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Traffic congestion in Northern New Jersey imposes a substantial time 
operational penalty on bus service. The purpose of a project was to quan- 
tify the additional travel time that buses need because of traffic conges- 
tion. A regression model was developed to estimate the travel time rate 
(in minutes per mile) of a bus as a function of car traffic time rate, num- 
ber of passengers hoarding per mile, and the number of bus stops per 
mile. The model was used to estimate the bus travel time rate if cars were 
traveling under free-flow conditions, and the results were compared with 
the observed bus travel times. 

Traffic congestion imposes a substantial operational and monetary 
penalty on bus transportation by increasing the time required to pro- 
vide service, Congestion in New Jersey is high and is forecast to be 
greater; traffic volumes are predicted to increase by 7% by 2005 over 
the levels in 1998 and 18% by 2015 (I). The roadway network in New 
Jersey currently operates at or above its desired capacity at many loca- 
tions during peak periods. Consequently, even small increases in traf- 
fic volume will result in significant increases in traffic delay and cost. 
Transit buses operate almost exclusively in mixed traffic and share 
New Jersey roadways with automobiles and trucks. Therefore, con- 
gestion will have an impact not only on automobile drivers and 
passengers and truck operators but also on bus riders. 

The purpose of this study was to quantify the impact of conges- 
tion on bus travel time in Northern New Jersey. The basic approach 
involved developing a model that estimated bus travel time as a 
function of overall car travel time. The model was then used to esti- 
mate the proportion of bus travel time due to the increase in traffic 
time over free-flow conditions. 

The paper starts with a brief overview of previous studies of 
bus travel time. The second section covers collection and initial analy- 
sis of the data. The third section describes the development of the 
model of bus travel time. This is followed by a discussion of the impli- 
cations of the model. The final section presents the conclusions of the 
study. 

OVERVIEW OF TRAVEL TIME STUDIES 

Studies of bus stop spacing and bus speeds have been performed 
since the early 1900s. In the years following World War II, transit 
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speed and delay studies were conducted in many cities as part of 
traffic engineering programs. Since the early 1970s, an increasing 
number of studies have analyzed the relation of bus speeds to stop 
spacing, dwell times at stops, and traffic congestion. 

Previous Travel Time Studies 

A 1974 study by Wilbur Smith and Associates ( 2 )  showed the gen- 
eral relationship between bus stop spacing and traffic congestion, 
but it did not quantify the latter. 

In 1980, Levinson (3) conducted an analysis of bus travel times 
and speeds collected in a cross section of U.S. cities to provide 
inputs for the transportation system modeling process. Three basic 
analyses were conducted: 

1. Bus and car speeds were compared. 
2. Bus travel times and delays were estimated from various field 

studies. 
3. Bus travel times were derived based on dwell times, traffic 

congestion, actual acceleration and deceleration rates, and distance 
between stops. 

Car speeds were generally 1.4 to 1.6 times as fast as bus speeds. 
The peak-hour bus travel times approximate 14 mph in suburbs, 
10 mph in the city, and 5 mph in the central business district (CBD). 
The time in motion approximates 3.00 m i / m i  in the suburbs, 
3.90 mi/mi in the central city, and 5.50 min/mi in the CBD. The pas- 
senger stops accounted for 0.50 min/mi in the suburbs, 1.20 min/mi 
in the city, and 3.00 m i / m i  in the CBD. The passenger dwell times 
ranged from 30 to 60 s per stop in the CBD, and the acceleration and 
deceleration time loss per stop averaged 1 1.13 s in the CBD. 

For TCRP Research Results Digest No. 38, St. Jacques and 
Levinson ( 4 )  summarized the impact of bus stop density, dwell 
time, and operating environment on bus travel time rates. (See 
Table 1 .) These studies estimated the impact of automobile traffic 
on bus speeds based on empirical evidence. 

Manhattan CBD Study 

Another approach is to use car travel times as a basic input in esti- 
mating bus travel times. A 1997 study of the congestion impact on 
bus service travel times in Manhattan by McKnight and Paaswell (5) 
found that congestion affected bus speeds in several ways. The most 
obvious way was that the maximum speed at which the buses could 
operate between bus stops was limited by the flow of general traf- 
fic. Besides limiting the maximum speed of vehicles, heavy traffic 
causes additional delays because of a variety of situations, such as 



28 Transportation Research Record 1884 

double- and triple-parked cars and delivery vans, vehicle queues 
waiting to make right or left turns, and taxis making sudden stops or 
turns to pick up passengers. The impact of these situations was often 
exacerbbated for buses because of the need for buses to have frequent 
access to the curb lane at bus stops. 

That study had also found that the difference between bus and 
automobile speeds was greater when the streets were more con- 
gested. (See Table 2.) At the maximum speeds recorded in the study, 
cars were moving 1.69 times as fast as buses, close to the range 
reported in Levinson (3). However, at the lowest speed, car speeds 
were 2.36 times as fast as bus speeds. This finding is consistent with 
the observation that under very congested conditions, buses are dou- 
bly affected: first by the low speed of the stream of traffic and, sec- 
ond by interference from other vehicles when moving in and out of 
the stream of traffic at bus stops. 

McKnight and Paaswell (5) also developed regression model for 
New York City Transit (NYCT) that showed the relationship between 
bus travel times and general traffic travel times: 

BT = 2.6 + 0.57 AT + 0.0079 P + 0.39 BS + 0.54 NS 

where 

(I) 

BT = bus travel time (mi/mi), 
AT = automobile travel time (mi/mi), 

P = passengers boarding all buses per hour in route segment 
per mile, 

BS = bus stops per mile, and 
NS = 1 for mutes operating primarily north-south, 0 otherwise. 

DATA COLLECTION AND INITIAL ANALYSIS 

The main task of the project was to model bus travel time rates in 
terms of car travel time rates (minutes per mile). The dependent 
variable was the travel time rate (minutes per mile) of one bus trip 
on a given segment of route. The primary explanatory variable was 
a measure of traffic level, expressed in the same form as for the bus 
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travel time rate for the same route segment. In addition, variables 
that represented other causes for bus delays, such as passenger board- 
ings and alightings, number of bus stops, number of traffic signals, 
and geometry of the roadways and route, were collected. 

The basic unit of analysis was one bus traveling on one route seg- 
ment. A route segment was defined as a section of the route between 
two adjacent time points, with a time point (TP) being the location at 
which the schedule had a recorded time. The analysis used data from 
two mutes (59 and 62) in northern New Jersey. (See Figure 1 .) Both 
routes were local routes, traveling from downtown Newark through 
several suburbs. The roads that the buses traveled varied from arte- 
rials to collectors and from two to four lanes, with and without street 
parking. They traveled through commercial, industrial, residential, 
and quasi-open land. 
Three types of data were needed for the analysis: (1) bus opera- 

tional characteristics for each run on each segment (e.g., travel time, 
passenger boardings), (2) characteristics of the route and street lay- 
out (which would be constant for a specific segment), and (3) data on 
traffic. Bus operational data were obtained from two sources. For the 
largest proportion of data, study team members rode the buses and 
recorded time between TPs, frequency of bus stopping for passenger 
activity, and numbers of passengers hoarding and alighting at each 
stop. This information was supplemented by data from automatic 
passenger counting (APC) equipment, which included Global Posi- 
tioning System locating capability. Eight buses had APC equipment 
that recorded the foregoing information by precise location and time. 

The data on route and street layout included segment length, num- 
ber of traffic signals, and number of left turns in the route. Data were 
collected and checked by team members on the buses and by team 
members following the route in cars. 

Travel times by car between TPs were recorded during several car 
mps.ForRoute59, 10 outbound car trips and 8 inbound car trips were 
made; for Route 62, there were 8 outbound and 9 inbound trips. The 
car trips were classified by time of day: a.m. peak (7 a.m. to 10 a.m.), 
midday (10 a.m. to 4 p.m.), p.m. peak (4 p.m. to 7 p.m.), and post- 
p.m. peak (after 7 p.m.). The times for each period were averaged and 
then converted to car travel time rates by dividing by the distance 
between TPs. 

The final data set included 690 records, with each record repre- 
senting one bus trip on one route segment. To control for the differ- 
ing lengths of the route segments, the variables were standardized by 
dividing by the segment length. Table 3 presents the basic descrip- 
tive statistics for the standardized variables. Bus speeds varied from 
approximately 4 to almost 33 mph, while car speeds varied from about 
7 to 34 mph. While the minimum, maximum, and mean values for bus 
speeds were all lower than the respective statistics for cars, the ratio 
of bus travel time to car travel time was less than one for a few records. 
This result may have been in part because the observations for cars 
were not collected at the same time as those for buses. The range of 
operating conditions in the data set for the buses probably varied more 
than those for cars. The preliminary analysis was done with Excel and 
SPSS, and modeling was done with SPSS. 

RELATIONSHIPS AMONG VARIABLES 

Bus travel time is plotted against potential explanatory variables in 
Figure 2. Figure 2a shows bus travel time plotted versus car travel 
time. While there is considerable "scatter," a distinct positive rela- 
tionship can be seen. The majority of the observations are above the 



Transportation Research Record 1884 

1 = 1 diagonal line; that indicates most buses were moving more 
slowly than the average car times recorded for the time period and 
route segment. 

Bus travel time versus passenger boardings per mile (Figure 2b) 
also shows a positive slope, although the most noticeable feature is 
the massive clustering at zero through about 10 boardings per mile. 
Passenger alightings per mile (Figure 2c) are more spread out, but 
any slope is much more difficult to detect. 

The relationship of bus travel times to bus stops per mile (Figure 
2d) is harder to interpret. There is more variation in bus times as the 
number of bus stops per mile increases; a line through the midpoints 
of the variation would slope up but also would be curved. The scatter 
plot of bus travel times versus the number of times the bus actually 
stopped in the segment (Figure2e) is more uniform hut shows a weak 
relationship. The graph of bus travel time versus left turns per mile 
(Figure 2f ) shows a distinct upward slope. Figure 2g shows how bus 
travel times tend to increase as the signal density (signals per mile) 
increases. 

MODEL OF BUS TRAVEL TIME 

Modeling Process 

Multiple regression analysis was used to relate bus travel time to traf- 
fic level. The dependent variable was travel time rate for one bus run 
on one mute segment measured in minutes per mile. The average car 
travel time rate on the mute segment during the same period of day 
was the measure of traffic level. Other independent variables included 
passengers boarding, passengers alighting, number of bus stops, 
number of traffic signals, turns, and so forth. 

The names and descriptions of the variables are listed in Table 4. 
The correlations between these input variables and the dependent 

variable, bus travel time in minutes per mile, is shown in Table 5.  All 
of the variables show strong correlations with bus travel time (their 
correlations are significant at 0.99). However, most of the potential 
input variables also have strong correlations with car travel time. 

Summary of Models 

Many linear regression models, starting with the simplest one of bus 
travel time as a function of car travel time, were tried. A few mod- 
els with the constant forced through zero were also tried. A few non- 
linear forms were tried, but they were inferior to the linear models; 

further, the graphs of bus travel times versus the other variables did 
not suggest nonlinear relations. 

Table 6 summarizes the main models that were tested. Each row 
represents a model of bus travel time, from the simplest at the top to 
the most complex at the bottom. Basic statistical measures of the 
model are shown at the tight. Note that the number of records for the 
models varies because some records were missing data for left turns 
or traffic signals, or both. All of the coefficients in the table were 
significant at the 95% or higher level, and most were significant at 
the 99% level. 

The simplest model explains 46% of the variation in bus travel 
time per mile. 

BTT = 1.38 + 0.96 CTT (2) 

(9.3) (24.4) 

() is t-value of coefficient = 0.46 

With additional variables, the explanatory power of the models 
reached 63%. The coefficient for car travel time decreases as addi- 
tional independent variables are added because of the intercorre- 
lation between car travel time and the other variables. In some cases, 
the reason for correlation with car travel time is obvious (e.g., left 
turns and traffic signals slow cars just as they do buses). The correla- 
tion between car travel time and passenger-related variables is that 
passenger activity is high in the same areas where vehicular traffic 
is high, for example, downtown shopping areas. 

Passenger activity was included in three forms: (1) passenger 
boardings per mile, (2) the sum of passenger boardings and passenger 
alightings per mile, and (3) passenger boardings per mile and passen- 
ger alightings per mile as separate variables. Including both boardings 
and alightings as separate variables increases the explanatory power 
of the models by a slight amount, while weakening the significance of 
the model (i.e., lowering the F-value). As seen in Table 6, forcing the 
constant to be zero results in a higher coefficient for car traveltime rate. 

F = 597 

Preferred Model 

The model used to estimate the impact of traffic congestion is this: 

BTT = 0.52 + 0.73 CTT + 0.06 Ons + 0.31 BS (3) 
(2.8) (19.5) (10.1) (9.8) 

() is t-value of coefficient R2 = 0.62 F = 365 
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This relatively simple model includes the two primary ways in 
which buses differ from other traffic: they stop at bus stops and they 
wait while passengers hoard. Using ons and offs instead of just ons 
might seem more logical and does produce a slightly better model 
(F-value is higher). But it would require additional work to gather 
or estimate variables to use the model in a predictive procedure. Fur- 
ther, the most important coefficient for current purposes, that of car 
travel time, is the same in both models. 

The use of actual stops instead of total bus stops also appears 
more logical, but the models with actual stops are poorer (lower 
and F). Also, actual stops have to be estimated, whereas the total of 
bus stops is within the control of the agency and known. 

However, there may he a logical appeal to a model without a con- 
stant term. The model of bus travel time rate without the constant 
that is most similar to the preferred model is as follows: 

BTT = 0.80 CTT + 0.06 Ons + 0.37 BS (4) 

The coefficient of general traffic travel time rate is about 10% 
higher, and the coefficient for the number of bus stops per mile also 
increases, but the model is similar to the model shown in Equation 2. 
Reasons for keeping the constant term in the model are that then may 
be a nonproportional reason for buses to be slower than traffic, for 
instance, less maneuverability of the larger vehicle, which is reflected 
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by the constant term, and the inability to use the R^2 for evaluating 
models. Additionally, when bus speeds were estimated as a function 
of car speeds by using the foregoing model and the model with the 
same explanatory variables with the constant suppressed, the results 
varied by less than 1/2 mph over the range of variables in the data set. 

IMPLICATIONS OF MODEL 

The model has a straightforward logic. Bus travel time rates are 
roughly equivalent w traffic travel time rates plus the number of stops 
multiplied by the time lost in decelerating and accelerating and the 
number of boarding passengers times the service time per passenger. 
The coefficient of bus stops (0.31 min per bus stop) represents 18 s 
lost during deceleration and acceleration. The coefficient for passen- 
ger boardings (0.06 min per boarding) represents 3.6-s service time 
per passenger and is within the range reported in the Transit Capacity 
and Quality of Service Manual (6). 

Figure 3 shows the impact of car speeds on bus speed assuming that 
the number of bus stops and boarding passengers is constant (four bus 
stops per mi and five boarding passengers per mi, close to the means 
in the database were used). The model implies that as car speeds 
increase from 8 to 30 mph, bus speed increases from 8 to 17 mph. 

The regression coefficients of the New Jersey model (Equation 3) 
are similar to those found in the Manhattan study (Equation 1) (5). 
The difference in the coefficient of average travel time rate of traf- 
fic implies that there is a stronger relation between general traffic 
and bus speeds in New Jersey. This situation might be due lo the 
more complex operating environment in Manhattan, with double- 
parked cars, many pedestrians who often spill over into the streets, 
narrower streets, and other factors. 

Manhattan Study New Jersey 
(Avenues) Study 

Average travel time rate (min/mi) 0.57 0.73 
Passengers boarding per mile 0.079 0.06 
Bus stops per mile 0.39 0.31 
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The impact of a specific variable on the bus travel time rate depends 
on both the coefficient and the magnitude of the variation of the vari- 
able. Table 7 shows how the explanatory variables affect bus travel 
time rate, with the 90% range (i.e., from the 5th to 95th percentiles) 
of the independent variables in the database. (The top and bottom 5% 
were removed to reduce the influence of extremes; standard devia- 
tions were not used because the passenger boardings are skewed 
toward zero.) The table indicates that a variation in car travel time 
rates of 4.7 min/mi results in a 3.43-min increment in bus travel 
time rate. A 90% range increment of passenger boardings per mile 
(20.4) results in a 1.22-min/mi increment in bus travel time, and a 
90% range increment of bus stops per mile (4.9) results in an increase 
of 1.53 min/mi for travel time rate buses. Thus, the impact of observed 
variation in traffic time is more than twice as large as the impact 
of either passenger boardings or bus stops, at least for conditions 
encountered in Northern New Jersey. 

Tables 8 and 9 show the application of the model to estimate bus 
travel times on Route 59 if there were no traffic congestion. Free- 
flow traffic speeds for Route 59, which operates on arterials, were 
estimated to be 27 mph throughout the route, or 2.22 min/mi. The 
observed car travel time rate and the assumed car travel time rate for 
free-flow conditions are shown in Columns 3 and 4. Column 5 is the 

average observed boardings per mile and Column 6 is the number 
of bus stops per mile for each route segment. Column 7 is the bus 
travel time rate predicted by the model using the values in Columns 
4,5, and 6 for the three input variables. This represents the estimated 
bus travel time rate under free-flow conditions. In Column 8 the pre- 
dicted travel time rate (Column 7) is converted to time (in minutes) 
by multiplying it by the route length (Column 2). Columns 9 and 10 
show the average observed times and the scheduled times for each 
route segment. Segments 6 to 7 and 7 to 8 (from Broad and Grand 
to Jersey and Elmora, in Elizabeth) were combined because of dif- 
ficulties in collecting data; Segment 6 to 7 was exceedingly short (less 
than 1/10 mi), and the bus made a left turn that was prohibited for cars 
in Segment 7 to 8. 

The difference between the predicted and observed bus times 
represents the degradation of bus times due to traffic congestion. 
There are a few segments where the predicted time is longer than 
the observed, most notably Segment 15 to 13 in the inbound direc- 
tion, but generally the predicted times are close to or less than the 
observed times. The total predicted bus time for the complete trip 
(Newark to Dunellen, Table 8) under free-flow conditions is about 
12 min shorter than scheduled for the outbound direction and 10 min 
shorter than scheduled for the inbound direction (Dunellen to Newark, 
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Table 9). Thus, congestion has increased running time on this route 
by 12% to 15%. 
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CONCLUSIONS 

The model of bus travel time rate reflects the dynamics of bus move- 
ment. Specifically, bus travel time rates (in minutes per mile) increase 
proportionally with car travel time rates. Stopping at a bus stop adds 
approximately 18 s, and each boarding passenger adds 3 to 4 s to 
travel time per mile. When the New Jersey model is compared with 
the similar model developed for Manhattan ( 5 )  (Equation 1 ) ,  the 
impact of bus stops is similar, with each bus stop in Manhattan adding 
23 s to the travel time rate. However, a comparison of the coefficients 
for car travel time rate (0.57 in Manhattan and 0.73 in Northern New 
Jersey) implies that the impact of the traffic speeds was significantly 
greater in New Jersey than in Manhattan, perhaps because the oper- 
ating environment in Manhattan is more complex, with factors such 
as double-parked vehicles and pedestrian congestion also influencing 
bus speeds. Thus, car traffic influences bus travel times more strongly 
in Northern New Jersey. 

The New Jersey model suggests that improvements in car traffic 
flow (e.g., from reductions in volume, improved signal timing, park- 
ing controls or other) will benefit bus operations. For example, if car 
speeds were increased by 5 to 20 mph while the number of passen- 
gers boarding per mile and the number of bus stops per mile were 
held constant at the averages in the data set, bus speeds could be 
expected to  increase from 1 1.7 to 13.7 mph, This corresponds to  a 
savings of about 1.5 min/mi or more during a IO-mi trip, about one- 
quarter h. Isolating bus traffic from car traffic by providing bus lanes 
would also improve bus speeds. 
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