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About this Document

This document is a user guide for Citilabs' bicycle-sharing demand forecasting model.
Topics include:

1 Overview

T Inputs

9 Modeling Process

1

Scenario Analysis



Bicycle-Sharing Demand Model

Overview

A bicycle-sharing system is a service in which bicycles are made available for shared use to
individuals who do not own them." An example of such a service is the Hubway system
currently operated in the metropolitan Boston area (primarily Boston, Brookline,
Cambridge and Somerville).? Users of this system pay to ride bicycles between stations
situated throughout the city. In 2012, using trip history data provided as part of the
Hubway Data Visualization Challenge, Citilabs staff developed a bicycle-sharing demand
forecasting model that is now available for general use.

The bicycle-sharing demand forecasting model could be used for the following:

9 Forecasting changes in Hubway utilization based upon changes in demographics and
land use within the Boston area

1 Identifying the streets on which Hubway riders are likeliest to be found
9 Evaluating the effect of bicycle lanes on Hubway ridership

9 Evaluating Census blocks within the Boston area as potential locations for new or
relocated Hubway stations

9 Designing a bicycle-sharing system similar to Hubway for a similar city

The model was developed using common software such as ArcGIS and Microsoft Office
and was implemented using Cube software and published to the web using Cube Cloud.
This platform includes web-based mapping and reporting tools to visualize and analyze
Hubway station utilization patterns under alternative hypothetical conditions.

! See http://en.wikipedia.org/wiki/Bicycle sharing system
2 See http://www.thehubway.com
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Input Data

The input data for the bicycle-sharing demand model are simple and minimal in scope yet
detailed in their geographic resolution. These inputs include:

9 City blocks with land use data

9 Roadway and path network

City blocks with land use data
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The bicycle-sharing demand model uses city blocks as the geographic unit of analysis,
predicting for any given block what the level of predicted ridership might be if it were to
become the location of a bicycle-sharing station, based upon nearby land uses. The
Hubway model includes all city blocks within 2-mile of any existing station, but could be
extended as desired to analyze service expansion.

Key attributes of the city blocks layer include:
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Field Description

z Unique sequential ID for each block

HOUSING10 Number of housing units

NR_COM Acreage of commercial land use

NR_IND Acreage of industrial land use

MBTA_STOPS Number of MBTA stops

STATION If a block has a Hubway station, this is the station

number; otherwise the value is zero

CR_HUB If a block has a Hubway station, and that station is the
closest to one of the commuter rail hubs, this equals 1

The following sources were used to assemble these input data:
1 U.S. Census Block shapefiles with 2010 population and housing unit counts?
M MassGIS Land Use data*

1 MBTA Rapid Transit and Commuter Rail data®

U.S. 2010 Census Blocks

A block shapefile for Massachusetts including 2010 population and housing unit counts
was downloaded from the U.S. Census website. A spatial query was performed in ArcGIS
to select and extract a contiguous set of blocks within 2-mile of existing Hubway stations.

MassGlIS Land Use

The aforementioned city blocks were intersected with land use data for Massachusetts
downloaded from the MassGIS website and summarized to tabulate the acreage of each
type of land use in each city block. The most recent land use data available are for 2005;
while some changes have occurred since then it should be noted that the Hubway system
serves a fairly dense and “built-out”, rather than rapidly developing, area. While a number
of land uses were tested for significance, only commercial and industrial land use were
found to be significant. The definition of these land uses is shown below (reproduced
here from MassGIS):

3 Obtained from http://www.census.gov/geo/www/tiger/tgrshp2010/pophu.html

4 Obtained from http://www.mass.gov/anf/research-and-tech/it-serv-and-support/application-
serv/office-of-geographic-information-massgis/datalayers/lus2005.html

°> Obtained from http://www.mass.gov/anf/research-and-tech/it-serv-and-support/application-
serv/office-of-geographic-information-massgis/datalayers/mbta.html and
http://www.mass.gov/anf/research-and-tech/it-serv-and-support/application-serv/office-of-
geographic-information-massgis/datalayers/trains.html
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15 Commercial Malls, shopping centers and largefsttommercial areas, plus
neighborhood stores and medical offices (not hospitals). La
and garden centers that do not produce or grow the produc
also considered commercial.

16 Industrial Light and heavy industry, including buildings, equipmerd a
parking areas.

MBTA Rapid Transit and Commuter Rail

Points representing MBTA rapid transit stations were spatially joined to the city blocks
layer in order to flag those blocks that have a “T” stop. For commuter rail, a flag was
applied only to blocks with Hubway stations closest to the major hubs, i.e. North Station,
South Station, and Back Bay.

Roadway and path network
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The roadway and path network is used to determine which blocks are within a 2-mile or
Ya-mile walking distance of Hubway stations, as well as to calculate the distance along
shortest paths between stations. This network is derived from the Massachusetts
Department of Transportation (MassDOT) Roads layer available via MassGIS, and a
complete listing of feature attribute information can be obtained from that website.®

6 Obtained from http://www.mass.gov/anf/research-and-tech/it-serv-and-support/application-
serv/office-of-geographic-information-massgis/datalayers/eotroads.html
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For this application, the roadways layer was clipped to the boundary designated by the
city blocks layer described previously, and then converted into a topologically connected
network of links and nodes for routing and assignment using Cube Base, with centroid
nodes and centroid connectors automatically generated from every city block to the

nearest bicycling or walking facilities.

In addition, a new field named “BIKE” was added, with the following values:

Value Meaning Conditions

Zero (0) Anti-bicycle facility 1 Access-controlled (ACCESSCONT=1) OR
T Ramps and tunnels (RDTYPE=7-11)

Two (2) Pro-bicycle facility 1 Bicycle facility type (FACILITYTY=12)

One (1) Bicycle-OK facility 1  Everything else.

This field is used to determine eligibility for routing. Links with a BIKE value of zero are
excluded from walking or bicycling (and therefore not truly part of the network). Links
with a BIKE value of two are given extra weight in bicycle route choice, and therefore may

influence bike share trip distribution and assignment.
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Modeling Process

The bicycle-sharing demand forecasting model is a process consisting of a series of steps
connected by data flows, as depicted in the flowchart shown below.

Skim street network

Bikeshare destination choice
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This section discusses each of the steps in this process:

9 Network skimming and accessibility calculator (steps 1 and 2)
9 Station ridership potential and utilization (step 3)

9 Destination station choice model (step 4)
1

Bicycle-sharing network trip assignment (steps 5 and 6)

Network accessibility calculator

The first step in the modeling process calculates shortest-distance paths between all
blocks across the roadway network using links deemed OK for bicycles and pedestrians.
These distances are then used to calculate the following measures:

9 Over all blocks within %2-mile:

0 Dummy variable equal to 1 if there are any MBTA (“T") stops
1 Total of all blocks within 2-mile:

o0 Number of housing units (households)

0 Acres of commercial land use

0 Acres of industrial land use

These so-called “accessibility” measures are used as inputs to the bicycle-sharing trip
generation process that follows.
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Station ridership potential and utilization

All city blocks are evaluated as potential bicycle-sharing station locations using a direct
demand trip generation model, statistically estimated by regressing total annual trip starts
by station from the Hubway trip history data against variables representing station
accessibility to block demographics, land use, and rail transit stops. Fifteen different
models were estimated and considered before selecting the final specification, which
offered the best combination of statistical significance and intuitive interpretation. The
estimated coefficients of this model are presented below.

Variable Coefficient (Annual Trips)
Intercept 349446

Households in blocks within a V>-mile walk 0.132

Acreage of commercial land use in blocks within a Y2-mile walk 16.684***

Acreage of industrial land use in blocks within a a-mile walk -23.773%**

T Dummy (equal to 1 if an MBTA stop is within a Y4-mile walk, 0 otherwise) 1418.417*%

Commuter rail dummy (equal to 1 if a station is closest to North Station, South 9441.724%%*

Station, or Back Bay, O otherwise)

Note: * p < 0.05; ** p < 0.01; *** p < 0.001
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