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ABSTRACT 

DEVELOPMENT OF A GENERIC ANALYTICAL 
FRAMEWORK FOR ASSESSING IMPACT OF 

INEFFICIENCIES ON BUS OPERATION IN CAIRO 

AIN SllAhlS UNIVElISUY 
FACULTY OF ENCIKEEItING 

There is a tangible move, across cities of the world, towards achieving 
efficiency gains in the bus industry. The main bus transit system in Cairo is being 
provided by Cairo Transport Authority (CTA). The paper starts by reviewing some 
important indicators for buses operated by CTA. This research presents a 
classification of generic types of inefficiencies identified in public bus operation, 
namely; :inefficiencies causing cost incurring, inefficiencies causing revenue loss, 
and inefficiencies causing cost incurring and revenue loss. The paper specifically 
identifies, categorizes and reviews those inefficiencies, which are reported in CTA 
annual statistical reports. These reports show losses in operation time being mainly 
attributed to four main causes, namely Engineering Failures, Operational 
Inefficiencies, Accidents' occurrence, and Force Majeure incidents. The main 
objective of this research is to develop a generic analytical framework for assessing 
the impact of these types of inefficiencies on public bus operation. In structuring 
this Eramework, several statistical relations, based on a priori causalities, are 
estimated. The paper concludes by presenting a demonstration of the utilization of 
the above relationships, within the developed analytical Eramework, for CTA. This 
takes the form of conducting sensitivity tests that are meant to explore the impact of 
potential inefficiencies in terms of time and revenue lost as a result of varying the 
extent of services provided by CTA. 
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1. INTRODUCTION 

Cairo, the capital of Egypt, is one of the largest and most densely populated cities in the 
World. This high population density is a common feature of the various districts that constitute 
the old and new city metropolitan areas as well as some of the newly developed suburban areas. 
In addition, the city have suffered during the past two decades fiom an unorganized urban sprawl 
fiom rural migrants. As a result of this high population densities and unorganized land use, 
several infrastructure and utilities systems are suffering fiom acute over-utilisation problems. A 
major problem that Cairo governorate faces on a daily basis is the traffic congestion as well as the 
inadequacy of provision of public transport modes to meet the required rising demands of 
accessibility and mobility of the urban population. 

Public transport trips account for approximately 75-80% of all vehicular trips within Greater 
Cairo (Greater Cairo constitutes Cairo and a part of Giza and Qualibiya governorates). The 
public transport system in Cairo includes several modes, namely, buses, minibuses, trams, and 
Heliopolis metro, all being operated by the state-owned Cairo Transport Authority (CTA) and its 
subsidiary Greater Cairo Bus Company (GCBC). Both organizations are affiliated to the Cairo 
governorate. As a result of the inability of these state owned and operated modes to meet all of 
the required demand in terms of capacity and quality of service, a paratransit mode in the form of 
shared taxis has emerged in the public transport market to partially fill the gap, see Lashine et. al. 
(1987). These shared taxis are privately owned and operated. Until recently, very limited entry 
control was practiced in terms of their licensing and few restrictions were imposed on their 
operating practices. 

Recently, two underground metro lines- were opened. The first line was completed and 
opened for operation in 1989. This line is 43 km in length with a maximum capacity of 2 million 
passengers per day. The first and second stages of the second line were also opened recently with 
a total distance of 11 km. The total capacity of the second line after completion of all its stages is 
planned to reach 850 thousand passengers per day. The underground metro is operated by the 
Underground Metro Unit which is affiliated to the Egyptian Railway Authority and hence the 
Ministry of Transport. 

Apart fiom the underground metro system, public transport services in Cairo dan generally 
be characterized by low route capacity, low vehicular speeds, long delays, and overcrowding, see 
Cubukgil et. al. (1982). This can be mainly attributed to generic causes such as: 

Acute road congestion conditions. This t d c  congestion problem is iixther aggravated by 
inadequate traffic management and control systems, illegal parking, poor law enforcement, 
aggressive driver behavior and general disregard for traffic regulations (i.e. operating 
environment related problems). 
Increasing demand levels for public transport services (i.e. demand related problems). 
Inefficiencies in operating these public transport services (i.e. supply related problems). 

Despite of a recent fare increase, CTA is still suffering fiom a growing deficit resulting fiom 
the inefficient operation and the still relatively low fares imposed by the government. With an 
overall restriction on Government fknding, it is considered unlikely that CTA will be able to 
accommodate any major expansion within the foreseeable future. Thus,. increasingly more 
emphasis should be placed on reducing inefficiencies and achieving efficiency gains. 

/ 
This research presents a classification of generic types of inefficiencies identified in public 

bus operation. It specifically identifies, categorizes and reviews those inefficiencies, which are 



reported in CTA annual statistical reports. These reports show losses in operation time being 
mainly attributed to four main causes, namely Engineering Failures both on the road and in 
garages, Operational Inefficiencies both on road and in garages, Accidents' occurrence on the 
roads, and finally Force Majeure incidents. 

The main objective of this research is to develop an analytical fiamework for assessing the 
impact of these inefficiencies on public bus operation in Cairo. In structuring this fiamework, 
several statistical relations, based on a priori causalities, are estimated. Relations are first 
developed to assist in predicting the potential occurrence of these inefficiencies. The research 
attempts to produce monetary proxies for the potential time lost due to these inefficiencies. To 
achieve this, a statistical model relating operational revenue to bus-hours is estimated. Based on 
this model and the estimated amount of bus-hours lost due to each of the four types of 
inefficiencies, the research computes and compares the magnitude of possible revenue lost due to 
engineering failures versus operational inefficiencies versus accidents occurrences and finally 
versus Force Majeure incidents. 

The paper concludes by demonstrating the utilization of the above relationships, within the 
developed analytical framework, to conduct sensitivity tests that are meant to explore the 
magnitude of potential inefficiencies in terms of revenue lost as a result of varying levels of bus 
service in terms of downsizing or expansion. 

2. OPERATION OF BUS SYSTEM BY CTA 

By far the largest share of public transport trips in Greater Cairo is made by CTA buses. The 
existing bus network provides a broad coverage of the Greater Cairo Metropolitan area. This is 
operated by 13 bus garages, which are geographically spread to cater for the extensive bus 
network provided by CTA. The available bus fleet is intensively used under extremely difficult 
operating conditions. Average speeds are low due to acute traffic congestion and no priority 
measures. However, because of the relative flexibility of individual buses to move in the stream of 
trffic, average bus speeds are still considerably higher than other CTA modes such as trams 
(average operating speed for buses is 18 km/hr versus 13 km/hr for CTA trams). 

A time series comparison of the utilization of CTA buses (expressed as total number of 
passengers) during the last ten years fiom 1986 to 1996 is depicted in Figure (1). The figure 
shows a very significant increase of the number of ticket paying passengers using CTA buses 
during the early nineties, i.e. over 1100 million ticket passengers per year during 1991192 and 
1992/93. In 1995196, the daily average number of operable buses reached 1784 buses. These 
carried 2.61 million ticket passengers a day, with an average of 1462 passengers per operable 
bus. These figures show that the demand dropped during 1995196 to around 950 million ticket 
passengers. This significant decrease in CTA bus demand during the last few years could be 
mainly attributed to the opening of the underground metro and the substantial increase of the 
shared-taxi system and its extensive service coverage throughout Greater Cairo. 

The figures represent the average of the 13 bus garages operated by CTA, excluding the 4 
garages operated by GCBC. For consistency purposes, these 4 garages were not included within 
the scope of this research because the bus routes operated by GCBC are characterized by being 
quite lengthy (interurban routes) compared with the other bus routes operated by CTA garages 
(being typically urban short routes). 



The operable productivity of CTA garages expressed in terms of operable bus fleet, traveled 
bus-kilometers and operable bus-hours produced during the financial year 1995196 is presented in 
Figures (2), (3) and (4) respectively. It is apparent fiom these three figures that the 13 bus 
garages have a considerable variation in their productivity. This can be mainly attributed to the 

. variations in garage sizes and bus fleets available'at each garage. 

CTA bus fares are currently set at a 25 piastres1 flat fare except for some lengthy bus routes 
which are charged either 40 or 50-piastres flat fare. Seasonal tickets (known as membership or 
travel cards) represented only 3% of the total revenue collected during 1995196, while ticket 
revenue accounted for 97%. The average revenue per ticket passenger was 22.4 piastres 
compared with only 3.7 piastres per travel card holder passenger. The difference between the 
average revenue per ticket passenger and the flat 25-piastre fare could be attributed to the various 
concessionary fares offered by CTA, such as those offered to army and police personnel. The 
average ticket revenue per operable bus across the 13 garages during 1995196 is illustrated in 
Figure (5). As shown in the figure, this is in the range of 80000 L.E. per year, reaching 102900 
L.E. if travel card revenue was included. 

3. CLASSlFlCCATlON OF INEFFICIENCIES IN PUBLIC TRANSPORT 

Public transport organisations often have some multiple goals which may seem contradictory 
to the efficient provision of services. Typical of these goals are: 

securing jobs as a part of government employment policy; 
maximizing operational productivity in terms of bus-kms; 
coverage of a network of routes and services that includes profitable as well as non- 
profitable areas; and 
providing low cost services. 

In most cases, such goals are imposed by governments through regulations. This leads to 
ignoring profit maximization, and a lack of cost minimization awareness in public transport 
enterprises and hence causing high inefficiencies. Adapted fiom Kranton (1990) & Wright (1990) 
root causes leading to inefficiencies in public transport enterprises can be identified as follows: 

Institutional & regulatory constraints on the operation of the public transport enterprise; 
Structure of the output market (being mainly monopolistic rather than competitive); 
Control mechanism between government and the enterprise (such as inadequate 
accountability, insufficient subsidy and budget allocations); 
Lack of managerial incentive structure and existence of several hierarchies of management 
and control; . 

Poor conditions of labour employment specially in garages; 
Lack of managerial freedom signified with no power of hire/fire, and absence of 
incentivedpenalties system related to work achievement; 
Administrative and clerical employees dominate staff and lack of highly skillfil staff as well as 
lack of continuous training; 
Inadequate and poor transit equipment, and a shortage of supplies especially spare parts; 
Poor organisation, management and execution of transit operations; and 
Street congestion. 

1 S 1.0 E 3.4 Egyptian Pounds L.E. (I L.E. = 100 Piasters) 
86. 



Discussion of such generic issues, their potential effects on efficiency and how these can be 
improved is beyond the scope of this paper. As an initial point, this paper classifies public 
transport inefficiencies into three different generic classes according to their impacts on cost and 
revenue. These three classes are presented in Figure (6) and discussed below. 

3.1 Inefficiencies Causine Cost Incurring 

This class of inefficiency results in the incurring of excessive costs. A generic example is the 
over-staffing characterizing most public transport enterprises, specially in developing countries. 
As previously discussed, this is usually imposed by governments through regulations. This is 
usually considered as the main reason for high operation costs in these enterprises. 

3.2 Inefficiencies Causing Revenue Loss 

An example of this class of inefficiency is the irregularities that characterize the fare 
collection system especially in public transport enterprises in developing countries. Although this 
type of inefficiency might not have an impact on costs, however it has a substantial impact on 
the amount of revenue levied. 

3.3 Inefficiencies Causin~ Cost Incurring And Revenue Loss 

This class of inefficiency arises from the day-to-day operation. As implied, it causes cost 
incumng as well as revenue loss. Four examples of this type of inefficiency are identified and 
reported in CTA annual reports, namely Accidents' Occurrence, Engineering Failures, Operation 
Inefficiencies, and Force Majeure incidents. 

4. INEFFICIENCIES ENCONTERED BY CTA BUS OPERATION 

This section sheds some use&] light on the four types of inefficiency encountered by CTA in 
the process of operating its bus fleet. All statistics are based on CTA statistical report for the 
financial year 1995/96. As previously stated, these four types of inefficiency include: 

Accidents' Occurrence; 
Engineering Failures; 
Operation Inefficiencies; and 
Force Majeure incidents. 

4.1 Accidents' Occurrence 

An 'Accident' is defined by White et. al. (1995) as an event in which one or more passenger 
is killed or injured, or one vehicle or more is damaged. An accident could thus range from a 
major event such as high-speed coach on a motorway, in which many people are killed or injured, 
to a single passenger being slightly injured (or a single vehicle being damaged) in an event not 
involving any other people (or vehicle). Before highlighting the CTA bus accidents' statistics 
during 1995/96, it is worthwhile defining the following expressions:- 
Fatalities were defined by Jacobs and Fouracre (1977) as the number of deaths occurring within 
30 days of an accident. Some countries consider fatalities only if as a result of an accident a 
victim died on the spot, some if hdshe died within 24 hours, some have a limit of 3 or 7 days. 
Iniuries can be defined as the reported number of persons seriously or slightly injured in road 
accidents. 



Casualties are taken as the total number of fatalities and injuries resulting fiom road accidents. 
Collision represents accidents causing only damage to vehicles involved. 

The statistics of bus accidents' occurrence as reported by CTA during the financial year 
1995196 are summarized in Table (1). The figures indicate that the annual number of bus related 
accidents in CTA is considerably high (1039 accidents per year which is equivalent to an average 
of 3 accidents per day). As expected in urban areas, collision type of accidents were dominant 
(51%). This is followed by collision accidents causing casualties (30%) and then followed by 
accidents resulting in casualties only (17%) and then followed by fire accidents (2%). The 
statistics also show that the number of passengers and pedestrian casualties is 464 casualties, of 
which 40 represent fatalities (9%), and 424 (91%) represent injuries with various degrees of 
severity. Three measures of accidents risk were computed, namely: 

No. of Accidents per 1000 operable buses 
No. of Accidents per 1000 000 bus-kms 
No. of Accidents per 1000 000 bus-hours 

These could be transferred into probabilities of occurrence of a bus accident as follows: 
Probability of an operable bus being involved in an accident during daily operation = 4* lo6 
Probability an accident occurs as a result of operating a typical 10 km. bus trip = 5*10" 
Probability an accident occurs as a result of operating a typical half an hour bus trip = 5 * 10" 

According to Giannopoulos (1989), the most common indicators that can be used to express 
safety level of a certain bus transport operation is the total number of accidents per 100,000 
vehicle-kilometers run. Values of 0.45 to 1.8 accidents per 100000 veh-km. (on a yearly basis) 
are usually considered as normal figures. On computing the same indicator for CTA bus 
operation, a value of 0.56 is obtained. This shows that in relative terms, CTA bus operation can 
be considered safe in terms of number of accidents. However, when comparing the above 
kilometer based fatality rate in CTA (0.21) with statistics obtained fiom India and Great Britain, 
it was found that for public bus operators in five Indian cities this rate was on average 0.65 
fatalitiedmillion bus-km. (based on 1978 statistics), see Jacobs and Downing (1982), while in 
four British cities this rate was on average 0.06 (based on 1979 statistics). This shows that CTA 
bus operation could be considered safer in relative terms than its counterparts in India. However, 
the reverse is true when compared with British cities. 

4.2 Engineering Failures 

According to Wright and Thiriez (1987), an indication of maintenance and driving standards 
is the proportion of buses that breakdown in service and requke either assistance from a mobile 
repair unit or in the depot. A reasonably well maintained fleet would expect to have breakdowns 
at a rate of no more than 8-10% of operable buses. 

Three generic groups of defaults causing engineering failures to buses are identified in CTA 
95196 statistical report. These are mainly mechanical, electrical and chassis related defaults. The 
numbers of defaults for the three types are illustrated in Table (2). 

It is apparent fiom the table that the chassis related defaults accounts for around 69% of the 
total number of engineering failures. It can be also deduced that the total number of engineering 
failures seems high, with an average of over 343 defaults a day, which when related to operable 
fleet size indicates that around 19% of the fleet might be subject to at least one engineering 



failure per day. This is far beyond the above international standard of 8-10%. Three measures of 
engineering failure risk were computed, namely: 

No. of Engineering Failures per 1000 operable buses 
No. of Engineering Failures per 1000 000 bus-kms 
No. of Engineering Failures per 1000 000 bus-hours 

These could be transferred into probabilities of occurrence of a bus engineering failure as 
follows: 
Probability of an operable bus incurring an engineering failure during daily operation = 5* lo4 
Probability an engineering failure occurs as a result of operating a typical 10 km bus trip=0.007 
Probability an engineering failure occurs as a result of operating a typical half hour bus trip=0.006 

4.3 Operational Inefliciencies 

Operational Inefficiencies could be divided into three categories:- 
Route-related ineficiencies: these could be due to off-schedule delays occurring while buses 
are traveling on their designated routes. 
Gara~e-related inefliciencies: these could be due to the lack of time discipline tb fulfill 
maintenance programs as scheduled. 'This increases the time buses spend in garages and reduces 
the availability ratios. 
Crew-related ineficiencies: these could be attributed to the lack of adequate crew planning, 
hence leading sometimes to the unavailability of crew to operate buses. 

Despite that CTA keeps a record of the total time lost due to operational inefficiencies, no 
statistics have been recorded concerning their total number of occurrence. The total time lost due 
to operational inefficiencies across the 13 bus garages operated by CTA during 1995196 was 
reported at 495932 hours for route related inefficiencies and 138308 hours for garage related 
inefficiencies, see Table (3). The table shows that, excluding crew related inefficiencies, route 
related inefficiencies represent 78% of the total operational inefficiencies, while garage related 
inefficiencies constitute the rest (22%). 

4.4 Force Maieure Incidents 

Force Majeure incidents can be defined as unforeseen events such as bad weather conditions, 
road failure, ... etc. No statistics concerning the number of Force Majeure incidents have been 
reported in CTA 95/96 statistical year-book. However, the total time lost due to Force Majeure 
incidents during 1995196 was recorded at 442,000 hours, see Table (4). 

5. AN ANALYTICAL FRAMEWORK FOR ASSESSING THE IMPACT OF 
,INEFFICIENCIES ON PUBLIC BUS OPERATION IN CAIRO 

In this research a generic analytical framework was developed to be used to: 
Assess the impact of inefficiencies on existing bus service operation; and 
Act as a tool to explore the effect of inefficiencies on bus operation as a result of any 
potential service changes (i.e. expansion or downsizing). 

It is worth noting fiom the outset that the framework developed in this paper is only 
concerned with the third class of inefficiencies, i.e. inefficiencies causing cost incurring and 
revenue lost. Furthermore, inefficiencies considered in this research, were mainly attributed to 



accidents' occurrence, engineering failures, operational inefficiencies both on roads and garages 
and finally to Force Majeure incidents. 

In order to assess the impact of these causes of inefficiencies on public bus operation, these 
could be expressed as numbers of occurrences. However, the potential numbers of occurrences, 
on their own, are insufficient to reflect the extent of impact on bus operation. This is simply 
because the amount of time or money lost differs according to the type of default within each of 
the four considered types of inefficiency. Therefore, the impact of inefficiencies were expressed 
as lost time, which could be easily transferred to lost money (or in other words lost revenue). No 
attempt was made to estimate the amount of extra cost incurred due to the occurrence of these 
types of inefficiencies. This is mainly due to lack of CTA reported data on the potential amount 
of cost incurred as a result of the occurrence of each of these types of inefficiencies. 

The developed fiamework could be divided into five main stages as illustrated in Figure (7). 
First Stage: Deciding on the amount of service change and predicting generic service change 
parameters; 
Second Stage: Predicting ticket passengers and ticket revenue; 
Third Stage: Predicting the number of occurrence of each potential type of inefficiency. 
Fourth Stage: Predicting lost time due to each potential type of inefficiency; and 
Fifth Stage: Valuation of lost time and estimating lost revenue due to potential inefficiencies 
and computing an aggregate measure of inefficiency. 

The fiamework depicted in Figure (8) starts by deciding the amount of service change to be 
considered. This could include: 

service expansion, i.e. purchasing of additional fleet to serve new or existing routes, or 
intensification of existing service provision, or 
service downsizing, i.e. downsizing of existing fleet, or downsizing of existing service 
provision. 

The decision of service expansion or downsizing is usually taken at a strategic level. Once 
this decision is taken, the annual traveled kilometers could e predicted based on the size of the 
new amlual operable fleet. Additionally the a ~ u a l  operable hours could be.predicted based on the 
predicted annual traveled kilometers. 

The second stage of the analytical framework takes place in two successive steps. In the first 
step, the total number of passengers (representing expected demand levels) is estimated based on 
the annual operable buses, traveled kilometers, or operable hours (all acting as proxies of 
expected supply level). The second step predicts the total ticket revenue based on the expected . 
total number of passengers obtained from the first step. As shown in Figure (8), the total ticket 
revenue is also directly related to the expected annual operable hours. 

It should be noted that all predictive knctions in the framework were estimated based on 
regression as well as on stochastic modeling techniques. Estimation of all models was completely 
guided by well thought a-priori causalities, which are mainly depicted in the detailed analytical 
fiamework in Figure (8). The next section will address the process involved in the estimation of 
these functions in greater detail. 

The third stage is concerned with predicting the number of potential occurrence of the 
different types of inefficiencies, namely number of accidents, number of engineering failures, 
number of operational inefficiencies and number of Force Majeure incidents. Although some of 
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these causes of inefficiencies, namely accidents and Force Majeure incidents, can be considered as 
random stochastic variables, these could be coarsely estimated using deterministic fbnctions. In 
these deterministic fbnctions the number of accidents and number of Force Majeure incidents 
could be related to annual traveled kilometers (a proxy for exposure), while the numbers of 
engineering failures and number of operational inefficiencies could be related to annual operated 
hours (a proxy of utilization). However, due to unavailability of empirical data on the number of 
operational inefficiencies and Force Majeure incidents, these two fbnctions were not estimated. 

Three different approaches were used in the forth stage concerning the prediction of time 
lost due to potential types of inefficiency. The first approach relates the time lost component of 
each type of inefficiency to its potential number of occurrence (predicted in the previous stage). 
Thus, neither the predictive fbnction concerning the lost time due to operational inefficiencies nor 
that for Force Majeure incidents were estimated for the same reason mentioned above. The 
second approach relates the time lost component of each type of inefficiency to the generic 
operational explanatory variables i.e. operable buses, bus-kilometers and bus-hours. In the third 
approach, lost time due to engineering failures and operational inefficiencies were estimated 
based on the annual operated bus-hours, while lost time due to accidents and Force Majeure 
incidents were estimated based on the annual traveled bus-kilometers, see Figure (8). All the 
empirical data required for this approach were available in CTA statistical reports, thus the 
predictive fbnctions for the four types of inefficiency were all developed. 

The fifth and final stage is concerned with producing monetary proxies for the potential time 
lost due to different causes of inefficiency as well as to develop an aggregate measure of revenue 
inefficiency. 

6. ESTIMATION OF STATISTICAL MODELS CONSTITUTING THE ANALYTICAL 
FRAMEWORK 

The causes of different types of inefficiencies are expected to vary from one year to another 
as well as from one garage to another depending on the operational conditions. Thus, in 
estimating .the statistical relations constituting the analytical framework, several trials were 
conducted to decide the acceptable data set that can give an acceptable representation of reality 
as well as to produce a best fit, in relative terms, between the variables involved in these 
statistical models. These trials are presented in Table (5). The best fit came as a result of using 
points representing the statistics of the 13 CTA bus garages averaged over the three financial 
years of 93/94, 94/95 and 95/96. This data set produced the lowest standard deviations (standard 
errors) and coefficients of variations. This data set is also considered representative both of the 
13 garages operated by CTA as well as of the 3-years of operation where operating environment 
in each of the garages may have changed. Having decided on the data set, the different regression 
equations (predictive fbnctions) were estimated. 

6.1 Estimation of Statistical Models for predict in^ Generic Service Chanpe Parameters 

As depicted in Figure (8), the analytical framework starts by predicting the three generic 
operational variables (parameters), namely operable fleet, bus-kilometers and bus-hours. The 
annual operable fleet is simply obtained by multiplying the total number of working buses (taking 
into consideration the downsizing or expansion decisions) by the annual working days (CTA 
buses are working 365 days per year). Annual traveled kilometers are related to the size of the 
new annual operable fleet. Once annual traveled kilometers is obtained, it is utilized to predict the 



annual operable hours. Each of these relations was estimated using linear, exponential and power 
functions. The function that produced the highest R2-value (i.e. coefficient of determination) 
between the two variables was selected as the best fit relation, see Table (6). It is to be noted that 
the same procedure was followed throughout the estimation of all of the statistical regression 
models constituting the rest of the analytical framework. 

6.2 Estimation of Statistical Models for Predicting Ticket Passengers and Ticket Revenue 

In order to estimate the operational revenue resulting from selling tickets to passengers, the 
expected number of passengers should be first estimated. Ticket passengers (representing the 
demand for service) can be directly related to operable buses, operable kilometers, or operable 
hours (all acting as proxies for the amount of service supply), see Table (7). Another set of 
predictive functions relating ticket revenue to the three generic operational variables as well as to 
the predicted number of passengers was also estimated and summarized in Table (7) below. 

Comparing R2-values for all of the estimated functions in table (7), indicates that the 
predictive functions relating ticket revenue to operable fleet have the lowest values in relative 
terms. This seems acceptable since the other three variables are more plausibly related to ticket 
revenue. The framework depicted in Figure (8) shows only the predictive functions relating ticket 
revenue to the number of passengers and to the total bus-hours. The number of passengers was 
simply chosen because it is the most plausible variable in influencing the amount of revenue 
collected, while the bus-hours variable was chosen in order to assist in producing monetary 
proxies for the potential time lost attributed to the main four causes of inefficiency (as will be 
explained in section 6.7). 

6.3. Estimation Of Statistical Models For Predictinp The Number Of Occurrence For Each 
Potential T v ~ e  Of Ineficiency 

The logical way for predicting lost times due to different causes of inefficiency ought to be 
based on their numbers of occurrences, i.e. number of accidents, number of engineering failures, 
number of operational inefficiencies and number of Force Majeure incidents. Thus, this approach 
initially requires predicting the numbers of occurrences of these types of inefficiency. 

For this purpose, the number of accidents was predicted based on bus-kms acting as an 
exposure measure, while the number of engineering failures was predicted based on bus-hours 
acting as a utilization measure. However, due to unavailability of CTA data concerning the 
number of operational inefficiencies and Force Majeure incidents, this approach could not be 
completely followed to predict the numbers of occurrences of these two other types of 
inefficiency. Table (8) summarizes the predicted functions estimated using this approach. 

 values in table (8) are around 0.45 and the highest value is 0.54 for the power function 
relating the number of engineering failures to bus-hours. These low  va values could be attributed 
to the randomness of occurrence of accidents and engineering failures. 

6.4 Estimation of Statistical Models for Predictinp Lost Times Due to Different Types of 
Inefiiciencv (Based on Number of Occurrences) 

Both lost times due to accidents and due to engineering failures were predicted based on 
numbers of occurrences of accidents and engineering failures predicted using models presented in 
the previous sub-section. Table (9) presents the functions estimated using this approach. 



R2-values table (9) are around 0.5 and the highest value is 0.582 for the power hnction 
relating time lost due to accidents to number of accidents. These low R2-values could be related 
to the randomness of occurrence of accidents as well as to the possible inaccuracy of procedures 
followed by CTA in estimating the time lost due to the occurrence of engineering failures. 

6.5 Estimation of Statistical Models for Predictin? Lost Times Due to Different Types of 
Inefficiency (Based on Operational Explanatorv Variables) 

Another way for predicting lost times due to different types of inefficiency is based on 
relating lost times to the three generic operational variables, namely operational buses, traveled 
kilometers and operated hours. Table (10) presents the knctions estimated using this approach. 

The table shows low R2-values for most of the calibrated functions. Although lost time due 
to an inefficiency seems to be logically dependent on the three selected explanatory variables, the 
empirical data paradoxically indicate that these deterministic relations are weak except for the 
power fbnction relating lost time due to accidents to bus-kms which shows a high R~-values in 
relative terms. 

These weak relations could mainly stem from the randomness of the occurrence of the 
different types of inefficiency (rather than from the plausibility of the selected variables). It could 
be also attributed to the possible inaccuracies of the procedures followed by CTA in estimating 
the time lost due to these types of inefficiency. 

6.6 Predictine Lost Times Due to Different T v ~ e s  of Inefficiency as Random Rates 

The weakness of the above predictive hnctions does not affect the soundness of the 
developed analytical framework since this is a generic framework which is not based on CTA 
empirical data. Still using such weak deterministic functions in predicting the impact of 
inefficiencies on CTA revenue would give misleading results. Thus, it would seem more 
appropriate to explore the random, possibly stochastic, nature of these parameters so as to adjust 
the results obtained from the analytical framework to approximately match the empirical data. Ln 
developing these stochastic functions, lost times due to engineering failures and operational 
inefficiencies were taken as rate values relative to operated bus-hours, while lost times due to 
accidents and Force Majeure incidents were taken as rate values relative to traveled bus- 
kilometers. These were plotted for the 13 garages operated by CTA over the three financial years 
93/94, 94/95, and 95/96 (a total of 39 scatter points). 

The dispersion patterns obtained did not follow any of the well known stochastic 
distributions. This confirms that the rates of lost times per bus-hours or per bus-kilometers for the 
different types of inefficiency are fully random variables. Therefore, three different scenarios 
(low, medium and high scenarios) have been suggested for predicting the rates of lost time per 
bus-hour or per bus-kilometers for different types of inefficiency at CTA Medium scenario 
corresponds to the mean value, while high and low scenarios correspond to the mean value plus 
and minus the value of the standard deviation respectively. Table (1 1) summarizes the mean 
values and standard deviations of the rate of lost times for the four main types of inefficiency for 
the 13 garages over the three financial years 93/94,94/95 and 95/96. 

The percentages of coefficients of variation (i.e. percentages of standard deviations divided 
by mean values) indicate that there are substantial variations in predicting the values of these 
variables. The percentages of deviation from the mean are in the range of 67% to 70% for the 
rates of lost times per bus-kilometers due to accidents' occurrence, and the rates of lost times per 
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bus-hours for engineering failures and operational inefficiencies. On the other hand, predicting the 
rate of lost time per bus-kilometers due to Force Majeure incident produced the lowest variation 
in relative terms (i.e. around 38%). 

6.7 Estimation of Potential Lost Revenue Due to Types of Ineficiency 

With reference to the previously estimated relations, it would be possible to obtain values 
representing the total revenue expected from service changes as well as the potential lost revenue 
due to each of the four considered types of inefficiency. This is simply done by utilizing the 
calibrated predictive function relating the total ticket revenue to the annual operated hours. This 
function was initially estimated to predict how much revenue could be raised from the operation 
of a unit bus-hour. It is used here to predict how much revenue could be lost due to the loss of a 
unit bus-hour as a result of different types of inefficiency. 

Table (12) summarizes the results of the estimated revenue lost due to inefficiencies during 
the financial year 1995/96 versus CTA actual data for the same year. Alternative combinations of 
predictive functions were tested with the intention of selecting the best combination of predictive 
functions. Tested combinations are as follows: 

Combination (1) represents lost time due to accidents and engineering failures being predicted 
based on the number of occurrence, while lost time due to operational inefficiencies and 
Force Majeure incidents being predicted as random variables related to bus-hours and bus-km 
respectively. 
Combination (2) represents lost time due to accidents and Force Majeure incidents being 
predicted as random variables related to bus-km, while engineering failures and operational 
inefficiencies being predicted as random variables related to bus-hours. 
Combination (3) represents lost time due to each type of inefficiency being predicted from 
regression functions shown in Table (lo), where accidents and Force Majeure incidents were 
related to bus-km, while engineering failures and operational inefficiencies were related to 
bus-hours. 
Combination (4) represents lost time due to accidents and engineering failures being predicted 
based on the number of occurrence, while lost time due to operational inefficiencies and 
Force Majeure incidents being predicted from regression functions as in Combination (3). 
Combination (5) represents lost time due to each type of inefficiency being selected from the 
above four combinations to best fit the CTA data for 1995/96. 

In all of the above predictive combinations, the impacts of the main four causes of 
inefficiency on CTA revenue are aggregated in a single percentage referred to as the aggregate 
measure of inefficiency and defined as follows: 

Where: TR is the ticket revenue arising from the servick; and 
TRL is the total revenue lost due to different inefficiency causes: 

Comparing with the total revenue collected, it is apparent that the amount of revenue lost 
based on CTA actual data during 1995/96 is very substantial (i.e. the lost revenue was 22.1823 
million L.E. versus a total revenue of 183.6338 million L.E.). This value represents around 12% 
of the total revenue collected during this year. It is also apparent that lost revenue due to 
accidents accounts for less than 1% of the total revenue lost, while operational inefficiencies, 
Force Majeure incidents, and engineering failures have very high shares (40%, 36%, and 23% 
respectively). Thus, both engineering and operational inefficiencies account for 63% of the total 



revenue lost, which could reflect the inefficiency of the fleet in terms of: technical conditions and 
ages; operational and engineering staff; and management system. 

Based on CTA 95/96 statistical data, the overall inefficiency expressed by the measure of 
revenue inefficiency is estimated as 10.78%. It is apparent that in all of the considered predictive 
combinations, the total predicted revenue was only underestimated by about 0.2%, see Table 
(12). As for the prediction of total lost revenues due to the four causes of inefficiencies, it is 
obvious from the table that predictive combination (1) or (4) produced the best results for lost 
revenue due to accidents, predictive combination (2) produced the best results for lost revenue 
due to engineering failures, operation inefficiencies as well as due Force Majeure incidents. On 
the other hand, predictive combination (3) produced inaccurate predictions of lost revenue. 

Predictive combination (5) represents lost time due to each type of inefficiency being selected 
as the best predicted from the other combinations. This produced a total lost revenue of 22.597 
million L.E. which is an over-prediction by about 1.87%. This discrepancy could be mainly 
attributed to weaknesses in some of the predictive hnctions. Furthermore, this combination 
produced a measure of revenue inefficiency of 1 1.15%, which is an over-prediction by 3.4%. 

7. POTENTIAL APPLTCABLTTY OF THE DEVELOPED FRAMEWORK FOR CTA 

In this section, a demonstration of the utilization of the above relationships, within the 
developed analytical framework, will be shown for CTA. This will take the form of conducting 
sensitivity tests that are meant to explore the impact of potential inefficiencies in terms of revenue 
lost as a result of varying the extent of services provided by CTA. 

Various downsizing and expansion of services provided by CTA were proposed. These were 
expressed in terms of annual traveled bus-kilometers. For each of these service levels, the 
framework models were utilized so as to obtain the expected equivalent values of total revenue, 
lost revenue and net revenue, see Figure (9). In addition for each of these service levels, the 
equivalent measure of revenue inefficiency was computed, see Figure (10). Two important linear 
equations were obtained, the first representing the sensitivity of Ticket Revenue (TR) obtained 
by CTA to varying degrees of services represented by Bus-Kilometers (BK). The second 
equation represents the sensitivity of the Total Revenue Lost (TRL) by CTA in relation to 
varying degrees of services also represented by BK. These two equations are as follows: 



8. CONCLUSION 

Apart fiom the underground metro system, public transport services in Cairo, operated by 
CTA, can be generally characterized by low route capacity, low vehicular speeds, long delays, 
and overcrowding. This can be mainly attributed to generic causes such as acute road congestion, 
inadequate traflic management and control systems, illegal parking, poor law enforcement, 
aggressive driver behavior and general disregard for traffic regulations, increasing demand levels 
for public transport services, and inefficiencies in operating these public transport services. 

This research presented a classification of generic types of inefficiencies identified in public 
bus operation. Inefficiencies are classified into three generic classes according to their impacts on 
cost and revenue, namely; inefficiencies causing cost incurring, inefficiencies causing revenue 
loss, and inefficiencies causing cost incurring and revenue loss. The paper specifically identifies, 
categorizes and reviews those inefficiencies, which are reported in CTA annual statistical reports. 
These reports show losses in operation time being mainly attributed to four main causes, namely 
Engineering Failures, Operational Inefficiencies, Accidents' occurrence, and finally Force 
Majeure incidents. The following conclusions were obtained as a result of examining 95/96 data 
concerning these four types of inefficiency: 

The annual number of bus related accidents in CTA is considerably high (1039 accidents per 
year which is equivalent to an average of 3 accidents per day). 
As expected in urban areas, collision type of accidents were dominant (5 1%). This is followed 
by collision accidents causing casualties (30%) and then followed by accidents resulting in 
casualties only (17%) and then followed by fire accidents (2%). 
The statistics also show that the number of passengers and pedestrian casualties is 464, of 
which 40 are fatalities (9%), and 424 (91%) are injuries with various degrees of severity. 
Values of 0.45 to 1.8 accidents per 100000 veh-km. (on a yearly basis) are usually considered 
as normal figures. On computing the same indicator for CTA bus operation, a value of 0.56 
was obtained. This shows that, in relative terms, CTA bus operation can be considered safe in 
terms of number of accidents. 
On comparing the kilometer based fatality rate in CTA (0.21) with statistics obtained from 
India and Great Britain, it was found that for public bus operators in five Indian cities this rate 
was on average 0.65 fatalitiedmillion bus-km., while in four British cities this rate was on 
average 0.06. This shows that CTA bus operation could be considered safer in relative terms 
than its counterparts in India. However, the reverse is true when compared with British cities. 
Three generic groups of defaults causing engineering failures to buses were identified in CTA 
95/96 statistical report, namely mechanical, electrical and chassis related defaults. The chassis 
related defaults accounted for around 69% of the total number of engineering failures. 
It was also deduced that the total number of engineering failures seems high, with an average 
of over 343 defaults a day, which when related to operable fleet size indicates that around 
19% of the fleet might be subject to at least one engineering failure per day. This is far 
beyond the above international standard of 8-10'?!. 
Operational inefficiencies could be divided into route-related inefficiencies, garage-related 
inefficiencies, and crew-related inefficiencies. CTA statistics on lost time indicate that, 
excluding crew related inefficiencies, route related inefficiencies represent 78% of the total 
operational inefficiencies, while garage related inefficiencies constitute the rest (22%). 
No statistics concerning the number of Force Majeure incidents have been reported in CTA 
95/96 statistical year-book. However, the total time lost due to Force Majeure incidents 
during 95/96 was recorded at 442,000 hours. 
Comparing with the total revenue collected, it is apparent that the amount of revenue lost, 
estimated based on CTA actual data during 1995196, is very substantial (i.e. lost revenue was 



computed at 22.1823 million L.E. versus a total revenue of 183.6338 million L.E.). This 
value represents around 12% of the total revenue collected during this year. The proposed 
measure of revenue inefficiency is estimated as 10.78%. 
It is also apparent that the estimated lost revenue due to accidents accounts for less than 1% 
of the total revenue lost, while operational inefficiencies, Force Majeure incidents and 
engineering failures have very high shares (40%, 36% and 23% respectively). Thus, both 
engineering and operational inefficiencies account for 63% of the total revenue lost, which 
could reflect the inefficiency of: the fleet in terms of technical conditions and aging, the 
operational and engineering staff as well as of the management system. 

The main objective of this research was to develop an analytical generic framework for 
assessing the impact of these types of inefficiencies on public bus operation as well as to act as a 
tool to explore the effect of inefficiencies on bus operation as a result of any potential service 
changes (i.e. expansion or downsizing). In structuring this framework, several statistical relations 
(regression as well as stochastic), based on a priori causalities, were estimated. Alternative 
combinations of predictive functions were tested with the intention of .selecting the best 
combination. The paper concluded by presenting a demonstration of the utilization of these 
relationships, within the developed analytical framework for CTA. This took the form of 
conducting sensitivity tests that were meant to explore the impact of potential inefficiencies in 
terms of revenue lost as a result of varying the extent of services provided by CTA. 

Various scenarios for downsizing and expansion of services provided by CTA were 
proposed. These were expressed in terms of annual traveled bus-kilometers. For each of these 
service levels, the framework models were utilized so as to obtain the expected equivalent values 
of total revenue, total revenue lost and net revenue. In addition for each of these service levels, 
the equivalent measure of revenue inefficiency was computed. Two important-linear equations 
were obtained, the first representing the sensitivity of Ticket Revenue (TR) obtained by CTA to 
varying degrees of services represented by Bus-Kilometers (BK). The second equation represents 
the sensitivity of the Total Revenue Lost (TRL) by CTA in relation to varying degrees of services 
represented by BK. 

It is obvious from the above discussions concerning sources of inefficiency at CTA that 
operational and engineering related inefficiencies are dominant. These two types of inefficiency 
are very much endogenous in their nature i.e. can be better managed and reduced by CTA On the 
other hand, accidents and Force Majeure incidents can be considered as random occurrence 
incidents. The occurrence of such incidents can be partially reduced by CTA, (specially 
accidents), while mainly being attributed to other exogenous factors which are beyond the control 
and management of CTA Focusing to reduce one source of inefficiency in isolation to the others 
could lead to piecemeal improvements, if other sources of inefficiency were not addressed in 
parallel. It is beyond the scope of this research to suggest ways and means targeted towards 
reducing the identified inefficiencies and hence achieving efficiency gains. Publications dealing 
specifically with these types of inefficiency were reported, see USDOT (1985) for the Wisconson 
Bus Safety Manual, see Foerster et. al. (1984) and Schiavone (1994) for traditional and 
innovative ways and means to improve maintenance efficiency, see Smerk et. al. (1988) for the 
handbook on mass transit management including methods to achieve an efficient maintenance and 
operations of transit fleets and see Volinski (1997) for one of the most recent studies conducted 
for the U.S. DOT on transit efficiencies. It is also worth noting that a few studies have looked 
into ways and means for improving public transport operation in Cairo, see for example Wyatt 
(1980), Cubukgil et al. (1982), and Gakenheimer and Meyer (1990). 
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Figure 1: Ticket Passengers Carried by CTA Buses Over a 10-year Period (1986187 Throughout 
1995196) (Source: CTA Statistical Report of Operational Achievements for Financial Year 
1995196) 

Figure 2: Operable Bus Fleet Operated by the 13 CTA Bus Garages During 1995196 

Figure 3: Traveled Bus-Krns. Produced by the 13 CTA Bus Garages During 1995196 
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Figure 4: Operable Bus-Hours Produced by the 13 CTA Bus Garages During 1995196 (Source: 
CTA Statistical Report of Operational Achievements for Financial Year 1995196) 

Figure 5: Average Ticket Revenue per Operable Bus for the 13 CTA Bus Garages During 
1995/96 (Source: CTA Statistical Report of Operational Achievements for Financial Year 
1995/96) 
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Figure 6: Generic Classification of Public Transport Inefficiencies 

Figure 7: Main Stages Constituting the Developed Analytical Framework 
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Figure 9: Total Revenue, Total Revenue Lost and Net Revenue Resulting From Downsizing or 
expansion of Traveled Bus-Kilometers Operated by CTA 

Figure 10: Revenue Inefficiency Resulting From Downsizing or Expansion of Traveled Bus- 
Kilometers Operated by CTA 
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Table 5: Trials For Deciding On Data Set To Be Used For Estimation Of Statistical Models 
Constituting The ~naly-tid~ramework 

Annual Operable 
Buses (OB) 

(in thousand buses) 
Annual 

Bus-Kilometers 
(BK) 

(in million) 

Period 
95/96 

Average 93/94 to 95/96 1 13 

Bus-Hours 

(in thousand) 

4 

Bus Fleet after Service 
Changes (BF) 

(in thousand buses) 
Annual 

Operable Buses 
(OW 

(in thousand) 

Annual 
Bus-Kilometers 

(BK) 
(in million) 

Total Points 
17 
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Linear 

Power 

Exponential 

OB = BFx 365 

BK = 0.2907 (OB) 
(0.9135)' 
BK = 0.1947 ( 0 ~ ) ~ " ~ ~  
(0.941 5) 
BK = 3.7 176 e0.Q262(0B) 

Power 

Exponential 

Linear 

] (0.9184) 
Values between brackets under each equation represent coefficients of determination (i.e. R2-values) 

Predictive functions written in italic are selected as the best fit relations in the subsequent scenarios. 

(0.9037) 
BH = 52.309 (BK) 



N.A. = Not Applicable 
Values between brackets under each equation represent coefficients of determination (i.e. R2-values) 

Predictive Functions written in italic are selected as the best fit relations in the subsequent scenarios 

Table 8: Predictive Functions Relating Number Of Occurrence Of Types Of Inefficiency To 
Generic O~erational Variables 

I Number of Accidents I Bus-km 1 Linear ( NA = 5.7642 (BK) + 9.6492 ( 

Number of 
Engineering Failures 

0 
(1000 fhilureslyear) 

(BK) 
(in million) 

Bus-hours 
(BH) 

(in thousands) 

Power 

Exponential 

Linear 

Power 

Exponential 

(0.3753)' 
NA = 8.761 
(0.4596) 
NA = 29.026 e0.074@K) 
(0.4466) 
NF = 0.0 1 17 (BH) + 1.5666 
(0.3955) 
NF = 0.01 1 ~ ( B H ) ' ' O ~ ~  
(0.5387) 
NF = 3.023 eO.OO's@H) 
(0.4854) 

I I 
.. ~ - -  ~ 

I 

Values between brackets under each equation represent coefficients of determination (i.e. R2-values) 
Predictive functions written in italic are selected as the best fit relations in the subsequent scenarios. 



Table 9: Predictive Functions Relating Lost Time To Numbe 
Inefficiencv 

1 Lost time due to Accidents I No. of I Linear 
(LTk Accidents 

(1 000 hrdyear) (NA) Power 

I Exponential 

Lost time due to Linear 
Engineering Failures Engineering 

(LTEF ) Failures Power 
(1 000 hrdyear) O\IF) 

(in thousands) Exponential 
loof 1 

Of Occurrence Of Types Of 

(0.3581) 
LTAc = 0.8558 ~ ' " ' 0 5  

(0.582) 
LTk = 12 1 82 e0.0'49 WA) 

(0.4577) 
LTEF = 2.91 14 (NF) - 2.1962 
(0.4257) 
LTEF = 3.323 9 (NF)~."" 
(0.465) 
LTm = 8.0876 eo.'OZwF) 
fO 47911 

Values between brackets under each equation represent coefficients of determination (i.e. R'-values) 
Predictive functions written in italic are selected as the best fit relations in the subsequent scenarios. 

Table 10: Predictive Functions Relating Different Types Of Inefficiencies Expressed As Lost 
Time To Generic Operational Variables 

LTu, 115.128 (OB) -109.64 LTu, 40.025 (BK) + 64.675 LTu, 11.0764 (BH) - 176.86 
(0.2364) (0.1672) (0.27 1 1). 
LTm 4.2758 ( 0 ~ ) ' ~ ~ ~ ~  L T A ~  -5.405 ( B E V ' . ~ ~  LTu, 50.0006 (BH)'Od." 
(0.5083) (0.51 74) (0.5588) 
LTu, ~56.865 c0."3(OB) LTM 47.887 c ~ ' ~ ' @ ~  I 
LTw (0.0075) 4. I086 (OB) +22.875 LTw (0.0043) 50.2596 (BK) + 2 4 . 5 1  z7 (0.0024) 

LTU 4.7803 ( 0 ~ ) ~ ~ '  LTu '10.229 (BK)OU' LTm -2.3775 (BH)"~"~ 
(0.0576) (0.0458) 
LTrp ~17.068 c0.007' (OBI LTEF = 18.696 c ~ ' ~ ' ~ ~ ~  LTb =19.094.~O.""~ 

LTa 50.8322(0B) - 0.8954 LTa ~1 .93  16 (BK) +12.565 LTa 50.0485 (BH) +3.5536 
(0.1576) (0.0858) (0.121) 
LToI 4.3957 (oB)'.'." LToI '3.1766 ( B K ) ~ ' ~  LTa -0.0308 BHj""0JJ7 
(0.2638) (0.2049) (0.2184) 

LTa m11.638 caom* 

LTW 1: 0.3622 (OB) +10.87 LTm 50.7928 (BK) +17.414 LTm 4.0224 (BH) +11.829 
(0.2263) (0.1096) 1 (0.1957) 
LTm a 2.6832 (OB)O.~" LTm a 8.2363 (BK/""~~ LT- = 0.5453 (BH)O.~~  

Values between brackets under each equation represent coefficients of determination (i.e. R'-values) 
Predictive functions written in italic are selected as the best fit relations in the subsequent scenarios. 



Table 1 1 :  Mean Values And Standard Deviations Of Rates of Time Lost Due To The Four Types 

(*) These values include travel card revenue, which was roughly estimated based on the same 
percentage of travel card revenue to ticket revenue collected at CTA during 1995196 (i.e. travel 
card revenue 1 ticket revenue = 3.27678%). 
(**) These values were simply computed by multiplying the amount of time lost due to each 
cause of inefficiency by 18.036 L.E. which is the rate of revenue per unit operable bus-hour. This 
rate was roughly computed by dividing the total ticket revenue by the total bus-hours during 
1995196. 
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