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Operational Improvements in a 
Two-City Bus Transit Corridor 
Gary G. Nelson 

The Albany-to-Schenectady, New York, bus service corridor is the most 
heavily used corridor in the Capital District Transportation Authority's 
service area. The continuing decentralization of activities from the two 
cores out along the corridor and the increase in service demand has 
created the need for operational analysis of services to increase their ef· 
fectiveness. The resultant study emphasized near-term operational im· 
provements that could be implemented within fairly fixed operational 
support funding. A study of this nature deals with many situations 
that are site-specific. Of general interest will be the methodology of data 
collection and analysis and some of the detailed dynamics of a long, 
relatively high-density bus transit corridor that must consider interactions 
between line-haul and local services and between transit and the many 
factors that contribute to route delay. Of 14 problem areas originally 
enumerated in the study, general analytical conclusions on 7 are given. 
The corridor demonstrates that many of the operational inefficiencies 
for which separate right-of-way modes might be proposed manifest 
themselves at demand levels well below levels at which implementation 
of such modes is usually considered. 

The Capital District of New York is a three-core region 
that is provided with bus transit service by the Capital 
District Transportation Authority (COTA). Of the three 
regional cores, Troy, Albany, and Schenectady, the 
heaviest transit usage occurs between the Albany
Schenectady pair over NY-5. Over time, this corridor 
has experienced considerable out-migration of com
mercial activity from the cores and this, along with 
increasing general levels of transit usage, created the 
need for an analysis of the existing transit service with 
a view toward increasing its efficiency by means of 
short-range operational improvements. 

The populations of Albany and Schenectady have been 
stable since 1970, when they were 116 000 and 78 000, 
respectively. The cores are separated by 24 km (16 
miles) straight-line distance over NY-5, which is a four
lane, unlimited-access arterial. Interstate expressway 
routes also connect the cities but more circuitously. 
suburban growth between the two cores along NY-5 has 
been rapid, since that area constitutes the geographic 
center of the region. Two major shopping malls are 
located along the route, one just outside Albany and the 
other just outside Schenectady (see corridor map, Fig
ure 1). The increasing strip development has also 
meant an increase in traffic control problems, which 
has affected running times over the corridor. 

Bus transit service over the corridor had evolved 
piecemeal over time. Two private firms replaced the 
original trolley service in the 1930s with bus service. 
The Schenectady local service and Albany-Schenectady 
through-service was run by a Schenectady firm; the 
Albany local service was run by an Albany-based firm. 
These were consolidated into the public operation in 
the early 1970s, but the through services along NY-5 
were still operated from a Schenectady garage. Service 
adjustments had been made over time to meet the 
greater demand of the outlying shopping areas, and 
express service had been added that departed from 
NY-5 near the Albany end to proceed by expressway 
to and from Albany. 

Since at least 1974, COTA has been studying a com
prehensive revamping of the corridor operations. More 
immediate problems had always intervened, however, 
and not until 1979 was a consultant ·hired to review 

the corridor and recommend short-range modifications 
to service. 

The corridor is well served and has good all-day 
usage due to the mixture of office, industry, retail, 
residential, and school activities. The table below and 
Table 1 show some usage data. In the table below, 
headways are for through service with augmentation 
in core areas. 

Headway 
Day Ridership (min) ---
Weekday 8593 

Morning peak 1721 12 
Midday 3159 24 
Evening peak 2673 15 
Evening 1040 30 

Saturday 5469 30 
Sunday 1449 60 

The Albany end is the most heavily served. Its com
bination of through and local service yields a 9-min 
weekday peak headway there, 15 min on through service, 
and 13 min at the Schenectady end. Curiously, the 
express service runs only one morning trip to Albany 
and a 3:00 p.m. trip to Schenectady. The corridor is 
broken into three fare zones. The base fare is $0.40, 
$0 .60 for core-to-suburb trips, and $0. 75 core to core. 

The running time of the through buses from core to 
core is 70 min or a speed of 20 km/h (13.4 mph). The 
express buses traverse 30 km (20 miles) in 51 min or 
35 km/h (24 mph). The local buses on the Albany end 
run 8.4 km (5.6 miles) in 40 min or 12.6 km/h (8.4 
mph). 

STUDY ISSUES 

COTA staff were first polled to gain their perceptions 
of the problems in the corridor in order to establish 
the order of priority of the problems. The resultant 
ranked list of problems is tabulated below: 

1. Insufficient supply of express service; 
2. Lack of late evening service on the Schenectady 

end to circulate arriving through riders; 
3. Extended running times and schedule adherence 

problems in the corridor; 
4. Overloads on certain existing runs; 
5. Delay to through riders because of local use of 

through buses; 
6. Lack of direct service to the Schenectady 

shopping mall; 
7. The allocation of headways to through and local 

service; 
8. The dispatcher's control problem in coordinating 

through and local services on the Albany end, since the 
Schenectady-based through services do not originate 
from the Albany garage; 

9. The problems of the zone-fare system and ques
tions about fare level; 

10. The lumping of peak headways due to certain 
interactions of through and local schedules; 

11. Poor connection between the retail a.ctivities on 
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Figure 1. Corridor map. 
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Table 1. Ridership of a 
Riders per Weekday by Link 

composite weekday 
along the NY-5 corridor. Albany Bus Riders 

In In to Suburb Trips per 
Route Type Albany Schenectady Schenectady Based per Day Trip 

Through local 2691 1005 1473 746 106 56 
Through express 288 54 6 57 
Albany local' 2048 126 26 
Schenectady local' 17 3 ~ 23 

Total 4739 117 8 17 61 800 266 32' 

"These local runs include those that may not run on the NY-5 corridor entirely, but only riders between corridor points 
are included. 

b Average riders per day = corridor grand total (8478) + total bus trips per day ( 266) . 

each side of NY-5, where the malls at the Albany end 
have arisen; 

12. Possible routings of through buses into malls 
during off-peak periods; 

13. Bus hardware problems, including power for 
hills, seat comfort, and vehicle capacity; and 

14. Length of downtown layover times at control 
points. 

The express service problem has been alluded to. 
The one morning express bus was heavily loaded and 
good loads on the evening returns indicated the demand 
for added morning service. This assymetry was 
probably due to CDTA 's hesitation in adding more ex
presses that, despite good loads, cost more as tripper 
runs and did not have the productivity of the NY-5 
through runs. The evening express buses were added 
only to relieve an evening loading problem at the Albany 
end. 

The lack of late feeder service at the Schenectady 
end resulted from earlier decisions, when the sys
tem was under private management, to provide no even
ing local service beyond that required for the shifts at 
the General Electric plant. This resulted in some con
straint on the use of the Albany through services since, 
in Schnectady, after 6:00 p.m., an Albany-bound com
muter who left at 5:00 p.m. would not find a connection 
available. The remainder of the problems deal with 
general delay problems on the route and various service 
adjustments. 

ANALYSIS OF SOME OF THE 
PROBLEMS 

A number of detailed recommendations were formulated 
to address each of the listed problems; however, be
cause of space limitations, only those features of the 
analysis that will have general interest are discussed 
here. 

Cost Model and the Express Service 
Problem 

From the consumer's viewpoint, the Schenectady-to
Albany express service has an obvious attraction over 
the local service. The 51-min travel time, end to end, 
is 27 percent shorter than the travel time for the local 
service. However, because of the long schedule time, 
it is not possible to get two useful peak-direction runs 
in each peak period. The express buses must there
fore be run as trippers (short runs that cannot usually 
be combined into a full shift) and, therefore, accrue 
extensive operating overhead. This can be seen from 
the cost model that was applied to CDTA services: 

Cost per run = ($7 + $17/peak vehicle)/run + 
[$10.69/ h (or $13.24/ overtime h) J/run + 
($0.22 / km) / run. 

Although this cost model is only a good approximation 
of all the variables associated with a run cost , it does 
show the cost increments that would be associated with 
a tripper run in the peak. Note that the overhead value 
accounts for costs of maintaining the pool of extrQ 
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drivers and that the hourly overtime rate is not quite 
1.5 times the straight rate because certain fringe bene
fits are iiot multiplied. The cost of an evening peak 
express run, with overtime rates applying to trippers, 
would be as follows: 

Cost per evening peak run = $24 + l$13.24 x 2.32 h)/ 
run+ ($0 .22 x 74 km)/run = $70.82. 

The cost of the morning peak express run is less be
cause the peak vehicle overhead does not apply and be
cause the deadhead is partly allocated to a local run 
on the Albany end. CDTA has the unusual circumstance 
of having the heaviest peak in the morning at the Albany 
end (because of school trips) while the evening peak is 
the heaviest in Schenectady. Therefore, there is a 
happy synergy in having the incoming morning ex
presses to Albany (the expresses do not make a working 
run in the nondominant direction) help out the peak load 
of the Albany-based local buses. The morning express 
run cost is then $42.96. Given this cost differential, 
it is even harder to understand the historical circum
stance of three evening express runs and only one 
morning run, but it derives in part from the smaller 
evening load distribution that, before being remedied 
by better local and express phasing, was solved by 
added capacity. 

The cost and revenue comparison between an express 
run and a local through run can then be made as fol
lows: 

Cost/Run Revenue/Run 
Run ($) ($) 

Morning express 42.96 46.08 
Evening express 70.82 40.71 
Local (straight run, 
6 half trips) 144.07 147.84 

This comparison actually makes it harder to see why 
the evening express buses were favored over the morn
ing bus. Although the morning express bus does show 
an apparent profit, added express buses would probably 
not be as heavily loaded and would, in the short run, 
divert revenues from the local service. Nonetheless, 
the increases in ridership justified the added express 
service on a long-term basis. At least one ru;1 pe1· peak 
was also recommended that would run wholly on ex
pressway between Albany and Schenectady. Although it 
would lose the important suburban ridership, the faster 
expressway run would allow two trips per peak and 
thereby reduce costs. 

Overload Problems and Larger Buses 

The evening peak buses in the corridor were overloaded 
on some runs that were approaching the 150 percent 
load criterion. The schedule already contained some 
expensive trippers (in addition to the evening ex
presses) to attempt to handle the problem. The problem 
was most acute for the through buses, which tended to 
pick up both the local and through traffic, particularly 
when through- and local-service phasing went awry. In 
fact, a modest change in through and local scheduling 
was quite effective in addressing this overload problem. 
But at the time, some attention was given to the econ
omies that might be provided by larger, articulated 
buses. 

The articulated vehicles have capacities of 60 seated 
passengers (depending on interior layout) compared to 
about 45 seats on the standard coach. However, the 
articulated vehicles would also have added costs, such 
as the cost-per-kilometer component for the heavier 
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vehicles, possible driver premiums, deadhead times 
for bus changes, and garage-modification costs. It was 
also assumed that added capacity per vehicle woo.Id 
allow the immediate deletion of only some trippers and 
that the savings for larger vehicles would only accrue 
over time as loads increased. At the historical 5 per
cent rate of growth in ridership (although this in
creased to 10 percent over 1978 figures during the 
1979 gasoline crisis period), there would only be about 
a 16 percent saving in corridor costs after 15 years. 
Thus, articulated vehicles would not be a panacea, and a 
capital-operating cost trade -off needs to be carefully 
studied in their application. 

Throuctfih and Local Schedule 
Coor nation 

Some 53 percent of weekday rides on the corridor occur 
on the Albany end, where the through and local services 
overlap. Closed-door operation for the through ve
hicles had been abandoned in the interests of better 
headways, and so a critical issue was the distribution 
of riders between the two services. 

The checksheet data showed that the loads between 
the local and through buses were, in fact, uneven. In 
the evening period, which was the most critical fo : 
loading, the local buses showed only 50-60 percent of 
the average loads of the through buses. Since the 
through buses were experiencing standing loads, this 
represented a serious maldistribution of service usage. 
Since fully 43 percent of the through bus riders were 
riding within the local zone, there was clearly room 
for diversion of riders. 

As it happened, a schedule change was introduced 
into corridor service just prior to the commencement 
of the study. The effects of this change, motivated 
primarily by supervisor suggestion, proved to be quite 
effective and showed the main causes of the load prob
lem. The first problem was that the schedule check 
points were too tight for the through buses. Adjusting 
these by allowing some additional scheduling time as 
well as changing intermediate points provided for better 
arrivals at control points and, therefore, improved 
ability to phase the through buses with local buses 
which, because of their shorter trips, were inherently 
better in keeping time. However, the main change was 
in shifting the scheduled time of the local departures 
slightly. Previously, the through buses had the terminal 
departure times set for the major work-leave times, 
such as on the hour and half hour. By preceding the 
through trips by 5 min, the local buses were probably 
missing the times when most workers arrived at the 
stop. By shifting the local leaves up by about 5 min, 
they were put into the prime position for picking up 
workers. 

Checksheets after the schedule change showed that 
the loading pattern was much improved. Evening peak 
loads before the change were 45 on the through runs 
and 22 on the local runs and changed to 43 and 40, re
spectively. Of evening peak corridor riders, the local 
buses previously carried 37 percent and now carried 
44 percent. The results show a very simple principle, 
often overlooked: The absolute schedule timing of two 
services to be coordinated is at least as important as 
the relative phasing. 

Schedule Delay and Variance 

As a long run over heavily used urban arterials, the 
NY-5 buses showed significant problems in adhering 
to schedule. CDTA staff debated about whether there 
were effective operational measures to alleviate this 
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Figure 2. Causation tree of delay in through buses. 
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Where: N1 = proportion of total dela:;1 1003 = 30 min 

N2 = proportion of total s.d. , 100% = 7 min 

or whether the primary factors were beyond control. 
Part of this debate was whether or not schedule time 
chanees were sufficient to solve the problem. 

Analysis of the schedule-adherence data showed that 
the average lateness for various trips was between 2 
and 6 min but that the standard deviation of these means 
were from one to two times the mean values. This 
indicated that, in fact, the variance was large and 
lateness could not be solved by timetable adjustments. 
In fact, when the schedules were moved back just prior 
to the study, a number of early arrivals began to show 
up. A reasonable rule is that average lateness should 
be about the standard deviation in arrival deviation. 

In order to attack the basic causes of delay and 
variance, measurements were then made of separate 
bus delay components, and from them the variances were 
modeled. The result is Figure 2, which shows the 
causal relations of the various components. Based on 
this, estimates could be made of the effects of various 
strategies for delay reduction on running time and 
schedule adherence. Two solution packages were 
postulated: one that took a Draconian approach to 
solving traffic and other problems and a more realistic 
package. It was estimated that even the most severe, 
and probably infeasible, strategy would delete 67 per
cent of delay on the through sei:vices, but this was only 
27 percent of total travel time. The more realistic, 
but still ambitious, package would delete about 32 percent 
of delay. It was decided that, although some of these 
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improvements were worthwhile, they were nonetheless 
long-term projects (e.g., traffic intersection improve
ments) that were not wholly under CDTA auspices. 

A contention existed that there might be a vicious 
circle involving schedule-adherence problems, phasing 
of local and through buses, overloading of the through 
buses, and more delay. If this were the case, then 
small delay improvements would have amplified effects 
on corridor performance. However, examination of 
correlations between schedule delay and loadings did 
not reveal convincingly that this effect was at work, 
which was somewhat surprising. It appeared rather 
that, despite the supposed regularity of trip makers in 
when they appear at the bus stop, the basic variance in 
demand at stops is what is responsible for loading 
variance on individual trips. 

CONCLUSION 

The approach in this study was to handle many site
specific problems by use of modest analytical techniques. 
Yet the study showed that many common wisdoms derive 
from an operations-research approach. Wider dis
semination of case-study analyses derived from transit 
authority staff work and consultant studies might be a 
useful service. 

Publication of this paper sponsored by Committee on Bus Transit Systems. 




