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ABSTRACT
This empirical study examines the importance of service area definition, when utilizing

accessibility-based evaluation in transit projects. We analyze two transit projects: (1) Metro Tran-
sit A-Line in Minnesota and (2) Harris County Transit Re-Imagined Bus Network in Texas. The
results indicate that the choice of transit service areas have a significant impact on the value of ab-
solute accessibility measures. The trend shows the narrower the service area, the higher the value
of the absolute accessibility measure. The results, however, are inconsistent between projects
when relative accessibility measures such as percentage change between scenarios is used as an
accessibility-based evaluation measure. We conclude service area definition is of only moderate
importance for scenario comparisons within the same analysis boundary. When comparing differ-
ent regions or areas within different boundaries, the service area definition could have a significant
impact on all results. This is case-dependent and varies greatly from project to project, which
requires calculating both the absolute and relative accessibility measures in an accessibility-based
evaluation. In addition, decomposing the accessibility changes in the separate portions of transit
projects reveals that the light rail investments have negligible impacts on accessibility levels, while
restructuring of the bus network has a slight positive impact on accessibility levels. The find-
ings have important implications for the deployment of accessibility-based evaluation on transit
projects.

Keywords: Accessibility; Transit evaluation; Service area; Modifiable Areal Unit Problem
(MAUP)
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1 Introduction
The evaluation criteria of transport investments and transport dimensions of land-use developments
is shifting from a mobility-base to an accessibility-base, as the purpose of travel is mainly reaching
a destination rather than movement (Bocarejo S and Oviedo H, 2012, Levine et al., 2012, Preston
and Rajé, 2007). Accessibility, by definition, refers to the ease of reaching valued destinations,
which varies according to transport modes, times of day, and types of destinations (Chen et al.,
2011). Measurements have been introduced to calculate accessibility, including space-time, utility-
based, gravity-based, travel impediment, network measures, and cumulative opportunity (Curtis
and Scheurer, 2010, Geurs and Van Wee, 2004, Páez et al., 2012).

Although accessibility measurements differ, defining the zone of measurement and transit
service area are the building blocks of all the methods in accessibility-based evaluation of transit
projects (Horner and Murray, 2004). The zone is generally selected according to data availability
and quality, but not because they are fundamentally appropriate units. This varies from standard
units such as traffic analysis zone (Alam et al., 2010), census tract (Huang and Wei, 2002), cen-
sus block groups (LaMondia et al., 2010), and census block (Ermagun and Levinson, 2015), to
subjective units such as 200×200 grid (Li et al., 2011), and 50×50 grid (Yigitcanlar et al., 2007).
The service area, however, defines a neighborhood as a radius around a project location, in which
the accessibility is measured to assess transport service quality and performance. The accessibility
measure is typically altered using different zone and service area definitions (Kwan and Weber,
2008, Ortega et al., 2012, 2014). This sensitivity of accessibility measures to the definition of the
zone and service area is referred to as the modifiable areal unit problem (MAUP) in geographical
literature (Fotheringham and Wong, 1991).

The term MAUP was coined by Openshaw and Taylor (1979) and consists of two pri-
mary components: scaling and zoning. Scaling concerns obtaining inconsistent analytical results
when using data gathered at different spatial aggregation schemes. Zoning concerns how differing
boundaries, even at similar aggregation scales, alter analytical results. When accessibility-based
evaluation is employed to assess transit projects, planners and advocates face three basic questions
concerning accessibility calculation.

1. What is the appropriate unit of analysis to measure accessibility?

2. What service area should be selected to represent access to the transit system?

3. How and to what extent do the separate portions of transit projects affect the accessibility
measure?

In an attempt to answer the first question, Horner and Murray (2004) selected a buffer of
400m as the service area around the bus-transit in Upper Arlington, a small suburban municipality
near the city of Columbus, Ohio. Comparing blocks, block groups, and tracts as different units
of analysis to measure accessibility, they found the smaller the unit of analysis, the better the
results. However, this requires more sophisticated estimation techniques. In a similar attempt,
Wan (2016) selected a buffer of 400m as the service area around the bus stops, and studied how the
MAUP affects assessment of accessibility in the City of Windsor, Canada. Using 6 different unit of
analysis, including census tracts, dissemination areas, dissemination blocks, 0.6 km, 0.3 km, and
0.15 km grids, the results recommended using disaggregate data for accessibility measurement to
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deal with the MAUP phenomenon. Despite the importance in accessibility-based evaluation, little
is known about how and to what extent the service area variation along with the separate portions
of transit projects affect the accessibility measure. The second and third questions, hence, have
remained unanswered in evaluation of transit projects.

This study overcomes this empirical deficiency by testing the effects of analysis boundaries
on accessibility measurement for two transit projects: (1) Metro Transit A-Line in Minnesota and
(2) Harris County Transit Re-Imagined Bus Network in Texas. We also decompose the portions
of transit projects to separately assess them in terms of accessibility. In particular, we address the
following questions:

• How does the service area variation affect the accessibility-based evaluation of transit
projects?

• What are the advantages of decomposing the accessibility changes in accessibility-based
evaluation of transit projects?

• How do transit planners benefit from decomposing the accessibility changes in accessibility-
based evaluation of transit projects?

The remainder of the paper is structured as follows. First, we represent the study area and
description of both projects in the following section. Second, we discuss the data and methodology
used for the purpose of this research. Third, we elaborate the relationship between the service
area definition and the accessibility measures, and consequently accessibility-based evaluation.
Fourth, we decompose the accessibility changes in different scenarios to understand the role of
each portion in the accessibility-based evaluation of transit projects. Finally, we summarize key
points and planning payoffs.

2 Study Area and Project Description
The following subsections provide information about the study area of the two projects (1) Metro
Transit A-Line in Minnesota and (2) Harris County Transit Re-Imagined Bus Network in Texas,
and their objectives in detail.

2.1 Project 1: Metro Transit A-Line
Metro Transit, the regional transit authority for the Minneapolis St. Paul Area, performed a study,
which concluded in 2012, to select local high ridership routes for service upgrades. The purpose of
these upgrades was to provide a faster, higher quality service to existing riders and in the process
potentially attract new riders. Several corridors emerged from the initial plan and they were broken
down into a number of proposed projects. The first of these projects to be implemented is the Metro
Transit A-Line.

The Metro Transit A-Line is a north-south route based on the local Route 84. Route 84
travels along Snelling Avenue and 46th Avenue between the Rosedale Mall and the 46th Street
LRT Station on the Blue Line, with a connection to the Green Line at the Snelling Avenue Station.
Metro Transit found that Route 84 buses, only spent approximately half of their running time
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in motion. The other half of the time was largely split between time spent at bus stops while
passengers boarded and alighted and time spent waiting at lights. Only a small fraction of the total
time not in motion was associated with traffic congestion.

In order to reduce delays and create a faster route the A-Line project added off-board fare
collection and raised curbs at stations to reduce boarding time per passenger, reduced the stop den-
sity from a stop approximately every 200m to a stop approximately every 800m, and worked with
other agencies to get transit priority at signals. Note, the local Route 84 still stops approximately
every 200m but also benefits from the transit signal priority and off-board fare collection at the
stops it shares with the A-Line.

The 20 stops made by the A-Line were upgraded to include raised curbs, off-board fare col-
lection, improved way finding features including ADA accessible route information, and shelters
to provide a quality and welcoming experience for users. In addition, new buses were purchased
for use on the A-Line, with special high visibility branding to distinguish the aBRT service from
other bus services, particularly as the aBRT network expands to include additional lines. Finally,
with six trips per hour, the A-Line runs at a higher frequency than the original Route 84, which
had four trips per hour but with the implementation of the A-Line only has two trips per hour.

2.2 Project 2: Harris County Transit Re-Imagined Bus Network
Harris Transit redeveloped their bus network from scratch. The historic existence of a bus route
was not considered a reason to have a route there in the future, however existing infrastructure
was taken into consideration. The reasoning for this approach to the bus network redevelopment
came from five key factors: (1) a decline in ridership in the region, (2) the fast pace of changing
development patterns in the Houston area, (3) the opening of new light rail services freeing up
former bus investments, (4) public feedback for an improvement of the core bus network, and (5) an
assessment of the systems performance in comparison to past performance and peer performance
(Pritchard, 2015). In place of historic existence, the redevelopment plan focuses on the provision
of productive services.

The resulting Re-imagined Network provides five services: (1) a frequent network with
headways of 15 minutes or less over a 15 hour period of the day with at least 3 hours of additional
service at 20- or 30-minute headways on both weekend and weekdays, (2) a base network providing
30-minute headways for at least 18 hours a day on weekdays and weekends, (3) coverage service
providing 60-minute headways and some 30-minute peak headways with a 14 hour span on both
weekdays and weekends, (4) a peak only service that has high frequency in peak directions and
low frequency in off-peak directions, and (5) a high expense flex service which is provided on
demand and operates in predefined areas (Pritchard, 2015). The analysis performed as part of this
study will focus only on the first four services, or more plainly only on the fixed route services.
Ultimately, the Re-imagined Network was implemented in August 2015.

In addition, during the course of the planning for the Re-imagined Bus Network, two ad-
ditional light rail lines were opened in the Houston area, which replaced existing bus services at a
combined cost of approximately 1.4 billion dollars. These lines were open to the public in May of
2015. As a result this study considers three scenarios:

• Scenario A: this is the baseline scenario, in which neither the light rail lines nor Re-
imagined Bus Network have been implemented. It is represented by the Harris County
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Transit general transit feed specification (GTFS) of March 2015.

• Scenario B: this is the scenario in which the light rail lines have been implemented but
the Re-imagined Bus Network has not. It is represented by the Harris County Transit
general transit feed specification (GTFS) of May 2015.

• Scenario C: this is the full implementation scenario, in which both the light rail lines
and Re-imagined Bus Network have been implemented. It is represented by the Harris
County Transit general transit feed specification (GTFS) of November 2015.

3 Data and Methodology
This study employs the cumulative opportunities method to calculate both accessibility to jobs
and accessibility to workers. This method, by definition, determines the accessibility level of a
given origin location by the number of opportunities that can be reached within a given travel time
threshold. For calculation, we use the travel time thresholds of 10, 20, 30, 40, 50, and 60 minutes.
This enables us to evaluate the effects of analysis boundaries on accessibility measurement in
distinct time thresholds. For details of methodology, the reader is referred to the relevant references
(Owen et al., 2015).

For the purpose of accessibility-based evaluation of the projects, it is fundamental to recal-
culate transit accessibility in different scenarios. This necessitates modifying the data and accom-
modating the effects of scheduling in calculation. We hence obtained the following data sets for
the Metro Transit A-Line and Harris County Transit Re-Imagined Bus Network projects:

• The Metro Transit A-Line project

1. Baseline Network: Metro Transit General Transit Feed Specification (GTFS) release
for November 2015.

2. Metropolitan Council Transportation Analysis Zone (TAZ) shapefile and forecasts for
population and employment in 2040 based on ThriveMSP.

3. Planning documents that describe the changes to the Twin Cities Transit network and
will be implemented as part of the A-Line aBRT project. These descriptions were
used to modify the existing GTFS files to reflect the proposed changes.

• The Harris County Transit Re-Imagined Bus Network Project

1. Harris Transit GTFS Release for March 2015 for the analysis of Scenario A .

2. Harris Transit GTFS Release for May 2015 for the analysis of Scenario B.

3. Harris Transit GTFS Release for November 2015 for the analysis of Scenario C.

4. System Re-imagining Report. A document describing the proposed changes, which
indicates that accessibility calculations could have been performed as early as Septem-
ber 2014.
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The Twin Cities Metropolitan Area and the Houston Metropolitan Area are the first service
area considered for accessibility-based evaluation of the projects. However, it is of interest to
reduce the project area in order to reduce the impact of areas which are not affected by the changes
made to the transit network on the analysis. This allows us to shed some light on how and to what
extent the service area definition affects the performance of transit projects. We therefore create six
buffer zones concerning the distance that can be walked from the bus stops. We assume the typical
worker can walk at a speed of 5 km/hr. Consequently, in a period of 30 minutes, a person would
be able to walk up to 2,500m. The zones were generated for 10 minutes, 20 minutes, 30 minutes,
40 minutes, 50 minutes, and 60 minutes of available walk time, resulting in buffers zones of 833m,
1,667m, 2,500m, 3,333m, 4,167m, and 5,000m, respectively. Figure 1 and Figure 2 illustrate the
buffer zones.

A-Line Stations
Route 84 Stops
Route 84 & A-Line
Transit System

Legend

North
2.5 0 2.5 5 7.5 10 km

Metro Transit: A-Line aBRT Service and Route 84

FIGURE 1 : All six buffer zones utilized in the accessibility calculations for the A-Line analysis
are represented in this map. The buffer zones surround the A-Line and Route 84, showing the
status of both bus stops and routes

4 How Narrow is too Narrow?
In this section, we intend to fulfill the first objective of this research, and in particular answer the
question brought up earlier in the paper: “How does the service area variation affect accessibility-
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New Bus Stops
Removed Bus Stops
Maintained Bus Stops
New Route Alignments
Removed Route Alignments
Maintained Route Alignments

Legend

2.5 0 2.5 5 7.5 10 km

North

Harris County Transit Re-Imagined Bus Network

FIGURE 2 : All six buffer zones utilized in the accessibility calculations for the Harris County
Transit analysis are represented in this map. The buffer zones surround the Harris County Transit
System, showing the status of both bus stops and routes.
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based evaluation of transit projects?” The following subsections separately represent the results of
the accessibility calculation for Project 1 and Project 2.

4.1 Project 1: Metro Transit A-Line
At the Minneapolis - St. Paul metropolitan service area level, Figure 3 illustrates the change in
the number of jobs that can be reached from each block averaged between 7:00 AM and 9:00
AM. Likewise, Figure 4 portrays the change in the number of workers that can be reached from
each block averaged between 7:00 AM and 9:00 AM. These maps show percentage, rather than
absolute, accessibility changes. Across all blocks in the Minneapolis - St. Paul Metropolitan
region, the range of accessibility values is wide: on some blocks no jobs can be reached by transit,
while on others, hundreds of thousands of jobs can be reached.

When a transit service is added to an area that previously had little or no service, the low
original accessibility value can produce a high percentage change, even if the absolute number
of new jobs that can be reached is relatively low. This can also result in anomalous blocks if an
area having low accessibility experiences slightly more or less walking distance due to rounding in
the accessibility calculation program. This phenomena is observable in Figure 3a, Figure 3b, and
Figure 4a, in which a few blocks that cannot reach the changes made by the A-Line project within
the given threshold still show high levels of change. These areas contain very few residents or jobs
and so their impact is negligible on the weighted access values.
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FIGURE 3 : Change in number of total jobs reachable by threshold (Scenario C vs. Scenario A
and 2013 land use)
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FIGURE 4 : Change in number of total workers reachable by threshold (Scenario C vs. Scenario
A and 2013 land use)

Table 1 depicts accessibility to jobs in the A-Line and baseline scenarios for different num-
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ber of minutes when using distinct service area definitions. The similar information for accessi-
bility to workers is depicted in Table 2. Comparing the A-Line and baseline scenarios, it is found
that adding the A-Line significantly boosts both worker-weighted and job-weighted accessibilities,
apart from the service area definition. Due to the limited size of the project, limiting the service
area helps to improve the understanding of how the project impacts accessibility. In particular, both
worker-weighted and job-weighted accessibility increase when a smaller service area is taken into
consideration, and so do the percent differences between these in the A-Line network as compared
to the baseline network. This is demonstrated by comparing the accessibility values in different
service areas.

Looking at Table 1 and Table 2, it is inferred that a reduction in service area not only
increases both worker-weighted and job-weighted absolute accessibility values, but it also escalates
the percentage changes in accessibility. For example,workers living within 2,500m of the A-Line
can reach 5.92% more jobs within 30 minutes with the new service than before, which is about
2,500 additional jobs within 30 minutes. Employers in that same area can reach 5.41% more
workers, or nearly 1,400 more potential employees. However, workers living within 833m of the
A-Line can reach 10.87% more jobs within 30 minutes with the new service than before, which
equals 4,682 additional jobs within 30 minutes. Employers in that same area can reach 6.39%
more workers, or 2,029 more potential employees.

4.2 Project 2: Harris County Transit Re-Imagined Bus Network
At the Houston Metropolitan service area level, Figure 5 illustrate the percent change in the number
of jobs that can be reached from each block, averaged between 7:00 AM and 9:00 AM. Likewise,
Figure 6 represents the percent change in the number of workers that can be reached from each
block, averaged between 7:00 AM and 9:00 AM. Akin to the results of Project 1, the accessibility
values vary significantly from zero to hundreds of thousands across all blocks. We speculate that
this variation is a direct result of the transit service history in the region, as adding transit service
to a region with little or no service produces a high percentage change in accessibility values.
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TABLE 1 : Results of accessibility to jobs calculation for metro transit A-Line using different
service area definition

Number of Minutes Service Area (Meters)
Metro Area 5,000 4,167 3,333 2,500 1,667 833

Baseline Scenario
10 Minutes 597 1062 903 910 937 1,059 1,135
20 Minutes 4,885 9,513 8,600 8,063 7,943 8,421 8,845
30 Minutes 19,296 49,925 46,058 44,414 42,058 42,428 43,072
40 Minutes 47,278 151,511 148,891 148,932 145,554 147,068 147,458
50 Minutes 88,310 293,361 297,148 304,504 308,283 319,608 329,788
60 Minutes 139,629 439,576 445,869 455,990 462,475 479,364 496,727
A-Line Scenario
10 Minutes 597 1061 902 909 935 1,056 1,131
20 Minutes 4,898 9,661 8,786 8,292 8,237 8,824 9,439
30 Minutes 19,428 51,277 47,706 46,410 44,547 45,732 47,754
40 Minutes 47,786 156,332 154,714 155,954 154,391 158,745 163,963
50 Minutes 89,238 302,283 307,760 317,082 323,777 339,218 355,824
60 Minutes 140,805 448,869 456,490 467,875 476,169 494,958 513,845
Absolute Changes in Accessibility
10 Minutes 0 -1 -1 -1 -2 -3 -4
20 Minutes 13 148 186 229 294 403 594
30 Minutes 132 1,352 1,648 1,996 2,489 3,304 4,682
40 Minutes 508 4,821 5,823 7,022 8,837 11,677 16,505
50 Minutes 928 8,922 10,612 12,578 15,494 19,610 26,036
60 Minutes 1,176 9,293 10,621 11,885 13,694 15,594 17,118
Percentage Changes in Accessibility
10 Minutes 0.00 -0.09 -0.11 -0.11 -0.21 -0.28 -0.35
20 Minutes 0.27 1.56 2.16 2.84 3.70 4.79 6.72
30 Minutes 0.68 2.71 3.58 4.49 5.92 7.79 10.87
40 Minutes 1.07 3.18 3.91 4.71 6.07 7.94 11.19
50 Minutes 1.05 3.04 3.57 4.13 5.03 6.14 7.89
60 Minutes 0.84 2.11 2.38 2.61 2.96 3.25 3.45
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TABLE 2 : Results of accessibility to workers calculation for metro transit A-Line using different
service area definition

Number of Minutes Service Area (Meters)
Metro Area 5,000 4,167 3,333 2,500 1,667 833

Baseline Scenario
10 Minutes 625 750 752 764 772 805 911
20 Minutes 4,889 6,270 5,821 6,007 6,217 6,647 7,630
30 Minutes 19,738 25,115 23,479 24,327 25,485 27,451 31,767
40 Minutes 51,057 63,895 60,955 63,122 65,528 69,890 78,258
50 Minutes 97,711 123,009 119,879 124,256 127,815 135,089 145,480
60 Minutes 155,676 199,658 198,276 206,693 212,100 222,743 233,898
A-Line Scenario
10 Minutes 625 749 752 763 771 804 909
20 Minutes 4,908 6,352 5,938 6,151 6,397 6,859 7,941
30 Minutes 19,911 25,871 24,468 25,506 26,864 28,985 33,796
40 Minutes 51,691 66,142 63,766 66,379 69,239 73,903 83,155
50 Minutes 98,945 126,971 124,865 130,025 134,315 141,858 152,557
60 Minutes 157,118 204,989 204,985 214,405 220,622 231,233 241,900
Absolute Changes in Accessibility
10 Minutes 0 -1 0 -1 -1 -1 -2
20 Minutes 19 82 117 144 180 212 311
30 Minutes 173 756 989 1,179 1,379 1,534 2,029
40 Minutes 634 2,247 2,811 3,257 3,711 4,013 4,897
50 Minutes 1,234 3,962 4,986 5,769 6,500 6,769 7,077
60 Minutes 1,442 5,331 6,709 7,712 8,522 8,490 8,002
Percentage Changes in Accessibility
10 Minutes 0.00 -0.13 0.00 -0.13 -0.13 -0.12 -0.22
20 Minutes 0.39 1.31 2.01 2.40 2.90 3.19 4.08
30 Minutes 0.88 3.01 4.21 4.85 5.41 5.59 6.39
40 Minutes 1.24 3.52 4.61 5.16 5.66 5.74 6.26
50 Minutes 1.26 3.22 4.16 4.64 5.09 5.01 4.86
60 Minutes 0.93 2.67 3.38 3.73 4.02 3.81 3.42
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FIGURE 5 : Change in number of total jobs reachable by threshold (Scenario C vs. Scenario A
and 2013 land use)
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FIGURE 6 : Change in number of total workers reachable by threshold (Scenario C vs. Scenario
A and 2013 land use)

Table 3 depicts accessibility to jobs in the Re-imagined Bus Network and baseline scenarios
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for a different number of minutes when using distinct service area definitions. Table 2 summarizes
the similar information of accessibility to jobs for accessibility to workers. Looking at Table 3
and Table 4, it is found that an increase in both worker-weighted and job-weighted accessibility
follows a decrease in the service area. This escalation, however, is not significant when considering
the percentage change in accessibility dissimilar to Project 1. For instance, workers living within
2,500m of the Re-imagined Bus Network can reach 475 additional jobs within 30 minutes with
the new service, while this number equals 611 for the 833m service area. This indicates workers
who reside closer to the system generally have higher access to jobs. The percentage change in
accessibility, however, is fairly similar. This is also true for job-weighted accessibility. Employers
living within 2,500m of the Re-imagined Bus Network can reach 159 more jobs within 30 minutes
with the new service, while employers living within 833m of the Re-imagined Bus Network can
reach 180 additional jobs within 30 minutes. The percentage change in accessibility, however,
equals around 0.90% for both situations.

If comparisons were made between regional areas, the selection of analysis area in each
region could have a large impact on the results, simply by virtue of the size of the region relative
to the size of the network. For Project 2, the percentage change in accessibility in an exact service
area is similar to the percentage change in accessibility in another service area. However this is
not the case for Project 1.

5 Decomposing the Accessibility Changes
In this section, we aim to determine how and to what extent the separate portions of transit projects
impact accessibility-based evaluation. The following subsections provide an in-depth discussion
over the two selected transit projects.

5.1 Project 1: Metro Transit A-Line
We calculate and compare accessibility to jobs and accessibility to workers in different time thresh-
olds at the Minneapolis - St. Paul metropolitan region level for four different scenarios:

• Scenario A: this is the baseline scenario with the local service (Route 84 bus).

• Scenario B: this is the scenario in which we cut the local service.

• Scenario C: this is the scenario with adding the A-Line to the network without removing
the local service.

• Scenario D: this is the full implementation scenario, in which the the local service is
removed and the A-Line is added to the network.

We present the results in Table 5. Comparing Scenario A with Scenario B, we observe a
decrease in accessibility, but the opposite is true comparing Scenario A with Scenario C. Conse-
quently, Scenario D falls in between the Scenario B and Scenario C, as expected, but is generally
greater than the baseline network accessibility.
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TABLE 3 : Results of accessibility to jobs calculation for Harris County Transit using different
service area definition

Number of Minutes Service Area (Meters)
Metro Area 5,000 4,167 3,333 2,500 1,667 833

Baseline Scenario
10 Minutes 496 724 771 823 900 983 1,101
20 Minutes 3,616 5,588 5,979 6,467 7,124 7,883 8,896
30 Minutes 13,044 20,852 22,353 24,272 26,831 29,805 33,655
40 Minutes 32,034 51,950 55,745 60,604 67,156 74,735 84,463
50 Minutes 63,027 103,206 110,824 120,556 133,729 148,955 168,381
60 Minutes 107,330 177,443 190,652 207,513 230,308 256,644 289,798
Re-Imagined Bus Network Scenario
10 Minutes 485 705 750 801 875 955 1,069
20 Minutes 3,651 5,629 6,023 6,515 7,178 7,944 8,966
30 Minutes 13,275 21,212 22,741 24,697 27,306 30,338 34,266
40 Minutes 32,296 52,321 56,146 61,042 67,644 75,284 85,096
50 Minutes 63,326 103,821 111,488 121,282 134,540 149,866 169,443
60 Minutes 107,996 179,164 192,509 209,544 232,577 259,189 292,793
Absolute Changes in Accessibility
10 Minutes -11 -19 -21 -22 -25 -28 -32
20 Minutes 35 41 44 48 54 61 70
30 Minutes 231 360 388 425 475 533 611
40 Minutes 262 371 401 438 488 549 633
50 Minutes 299 615 664 726 811 911 1,062
60 Minutes 666 1,721 1,857 2,031 2,269 2,545 2,995
Percentage Changes in Accessibility
10 Minutes -2.22 -2.62 -2.72 -2.67 -2.78 -2.85 -2.91
20 Minutes 0.97 0.73 0.74 0.74 0.76 0.77 0.79
30 Minutes 1.77 1.73 1.74 1.75 1.77 1.79 1.82
40 Minutes 0.82 0.71 0.72 0.72 0.73 0.73 0.75
50 Minutes 0.47 0.60 0.60 0.60 0.61 0.61 0.63
60 Minutes 0.62 0.97 0.97 0.98 0.99 0.99 1.03
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TABLE 4 : Results of accessibility to workers calculation for Harris County Transit using different
service area definition

Number of Minutes Service Area (Meters)
Metro Area 5,000 4,167 3,333 2,500 1,667 833

Baseline Scenario
10 Minutes 492 579 588 595 611 631 661
20 Minutes 3,577 4,441 4,538 4,662 4,807 5,023 5,314
30 Minutes 12,800 16,370 16,764 17,302 17,886 18,737 19,890
40 Minutes 31,317 40,518 41,542 42,955 44,480 46,702 49,655
50 Minutes 61,564 80,458 82,540 85,434 88,564 93,151 99,056
60 Minutes 104,903 138,494 142,140 147,233 152,733 160,826 170,928
Re-Imagined Bus Network Scenario
10 Minutes 482 566 576 582 597 616 645
20 Minutes 3,581 4,458 4,556 4,681 4,827 5,044 5,336
30 Minutes 12,856 16,511 16,911 17,454 18,045 18,905 20,070
40 Minutes 31,242 40,747 41,778 43,200 44,737 46,974 49,940
50 Minutes 61,253 80,779 82,870 85,778 88,922 93,529 99,441
60 Minutes 104,462 139,030 142,692 147,808 153,332 161,450 171,549
Absolute Changes in Accessibility
10 Minutes -10 -13 -12 -13 -14 -15 -16
20 Minutes 4 17 18 19 20 21 22
30 Minutes 56 141 147 152 159 168 180
40 Minutes -75 229 236 245 257 272 285
50 Minutes -311 321 330 344 358 378 385
60 Minutes -441 536 552 575 599 624 621
Percentage Changes in Accessibility
10 Minutes -2.03 -2.25 -2.04 -2.18 -2.29 -2.38 -2.42
20 Minutes 0.11 0.38 0.40 0.41 0.42 0.42 0.41
30 Minutes 0.44 0.86 0.88 0.88 0.89 0.90 0.90
40 Minutes -0.24 0.57 0.57 0.57 0.58 0.58 0.57
50 Minutes -0.51 0.40 0.40 0.40 0.40 0.41 0.39
60 Minutes -0.42 0.39 0.39 0.39 0.39 0.39 0.36
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TABLE 5 : Results of decomposing accessibility changes for Metro Transit A-Line

Number of Minutes Scenario A Scenario B Scenario C Scenario D
Regional Worker-Weighted Accessibility to Jobs
10 Minutes 597 596 599 597
20 Minutes 4,885 4,848 4,920 4,898
30 Minutes 19,296 19,058 19,513 19,428
40 Minutes 47,278 46,565 47,950 47,786
50 Minutes 88,310 87,079 89,464 89,238
60 Minutes 139,629 138,301 141,048 140,805
Regional Job-Weighted Accessibility to Workers
10 Minutes 625 624 625 625
20 Minutes 4,889 4,857 4,927 4,908
30 Minutes 19,738 19,515 19,992 19,911
40 Minutes 51,057 50,387 51,860 51,691
50 Minutes 97,711 96,469 99,216 98,945
60 Minutes 155,676 154,221 157,634 157,118

5.2 Project 2: Harris County Transit Re-Imagined Bus Network
We calculate and compare accessibility to jobs and accessibility to workers in different time thresh-
olds at the Houston metropolitan region level for three different scenarios:

• Scenario A: this is the baseline scenario, in which neither the light rail lines nor Re-
imagined Bus Network have been implemented.

• Scenario B: this is the scenario in which the light rail lines have been implemented but
the Re-imagined Bus Network has not.

• Scenario C: this is the full implementation scenario, in which both the light rail lines
and Re-imagined Bus Network have been implemented.

We outline the results in Table 6. Comparing the scenarios in the regional worker-weighted
accessibility to jobs, the light rail implementation in Scenario B had a nearly negligible, though
generally negative, impact on accessibility to jobs in comparison to Scenario A. This is reasonable,
as the light rail lines that replaced the bus service also changed the stop locations. In contrast the
restructuring the network, in addition to the investment in light rail (Scenario C), had a small but
generally positive impact on the ability of users to reach jobs in comparison to both Scenario A
and B. This indicates that the re-allocation of resources inherent in the Re-imagined Bus Network
produced a positive impact without the need for a significant investment. Furthermore, due to the
generally negative though negligible impacts of Scenario B in comparison to Scenario A, it is clear
that the inclusion of the light rail investment in Scenario C actually provides for a slight underes-
timation of the effects of the Re-imagined Bus Network to the baseline network. Together these
observations support the conclusion that the implementation of the Re-imagined Bus Network has
a small but positive impact on the accessibility to jobs in the region.
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TABLE 6 : Results of decomposing accessibility changes for Harris County Transit

Number of Minutes Scenario A Scenario B Scenario C
Regional Worker-Weighted Accessibility to Jobs
10 Minutes 496 493 485
20 Minutes 3,616 3,609 3,651
30 Minutes 13,044 13,047 13,275
40 Minutes 32,034 31,998 32,296
50 Minutes 63,027 62,945 63,326
60 Minutes 107,330 107,131 107,996
Regional Job-Weighted Accessibility to Workers
10 Minutes 492 491 482
20 Minutes 3,557 3,574 3,581
30 Minutes 12,800 12,807 12,856
40 Minutes 31,317 31,292 31,242
50 Minutes 61,564 61,484 61,253
60 Minutes 104,903 104,768 104,462

The analysis of the accessibility changes for the Harris County Transit with the implemen-
tation of their new light rail system and the restructuring of the bus network indicated that the light
rail investments had negligible impacts on accessibility levels while the restructuring of the bus
network had slight positive impact on access to jobs. The evaluation of the impact of access to
jobs and workers with the implementation of these projects for users within various buffer zones
of the transit network provided interesting results. In general, workers residing closer to the transit
network, understandably had higher levels of access. However, the buffer zone chosen to perform
the analysis did not impact the relative levels of the results between scenarios. This is to say that
whether accessibility was evaluated at a regional level or within an 833m buffer zone of the transit
network, Scenario C showed a consistent percent increase in access to jobs over Scenario A. These
results support the idea that comparisons across different regions can be problematic without a
consistent definition of areas to be included in an analysis.

6 Summary and Conclusions
The analytical issues associated with the modifiable areal unit problem are neither unfamiliar nor
peculiar in the transport planning realm. Many examples of the modifiable areal unit problem and
its potential consequences exist in transport literature and in real-world applications. The topic,
however, has been given little attention particularly by planners and transit officials when evaluat-
ing transit projects. The recent emergence of the use of accessibility-based evaluation in transport
projects has renewed some interest in the MAUP, resulting in research focusing on developing
scale-free accessibility measurements or exploring the appropriate unit of analysis to measure ac-
cessibility. Scant empirical evidence, however, exists to evaluate the service area variation impacts
of the accessibility measure in transit projects.

This empirical research describes an extensive analysis of the sensitivity of the accessibility-
based evaluation results to variations in the definition of transit service areas. In particular, we
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examined the role of transit service area definition in accessibility-based evaluation in two dis-
tinct transit projects: (1) Metro Transit A-Line in Minnesota and (2) Harris County Transit Re-
Imagined Bus Network in Texas. The results indicate that choice of transit service areas have a
significant impact on the value of absolute accessibility measures. In general, the trend shows that
the narrower the analysis boundary is to the network, the higher the value of the absolute accessi-
bility measure. The results, however, are inconsistent when relative accessibility measures such as
percentage change between scenarios is used as an accessibility-based evaluation measure. This
demonstrates that service area definition is of only moderate importance for scenario comparisons
within the same analysis boundary. When comparing between different regions or in areas within
different boundaries, the service area definition could have a significant impact on all results. This
is case sensitive and varies greatly from project to project, which necessitates calculating both the
absolute and relative accessibility measures in accessibility-based evaluation.

In addition, evaluating the Harris County Transit Project allowed us to examine the role
of bus service development in providing regional accessibility. The results revealed that the light
rail investments had negligible impacts on accessibility levels while the restructuring of the bus
network had slight positive impact on access to jobs. The conclusion, of course, has a regional
evaluation benefits and are not generalizable to other transit projects. However, we recommend
decomposing transit projects in accessibility-based evaluation to pick the right choice.

The findings of the current research have important implications for the deployment of
accessibility-based evaluation on transit projects. Testing the impacts of service area definitions in
accessibility-based evaluation avoids pitfalls resulting in contradictory or illusory conclusions. The
findings and recommendations of the current research must be considered in light of the limitations.
We examined service area variation impacts of the accessibility measure in two distinct transit
projects, and focused only on cumulative opportunities accessibility calculations. Although we feel
that the findings indicate the need for researchers to conduct similar accessibility-based evaluation
for transit projects, we assert that further research is needed to substantiate our findings.
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