cairo-Assuit highway. The only advantage they appeared
 

to offer was slightly easier traffic conditions for vehicles travelling
 

between Cairo and south of Assuit, b-it the oenefits from this were
 
negligible. These alignments could do little to relieve the existing
 

highway, could not serve the existing communities, and could not assist
 

new development in the Corridor. Egypt cannot afford the luxury of a
 

separate road to serve only the part of Upper Egypt south of Assuit, and
 

so it was recommended that the two desert alignments not be considered
 

further.
 

It was also concluded that the West Nile Alignment via Construction
 

Segment D which passed on the west side of Fayoum had no advantages, and
 

some disadvantages, compared with the other Nile Alignments and should not
 
be considered further.
 

Therefore the choice of alignment lay between the two Nile Alignments
 

which were located close to the Nile but just outside the existing
 
developed and agricultural areas.
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The East Nile Alignment did have certain Ldvantages. A new paved road
 

was already in construction on the east bank and, by incorporating this
 

construction in the East Nile Alignment, savings in costs could be made
 

compared with building in a completely new location. However, further
 

south between Minia and Assuit, construction costs would be particularly
 

high due to the difficult terrain.
 

The 	 East Nile Alignment could also give most relief to the Governorate
 

capitals of Minia and Beni Suef since it is actually closer in location, 
although on the opposite bank of the Nile. However, The Nile barrier 
presented a problem for the East Nile Alignment in giving access to the 
other communities along the Calio-Assuit Corridor which could only be
 

overcome by the construction of bridges. This could double the cost of the
 
road. Withoui. these access bridges, the benefits to the East Nile
 

Alignment were reduced considerably.
 

It was concluded that most of the advantages lay with the West Nile
 

Alignment. Construction costs were not high because the terrain was easy
 
and access could be provided to all the communities along the route at
 
reasonable cost. This alignment could open up new areas for develo)ment
 
for both industry and agriculture more easily than a road on the east
 
bank, which would in any case be adequately provided for by other new road
 

construction projects there. The approaches to Cairo and the links through
 
to the port of Alexandria were good and provided a better connection than
 
the East Nile Alignment. Finally, the preliminary economic analysis
 
indicated that the West Nile Alignment had the best chance of being
 
economically feasible.
 

Therefore it was recommended that the West Nile Alignment be selected
 
for preliminary engineering design, and for aerial photography. Of the two
 
alternative alignments on the immediate approach to Cairo, the route via
 

Construction Segment B was preferred on engineering and cost grounds.
 

Mapping and Photographs
 

An alignmenc for the new highway was selected based on available
 

mapping during the Alignment Options Phase. This alignment was used to
 
define a flight plan for a complete aerial photographic survey of the new
 

route. A set of US Army topographic maps of the Corridor to scale
 
1:50,000 (Cairo to Minia) and scale 1:100,000 (Minia to Assuit) were
 

obtained from USAID. The maps along the alignment of the highway were then
 

enlarged by the Study to scale 1:25,000.
 

Detailed Alignment Selection
 

The West Nile Alignment selected in the Alignment Options Phase was
 
refined considerably as a result of more detailed studies. The main
 

constraints were:
 

i) 	 Location of the high voltage transmission
 

lines from Aswan to Cairo.
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ii) 	 Location of the planned new petroleum pr duct
 
pipeline from Cairo to Assuit.
 

iii) 	The limits of agricultural development,
 
including new extensions of agricultural land
 

reclaimed from the desert.
 

iv) 	 Topography (only a significant issue in the
 
south of the Corridor).
 

Route Description - The maps at the back of this volume show the final
 

alignment selected for the new highway, together with the associated
 

access roads.
 

The northern terminus of the road is a junction with the Fayoum Desert
 

Road about 4 kilometers south of the Dahshur Road/Fayoum Desert Road
 

intersection. The new road is aligned in a south-easterly direction
 

heading across desert land towards the region of Aiyat and Gerza. The
 

alignment then turns south to pass between the Fayoum Oasis and the
 

agricultural developments in the main Nile Corridor. The route crosses
 

the Gerza-Tamiya Road turning south-west to reach the Beni Suef-Fayoum
 

Road. The terrain from the northern terminus of the road to the Beni
 

Suef-Fayoum Road is easy and the few rock escarpments in this area are
 

easily avoided.
 

The alignment crosses the Beni Suef-Fayoum at a point 6.5 kms west of
 

El Lahoun which marks the boundary between Beni Suef and Fayoum. Since
 

there is continuous agricultural development along the road linking Beni
 

Suef with Fayoum, it is inevitable that the new route passes through some
 

agricultural land. The crossing point selected is at the narrowest point
 

of this agricultural strip where it is only 1.25 kms wide.
 

South of this point, the aiignment of the new road meets the high
 

voltage transmission lines from Aswan to Cairo, and the alignment of the
 

planned new petroleum product Dipeline from Cairo to Assuit. From this
 

point for much of the way to Auit, the alignments of the new road, the
 

high voltage transmission lines and the product pipeline all share the
 

same general alignment in the desert just outside the existing
 

agricultural area.
 

The alignment of the new highway crosses the high voltage transmission
 

lines at three points between Beni Suef and Assuit, and many of the access
 

roads also cross the transmission lines. This was discussed with the
 

National Electricity Company who made no objection as long as sufficient
 

reserve was allowed between the pylons and the edge of highway. The
 

pipeline is crossed at two locations. This waR discussed with the National
 

Pipeline Company who made no objection as long as all crossings were at
 

right angles to the pipeline (which will be buried) and the edge of
 

highway was maintained at least 50 meters from the pipeline in sections
 

where the two folluwed parallel alignments.
 

Between Beni Suef and Maghagha, some poor soil conditions were
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encountered and a few wadis, but these were the only problems. South of
 
Maghagha, extensi-e new agricultural areas were identified from aerial
 
photographs, extending to Minia. The line 
of both the high voltage
 
transmission line and the pipeline pass through this reclaimed land, but
 
the new highway was located further to the west in the desert.
 

From Matai to Mallawi (about 75 kilometers located on either side of
 
Minia), the road alignment passes through an area of dunes which would
 
require stabilization.
 

The most difficult section for road construction is between Dairut and
 
Quisiya, where the desert between the agricultural land and the rock
 
escarpments narrows to between 100 and 150 meters. However, study of the
 
aerial photographs and field visits showed that the new highway could be
 
located in this strip without undue problems.
 

South of Mallawi, the escarpments are set back further from the
 
agricultural land and there is little difficulty in locating the new
 
highway. Close to Assuit, the line of the road avoids the new cement plant
 
and oil refinery under construction, passing between them and the
 
agricultural land.
 

The new highway terminates on the New Valley Road in a junction about
 
8 Yms from the existing highway. This location was chosen to permit
 
extension of the new road beyond Assuit in a later stage. A choice is
 
available to take this southern extension either close to Assuit town or
 
over the high ground to the west of Assuit. The terminus chosen in this
 
Study permits either alignment, but no investigation was made of these
 
alternatives.
 

The total length of the alignment from the Fayoum Desert Road (station
 
12.5) to the New Valley Road (station 355.8) is 343.3 kilometers.
 

Prelimimary Engineering Design
 

Geometric design standards used for the preliminary engineering design
 
of the new highway were taken from the ASHTO standard given in the 1984
 
edition of "A Policy on Geometric Design of Highways and Streets"
 
(Reference 15). The key paramenters are summarized in Table 11.
 

A design speed of 110 kilometers per hour was assumed for the new
 
highway, and 65 kilometers per hour for the access roads. All other
 
parameters, including curvatures, superelevation, stopping and passing
 
sight distances were selected appropriate to these speeds.
 

The terrain is generally easy and there were few problems in locating
 
the new highway in conformity with these standards. The only sections
 
which presented any difficulty were those opposite Minia, where the new
 
alignment enters the narrow section between the rock eszarpment and the
 
agricultural land, and between Mallawi and Dairut. However, the road could
 
be located in both these sections according to design standards.
 

The design team went to the extent of calculating spiral transitions
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for horizontal curves taking full account of the length of transition to
 

achieve full superelevation. Vertical transition curves between grades
 

were also calculated, assuming parabolic curves and ensuring minimum sight
 

was concluded that a 	full 4-lane expressway
distances were adhered to. It 


could be located in the selected Corridor designed to the highest
 

standards of alignment.
 

The cross-section adopted for the 4-lane design is shown in Figure
 

4-2. It consists of two 8.5 meter carriageways marked as two 3.75 meter
 

lanes with a 1.0 meter strip adjacent to the median. Shoulders of 3.0
 

adopted, and a median of 10.0 meters. Staged construction for
meters were 

a 2-lane design would use just one carriageway, adding an additional
 

shoulder of 2.0 meters adjacent to the 1.0 meter carriageway strip, giving
 

two 3.0 meters as in the full design.
 

Pavement Design
 

Much pavement construction in Egypt appears to use standard designs
 

with little regard to actual or predicted axle loadings. A typical section
 

consists of a 30 cm crushed stone sub-base, a 6 cm asphaltic concrete
 

(A.C.) base, and a 5 cm A.C. wearing surface. It is estimated that this
 

design would be good for a maximum cumulative axle loading of perhaps 2
 

million equivalent axle loads (EAL) with favorable soil conditions (CBR
 

greater than about 8 percent). Measurements of axle loads in this Study
 

indicate that this loading could be accumulated with less than one year's
 

traffic, indicating early pavement failure for such a design. An
 

important element of the Study, therefore, was to prepare realistic
 

designs capable of withstanding forecast axle loadings.
 

Axle Loadings - Axle loadings on the new highway were estimated for a
 

10 and 20 year period assuming opening in 1990 (recommended opening year
 
some control
is discussed elsewhere in this report). It was assumed that 


of axle loadings would be introduced, but that loadings as high as 50
 

percent over legal axle loads would still persist.
 

Soil Conditions - The soils survey indicated that CBR values for soils
 

along the route were generally good, being above 8 percent for almost all
 

some low CBR values encountered between
sections. However, there were 


Aiyat and Gerza, and between Beni Suef and Fashn. Therefore the minimum
 
a 20 cm
sub-base thickness of 15 	cm was adopted for the main design, but 


the two sections indicated. The analysis of
sub-base was costed for 


quarry materials indicated that they were satisfactory for sub-base
 

construction.
 

Pavement Structure - Based on forecast axle loadings of up to 60
 

over 20 years, and with measured base
million equivalent 	 standard axles 

8 percent or better, a standard pavement structure was
soil CBR values of 


adopted as follows:
 

Crushed stone sub-base 15 cm
 

Asphalt base course 18-20
 

Wearing surface 5
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It was assumed that an additional 5 cm strengthening overlay would be
 

placed after 10 years. South of Beni Suef, a reduction in thickness of the
 
base course from 20 to 18 cm was allowed based on lower axle loadings
 
forecast for this section of the highway.
 

Costs of Construction
 

Costs of construction were estimated based on preliminary design
 
quantities. Cut and fill was estimated from the road profile, and pavement
 
quantities from the cross-section design. Some agricultural land would be
 
required where the road crosses the agricultural strip linking Beni Suef
 
and Fayoum.
 

Unit prices were derived from recent bids for both RBA and for the
 
inter-Governorate road in construction between Fayoum, Beni Suef and
 
Minia. In general, the higher bid prices associated with the RBA contracts
 
were selected, on the basis that the new Cairo-Assuit Highway would be
 
built to the highest standarcs of materials and workmanship.
 

Structures - The first stage of construction assumed at-grade
 
intersections which have little additional cost to the main cost of the
 
roadway. Preliminary designs were prepared for grade-separated
 
interchanges at the Northern termimus on the Fayoum Desert Road, and at
 
the intersection with the Beni Suef-Fayoum Road. All other
 
grade-separated interchanges are discussed later in relation to access
 
roads.
 

The opening of the new highway would put additional traffic pressure
 
on the Cairo Ring Road/Fayoum Desert Road intersection, located just to
 
the North of the northern terminus of the new highway. The initial design
 
for this intersection envisages at-grade construction, but it is
 
understood that a grade-separated design is considered necessary by the
 
year 2000. While no additional costs woulK be imposed on the at-grade
 
design, an additional slip road would be required to accomodate
 
Cairo-Assuit highway traffic in the grade-separated design.
 

Wadis - Photographs and maps showed numerous wadis crossing the
 
proposed alignment of the new highway. Flooding of the wadis can be
 
expected to be rare, although the aerial photographs did indicate water in
 
one wadi. Structures were costed for each important wadi location,
 

Dune Stabilization - In the 75 kilometer section between Matai and
 
Mallawi, stabalization of dunes would be required. This could be achieved
 
placing rock facing for about 7-10 meters on either side of the
 
carriageway.
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---------------------------------------------------

are
Total Costs of Construction - Total costs of construction 


summarized in Table 4-1 below.
 

Table 	4-1
 

CONSTRUCTION COSTS OF THE NEW CAIRO-ASSUIT HIGHWAY
 

(LE millions, 1985/86)
 

FIRST STAGE TOTAL
 

COST CLASS CONSTRUCTION (1) CONSTRUCTION (2)
 

88.6 	 179.4
Financial 


Economic 118.2 240.7
 

Foreign Exchange 33.6 69.4
 

NOTE: 	Access roads with their intersections
 

costed separately
 

(1) 2-lane construction with at-grade intersections
 

(2) 4-lane construction with grade-separated intersections
 

Access Roads
 

An important feature of the design of the new highway was the
 

identification of suitable access roads linking the new road to the
 

existing communities in the Corridor. The aim was to provide a link to
 

each of the Markez capitals. Since these communities were almost
 

exclusively located along the line of the existing West Bank Highway, the
 

access roads had to cross the existing agricultural area which is in 

places 20 kilometers wide. It was therefore inevitable that some 

agricultural land would be used in the construction of access roads. To 

reduce this to minimum, use was made of existing roads, improving and
 

the line of the new highway.
extending them to 


Only one major Markaz capital remained unconnected, that of Abu
 

Qurqas, where no existing road suitable for modification was found. Other
 

road. Excluding the connections
Markaz capitals shared the same access 


the northern terminus (Fayoum Desert Road) and
with existing main roads at 


with the Beni Suef-Fayoum Road, a total of 12 access roads were
 

identified, including the connection along the New Valley Road to the
 

southern terminus of the route.
 

Access Road Improvement - Field inspections of the candidate access
 

roads showed most to be sub-standard in terms of width, pavement condition
 

and shoulders. Therefore costs were estimated for widening the existing
 

roads, and extending the roads to the line of the new highway. Pavement
 

design was based on forecast traffic and axle loadings which varied by
 

location.
 

of reclaimed land on
All new construction was in desert areas or areas 


the fringe of the desert. No new construction, other than widening, was
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envisaged in the existing agricultural area.
 

All of the access roads pass through some small settlements, but the
 

only villages of any consequence are Idwa (Maghagha Road), Sandafa el Far
 
(Beni Mazar Road) and Talba (Minia Road). A minimum 7.5 meter carriageway
 
width is available through all villages.
 

The total length of access road was estimated at 181 kilometers of
 
which 143 kilometers was existing roadway. A total of 1.2 million square
 
meters of agricultural land would be required adjacent to the existing
 
roads for improvement, and 72 thousand square meters of reclaimed land.
 

Access Road Intersections and Structures - It was assumed that all
 
intersections with the new highway would be at-grade in the first stage of
 
construction, but that grade-separated intersections would be required
 
when traffic volumes increased. Most intersections were 3-leg with the
 
access road terminating at the new highway. Three 4-leg intersections were
 
required, one each at Gerza and New Valley Road where the road continues
 
on the west side of the new highway, and one at Mallawi to allow access to
 
the important Tuna El Gabel archeological site.
 

Inspections of the access roads showed some narrow or otherwise
 
inadequate bridges which would have to be replaced. Four larger bridges
 
would also be required to cross the Bahr Youssef Canal where the existing
 
crossing is inadequate.
 

Although the Beni Suef-Fayoum Road was not treated as an access road
 
as such, one major item of construction on this route would be required to
 
accomodate traffic to and from the new highway. This would be a new bridge
 
over the Bahr Youssef Canal in the area of El Lahoun, on the boundary
 
between Beni Suef and Fayoum Governorates. The existing road crossing of
 
the canal is very tortuous and could not handle increased volumes of
 
traffic.
 

Costs of Access Roads - Costs are summarized in Table 4-2 below.
 

Table 4-2
 

CONSTRUCTION COSTS OF ACCESS ROADS
 
(LE millions, 1985/86)
 

FIRST STAGE TOTAL
 
COST CLASS CONSTRUCTION (1) CONSTRUCTION (2)
 

Financial 28.6 64.0
 
Economic 36.9 84.7
 
Foreign Exchange 9.3 25.4
 

(1) At-grade intersections
 

(2) Grade separated intersections
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Chapter 5
 

ECONOMIC STUDIES
 

describes the studies of population and economic growth,
This chapter 


the analyses of highway transport costs. This work provided the basis
 and 

highway traffic forecasts described in Chapter 6 and the economic
for the 


evaluation of projects described in Chapters 7 and 8.
 

ANALYSIS ZONES
 

format for all analyses of traffic, population and
To provide a common 

zone
 

economic factors, Egypt was sub-divided into 64 analysis zones. The 


The zones were based on existing
plan adopted is shown in Figure 5-1. 

being the
and statistical boundaries, the main unit


administrative 

adjacent to the Cairo-Assult
Within and immediately
Governorate. 

zones there were defined by the
required, so
Corridor, more detail was 


marakez boundaries.
 

The final objective of the population and economic studies was to
 

into rural and urban) and
forecasts of population (sub-divided
produce 

Gross Domestic Product (GDP) by analysis zone.
 

ECONOMIC PARAMETERS
 

Project appraisal methodology required the use of various factors to
 

adjust computed or estimated values for either the passage of time or
 

Such factors or parameters
irregularities in the market pricing system. 


financial and economic evaluations.
were required for both 


Inflation
 

As inflation could be expected to affect all sectors equally, it was
 

disregarded in the Study forecasts. Therefore all economic and financial
 

Study were in terms of constant 1985/86 LE.
values for the 


Discount Rate
 

In the economic evaluation, future streams of benefits and costs were
 

base year using an estimate of the opportunity cost of
discounted to the 

or no research was available cn either the
 capital within Egypt. Little 


guidance on an
 
macro or micro productivity of capital in Egypt for 


rate to use. Phases II and III of the Egypt National
appropriate discount 

1) used a rate of 12 percent and
 

Transport Study (ENTS) (Reference 

rate of 12 percent was adopted by this Study.
therefore the same 


Interest Rate
 

interest rates was rescinded in 1975 and the
The statutory ceiling on 

The 1986 Central Bank
 

Central Bank was empowered to fix interest rates. 


rate reached 13% with five year commercial loans to the private
discount 

Concessionary rates were
 sector in the neighborhood of 15-16 percent. 
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applicable to organizations and companies in the public sector, ranging
 
from 7-9 percent. For financial calculations within the transport sector
 

relating to tariffs and perceived costs of vehicle operations, a uniform
 
commercial rate of 12 percent was adopted for this Study.
 

Shadow Pricing
 

Shadow pricing techniques eliminate subsidies and transfer payments,
 
both direct and indirect, and correct for market discontinuities. Four
 
cases required particular attention: foreign exchange, petroleum prices,
 
labor costs and the value of time.
 

Foreign Exchange - Continuing pressure on the Egyptian pound is
 

expressed tn the "own exchange" and "black" markets which were in the
 
neighborhood of US$1.00 = LE 2.00 during 1985/86. A rate of US$1.00 = LE
 
1.80 was adopted for economic evaluations in this Study. This compares
 

with a rate of US$1.00 = LE 1.20 used by ENTS.
 

Petroleum - A shadow price of US$ 20.00 per barrel was selected for
 
application in the economic analyses portion of this study. This price
 
was an estimate of the long run equilibrium value of petroleum.
 

Labor - No further information on the Egyptian labor market situation
 
was available since the completion of the ENTS Phase III (1984).
 
Therefore, the shadow wage rate set forth in that study was maintained at
 
0.5 for unskilled labor and 1.0 foi skilled labor.
 

Value of Time - Savings in time attributable to the new or improved
 
facility were calculated for both cargo and passengers. For cargo a
 
weighted mixed cargo was derived for each truck type and a per ton value
 
estimated based on the roadside interview and truck weighing surveys.
 
Benefits which might result from inventory cost savings were estimated
 
using the appropriate interest rate for financial and economic
 
evaluations.
 

Passenger time value is a function of trip purpose and the wage rate.
 
In general, business trips are normally valued at 100 percent of the wage
 
rate while work related and other trips are valued in the neighborhood of
 
60 percent and 30 percent of the average wage rate respectively.
 

POPULATION STUDIES
 

Egypt is one of the most ancient inhabited areas in the World with a
 
civilization going back 5000 years. It exemplifies a typical densely
 
inhabited developing country with a high population growth and limited
 
economic resources.
 

It is doubtful whether national population ever exceeded 10 million
 
prior to 1900. Examination of total population figures in census years
 
showed an increase from about 10 million in 1897 to about 38 million in
 
1976. Thus the 28 million added to Egypt's population during 80 years
 
amounted, approximately, to a threefold increase over Egypt's population
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accumulated throughout the long historical period prior to 1897. This
 
high rate of population growth is officially recognized as a major
 
national problem increasing the difficulty of resolving other social and
 
economic problems due to the limited potential of the inhabitable areas
 
and other resources.
 

National Population Growth
 

As delineated in Table 5-1 the annual growth rate of the Egyptipn
 
population declined from 1.48 percent during the period 1897-1907 to 1.10
 
percent during the period 1917-1927. The rate thereafter increased,
 
attaining a level of 2.53 percent during the period 1960-1966. The latest
 
census (1976) recorded a decrease to an annual rate of 2.31 percent, or
 
1.96 percent if Egyptians abroad are excluded. Wars and depressed
 
socio-economic conditions probably contributed to this recent decline.
 

Comparability of Population Census Data
 

The urban population in Egypt was officially defined according to
 
administrative criteria in 1960 as that population within the four urban
 
governorates, the capitals of the provincial governorates, and the
 
capitals of the districts (Markez) within these governorates. In addition
 
to these administratively defined urban units, a few otaier areas were
 
given urban status. According to such criteria, many settlements formally
 
defined as urban had predominantly rural economic and sociologic
 
characteristics. Similarly, some settlements that were statistically
 
classified as rural surpassed many urban settlements in size and other
 
urban characteristics.
 

Administrative borders within Egypt have been altered for several
 
reasons during the last 40 years, including the creation of three new
 
governorates and many districts. The capitals of these new districts,
 
nominally villages, were reclassified as towns. The total number of
 
Egyptian cities and towns increased from 96 to 160 betwen 1947 and 1976.
 
Also, urban settlements experienced numerous boundary changes, including
 
rural settlements frequently being annexed to existing towns, and parts of
 
some towns being detached and incorporated within rural settlements.
 

Unless adjusted for consistency, these boundary changes lead to
 
comparability errors in defining urban versus rural population. A careful
 
examination of various reference studies was carried out as a part of this
 
project. it was noted that failure to adjust properly for comparability
 
errors appears to have resulted in overestimation of urban population and
 
inflated projections of urbanization. For transport planning purposes, an
 
accurate projection of urban -ersus rL;ral population concentrations was
 
critical because the interchange of trips among urban centers and the
 
distinction in travel patterns between urban and rural areas were
 
important factors in making reliable projecticns of future travel
 
demands. Urban-rural population differences were important not only in
 
describing travel patterns and trip characteristics, but also in
 
projection of socio-economic parameters. In this Study, a United Nations
 
developed model utilizing urban-rural growth differences was applied to
 
obtain projected population distribution.
 

- 5.3



Table 5-1
 

POPULATION TOTALS AND GROWTH RATES 1897-1976
 

CENSUS POPULATION IN ANNUAL RATE OF GROWTH
 
YEARS THOUSANDSCI) FOR INTERVENING PERIODS(4)
 

1897 9,749 -
1907 11,287 1.48 
1917 12,751 1.23 
1927 14,218 1.10 
1937 15,933 1.15 
1947 19,022 1.79 
1960 26,085 2.37 
1966 30,076 (2) 2.53 
1976 38,198 (36773)(3) 2.31 (1.93) 

SOURCE: 	 CAPMAS, Egyptian Censuses conducted during each of the assigned
 
years.
 

Notes
 
(1) 	Nomadic population are included.
 
(2) 	1966 Census figures used in this Study are based on complete
 

count of population, but other census population characteristics
 
are of sample base
 

(3) 	1976 population includes estimates of Egyptians living
 
abroad(1.425 million) and living in occupied land (147,000
 
persons), but figures in parentheses discount Egyptians abroad.
 

(4) 	Exponential function is utilized in calculations. Intercensal
 
periods are 10 years for all periods prior 1947, 13.5 years for
 
1947-1960, 5.7 years for 1960-1966, and 10.5 for 1966-1976
 
period.
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For this Study, therefore, a detailed review was made of the results
 
of the last four censuses, and all data were adjusted to the 1976
 

enumeration boundaries before analyzing trends in rural and urban
 
population. The results of this review are summarised in Table 5-2.
 
While the results do represent some departure from former demographic
 
analyses, it is felt that the data obtained by these adjustments represent
 
a necessary refinement in order to make reliable travel demand
 
projections.
 

Urbanization Trends
 

As measured by the percent of the population living in urban areas,
 
the level of urbanization in Egypt increased by 8.1 percent in 30 years,
 
from 35.9 percent in 1947 to 44.0 percent in 1976. An apparently faster
 
pace of urbanization was seen in Upper Egypt, with the urban population
 
reaching 30.7 percent of the total in 1976, compared with 26.4 percent in
 
Lower Egypt. However, the faster pace in Upper Egypt was attributable to
 
the effect of the growing urban population in Giza governorate associated
 
with the Greater Cairo Conurbation. With Giza Governorate excluded from
 
the Upper Egypt figures, the proportion of urban population in Upper Egypt
 
decreases to 20.4 percent and 24.3 percent in 1947 and 1976 respectively.
 

Within the Cairo-Assuit Corridor, Assuit governorate was relatively
 
more urbanized in 1976 (27.7 percent urban); Minia governorate was least
 
urbanized (21.0 percent); while Fayoum and Beni Suef governorate were
 
moderately urbanized (24.9 and 24.2 percent urban respectively).
 

Urban and Rural Growth Rates
 

The annual population growth rates of all urban areas were 3.28
 
percent for the period 1947-1960, 3.52 percent for the period 1960-1966,
 
and declined to 2.20 percent during the period 1966-1976. The
 
corresponding rural rates for the same periods were 1.80 percent, 1.83
 
percent, and 1.73 percent respectively. This suggests a substantial
 

rural-to-urban migration.
 

The decline in urban growth rates during the last intercensal period
 

were probably attributable to the selective nature of the emigration of
 

urban population, evacuation of Suez-Canal Zone cities because of the war
 
conditions, and acute problems related to over-urbanization in urban areas
 
in general and Cairo governorate in particular.
 

Regional Population Growth
 

Table indicates that higher rates of growth were experienced where
 
"urban primacy" exists; that is to say, in Greater Cairo (Cairo, Giza and
 
Kalyubia Governorates), Alexandria and the Suez Canal governorates (Port
 
Said, Suez and Ismailia). War conditions were responsible for the
 
observed discontinuities in growth for the Suez Canal Governorates.
 

Higher population growth was also indicated in conjunction with land
 

reclamation projects in Lower Egypt (Damietta, Behera, Sharkia and Kafr El
 
Shiekh) and with short term developments in Aswan. The absorption capacity
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Table 5-2 

1947 

URBAN AND RURAL POPULATION: 1947-1976 
(thuusands) 

1960 1966 1976 
URBAN POPULATION AS 
PERCENTAGE OF TOTAL 

GOVERNORATE Urban Rural Urban Rural Urban Rural Urban Rural 1947 1960 1966 1976
 

Urban Covernorates
 

1. Cairo 2,082 3,360 4,232 5,074 100.0 100.0 100.0 100.0
 
2. Alexandiia 961 1,531 1,818 2,318 100.0 100.0 100.0 100.0
 
3. Port Said 165 
 252 291 263 100.0 100.0 100.0 100.0
 
4. Suez 110 206 264 194 100.0 100.0 100.0 100.0
 

TOTAL 3,318 0 5,349 0 6,605 0 7,849 0 100.0 100.0 100.0 100.0
 

Lower Egypt
 

1. Damietta 79 186 97 296 127 318 143 433 29.8 24.7 28.5 24.8
 
2. Dakahlia 318 1,125 437 1,563 497 1,764 657 2,080 22.0 21.9 22.0 24.0
 
2. Sharkia 198 1,164 333 1,498 426 1,693 530 2,088 14.5 18.2 20.1 20.2
 
4. Kalyubia 173 563 293 723 399 806 685 996 23.5 28.8 33.1 40.7
 
5. Kafr El Sheikh 135 548 190 783 213 906 292 1,115 19.8 19.5 19.0 20.8
 
6. Gharbia 355 909 525 1,150 606 1,295 764 1,529 28.1 31.3 31.9 33.3
 
7. Menufia 196 940 250 1,105 277 1,181 337 1,374 17.3 18.5 19.0 19.7
 
8. Beheria 273 944 413 1,280 483 1,506 595 1,869 22.6 24.4 24.3 24.1
 
9. Ismailia 94 83 147 131 182 155 174 180 53.1 52.9 54.0 49.2
 

TOTAL 1,823 6,462 2,685 8,529 3,210 9,624 4,177 11,664 22.0 23.9 25.0 26.4
 

Upper Egypt
 

1. Giza 302 546 638 698 871 784 1,395 1,022 35.6 47.8 52.6 57.7
 
2. Beni Suef 151 576 197 663 219 709 276 834 20.8 22.9 23.6 24.9
 
3. Fayoum 144 526 193 646 222 713 276 866 21.5 23.0 23.7 24.2
 
4. Minla 222 1,046 305 1,255 344 1,362 431 1,623 17.5 19.6 20.2 21.0
 
5. Assult 242 788 332 991 375 1,043 470 1,227 23.5 25.1 26.4 27.7
 
6. Sohag 247 1,042 313 1,272 336 1,353 410 1,515 19.2 19.7 19.9 21.3
 
7. Qena 234 872 285 1,066 317 1,154 392 1,317 21.2 21.1 21.5 22.9 
8. Aswan 63 228 100 286 182 339 235 
 384 21.6 25.9 34.9 38.0
 

TOTAL 1,605 5,624 2,363 6,877 2,866 7,457 3,885 8,788 22.2 25.6 27.8 30.7
 

Frontier Governorates (1)
 

1. Red Sea 21 3 26 5 31 6 48 7 87.5 83.9 83.8 87.3 
2. New Valley 9 32 13 28 21 39 35 50 22.0 31.7 35.0 41.2 
3. Matrouh 7 57 24 60 25 61 52 61 10.9 28.6 29.1 46.0 
4. Sinai 52 9 112 14 115 16 133 20 85.2 88.9 87.8 86.9 

TOTAL 89 101 175 
 107 192 122 268 138 46.8 62.1 61.1 66.0
 

TOTAL EGYPT 60835 12,187 10,572 15,513 12,873 17,203 16,179 20,590 35.9 40.5 42.8 44.0
 

Source: CAPHAS; compiled from census records, with urban classification adjusted by Study (see text)
 
(1) Pre-1966 data and Sinai 1976 data estimated.
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of the other governorates, especially those of Upper Egypt, appeared to be
 

less than the natural rates of population increase and they have always
 
been the source of out-migration to other parts of Egypt.
 

While the percentage share of Lower Egypt remained relatively stable
 
at around 43.3 percent, If Giza Governorate, which was really a part of
 
Greater Cairo, is excluded from Upper Egypt, then Unper Egypt's share of
 
population decreased significantly from 33.5 percent to 27.9 percent
 
during the 1947-1976 period.
 

Population Projections
 

Population projections were made using the "Component" method whereby
 
age-sex cohorts were projected in five year increments using accepted
 
age-specific fertility and mortality rates, and accounting for net
 
migration as outlined above. These were prepared in a series of low,
 
medium and high projections as given in Table 5-3.
 

Table 5-3
 

PROJECTED NATIONAL POPULATION 1985-2000
 
(THOUSAND)
 

POPULATION
 
YEAR Low Medium High
 

(thousand)
 

1985 46,437 47,349 47,554
 
1990 51,988 53,701 54,572
 
1995 57,441 60,470 62,259
 
2000 63,167 67,792 70,564
 

SOURCE: Consultant
 
Note:Projections are for end calendar year (31 December).
 

According to these estimates, national population was forecast in the
 
range of 63.2 to 70.6 million. The medium level projection of 67.8
 
million was adopted for traffic projections. The medium projection was
 
about 2.7 percent higher than the midpoint between the ENTS Phase III high
 
and low projections. There is not a significant difference, however,
 
between the medium projection of this Study and that of the National Urban
 
Policy Study (NUPS) (Reference 2), the difference being only plus four
 
tenths of one percent above the NUPS projection of 67.5 million.
 

Projected Population Distribution
 

Total population for each governorate was derived from national
 
population by a ratio method. Trends in governorate ratios to national
 
population were projected based on 1960 and 1976 ratios, and derived
 
ratios were applied to national figures. The same ratio or "step down"
 
method was then used to derive traffic zone projections within
 
governorates, and all projections were balanced to governorate and
 
national baseline projections. Urban and rural population projections
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within the traffic zones and governorates were accomplished by applying
 

the urban-rural growth difference (URGD) method developed by the United
 
Nations.
 

The final results of urbaii, rural, and total population projections
 
are included in Appendix 5D. 
 The data indicate an urban and rural
 
population of 34.251 and 33.541 million by 2000 respectively. The implied

corresponding percent is 50.5 percent urban and 49.5 percent rural. 
 This
 
proportion of urban 
population appeared reasonable considering the fast
 
growing urban population during the period from 1947 which resulted in an
 
urban population of 44.0 percent by 1976. However, the projected urban
 
population as projected was higher Lhan that anticipated by national
 
policy targets. The National Population Council has a goal of reducing the
 
urban proportion to 40.0 percent by the 
 year 2000 (This target was
 
approved by the National Population Council in a session held 19 June
 
1986, and superintended by President Mubarek).
 

The 50.5 percent urban population for 2000 adopted by this Study
 
compares with ENTS Phase III of 60 percent urban and NUPS at 54.8 percent
 
urban in the year 2000.
 

STUDIES OF THE NATIONAL ECONOMY
 

This section presents a review and analysis of Egypt's National
 
economic characteristics. Included are discussions of gross domestic
 
product, balance of payments and public finance.
 

Gross Domestic Product
 

Historic growth rates of the Egyptian gross domestic product at
 
constant factor costs are displayed in Table 5-4. During the period
 
1956-1985, the Egyptian economy grew at an average rate on the order of
 
5.8 percent per year.
 

After a period of low growth between 1966 and 1971, a new strategy was
 
enunciated by President Anwar El-Sadat in the "October 1973 Working
 
Paper". Policies enacted thereafter, in general attempted to implement
 
the principles and priorities set 
forth in the paper to modernize Egyptian
 
society by the year 2000 by accelerating economic growth. The planning
 
framework emphasized modernization of industry, intensive high value
 
agriculture, oil and energy development, and tourism while the
 
"outward-looking "economic 
policy was designed to attract requisite
 
foreign capital and technical assistance. Liberalization policies and
 
encouragement of 
the private sector were accompanied by a reorientation of
 
the public sector to increase efficiency. Concentrated efforts on basic
 
development projects not attractive to the other sectors and the provision
 
of services to private and foreign investment were enunciated as
 
appropriate public sector objectives. The necessity of balanced social
 
development was stressed with the goal of reducing disparities between the
 
capital and the provinces.
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Table 5-4 

AVERAGE ANNUAL GROWTH RATES 
EGYPT GROSS DOMESTIC PRODUCT 

(Constant Prices) 

YEAR ANNUAL GROWTH RATE (%) 

1956-6]. 5.3 
1961-66 6.1 
1966-71 2.9 
1971-75 4.7 
1975-80 9.3 
1980-85 6.4 
1956-1985 5.8 

Source: Consultant
 

Note: 	 From 1980 onward, government practice switched from a calendar
 
year to a budget year.
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To what extent the above policies affected the rapid economic growth

during the last portion of the 70s, 
in excess of 9 percent, is impossible
 
to ascertain. Exogeneous factors unrelated to productive economic factors
 
undoubtedly 
 played the major role. Large increases in the foreign
 
exchange earnings from expatriate worker remittances and petrolaum exports

plus significant Increases in receipts from tourism, the Suez Canal and

foreign assistance encouraged 
 a relatively unrestrained growth of

commodity imports and partially alleviated government budgetary deficits.
 

Rates of real economic growth decreased during the fIrst half of the
 
1980's. 
 Various factors (multiple exchange rate accounting, discounting
 
procedure for market prices, 8 percent annual real growth rate goal of the
 
current five. year 
plan) suggested an element of overstatement in the
 
latest gross domestic product estimates. The data presented indicate an
 
annual growth rate of about 6.4 
 percent for the five years 1980-1985.
 
ENTS Phase III 
 assumed a rate of 8 percent for the period 1982-1987, but
 
economic performance failed to achieve this expectation. The real rate of

growth may have been in the neighborhood of 4-5 percent annually during
 
the period 1980-1984.
 

Balance of Payments
 

The use of multiple rates and alterations in those rates makes a
 
precise analysis of 
this statistical series impossible. Available figures
 
are delineated in Table 5-5.
 

Within exports, agriculture and industry presented a near stagnant

picture with no discernable growth trend. Commodity imports, however, were
 
increasing. 
 The magnitude of Egypt's traditional current account deficit
 
had been cushioned by petroleum exports and the service sector. The
 
remaining deficit was covered by an increase in external debt and foreign

assistance. The IMF estimated that Egypt's external debt was on the order
 
of $ 33 billion (including military 
debt) at end 1985, compared to an
 
estimated $ 6.5 billion at end 1975.
 

The continuous deterioration of the current account balance clearly

could not be sustained, particularly when considered in the context of the
 
latest developments. Of 
the four major sources of foreign excbange, only

Suez dues showed possibilities of remaining constant. 
 Oil revenues were
 
expected to decrease by 
 around 50 percent and significant increases of
 
other exports in the remaining years of this decade were not thought

probable. Tourism receipts were expected 
 to decline by as much as 40
 
percent, with 
a slow recovery into the 1990s. Expatriate remittances were
 
expected to remain stable 
 for another year as workers returned with
 
accumulated savings 
but were likely to decline thereafter as employment

opportunities 
overseas decrease as a result of decreased oil revenues.
 

Egypt imported about 50 percent 
of its total foods requirements in
 
1986. A sizeable reduction in agricultural imports appeared unlikely.

The critical issue was how to reduce the remaining import sectors without
 
a reduction in the importation 
of necessary capital and intermediate
 
commodities which 
might impose serious restraints on the rate of economic
 
development.
 

- 5.10 



------------------------------------------------------ -- -- ----

------------------------------------------------------------------------

----- ------------ ----- ----- ----- ----- ----- -----

Table 5-5 

BALANCE OF PAYHENTS 

(current LE millions) 

SECTOR 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984
 

Current Account - Exports
 
-- ------------.---- -------.
 

Agriculture 185 201 241 180 283 523 526 537 606 NA
 

oil (1) 58 99 202 252 638 1,414 1,452 1,424 1,332 NA
 

Industry 306 296 226 248 367 843 790 723 921 NA
 

TOTAL 549 596 669 680 1,288 2,780 2,768 2,684 2,859 2,839
 

TOTAL EXCLUDING OIL 491 497 467 428 650 1,366 1,316 1,260 1,527 NA
 

Current Account - Import%
 

Agriculture 380 414 405 674 615 1,703 1,471 1,537 1,992 NA
 

Oil (1) 260 405 567 859 823 1,676 1,715 1,779 2,050 NA
 

Industry 899 671 912 1,099 1,248 3,300 3,383 3,061 3,307 NA
 

TOTAL 1,539 1,490 1,884 2,632 2,686 6,679 6,569 6,377 7,349 7,734
 

Current Account Balance (990) (894) (1,215) (1,952) (1,398) (3,899) (3,801) (3,693) (4,490) (4,895)
 

(Visibles)
 

Other Sources of Foreign Currency
 

Tourism NA 263 439 396 320 414 318 247 231 NA
 

Suez Canal NA 122 167 360 412 546 636 670 682 NA
 

Expatriate Remittance NA ?20 854 1,676 1,587 2,105 1,407 2,328 2,814 NA
 

TOTAL NA 1,105 1,460 2,432 2,319 3,065 2,361 3,245 3,727 NA
 

Source: Central Bank of Egypt, Consultant estimates
 

(1) Excludes exports by partner foreign oil companies
 

(2) Excludes Foreign Aid
 

Note: From 1980 orwards, Government switched from a calender year to
 

a budget year (mid-year to mid-year). Hence data presented for
 

the period 1980-1984 are as of mid-budget year (December 31).
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In addition, the burden of servicing foreign debt was expected to
 

increase from its current 
level of about $ 2.6 billion for the medium and
 
long term public and private obligations. rhis implied an existing debt
 
service ratio of about 
 32.8 percent. It was thought that international
 
creditors could face payment delays thus jeopardizing Egypt's credit
 
rating 
 and rendering further credit extensions more difficult. Management
 
of Egypt's balance of payments situation thus implied Government austerity
 
measures.
 

Public Finance
 

The Government planned expenditures budget increased at an annual rate
 
of about 11 percent during the 1980's. While revenues increased
 
substantially, actual collections did not attained the planned yearly
 
growth rate of 14 percent, while actual expenditures consistently exceeded
 
the plan, resulting in an annual gross deficit on the order of 5-6 billion
 
LE.
 

About 65-70 
percent of this deficit was covered by domestic borrowing
 
from pension funds and foreign loans and grants. The balance (net
 
deficit) was funded by recourse to the public sector banking system, thus
 
compounding the problem of controlling expenditures by increasing
 
inflationary pressures. Other main contributors to the expenditure
 
control problem were growth of government and public sector payrolls, 
subsidies for basic necessities and the deficit of public sector 
companies. 

The 1986/87 budget was under review 
at the time of this Study.
 
Considering the revenue reductions attributable to the drop in
 
international oil prices and decreased tourism, government announced that
 
sizeable cuts in expenditures could be expected with the intention of
 
balancing the budget within five years. l-hile such objectives and an
 
austerity budget were sensible from a financial and economic viewpoint,
 
implementation was undoubtedly politically unattractive and potentially
 
dangerous. However commuendable, large cuts in the budget implied major
 
changes in pricing, subsidy, and investment policies and programs. The
 
option of expanded deficit financing via public banking channels remained
 
politically attractive, if financially illusory, but it was throught
 
unwise to anticipate major alterations in the short run. It was thought
 
that multilateral and unilateral foreign assitance could buffer what will
 
be a difficult period for Egypt during the remainder of the 1980's.
 

Conclusions on Economic Growth Prospects
 

Long term growth of the National gross domestic product was about 5.8
 
percent annually for the period 1956 to 1985. The 1975-80 period was one
 
of high growth, around 9.3 percent annually. This was funded primarily by
 
a large increase in foreign exchange earnings from the petroleum sector,
 
the Suez Canal, expatriate remittances, tourism and foreign assistance.
 
The rates of growth declined in the 1980's, averaging 6.4 percent for the
 
period 1980-85. By mid 1986, international and domestic events appeared
 
to have ended rapid growth prospects and signalled the beginning of an
 
austerity period for the Egyptian economy.
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Sizeable absolute decreases in the petroleum sector, tourism and
 

expatriate remittances must now be expected, with Suez Canal earnings
 

either stable or showing a modest increase. Other export earnings are not
 

expected to increase significantly, and foreign assistance to replace the
 

entire decrease is thought unlikely. A strategy to reduce the current
 
account balance of payments deficit is required, and a further increase in
 
financing the budget deficit via domestic banking channels is expected to
 
be difficult.
 

In view of prevailing and forecast economic conditions, the Study
 

adopted a modest annual economic rate of for 1985-1990 of 6 percent,
 
increasing to 6 percent for 1990-2000.
 

Proje cted Gross Domestic Product by Zone
 

No direct information was available on regional and/or personal income
 

in Egypt at the macro-economic level. Following procedures adopted by the
 
World Bank and ENTS, this Study used the expenditure data disclosed by the
 

1974/75 and 1981/82 household budget surveys to estimate regional economic
 
activity.
 

Based on these surveys, zones were grouped into three categories,
 

depending on average per capita income levels. These were estimated
 

separately for urban and rural population. National GDP was then
 
distributed by zone based on estimated urban and rural population by zone,
 
weighted by average per capita income according to zone category.
 

Forecasts of Zonal GDP - It was estimated that the urban and rural
 
shares of total National GDP were 62 percent and 38 percent respectively
 

in 1985. It was expected that the urban share would increase, both because
 
of the higher growth rate in urban population caused by rural migration,
 
and because the per capita income growth rate for urban population was
 
expected to be higher.
 

Rural/urban shares assumed by this Study reflected the administrative
 
iture of these categories and were as follows:
 

PERCENT GDP
 

YEAR Urban Rural
 

1985 62% 38%
 
1990 65% 35%
 
2000 70% 30%
 

Using the above indicated GDP shares, the traffic zone populations
 

were weighed by the income category and the resulting share distributed to
 

each traffic zone for the forecast years. The results are included in
 

Appendix 5D. The totals indicated that, for all of Egypt, rural GDP per
 

capita might experience a constant level or a modest increase of 0.3
 

percent annually 1985-1990 and 2.6 percent 1990-2000, while the urban per
 

capita shares would increase at 1.75 and 3.7 percent respectively. By
 
2000, the urban share per capita was expected to have increased from 1.91
 

times rural to 2.29 times the rural, on the average.
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HIGHWAY TRANSPORT COSTS
 

Highway transport costs were required at two separate stages of the
 

Study; traffic forecasting and evaluation.
 

Costs for Transport Forecasting - The volume of traffic using the
 
roads, and the route chos en, is influenced by the price paid for
 
transport. This normally means tariffs for users of transport sevices,
 
and the financial costs of operating vehicles for private owners.
 

Although tariffs were assumed to be related to financial operating 
costs, it was recognized that there were major subsidies in public 
trucking operations. It was also recognized that private car owners do 
not fully perceive all their operating costs when making decisions about
 
using their vehicle, generally considering only fuel, oil and tires.
 

Therefore, costs for traffic forecasting were based on financial
 
operating costs of vehicles, adjusted for tariff shortfalls, and for the
 
perception of costs (including time costs) by private car owners. Toll
 
charges were also included. These costs were referred to as financial
 
perceived costs.
 

Costs for Evaluation - While financial costs of transport shape
 
transport making decisions by private vehicle owners and users of
 
transport services, they are a poor guide to the true costs of transport
 
when viewed from the point of view of the Nation. This is because
 
financial costs include duties and taxes, which are simply a transfer of
 
money from citizens and companies to Government, and also reflect
 
subsidies which represent a transfer of money in the reverse direction.
 
None of duties, taxes or subsidies reflect the consumption of real
 
economic resources of the Nation. This is better measured by what are
 
termed economic resource costs, or economic costs for short. They are
 
obtained by adjusting financial costs to eliminate duties, taxes and
 
subsidies, and to reflect any special valuation of particularly scarce
 
resources.
 

Since time is a National resource, valuations of both passenger travel
 
time and time in transit of cargo were included in the evaluation stage.
 
Since the value placed on time can vary widely, any project benefits due
 
to time savings were maintained and reported separately.
 

During the evaluation, it is also useful to identify the foreign
 
exchange content of transport costs, in order to assess the implications
 
of borrowing abroad for the alternative investments.
 

Finally, the evaluation process must identify any social and
 
environmental costs of transport operations. In practice, this was
 
restricted to the costs of traffic accidents for each alternative.
 
Identification of the costs associated with noise, vehicle emissions,
 
spills, visual intrusion and other pollutions are required in many
 
developed countries, but require a very detailed knowledge of costs and
 
attitudes. Without adequate information on these subjects in the context
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of the Egyptian environment, these aspects were treated in a qualitative
 

mpnner in this Study.
 

Selected Vehicles
 

Transport costs vary considerably by vehicle type, ranging per
 

kilometer from perhaps ten piastas for a car to over a pound for a large
 
truck. Therefore a range of vehicle types was selected and vehicle
 
operating costs estimated separately for each.
 

After examining the characteristics of vehicles revealed in the
 
Roadside Interview Survey tabulations, the vehicle groups shown in Table
 
5-6 were selected.
 

Table 5-6
 

SELECTED VEHICLE TYPES
 

1. Private car (work purpose)
 

2. Private car (other purpose)
 
3. Taxi car
 
4. Taxi van
 
5. Pickup
 
6. Bus
 
7. Single truck
 
8. Combination truck
 
9. Articulated truck
 

Vehicle Characteristics - A survey was made of the characteristics and
 
costs of vehicles in Egypt, guided by the RIS survey results and by the
 
Egypt National Transport Study (ENTS) (Reference 1). Study. Vehicle
 
characteristics are summarized in Table 5-7. With the main exception of
 
the taxi car, none of the selected vehicles represented one specific
 
model, rather average characteristics were compiled to represent the
 
spread of vehicles observed in the Study surveys, considering such things
 
as carrying capacity (passenger and cargo) and vehicle weights.
 

All vehicle characteristics were based on locally manufactured or
 
assembled vehicles, with two exceptions; tb taxi car and the articulated
 
truck. The taxi car was taken as the Peugot 504, capable of seating 7
 
persons and which remains the pre-dominant inter-city taxi car. The
 
articulated truck was based on the imported Mercedes models. Increases
 
were made in the utilization rates of vehicles assumed by the ENTS study,
 
considering the average vehicle journey lengths found in the Study
 
surveys. The values of annual driving hours, annual kilometers and
 
vehicle life given in Table 5-7 reflect these adjustments.
 

Unit Costs of Vehicles - Table 5-8 sets out all unit costs associated
 
with vehicle operations, including labor and fuel costs.
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------------------------- ------- ------- ------- ------- ------- ------- ------- -------

Ta'b1e 5-

VEHICLE CHARACTERISTICS
 

PRIVATE TAXI TAXI TRUCK TRUCK TRUCK
 

ITEM CAR CAR VAN PICKUP BUS SINGLE COMB ARTIC
 

Engine
 

Fuel (Petrol-1, Diesel=2) 1 1 1 1 2 2 2 2
 

Engine Power (BHP) 51 96 80 80 125 125 250 250
 

Vehicle Weight (tons)
 

Empty 1.0 1.0 1.2 1.5 10.0 5.0 12.5 12.5
 

Maximum Weight 1.5 1.9 2.7 3.5 12.0 13.0 42.5 37.5 

Load Factor 0.00 0.00 0.50 0.25 0.86 0.50 3.50 0.50 

Average Weight 1.0 1.0 2.0 2.0 11.7 9.0 27.5 25.0 

Number of Passengers 2.5 5.0 9.0 2.0 30.0 1.0 1.0 1.0 

Vehicle Utilization 

Annual Driving Hours 417 1,667 1,500 1,270 2,000 1,000 1,500 1,500 

Annual Kilometers (thous) 25 100 75 70 100 50 75 75 

Vehicle Life (years) 10 7 7 7 8 10 8 8 

Source: Constiltant 



Table 5-8
 

UNIT COSTS OF VEHICLES, PARTS ANID LABOR
 

(All costs in LE) 

ITEM 
COST 
TYPE 

PRIVATE 

CAR 

TAXI 

CAR 

TAXI 

VAN PICKUP BUS 

TRUCK 

SINGLE 

TRUCK 

COMB 

TRUCK 

ARTIC 

Vehicie For X 

Eco 

Fin 

5,044 

7,265 

6,705 

7,770 

13,871 

19,660 

9,697 

16,710 

21,780 

5,544 

14,070 

15,918 

9,900 

40,815 

42,884 

8,506 

20,740 

21,520 

28,733 

80,519 

83,220 

83,300 

125,922 

119,278 

Tire For X 
Eco 

Fin 

5 
54 

55 

8 
83 

85 

5 
54 

55 

8 
83 

f!S 

18 
182 

186 

23 
225 

230 

27 
267 

273 

27 
267 

273 

Mechanic 

(per hour) 
For X 

Eco 
Fin 

0 

0.96 
0.96 

0 

0.96 
0.96 

0 

0.6 
0.96 

0 

0.96 
0.96 

0 

0.96 
0.96 

0 

0.96 
0.96 

0 

0.96 
0.96 

0 

0.96 
0.96 

Crew 
(per year) 

For X 
Eco 

Fin 

0.0 
4,500 

4,500 

0.0 
4,500 

4,500 

0.0 
3,800 

3,800 

0.0 
6,000 

6,000 

0.0 
4,500 

4,500 

0.0 
6,000 

6,000 

0.0 
6,000 

6,000 

Fuel 

(per liter) 

For X 

Eco 

Fin 

0,00 

0.214 

0.200 

0.00 

0.214 

0.200 

0.00 

0.214 

0.200 

0.00 

0.214 

0.200 

0.00 

0,214 

0.030 

0.00 

0.214 

0.030 

0.00 

0.214 

0.030 

0.00 

0.214 

0.030 

Oil 
(per liter) 

For X 

Eco 

Fin 

0.00 

1.20 

1.20 

0.00 

1.20 

1.20 

O.OC 
1.20 

1.20 

0.00 

1.20 

1.20 

0.00 

0.78 

0.78 

0.00 

0.78 

0.78 

0.00 

0.78 

0.78 

0.00 

0.78 

0.78 

Interest Costs 

(%) 

For X 

Eco 

Fin 

12% 

12% 

12% 

12% 

12% 

12% 

12% 

12% 

12% 

12% 

12% 

12% 

12% 

12% 

12% 

12% 

12% 

12% 

12% 

12% 

12% 

12% 

12% 

12% 

Standing Costs 

(%) 
For X 

Eco 

Fin 

0% 

8% 

10% 

0% 

7% 

8% 

0% 

7% 

8% 

0% 

7% 

8% 

0% 

12% 

14% 

0% 

24% 

28% 

0% 

17% 

19% 

0% 

17% 

19% 
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Vehicle costs were taken directly from the results of the cost survey.
 
Tire costs were based entirely on locally manufactured tires, which is a
 

trend which appeared to have strengthened since ENTS. Costs of mechanics
 

were based on a survey of repair shops, and crew costs were based on
 

information derived from contacts with the trucking community, in
 

particular the public trucking companies and the Trucking Cooperatives.
 

The foreign exchange component of costs were estimated separately for
 
vehicles and tires, considering import of raw materials (such as rubber
 
for ti: es) and the imported components which are assembled in Egypt.
 
Estimat:. of the foreign exchange component of spare parts (required in
 

the vehicle operating cost model) was estimated at 20 percent of the
 

economic cost, since most spare parts are manufactured locally, and
 
vehicle operators do not often use original manufacturer parts.
 

The financial costs of gasoline and diesel fuel were included at the
 
current prices of 20 and 3 piastas per liter respectively. For economic
 
costs of fuel, no differentiation was made between the two fuel types and
 
a value of 21.4 pJastas per liter was adopted. This was based on a shadow
 
price of US$ 20 per barrel and exchange rate of US$ 1.00 = LE 1.80 (see
 
Chapter 2 for a discussion on shadow pricing and exchange rates). Since
 
all fuel is produced locally, a zero foreign exchange component was
 
appropriate.
 

Interest rates of 12 percent were used as in ENTS. The standing costs
 

which represent a a fixed overhead cost on vehicle operations, were
 
derived from ENTS data
 

Free-Flow Vehicle Operating Costs
 

Estimates of free-flow vehicle operating costs were made using the the
 

vehicle operating cost module of Release II of the Highway Design and
 
Maintenance Standards Model (HDM) issued by the World Bank (Reference 6)
 
The ENTS study also estimated free-flow vehicle operating costs. To
 

ensure the utmost comparability between this Study and ENTS, the HDM model
 
was calibrated to give the same results as ENTS for the ENTS vehicle
 

characteristics and unit costs. This process developed calibration factors
 
which could then be applied to all subsequent estimates of free-flow costs
 
by this Study using the updated vehicle characteristics and unit costs.
 

All free-flow costs were calculated for a flat straight road in
 

excellent condition. Detailed results are presented in Appendix 5E to
 
this report, and are illustrated for the Combination Truck in Figure 3-2.
 

Depreciation and interest costs make up a large proportion of total
 

costs for all vehicle types. These represent the rate at which the vehicle
 

is being used up over the lifetime, and the economic costs of keeping
 

capital tied up in the vehicle.
 

Fuel is a large component for all vehicles for economic costs, but
 
shrinks to a very small item for vehicles using the heavily subsidized
 
diesel fuel when considering financial costs, the cost actually paid when
 
the fuel tank is filled. For this reason, the fuel component in Figure 5-2
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has been highlighted. Oil costs are low for most vehicles, reaching a
 

maximum of nearly 7 percent of costs for private cars.
 

Labor costs components (crew and maintenance) are the same for both
 

financial and economic costs; only the percentage costs varies as the
 

other components go up or down. In all cases, apart from private cars,
 

crew costs are a substantial item of operating cost.
 

Vehicle Operating Cost Adjustments
 

Having established vehicle operating costs for a flat and straight
 

road in excellent condition, it was necessary to consider adjustment
 

factors to cover less than perfect conditions. These include the
 

following:
 

i) Road Geometry
 
ii) Road Surface
 
iii) Congestion
 

Road Geometry - It is normal to adjust operating costs for both
 

curvature and grades, but in these respects, the main West Bank Highway is
 

quite unusual in being exceptionally well aligned. The road runs along
 

the banks of the El Ibrahim canal for most of its length, and sections of
 

5-15 kmg at a stretch are perfectly straight and level. Almost the same
 

can be said of the existing East Bank Highway from Helwan to Beni Suef,
 

although the section south of Beni Suef now under construction will have
 

some gentle grades. Certainly the new Cairo-Assuit Highway is planned to
 

have gentle curves and few grades. Some minor roads considered by the
 

Study (access roads to some marakez capitals off the main highway) do have
 

curves, but carried relatively little traffic in relation to the main
 

road.
 

For these reasons, no adjustments or additions were made to the
 

vehicle operating cost tables to correct for road geometry. The only
 

correction for this aspect was to code an increase of 5 percent over the
 

planned length for the new East Bank Highway under construction between
 

Beni Suef and Minia, to allow for the grades in that section.
 

Road Surface - Road surface conditions have a very significant effect
 

on vehicle operating costs. The HDM vehicle cost model, as calibrated for
 

this Study, was used to investigate the impact of surface condition on the
 

operating costs for each vehicle type. It was estimated that operating
 

costs increase by betwee 8-11 percent for trucks, and 16-26 percent for
 

passenger vehicles, going from excellent to fair road condition. This
 

demonstrates the value of good road maintenance in reducing the transport
 

costs of the Nation.
 

Congestion Costs - As traffic volumes build up on a road, the effects
 

Drivers must make more frequent
of congestion start to be felt. 


adjustments to speed to adjust for other vehicles, both in the same
 

traffic stream and, on two-lane roads, for vehicles coming in the opposite
 

direction. In extreme congestion, such as may be experienced in towns,
 

vehicles may have to stop and wait for periods. This results in
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additional, or "excess" costs and times which must be added to the
 

free-flow cost estimates.
 

The tables of excess time chosen for this Study were taken from the
 

Highway Investment Analysis Package (HIAP) issued by the US Department of
 

Transportation (Reference 7). For excess operating costs associated with
 
congestion, a more recent report was used, also issued by the US
 
Department of Transportation (Reference 8), which contains the results of
 
a major study updating vehicle operating costs.
 

Time Costs
 

The value of passenger time is normally held to vary with trip
 

purpose. Values adopted by this Study were 75 percent of the wage rate for
 
work or business related travel, and 30 percent of the wage rate for other
 

travel. Based on occupancies and journey purpose mix observed in the
 
surveys, the passenger time values set out in Table 5-9 below were
 

adopted:
 

Table 5-9
 

PASSENGER TIME VALUES PER VEHICLE HOUR
 

PERSONS PER AVERAGE PERCENT COST PER
 
VEHICLE VEHICLE (1) WAGE APPLIC. VEH/HOUR
 

Car work 2.54 LE 1.90 75% LE 3.62
 

Car other 2.54 1.90 30 1.45
 
Taxi car 4.80 0.90 60 2.59
 

Taxi van 8.90 0.90 60 4.81
 

Bus 30.50 0.25 60 4.58
 

(1) Car work and Car other include the driver.
 

Cargo value of time was taken simply as the interest cost per hour.
 

This Study assumed a 8760 hour year and a 12 percent interest rate to
 

derive cargo time value per ton-hour. Values of 2, 7 and 6 piastras were
 

estimated for single, combinaLion and articulated trucks respectively,
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Toll Costs
 

Tolls are charged on only one road in Egypt at present: the Alexandria
 

Desert Road. The following toll costs apply to a trip over the entire
 

length of approximately 200 kilometers:
 

Private car LE 1 = 5 milliemes/km 

Pickup 2 10 
Bus 2 10 
Truck single 3 15 
Truck comb/artic 5 25 

These are extremely low rates, representing about 5 percent of
 
free-flow running costs. Higher rates were evaluated for the Cairo-Assuit
 
Highway, as discussed in Chapter 7.
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Chapter 6
 

HIGHWAY TRAFFIC FORECASTS
 

This Chapter presents the traffic forecasts for each of the two
 

forecast years 1990 and 2000. The underlying assumptions in the
 

forecasting process and an outline of the modelling approach are also
 

described.
 

Approach to Traffic Forecasting
 

There were considered to be three main determinants of highway traffic
 
growth; the overall growth of the national eccnomy, the development of
 
other modes of transport, and the degree of congestion on the road system.
 

Growth in the Economy - The growth of the economy was measured by the
 

projected increase in Gross Domestic Product (GDP) for each traffic zone.
 

Projections of GDP were discussed and presented in ChapLer 5.
 

Other Modes - Other modes of transport were discussed in Chapter 2
 

where it was concluded that, with the single exception of petroleum
 

product pipelines, there were no likely developments which were likely to
 

have a significant affect on the growth in road traffic. This is contrary
 

to Government pclicy, and probably to good economic planning, which would
 

indicate a growing use of waterways and railways for long distance freight
 

transport. Sensitivity tests were used to examine the effect of
 

alternative assumptions.
 

Congestion - Increased congestion on the road system, by making the
 

costs of transport higher, tends to slow the growth rate in traffic. Since
 

the level of congestion depends, amongst other things, on the transport
 
system in place, congestion effects had to be measured separately for each
 

transport network. This was the main function of the computer Traffic
 
Model.
 

The approach of the Study, therefore, was to make initial forecasts of
 

zone to zone road transport movements for each forecast year 1990 and
 

2000, based on the projected growth in the national economy, and adjusted
 

to developments in other modes. These initial forecasts were then input to
 

the Traffic Model which determined, separately for each network evaluated,
 

the effects of congestion on growth in road traffic, and on the
 

distribution of traffic between the available routes.
 

Vehicle Growth Rates
 

Although growth 	in the economy controls overall growth in traffic,
 

types can be expected to grow at significantly
individual vehicle 

different rates. For example, as national wealth increases a higher
 

proportion of the population can be expected to choose more comfortable,
 

although more expensive, modes of transport, leading to a switch from
 

buses to taxis or private cars. Therefore, an important step in preparing
 

the initial forecasts of traffic was to determine the growth rate for each
 
vehicle type relative to the growth in the economy. With assumed GDP
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annual growth rates of 4 percent and 6 percent for the years 1985-1990 and
 
1990-2000 respectively, the annual growth rates set out in Table 6-1 were
 
selected:
 

Table 6-1
 

TRAFFIC ANNUAL GROWTH RATES TO 1990 AND 2000
 

VEHICLE TYPE 1985-1990 1990-2000
 

Private car 6.5 percent 8.0 percent
 
Taxi-car 2.5 3.5
 
Taxi-van 6.4 8.2
 
Pickup 5.0 6.5
 
Bus 4.0 6.0
 
Truck 4.0 6.0
 

These were the starting point for forecasting traffic growth in the
 
corridor. The initial forecasts of traffic varied by traffic zone
 
according to the particular growth in GDP of the zone, and all initial
 
forecasts were modified in the computer Traffic Model according to the
 
degree of congestion detected on the road system.
 

Forecasting Methodology
 

This section presents a brief outline of the methodology followed in
 
forecasting traffic. A detailed description of the Traffic Model is
 
presented in Appendix 6B.
 

The traffic forecasting procedure involved three separate main stages,
 
as follows:
 

1. 	 Preparation of initial forecasts of traffic based on
 
expected national and zonal economic growth, and the
 
likely growth in vehicles relative to economic growth.
 
This stage was undertaken once only for each forecast
 
year for the main tests, but alternative estimates were
 
prepared for the sensitivity tests.
 

2. 	 Assessment of the degree of congestion on the road
 
system resulting from the initial traffic forecasts, and
 
the likely impact that this would have on transport
 
costs.
 

3. 	 Adjustment of the initial forecasts to take account of
 
the changes in traffic congestion and transport costs.
 
If congestion increased, the initial traffic forecasts
 
were reduced, and vice versa.
 

- 6.2



Stages 2 and 3 were undertaken separately for each network examined.
 

The two stages were linked together in the Traffic Model with the results
 

of stage 3 automatically providing a new starting point for stage 2. Thus
 

a cycle of iterative calculations were made until the modified traffic
 

forecasts produced in stage 3 were in balance with traffic congestion
 

detected in stage 2. With the completion of cost files required for the
 

evaluation phase, the Traffic Model could take as long as 12 hours to run
 

for a single transport network.
 

Model Stage 1 - Initial Traffic Forecasts
 

The starting point for estimating initial traffic forecasts was a set
 

of tables (matrices) of zone-to-zone travel movements by each vehicle type
 

in Base Year (1985/86).
 

Before forecasting future traffic, adjustments were made to the
 

vehicle movement matrices to reflect two future changes expected in the
 

Cairo-Assuit Corridor. First, all long distance supply movements by road
 

petroleum tankers were removed -- these movements were expected to be
 

replaced by the new Cairo-Assuit petroleum product pipeline now under
 

construction. Secondly, all long distance supplies of cement by road to
 

the Corridor from Greater Cairo and Lower Egypt were replaced by similar
 

supplies from Assuit. This reflected the expected opening of the new
 

cement plant in Assuit,
 

for each of the nine
 

vehicle types for each of the two forecast years 1990 and 2000 - were made
 

using the Fratar process. This technique "grows" the traffic from each
 

traffic zone according to the overall growth rate selected for each
 

vehicle type, modified by the relative increase in economic activity of
 

the zone as measured by growth in zonal Gross Domestic Product (GDP).
 

Production of the initial forecas- matrices - one 


Growth in local traffic on the main roads in the Corridor was set at a
 

lower than average rate on the basis that as congestion grew, and as the
 

local roads improved, more of the local traffic would move off the main
 

highway and would not contribute to congestion there.
 

Model Stage 2 - Analysis of Congestion and Impact Costs
 

For each network tested, the Traffic Model was used to assess the
 

degree of congestion on each road link in the network, and then to
 

estimate transport costs on the link under these congested conditions.
 

It was necessary to recognize that traffic volumes vary throughout the
 

day and so does the level of congestion. Therefore, calculations were
 

performed separately for each of six segments of the day, covering
 

operating conditions ranging from very light traffic, as could be expected
 

in the hours after midnight, to the heaviest traffic volumes which could
 

be expected in the peak period of the day. The final link costs with
 
costs
congestion taken into account were estimated by taking an average of 


in each of the six periods of the day, weighted by the number of vehicles
 
in each of the time periods.
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Some modifications were made to costs, principally to reflect expected
 
road surface conditions. It was assumed that all roads in the Committed
 

Network were in "fair" condition and that all roads in other networks
 

would benefit from a more intensive road repair and overlay program and
 
would be in "good" condition. It was assumed that the new Cairo-Assuit
 
Highway would be built and maintained to high standards and would be in
 
"very good" condition.
 

Model Stage 3 - Modified Traffic Forecasts
 

At the conclusion of the Stage 2 Model, an analysis was made of the
 
cost of travel in the Corridor, and a comparison was made with Base Year
 

costs to determine whether costs had fallen or risen. This was done
 
separately for each vehicle type. A rise in costs could be due to
 

increased congestion, and a fall in costs could be due to an improved
 
pavement surface or to reduced congestion, perhaps due to the inclusion of
 
a new route which was not present in Base Year for that movement.
 

On the basis of the change in costs detected, new traffic was
 
generated if costs had decreased, or traffic was reduced traffic if costs
 

had risen. This was done on the basis of a selected elasticity of demand
 
for each vehicle type, which measures how much demand for transport
 
changes in response to changes in transport costs.
 

Model Iteration
 

After the Traffic Model had completed stages 2 and 3 for the first
 
time, the modified matrices from Stage 3 were processed again by both the
 
Stage 2 and Stage 3 models. On the second pass through, zone to zone
 

transport costs were compared the costs after the previous cycle through
 

the model in order to modify the matrices once more. In every case, this
 
second modification was of much lower magnitude and in the opposite
 
direction to the first - that is to say, if costs had previously risen
 

leading to de-generation of trips, costs now declined (relative to the
 
previous cycle) leading to the generation of trips. At this point, the
 
model was said to have converged. All that remained was to prepare a set
 

of link costs based on the final movement patterns ready for the
 
evaluation stage of the Study.
 

Initial Traffic Forecasts
 

The initial forecasts, before congestion effects were analyzed by the
 
Traffic Model, showed a growth in the number of movements in the Corridor,
 

combined with a slight increase in jouniey length. The increase in
 
journey length was brought about by forecast stronger economic growth
 

outside the Corridor increasing the forecast proportion of longer distance
 

movements to and from the Corridor. The overall result was that vehicle
 

kilometers were forecast to increase by 1.25 times to 1990 and by 2.4
 

times to the year 2000, compared with Base Year. This represented an
 

average annual growth rate of nearly 5 percent to 1990 and 6.5 percent
 
from 1990 to 2000.
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Growth rates were quite different by vehicle type, with the strongest
 

growth shown in taxi vans. This was consistent with the assumption that
 

taxi vans were expected to take an increasing proportion of total taxi
 

traffic, leading to a decline in the use of taxi cars. Accordingly, taxi
 

car growth was the lowest of all vehicles. Private car growth was also
 

strong, and growth in pickups was above average.
 

These traffic growth rates were lower than had been experienced in the
 

years immediately prior to the Study, and reflected the expected lower
 

future growth rates in the National Economy. A case could certainly be
 

made for traffic growth rates higher than reported here based on past
 

traffic growth rates. However, a strong case could also be made for lower
 

traffic growth, on the basis that the reduction in National economic
 

growth could be much sharper in the late 1980s than assumed by this Study,
 

and by assuming a greater role for waterway and railroad transport, both
 

of which have opportunities for increasing their share of transport in the
 

Corridor. Hence the traffic forecasts presented here represented a middle
 

ground, suitable for project identification and evaluation. Sensitivity
 

tests were made to assess the affect of different growth rate assumptions
 

on Study recommendations.
 

Investments Packages
 

The alternative highway investments considered by this Study were
 

assembled into coherent packages and coded for computer analysis. Each
 

package was referred to as a "coded network" since the major task of
 

defining the package consisted of specifying the characteristics of each
 

link of the road network, both within and connecting with the Cairo-Assuit
 
Corridor.
 

Five basic coded networks were prepared for the Study, as follows:
 

Base Year Network
 
Committed Network
 
Overlay Network
 
Expressway Network
 
Improved Network
 

The Base Year Network described the existing road conditions and was
 

used to establish reference travel times and costs for comparison with
 

estimated future conditions.
 

The Committed Network represented the likely future road system with
 

the addition of only those current projects which were actually in
 

construction or definitely funded. It also assumed the current
 

maintenance practice for road surface improvement, which allows roads to
 
deteriorate to a poor quality of surface before rehabilitation.
 

The Overlay Network consisted of the Committed Network, but with a
 

program of more frequent road surface overlays. Thus the configuration of
 
the network in terms of links and nodes was identical to the Committed
 
Network, but a better quality of road surface was assumed. Estimates of
 
the additional costs of more frequent overlaying were made for the
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evaluation phase. This network was the principal reference network
 
against which the performance of the other networks containing new highway
 
investments could be compared.
 

The Improved Network consisted of the Overlay Network (Committed
 
Network plus improved overlay policy) together with improvements to the
 
alignment of the existing West Bank Highway. In fact, two distinct
 
networks were prepared assuming a staging of Improvements. In the first
 
stage for 1990, 2-lane bypasses were assumed for all towns along the West
 
Bank Highway which currently did not have one. In the second stage, the
 
entire West Bank Highway, including the new bypasses, was assumed to be
 
widened to 4-lane standard.
 

The Expressway Network consisted of the Overlay Network with the
 
addition of the new Cairo-Assuit Highway for which preliminary designs
 
were being prepared by this Study. The term 'Expressway' referred to the
 
possible final layout of the Highway with divided carriageways, and grade
 
separated intersections. The evaluation stage decided by what year such a
 
configuration could be justified, and use of the term Expressway to
 
describe the network containing the new highway should not be taken as a
 
pre-judgement on che 1~'iial construction recommendations.
 

Each network as prepared for computer analysis is described in more
 
detail in Appendix 6A. The infrastructure projects included in the
 
Networks are described in Appendices 3D and 4D.
 

Test Network Traffic Forecasts
 

The traffic forecasts are presented in Table 6-2, summarizing total
 
number of journeys per day, average journey length, total
 
vehicle-kilometers and growth in vehicle kilometers, by all vehicle types
 
and for both forecast years. The 1985/86 Base Year situation is included
 
in Table 6-2, as are the initial forecasts for each year which represent
 
the traffic forecasts prior to taking account of congestion on the road
 
system. Results for all four test networks represent final network
 
conditions fully reflecting the effects of traffic congestion.
 

The Committed Network showed a decline from initial forecast levels,
 
confirming that increased congestion would slow traffic growth as a whole
 
in the absence of further new projects.
 

The other three networks -- Overlay, Improved and Expressway -- showed
 
an increase in vehicle kilometers compared with the Initial Forecast for
 
1990, indicating that the road investments included in the networks would
 
reduce transport costs, thus increasing traffic overall.
 

By the year 2000, only the Expressway Network showed an increase in
 
vehicle-kilometers compared with the Initial Forecast, indicating that
 
only this network provided sufficient new capacity to off-set the
 
congestion effects of traffic growth. However, this increase in vehicle
 
kilometers combined with a decrease in the number of journeys (compared
 
with the initial forecast), clearly showed the role of the Expressway in
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Table 6-2 

TRAFFIC FORECASTS: 1990 AND 2000
 

(24 hour AADT)
 

1990 MAIN TESTS (1) 2000 MAIN TESTS (1)
 

BASE 1990 ---------------------------- 2000 ---------------------------


VEHICLE YEAR INITIAL Com Over Impr Expr INITIAL Com Over Impr Expr
 

Total Movements in Corridor (thousands)
 

16.8 18.9 18.0
1. Car work 7.1 9.7 9.5 9.8 9.8 9.9 20.6 i6.6 

15.6 12.5 12.8 14.4 13.82. Car other 5.4 7.4 7.2 7.6 7.5 7.7 

3. Taxi car 15.1 17.1 17.0 17.5 17.5 17.6 24.2 22.9 23.6 23.8 23.9 
41.8 43.1 43.3 43.34. Taxi van 15.0 20.3 20.1 20.8 20.6 20.8 44.4 

5. Pickup 18.7 23.6 23.5 23.8 23.7 23.9 43.7 42.3 43.0 43.3 43.2 

4.8 4.7 4.9 4.8 4.9 8.6 8.1 8.2 8.4 8.3
6. Bus 4.0 

12.5 12.6 12.5 12.6 21.9 21.5 21.6 21.8 21.77. Truck single 10.5 12.5 
2.0 2.0 2.0 2.1 3.6 3.5 3.5 3.6 3.68. Truck comb 1.7 2.0 

0.9 0.9 1.5 1.5 1.5 1.5 1.59. Truck artic 0.7 0.9 0.9 0.9 
100.4 184.0 170.7 174.3 179.0 177.4
ALL VEHICLES 78.3 98.3 97.4 99.8 99.4 


FACTOR 1.00 1.26 1.24 1.27 1.27 
 1.28 2.35 2.18 2.23 2.29 2.27
 

Average Journey Length (Kilometers)
 

1. Car work 49 50 52 52 52 57 52 55 55 50 63 

2. Car other 57 59 59 59 60 62 62 65 U 61 71 

3. Taxi car 67 70 69 69 70 74 76 76 76 76 81 

4. Taxi van 30 3; 31 31 31 33 33 33 33 34 35 

5. Pickup 70 71 70 70 72 75 74 74 74 74 78 

6. Bus 65 67 68 68 69 73 71 74 74 72 79 

7. Truck single 73 75 75 75 76 80 76 77 77 74 82 

8. Truck comb 204 203 213 214 216 221 206 220 219 209 227 

9. Truck artic 215 217 226 225 225 234 218 228 230 219 238 

ALL VEHICLES 63.3 63.9 64.1 64.0 64.9 68.2 64.7 66.5 66.3 64.8 70.7 

FACTOR 1.00 1.01 1.01 1.01 1.03 1.08 1.02 1.05 1.05 1.02 1.12 

Total Vehicle-kilometers (thousands)
 

507 507 563 1,071 915 925 945 1,141
1. Car work 349 484 495 


310 436 426 446 451 480 967 814 835 878 980

2. Car other 


3. Taxi car 1,014 1,197 1,172 1,210 1,222 1,297 1,839 1,739 1,797 1,809 1,942
 

630 624 644 640 684 1,465 1,379 1,421 1,472 1,510

4. Taxi van 451 


5. Pickup 1,310 1,675 1,642 1,669 1,709 1,787 3,231 3,131 3,184 3,204 3,364
 

610 605 658

6. Bus 258 322 322 330 333 357 608 597 


1,014 1,664 1,656 1,663 1,613 I,772

7. Truck single 765 939 937 942 953 


752 817

8. Truck comb 348 413 434 438 443 459 737 774 776 


330 339 346 329 360

9. Truck artic 154 187 196 196 196 206 


ALL VEHICLES 4,959 6,282 6,247 6,383 6,453 6,848 11,912 11,344 11,556 11,608 12,545
 

1.30 1.38 2.40 2.29 2.33 2.34 2.53

FACTOR 1.00 1.27 1.26 1.29 


Source: Study estimates
 

(1) Key to the Test Networks:
 

Com = Committed, Over = Overlay, 

Impr Improved, Expr = Expressway 
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promoting long distance journeys without providing significant help to the
 

short distance movements.
 

The Improved Network showed a slight decline in both
 

vehicle-kilometers and the total number of journeys compared with the
 
Initial Forecasts. This indicates that additional capacity had been added
 
to almost offset congestion by traffic growth, and with a more even spread
 
of benefits to all movements in the Corridor.
 

Forecast Highway Traffic Volumes
 

Forecasc traffic volumes are discussed below for each test network.
 

Committed Network - Forecast volumes on the Committed Network are
 
shown in Figure 6-1. The Committed Network volumes reflected the general
 
increase in trip making to the two forecast years, with traffic volumes
 
more than doubling by the year 2000. The main difference from Base Year,
 
apart from the increase in traffic, was the use made of the East Bank
 
Highway.
 

The Committed Network showed 1990 traffic volumes on tie West Bank
 
Highway between Cairo and Minia lower than Base Year due to tiversion to
 
the East Bank Highway. By 2000, however, volumes on the West 3ark Highway
 
were forecast to be significantly higher on all sections, and volumes on
 
the East Bank Highway were expected to be at, or above, the Base Year West
 
Bank Highway volumes.
 

Overlay Network - Overlay Network forecast traffic volumes were very
 
similar to those for the Committed Network and are not shown here. See
 
Appendix 6C for details.
 

Improved Network - Forecast volumes on the Improved Network are shown
 
in Figure 6-2. It is apparent from the traffic volumes that the addition
 
of bypasses in 1990 made little difference to the forecast traffic flows
 
compared with the Committed Network.
 

The year 2000 forecasts showed the Improved Network was substantially
 
better in traffic impact through the widening of the entire route between
 
Aiyat (46kms south of Cairo) to Assuit, including the 1990 bypasses. Not
 
surprisingly, traffic volumes on the existing West Bank Highway under this
 
alternative were the highest of all the network alternatives, ranging
 
between 5 and 15 percent above the volumes recorded on the other networks.
 

Expressway Network - Forecast volumes on the Expressway Network are
 
shown in Figure 6-3. Volumes on the new Cairo-Assuit Highway for 2000
 
ranged from about 22,000 PCUs per day between Giza and Beni Suef to about
 
8,000 PCUs per day near Assuit. Volumes in 1990 were at about half this
 
level. The average PCU factor was about 2 (2.1 on the new highway and 1.9
 
on the existing highway) so the PCU volumes can be divided by two to
 
arrive at an approximate daily vehicle count.
 

- 6.8



MA~AZELWA4 

GIZA 

FAYOUM 2 

/ BENISUEF 

- BENI SUEF 

MINIA 

MINIA 

U&.LLAWI 

Ji'o .. .MIIA 

-ASSUIT 
OUISlYAtl 

LEGEND 

(12' BASE YEAR 85 80 

U14 
1090 FORECAST 

24 2000 FORECAST 
124 how AADT m ,ahods of PCU@' 

SCmifi l. is it 0li011 11tillySIm )j 

,Wihi,Sith ,.i FORECAST jii,,,,i TRAFFIC 
Eal Csaisco 110i41 COMMITTED NETWORK Figure 8.1 

1 



GIZAIZ 

MAEA I E N 

.:EI 1SUEF 

3 
s1n9)/ E "SSU EF 

MINIA 

ff SS YA 68 

MALLAWI 

iI3 .... MINIA 
......... gSUT 

OUISIVA 

Calg u1 1 u1a aih!~ ~ 

• 14 11990FORECAST 

24 2000 FORECAST 

124 hrour AADT m I~lho nds of PCUe 

FORECAST TRAFFIC
 
wilo s11ll t 1161l1

tmi, Cnlllt,,,l,"IMPROVD NETWORK Figure 6-2 



AGIZA 

V1120) 


UE
WYDE, SUEF 
g 10) 

I NI SIE 

I 9 M/INIA - -

BENMINIA 

12 a1 , I IE'I , ,ll
 

LLGEND: 

14 iS*0 FO1CAT 

24 2000 FOft!CASIT 

M24ho AAOT . Ihoum4i of PCUA 

FORECAST TRAFFIC 
t. .,:,,,.€,,..EXPRESS WVAY NET W ORK Figure 6 -3 



Traffic volumes on the existing West Bank Highway were reduced by the
 

new road, but not greatly. This was because much of the long distance
 

traffic on the sections from Cairo to Minia had already been taken by the
 

new East Bank Highway. South of Minia, where there was no East Bank
 

Highway, the new road relieved the existing road of about 6-7,000 PCUs per
 

day, with some additional traffic on the new road due to traffic
 

generation.
 

Volumes on the new Cairo-Assuit Highway reported here were not
 

particularly high for an expressway, and south of Beni Suef they did not
 

support 4-lane construction in the early stages of the project. The low
 

traffic volumes are explained by the fact that most journeys in the
 

Corridor are short distance, with the average being about 70 kms.
 

Therefore, a high proportion of Corridor movements would not be attracted
 

to the new highway, since the extra journey length of perhaps 30 kras along
 

the access roads to and from the new highway, would offset the advantages
 

such a route would give. It was concluded that only a small proportion of
 

the Corridor traffic was likely to be attracted to a new West Bank Desert
 

Highway, consisting of the following main movements (as a percentage of
 

all forecast 2000 traffic in the Corridor):
 

Through traffic 1.9 percent
 

External traffic between Cairo and
 

points in the Corridor south of Fayoum 9.0
 

Inter-governorate traffic in the Corridor 7.5
 

18.4 percent
 

A further 9.0 percent, representing external movements between Fayoum
 

and the North, were candidates, but only for the northern section of the
 

new highway. Some of this traffic would be shared w7ith the other roads in
 

this part of the Corridor, in particular, the East Bank Highway and the
 

Fayoum Desert Road (for the North-Fayoum movements), either because they
 

represent more efficient routes for certain movements, or because the
 

costs by new highway and the alternatives would be so similar that the
 

traffic would divide between the two. Lastly, some traffic would always
 

stick to the exi'ting road, no matter how attractive the new highway,
 

either because of dislike of expressway travel, or because of a need or
 

desire to stop frequently in towns and villages. Locations of favorite
 

stopping places for truck drivers are mainly on the existing road, and
 

such popular venues are an impediment for traffic to transfer to the more
 

efficient route. The diversion procedure used in Traffic Modelling
 

reflected all this.
 

Overall, then, it was considered that the traffic assignments to the
 

new Cairo-Assuit Highway were reasonable having regard to the nature of
 

movements in the Corridor, and to the likely behavior of drivers when
 

faced with alternative routes.
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Congestion
 

As traffic builds up on the road system, so congestion increases. It
 

1 
 on the different networks in order to
 Is useful to compare trav, times 


appreciate the relative effects of congestion.
 

time in hours to travel from the center of Cairo
Table 6-3 shows the 


to the center of Assuit for selected vehicles on each of the different
 

networks presented here.
 

Table 6-3
 

TRAVEL TIMES CAIRO TO ASSUIT
 

(hours, city center to city center)
 

LARGE
 

NETWORK YEAR CAR PICKUP 

PRIVATE 


BUS TRUCK
 

Base Year 	 1986 7.0 7.0 7.8 8.1
 

6.4 	 7.3
Committed 1990 6.4 7.1 


Overlay 1990 6.2 6.3 7.0 7.2
 

Improved 1990 6.1 6.2 6.9 7.0
 

Expressway 1990 4.8 5.3 5.6 5.5
 

9.6 9.6 10.5 11.0
Committed 	 2000 

2000 9.5 9.5 10.5 10.9
Overlay 


Improved 2000 5.9 5.9 6.6 6.9
 

Expressway 2000 5.9 5.7 6.5 6.3
 

The 1990 networks showed reduced travel times compared with Base "ear
 

reflecting the degree of investment included in each network. All
 

networks contained the committed East Bank Highway from Helwan to Minia.
 

The largest time reductions come with the Expressway Network which cut
 

over 1.5 hour from the total travel time on the Committed Network, and
 

nearly 2.5 hours from travel times in the Base Year.
 

results for the Yea- 2000 are more dramatic. The Committed
The 

Network, with a doubling of traffic from 1990 but with no new
 

infrastructure, 
 showed an increase in travel times compared with Base Year
 

of between 2.5 and 3 hours. Thus a journey by car from the center of
 

Cairo to the center of Assuit which takes 7 hours today, could take over
 

9 hours by the Year 2000 if no more road improvements are made other than
 

those already committed.
 

and the Expressway Networks made a substantial
Both the Improved 

both cutting the Committed Network times by a
impact on these times, 


third.
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6-4 to 6-6 show the congested road links on the Committed,
Figures 

Improved and Expressway Networks respectively under conditions of 2000
 

traffic forecasts. Traffic volumes above practical capacity (about 70 to
 

80 percent of possible capacity) indicate poor driving conditions with
 

slow traffic during substantial periods of the day. Volumes above
 

possible capacity indicate very difficult driving conditions for most of
 

the day with reasonable conditions only during the evening and at night.
 

In the Committed Network, most sections of the existing West Bank
 

Highway, together with the Fayoum Desert Road into Sinnuris and the East
 

Bank Highway from Helwan to Saff, were above practical capacity and
 

several sections, mostly in towns along the route, were above possible
 

capacity.
 

The Improved Network showed almost complete relief to the West Bank
 

Highway, and took some traffic off the East Bank Highway giving relief to
 

the Helwan-Saff section.
 

The Expressway Network showed significant relief to the existing West
 

Bank Highway compared to the Committed Network, but still left a high
 

proportion of the route over practical capacity.
 

Sensitivity and Staging Tests
 

After the main tests were completed, a series of sensitivity and
 

staging tests were undertaken. They were all completed with versions of
 

the Expressway Network. The main objective of these tests was to explore
 

the effect of different economic growth rates, and different construction
 

staging possibilities, on the economic evaluation results. The results of
 

the tests are presented in Appendix 6C and are discussed further in
 

Chapter 7.
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Chapter 7
 

ECONOMIC EVALUATION
 

The task of the economic evaluation was to assess the economic value 

to the Nation of each investment considered by the Study. This was done 
by comparing the costs of construction and maintenance for each investment 
with the economic benefits expected to be brought about by the investment.
 

The two main types of investment considered were i) building a
 
completely new road between Cairo and Assuit in the desert just outside
 
the existing agricultural lands on the west bank of the Nile, and ii)
 
improving the existing West Bank Highway by building bypasses and
 
widening. A third case was also examined; namely, an improved program of
 
highway pavement overlaying. These three sets of investments were defined
 
in the Expressway, Improved and Overlay Networks as described in Chapter
 
6. In addition, various intermediate networks were evaluated for staging
 
and sensitivity assessments.
 

Project Costs
 

Costs of construction, maintenance and overlaying are summarized in
 

this section. In all cases, economic costs are given, which are on
 
average between one quarter and one third higher than financial costs. The
 
costs for the Expressway and Improved Networks are additional costs to
 
those estimated to implement the Committed/Overlay Network.
 

Committed/Overlay Network Costs - The economic evaluation was
 

concerned with possible investments in the Cairo-Assuit Corridor
 

additional to those already committed. The costs of implementing the
 

Committed Network, which contains all such projects identified in the
 
corridor, had no affect on the evaluation results and therefore these
 
costs are not discussed here.
 

The point of reference (or base case) for the evaluations of each test
 
network was not the Committed Network but rather the Overlay Network.
 
This had the same configuration as the Committed Network but assumed an
 
improved pavement overlay policy in the Corridor. As with the Committed
 
Network, the costs of implementing the Overlay Network, which in this case
 

were negative, did not affect the evaluation and are not discussed further
 

here. See Chapter 3 for a discussion.
 

Expressway Network Costs - Expressway Network costs are summarized in
 

Table 7-1. The main costs are those associated with the construction of
 

the new Cairo-Assuit Highway. Construction costs of the main highway were
 
estimated to rather more than double from LE 118.2 million to LE 240.0
 
million with 4-lane construction, which additionally assumed
 

grade-separated interchanges at the intersections with the Fayoum Desert
 
Road and the Beni Suef-Fayoum Road. Costs of the access roads increased
 
from LE 36.9 to LE 84.7 million, due entirely to the addition of
 
grade-separated interchanges at all access points to the new road.
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Table 7-1 

EXPRESSWAY NETWORK COSTS
 
(Economic costs, LE millions, 1985/1986)
 

ITEM 	 2-LANE 4-LANE
 

New Cairo-Assuit Highway
 
construction:
 

Main highway (1) 118.2 240.0
 
Access roads (1) 36.9 84.7
 

Additional cost for Cairo Ring
 

Road grade-separated I/C (2) 4.9 4.9
 

5cm overlay (3) 	 33.7 49.8
 

Additional annual maintenance 0.36 0.57
 

Additional annual pavement overlay
 
costs elsewhere in network (4)
 

1990 -0.46 -0.46
 

2000 -0.79 -0.79
 

(1) 	Assumes at-grade interchanges for 2-lane construction and
 

grade-separated interchanges for 4-lane.
 
(2) 	Cost of additional slip road at intersection of Fayoum
 

Desert Road with Cairo Ring Road when this is
 
grade-separated (assumed necessary by the year 2000).
 

(3) 	Assumes one tack coat, surfacing to cover pavement and
 

shoulder, and a seal coat (new highway plus access roads).
 
(4) 	In fact a reduction in costs of overlaying due to heavy
 

traffic being d1verted to the new highway.
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Improved Network Costs - The costs of the Improved Network are shown
 

in Table 7-2. The principal costs are associated with the construction of
 
2-lane bypasses round 14 towns in the corridor by 1990 (LE 31.6 million),
 

and widening of the both the existing West Bank Highway (LE 97.7 million)
 

and the bypasses (IE 29.3 million) to 4-lane standard by 2000. The
 
widening costs for the bypasses assumed a 25 percent addition to the cost
 
difference between 2-lane and 4-lane construction.
 

Project Benefits
 

The three types of benefit considered in the economic evaluation were
 

the savings in vehicle operating costs, passenger time, and traffic
 
accidents. Development benefits, that is to say, the benefits from opening
 

up regions for new growth, were included in the economic evaluation, not
 
explicitly in terms of locations of new factories and cities, but
 

implicitly in the valuation of generated traffic benefits. Other benefits
 

for which quantification in economic terms is more controversial, in
 

particular environmental and social benefits, were considered in a
 

qualitative manner and are discussed in Chapter 8.
 

Of the three types of benefit considered, both vehicle operating cost
 

savings and passenger time savings were calculated by computer, using
 

results generated by the Traffic Model described in Appendix 6B. Indeed,
 

the Traffic Model was designed expressly so that the computation of these
 

benefits could be an automatic operation following forecasts of traffic
 

for the two networks being compared. These two sets of benefits were
 

generally referred to as the "model" benefits. Benefits frow savings in
 

traffic accidents were estimated manually based on traffic forecasts.
 

Summary of Model P,'neiits
 

Benefits estimated using the Traffic Model are presented in detail in
 

Appendix 7A. It was concluded that the two major types of projects
 

considered by the Study -- a new Cairu-Assuit Highway and improvements to
 

the existing highway -- both showed strong benefits by the year 2000 and
 
were both serious candidates for consideration.
 

The tests on the Expressway Network indicated that a full length
 

highway from Giza to Assuit had significantly more benefits than partial
 

highways covering only part of the corridor. Only the partial alternative
 

from Beni Suef to Assuit showed reasonable level of benefits. In
 

particular, short lengths of Expressway starting either from Giza or
 

Assuit had negative benefits. Finally, results showed that the reduction
 

in benefits for a 2-lane highway compared with a 4-lane highway were not
 

great.
 

Cost Benefit Evaluation
 

The cost/benefit evaluation brought together all the estimates of
 

costs and benefits for each year and arrayed them in a time series,
 

interpolating and extrapolating cost and benefit values where necessary.
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Table 7A-2 

IMPROVED NETWORK COSTS
 
(LE millions, 1985/1986)
 

ITEM 	 COST
 

2-lane bypass construction 	 31.6
 

Widening bypasses to 4-lane (1) 29.3
 

Widening remainder of existing
 
West Bank Highway to 4-lane 97.7
 

5cm Overlay (2):
 
2-lane bypasses 11.9
 
4-lane bypasses 7.9
 
Additional carriageway
 

added during widening 11.8
 

Additional annual maintenance:
 
Bypasses 0.01
 
Widening (including bypasses) 0.16
 

Additional annual pavement overlay
 
costs elsewhere in network:
 

1990 -0.29
 
2000 (3) -0.49
 

(1) 	Assumes 25 percent added to cost difference between 2-lane
 
and 4-lane construction.
 

(2) 	Assumes one tack coat, surfacing to cover pavement and
 

shoulder, and a seal coat.
 
(3) 	In fact a reduction in costs of overlaying due to heavy
 

traffic being concentrated on the existing highway which by
 
2000 would have the strongest pavement in the corridor.
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Cost and benefit values were then discounted to a common year, 1986, using
 

the Study selected discount rate of 12 percent, and a set of economic
 

indicators were calculated to show project feasibility.
 

Economic Indicators - The following indicators were calculated:
 

Internal Rate of Return (IRR) - an IRR above the discount rate of 12
 

percent indicates project
 

feasibility.
 

Net Present Value (NPV) - a positive NPV indicates project
 
feasibility.
 

Benefit/Cost Ratio (B/C Ratio) - a B/C ratio greater than 1.0
 

indicates project feasibility.
 

A fourth econcmic indicator was also considered, that of First Year
 

Rate of Return (FYRR). This is the ratio of benefits in the opening year
 

to the single year cost of construction of the project, and should equal
 

or exceed the Study discount rate for full economic feasibility. Single
 

year cost of construction is the year-by-year costs of construction
 

brought forward to the year of project opening by applying Zhe Study
 

discount rate of 12 percent. In fact, FYRR was not calculated, bu!
 

instead the level of annual benefits required to achieve the minimum FYRR
 

was estimated. This gave a good guide to the optimum year of project
 
opening.
 

Evaluations Completed - An inspection of the model and accident
 

benefits led to some network alternatives being discarded. The remaining
 

evaluations were completed:
 

1. New Cairo-Assuit Highway (4-lane) - Base assumptions
 

2. - Low sensitiviy
 

3. - High sensitivity
 

4. New Cairo-Assuit Highway (2-lane) - Base assumpLions
 

5. - Low sensitiviy
 

6. - High sensitivity
 

7. New Cairo-Aasuit Highway (2-lane)
 
Beni Suef to Minia only - Base assumptions
 

8. Improvement of the Existing Cairo Assuit Highway
 

(Bypasses by 1990, widening by 2000)
 

All of these evaluations assumed the Overlay Network as Lhe base case
 

and therefore indicate project feasibilility after completion of all
 

currently committed projects, and after the implementation of an improved
 

pavement overlaying policy.
 

One further evaluation was then undertaken (9) comparing a new 4-laue
 

Cairo-Assuit Highway with a 2-lane highway base case in the high
 

sensitivity case.
 

The high sensitivity evaluations assumed the model benefits associated
 

with higher growth rates in the Corridor; in other words, a more favorabl
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assumption for the project. The low sensitivity evaluation assumed 
beiiefits estimated for lower growth, and also that construction costs 
would be 20 percent higher. 

Project Life - The evaluations had to consider a reasonable lifetime
 

for the projects evaluated, and 25 years was selected for this Study. An
 
earliest year of opening for a new highway project was established as
 
1990, whiuh was the first traffic forecast year of the Study. Therefore, a
 
project lifetime from 1990 to 2014 was assumed. Since construction costs
 
&.e incurred in the years prior to opening, the complete analysis period
 
considered by the Study ran from 1987 to 2014, a period of 28 years.
 

It was necessary to estimate costs and benefits for each year of this
 
analysis period Lo build up a complete record over the project life.
 
Project costs could be estimated year by year with reasonable certainty.
 
Project benefits, on the other hand, were estimated in detail for just two
 
years, 1990 and 2000, the years for which traffic forecasts were made.
 
Benefits for other years were obtained by interpolation and extrapolation.
 
In all cases, benefits for years after the second traffic forecast year of
 
2000, were estimated to grow at half the estimated growth rate between
 
1990 and 2000.
 

Evaluation Results - The results of the evaluations are summarized in
 

Table 7-3. Since time benefits assumed large values in many networks by
 
the year 2000, two main cases were evaluated, one assuming full time cost
 
savings, and the second assuming that only one third of the time savings
 
were applicable.
 

Of the two main Expressway Networks, the 4-lane highway succeeded in
 

meetin the evaluation criteria in only one of the six cases presented -

high --sitivity and assuming the full value of passenger time savings.
 
It alto came close to feasibility for high sensitivity case with only one
 
third of the time benefits. On the other hand, the 2-lane highway failed
 
in only the two cases for low sensitivity, in this case coming close to
 
feesibility with full time savings included.
 

The apparent case for the 4-lane highway under high sensitivity fails
 
when considering evaluation 9. This showed that the additional investments
 
required to build a 4-lane instead of 2-lane would not produce sufficient
 
additional benefits to justify them. These results indicated quite firmly
 
from the purely economic viewpoint that if a new Cairo-Assuit Highway is
 
to be built, it should be initially to 2-lane standard and not 4-lane.
 

These conclusions were supported by the traffic evaluation which indicated
 

no need of a 4-lane highwey in the first stage.
 

The single staging test for the new highway, evaluating a construction
 

from Beni Suef to Assuit only, indicated feasibility only if full time
 
savings were counted. However, it only just failed with one third of the
 

time savings included. Since this was the best performing staged
 

contruction alteirnative, it was concluded that none of the staging options
 

which omitted a section of the route performed particularly
 

satisfactorily. Clearly, the complete highway would produce more benefits
 

than the sum of its parts. This is almost certainly because the each
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Table 7-3 

SUMMARY OF TilE ECONOMIC EVALUATION 

FULL TIME SAVINGS 1/3RD TIME SAVINGS
 

NETWORK IRR NPV(1) B/C IRR NPV(1) B/C
 

Expressway vs Overlay 

1. 4-lane, base assumption 11.9% -2.9 0.99 9.5% -61.9 0.77 
2. 4-lane, low sens 7.3% -126.4 0.61 5.7% -157.7 0.51 
3. 4-lane, high sens 14.1% +65.4 1.24 11.3% -19.7 0.93 

4. 2-lane, base assumptions 16.8% +76.3 1.59 13.7% +24.1 1.18
 
5. 2-lane, low sens 11.4% -8.2 0.95 9.3% -35.7 0.77
 
6. 2-lane, high sens 19.2% +131.9 2.02 15.6% +56.2 1.43
 

7. 2-lane, BS-Assuit only 12.5% +5.4 1.05 11.6% -3.9 0.96
 

8. Improved vs Overlay 21.9% +140.7 2.83 18.5% +81.7 2.06
 

9. New Cairo-Assuit Highway,
 
4-lane vs 2-lane,
 
high sensitivity 6.4% -66.9 0.51 5.3% -76.1 0.45 

(1) NPV valued in LE millions.
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section of the route channels traffic cn to the other sections, which
 
would increase the number of vehicles gaining benefit and also increase
 

the benefit for each individual vehicle.
 

The network with the best economic performance was the Improved
 

Network. Even counting just one third of time benefits, the network
 

achieved an IRR of 18.5% and NPV of LE 81.7 million and a B/C ratio of
 
2.06.
 

Detailed evaluation results for each network are presented in Appendix
 

7A. The results for the two main networks -- 2-lane Expressway and
 

Improved Network -- are discussed below.
 

New 2-lane Highway - Table 7-4 presents the detailed economic
 

evaluation for a new 2-lane highway from Cairo to Assuit. Construction
 

was assumed to take place over a three year period from 1987 to 1989
 

(Government fiscal years indicating the period from mid-1987 to mid-1990),
 

but with the acce96 roads being completed in the ycar of main project
 

opening. Since access roads were forecast to carry relatively light
 

traffic and were based on existing roads, this was not an unreasonable
 

assumption. It was assumed that any new construction needed to link
 

access roads with the main highway would be completed in the initial three
 
year period.
 

The pavement design assumed that an additional 5cm overlay would be
 

required after 10 years, and this was programmed for 19.9, with a further
 

5cm overlay in 2009. It was assumed that the interchange with the Cairo
 

Ring Road would be grade-separated in the year 2000, and that this would
 

require an additional slip road to carry the traffic to the new
 

Cairo-Assuit Highway.
 

Additional highway maintenance of LE 0.36 million a year was assumed,
 

but it was calculated that an increasing quantity of pavement overlaying
 

in other parts of the corridor would be avoided by heavy vehicles
 

diverting to the new highway.
 

Project benefits mainly came from savings in vehicle operating costs,
 

but passenger time savings were significant as well. As noted earlier,
 

these were reduced to one third of the calculated value in one of the sets
 

of evaluation parameters presented to demonstrate that they were not
 

essential at the full rate for economic feasibility.
 

Accident savings were negligible, if not negative. This was mainly
 

because traffic would be diverted from the 4-lane Cairo-Aiyat section of
 

the existing highway, where accident rates could be expected to be lower
 

than on the new 2-lane highway presented here. Accident savings would be
 

significant only for a new 4-lane highway.
 

The single year construction cost was estimated at LE 172.1 million
 

for a 3-year construction period (as displayed in the table) or LE 182.9
 

for a 4-year construction period. Hence in order to achieve a FYRR equal
 

to the Study discount rate of 12 percent, opening .ear benefits of LE 20.7
 

or 21.9 million respectively would be required. Inspection of the net
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- -- ------------------------------------------------------------ ----------------------------------------

-------------------------------------------------------------------------------

Table 7-4 

EVALUATION or IH CAIRO-ASSMIT IIIr1CWAY (2-LA11i) 
RASE ASSIHIIONS 

(millions of LE, 1985/8,)
 

PPOJECI D NFr 1is I Cl,,1 Il! ,Iir riti ,IA 
PROJECT COSTS --------------------------------------

------------------.--------------
 ------ Vehicle Passenger Reduced Full Or third 
Construc- Addition Addition Total op Cost Time Traffic 
 lotal l , 1wf,.
 

YEAR tion Haint Overlays Costs Savings Saving, Arci dents Savirigs Savl9", 
 .;rir1r', 

1987 45.6 45.6 
 0.0 -45.- "#45.6 
196B 45.6 45.6 0.0 -h".F. 5rrl,
1909 45.6 45.6 0.0 1.s (' r, 
1990 (1) 18.5 0.36 -0.46 18.4 11.2 2.7 -0.10 13.8 -4.5 -6.3
 
1991 0.36 -0.49 -0.1 12.4 3.4 -0.08 15.7 15.3 13.5
 
1992 0.36 
 -0.51 -0.2 13.7 4.2 -0.06 17.8 17.9 15.2
 
1993 0.36 -0.54 -0.2 15.1 5.2 -0.05 20.3 20.4. 17.0
 
1994 0.36 0.57 -0.2 16.7 6.5 -0.04 23.1 23.4 19.0
 
1995 0.36 -0.60 -0.2 18.4 8.1 -0.03 26.5 26.7 21.3
 
1996 0.36 -0.64 -0.3 20.3 10.1 -0.03 30.4 30.7 24.0
 
1997 0.36 -0.67 -0.3 225 12.6 
 -0.02 35.0 35.3 27.0
 
1998 0.36 
 -0.71 -0.3 24.8' 15.7 -0.02 40.5 40.8 30.4
 
1999 (2,3) 38.6 0.36 -0.75 38.2 27.4 19.5 -0.01 46.9 8.7 -4.3
 
2000 0.36 -0.79 -0.4 30.3 24.3 .0 54.6 55.0 311.3
 
2001 0.36 -0.81 -0.5 31.8 25.5 .0 57.3 57.3 40.0
 
2002 0.36 -0.83 -0.5 33.4 26.8 .0 60.2 60.7 "12.0
 
2003 0.36 -0.86 -0.5 35.1 26.1 .0 63.2 63.7 11 1. 9
 
2004 0.36 -0.88 -0.5 36.8 
 29.5 .0 66.4 66,9 r,7.7 
2005 0.36 -0.91 -0.5 38.7 31.0 .0 69.7 70.2 19.5
 
2006 0.36 -0.9' -0.6 40.6 32.6 .0 71.2 73.7 57.0 
2007 0.36 -0.96 -0.6 h 2.6 34.2 .0 76.1 77.1 !;,1.r
 
2008 0.36 -0.98 -0.6 4e1.8 35.9 
 .0 80.7 i11.3 57.4
 
2009 (3) 33.7 0.36 -1.01 33.0 47.0 
 37.7 .0 84.7 51.6 76.5 
2010 0.36 -1.04 -0.7 49.4 39.6 .0 88.9 89.6 G1.2
 
2011 0.36 -1.07 
 -0.7 51.8 41.6 .0 93.4 94.1 G6.4
 
2012 0.36 -1.10 -0.7 54.4 43.6 .0 98.1 98.8 ,'J. 7
 
2013 0.36 -1.13 -0.8 57.1 45.8 
 .0 103.0 103.7 13.7
 
2014 (4) -11.4 0.36 -1.16 
 -12.2 60.0 48.1 .0 108.1 120.3 R11.7 

Totals - 216.0 9.00 -20.40 204.6 636.4 612.3 -0.52 1448.1 173.5 'I,'.A 
Di stounted - 132.0 2.01 -3.69 130.3 128.5 78.3 -0.2 206.6 76.3 :'1,.1 

Discount Rate 12% CONSIRUCIION PERIOD ASSUV'ITION ON IliOFSAVII;S 
3 y.ars 4 years ruli I /Jr 

Single year construc cost (5) 162.9
172.1 Internal Rate of Return 16.8%
 
Req opening year benefits 20.7 21.9 Benefit/Cost Ratio 1.59 1.11'
 

(ncl cost savings) .F
Net Present Value 76.3 21,.1rillirw.i 


(1) 50 percent of access roeds completed after main project openin.g.
 

(2) Additional costs of Interchange with Cairo Ring Road.
 
(3) Cost of 5 cm overlay.
 

(4) Residual value @ 5 percent of total construction.
 

(5) In year of opening, excluding remaining access road costs.
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cost/benefit stream indicated that this could be achieved in the early to
 
mid-1990s.
 

This indicated a likely starting date for construction as 1990, rather
 
than 1987 assumed in the evaluation, Assuming that international funding
 
would be required to finance the project, with the checks and controls
 
that this necessarily implies, a 1990 start date for construction was
 
considered realistic, if not optimistic. Table 7-5 shows a revision of
 
the evaluation with the start of construction put back three years to 1990
 
(the period up to 1990 being consumed in agreeing financing, final design

and contractor tendering), and assuming a 4-year construction period. The
 
economic parameters for this more realistic option show and IRR of 16.8
 
percent, and NPV of LE 47.7 million and a B/C Ratio of 
1.55.
 

Improvements to the Existing Highway 
- Table 7-6 presents the
 
evaluation of the main alternative to the new Cairo-Assuit Highway;
 
improvement of the existing West Bank Highway.
 

It was assumed that improvements would start with the construction of
 
14 bypasses around the major towns and cities along the route which lack
 
such a bypass (the great majority). This construction was scheduled for
 
the period 1987-1989 (which 
 financial period ends in mid-1990.
 
Construction would then commence 
on widening those sections of the road
 
which are not divided highway; essentially the entire route between Aiyat

and Assuit. This work was assumed to last until the Year 2000, allowing
 
for significant difficulties in acquiring land for right-of-way.
 

Maintenance costs would build up steadily 
as road widening
 
progressed. So also would 
the savings in pavement overlaying on other
 
roads in the corridor, as traffic increasingly diverted to the improved
 
West Bank route.
 

Benefits were estimated to build up slowly in the opening years,
 
mainly because the bypasses on their own in the early 1990s would generate
 
few benefits (since they add length to a road which was expected to be no
 
more congested in 1990 than 
in the Study Base Year 1985/86). In fact,
 
economic benefits were estimated as negative, but they were set 
to zero in
 
this evaluation on the basis that their 
 would be sufficient benefits
 
within the bypass towns to at least off-set the negative benefits for
 
traffic passing through. Benefits for the Improved Network were expected
 
to build up over the construction period of widening, since each section
 
of widening would be a complete 
and useable while other sections were
 
still in construction.
 

Vehicle operating cost savings were nearly equalled by passenger time
 
savings due to the traffic congestion likely to prevail with no new
 
highway construction in the corridor. Traffic accident savings were
 
likely to be considerable with completion of the safer 4-lane highway.
 

The economic indicators showed a good economic return on this project
 
to improve the el:isting highway. For this evaluation, a First Year Rate of
 
Return (FYRR) was not estimated since the project would really be a series
 
of :onnected smaller projects which would need to be evaluated separately
 
to establish individual FYRRs.
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Table 7-5 

EVALUAIOUN Of 1111'CAII!O-ASSlIT HIhIIWAY (2-LANE)

FOUR YEAR COt5IRUCIION STARTING 1990
 

(millions of LE, 1985/86)
 

PROJFC tI r (n';IlI II '.1I1 /,i 
PROJECT COSTS -------------------------------------- .............. 

------.-.------.---.--.--.------
 Vehicle Passenger Reduced 
 ItOI Iflow tl,i ffConstruc- Addition Addition Total Op Cost 
 Time Iraffiv Iotal 
 h1.e tIl,,,,
YEAR tIon Haint Overlays Cnwts Savings Savings Accidents Savings savil.j-, ",,;l,,'. 

1990 34.2 
 31.2 1
0.0 -31. -3 .2
 
1991 34.2 
 34.2 0.0 -34.2 -34.7
 
1997 34.2 
 34.2 
 0.0 -31.2 -34.2
 
1993 34.2 
 34.2 
 0.0 -34.2 -34.21994 (1) 18.5 
 0.36 -0.57 18.2 16.7 
 6.5 -0.04 23.2 4.9 0.6 
1995 0.36 -0.60 -0.2 16.4 8.1 -0.03 26.5 
 26.0 21.'1996 0.36 -0.64 -0.3 20.4 10.1 -0.03 30.4 30.7 24.9 
1997 0.36 -0.67 -0.3 22.5 12.6 -0.02 35.1 35.4 27.01998 0.36 -0.71 -0.3 24.9 15.7 -0.02 40.5 40.9 30.4e 
199e 0.36 -0.75 -0.4 27.5 19.5 -0.01 47.0 47.3 3'.1 
2000 0.36 -0.79 -0.4 30.3 24.3 .0 '11.6 55. 311.0 
2001 0.36 -0.81 -0.5 31.8; 25.5 .0 57.3 57.8 111.0
2002 
 0.36 -0.83 -0.5 33.4 26.8 .0 60.2 
 60.7 '2.8
2003 (2,3) 38.6 0.36 -0.86 38.1 35.1 20.1 .0 63.2 25.1 G.3
2004 0.36 -0.88 -0.5 36.8 29.5 .0 6.4 r6. 1 '17.2
2005 
 0.36 -0.91 -0.5 38.7 31.0 .0 69.7 
 70.7 49.5
2006 0.36 -0.93 -0.6 40.b 32.6 .0 73.2 73.7 57.0 
2007 0.36 -0.96 -0.6 42.6 34.2 .0 76.8 
 77.4 5 t.6
 
2008 
 0.36 -0.98 -0.6 44.8 35.9 .0 80.7 fil3 5;.
2009 0.36 -1.01 -0.7 47.0 37.7 .0 84.7 (5.3 (60.2
2010 0.36 -1.04 -0.7 49.4 39.6 .0 88.9 89.6 63.? 
2011 
 0.36 -1.07 -0.7 51.8 41.6 .0 93.4 
 - 94.1 66.14
2012 0.36 -1.10 -0.7 54.d 43.6 .0 98.1 90.8 69.7 
2013 (3) 33.7 0.36 
 -1.13 32.9 
 57.1 45.8 
 .0 103.0 70.0 39.521'14 0.36 -1.16 -6.8 
 60.0 48.1 .0 108.1 108.9 76.0 
2015 0.36 -1.19 -0.8 63.0 50.5 .0 113.5 114.3 
 80.7
 
2016 
 0.36 -1.22 
 -0.9 66.1 
 53.0 .0 119.2 12U.0 U4.7
 

0.36 -1.26 
 -0.9 69.4 

2018 (4) -11.4 0.36 -1.16 -12.2 


2017 55.7 .0 125.1 126.0 00.9
 
60.0 48.1 .0 
 108.1 120.3 
 08.2
 

...... ------------- ------- -------
Totals - 216.0 9.0 -23.2 201.8 1042.8 804.1 -0.2 1846.7 
 1('"1h.9 110.8
 
Discounted - 88.2 
 1.28 -2.77 86.7 108.9 76.8 -0.1 185.6 
 98.9 4?.7 

Discount Rate 12% 
 CONSTRUCTION PERIOD 
 ASSUIIPTIOIJ nilIIlierW11'1,'. 
3 years 4 years Full 1/31d


Single year construc cost (5) 172.1 182.9 
 Internal Rate of Return
Req opening year benefits 20.7 20.8% 1 ,.V1
21.9 Benefit/Cost Ratio 2.14 I.
(Inc) cost savings) 
 (JetPresepit Value 
 98.9 '17.7 ,II 

(1) 50 percent of acce.s roads completed after main project opening.
 
(2) Additional costs of Interchange with Cairo Ring Road.
 
(3) Cost of 5 cm overlay.
 

(4) Residual value P 5 percent of total construction. 

(5) In yeAr of opening, excluding remaining access road costs.
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Table 7-6 

EVALUATIOIl or liE IwIrItOV[IcIS 10 iiir I:XISi11M CAIRO-ASSUI T IIIla0IAY 
BYPASSES BY 1990, ALL 4-LAfiN BY 2000 

(millions of LE, 1985/86)
 

PR1JECI BENEFITS lI fl l I 'ili All 
PROJECT COSIS ---------------------------------------------------------

-.---------.------------.--------------
 Vehicle Passenger Reduced Full 0iw tBi rid
 
Construc- Addition Addition Total Op Cost TIIme Traffic Total l I'e II,
 

YEAR tion lsIntOverlays Costs Savings Savings Accidents Saving.k Savlnqs SAvIhq.
 

1987 10.5 
 10.5 0.0 -10.5 -10.5
 
1988 10.5 0.0
10.5 -10.5 -10.5 
1989 10.5 10.5 0.0 -10.5 -10.5
 
1990 12.7 0.01 -0.29 12.4 .0 0.4 0.01 0.4 -12.0 -17.3
 

12.7 0.01 -0.31 12.4 .0 0.6 0.02 0.7 -11.7 -12.2 
12.7 0.02 -0.?2 12.4 0.1 1.0 0.04 1.1 -11.3 -12.0 
12.7 0.01 -0.34 12.4 0.1 1.5 0.00 1.7 -10.6 -11.7 
12.7 0.03 -0.36 12.4 0.3 2.4 0.15 2.8 -9.5 -11.1 
12.7 0.04 -0.38 12.4 0.7 3.7 0.30 4.7 -7.f -10.1 
12.7 0.05 -0.40 12.4 1.6 5.9 0.58 8.1 -4.3 -8.7 
12.7 0.07 -0.42 12.4 3.8. 9.2 1.15 14.1 1.8 -4.3 
12.7 0.09 -0.44 12.4 9.0 14.3 2.27 25.5 13.2 3.6 
17.6 0.12 -0.46 17.3 20.9 22.4 4.47 47.8 30.5 1r.6 

0.16 -0.49 -0.3 49.0 35.0 6.8 92.8 93.1 69.0 
0.17 -0.50 -0.3 51.5 36.0 9.2 97.4 97.8 73.3 

0.1b: -0.52 -0.3 54.0 30.6 9.7 i02.3 102.7 76.9 

0.19 -0.53 -0.3 56.7 40.5 10.2 107.4 107.1 80. 
0.19 -0.54 -0.4 59.6 42.5 10.7 112.8 113.1 114.8 
0.20 -0.56 -0.4 62.5 44.7 11.2 118.4 1 1 .1 n 4. n 
0.21 -0.57 -0.4 65.7 46.9 11.8 124.4 124.7 93.5 
0.23 -0.59 -0.4 60.9 49.2 12.4 130.6 130.9 911.1 
0.24 -0.61 -0.4 72.4 51.7 13.0 137.1 137.5 103.0 

19.7 0.25 -0.62 19.3 76.0 54.3 13.7 144.0 124..6 V111.1i 
0.26 -0.64 -0.4 79.8 57.0 14.3 151.2 151.5 Il3. r, 

0.27 -0.66 -0.4 83.8 59.9 15.1 158.7 159.1 119.2 
0.29 -0.67 -0.4 88.0 62.9 15.8 166.7 167.0 125.1
 
0.30 -0.69 -0.4 92.4 66.0 16.6 1?5.0 175.' IIt.. 

-9.2 0.32 -0.71 -9.6 97.0 69.3 17.4 183.7 191.3 1117.1 

174.0 3.92 -12.62 165.3 1093.9 816.6 198.95 2109.5 1944.2 119.f.
 
78.6 D.47 -2.30 76.7 108.7 88.5 20.2 217.4 140.7 11.7
 

D te 12% ASSUIPTIlOl ONl I 1 SpVIIiI' 

Full 1/3,1
 

Internal Rate of Return 21.9% II.5A
 
Benefit/Cost Ratio 
 2.83 2.f1f,
 
Net Present Value 140.7 I'd.7 III,,l IC 

( -s cost of 5 cm overlay on bypasses. 

rlay on all new construction
 
.1 value t 5 percent of total construction.
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Further Consideration of Benefits
 

The three further aspects of benefits for the 2-lane Expressway
 

Network and the Improved Network are discussed here as follows:
 

i) Size of benefits
 

ii) Geographical Distribution of benefits
 

iii) Foreign Exchange considerations
 

Size of Benefits - Benefits were divided into large, small and
 
negative benefits. The term "small benefit" has no precise meaning;it was
 
used simply to identify journey benefits which verge on the level of being
 
unnoticeable. The small operating cost benefit was defined as roughly 5
 
percent of free-flow economic operating cost at 50 kph assuming Base Year
 
average journey lengths. The small time benefit was about 7 percent of
 
average base year journey times. Both networks showed that most positive
 
benefits were large; indicating that benefits would make a real impact on
 
operations.
 

For the Expressway Network, negative benefits for vehicle operating
 
cost savings were significant at LE 42,000 per day, compared with the
 
total of positive benefits at about LE 95,000 per day. Most of these
 
negative benefits were associated with private car travel and this was
 
partly because the Traffic Model route choice for private cars was
 
influenced by travel time savings, which attracted vehicles to the new
 
highway despite overall increase in vehicle operating costs. These were
 
mostly offset by time savings for Car Work class, although not for Car
 
Other.
 

A further cause of negative vehicle operating cost benefits for
 
private cars were that drivers were assumed not to perceive all their
 
operating cost, considering fuel oil and tire costs only. This can lead to
 
negative benefits for generated travel, as well as contributing to the
 
negative benefits derived from choice of routes which, when economic
 
resource costs are taken into account, prove to be more costly.
 

Finally, negative benefits were also a byproduct of the route
 
assignment diversion process in the Traffic Model which divided traffic
 
between competing routes in accordance to relative costs on the two
 
routes. This process inevitably put some traffic on the more expensive
 
route, especially when costs of the two alternatives were similar. This
 
mirrored real life where drivers select routes based on more than just the
 
vehicle operating costs involved, or with an imperfect knowledge of the
 
alternative route costs. However, negative benefits produced in this
 
manner were generally small and were outweighed by the much greater
 
positive benefits.
 

The proportion of negative benefits was much lower for the Improved
 
Network, and the proportion of benefits for non-truck traffic was also
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significantly higher. Small benefits remained low compared with other
 
positive benefits, Dut made up a greater proportion than for the
 
Expressway Network. This indicates 
a greater range of benefits than for
 
the Expressway.
 

Geographical Distribution of Benefits - The striking feature of the
 
Expressway Network results is that few benefits (3.4 percent) accrued to
 
internal movements in the Corridor. Such benefits as did accrue to this
 
traffic arose from the longer distance inter-Governorate movements, and
 
from the slight relief in congestion in the main corridor brought about by
 
the new highway. This clearly demonstrates that the main benefit of the
 
new highway would be to long distance traffic moving to, from, and through
 
the Corridor. Benefits to external traffic made up 36.2 percent of the
 
total, with the highest benefits to the southernmost towns, in particular,
 
Assuit. Through traffic gained the greatest benefit amounting to 60.4
 
percent of the total.
 

Apart from the increased quantity of benefits (LE 97,000 per day
 
compared with LE 52,000 per day on the Expressway Network), there was a
 
major change in the distribution of benefits for the Improved Network.
 
Internal traffic benefits totalled 25.4 percent, with most occuring in
 
Minia and Assuit Governorates. The proportion of external benefits also
 
went up from the Expressway Network levels to 43.7 percent of the total,
 
and this represented over a doubling of the volume external benefits. This
 
could be explained by the more direct route provided by the improved
 
existing road to origins and destinations in the corridor, compared with
 
the Expressway Network.
 

Through traffic, which would appear to have most to gain from a
 
completely new road, suffered little diminution of benefits on the
 
Improved Network, reducing from LE 32,000 to 30,000 per day. As a
 
percentage, the overall share reduced to 30.9 percent because other
 
benefits increased so sharply.
 

It was concluded that the Improved Network shows a better spread of
 
benefits than the Expressway Network. Benefits to traffic moving entirely
 
within the Corridor were increased greatly, external benefits were also
 
increased, but at the same time, through traffic benefits were scarcely
 
changed.
 

Foreign Exchange
 

The foreign exchange component of benefits was not particularly high
 
at about 15 percent of the economic resource valuation of LE 100,000 per
 
day. This is mainly because fuel is produced nationally, and because
 
their is a high local content in the production and assembly of vehicles.
 
The foreign exchange component of construction costs was estimated at
 
between 27 and 30 percent of economic resource costs. It was therefore
 
concluded that in terms of the foreign exchange component alone, the
 
evaluation was not favorable, indicating that cost 
in foreign exchange of
 
constructing the new highway would not be justified by the savings in
 
foreign exchange in reduced operating costs.
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Conclusions of the Economic Evaluation
 

It was concluded that both the two main projects evaluated -

improving the existing West Bank Highway or building a new highway from
 
Cairo to Assuit -- would both produce significant economic benefits. On
 
economic grounds, the improvements to the existing highway appeared to
 
give the best results, essentially because more benefits would be produced
 
for lower investment. Also, the benefits would be more evenly distributed
 
to the different traffic elements. In contrast, a new Cairo-Assuit Highway
 
would mainly benefit long distance traffic, with little advantage to local
 
traffic.
 

For the new highway, the evaluation supported the traffic analysis in
 
concluding that a 4-lane highway would not be justified for the first
 
stage of construction. An opening date in the mid-1990s was justified,
 
and this would fit well with a possible program of foreign funding for
 
design and construction.
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Chapter 8
 

CTHER EVALUATIONS
 

In addition to the -_znomic evaluation presented in Chapter 7,
 

financial, environmental and social evaluations of the alternative
 
investments were also completed. They are described in this chapter,
 

together with a review of the administrative and implementation capacity
 

of the Roads and Bridges Authority.
 

Financial Evaluation of the New Cairo-Assuit Highway
 

Since the highway was envisaged to be a high quality road with limited
 

access, the possibilities for financing, or at least offsetting,
 

construction costs from toll revenues was considered.
 

Toll Systems Evaluated - Three toll systems were evaluated in detail,
 

as follows:
 

i) Complete Barrier System
 

ii) Limited Barrier System
 

iii) Closed System
 

A barrier system places toll booths across the highway at intervals.
 

Anyone using a section of the highway equipped with toll booths has to
 

pass through this barrier, and has to pay the toll. This system has the
 

advantage of simplicity, but does have some operating disadvantages. If
 

barriErs are placed on all sections of the highway between access roads,
 

significant delays and inconvenience would be experienced by long distance
 

drivers, the very drivers who should be encouraged to use the new highway.
 

On the new Cairo Assuit Highway, there would be 13 secticns between Cairo
 

and Assuit, averaging 26 kilometers each.
 

The Limited Barrier System envisaged three barriers, each located on a
 

section of the highway between Govenorate capitals. Exact locations would
 

have to be decided based on maximum inconvenience for traffic to bypass
 

the toll barriers; probably at some point midway between Governorate
 

capitals. The advantages of reduced costs are counterbalanced by reduced
 

revenues.
 

A closed toll system effectively seals off the tolled highway by
 

placing barriers on all access roads. Once having entered the highway,
 

drivers do not pass another toll barrier until they exit the highway.
 

Hence traffic is not delayed along the route, and the process of paying
 

and checking tickets is encountered at only the entry and exit points. A
 

system of ticketing is required if tolls are to be adjusted according to
 

the length of highway used. With a total length of nearly 350 kilometers,
 

this would be necessary on the Cairo-Assuit highway. A ticket system
 

could be quite complex with 14 points of entry and exit along the route.
 

For a 2-lane highway, such a ticketing system would have to be
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sufficiently sophisticated to prevent drivers meeting along the route and
 
swapping tickets.
 

Toll Sys . Costs - Estimated construction and equipment costs are
 

summarized in Table 8-1 below.
 

Table 8-1
 

COSTS OF TOLL BOOTH CONSTRUCTION AND EQUiPMENT
 
(LE millions, 1985/86) 

NUMBER OF ESTIMATED ANNUAL 
ALTERNATIVE TOLL BOOTHS COSTS MAINTENANCE
 

Complete Barrier 32 6.4 0.11
 
Limited Barrier 8 1.6 0.03
 
Closed System 36 7.2 0.13
 

Staffing and administration costs assumed crews to operate the toll
 
booths at each location, a local administrative center in the nearest
 
town, and a central administration located in Cairo. Costs were estimated
 
as in Table 8-2.
 

Table 8-2
 

ANNUAL COSTS OF TOLL STATION STAFFING AND ADMINISTRATION
 
(LE thousands, 1985/86)
 

NUMBER CF NUMBER OF TOTAL
 
ALTERNATIVE TOLL BOOTHS LOCATIONS COST
 

Complete Barrier 32 13 920
 
Limited Barrier 8 4 330
 
Closed System 36 14 1,000
 

Toll Revenues - Several alternative toll rates were evaluated ranging
 
from current tolls, as charged on the existing Cairo-Alexandria Desert
 
Road, to a rate 15 times higher. Under these assumptions, the charge for
 
a private car travelling from Cairo to Assuit would range from about LE 2
 
under Current tolls to LE 26 under the Very High tolls. The charge for a
 
multi-unit truck would range from LE 9 to LE 130.
 

With the higher toll rates, forecast traffic was forecast to decrease,
 
with the Very High tolls reducing traffic to just 30 percent of the
 
no-toll case. Some of the traffic lost from the new highway would transfer
 
back to the existing road, while other traffic would be de-generated; that
 
is to say, the imposition of tolls would slow traffic growth rates in the
 
Corridor.
 

Although traffic would decrease with progressively higher tolls, total
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Loll revenues were estimated to increase with each toll increase.
 

Estimated revenues for each case are set out in Table 8-3.
 

Table 8-3
 

ESTIMATED ANNUAL TOLL REVENUES
 
(LE millions, 1985/86)
 

ALTERNATIVE 1990 2000
 

Current 7.0 

Low 12.9 
Medium 11.9 21.8 
High 35.2 
Very high 37.6 

These revenues were estimated on the assumption that full revenues
 
would be collected, which should be the case with the complete barrier and
 
closed toll systems. With the limited barrier system, some traffic could
 
be expected to deliberately evade the toll booths by selecting a different
 
place to enter and leave the new highway, while other traffic (estimated
 
to be a small proportion) would not pass a toll barrier for the sections
 
of the route they use. It could be assumed that at least 20 percent of
 
the potential revenues would be lost, and perhaps up to 50 percent.
 

Toll Evaluation Procedure - The evaluation of tolls brought together
 
the estimates of costs and revenues and arrayed them in a project
 
lifetime table. Various economic para..ieters were calculated in a similar
 
mamier to the economic evaluation reported in Chapter 8.
 

For the financial evajuation, a financial. interest rate was required
 
which reflected the real cost of borrowing money to finance investments.
 
Since the project evaluation disregards inflation in calculations of
 
future costs anr, benefits, the interest rate used for the financial
 
evaluation had also to eliminate the inflation element. A pure rate of
 
interest, stripped of inflation, is normally taken as about 3-4 percent.
 
In other words, a return on an investment should be sufficient to cover
 
the devaluation of the currency ue to inflation, and give a return of 3-4
 
percent on top of that.
 

Specifically for a toll evpluation, use of a pure inflation-free
 
financial interesc rate assumes that both costs and revenues rise with
 
inflation so that the inflationary element cancels out and can be ignored.
 
In practice, while costs tend to rise inexorably, revenues tend to lag
 
since toll roads are in the public sector, and Government, unwilling to
 
add to inflation, will often delay toll increases required to restore the
 
erosion of revenues by inflation. For this reason, the interest rate
 
chosen for this evaluation was 6 percent; above the pure inflation-free
 
interest rate, but still well below a commercial interest rate.
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Evaluation Results - The results for both the Closed system and the
 
Complete Barrier system 
were very promising. The evaluation for the
 
Closed System (slightly the more costly of the two) assumiag Medium tolls
 
is presented in Table 8-4, indicating an Internal Rate of Retur-n (IRR) of
 
10.3 percent, a Benefit/Cost (B/C) ratio of 1.47 and a Net Present Value
 
(NPV) of LE 68.7 million. It is emphasised that the IRR of 10.3 percent
 
represents a real return on investment, excluding inflation. Moreover,
 
net revenues were estimated 
 to reach the level debt service required to
 
pay off capital and interest by the early 1990s. It was estimated that an
 
even better result would be obtained with High Tolls.
 

The Limited 
 Barrier toll system would be less costly to implement and
 
run but, as discussed 
earlier, would suffer a shortfall in revenue
 
compared with the Closed System and the Complete Barrier System. A slight

fall in revenues 
to, say, 80 percent would not be very serious, but a
 
revenue loss of 50 percent would reduce revenues to below the point of
 
full financial feasibility, although still 
 making a substantial
 
contribution to project costs.
 

A sensitivity test was made assuming revenues reduced by 20 percent

and all costs, including highway construction, implementiation and
 
operation of the toll system, increased by 20 percent. This indicated
 
that revenues in these circumstances would fall only fractionally below
 
those required for full financial feasibility.
 

These results indicate that the road could be completely financed from
 
toll revenues over the 25 
 year life of the project, with a substantial
 
surplus.
 

Other Considerations
 

This section deals with 
a number of other aspects associated with
 
implementing a toll system on the new Cairo-Assuit Highway.
 

Impact on Economic Benefits - Imposition of tolls modifies driver
 
behaviour and deters some drivers from using the new road. They remain
 
on the existing 
roads, not only losing economic benefits themselves,
 
but also imposing economic dis-benefits on others by contributing to
 
congestion. To identify this situation more closely, the economic
 
benefits associated with tk.. new Cairo-Assuit Highway were :':-assebscd
 
for each toll alternative evaluated. The results nre 
illustrated in
 
Figure 8-i for the Year 2000 traffic forecasts. It was concluded that
 
tolls up to the 
 Medium level (about 4 times cilrrent levels -,n the
 
Alexandria 
Desert Road) would result in an acceptable reduction in
 
economic benefit (just under 13 percent) but higher toll levels would
 
have a serious impact.
 

Driver Response - There is little evidence on just how drivers would
 
react to toll levels discussed in this Appendix. The Medium tolls
 
represent rates five 
 times the toll on the Alexandria Desert Road in
 
1986. It is possible that such levels would be resisted and that a
 
higher proportion of traffic would continue to use the existing roads,
 
despite resulting overall higher costs of operation.
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Table 8-4 

FINANJCIAL EVALUATION or mr 2-LAlr CAIIUfI-A,'UIJI I lItlAWAY 
CLOSED TOLL YS1EM, MEDIUM TOLLS
 

(LE millions, 1985/8;)
 

PROJECT COSTS 
----------------------.---------.---------------- Uri COST/ 

Construc- High.vay Toll Toll Total PROJECT REVENJE
 

YEAR ion Maint Booths(l) Opertns Costs REVENUES SI RFAM
 
---- .. ---------.. -- - -- --- -- -- ---- --- . . .--- . . . - - ---- --- --

34.3 0.0 -34.3
 

1988 34.3 34.3 0.0 -311.3
 
1987 34.3 


0.0 -1,.51989 14.3 7.2 41.5 


14.3 0.34 0.13 1.00 15.8 11.4 -11.4 

1991 0.34 0.13 1.00 1.5 12.2 10.7
 

1992 


1990 


0.34 0.13 1.00 1.5 13.0 11.5
 

1993 0.34 0.13 1.00 1.5 13.0 12.4
 

1994 0.34, 0.13 1.00 1.5 14.8 13.3
 

1995 0.34 0.13 1.00 1.5 15.8 14.3
 

1996 0.34 0.13 1.00 1.5 16.8 15.1
 

1997 0.34 
 0.13 1.00 1.5 17.9 16.5 

1.5 19.1 17.7
1998 0.34 0.13 i.00 


1999 (2,3) 28.2 0.34 0.13 1100 29.7 20.4 -9.2
 

2000 0.34 0.13 1.00 1.5 21.8 20.3
 

2001 
 o.34 0.13 .00 1.5 22.5 21.1
 

2002 0.34 0.13 1.00 1.5 23.3 21.8
 

2003 0.34 0.13 1.00 1.5 2s..1 2.6
 

2004 0.34 0.13 1.00 1.5 24.9 23.4 

1.5 25.7 24.?
2005 0.34 0.13 1.00 


2006 0.34 0.13 1.00 1.5 26.6 25.1
 

1.5 26.0
2007 0.34 0.13 1.00 27.5 


1.00 20.4 76.92008 0.34 0.13 1.5 


2009 (3) 24.5 0.34 7.33 2.00 311.2 29.3 -4.U
 
2.6 30.3 27.7
2010 0.34 0.26 2.00 


2011 0.34 0.26 2.00 2.6 31.3 2P.7
 

0.34 0.26 2.00 2.6 32.4 29.02012 

2013 0.34 0.26 2.00 2.6 33.5 30.9
 

-8.5 0.34 0.26 2.00 -5.9 34.6 '40.5
2014 (4) 

--- ----- -- --- -- --- -- -- --..--- ------...
 

219.2 571.3 352.1
Totals - 161.4 8.50 18.30 31.00 
68.7
9.47 12.10 146.2 2!4.9
Discounted - 121.0 3.65 


6% Intercst Rate
 
CONSTRUCT ION PERIOD
 

3 years 4 years Internal Rate of Ret 10.3%
 

115.7 159.1 Benefit/Cost Ratio 1.47
 
Single year construc cost (5) 

Level debt service required 9.1 12.4 Net Present Value LE 68.7 million
 

(1) Includifig construction and maintenance
 

(2)Additional costs of interchange with Cairo Ring Road.
 

(3)Cost of 5 rm overlay.
 

(4)Residual value @ 5 percent of total construction.
 

(5) Inyear of opaning
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Private Financing - Given the apparently high rates of return for a
 
toll system, what are the possibilities for a private consortia to
 
finance the construction and operation of the new highway in return
 
for toll revenues? Apart 
 from the lack of any previous experience

with private highway construction in Egypt, there are likely to be a
 
number of other obstacles to attracting private finance. Most are
 
associated with the sheer uncertainty of the findings reported here.
 

The LE 150 million required to finance the new highway is a
 
substantial investment, 
and would probably be considered high risk.
 
Typically, investors would 
want to see a revenue return in the first
 
year of operation equal 
 to the level debt service required to fully

finance the highway over a to
10 15 year period, calculated using
 
current commercial interest rates.
 

An analysis 
on this basis indicated a shortfall in revenues over level
 
debt service required for the base assumption, and much worse results
 
with the sensitivity test results. 
 The results are poor seen from the
 
viewpoint of the financing company, 
 essentially because of the
 
uncertainty caused by inflation. This raises the level debt service,

essentially requiring initial revenues at 
a sufficiently high level to
 
offset the later erosion in revenue values by inflation. A private

financing company 
 would probably be unwilling to rely on promises of
 
toll increases.
 

Hence it was concluded that the possibility of attracting private
 
consortia to such a project were remote.
 

Security - Whatever 
system of toll collection is envisaged, problems

of security for toll collection stations must also be considered. Toll
 
stations would be required to operate 24 hours per day and most would
 
be in isolated locations. 
 Security problems would be most severe with
 
a closed toll system, with toll booths 
on lightly trafficked access
 
roads. Revenue take at such stations could reach as high as LE
 
2-3,000 per day.
 

Safety - Barrier toll systems have the disadvantage of reduced safety

with high speed traffic being brought to a complete halt before
 
passing the barrier. This would be critical at night and in times of
 
poor visibility during the 
winter fogs and summer sandstorms
 
experienced in the Cairo-Assuit Corridor.
 

Conclusions on 
 the Toll Evaluation - The 
 financial evaluation
 
indicated that tolls could make 
a substantial contribution to the costs of

constructing and maintaining 
a new Cairo-Assuit Highway, and it is
 
possible, with tolls at a sufficiently high level, that the new highway

could be completely financed from tolls. 
 However, the estimates of
 
revenues are theoretical, and more information on driver behaviour in the

face of 
 high tolls would be required before a final conclusion was
 
reached. The high risk and uncertainty appears to make private financing

of the highway unlikely, but this 
 is a prospect which deserves fuller
 
investigation.
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A closed toll system with toll booths on access roads appears to be
 
the best alternative, since toll collection could be complete without the
 

safety hazards and delays associated with barrier tolls located on the
 
road itself. A medium, toll level at about four times the 1986 tolls
 
charged on the Alexandria Desert Road gave high revenues with little loss 
of economic benefits and would appear to be a suitable toll level to aim 
at. 

Social and Environmental Evaluation
 

The purpose of the environmental and social assessment was to identify
 
significant environmental effects and social issues which could be
 
examined in more detail as appropriate if a full scale assessmeit is
 
deemed necessary at a later time.
 

Information was obtained on current environmental standards and
 
regulations as well as baseline environmental conditions by research and
 
interviews. Field trips were made along the existivg routes of the
 
corridor to obtain information and opinions concerning environmental and
 
social. issues.
 

Alternatives Evaluated - The projects examined consisted of the two
 
major study alternatives for the Cairo-Assuit Highway! improving the
 
existing West Bank Highway by construction of bypasses around some of the
 
urban centers plus widening in rural areas, and constructing a new highway
 
along the desert fringe to the west of the agricultural area. These were
 
compared with a committed road system, which represented likely conditions
 
if no further investments are made beyond those already committed.
 

Water Quality Assessment - Standards for water quality in the Nile and
 
adjacent waterways are given principally by Law 48 of 1982. Water quality
 
in the Nile is good, with reasonably low levels of bacteria. and
 
non-bacterial pollutants. A major factor in this is the high dilution
 
factor provided by the large flow. The major canals, however, have high
 
levels of bacterial contamination and are high in nutrients and other
 
contaminants.
 

The most significant factor determining potential water quality
 
impacts is the very low rainfall. The small amount of rainfall provides
 
almost no transport of pollutants into the waterways. For this reason,
 
potential water quality impacts produced by the alternatives can all be
 
considered as insignificant or marginal. Since the existing main roads
 
are generally adjacent to the canals, they have a higher risk of direct
 
spill contamination than th? desert new highway. Thus, the new highway
 
has a definite advantage ove. the improving the existing main road, but
 
net impacts are expected to be small in any event.
 

Air Quality Assessment - Even though there is an official awareness of
 
air quality problems, and actions are now being taken in an attempt to
 
improve conditions, there are no adopted national air quality standards.
 
Conditions vary in the Corridor, but in general the only area of chronic
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and severe air pollution is the Cairo urban complex. There are a few
 
other spot sources such as cement plants.
 

Climatic and topographic conditions are favorable for good dispersion
 
of air pollutants. These conditions include strong winds, good convection
 
currents caused by high day-night temperature differentials, and flat
 
topography.
 

Overall, the amount of change in volumes of traffic as well as 
the
 
total volume of traffic moving along the corridor under all of the
 
alternatives is low enough to consider any air quality impacts as marginal
 
or insignificant. Traffic volumes would change by only about one half of
 
the amounts necessary to produce significant impacts. Huwever, the 
new
 
highway produces the lowest adverse impact 
and the highest level of
 
improvement. It does 
 this by allowing higher, more efficient operating
 
speeds and by removing the pollutant source away from the exposed
 
population.
 

Noise Assessment - Noise levels along the existing West Bank road are
 
particularly high in those segments where the route passes through towns
 
and cities. Because of 
the high level of ambient noise and because of the
 
capacity of exposed population to adapt to noise, increases in noise level
 
caused by higher traffic volumes probably will not be perceived by the
 
local populatiorn as significant. However, it would be possible to effect
 
a significant 
reduction in noise levels which would be perceptible by the
 
local population, particularly if a reasonable volume of truck traffic
 
were diverted off the West Bank road. 
 Bypasses offer some potential for
 
doing this by carrying traffic around town centers 
instead of through the
 
town centers. However, the 
 new highway offers a better possibility of
 
significant noise reduction by removing traffic volumes and noise sources
 
from exposed population. It would probably be possible to achieve noise
 
reduction of 6 to 8 dB(A) by diverting traffic off the existing West Bank
 
Highway, and this would be a significant reduction. Thus improving the
 
West Bank Highway offers potential for noise reduction, but to a lesser
 
extent than the new highway.
 

Land Resources Assessment - The principal concern with respect to land
 
resources 
 is the necessity for taking of agricultural land. Agricultural
 
land is a scarce and valuable resource. Both local sentiment and public
 
policy are opposed to the conversion of agricultural land to
 
non-agricultural use. 
 A new highway would require about 1.3 million
 
square meters of agricultural land, mostly for access roads, which could
 
be considered as a moderate adverse impact. The adverse impact of
 
widening the existing 
West B2nk Highway and building bypasses, requiring

about 6.3 million square meter of agricultural land, would probably be
 
considered significant.
 

Ecological, Historic, Cultural, and Aestbetic Resources .- No
 
significant impacts resultant from the highway alternatives were
 
identified with respect to ecological, historic, cultural or aesthetic
 
resources. Accessibility of ancieait sites and other historic and cultural
 
resources would be improved to the exteat that either of the three
 
altErnatives improves overall accessibility.
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Social Impact Assessment - Complex and varied social impacts, both
 
adverse and beneficial, can be identified. However, those which can be
 
most directly related to the alternatives appear to be the the
 
controversial issue of the taking of agricultural land. Social issues
 
surrounding the conversion of agricultural land are in approximate
 
proportion to the required amcints of land taking as described above in
 
connection with land resources. There are expected developmental benefits
 
to 	 be derived from a new desert higiway in the form of opening new land in
 
the desert fringe for developmert or reclamation. However, these
 
developmental benefits could not be solely derived from highway
 
construction, but would require supplemental investment in infrastructure
 
and other economic incentives. Accessibility of social and cultural
 
facilities would be improved generally by any of the alternate options.
 
The contribution of the new highway to this accessibility factor would be
 
through allowing the existing roadway network to function more effectivelv
 
in 	its role as a carrier of local traffic.
 

General Conclusion - Environmental and social impacts can be
 
quantified to a certain extent, but they remain largely subjective and
 
judgmental. In the current case, it appears that the environmental
 
factors which have the highest probability of either producing or
 
receiving significant impacts are noise and land resources. Low rainfall
 
runoff and relatively low traffic volumes make it likely that impacts to
 
water and air will be only 7arginal. Social issues are complex and land
 
taking is the most promiment.
 

On balance, it appears that the new highway offers the least risk of
 
adverse impacts and the highest expectation of positive benefits. It
 
accomplishes this not so much by producing lower impact values, but by
 
removing the source of impact away from the exposed receptors, primarily
 
by shifting the highway and its traffic away from the exposed human
 
population.
 

Improvement of the West Bank Highway accomplishes some of the samne
 
beneficial effect by routing traffic around some of the town centers, but
 
the decrease of exposure of population is much less than with the new
 
highway. The benefit of shifting the impact source which is enjoyed by
 
improving the existing road is also somewhat diluted by the accompanying
 
requirement for the taking of agricultural land.
 

Policy and Administration
 

A review was made of transport policy as it affects planning, and of
 
the capacity of RBA to implement major new highway projects.
 

Transport Policy - Transport policy guidelines appear in the Five Year
 
Plan for Economic and Social Development, 1982/83 - 1986/87 (December
 
1982). Strategies, or policies affecting highway transport are:
 

1. 	Preserving existing productive assets by regular
 
maintenance and renovation.
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2. 	Coordination between different transportation means
 
and network.
 

3. 	Expanding T&C (Transport & Communications)
 
capacities by additional units of all types.


4, 	Improving transportation services structure in favor
 
of the less-expensive rail and river transportation.
 

These general guidelines are further emphasized by the following
 
sector objectives:
 

1. 	Better utilization of existing capacities, proper

maintenance and replacement policies.
 

2. 	Increasing the share of railroad and river cargo
 
transportaion, from 12.6% in 1981/82 to 19% of the
 
total in 86/87, and from 12.6% to 13% respectively.
 

3. 	Construction and pavement of roads (East Nile, and
 
the Egyptian-Sudanese highway).
 

As 	 set forth in the current Five Year Plan, National policy appears

directed toward expanding the rail and water share of passenger and cargo

internal transport vis a vis highways. The East Nile and the Sudanese
 
highways are mentioned as priority road construction projects for RBA.
 
However, within 
 the highway sector, the major emphasis is on the
 
improvement and maintenance of the existing network. RBA internal policies
 
support the national objectives.
 

Finance
 

Several organizations have responsibility for the construction,
 
improvement and maintenance of the highway infrastructure. At the National
 
level, two ministries are involved: The Ministry for Reconstruction is
 
assigned the planning and construction of roads in areas of economic
 
and/or social importance. Within the Ministry of Transportation, the RBA
 
is responsible for the planning, construction and maintenance of highways.

Governorates, under the Ministry of Local Administration, also plan,

construct and maintain regional and local (urban) roads.
 

The current Five Year Plan budget for the inter-city road network
 
allocates LE 20 million to RBA, 47.6 percent of the total. The amount
 
originally requested by RBA for the period was on 
the order of LE 350
 
million.
 

Table 8-5 presents the current PBA Five Year Plan by project type. The
 
emphasis on road rehabilitation is apparent in that 60 percent of the
 
total budget is allocated to this activity. 1985/86 exp-nditure is
 
estimated at 
 LE 46 million in 1985 prices and the 1986/87 expenditure is
 
planned at LE 48 million. Current expectations, however, anticipate an
 
austerity budget on the order of LE 41.4 million.
 

Road construction and rehabilitation is carried out under contract to
 
RBA ),y the public construction companies and by private contractors.
 
Routine maintenance is carried out by the direct labor organizations of
 
the 
 RBA in 8 district offices. The amount allocated to routine maintenance
 
for 1985/86 was LE 2.5 million.
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Table 8-5
 

RBA FIVE YEAR PLAN, 1982/83 


PROJECT 	TYPE 


I- Replacement & Renewal Projects
 
- Consolidation of embankments 

- Investment in paving equipment 


Subtotal 


II- Rehabilitation Projects
 
- Widening & strengthening of main roads 

- Construction of divided highways 

- Renewal & strengthening of bridges 


Subtotal 


Ill-Completion & Extension Projects
 
- Construction & pavement of main roads 

- Construction of bridges 

- Other Activities (building, traffic 


safety, 	etc.)
 

Subtotal 


Total 


- 1986/87 

LE % 

(Thousand) 

120 () 
10,600 (5%) 

10,720 (5%) 

65,164 (33%) 
46,336 (23%) 
7,300 (4%) 

118,800 (60%) 

32,000 (16%) 
20,800 (10%) 
17,680 (9%) 

70,480 (35%) 

200,000 (100%) 
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Road construction and rehabilitation is carried out under contract to
 
RBA by the public construction companies and by private contractors.
 
Routine maintenance is carried out by the direct labor organizations of
 
the RBA in 8 district offices. The amount allocated to routine
 
maintenance for 1985/86 was LE 2.5 million.
 

Resource to private funding sources for the financing of intercity
 
highway projects is not within the experience or legal authority of the
 
RBA. Such a proposal, in the opinion of RBA, would be rejected by the
 
Ministyr of Transportation and higher political authority.
 

Organization and Manpower
 

The manpower assigned to RBA Headquarters was 1496 persons in 1985, or
 
about 20 percent of the RBA total employment. Both ENTS (Reference 1) and
 
the Highway Maintenance Project define a shortage of qualified,
 
experienced engineers and technicians at the headquarters and district
 
levels as a major manpower deficiency. The Egypt Highway Maintenance
 
Project (Reference 14) recommends the addition of the following to the RBA
 
engineering and technician staff:
 

Headquarters:
 
Central Laboratory - 6 junior civil engineers.
 
Geometric Design - 6 junior civil engineers.
 
Training - 6 experienced civil engineers.
 
Bridges - 25 junior civil engineers.
 
Technicians: - 9
 

District:
 
Engineers - 84
 
Technicians - 185
 

Discussions with RBA officials disclosed that the deficiencies are
 
viewed as temporary in that a list of qualified applicants for about 40
 
percent of the identified engineering vacancies is currently awaiting
 
final approval for immediate employment. It would appear that under the
 
World Bank assisted Egypt Highway Maintenance Project, personnel and
 
equipment deficiencies at the headquarters and district levels of RBA have
 
been identified and are being corrected.
 

RBA Implementation Capacity
 

The amount of road construction an rehabilitation completed annually
 
through the RBA appears to be a function mainly of the amount of funds
 
available. After discounting for inflation, road construction companies
 
appear to have increased output at 34-38 percent annually for the last
 
five years. Considerable flexibility exists within the RBA and the road
 
construction industry. For example, when a supplementary budget provided
 
funds, the second carriageway of the Cairo-Alexandria Toll Road (about 200
 
kms) was designed and tendered by the RBA in about one year. Using four
 
companies, construction was completed in three years.
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It was concluded that, given adequate funding including foreign
 
exchange, there are no constraints to the successful implementation of a
 
Cairo-Assuit project by the RBA.
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Chapter 9
 

CONCLUSIONS AND RECOMMENDATIONS
 

The main objective of this Study was, in the words of the Contract,
 
"to determine whether a major investment in road construction and/or
 

"
 improvement is warranted . The conclusion of this Study is that a major
 
investment is warranted, and that it should take the form of a new highway
 
constructed from Cairo to Assuit, located in the desert just outside the
 
existing agricultural lands on the west bank of the Nile. This is
 
preferred to the other main alternative examined by the Study which is to
 
make major improvements to the existing West Bank highway.
 

The economic evaluation showed that the new highway would generate
 
sufficient economic benefits to justify construction. In addition, it is
 
believed that a key role of the new highway could be to provide a focus
 
for a new development of Upper Egypt which has been for long a relatively
 
neglected backwater of the Nation. This is not an issue for highway
 
planning engineers alone, but requires and deserves the attention of
 
Government at the highest level.
 

The new highway would also constitute a important section of the
 
proposed East African !ighway from Cairo to southern Africa, linking the
 
principal East African nations.
 

A decision on the project can only be taken by Government in relation
 
to other priorities, both in the transport sector and elsewhere. The
 
function of this Study has been to establish the necessary factual basis
 
on which further discussions and plans can be based.
 

If the conclusions of this Study on a new Cairo-Assuit Highway are
 
accepted, the Study recommends that procedures leading to final design and
 
construction tendering are commenced immediately with a view to starting
 
construction in 1990. It is estimated that the first stage of
 
construction, consisting of a 2-lane highway with at-grade intersections,
 
would cost LE 117 million in 1985/86 financial costs.
 

This Chapter summarises the findings of the Study and elaborates on
 

the conclusions reached.
 

Existing Situation and Likely Developments
 

The existing highway from Cairo to Assuit is an unpleasant and
 
hazardous highway to drive along. For most of its 365 kilometer length,
 
it is a 2-lane road without paved shoulders. In many places, even the
 
unpaved shoulders that do exist are either clogged with debris or are 3o
 
badly eroded as to be unusable. As a result, most vehicle breakdowns will
 
block one lane of traffic completely, and local driving habits do not
 
easily accomodate this type of situation.
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Trucks make up a large percentage of thie traffic -- 25 percent in
 
numbers, but nearer 40 percent in terms of road space occupied -- and the
 
flat grades and straight alignment permit trucks to travel at similar
 
speeds to light vehicle-- The road pavement is in poor condition and some
 
sections are so badly pot-holed that fast moving trucks swing out into the
 
opposing traffic lane to avoid damage to springs. They do well to take
 
such precautions, since most trucks are loaded beyond legal capacities.
 

Finally in this list of problems, the road passes through many
 
communities ranging in size from the Governorate Capitals of Beni Suef and
 
Minia, to small villages and collections of houses by the roadside. In
 
the centers of towns, through traffic on the main road mingles with animal
 
carts, street vendors, pedestrians and all the other local traffic
 
associated with rural townships. Only three communities have bypasses and
 
it is estimated that there are 14 other towns of sufficient size to
 
warrant bypass construction.
 

City center to city center, it currently takes about 7 hours to drive
 
from Cairo to Assuit.
 

Traffic Capacity - Despite the deficiencies of the existing highway,
 
traffic on the roads between towns, while heavy at times, has not yet
 
reached the traffic capacity of the existing road. Nose-to-tail traffic is
 
rare, except in the busiest 2-lane section between Beni Suef and Aiyat,
 
where the 4-lane section out of Cairo ends. While vehicles halted on the
 
highway by breakdowns are a hazard to other traffic, they rarely cause
 
traffic jams. The 44 police check points along the highway, where the
 
road is narrowed to a single lane by a temporary barrier, are a nuisance
 
but do not seriously impede traffic.
 

However, the road is approaching traffic capacity in many sections, 
and it will not take much additional traffic for congestion effects to 
start to be felt. 

Prospects up to 1990 - A substantial program of highway improvements
 
is currently underway in the Corridor. The main West Bank Highway is
 
being rehabilitated, with pavement overlays or replacement, and paved
 
shoulders are being constructed on all sections. Thus at the end of this
 
work (programmed to be completed by early 1988) the main West Bank Highway
 
can be expected to be a good, well-aligned, well-surfaced highway with
 
paved shoulders for the entire route. The major deficiency on this road
 
will the sections through existing towns about which nothing is planned to
 
be done.
 

Moreover, substantial traffic relief will be provided by two new
 
highway construction projects in the Corridor. The East Bank Highway,
 
recently opened as far as Beni Suef, is being extended to Minia, and the
 
Governorates of Fayoum, Beni Suef and Minia are collaborating on the
 
construction c a road upgrading project which will provide at least some
 
sections of h~ghway parallel to the main West Bank Highway. It can be
 
expected that some local traffic will divert to the Inter-Governorate
 
Road, and th:.t some long distance traffic will divert to the other side of
 
the Nile t( :se the East Bank Highway. Therefore, the likely prospect is
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that by 1990, the West Bank Highway will not only be a better road in 1990
 

Than it is now, but traffic volumes using it will be no higher than today.
 

Therefore there is a breathing space. This is just as well since suitable
 

improvements will take time to plan, design and construct.
 

it would be uwrong to be entirely optimistic about the prospects up to
 

1990. Kirst, and admittedly based on limited evidence, it is concluded
 
that pavement strengths in the Corridor are weak, even considering the
 
current program of pavement rehabilitation. It is feared that unless
 
early action is taken, roads could deteriorate fast under the current very
 

high axle loads imposed by large trucks.
 

Secondly, there is a serious conflict with the Ministry of Irrigation
 

on the use of road shoulders for dredging the main canals. Not only do
 

the draglines used for this work occupy the highway shoulder, but they
 

dump the saturated dredged material onto the shoulder where it is left for
 

long periods. Road shoulders are an esscntia. part of a modern highway,
 

particularly high volume 2-lane highways, aid an accomodation must be
 
reached with the Ministry of Irrigation on this matter. For example, a
 

more acceptable procedure for canal cleaning could be to mount dredging
 

equipment on barges and dump dredged material into other barges.
 

Prospects from 1990 to 2000 - After 1990, and with no further highway
 
construction or improvement, traffic conditions in the Corridor can be
 
expected to deteriorate steadily. Despite an expected continuing outflow
 

of migrants to other parts of Egypt, the population of the Corridor is
 
expected to grow by 2 million between 1990 and 2000 to 10.6 million
 

(compared with 7.6 million today), and with an increased prolortion of the
 
population living in towns. Traffic growth would be inhibited by
 

increasing congestion, but Ls stil] forLcasC to nearly dLble in the ten
 
years from 1990 to 2000. As a result, most of the route would be above
 

practical traffic capacity (indicating poor driving conditions with slow
 

traffic during substantial periods of the day) with many sections above
 
possible capacity (indicating difficult drivi:ng conditions for most of the
 

day). The passages through the towns along the route would be particularly
 

difficult. Driving times from Cairo to Assuit in 2000 could be expected to
 
be 2 to 5 hours longer than the current 7-3 hours.
 

East Bank Highway - Alchough the East Bank Highway will be able to
 

relieve the West Bank: Highway of long distance traffic, volumes on this
 

route by 2000 are for->casc to reach, and in sections exceed, current
 

volumes on the West Bank Highway, By 2000, only the rection between Beni
 

Suef and Minia on the East 6ank Highway is likely to offer better driving
 

conditions than todiv. South of Minia, there is no alternative to the
 

West Bank Highway and traffic conditions could be particularly difficult
 

there.
 

Rail and Waterways - Rail and waterways currently each carry about 2-3
 

million tons of freight pnr ycar in the Corridor, compared with the
 
highway total of 19 million tons of inter-Governorate freight plus at
 
least a further 10 million tons of local frcight. Rail carries perhaps 20
 
million passengers per year in the corridor, a volume matched by both
 
buses and taxis.
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The question was asked, could rail and waterways take sufficient of
 
the additional forecast traffic to relieve the existing highway? The 
Egypt National Transport Study (ENTS) set high growth targets for both 
these modes, but admitted that they would be hard to achieve. 
Observations by this Study confirmed that, while progress is being made at
 
least by the railways, the ENTS forecasts are optimistic.
 

Both rail and waterway transport offer the possibility of reduced
 
transport costs for large volume and long distance movements. Their
 
weakness as modes is that they require a high degree of coordination and
 
planning, and competent staff at all levels of the organization -
management, planning, operations, marketing, equipment maintenance, track
 
maintenance, signalling, storage, collection and delivery. Both rail and
 
waterways are in the public sector and will always find it hard to recruit
 
the staff they need when public and private sector wage structures are so
 
different.
 

In contrast, highway transport tequires little by way of organization,
 
given the availability of vehicle, driver and highwcy. Ton-kilcmeter and
 
passenger-kilometer costs for road vehicles might be higher than for rail
 
and waterways, but total door-to-door costs, onsidering everything
 
including storage charges, timeliness, security and reliability will often
 
swing the calculation in favor of highway transport.
 

Therefore, while improvements in rail and waterway transport are
 
achievable and worth striving for, it is unrealistic to expect dramatic
 
changes in modal usage. Based on field observations and discussions with
 
the modal agencies, the Study concluded that rail and waterways will do
 
well to maintain their share of passenger and freight traffic, which
 
implies a significant increase in traffic by these modes to accomodate
 
normal growth, and that it would be unrealistic to plan for a major
 
transfer of traffic from roads.
 

Conclusions on Likely Developments - While the existing highway has
 
some severe problems, work in hand to rehabilitate the existing pavement
 
and to construct new highways in the Corridor will alleviate many of these
 
problems by 1990. After that, traffic conditions are likely to
 
deteriorate seriously. Unless something is done, the Cairo-Assuit
 
Corridor, and the rest of Upper Egypt for which the Corridor is the
 
gateway, will be increasingly isolated from the rest of Egypt. This is a
 
serious problem considering that Upper Egypt contains about 30 percent of
 
the National population.
 

Improvement of the Existing Highway
 

The obvious solution to the transport problems of the Corridor is to
 
increase the traffic capacity of the main West Bank Highway. Almost all
 
the communities of the Corridor are located on, or very close to, this
 
road and it clearly offers the most direct link between all the
 
communities. There is little wrong with the alignment of the road, and
 
widening and strengthening could convert it into an. excellent all-purpose
 
highway. RBA have made a start on this by widening the first 46
 
kilometers of road from Cairo (Monib) to Aiyat to 4-lane standard.
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Improvements Considered - The Study considered two types of 
improvement. The first was the construction of bypasses around all 

communities with serious conflicts between local and through traffic, A 
total of 14 towns were identified, including the Governorate capitals of 
Beni Suef and Minia. It was estimated that it would cost LE 25 million 
(1985/86 financial costs) to construct 82 kilometers of 2-lane bypasses. 

The second improvement considered was the widening of the entire road
 
to 4-lane atandard, including the bypasses. This was estimated to cost an
 
additional LE 91 million.
 

Traffic and Economic Impacts - The addition of bypasses and conversion
 
of the entire route to 4-lane standard would transform the West Bank
 
Highway. Not only would travel times be red'uced below today's levels with
 

the elimination of traffic congestion, but the road would be significantly
 
safer with an expected sharp drop in traffic accidents. The evaluation
 
indicated that construction would be economically feasible, and that
 
benefits would be felt by all classes of vehicle and all types of traffic,
 
from short distance local movements t long distance through traffic.
 

Land Reiuirements - There is a major problem associated with improving
 
the existing highway, connected with the issue of land requirements.
 

It is currently the policy of the Egyptian Government that use of
 
agricultucal land for other pur173es should be resLricted as far as
 
possible. The most stringent restrictions are in operation in Upper Egypt,
 
where no agricultural land is permitted to be used for urban or other
 
development. The policy springs from the fact that much of Egypt is
 
desert so that fertile land is a valuable resource which must be
 
maintained for agriculture to feed the rapidly growing population and
 
reduce food imports. Urban and other developments, wherever possible,
 
should therefore be located in desert areas. In practice, this is an
 
extraordinarily difficult policy to enforce, with fringe development
 
edging out from existing urban centers. However, a project to improve the
 
existing West Bank Highway would require over 6 million square meters of
 
agricultural land for widening and bypasses, and would be in blatant
 
conflict with policy.
 

This argument can be taken a stage further. If Government did give
 
special permission for land to be taken to improve the existing highway,
 
on the basis that this was of strategic importance to promote the
 
development of Upper Egypt, the improved highway would then automatically
 
become the focus of all new development in the Corridor, making the
 
already difficult task of controlling urban encroachment on agricutural
 
land an impossible one. There would be no incentive for new population
 
and factory developments to move away from the existing highway since the
 
desert fringe, where such development could usefully be transferred, would
 
remain isolated and away from the main communications of the Corridor.
 

It can be concluded that if Government is serious about the policy of
 
preserving agricultural land, the last project to promote is a major
 
improvement to the existing West Bank Highway.
 

- 9.5



Political Feasibility - A second problem arises in connection with
 
improving the existing highway, again linked the question of land
to 

availability. This is the Dolitical feasibility of implementing such a
 
project. Without exception, the Study team faced scepticism and hostility
 
on the possibility of improving the existing road, from RBA headquarters
 
in Cairo to the Governorates and townships along the route.
 

Aside from questions of cost (taken into account in evaluating
 
economic feasibility) and Government policy on use of agricultural land
 
(discussed above), most doubted that ownership issues could be resolved,
 
especially if houses 
were involved, in any reasonable timetable. Assuit
 
Govenorate reported that the Dairut Bypass took 8 years to complete with
 
little or no building acquisition required, and quoted long running

problems still unresolved after several years in acquiring property in
 
Sohag for road improvement.
 

RBA headquarters stated that widening the highway from Cairo to Aiyat
 
was possible only because a previously abandoned alignment was available
 
to build the second carriageway. Even so, the road could not be widened
 
through two villages in this section. They also reported that they had
 
studied the question of widening further sections of the route, but found
 
it impossible.
 

Conclusions on Improving the Existing Highway - Although improving the
 
existing West Bank Highway by adding bypasses and widening to 4-lane
 
standard appears to be the best solution from the traffic and economic
 
viewpoints, such a project 
would be in serious conflict with Government
 
land policy and would encounter severe political opposition. The Study
 
doubts that such a project could be put into effect, and does not
 
recoinnend pursuing it further. Improvements to the exIsting highway
 
should concentrate on providing and maintaining a good surface with
 
adequate paved shoulders. Further growth in local traffic can probably be
 
accomodated by improving parallel roads in the agricultural areas, such as
 
the currenL project by the Governorates of Fayoum, Beni Suef and Minia.
 
However, it is likely that most traffic will tend to concentrate o, the
 
main West Bank Highway, and this poses problems for the longer distance
 
movements in the Corridor.
 

Construction of a New Cairo-Assuit Highway
 

The principal engineering task of the Study was the preparation of a
 
preliminary engineering design for a new highway from Cairo to Assuit.
 
This task did not imply a commitment to building the highway; the
 
objective was to study where such a road could be located, identify any
 
potential problems of construction, and estimate costs of construction.
 

The Alignment Options Report, completed in th.z first :wo months of the
 
Study, identified the best location to be on in the Lesert just outside
 
the agricultural area on the west side of the Nile. During detailed route
 
location, some problems of terrain were encountered at the southern end of
 
the route where the Corridor is confined by rock escarpments on the
 
approaches to Assuit, and areas of sand dunes were identified. Also, the
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alignments of the electricity transmission lines from Aswan and the new
 
pipeline to Assuit had to be taken into account. However, it was
 

concluded that a full 4-lane highway coL.d be located in the Corridor
 

designed to the highest gecmetric standards.
 

Traffic Analyses - The new highway would suffer some significant
 
disadvantages in attracting traffic from the existing highway. First, it
 
would be longer than the existing highway by nearly 20 kilometers (5
 
percent of the route length), measured from the center of Cairo to the
 
center of Assuit. Secondly, being located outside the existing developed
 
lands, traffic between destinations within the Corridor would have to
 

travel perhaps an additional 30 kilometers in order to use the new
 

highway, the extra distance being along the access roads to and from the
 
new highway. As the average journey length in the Corridor is only 70
 
kilometers, this presents a serious disincentive to wost traffic, even if
 
conditions on the existing road became intolerable.
 

For these reasons, the new highway should not be expected to relieve
 

the existing road of large volumes of traffic, and therefore it follows
 
that traffic conditions for local traffic in the Corridor would be
 
improved only marginally by the new highway. However, the new highway
 

would attract a larger proportion of heavy trucks, so the existing road
 
would enjoy some relief from these environmentally damaging vehicles.
 

Traffic volumes of 10,000 vehicles per day in 2000 were forecast for
 

the northern section of the route between Giza and Beni Suef/Fayoum. South
 
of this point, forecast traffic dropped to between 3,000 and 5,000
 
vehicles per day. A high proportion of traffic on the route would be
 
trucks (25 percent) and forecast traffic was well distributed among the 1.4
 
access points to the road. These forecast volumes indicate 2-lane
 
construction with at-grade intersections in the first construction stage.
 

Economic Evaluation - The road envisaged by the Study would be of high
 

quality design with good geometrics. A strong pavement would be required
 
able to withstand the high axle loadings prevalent today and ]:'kely to
 
persist in view of licensed truck capacities. Estimated costs for a
 
2-lane highway of this standard are LE 117 million in 1985/86 financial
 

costs.
 

Despite the comparatively low volumes of traffic forecast for the new
 
road, substantial economic benefits were estimated. These accrued almost
 
exclusively to long distance truck traffic, with 60 percent of the
 

benefits attributable to through movements (Cairo-Assuit without
 
intermediate stops) and less than 4 percent to local traffic moving only
 

within the Corridor.
 

It was concluded that the new highway would generate sufficient
 
economic benefits to justify a start of construction by 1990. In view of
 
the relatively high cost of the project, foreign funding would be
 
essential. With the necessary checks and controls associated with foreign
 
funding, 1990 is probably the earliest realistic start date for
 
construction. Sensitivity tests indicated that lower traffic growth
 
rates, caused either by slower economic growth or by some transfer of
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traffic to other modes, could postpone the optimum date of opening by a
 

few years.
 

The evaluation is conservative and actual benefits of using the new
 
highway could be substantially higher. In particular, it was assumed that
 
rxisting road pavements would in future be maintained in better condition
 
than today, with pavement strengthening overlays being performed in
 
advance of obvious pavement distress. If they are permitted to
 
deteriorate as in the past, the new highway (if built to the standards
 
assumed and costed by this Study) would offer a much better surface with
 
significantly lower operating costs.
 

Also, vehicle operating costs show only modest increases compared with
 
the 1983 ENTS Study (hence benefits are on the low and conservative side),
 
no account was taken of increased congestion if enforcement of axle loads
 
leads to an increase in numbers of trucks, the rate of urbanization was
 
lower than assumed in previous studies (reducing forecast traffic and
 
congestion), benefits from passenger time savings were reduced to one
 
third of the originally calculated values, economic growth rates were
 
modest, and potential major development benefits were not quantified.
 
Less conservative assumptions on these points would strenthen the economic
 
case for the new highway (and also, it must be added, the case for
 
improving the existing road, which was rejected for other reasons).
 

The reason for making conservatlve assumptions is the obvious one of
 
not wishing to exagerate the case for the new highway. Consequently, it
 
is believed that the economic justification of the new highway is sound.
 

Financial Evaluation - The financial evaluation indicated that tolls
 
on the new highway could contribute substantially to construction costs,
 
and could possibly finance the new highway entirely. Much would depend
 
driver reactions to tolls - levels of four times the very low tolls
 
currently charged on the Alexandria Desert Road are envisaged. However,
 
given the build up in congestion forecast by the Study for the existing
 
road, the toll revenue forecasts are not considered over-optimistic.
 

Environmental and Social Evaluation - It was concluded that the new
 
highway would have some environmental and social advantages by removing 
traffic from the existing populated areas. However, at the levels of 
traffic forecast, these benefits could not be a major consideration. The 
new highway would require some agricultural land -- about 1.3 million
 
square meters -- almost entirely to widen the existing roads across the
 
agricultural area to give access to the new highway.
 

Role of the East Bank Highway - It is clear that the construction of a
 
new West Bank highway would not be a panacea to all the traffic problems
 
of the Corridor, benefiting long distance truck traffic almost
 
exclusively. The question must therefore be asked, could the East Bank
 
Highway be upgraded and extended to fulfill the same role at lower cost?
 

The East Bank Highway was not examined in detail in the main phase of
 
the Study, but was examined in the Alignment Options Phase at the scart of
 
the Study. It was concluded then that the East Bank Highway suffers from
 
the key disadvantage of limited access to existing Corridor communities.
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Good access to all communities in the Corridor is important. A
 
feature of the traffic forecasts for the new West Bank Highway is the even
 

spread of traffic across all the access roads. Although the new highway
 

favors long distance traffic, it is not just traffic between Governorate
 

capitals. Excluding traffic entering and leaving by the northern and
 

southern termini, it was forecast that just under 50 percent of all
 

traffic and nearly 60 percent of trucks accessed the new highway from
 

non-Governorate capitals. Hence an alternative should also provide this
 

even access along the Corridor to have the same impact as the new highway
 
evaluated by this Study.
 

It would be expensive to provide access from the East Bank Highway to
 

most communities in the Corridor because they are almost exclusively
 
located on the West Bank. Considering only the Governorates of Beni Suef,
 
Minia and Assuit, the 2000 population in the Corridor is forecast to be
 
about 7.6 million, of which only 1.8 million would be living in the
 

existing bridgeheads towns of Beni Suef, Minia and Assuit. New Nile
 

bridges are expensive, with the new Beni Suef and Minia bridges costing
 
about LE 10 million each in terms of early 1980 prices. Considering land
 

acquisition, approach road construction, and the need to cross major
 

irrigatio-i canals and the main line railway, the cost per bridge would
 

probably De of the order of LE 15 million in 1985/86 prices.
 

Apart from new Nile bridges, the East Bank Highway would require much
 

new construction and upgrading to bring it up to the standards specified
 
for the new West Bank Highway. About 60 kilometers of new construction
 
would be required at the northern end from Helwan to Koralmat, and a
 

further 130 kilometers of new construction through the difficult terrain
 
south of Minia to Assuit. The entire road would require strengthening of
 

the pavement to carry the truck traffic forecast for the new highway. It
 

can confidently be concluded that upgrading the East Bank Highway to
 

extend the rcad and provide access to the West Bank would certainly not be
 

a low cost alternative to the proposed new West Bank Highway.
 

Development Prospects - The Study firmly believes that there is a
 

great planning opportunity associated with a new Cairo-Assui. Highway and
 

that this is where the real potential of the highway lies. Within the
 
Corridor, a potential population of over 10 million people would be living
 

within 5 to 20 kilometers of the new road. Opportunities exist for
 

extending the agricultural area in what is currently the fringe of the
 

accessible zone. It provides an opportunity for new towns and communities
 
having the advantages of good access to north and south, close proximity
 

to the existing population centers from where the people would come, and
 

room to expand industry, major and minor, without the contraints imposed
 

by the ban on using arable land. In short, it would give the Corridor
 

room to breath.
 

There was much enthusiasm in the Corridor over the prospect of a new
 

Cairo-Assuit Highway in the location for just these reasons. Of course it
 

can be argued, with justice, that these opportunities exist now, that
 

communities can move out to the edge of the agricultural area without a
 
new road and create new areas to live and work. The key advantage that
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the new highway would bring is one of focus and accessibility. If the new
 

highway is committed, then both Government development agencies and local
 
communities would be able to make similar commitments with a sense of
 
united purpose. A major effort would be required to initiate development
 
plans, and strong controls would be required thereafter to ensure that the
 
advartages of the new highway were not undermined by careless development
 
and uncontrolled access.
 

Potential development benefits of a new highway are ofter regarded by
 
lending institutions with great and justifiable suspicion. Too often, it
 
is the easy way to justify a new road which could not be justified by
 
other means. In this case though, the Study believes that there is a sound
 
economic case for constructing the new highway, and that the potential
 
development opportunities and benefits are an additional argument in its
 
favor. However, it could be concluded that these additional arguments are
 
sufficiently strong to offset the conclusions from the sensitivity tests;
 
making the recommendation for a 1990 start da e for construction a firm
 
one.
 

Staging of the New Highway - The Study recommends that the initial
 
construction should be to 2-lane standard with at-grade intersections.
 
Reservation of land for full 4-lane construction should be made, but
 
timing of further construction would depend on actual traffic growth.
 

The traffic analyses suggested that construction should be started
 
from Assuit, extending northwards to Cairo. However, the case is not
 
strong, and the full potential of the route would not be reached until the
 
full route is completed. Development reasons would suggest that the road
 
be started from Cairo extending southwards, since this will create a
 
stronger impression of opening up the Corridor for new development which
 
would probably gain most strength from ties to Cairo and the North. The
 
Study therefore recommends construction starting from Cairo.
 

Conclusions on the New Highway - It is considered that if a major
 
improvement of the existing highway is ruled out for Government land
 
policy and practical implementation reasons, then long distance access to
 
Upper Egypt communities both in and beyond the Cairo-Assuit Corridor must
 
be provided for. While rail, waterways and continued development of the
 
East Bank Highway could all contribute to further growth, the potential of
 
a new West Bank Highway is miwh greater.
 

Other Issues
 

Other important issues raised during the Study are summarized here.
 

Traffic Census Program - A difficulty experienced in the Study was the
 
lack of a regular traffic census program from which to judge traffic
 
growth rates, both overall and by vehicle type. Some counts were
 
available from previous Studies, but lack of knowledge of exact count site
 
locations, and uncertainty on the traffic counting and classification
 
procedures made it difficult to make reliable estimates of traffic
 
growth. A better solution would be a regular program of traffic counts
 
with an annual report available to all traffic planning consultants and
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agencies. It is known that plans are in hand for just such a program and
 

this is strongly endorsed by this Study.
 

Truck Weights - The present situation regarding truck weights is most
 

unsatisfactory, with trucks routinely licensed to carry morc than legal
 

axle loads permit, and no control of overloading. At the same time, roads
 
are still being designed assuming legal axle loads are adhered to. The
 
result is that pavements deteriorate rapidly, creating dangerous road
 

surfaces, and increasing vehicle operating costs substantially.
 

A case could probably be made for permitting an increase in legal axle
 

loads to obtain greater cargo carrying capacity of trucks and therefore
 

reduce traffic congestion. This case has been argued in many studies, and
 
is well summar.zed in the UK Road Research Laboratory Report 1002 "Optimum
 
Axle Loads of Commercial Vehicles in Developing Countries" (Reference 16).
 

However, a decision to make such a change must be a National decision
 

taking into account the costs of strengthening existing inadequate road
 
and bridge structures. Whatever is done about changing legal axle loads,
 

it is important that new road structures are designed to take full account
 

of actual axle loadings.
 

This Study strongly recommends that a more detailed study be made of
 

this issue.
 

Pavement Strengthening Polic - This Study strongly recommends that 
RBA adopt more modern methods of planning for pavement strengthening.
 

Current practise is to wait for signs of visible distress before planning
 
new overlays or rehabilitation. By the time the work: can be financed and
 

implemented, pavement structures and surfaces have deteriorated to
 

unacceptable levels, causing high vehicle operating costs and severely
 

reducing any contribution to final pavement strength of the overlayed
 

structure. In the long run, earlier overlays are less expensive, and
 

maintain better surfaces. Various methods, such as taking deflection
 
measurements at regular intervals, are available to assess pavement
 
condition, and some procedure should be adopted by RBA as part of the
 
regular pavement maintenance program.
 

In particular, it is feared that the current program of rehabilitation
 

in the Corridor will not be sufficient to prevent deterioration under the
 

high axle loads imposed by heavy trucks. It was estimated that an
 

additional overlay on the improved surfaces, if undertaken in the next few
 

years, would be sufficient to mointain the surface for many years after
 

that. However, the data on which this conclusion is based were limited,
 

and were certainly insufficient for detailed programming purposes. There
 

is no satisfactory substitute for a detailed survey of pavement condition
 

for preparing a program of new work.
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Urban Traffic Planning in the Corridor - Although urban traffic
 

planning issues were clearly beyond the scope of this Study, it was
 

observed that many of the towns in the Corridor present chaotic traffic
 
conditions which can be expected to get worse over time as car ownership
 

and population increase. In particular, the Governorate capitals of 

Fayoum, Beni Suef, Minia and Assuit are facing traffic problems which 
deserve detailed study. 
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