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ABSTRACT 

hlass transit systems in the city of Cairo are being mainly operated by the Cairo Transport 
Authority (CTA). These transit systems include buses. minibuses. trams, metros and 
riverbuses. In this paper. the CT.4 bus transit system is reviewed. where the main operational 
characteristics of CTA bus garages are presented. The core of the paper lies in the estimation 
and testins of different regression models that are lneant to produce an acceptable presentation 
of the consumption of materials and the requirement of staff by buses operated by CTA. The 
development of materials consunlption . models include developing separate models to 
represent the consumption of fbel. oil and lubricants by buses. On the other hand. the 
development of staff requirements models include developin_e separate models to represent the 
requirement of drivers, conductors. and engineering staff b!. buses 

More than d enty different linear regression nlodels are developed for each ofthe abo~ve 
mentioned consumption and requirement parameters Comparative statistical analysis of these 
models are conducted and models that are judged to produce the best presentation of reality 
are identified. 

Such consumption and requirement nlodels present the first step in estimating operational cost 
for any bus transit system. These can also give guidelines for the decision maker on areas that 
warrant intervention so as to reduce consumption rates and minimise requirements. Ultimatel!. 
this would lead to minimizins operating costs. without' affecting the quality of produced 
s e~ i ce s .  These models can be applied at different levels. whether for individual buses. or at a 
garage or CTA bus sector le\.els. Ultimatel!. this is lneant to minimize the operating costs. 
\vithout affecting the quality of produced services The paper concludes with a set of 
conclusions and recommendations that are meant to improve the performance ofthe bus 
transit system operated by CTA in Cairo. 
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Such consuiiiption and requirement models present the first step in estimating operational cost 
for any bus transit system. These can also give guidelines for the decision maker on areas that 
warrant intervention so as to reduce consumption rates as well as to minimise requirements 
These models can also form the financial basis for the estiniation of l'ehicle Operating Costs 
for bus transport. This can be transferred to economic cost estimates and used in the economic 
appraisal of transport proejects that involve buses The application of such inodels can take 
place at four le\-els. 
Financial analysis of individual bus performance 
Financial analysis of bus garape performance 
Financial analysis of CTA bus sector 
Econoniic analysis of projects invol\4ng an impact by/on bus operation 

2. BUS TRANSIT SYSTEhl OPERATED BY CTA 

In this section. soine generic indicators of the operation of the bus transit system in Cairo are 
presented. These are meant to give an overall picture of the performance of this system 
During the financial year 95/96. CTA bus fleet \vas coinposed of about 1 784 units. These were 
used to operate a network of 338 bus lines. The cominercial speed of buses operating in the 
streets of Cairo was reported to be 17.5 kmlhrs on a\.erage. Bus units produced about 5.869 
million bus trips. 10.038 million operatins hours and 187.770 million bus-kilometers. These 
achieve~iients present about S9-90% of the planned targets indicating an operational 
ineffecti\leness in the range of 10%. 

The bus fleet in Cairo is one of the large9 in the world. Of the CTA bus fleet. 1541 buses (i.e. 
S 3 O / % )  were reponed to be more than ten years old. 1061 buses (37%) \\?ere within the age of 
t\vo to ten years. wliile -304 buses (IO%) \yere \iithiii tlie age of one to 1n.o years old. I t  is 
cenerally accepted that the older a bus is. the more it will collsuine operational materials such - 
as fuel oil. lubricants. ..etc. CTA star'istics indicate that during 95/96. consuined operational 
materials were about 120.5 million liters of fuel. 2.4 million kilograms of oil. and 61.9 
thousand kilograms of lubricants. Additionally. old buses suffer from an increasing rale of 
default occurrence and hence maintenance requirements. Old buses are also liable to an 
increasing accidents' occurrence. These are also kno\vn to generate high rates of exhaust 
einissions causing a substantial increase in air pollution 

During the financial year 95/96, CTA staff employed for the bus sector reached 29860 
employees. Of this figure. about 19387 (i.e 6 5 O 1 0 )  are bus related employees (drivers. 
conductors & engineering staff). while the other 10473 (i.e. 35%) arc managerial and mainly 
administrative staff. An imponant indicator can be coiliputed from these figures. nainely the 
average staff per bus ratio. As can be shown. this is on average 16.7 staff per bus. This figure 
when compared with international standards (3-8 staff per bus). see Wright 1990 indicates an 
extremely high staff to bus ratio. There is a great need for CTA to readjust this ratio ot.er 
time. Such adjustnient can significantly decrease operating costs. . 

The CTA bus sector comprises 13 garages. where 9 garages are located in Cairo and 4 in 
Giza. Nasr Br Fath garages are located in middle Cairo. Al- Amirya & Gisr Al-Suez in easi 
Cairo. hlazalat. Teraa & Sawah in north Cairo and .4thr Al-Nabi Br Fom AI-Khalig in souih 
Cairo. South Giza contains two garages; namel!. Al-hloneab 8: Badr while north Giza contains 
the other two sarages: namely Giza &: Ernbaba In Table 1. three main characteristics for eacll 
of the 13 bus garages are presented. namely the nuiiiber of bus lines operated by eacli Sarage. 
the total trip lengths covered by tlie garage and the average speed of buses operated b \  the 
partic-ular garage It is ob\.icrus froill tlie rahle that Embalv p r a s e  pro\,ides the liighesi number 



01' bus lines. howe\ler this provlslon is accompanied with the lowest a\erage speed Embaba is 
known to be one of the nlost densely populated areas in Cairo. On the other hand. Giza yaraze 
provides the lowest number of bus lines with the lowest trip len~qhs The highest trip lengths 
are provided b!. Gisr AI-Suez and the highest average speed is maintained by hJazalat. 

Table 1: Characteristics of CTA Bus Garages 

3. REVIE\!' OF SOhlE PRE\rIOLIS C T A  BI'S RIODELS 

t 

Garage 

NASR 
FATH 
Ah4IRYA 
GISR AL- SLZZ 
h4AZALAT 
TERAA 
SAWAH 
ATHR AL-S.ABY 
FOM AL-W.4LIG 
h4OhEAB 
BADR 
GIZA 
EhfE3ABA 

Regression an31!.sis is one of the generic approaches used for de\*elopins models for transit 
services. According to Talley. 19S6 the literature has generally assumed that the specific forms 
for the estimation of cost hnctions for transport firms are one of three forms: (1) a translos 
function: ( 2 )  a loglinear function. and ( 3 )  a linear fbnction. Cost r+ression models uses a 
coliiplete ser of saniple data to estimate coefficients for resource variables that are thought to 
influence costs These include variables such as operable vehicles. traveled kilometers. 
operable hours fleet age. drivers wages and others. 

In this research. a svnonymous is drawn ivllere regression models are to produce an 
acceptable presentation of the consumption of materials and the requirement of staff by buses 
operated b!. CT.4. Before proceeding with presentins the findings of t h i s  research. pre\!iously 
developed CT.4 bus models are reviewed. The literature shows that few studies have been 
conducted and reported. 

No of Lines 

3 5 
34 
26 
-3 0 
3 0 
30 
12 
2 8 
15 
3 2 
18 
12 
36 

.4n estimation of size requirements for CT.4 bus fleet was reported in Cubukgil et al. 1982. 
This e-stirnation was based on a demand forecast taking into consideration tlie effect of 
prevailing operational characteristics. Furthermore. a method for reducing fleet size 
requirements b!. increasing vehicle productivity in the main corridors has been proposed and- 
simulated under liniited fbnds conditions. 

In the JlC.4 c iud~  of 1989. Vehicle Operating Costs for tile differen! travel niodes in Cairo 
Ivere estimated I n  tlie course of estimating these costs. various consumption rates were 
estimated. T h r  study showed that the consilmption \~olume of gasol~ne fuel for a larse bus is 
aroilnd C, 57 I!:er.sXln in 87/88 As for ensine oil. the study ha\e shown a rate of 0 0 0 5  

Total Trip length 
(km) 
970 

633.5 
709 

1 170.9 

Average Speed 
(iimhr) 

18.3 
17.5 
16.6 
19.9 

950 
971.2 
477.8 
660.4 
308.3 
900.7 
589.3 
262.6 
726.7 

21.7 
18.8 
19.7 
18.4 
16.9 
16 1 
18.6 
16.7 
15.1 I 



liters'km in S7/8S for large buses. Pldditionally, an a\,erage nu~~iber of creu per l a r ~ e  bus was  
sho\vn as 5.2. 

.4 third study was concerned with the estimation of CT.4 bus operating costs using 1988189 
data. see ECOGIM. 1991. In this study. the Nasr bus \\.as chosen to estimate the operatins 
cost representing CTA bus fleet. Different mathematical nlodels were de\,eloped to estimate 
the fuel consumption rate. lubricant oil rate and costs of spare parts. These were mainly 
developed as a fbnction of bus life time. The follo\ving esponential function proved to give the 
best fit for he1 consumption. 

1 where: F = Fuel consu~nption in liters per 100 kilometers. y = Bus life time in years 
This model was applied for a Nasr type bus \\.ith an a\.erage age of 6 years. This resulted in 
estimating the fbel consumption rate to be around 46.285 liters per 100 kilometers. 

-4s for consu~nption of oil and lubricants. the follo\ving esponential function proved to give the 
best fit. 

0 = 0.776 ".Io4! 

\$-here: 0 = Oil consunlption i n  kilosrams per 100 kilometers. y = Bus life time in years 
This niodel was applied for a Sasr type bus \r.ith an a\'erage age of 6 years. This resulted in 
estimating the oil consumption rate to be around 1.418 kilograms per 100 kilometers. 

4. ESTIMATION OF COHSL'hlPTION A N D  REOITIREMEHT hlODELS FOR BITS ,. 
TR4SSIT SYSTEM OPERATED B\' CAIRO TRAXSPORT A1lTHORIT\' 

The de\~elopn~ent of materials consunlption models include de\lelopiny separate models to 
represent the consumption of fuel. oil and lubricants bj. buses. On the other hand, the 
development of staff requirements n~odels include developing separate models to represent the 
requirement of drivers. conductors and engineering staff by buses. The algorithm used for the 
estimation of these regression models is depicted in Figure 1 .  

Data reported in CTA annual statistical reports of operation achievements for the financial 
!.ears 93/94. 94/95 & 95/96 were utilised in de\.elopiny the bus consumption and requirement 
nlodels. Two sets of data \yere put to use. the first is composed of 13 cross-sectional data 
points representing the 13 bus sarages during the financial year 95196. while the other set is 
composed of 13 cross-sectional data points representing the 13 bus garages a\,eraged over the 
financial years'93194. 93/95 R: 95/96. 

More than twenty different linear regression models are developed for each ofthe above 
mentioned consumption and requirement parameters All of these models share their 
functionality of one or nibre of the three generic operational parameters. namely operable 
buses. operable bus hours and operable bus-kilometres. The estimated models \.aq from being 
a three independent \variables model with a constant to a one independent variable model 
ljithout a constant. These co~nbinations produced a total of 28 models. Comparati\re statistical 
analysis of these models are conducted. Some of rhe models are excluded due to unrealistic 
results and models that are judged to produce the best presentation of reality are identified. 
Three statistical criteria were utilised. The first criterion is the R-squared \\,hich sho\vs the 
degree of correlation between dependent and independent \lariables The second criterion is 





the F-value which is indicative of the o\.erall model significance. The third criterion is the t-  

value which denotes the significance of individual model parameters. The three statistical 
criteria were estimated at botli 95 and 90 percent confidence levels. Threshold values for these 
criteria were taken as  0.6 for R ~ .  the highest F value, and the t-values that exceed t critical 
obtained from the relevant statistical tables. 

4.1 Estimation of Materials Consumntion hlodels 

The main three components that constitute the consumption of materials within a bus 
operating entity are known to be-fuel. oil and lubricants. For each of these three components, 
several consumption models were calibrated. These were statistically compared and the best fit 
niodels were selected. 

The results of the regression analysis representing the consumption niodels for the three main 
material components modelled as functions of the generic producti\-it! components of bus 
operation are shown in Tables 2. 3. & 4 Sis variables are listed in the table columns as 
potentials for independent variables. The coefficient of determination R-squared as well as the 
F-statistic for each model are listed in c~lunins 8 & 9 respectively. Each cell contains the value 
of the independent parameter and its corresponding t-statistic. A positive s i p  of the 
independent paranieter reflect a proponional relationship. Therefore. as the independent 
variable increases. the dependent variable increases and \*ice versa. hlodels based on average 
data are -compared to those based on the one year data to find out the similarit)!ofbus 
operational process over the years. Tlie shaded roivs present the significant models at a 5 
percent significance level. . 

4.1.1 Fuel consum~)tion r~lodels 

In an urban contest such as Cairo. where congestion problems are se\,ere. i t  is thought 
appropriate to represent the consumption of fuel to be related to the nuniber of operable bus 
hours. The rates of fuel consumption (literstoperable hours) for each of the 13 CT.4 bus 
garages are depicted in Figure 2. The figure shows that Athr Al-Naby and Gisr El-Suez (botli 
operating a high number of bus lines and hence are characterised by a significant nuniber of 
total trip distances) have the highest rates of he1 consumption. On the other hand. Fo~n .41- 
Khalig CQ Embaba show the lowest fuel consumption rates. This can be espected for Fo~n Al- 
Khaliy as it has the lowest number of operated lines as well as the lowest total trip distance. In  
the case of Embaba. despite the high nuniber of operable lines. yet the total trip distance seems 
relatively low signifiing the dominance of shon line trips. 

The results of the regression analysis representing the fie1 consumption models are shoivn in 
Table 2. Models uith a single variable and no constant show significant results with regard to 
the three statistical criteria. namely; R-squared. F-value and t-value. The independent variables 
for these models are bus hours or operable buses. hlodels based on the average data do not 
significantly differ from those based on the one year data. Therefore. it can be deduced that the 
sensitivity of fuel consumption over the years is low. The models reveal the high fie1 
consumption rates. \vhere models 9 CQ 18 show that a single bus requires I85 litters of fie1 per 
day which corresponds to about 12 liters per hour taking into consideration that the number of 
daily workins hours for a bus is 16 holm hlodel 18 has the following formu!a: 



FC = 185.9 OB 
(26.7) 

where: FC = Fuel consumption in liters, OB= Number of Operable Buses 
R2 = 0.98 F= 71 1 t= 26.7 > t critical, where t critical = I .363 

The other significant models i.e. models 10 & 19 indicate the same consumption rates where 
one operating hour requires about 12 liters of fuel. These models have the following formula: 

FC = 12.066 BH 
(35.7) 

where: FC = Fuel consumption in liters, BH = Number of Bus Hours 
R~ = 0.99, F = 1279, t = 35.7 > t critical, where t critical = 1.363 

These high fuel consumption rates can be attributed to several factors such as the aging of the 
CTA bus fleet. the poor mechanical conditions of the bus fleet. the poor quality of driving and 
certainly the severe traffic congestion problem that dominates the streets of Cairo. It can also 
be noted fiom the table that he1 consumption models dependent on bus kilometers show no 
model significance. This is due to the congestion situation of the road network in Cairo which 
causes fuel consumption to be mainly related to bus working hours rather than to traveled 
kilometers. 

4.1.2 Oil consumption models 

The rates of oil consumption (measured in kilograms/operable hours) for each of the 13 CTA 
bus garages are depicted in Figure 3. The figure shows that Mazalat has the hishest rate of.oil 
consumption. Moneab & Athr A1 Naby are ranked as second.. On the other hand, Fath and 
Sawah show the lowest oil consumption rates. 

The results of the regression analysis representing the oil consumption models are shown in 
Table 3. Models with a single variable show the highest R2, the hishest F-value and an 
accepted t-value for its single parameter. The independent variables for these models are bus 
hours or operable buses. Models based on the average data do not si-mificantly differ fiom 
those based on the one year data. Therefore, it can be deduced that the sensitivity of oil 
consumption over the years is low. The models reveal the high oil consumption rates. where 
models 12 Br 19 show that a single bus requires 3.7 kilograms of oil per day which 
corresponds to about 0.23 kilograms per hour taking into consideration that the number of 
daily working hours for a bus is 16 hours. The mathematical formula ofthe model is as 
follows: 

OC = 3.903 OB 
(20.4) 

where: OC = Oil consumption in kilograms, OB= Number of Operable Buses 
R2 = 0.97, F = 41 8. t = 20.4 > t critical, where t critical = 1.363 1 

The other significant models i.e. models 13 B: 21 indicate the same consumption .rates where 
one operating hour requires about 0.25 kilograms of oil. These models have the following 
formula: 



OC = 0.253 BH 
(2 1 27 )  

where: OC = Oil consumption in kilograms, BH= Number of Bus Hours 
R~ =-0.69, F = 478, t = 21.87 > t critical, where t critical = 1.363 

Again, these high oil consumption rates can be attributed to factors such as the aging of the 
bus fleet, the poor mechanical conditions of the bus fleet. the poor quality of driving and 
certainly the severe traffic congestion problem that dominates the streets of Cairo. It can also 
be noted fiom the table that oil consumption models dependent on bus kilometers show no 
model significance. This is due to the congestion situation of the road network in Cairo which 
results in buses stopping for long periods of time during their journeys. which results in the 
consumption of materials being mainly dependent on the operated bus hours. 

. . - 4.1.3 Lubricant consunintion models 
- .  . - ., .-. . r - - Tfi_e. rates of lubricant consumption (measured in kilograms/operable hours) for each of the 13 

tfX: 6"; are sliown in Figure 4: The figure shows that Fom A1 Khalig has the highest 

. '-- 
4-  r&&.s l u ~ r i k n  w i p q p t i o n  Montzab and Saxah are ranked as second On the other hand. - .. ,. .- - .-. -, *, . I . .  

. -- -. - - . ~&.r&%s t6eJGikrest hbmant* cansurnptioi&tt. - .I. " .  . 
- : 

8 .  .- 
' 

' "Fh@ results of the regression 'analysis representing the lubricant consumption models are 
shown' in Table 4. The - one model variable based on bus hours shows. in relative terms. the 
most statistically significant results with a calibration value of 6.27, see model 13 To obtain 
reasonable results. the independent variables units were taken in thousands This means that 
each 1000 working hours requires 6.27 kilogams of lubricants as shown in the following 
formula. 

LC = 6.27 BH 
(1 5.2) 

where: LC = Lubricant consumption in kilograms, BH= Number of Bus Hours 
R~ = 0.53, F = 13.29, t = 15.2 > t critical, where t critical = 1.363 

Lubricant consumption models based on average data show no significance. Therefore. it 
might be deduced that lubricant consumption docs not follow the same trend over years. 

Again. this. high lubricant consumption rates can be attributed to factors such as the aging of 
the bus fleet, the poor mechanical conditions of the bus fleet. the poor quality of driving and 
certainly the severe traffic congestion problem that dominates the streets of Cairo. It can also 
be noted fiom the table that lubricant consumption models dependent on bus kilometers show 
no model significance. This is due to the conzestion situation of the road network in Cairo 
which results in buses stopping for long periods of time during their journeys. which results in 
the consumption of materials being mainly dependent on the operated bus hours. 

4.2 Estimation of Staff Reauirements hlodels 

CTA staff is mainly composed of drivers. conductors, engineering staff as well as other 
administrative and managerial staff. For each of these staff categories.'se\leral requirement 
models were calibrated. These were statistically compared and the best fit models were 
selected . 



The results of the regression analysis representing the requirement models for the three main 
staff categories modelled as fbnctions of the generic productivity components of bus operation 
are shown in Tables 5, 6. & 7. Six variables are listed in the table columns as potentials for 
independent variables. The coefficient of determination R-squared as well as the F-statistic for 
each model are listed in columns 8 8: 9 respectively. Each cell contains the value of the 
independent parameter and its corresponding t-statistic. A positive sign ofthe independent 
parameter reflect a proportional relationship. Therefore. as the independent variable increases, 
the dependent variable increases and vice versa. Models based on average data are compared 
to those based on the one year data to find out the similarity of bus operational process over 
the years. The shaded rows present the significant models at a 10 percent significance level. 

4.2.1 Drivers reuuirements model 

The numbers of drivers per operable bus for each of the 13 CTA bus garages are shown in 
Figure 5 .  The figure shows that At-Moneab gara8e has the highest ratio of driver staff per 
operable bus. On the other hand, Athr Al-Naby shows the lowest driver staff per operable bus 
ratio. 

The results of the regression analysis representing the drivers requirement models are shown in 
Table 5. Five models show significant results with respect to previously mentioned control 
statistical criteria. The independent variables for these models are bus hours or operable buses. 
Models based on the average data do not si_enificantly differ fiom those based on the one year 
data. Therefore, it can be deduced that the sensitivity of driver requirement over the years is 
low. The models reveal the high driver requirement levels where models 12 & 24 show that 
each 1000 operable buses requires around 8.72 drivers which corresponds to about 0.55 
drivers per 1000 operable hours taking into consideration that the number of daily working 
hours for a bus is 16 hours Other sisnificant models i.e. models 13 & 25 indicate the same 
hourly requirement rates. Model 2 1 is considered as the best fitting model at a 10 percent 
probability level. It is a one variable model with a constant, where the constant reflects the 
effect of other independent variables affecting the driver staff requirements. Model 21 has the 
following form: 

DV = 7.61 OB + 69.84 
(9.44) (1.72) 

where: DV = Number of Drivers, OB = Number of Operable Buses in Thousands >' = 0.89. F = 89.26, t = 1.72> t critical. where t critical = 1.372 

This high driver requirement rates can be attributed to several factors such as the government 
imposed policy of hiring more staff causing a substantial under-employment problem at CTA. 

4.2.2 Conductors requirements model 

The number of conductors per bus for each of the 13 CTA bus garages are shown in Figure 6. 
Again the figure shows that AJ-Moneab garage has the highest ratio of conductor staff per 
operable bus. On the other hand, Athr AI-Naby shows the lowest conductor staff per operable 
bus ratio. 

The results of the regression analysis representing the conductors requirement models are 
sholvn in Table 6 Seven models s h o ~  sisnificant results with respect to the three statistical 



control criteria. Models 7, 9 8: 22 are significant at a 10% significance level. while models 12. 
13, 25 & 26 show sigificant results at a 5% significance level. The independent variables for 
these models are bus hours or operable buses. Models based on the average data do not 
significantly differ from those based on the one year data. Therefore. it can be deduced that the 
sensitivity of conductor requirement over the years is low. The models reveal the high 
conductor requirement levels where models 9 8: 22 show that each 1000 operable buses 
requires around 8 conductors which corresponds to about 0.5 conductors per 1000 operable 
hours taking into consideration that the number of daily working hours for a bus is 16 hours. 
The other significant models indicate the same requirement rates. hlodel 7 is selected to 
represent the rate of conductors requirements per operable bus. 

CO = 4.55 OB + 0.271 BH 
(1.67) (1.51) 

where: 
CO = Number of Conductors, OB = Number of Operable Buses, BH = Number of Bus Hours 
R2 = 0.96, F = 135.45, t = 1.51 > t critical, where t critical = 1.372 

This high conductor requirement rates can be attributed to several factors such as the 
government imposed policy of hiring more staff causing a massive under-employment problem 
at CTA. 

4.2.3 Engineering staff reauiremen ts model 

The number of engineering staff per bus for each of the 13 CTA bus larases are shown In 
Figure 7. Once again the figure shows that Al-Moneab garage has the highest ratio of 
engineering staff per operable bus. On the other hand, Embaba shows the iowest engineering 
staff per operable bus ratio. 
The results of the regression analysis representing the engineering staff requirement models are 
shown in Table 7. Six models show significant results with respect to the three statistical 
control criteria. Models 12, 13, 25 & 26 are significant at a 5% sisnificance level. while 
models 20 8: 22 show significant results at a 10% significance level. The independent variables 
for these models are bus hours or operable buses. Models based on the average data do not 
significantly differ from those based on the one year data. Therefore, it can be deduced that the 
sensitivity of engineering staff requirement over the years is low. The models reveal the high 
engineering staff requirement levels where models 12 8: 25 show that each 1000 operable 
buses requires around 8.7 engineering staff which corresponds to about 0.54 engineering staff 
per 1000 operable hours taking into consideration that the number of daily working hours for 

' a bus is 16 hours. The other significant models i.e models 13 & 26 indicate the same 
requirement rates. h4odel 20, which is a two variable model, is selected to represent the rate 
of engineering staff requirements per operable bus. 

ENG = 3.85 OB + 0.32 BH 
(1.67) (2.17) 

where: 
EMG = Number of Engineering Staff, OB = Number of Operable Buses. BH = Number of Bus 
Hours 
R* = 0.93, F = 69.24. t = 1.67 > t critical, where t critical = 1.372 



This high engineering staff requirement rates can be attributed to several factors such as the 
government imposed policy of hiring more staff causing a massive under-employment problem 
at CTA. 

It must be noted that, the above staff requirements models are meant to represent the reality in 
terms of actual needs for bus operation. 

5. RESZTLTS AND CONC3ASkONS 

In this paper. an assessment of CTA bus transit system was presented. An estimation of 
regression models for materials' consumption and staff requirements for CTA bus sector was 
conducted. The main findings of this paper can be summarised as follows: 

Operating bus hours and operating operable buses are found to be significant explanatory 
factors in all the regression models developed for materials consumption. One variable, 
models containing one of these two factors are found to be the man significant under a 5- 
percent probability level. 
Operating bus hours and operating operable buses are found to be significant explanatory 
factors in all the regression models developed for staff requirements. Two variable models 
containing these two factors are found to be the most significant under a 10 percent 
probability level. 
Bus kilometers seem to be an insignificant factor in explaining materials consumption, and 
staff requirements models. This can be mainly attributed to the fact that traffic congestion 
makes vehicles consume more hel. oil lubricants without gaining extra kilometers. 

* The models reveal the hish amount of materials consumption. One operable bus requires 
I85 liters of he1 per day and about 3.7 kilograms of oil per day. One working hour 
requires about 12 liters of fbel and about 0.25 kilograms of oil hjodels dependent on 
operable buses as well as those depending on bus working hours models show consistent 
results. 
Each 1000 working hours require 6.27 kilogram of lubricants. Therefore during an 
operable year. about 50 kilogram of lubricants are consumed. 

Scraping aging fleet, periodical overhaul of existing fleet (that did not exceed their life 
span), and procurement of new bus fleet are bound to reduce material consumption's and 
consequently operating cost 

The one model variable reveals that each 1000 operable bus require 8.65 conductors. 8.72 
drivers, and 8.66 engineering staff. 

The bus sector is overwhelmed by extra staff which increase the operating costs, and by 
turn cause a significant reduction in the profitability of CTA. It is essential to downsize the 
number of staff working in this sector and to link wages, incentives and bonuses to employee 
productivity. 
Regression models based on historical data are found to be significant in some cases such 
as fbel consumption. and lubricant consumption. However, these show no significance in 
other cases such as in models for oil consumption. and staff requirements. 
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Table 2 Estimation of Fuel Consumption ModeLc For CTA Bus O~er i t ion  
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0.98 
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Table 4: Estimatj 
1 0 Bus 
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(-0.69) 
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I 

Model 8 1 85.22 

I 
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Model 16 _+_ 

Modd 19 I 

Dn of Lubricant Consumption Models For CTA Bus Operation ( 
Bus Bus Avp, 0 Avg B A1-g B  cons^ R2 
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0.0 1 12.25 229.68 6.58 

at 5 percent probability level 
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