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Public Transportation: Bus Transportation (contd.)
Hello friends. Welcome back to our lecture series on public transportation, specifically on bus
transportation. So in the previous lecture, we introduced you to the different types of bus stops,
buses, bus stop design, and bus stop location.
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CONCEPTS COVERED

» Bus service planning guidelines
» Performance indicators

» Financial indicators

» Quality of service indicators

And in this lecture we are going to now utilize all of that knowledge to introduce you to the bus
service planning guidelines. So now we will introduce you to how to plan for a bus service with
previous knowledge of what are the different types of buses, where the bus stops can be located,
what is the spacing, so on and so forth. Finally, once we introduce you to a planning guidelines
we will tell you what are the different types of performance indicators that are used to evaluate
how well a bus service is operating, the different financial, quality of service, indicators.
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Bus service planning guidelines

The suggested guidelines have four steps

|, Service pattern

Il Service levels

Ill. - New routes

IV, Passenger comfort and safety

Okay so these are the 4 broad steps in which you can plan for the bus service. In order to plan for
a bus service, you have to have a service pattern, you have to have service levels, you have to
determine whether you need new routes and you also have to take care of passenger comfort and
safety. So broadly the 4 steps in planning for a bus service are these, now we will look into
individually what these 4 steps tells you.

So remember these are again guidelines. We will be going through specific examples of each of
these but these guidelines have to be taken in and adapted for your local needs. So that is why
they are called guidelines, they are not standards, so they are not a law or anything, that states
that you will have to abide by, but these are guidelines.
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Bus service planning guidelines
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il Route structure and spacing
a. Route structure: Grid, radial, etc.
b.  Spacing: Urban v/s suburban area
iii.  Route directness-simplicity
i.  Direct; <20% longer than car travel times
ii.  Nomore than 2 branches per trunk line

Figure: Route Directness

So the first one is service pattern, so what do we mean by service pattern? There are 5 different
ways you can understand what we mean to say when we say service pattern. So the first thing is
service area and route coverage. So in order to plan for bus service you have to know your
service area so that you can coordinate between different operating agencies, authorities, and so
on and so forth. Because your service route or service network may cross jurisdictional

boundaries, municipal boundaries, and so on and so forth.

So you have to be aware of your service area for which we are introducing the bus service. Next
the route coverage meaning -- what is the population density, what are the major employment
centers, residential areas, etc. So you have to identify all thatbeforehand, before you start
planning for your bus service. Because population density plays a huge role in this access of a
bus route. If there is high population density the bus routes are usually successful; if it is low

population density they are usually not that successful.

Successful meaning the benefit to cost ratio may not be that high and you have to understand
where your major employment centers are, and major residential areas are, so that you can
connect them efficiently. So that is the first item under service pattern, which is service area and

route coverage. Next you have to understand what is the structure of the route and spacing?

So we have already looked at different route structures, such as ,radial, you may remember from

the last class and now you have to understand which network or which route structure to pick,



that will be decided heavily by existing road network in the city but also at the same time by
understanding where your population, how your population density is spread out in the city as

well as your major employment and residential areas.

Then finally in the second step of route structure and spacing, you have to understand how
widely or closely spaced your bus stops should be. So even we have learnt about this in the
previous lecture. In the urban areas your spacing should be less because the population density is
always higher in the urban areas whereas in the sub urban areas the population density may be

lower and your spacing can be large.

The next think to plan for is route directness or simply route directness is measured in a way that
any route should be less than 20% longer than a car travel time. Because your bus is direct
competition to your private vehicle or car so the route that the bus takes should be no more than
20% greater than the car travel.

Because in the car you can travel point to point whereas in the bus cannot travel point to point so
there is a leeway that is given, i.e. 20% higher travel times can be there on the bus but anything
more than 20% usually you would see the people shift towards using their own private vehicles
or cars. Also simplicity in the sense no more than 2 branches per trunk line so if you have trunk
and feeder system do not make it so complex that each of the feeder system have multiple
branches again.

So no more than 2 branches per trunk line is advised. You would see that this spacing of the
route network are shown in the figure and also the route directness is shown. Route directness
usually advises that all the circuitous connection should be closer to the residential areas or the
sub urban areas rather than at the CBD, whereas in CBD it should, the route should go to 1 point

and everybody should board or de-board from there.

And route spacing also, if it is a sub urban area it can be spaced as high as a mile apart whereas if
it is very close to urban area, such as a CBD, usually routes are spaced much closer, less than a
half mile apart.
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Bus service planning guidelines

I, Service Pattern

iv. Route length

a.  Short routes; difficult to maintain schedules for long
routes
b, Should not exceed 25-mile per round trip or 2-hr
V. Route duplication
a.  One route per arterial, except on approaches to CBD

or major transit terminal
b.  Express routes should utilize expressways ‘
Next point to remember in this service pattern is route length. It is usually said that it should not
exceed 25 mile per round trip or a 2-hour round trip. So when you are planning for any particular
route it should be not greater than 2 hour round trip taking into consideration all the speeds and

congestion on the route because if it becomes too long, it is difficult to maintain their schedule

because of their operating conditions.

Then route duplication, i.e. 1 route per arterial, usually any arterial road should not have too
many competing bus routes, then it becomes very difficult operationally. 1 route per arterial is
something that is recommended in the guidelines. This can be however changed for different
cities but you have to keep this in mind. So the guidelines are telling you that these are the points
that you should keep in mind while planning for a bus route.

May be your city is so dense that you do require 2 routes per arterial because there are too many
boardings, such as for example here also it is said that when you approach a CBD you may have
multiple routes. But the points to be understood or kept in mind is that you have to understand or
know about route duplication.

(Refer Slide Time: 08:55)



Bus Transportation b

Bus service planning guidelines et 8 1 I
Sawrdoy 109 ! e
) buntay L) ) 10
II.  Service Levels W oo
i Service periods Figure: Sevice Periods
a.  Regular, priorities, owl service, suburban feeder —
WINT OF SUATING
service, weekend service MO e s
T
ii. ~ Policy headways (minimum service frequency) MWie e Ve B

000 an o 200 L
200 et 400 pa, W
At R i)
A 0 T, 10
pate B0, L]
po te 5004, »

a.  Peak-urban (20 min), peak-suburban (20-30 min)

iii, Loading standards
a.  Peak 30-min (150%), Midday/evening (75-100%)  figure: Looding Standards ‘

3
L3
s
=
E

So that was all about service patterns. Now the next thing to remember while planning for a bus
service is service levels. So what do we mean by service levels? Again there are 5 different
points - first thing is service periods; so you should plan for different types of service periods.
There are regular service periods that you plan for; there are night time service period, which are

known as owl service period, then there are sub urban periods.

So when you are planning for your route you should not have to a 1 size fit all kind of a situation.
You have to plan for different service periods. We have already introduced you to what are
policy headways? So that is the minimum frequency, minimum service frequency that one
should have, which is usually recommended that for peak urban period no more than 20 minutes

between buses, that also seems to be very high.

Anyhow in our case, this is for 1 particular bus line or one particular bus route. Now it may that
an arterial or collector may have multiple bus routes and so it may seem that the headway of the
bus service is very high, but this is talking about one particular line. Then you have to plan for
loading standards, what do we mean by loading standards? How many people are getting on and
off of the bus and how many people are able to sit versus stand on the bus?

So you would say that usually it is recommended that in the peak 30 minute they should have
150% boarding’s which means there may be lot of people standing in the bus as well. Whereas

during midday and evening peak you would say that the loading standards are lower.
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Bus service planning guidelines

*Example- Selection of bus type and scheduling based on ridership P
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So this is an example of how you would design for a fleet size depending on loading factor and
the bus size. So if you know the bus size, and if you know the headway, and if you know what
type of bus, as in what is its capacity, then you could say how many passengers per hour per
direction. So PPHPD is passenger per hour per direction. so how many passengers can a standard

bus that has 70 seats. with loading factor of 70% and say has a headway of 60 seconds,
transport?

So every minute a bus comes then you can have 2940, approximately 3000 passengers per hour
per direction. So that is gives you an idea of how you can plan for your bus service.
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iv. Bus stops A 5 a0 i
a. Stop frequency in urban core: 10-12 stops/mile 039 I

b.  Stop location: near side, far side, etc. 1+ Mgpest priority; 4 « Towst priority

¢ Stop length (conventional bus): 80-100 ft. (far side), Figure: Bus Shelter Prioriy
140-160 ft. (midblock), etc.
V. Route speed
a. Central area: 6-8 mph; urban: 10-12 mph;
suburban: 14-20 mph
vi. Service reliability

a.  Peak: 80-100% buses 0-3 min late; Off-peak: 90-95%
buses 0-3 min late

The next thing to remember in service levels is about bus stops. Now we have already introduced
you to different types of bus stops, i.e. bus stop frequency or spacing between bus stops. So you
have to keep all those in mind when you are planning for your bus service in your particular city.
Next thing to remember is route speed. Usually we would see that route speed changes, i.e.

increases as you go from CBD to the sub urban areas, and some general patterns are given here.

The last thing to remember is service reliability. Now this is something that many passengers
who want to take buses are always weary about, i.e. that the services is not reliable. So you may
set some reliability standards and check them from time to time. For example, in during peak
period it is said that 80 to 100% of the buses should be no more than 3 minute late. So that gives

you have a very good a service reliability.

Whereas during off peak you can say that little bit more number of buses can be late because it is
an off peak time. These are again, please remember, these are guidelines which you may change
according to your needs of the city.
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Bus service planning guidelines
i, Il New Routes
i, Service evaluation / iii. - Frequency of change \/

a.  Examine physical constraints/street a. Major changes not more than 2-3
Jpatterns times a year p—

b, Estimate ridership and costs — WL h—?ﬁ’ g
¢ Compare with existing route WIS perio
performance —7 a. Min 6-month experimental service

i, Service criteria
a. Min. population density 2000

persons/sq. mi.
b, Ridenhip@wrb&
_hour_
¢ Fa,rss,sho
cost service

The next thing to remember in service planning is to how to incorporate new routes. So all the

time there will be requirements from different types of organization, citizens, politicians that
please add a service to this new area, please increase the frequency of buses, etc. So when you
are trying to plan for such new routes, how do you plan for them? You first have to evaluate,
then have to set some service criteria, and then have to look for a minimum experimental time

period during which you will put the service and see how well it is doing okay.

So you have to look at physical constraint / street patterns. When you trying to add a new route
we need to see if the street can accommodate your fleet of buses. You have may be, you have
large articulated buses and these streets are narrow so the buses cannot turn easily those routes.
In that case you have to look for smaller buses. So that is the point made here. You have to then
estimate ridership, and cost of course, everybody needs it.

But can the demand support your cost and then you have to compare it against existing
performance. Usually what the guidelines says is that you have to have a minimum population
density of 2000 people per square mile, and the ridership at least be 20 to 25 passengers per bus
hour. Bus hour meaning, the hours that the bus operates on average. Every hour there should be

at least 20 to 25 passengers and their direct fair should cover about 50% of your service cost.

So if the fares are not covering 50%, that means the demand is not enough, or the population

density is not enough to give you a new routes. However, something to remember is that you



should not very often make changes to bus routes; it is usually said that no more than 2 to 3 times
a year major changes should be made. Minor changes are fine, but major changes like adding
new routes, the frequency, may not be done much and always have experimental time period
during which you are testing out this new service to see if it is working out; if not, it has to be
reverted back.

(Refer Slide Time: 16:14)
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IV. Passenger Comfort and Safety

i.  Passenger shelters

a. All CBD stops; stops that serve more than 200-300
boarding/transferring passengers

ii. Bus maintenance
Spares hould not excee@
.,
iii. Bus route a natlon signs
a. Front and side mounted signs \/
b. Route number and destinations should be displayed

Finally, you have to look at passenger comfort and safety. When it comes to passenger comfort
and safety there are several items that one has to plan for. For example, passenger shelters. So do
you need a shelter and benches at your bus stops? Usually what is recommended is that if the
stops serves more than 200 to 300 boarding or transferring passengers you need passenger

shelter, and all CBD stops need passenger shelters.

What is the schedule for bus maintenance? It is said that the spare buses should not exceed 10 to
12% of your scheduled fleet. So you should not have more than 10% of buses that are just spares
because you think that maintenance will be required and this will be used. So if you have more
than 10 to 12% then you are actually not efficiently managing your bus system. And there should

always be, the other guideline is there should be at least 5 1000-mile scheduled maintenance.

So these are schedule maintenance, not maintenance that are generated out of wear and tear, but
these are schedule maintenance so there should be at least 5 of them per 1000 miles driven. What

about bus route and designation signs? Many a times people standing at the bus stop do not know



what or how many routes are being served bythe bus stop, especially if you new to the area or
new to the city, you do not have much information and it is problematic, as the bus network may

or may not have a website or something like that, which people can check.

So always have a sign at the bus stop at least showing the route number and the destinations that
bus stop is serving.
(Refer Slide Time: 18:17)
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IV. Passenger Comfort and Safety

iv. Passenger information service

a. Provide telephone information service; internet based information, etc.
b.  95% of all calls should be answered within 5 min

v. Route map and schedules \/
a. Provide dates route maps annually \/
b.  Provide printed sihedules on a quarterly basis

vi. Driver courtesy, efficiency, appearance |~
a. Carefully select, train, supervise and discipline drivers
b.  Provide driver incentive programs /

vii. Passenger and revenue security systems

iv. Exact fare should be encouraged; secret emergency alarm for drivers;
5 -/ 0 O -
transit security personnel

Passenger information service, like | said, at least there should be internet based information and
also for people who do not, or are not internet savvy, they should at least have a telephone
information system available that can tell you, or a person can tell you when is the next bus, what
are the schedule of the bus, and these are standards that you can have differently for different
agencies. This is an example that says that 95% of all the telephone calls should be answered

within 5 minutes.

So, if you have standards like that then you can always compare against it and see whether your
bus service is doing well or not. Always have route maps and schedules and always date them
because if you are changing or adding schedules or changing rules are adding new lines, people
can be misguided by something that you have printed earlier or something you have on the net,

which is older.



So always have a date on your route maps and try to have at least one a year printed; schedule
should be always printed with more frequency because you may have schedule changes more
frequently. Driver courtesy is something that has to be trained; good training has to be given to
drivers as well as incentive programs have to be developed. Because if the drivers do not have
enough incentive it becomes very difficult to run a bus service, say for example during the

weekend, or during the night time.

So they have to have some incentive programs and lastly there has to be good security systems
on the buses for both passengers as well as revenue collection because you know the buses may
collect a lot of money that is prone to theft sometime. So exact fare should be encouraged and
this is why many bus systems are now moving towards fare cards rather than dealing with cash

because people do not have exact change that makes boarding alighting very difficult.

There are other safety features such as emergency alarms and security personnel at the bus stops
or transit stations.
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Input data

Identify active modes
So those are broadly the 4 steps that you have to remember or take into account while you are

[ Input street network I \/
\/ [ Select routeahgnment ‘ \/

\ Estimate patronage >
Maodify alignment
Is alignment
suitable

Evaluate network t——— Network T Exit

complete ?

Select route type

Select 0-D

Stage
complete

planning for your bus service in your city. This kind of flow chart while gives you the same
information. So you input all the data that you have planned about bus stops, types of buses, and
everything, to identify what other modes are running on the route, you select a route type, you



know your existing street network, you know your route alignment; on which streets your bus
would run.

Based on that you would estimate how many people would ride your buses. You know your
origins and destinations, and if your alignment is suitable, then you evaluate your network and
that is it. If your alignment is not suitable then again you go back and select new routes and
redesign the network. This is kind of a snap shot of how do you do the route planning process.
(Refer Slide Time: 21:48)
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n

The overall performance of a bus transit is assessed by
various indicators, which can be classified as:

a) Operational performance indicators \/
b) Financial performance indicators \/

¢) Quality of service indicators \/

/

Finally, once you have a route in place you have to have certain performance indicators that you
can measure to know how well the route is doing. So there are usually 3 different types of
performance indicators that we look at -- one is operational, another is financial, and one is
quality of service.
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Operation performance indicators

*The operating performance of a bus company is evaluated
using the appropriate key performance indicators, such as

*passenger volume,

*fleet utilization,

*breakdowns,

*fuel consumption,

*staff-bus ratio,

*accident rate, etc.

*Passenger volume gives total number of passengers per bus
per day.

Operational performance indicator involves passenger volume, fleet utilization, break downs,
fuel consumption, staff to bus ratio, and accident rate also. So these are all very self-explanatory
and are explained in these slides. So passenger volume you have to, or you want to know, how
many total number of passenger per bus per day your system is carrying. If they are doing well

that means and your collecting enough revenues, then you are doing pretty well as a service.
(Refer Slide Time: 22:43)
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Operation performance indicators

*Capacity utilization is occupancy ratio, i.e. ratio of
/p,a,ssanggj;m realized to the seat-km offered during a day.

*0.8 is a desirable ratio, ——-————"""

*Fleet utilization is percentage of buses operated in peak
period with reference to total fleet,

*Desirable is 9\0%/

*Breakdowns should be less than 5 % of the fleet strength.

———————

Capacity utilization is occupancy ratio, that is the ratio of passenger kilometers realized to the
seat kilometers offered. So you may have lot of seats available that means your fleet may be

large but there are not many passengers that are using those seats to travel longer distances or



travel distances. So remember passenger kilometer does not only mean passengers, it means how

long a passenger travels; \passenger — kilometer, okay.

0.8 is the ratio that is desirable. These are again guidelines, desired guidelines which you can set
for your own bus system. Fleet utilization is percentage of buses operated in peak period with
reference to the total fleet. The peak period usually you say that 90% of buses should be at least
utilized otherwise the fleet is too less. Breakdowns should be less than 5% of the fleet strength;
many buses should not be breaking down.

(Refer Time: 23:42)
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*Fuel consumption for normal city service lies between 24 to

26 iters of diesel per 100 km, T
i

*The total staff per operating bus is of order of 5 to 7. Out of

this,
sthe administration staff may b@and
.mainte ‘
These are all the operation performance indicators, fuel consumption -- for normal city this lies
between 24 to 26 liters of diesel per 100 kilometers. Again you can set your own consumption

limits but this is based on data from several cities that are collected. Total staff per operating bus

is a very important ratio because you have lot of people involved in operating a bus system.

So this is usually said that the administrative staff should be only around 0.3 to 0.4 per operating
bus that means for almost 2 buses you can have 1 administrative staff whereas maintenance staff
you have to have a bit more okay 1 to 1 and half.
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*The accident rates practically for a well maintained urban
bus service may be in range of less than 1 per 100,000 bus -

km. Ll

*Dead-km that does not earn revenue should be limited to
"be less than 2.0% of total distance traveled.

o R ————— ‘

The accident rates are usually very less for buses; usually 1 accident per 1,00,000 bus kilometers.
So that is why bus is one of the safest mode to travel. And also the dead kilometer should be very
less, less than 2% of the total distance travelled. Remember the dead kilometers meaning the

kilometers that the bus runs when there are no passengers on the bus.
(Refer Slide Time: 25:05)
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at-performance of bus transit is measured by l
operatmg ratio, i.e. ratlo of total revenue to total cost.

*Fare box ratio refers to the ratio of revenue through sale of
tlckets to total operatlon cost of buses, "

e ———

*Financial performance is also measured by A\
*Earning per km of bus operation (EPKM),

*Cost per km of bus operatlon (CPKM), and

*Cost per Passenger Kilometer (CPPKM). ‘

Financial -- moving on to financial performance indicators, you would see that the first
performance indicator is operating ratio, which is the ratio of total revenue to total cost. That is
easy to understand how much you have collected as fair revenue versus how much cost is

incurred to run the service. The next is fair box ratio, it is the ratio of revenue through sale of
tickets to total operating cost of buses.



So sometimes you get revenues through non-sale of tickets as well, for example you may get
revenues through advertising on the bus. You will see lot of advertisements pasted on the bus so
you may get revenue through that whereas fair box ratio tells you how much revenue you get
through sale of tickets to the total operating cost of buses. Similarly, there are other financial
performance indicators which are easy to measure, i.e. earnings per kilometer of bus operation,
cost per kilometer of bus operation, and cost per passenger kilometer. So these are again
different indicators that are used to understand how well your bus service is performing.

(Refer Slide Time: 26:19)
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Quality of service performance indicators OS

*These indicators permit the evaluation of the service
provided by the bus company to the public.

*The key quality indicators include:
*passenger waiting time, \/
'walking distance to bus stop,
*passenger journey time, \ /
sthe need to interchange between routes and services,
wreliability, ~/
*Affordability.

Lastly, quality of service performance indicators -- this takes into consideration, these
performance indicators takes into consideration what the public thinks about your bus service. So
there are different quality of services that are measure -- well people are asked, or the public is
asked what do they think about passenger waiting time, what do they think about walking
distance to the bus stop, journey time, if they need to interchange between routes, and the

affordability and reliability.

So these are different indicators that tell you how well people perceive that the bus service is
doing.
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Quality of service performance indicators OS

*The acceptable waiting time may have a range between 5

to 15 minutes,
*Bus is said to be punctual if it arrives wit@
minutes of schedule. -
,m—/

*The maximum desirable walking distance should be
hetween 300 m and 500 m in dense urban area,

So the acceptable waiting time for example has a range between 5 to 15 minutes. A bus is said to
be punctual if it arrives within plus or minus 5 minutes of the schedule. So this is what people
perceive right if the bus is more than 5 minutes is delayed people perceive that the quality of

service is not good. Maximum walking desirable distance is no more than 300 to 500 meters in

dense urban areas. So we have seen that already that this can be helped by bus stops spacing.

So if the bus stops are spaced very close to each other in the urban areas, in the dense urban
areas, then people would have to walk very less and they would then rate the quality of the
system very high.
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CONCLUSION

» The presentation explained the steps involved in bus service
planning guidelines.
» Service pattern, Service levels, New routes, Passenger comfort and safety
» Different indicators to estimate the state of public transportation

» Operational, financial, quality of service



So that concludes this lecture. In this lecture, we have shown you the different steps that are
involved in bus service planning guidelines. They are essentially service patterns or service
levels, new routes, and passenger comfort and safety, and we have also introduced you to
different performance indicators that allow you to test how well your service is doing. There are
operational, financial, and quality of service performance indicators.
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report which is available freely online and can be downloaded. Thank you very much for your

time.



