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A GENERIC SYSTEM FOR PLANNING A C T m S  
s 

Dr. Khaled A. Abbas 
Transportation Planning Department - Egyptian National Institute of Transport 

P.O. Box 34 Abbassia - Cairo - Egypt 

Managers of bus transit companies have the task of managing their companies' resources 
(financial, human, material, fleet of vehicles) in an &aent and effective manner. This task 
is becoming more diEcult due to tangiile pressures, mainly in the form of limited 
available finds and shortages in subsidies resulting fiom budget ddcits and financial cuts. 
In addition, in many countries, restmduring of public transport companies is taking place 
through deregulation and privatization. This is meant to turn companies into market- 
oriented organktions. Planning of bus transit activities is becoming an increasingly 
complex and sophisticated task The various elements involved in managing a transit 
company call for coordinated approaches for future planning. Reorientation is needed in 
the planning of bus transit activities fiom the standard piecemeal approach to the 
holistic system approach. Efforts to develop an integrated system that considers within 
its framework the planning of the main activities involved in the management of a 
transit company ought be pursued. 

This paper presents a generic procedure for planning bus transit activities. This procedure is 
developed within a system approach fiarnework It contains eight subsystems namely: a 
vehicle maintenance management system, a vehicle operation management system, a 
new vehicles procurement management system, frequency setting, cost accounting, 
fare determination and subsidy computation, travel demand prediction and 
performance evaluation. The proposed planning approach provides a better 
understanding and insight into the inter- and intra- structural feedback relationships 
that exist among the various components involved in the overall management of a bus 
transit company. It is meant to achieve an integrated tactical planning of activities 
constituting the management of a bus transit company. It is also meant to provide 
practical and credible support to transit managers, so that they can make more rational and 
informed planning decisions. Decisions should be targeted towards achieving an efficient 
and effective management of bus transit activities, so as to sustain and maximize 
benefits obtained tiom resource utilization. 

2. A SYSTEM APPROACH FOR PLANNING BUS TRANSIT ACTIVITIES 

"Transit service plans rely greatly on service planning guidelines that are mainly based 
on the practical experience and professional judgment of transit planners than on 
theoretical considerations", Shih, 1994. However, it was pointed out by Baa., 1990 
that most transit service planning approaches fail to incorporate practical guidelines, 
and consequently have difiiculty being accepted by the transit industry. A system 
approach for planning bus transit activitiss is proposed in Figures 1,2 and 3. 
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Figure 1: Vehicle maintenance management system 



Figure 2: Vehicle operation management system 





The Figures show the steps to be performed in succession during each planning increment. 
The proposed procedure is heuristic in nature. It is meant to incorporate practical 
guidelines and transit industry rules of thumb. These have primarily evolved through 
experience, data collection and analysis. In developing this procedure, the research was 
partly guided by Benz, 1988 and Odoni et al., 1994. It includes: , . 

Vehicle maintenance management system 
Vehicle operation management system 
New vehicles procurement management system 
Frequency setting 
Cost accounting 
Fare determination and subsidy computation 
Travel demand prediction 
Performance evaluation 

These sub-systems include the main variables, the causal interactions and the feedback 
loops that constitute the management of a bus transit company. Each sub-system builds 
on the previous ones, and influences the next ones. These are discussed in the following 
sub-sections where reference is made to Figures 1,2 and 3. 

2.1 Vehicle Maintenance Management System 

A fleet of vehicles is a complex group of individual units. Maintenance requirements, in 
terms of time and financial resources, should be traced on a vehicle by vehicle basis. 
This would help in producing a more accurate and sound availability factors. In 
addition, it would help in conducting the accounting of operation costs on a vehicle by 
vehicle basis. Eventually, this would provide guidelines for the future procurement of 
certain types of vehicles that proved to be efficient in terms of maintenance costs. 

The vehicle maintenance management system is displayed in Figure 1. This represents 
the start of the system planning process, where scheduled and unscheduled 
maintenance requirements are determined for each vehicle in the fleet. Scheduled 
preventive maintenance include routine and periodic maintenance, engine overhaul and 
body rebuild. Routine and periodic maintenance are warranted based on pre-specified 
frequencies. Engine overhaul and body rebuild are warranted based on pre-specified 
thresholds intervals of operated kilometers. Unscheduled maintenance is warranted 
based on pre-specified expected frequency for road calls resulting from breakdowns 
occurrences. 

It is to be noted that performing preventive maintenance on time would rninirnise the 
frequency of breakdowns and hence road calls. Vehicles can then be classified into 
pools of vehicle condition classes in accordance with pre-set technical condition 
criteria. Vehicles in these pools are further re-assigned into service types that these 
vehicles can provide. The total time expected in scheduled maintenance activities is 
used to compute the maintenance availability ratio and hence the available fleet 
capacity by service type. On the other hand, the time expected in unscheduled 
maintenance is used to compute maintenance spare ratio. The spare ratio is a ratio of 
the capacity of vehicles that is left aside as a stand-by with respect to the available 



capacity. This stand-by capacity is meant to cover for the occurrence of emergency 
situations such as road calls resulting from breakdowns. Using the maintenance spare 
ratio and the available fleet capacity, the operable fleet capacity for each service type 
can be computed as follows. 

DCVSMs = (SCYRM. * A T Z W )  + (SCVPMs * ATVPW + 
(SCVEOs * A m )  + (SCKBRs * ATKBR) (1) 

DCFVs = SCFVs * YFW (2) 
DC4FVs = DCFVs - DCVSMs (3) 
MMRs = DC4FVs/DCFVs 
DCTVs = SCVUM.. * ATVUM 

(4) 
(5) 

MSRs = DCTVs/DC4FVs 
DCOFVs = DC4FVs (1 - M S U  

(6) 
(i3 

S = Service type e.g. express, luxurious, ordinary 
SCVRMs, SCVPMs, SCVEOs, SCVBk = Static Capacity of Vehicles in Routine 
Maintenance, Periodic Maintenance, Engine Overhaul, Body Rebuild 
ATVRM, ATVPM, ATVEO, ATVBR = Average Time a Vehicle Stays in Routine 
Maintenance, Periodic Maintenance, Engine Overhaul, Body Rebuild 
DCVSN = Dynamic Capacity of Vehicles in Scheduled Maintenance 
SCFVs = Static Capacity of Fleet of Vehicles 
YWD = Yearly Working Days 
DCFVs = Dynamic Capacity of Fleet of Vehicles 
DCAFVs = Dynamic Capacity of Available Fleet of Vehicles 
SCWMS = Static Capacity of Vehicles in Unscheduled Maintenance 
ATVUM = Average T i e  a Vehicle Stays in Unscheduled Maintenance 
DCSVs = Dynamic Capacity of Spare Vehicles to account for possible road calls 
MARS = Maintenance Availability Ratio 
M S k  = Maintenance Spare Ratio 
DCOFVs = Dynamic Capacity of Operable Fleet of Vehicles 

As a result of planning maintenance activities, the following information are computed: 

Representative operable vehicle size for each service type i.e. seating capacity. 
Representative average daily working hours per vehicle serving a particular service 
type. 
Accumulation of maintenance, depreciation and other non production costs on a 
vehicle by vehicle basis. 
Average consumption rates of operational material (i.e. &el, oiMubricants, tires 
and batteries). These are averaged over each group of vehicles capable of offering 
a particular service type. 



2.2 Vehicle Operation Management System 

The vehicle operation management system is displayed in Figure 2. This constitutes the 
following steps to be carried out in order for each service type offered within a period 
of travelling pattern on a particular route: 
1. Determining the necessary supply in terms of fiequency required to meet expected 

travel demand. 
2. Carrying out matching computations to compare available supply, in terms of 

fiequency, versus required supply. 
3. Based on this comparison an operational policy can be reached in terms of 

fkquency recommendation. 
4. Determining the necessary supply in terms of daily working hours required to meet 

expected travel demand. 
5. Carrying out another matching computations to compare available supply, in terms 

of daily working hours, versus required supply. 
6. Based on this comparison, a fleet procurement policy can be reached in terms of 

recommending the number of new vehicles to be added to provide the necessary 
working hours and the recommended fiequency. 

2.2.1 Frequency computation 
The number of vehicles required to satisfjl different service types offered at dierent 
periods of traveling patterns during the day are determined through an examination of 
the maximundaverage loads expected relative to the loading standards. A loading 
standard is the average seating capacity multiplied by the maximum load factor. 

Expected fbture travel demand matrices are manipulated to compute the maximum 
point load for each route in the bus transit network. This is the point along a transit 
route at which maximum loads occur on vehicles. The frequency required to satisfjl a 
maximum point load is determined using the following classical equation: 

R = Route 
P = Period of travelling pattern e.g. A.M./P.M. peakloff peak 
TDMAXRps = Travel Demand (Maximum) 
SVs = Size of Vehicle (Average Seating Capacity) 
LFUs = Load Factor 
RFREQWs = Required Frequency 

In this equation travel demand is usually taken to be equal to the maximum or average 
point load. Size of vehicle is taken equal to the representative operable vehicle size 
(obtained as an output from the vehicle maintenance management system). Load factor 
is pre-specified to represent the ratio of the maximum number of passengers (seated 
and standing) allowed on a bus versus the seating capacity. This is an indication of 
offered level of service (in terms of comfort and convenience). 

There is a need to provide sufficient service of the right type at the right time and right 
place for the right passenger. C~lrrent operable frequencies representing available 



supply of service are compared with required frequencies. Three possible outcomes 
can result of this comparison: 

Sufficiency of supply (Available supply = Supply required to meet travel demand). 
Over-sufficiency of supply (Available supply > Supply required to meet travel 
demand). 
Insufficiency of supply (Available supply < Supply required to meet travel 
demand). 

As a result of this comparison an operational policy in terms of frequency 
recommendation can be reached, see Table 1. 

Table 1: Operational policy in terms of recommending frequency changes 

Difference in Available Supply Recommended Operational 
Frequency Versus Policies 

Required Supply 

Positive 

Perfect matching Theoretically, do nothing 
Practically, increase frequency by 
a percentage buffer to account for 
uncertainties 

Oversupply 

Negative Undersupply 

Reduce frequency but maintain 
the frequency buffer value and 
reduce beyond 

Increase frequency and maintain 
the frequency buffer value 

2.2.2 Daily working hours computation 
In order to achieve these recommended frequencies, sufficient daily working hours 
should be provided by vehicles. Daily working hours required is computed by 
multiplying recommended frequencies by average round trip times of routes serviced 
by the bus transit company. The average round trip time is defined as the time taken 
for a vehicle to travel forwards from a main origin station to a main destination station 
and backwards from the destination terminal to the origin terminal. Average route 
round trip time and daily working hours required can be computed as follows: 

ARTTkps = TAIVRTRTRlps + [(TDr/ps/ FRE&pd * 
(ABT + AAl)] + TALOTSRTR (9) 

RD W R , p , s  = RFREQR,P,s * ARTTRlps (10) 

TAIVRTRTwa = Total Average In Vehicle Running Time for a Round Trip 
TDRs,s = Travel Demand 
FREQRss = Current Frequency 
ABT = Average Boarding Time per Passenger 
AAT = Average Alighting Time per Passenger 
TALOTSRTR = Total Average Layover Time at Stops for a Round Trip 
ARTTsp,s = Average Round Trip Time 
RDWHR~S = Required Daily Working Hours 



The available supply in terms of daily working hours is also computed as an 
accumulation of the average number of daily working hours available by each vehicle 
weighted by a size factor. This size factor represents the seating capacity of each 
vehicle in relation to the seating capacity of the representative vehicle. ' , 

The available average daily working hours is then compared with the required average 
daily working hours. As a result, daily working hours required to be added can be 
reached. Hence, a fleet procurement policy in terms of new vehicles required to be 
procured is recommended, see Table 2. 

Table 2: Recommended fleet procurement policy in terms of new vehicles 
to be added 

Difference in Available Supply Recommended Operational 
Daily Working Versus Policies 
Hours Required Supply 

Positive 

Negative 

Perfect Matching Theoretically, do Nothing 
Practically, improve maintenance 
and procure new vehicles to 
maintain pre-specified buffer for 
vehicle utilization rate 

Oversupply 

Undersupply 

Theoretically, decrease average 
daily working hours 
Practically, maintain the buffer 
value and reduce beyond 

Improve maintenance and procure 
new vehicles to maintain a pre- 
specified buffer for vehicle 
utilization rate 

2.3 New Vehicles Procurement Management System 

The new vehicles procurement management system is displayed in Figure 3. Vehicles 
are procured for two reasons: 
1. To replace existing vehicles that have reached the end of their usefbl lives 

(economic obsolescence) 
2. To add new vehicles to existing active fleet so as to cater for the insufficiency of 

supply and to meet the increase in expected hture travel demand. 



The first step in procuring new vehicles is to perform a life cycle cost analysis for types 
of vehicles that can be potentially procured. A study that used Life cycle cost analysis in 
transit capital overhauVreplace decisions was reported in Schaevitz, 1988. To perform 
this analysis the following data and information by type of vehicle should be available: 

Capital procurement price 
Percentage increase in vehicle prices 
Discount rate 
Salvage value (resale value if applicable) 
Importation taxes for procurement of new imported vehicles 
Maintenance requirements and costs 
Depreciation costs 
Expected operation and operational material costs 
Licensing fees and road tax 
Insurance premium 

Capital, and depreciation costs are relatively high for new vehicles, while operation and 
maintenance costs are relatively low. On the other hand, old vehicles that have reached 
the end of their predetermined economic usehl Life, have no capital cost and almost no 
depreciation costs. However, the operation and maintenance costs of these vehicles are 
high. Older vehicles should be kept as long as their total cost is less than the total cost 
of new vehicles. 

As a result of life cycle costing analysis for new vehicles the types of vehicles with 
lowest l ie  cycle costs are selected as potentials to be procured. The vehicle 
procurement capital cost can be computed by multiplying the number of new vehicles 
required to be added (an output fiom the vehicle operation management system) by the 
capital procurement price required for the particular types of vehicles. The actual 
number of new vehicles to be procured depends on the amount of capital funds 
available in budget. 

2.4 Updating Current Operable Frequency 

The operational plan should then be updated to take into account the new vehicles to 
be procured and added to the fleet. This is meant to increase the supply of total 
average daily working hours available, and hence the potential for frequency increase. 
Figures 2 and 3 show this feedback relation. Current operable fiequencies are updated 
for every route differentiated by service type and period of travelling pattern. Once 
operable fiequencies are determined, four key variables can be computed: 

operable daily working distance (operable frequency multiplied by round trip 
distance) 
operable average daily working hours (operable frequency multiplied by average 
round trip time) 
headways representing the time interval between any two vehicles operating in the 
same direction and route. Headways are determined by dividing the traveling 
period by the operable fiequency 
the average wait time for a passenger is also calculated as half of the headway. 



OFREQws = Operable Frequency 
RTDR = Round Trip Distance 

= Operable Daily Working Distance 
ODWI&,P,~ = Operable Daily Working Hours 
EN- = End of period of travelling pattern 
STARTRp = Start of period of travelling pattern, 

= Headway 
AWAITTRPb = Average Waiting Time per Passenger 

2.5 Cost Accounting 

Cost items can be grouped into either capital or operational costs. Capital costs mainly 
involve the money spent in the procurement of new vehicles. Operational costs are 
composed of five main elements: 

1. Maintenance costs 
2. Depreciation costs 
3. Other non production costs 
4. Operational material costs 
5. Staffcosts 

Maintenance costs include costs incurred in performing scheduled and unscheduled 
maintenance, see Figure 1. These are kilometre and time related variable costs. Other 
non production costs include: license fees, taxes and insurance. 

Operational material costs include: fuel costs, oiMubricants costs, tires costs, and 
batteries costs, see Figure 2. These are kilometre related variable costs, where 
quantities are computed by dividing the kilometers expected to be operated by the 
average consumption rates of fuel, oil, tires, and batteries (obtained as an output from 
the maintenance management system). The resulting quantities are then multiplied by 
the current unit costs to obtain the final operational material costs. 

Staff costs include: maintenance staff (engineers and mechanics), operation crew 
(drivers and conductors), unskillful labor, and management personal. Maintenance staff 
costs was included in the maintenance costs as a time dependent variable cost. Drivers' 
costs can be also computed as a time dependent variable cost, see Figure 2. 
Conductors, unskillful labor and overhead management costs all are computed as fixed 
costs i.e. predetermined monthly salaries. 



2.6 Fare Determination and Subsidy Computation 

Fares are computed for every route depending on the type of passenger riding a 
particular service type during a particular period of time during the day. Fares are 
supposed to generate an operational revenue that can cover the operational costs and 
induce an operational financial surplus. However, in many cases bus transit is regarded 
as a form of social service and fires are intentionally kept below the level of even 
covering the operational costs. This strategy is practiced more often in urban transit 
systems. On the other hand, most of the intercity bus transit systems are either 
deregulated or privatized with an overall strategy aimed at profit maximization. 

A fare structure can be either flat fare structure (i.e. unit fire per passenger regardless 
of travelled distance) or distance related fare structure (i.e. unit fare per 
passenger.kilometer). The unit fire required to cover unit operational costs can be 
computed, see Figure 3. This unit fare is modiied to take into account the pre- 
specified fire policy. As stated, a typical fare policy for urban bus transit systems is for 
operational costs to cover a pre-specified percentage of operational revenue. This 
means that all passenger trips are being subsidized. The unit subsidy can then be 
computed as the difference between the required unit fare to cover the unit operational 
costs and the unit fare modified to cover the pre-specified percentage of unit 
operational costs. In addition, there exist three other main fire policies, namely: 

Operational revenue to break even with operational costs 
Operational revenue to cover operational costs and to achieve a specified financial 
efficiency ratio 
Operational revenue to cover operational costs and to achieve a specified rate of 
return on invested capital 

If any of these three fare policies are specified, this means that there will be no direct 
subsidies. However, there could be still a form of cross subsidy where full fare 
passengers can cross subsidize other special group passengers e.g. handicapped, 
students, elderly. 

The final unit fare is further constrained by a pre-specified upper limit for fare growth 
factor. The value of this upper limit would probably reflect other political and social 
pressures (constraints) on the bus operators. The difference between modified fare and 
the final fare is known as other political subsidies. 

2.7 Travel Demand Prediction 

Travel demand is predicted on every route for the types of passenger riding a particular 
service type during a particular period of time during the day. As previously indicated, 
incremental changes in average waiting time per passenger and in unit fare are 
computed. A reduction in average waiting time is representative of a level of service 
improvement. Travel demand is known to be sensitive to changes in these two 
parameters. 



The elasticity of travel demand to these changes can be considered in one of two ways: 

two separate elasticity values, one representing the elasticity of demand to fare 
changes and the other representing the elasticity to waiting time changes. 
an elasticity value combining the effect of changes in fire and wai'ting time (i.e. 
genetalized user costs changes). For simplicity, demand change factors can be 
assumed equal to the average genetalized user cost change factor, see Schaevitz, 
1988. 

Several studies have looked into elasticities of travel demand to fare and level of 
service changes, see Mayworm et al., 1980 and Eash et al., 1993. For simplicity, 
demand change factors (elasticity values) can be assumed to be equal to the average 
generalized user cost change factor. 

2.8 Performance Measures 

Performance indicators are meant to describe the state and development of the system 
at any point in time. Pedormance indicators should be clear, objective, non-redundant, 
applicable, manageable and easy to measure. Indicators can be absolute andlor relative 
values. They could be qualitative or quantitative in nature. Relative performance indicators 
are of great importance. They can be best used in comparison and evaluation. Many 
decisions concerning the bus transit system can be made on the basis of such 
performance predictions. 

A h e w o r k  for categorizing bus transit performance indicators into sets of performance 
measures was proposed by Fielding, 1992. This h e w o r k  includes three sets of measures. 
The first known as cost efiiciency measures which includes indicators that measure the 
service inputs (labor, capital, hel) to the amount of service produced (service outputs: 
vehicle hours, vehicle miles, capacity miles, service reliabiity). The second is known as the 
cost effectiveness measure which includes indicators measuring the level of service 
consumption (passengers, passenger miles, operating revenue) against service inputs. 
Finally, the third is known as the service effectiveness measure which include indicators that 
measure the extent to which service outputs are consumed. A report by TCRP, 1994 has 
indicated that typical groupings of transit performance measures include cost efficiency, 
cost effectiveness, service utilization, vehicle utilization, service quality, labor productivity, 
and service accessibility. 

The literature shows a nonconcensus on whether to use multiple or single performance 
measureshdicators for the evaluation and management of bus transit companies. Multiple 
measures can include a wide spectrum of indicators that can be used for evaluating the 
inputs and the outputs of a bus transit firm. However, these can also open the door for 
dispute, uncertainty and even confusion. On the other hand, single indicators can be 
extremely beneficial when targeted to evaluate a specific predetemined company 
godobjective. However, single measures by their nature can not cover the whole set of 
inputs and outputs of a bus transit company and hence produces partial evaluation. 'What 
is needed is a fbmework within which all inputs and outputs can be taken into account and 
in which the non homogenous nature of the inputs and outputs can be correctly 
accommodated': Talvitie and Obeng, 1991. 'The total W o r  productivity approach to 
performance measurement circumvents many of the problems of single indicators': Oum et 



a]., 1992. This is used in the selection of operational performance measures in public bus 
transit firms. 

It is worth mentioning that an important indicator that is fkquently used in the 
financial appraisal of bus transit companies is the operational financial surpluddeficit. 
This value is also very important as it is considered as one of the sour& of financial 
fbnds to be pumped into following years budgets. This can be computed by subtracting 
the operational costs fiom operational revenue, see Figure 3. Operational revenue is 
computed as the multiplication of the unit fire by the number of passengers (in case of 
flat fare) or by the number of passenger.ki1ometres (im case of distance based fare). 

3. CONCLUSION 

This paper presented a generic procedure developed within a system approach h e w o r k  
for planning bus transit activities. This procedure considers the feedback interactions among 
those activities involved in the management of a bus transit company. It contains eight 
subsystems namely: a vehicle maintenance management system, a vehicle operation 
management system, a new vehicles procurement management system, frequency 
setting, cost accounting, fare determination and subsidy computation, travel demand 
prediction and performance evaluation. 

The proposed procedure provides better understanding and insight into the inter- and 
intra- structural feedback relationships among the various components involved in the 
overall management of a bus transit company. It is meant to provide practical and aedible 
support to transit managers, so that they can make more rational and informed planning 
decisions. Decisions should be targeted towards achieving an efficient and effective 
management and control of the bus transit activities, so as to sustain and maximize 
benefits obtained fiom resource utilization. 

The proposed procedure, when simulated over time can provide a dynamic tactical 
planning tool that is capable of quantifjing the effects that might occur over time as a 
result of changes in the bus transit policies, procedures and exogenous key input 
parameters. Efforts to develop such a tool are reported in Abbas, 1995. 
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