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1.0 INTRODUCTION

Canal Street in New York City is one of the most unique streets in the United States, serving
many different, and often competing, users. It is a major east-west travel route in Lower
Manhattan with direct access to both the Manhattan Bridge and the Holland Tunnel. Canal
Street is used by drivers traveling between Manhattan and points east (e.g. Brooklyn and
Queens) and points west (e.g. New Jersey). (See Figure 1 for regional map.) Itis also a
community main street for three vibrant neighborhoods: Chinatown, TriBeCa and SoHo.
Neighborhood residents are often on Canal Street to buy groceries and necessities, run errands,
or work. Additionally, Canal Street is one of New York’s biggest tourist attractions, supporting
a dense retail and restaurant environment for visitors from the rest of the United States and the
world.
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FIGURE 1 Canal Street in Lower Man.hattan New York City
Base map from Microsoft Streets and Trips

This mix of activity has led to extensive congestion for vehicles and pedestrians. In
addition to crowded sidewalks and slow traffic, congestion on Canal Street has led to safety
problems as vehicles and pedestrians share space and the numerous other impacts that occur
when heavy vehicular traffic is combined with dense pedestrian traffic. This situation led to the
initiation of the Canal Area Transportation Study.

The Canal Area Transportation Study, Track Il (CATS 1), is part of a continuing effort
by the New York Metropolitan Transportation Council (NYMTC), its member agencies and the
community to develop solutions for transportation problems in the Canal Street area. The study
will focus on the Canal Street corridor in a study area bounded by Houston Street to the north
and Chambers Street to the south, from the East River to the Hudson River. Whereas Track | of
the study explored solutions to short term issues, Track Il is a multi-modal transportation study
that will focus on medium and long-term solutions.
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An important goal of CATS Il was to identify and quantify the uses of Canal Street.
Before any policy or operational improvements were developed, the study would need to know
detailed information about the travel patterns on Canal Street, i.e. the percentages of through and
local traffic. This knowledge will help identify the potential for diverting through traffic.
Because of the uniqueness of the Canal Street corridor, the traditional methods of origin-
destination survey would not give an accurate depiction of the users of Canal Street. In this
paper, we describe an innovative method to collect and analyze origin-destination information on
heavily-traveled, multi-modal urban arterials that serve as both a regional link and main street.

20 RELATED WORK

Jessup, Casavant and Lawson (1) designed an origin-destination survey to uncover detailed
travel patterns for freight on urban arterials in 2004 for the Oregon Department of
Transportation. Their 2004 paper, “Truck Trip Data Collection Methods” was relevant to the
CATS Il survey in terms of the urban level focus of the survey. However, the CATS Il survey
included both passenger and freight vehicles and was conducted in a denser urban environment
in Lower Manhattan. Cremer and Keller (2) presented four methods for uncovering origin-
destination patterns in their 1986 paper “A new class of dynamic methods for the identification
of origin-destination flows.” The methods are similar to the CATS Il survey in that they take
into account exit volumes to extrapolate data. Though helpful to the planning of the CATS Il
survey, the paper described in the CATS Il survey is tailored to very heavily-used urban arterials.

3.0 CANAL STREET: ABRIEF DESCRIPTION

Canal Street, originally a canal, is now a 1.4 mile, east-west road in Lower Manhattan. It
traverses the neighborhoods of Chinatown, Little Italy, the Lower East Side, SoHo, and TriBeCa.
The number of lanes varies from two to four in each direction. Likewise, the width of the
roadway and the sidewalk vary significantly, since sections of Canal Street were built at different
times for different uses. On the eastern end (east of the Manhattan Bridge), Canal Street is a
two-way street with one lane in each direction, intersected by the narrow streets of the Lower
East Side. West of the Manhattan Bridge, however, the character of Canal Street changes
considerably. The Manhattan Bridge portal stands on Canal Street between the Bowery and
Chrystie Street, carrying about 74,000 vehicles per day between Brooklyn and Manhattan.
Additionally, the Bowery is a major north-south roadway in Lower Manhattan. The next four
intersecting streets along Canal Street to the west of the Bowery are part of the core of
Chinatown. Though narrow, they carry private and local commercial vehicles in dense
residential and retail areas. Further west, Centre Street and Lafayette Street are major streets,
which carry traffic north and south in Manhattan, including vehicles traveling between the
Brooklyn Bridge and midtown Manhattan. In the SoHo section of Canal Street, streets are
narrow (and often cobbled). However, further west of these streets stands the portal to the
Holland Tunnel, which carries over 100,000 vehicles per day between Manhattan and New
Jersey. The volume and demand for the tunnel are accommodated by westbound Canal Street
and the surrounding north-south streets. West of the Holland Tunnel, eastbound Canal Street
carries heavy traffic volumes bound from Route 9A, a state highway, to the tunnel. Overall,
Canal Street serves as a main street in certain segments, a corridor for regional traffic in others,
or both.
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40 SURVEY DESIGN
The origin-destination patterns along Canal Street can be described in three possible categories
of traffic: through, Manhattan and local. The goal of the origin-destination survey was to
determine what percentage of the traffic fits into each of these categories, which are defined as
follows:

e THROUGH: a trip with an origin and destination outside of Manhattan

e MANHATTAN: a trip with an origin and/or destination in Manhattan but outside the

Canal Street area

e LOCAL: atrip with an origin and/or destination inside the Canal Street area

For example, a trip that started in New Jersey and ended in Brooklyn, without any stops
in the study area, would be classified as a through trip. A trip that started in New Jersey and
ended in midtown would be classified as a Manhattan trip and a trip that started in Little Italy
and ended in Chinatown would be classified as a local trip.

Traditionally, an origin-destination survey provides a random sample to represent the
traveling population. However, on Canal Street, field observations indicated that there are strong
underlying travel patterns (i.e. the nature of a driver’s trip appears to be correlated with where
they are along Canal Street or what movement they are making). Also, there are many possible
exit and entrance points, since many streets intersect Canal Street. Therefore, the design of the
survey would have to encompass all of Canal Street and reflect the characteristics of the location
where a driver was surveyed, both in the questions asked and the movement surveyed.

50 SURVEY METHODOLOGY

Selection of Survey Method

Face-to-face interviews were chosen because this method yields a relatively high-response rate
relative to mail-in surveys. As stated before, randomly picking a spot on Canal Street would not
acknowledge the underlying travel patterns of each street. License-plate matching is a valid
method (though lacking specific route information) but interviews were considered the best
chance to obtain a statistically valid sample size with the available resources. Surveyors
estimated that they achieved a response rate of 70-80%.

Selection of Survey Locations
Locations were selected in order to survey all exits from Canal Street between Hudson Street and
the Bowery. (See Figure 2.) A random sample was collected at each location. At the end points
(i.e. Bowery and Hudson Street), drivers were sampled as they exited Canal Street. At other
locations, drivers were sampled, when they exited by turning off Canal Street, at the next
downstream intersection. Since anyone who uses Canal Street must exit Canal Street, this
method samples all users without double counting. This could also be accomplished by
surveying drivers at all entrance points on Canal Street. However, it was considered to be more
difficult and dangerous to intercept entering drivers.

Surveying at random locations on Canal Street would fail to yield several important pieces of
information:

e the travel behavior of drivers who entered and exited Canal Street before the survey

point, and were not included in the sample. These drivers contribute to traffic conditions.
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e the travel behavior correlated with each street. For example, narrow Baxter Street carries
mainly local traffic, while a major southbound street like Broadway carries mainly non-
local traffic. Surveying at completely random locations would not differentiate between
the uses of these two streets.

Survey locations at all possible exit points provide a sample that is representative of any

driver that used Canal Street and give an idea of the travel patterns associated with individual
streets.

Survey Logistics

Surveyors interviewed drivers who stopped at red lights in the weekday AM peak period (6:30 —
10:30 AM), the weekday PM peak period (3:00 — 7:00 PM) and the Sunday midday peak period
(2:00 — 6:00 PM). They were also instructed to interview drivers who pulled over, to park or to
stand, before reaching the signal, since these motorists had also exited Canal Street. Surveyors
did not interview drivers who had not turned from Canal Street.

Surveyors filled out a questionnaire that was designed to obtain information about the
driver’s current trip (see Figure 3). Sections 3 (“Where did you just come from?”’) and 6
(“Where is the next place you are going to?”) seek this information directly. However, drivers
often gave information about their general origin and destination, e.g. home and work, when the
survey was seeking the locations of the most recent origin and the next immediate destination.
Section 5 (“Did you make any stops along the way?”) was designed to uncover this information.
If a driver listed a series of stops, the surveyor would consider the last stop as the origin of the
trip. Section 6 also asks the very specific question of “What is the next place you are going to?”
to attempt to capture the next stop and not the ultimate destination. Sections 4A/4B and 7A/7B
were intended to uncover which river crossing a driver used to access Manhattan or the specific
neighborhood origin or destination in Manhattan. The bridge and tunnel information will be
helpful in determining possible operational improvements and will be useful during the modeling
phase of CATS Track Il. The questionnaire also provides space for indicating the direction of
the turn (left or right), in Section 2. The information about left or right turns may be helpful in
determining if travel patterns vary by the direction of travel along Canal Street.
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11

Weekday PM

Table 2 lists each location’s contribution of percentage, error and confidence interval to overall
Canal Street for the PM peak period. The last row of Table 4.8 indicates that of Weekday PM
traffic on Canal Street, 28% is local, 32% is Manhattan and 40% is through with a weighted
confidence of + 9%.

TABLE 2 Distribution of Traffic Using Canal Street on Weekday 3:00-7:00 PM

. . . Weighted Weighted
Location Wﬁfch;fd n\//l\ﬁﬁgttf;n V_l\_/r(?:gfl]tet:j Sagnple Conf?dence
9 Error (95%)

Bowery 2% 7% 15% 0.76% 1%
Elizabeth 1% 0% 0% 0.31% 1%
Mott 3% 0% 0% 0.39% 1%
Mulberry 1% 0% 0% 0.14% 0%
Baxter 2% 0% 0% 0.54% 1%
Centre 3% 3% 2% 0.45% 1%
Lafayette 2% 2% 0% 0.14% 0%
Broadway 2% 1% 0% 0.33% 1%
Greene 3% 3% 0% 0.27% 1%
West Broadway 3% 5% 0% 0.45% 1%
Avenue of the Americas 1% 4% 1% 0.22% 0%
Varick 3% 1% 1% 0.16% 0%
Hudson 1% 7% 20% 0.44% 1%

PM TOTAL 28% 32% 40% 4.60% 9%
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12

Sunday

Table 3 lists each location’s contribution of percentage, error and confidence interval to overall
Canal Street for the Sunday peak period. The last row of Table 3 indicates that, of Sunday traffic
on Canal Street, 51% is local, 17% is Manhattan and 33% is through with a weighted
confidence of + 10.6%.

TABLE 3 Distribution of Traffic Using Canal Street on Sunday 2:00-6:00 PM
With Associated Errors and Confidence Levels

. . . Weighted Weighted
Location Wﬁgch;fd I\\:ﬁﬁgttf;n V'I\'ll‘?ll’g[]jtef? Sar%ple Conf?dence
9 Error (95%)
Bowery 8% 4% 11% 0.47% 1%
Elizabeth 2% 0% 1% 0.28% 1%
Mott 4% 0% 0% 0.69% 1%
Mulberry 2% 0% 0% 0.22% 0%
Baxter 4% 1% 0% 1.31% 3%
Centre 5% 2% 2% 0.41% 1%
Lafayette 3% 0% 3% 0.40% 1%
Broadway 5% 1% 1% 0.53% 1%
Greene 3% 0% 0% 0.14% 0%
West Broadway 5% 2% 1% 0.30% 1%
Avenue of the Americas 2% 1% 0% 0.15% 0%
Hudson 6% 5% 14% 0.48% 1%
Sunday TOTAL 51% 17% 33% 5.39% 11%

10.0 DISCUSSION

The described method was useful for the CATS 11 origin-destination survey because of the
complexities of Canal Street. Firstly, drivers who were using Canal Street for local and through
were competing for limited roadway capacity. Secondly, travel patterns on Canal Street are not
uniform and differ depending on the geographical location. For example, at Mott Street, 75% of
surveyed traffic was making local trips, whereas 49% of traffic surveyed at the Bowery was
making through trips.

Most importantly, the survey was designed to be versatile enough to answer an array of
questions. This was accomplished by establishing each exit point at each street as a discrete unit
and applying a method for aggregating these units. For example, if a question arises about how
much through traffic is using one-way streets, this method allows the analyst to select these
streets and derive the overall travel pattern, as well as present the statistical validity of the
results. Many other questions, ranging from policy to operations, may be answered by such
street groupings.

Several factors in the survey lead to possible survey error, including the physical
challenges of Lower Manhattan’s irregular street network and the fact that each location was
surveyed for one day. These potential sources of error were taken into consideration during data
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reduction and analysis (Sections 3 and 4) and were considered in the calculation of sample error
and confidence interval.

11.0 CONCLUSION

The CATS Il origin-destination survey has provided information about the travel patterns of all
drivers using Canal Street for three different peak periods. This information is useful in
identifying policy and operational improvements in an equitable and effective way. In the near
term, the results will assist in the development of improvement scenarios for the Canal Street
corridor. Options may include the diversion of non-local traffic away from Canal Street. In the
longer term, these results may serve as the basis for future changes to streets and facilities in the
Canal Street area. This methodology is versatile and may be applied to other urban arterials that
serve as regional links and as community main streets.
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