ite=

ai A =

Trip Generation Manual -

10" Edition * Volume 1: Desk Reference

SEPTEMBER 2017







Trip Generation Manual

10" Edition » Volume 1: Desk Reference

ite=

INSTITUTE OF TRANSPORTATION ENGINEERS



USER LICENSE AGREEMENT

NOTICE OF LICENSE:

BY PURCHASING THIS PRODUCT, YOU BECOME A LICENSEE AND AGREE TO BE BOUND BY THE TERMS
OF THIS LICENSE AGREEMENT. This license covers the Work supplied by ITE and governs your use of the Work
as Licensee.

IMPORTANT: Trip Generation Manual (“the Work”) is a copyrighted work owned and published by the Institute of
Transportation Engineers (ITE) and may be used and reproduced only in accordance with the terms of this License
Agreement. The Work is now and will continue to be owned by ITE and is being made available to you in accordance
with this Agreement, under which you agree to become a “Licensee.”

This Agreement authorizes you (the customer and Licensee) to make non-published copies of portions of the Work,
as set out below, provided you do not reproduce the Work in an unauthorized fashion, and that you do not display,
republish, sell, or otherwise interfere with ITE’s copyright ownership in the Work. YOU MAY NOT COPY THE WORK
IN ANY MANNER WHICH VIOLATES THIS LICENSE. IF YOU ARE NOT AN EMPLOYEE OR AGENT OF A
LICENSEE OF THE WORK, YOU HAVE NO RIGHT TO COPY, MANIPULATE, ALTER OR OTHERWISE CHANGE
THE WORK IN ANY MANNER. IF YOU ARE AN EMPLOYEE OR AGENT OF A LICENSEE OF THIS WORK, YOU
HAVE A LEGAL RESPONSIBILITY TO KNOW AND FOLLOW THE TERMS OF THE LICENSE, AS FOLLOWS:

Notices of Intellectual Property Rights. You agree to ensure that a visible and conspicuous copyright notice be
visible on any copies of the work made by you and/or when the Work is displayed electronically. Such notice, if

not already present on the copies or displayed version of the Work, shall state: “Copyright ® 2017 by Institute of
Transportation Engineers.” By entering into this License Agreement, you acknowledge and agree that ITE is the sole
owner of all rights in the Work, including all copyrights.

Warranties. All warranties of merchantability or fitness of use for a particular purpose, express or implied, except

for those contained in this agreement, are waived by you as Licensee. The Work is licensed to you “as is” Works
and ITE does not guarantee that the Work will meet “all requirements” of your business or profession. ITE shall

not be responsible for any damages, consequential or otherwise, that may be suffered by you as Licensee or your
employees or agents in the use of the Work. (Such damages shall include but not be limited to lost profits, lost sales,
all actions lying in tort, or any other cause of action arising out of the use of the Work.)

Termination. This license shall also terminate immediately if you as Licensee do not comply directly or indirectly with
any term of this License Agreement, including but not limited to non-payment of license fees, unauthorized copying,
or unauthorized modification of the Work in any manner. You may terminate this license at any time by so indicating in
writing to ITE and destroying all copies of the Work or by returning the Work to ITE. Use of the Work after termination
is not authorized by ITE and shall be considered by ITE to be infringement of its intellectual property rights, in addition
to any rights that may accrue to ITE by such use.

Assignments, Transfers. You may not assign this license Agreement, the rights, duties and obligations in this
License Agreement, nor may you assign the Work without permission from ITE.

Copying; display. You may copy portions of the Work at no charge as you may need from time to time in order

to carry out your professional work. You may not copy, reproduce in any format, display, manipulate, publish or
otherwise change and/or interfere with the Work in a manner that would allow the public or any non-private gathering
or audience to see or have access to the Work or any portion of the Work. No person acting on your behalf may
violate the terms of this License Agreement. You agree that only employees and/or agents who understand the basic
terms of this License and who are aware of ITE’s ownership of the Work, including all copies of the Work, shall have
access to the Work.
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The Institute of Transportation Engineers is an international educational and scientific association of transportation
professionals who are responsible for meeting mobility and safety needs. ITE facilitates the application of technology
and scientific principles to research, planning, functional design, implementation, operation, policy development, and
management for any mode of ground transportation. Through its products and services, ITE promotes professional
development of its members, supports and encourages education, stimulates research, develops public awareness
programs, and serves as a conduit for the exchange of professional information.

Founded in 1930, ITE is a community of transportation professionals including, but not limited to, transportation
engineers, transportation planners, consultants, educators, and researchers. Through meetings, seminars,
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540 Junior/Community College
550 University/College

560 Church

561 Synagogue

562 Mosque

565 Day Care Center

566 Cemetery

571 Prison

575
580
590

Fire and Rescue Station
Museum
Library

Medical (Land Uses 600-699)
CODE LAND USE

610
620
630
640
650

Hospital

Nursing Home

Clinic

Animal Hospital/Veterinary Clinic
Free-Standing Emergency Room

Office (Land Uses 700-799)
CODE LAND USE

710
712
714
715
720
730
731
732
733
750
760
770

General Office Building

Small Office Building

Corporate Headquarters Building
Single Tenant Office Building
Medical-Dental Office Building
Government Office Building
State Motor Vehicles Department
United States Post Office
Government Office Complex
Office Park

Research and Development Center
Business Park

Retail (Land Uses 800-899)
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810
811
812
813
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815
816
817
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Tractor Supply Store

Construction Equipment Rental Store
Building Materials and Lumber Store
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Variety Store
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Hardware/Paint Store

Nursery (Garden Center)

Nursery (Wholesale)
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842
843
848
849
850
851
853

854
857
858
860
861
862
863
864
865
866
867
868
869
872
875
876
879
880

881

882
890
895
897
899

Shopping Center

Factory Outlet Center
Automobile Sales (New)
Automobile Sales (Used)
Recreational Vehicle Sales
Automobile Parts Sales
Tire Store

Tire Superstore
Supermarket
Convenience Market

Convenience Market
with Gasoline Pumps

Discount Supermarket
Discount Club

Farmers Market

Wholesale Market

Sporting Goods Superstore
Home Improvement Superstore
Electronics Superstore
Toy/Children’s Superstore
Baby Superstore

Pet Supply Superstore

Office Supply Superstore
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Discount Home Furnishing Superstore
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Department Store

Apparel Store
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911
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930
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936

937
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941
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945
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948
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950
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Preface

The Trip Generation Manual is a publication of the Institute of Transportation Engineers (ITE).
Volume 1 of the publication, the Desk Reference, provides a detailed description of new urban

and person-based trip data, summarizes key instructional information, presents sample plots, and
identifies significant changes from the previous edition. It also contains definitions of the independent
variables and terms used in this manual.

Volume 2 of the Trip Generation Manual includes a complete set of searchable electronic files
including land use descriptions and data plots for all combinations of available land uses, time
periods, independent variables, settings, and trip types (vehicle or person). Data contained in this
volume are prepared for informational purposes only and do not include ITE recommendations

on the best course of action or the preferred application of the data. The information in Volume 2
is based on trip generation studies submitted voluntarily to ITE by public agencies, developers,
consulting firms, student chapters, and associations. Users are encouraged to review and become
familiar with the Desk Reference prior to using the data contained in Volume 2.

The Trip Generation Handbook, 3rd Edition is also included with the Trip Generation Manual.

The Trip Generation Handbook, 3rd Edition (Publication Number RP-028D) replaces the Trip
Generation Handbook, 3rd Edition, An ITE Proposed Recommended Practice (Publication Number
RP-028C, August 2014). This report has the following two primary purposes: to provide instruction
and guidance in the proper use of data presented in the Trip Generation Manual and to provide
information on supplemental issues of importance in estimating trip generation for development
sites. The updated Handbook provides new guidance on proper techniques for estimating person
and vehicular trip generation rates, updates guidance for the evaluation of mixed use developments
and the establishment of local trip generation rates, and expands pass-by trip and truck trip
generation data.

Also with this edition, users are provided access to a new Trip Generation web app—ITETripGen.
This desktop application allows electronic access to the entire trip generation dataset with numerous
filtering capabilities including site setting (i.e., rural, suburban, urban), geographic location, age of
data, development size, and trip type (person or vehicle trips). Instructions for using ITETripGen are
included within the app.
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Introduction

Purpose

The purpose of this manual is to present a summary of the trip generation data that have been
voluntarily collected and submitted to ITE. This manual represents the 10th full edition and
incorporates data from the previous nine editions as well as the supplementary informational reports
titted February 1995 Update to the Fifth Edition (Publication Number IR-080) and Trip Generation
Characteristics of Traditional and Multiplex Movie Theaters (Publication Number IR-106). As
additional trip generation data become available, they will be distributed through the periodic update
of this resource. Instructions and guidance on the proper use of the data presented in Volume 2 have
been provided in Volume 1, Desk Reference.

Contents of the Manual

Volume 1, Desk Reference provides a detailed description of new urban- and person-based trip data,
summarizes key instructional information, presents sample plots, and identifies significant changes
from the previous edition. It also contains definitions of the independent variables and terms used in
this manual. Users are encouraged to review and become familiar with the Desk Reference prior to
using the data contained in Volume 2.

Volume 2 is intended for use in estimating the number of trips that may be generated by a specific
land use. This volume contains a complete set of searchable electronic files including land use
descriptions and data plots for all combinations of available land uses, time periods, independent
variables, settings, and trip types (vehicle or person). Trip generation rates and equations have

been developed for the average weekday, Friday, Saturday, and Sunday; the weekday morning

and evening peak hours of the generator; the weekday morning and evening peak hours that occur
during the traditional commuting peak hours of the adjacent street traffic (that is, 7:00 a.m. to 9:00
a.m. and 4:00 p.m. to 6:00 p.m.); and the Saturday and Sunday peak hours of the generator. In some
cases, limited data were available; thus, the statistics presented may not be truly representative

of the trip generation characteristics of a particular land use. Further information on the cautions

and limitations of the data contained in this manual is presented in Chapter 4, “Description of the
Database.” Volume 2 also includes an appendix with time of day distributions for all land uses for
which data are available. Data contained in this volume are prepared for informational purposes only
and do not include ITE recommendations on the best course of action or the preferred application of
the data. The information in Volume 2 is based on trip generation studies submitted voluntarily to ITE
by public agencies, developers, consulting firms, student chapters, and associations.

The Trip Generation Handbook, 3rd Edition (Publication Number RP-028D) has the following two
primary purposes: to provide instruction and guidance in the proper use of data presented in the Trip
Generation Manual and to provide information on supplemental issues of importance in estimating
trip generation for development sites. The updated Handbook provides new guidance on proper
techniques for estimating person and vehicular trip generation rates, updates guidance for the
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evaluation of mixed use developments and the establishment of local trip generation rates, and
expands pass-by trip and truck trip generation data.

The Trip Generation web app—ITETripGen—is a desktop application that allows electronic access
to the entire Trip Generation dataset with numerous filtering capabilities including site setting (i.e.,
rural, suburban, urban), geographic location, age of data, development size, and trip type (person or
vehicle trips).

About the Data

The average trip generation rates in this manual represent weighted averages from studies
conducted throughout the United States and Canada since 1980. The previous editions of this
manual contained data dating back to the 1960s; the 10th edition database was refined to ensure
relevancy of its contents by removing older data points.

Historically, data included in the Trip Generation Manual were primarily collected at suburban locations
having little or no transit service, nearby pedestrian amenities, or travel demand management (TDM)
programs. The current edition of this manual vastly expands the dataset and includes a range of sites
including central city office towers, walkable midtown commercial districts, mid-rise apartments near
rail transit stations, suburban residential subdivisions, and rural wineries. The Trip Generation Manual
data plots are organized by the setting of the sites represented by data points. More information on
location type and setting can be found in Chapter 6, “Urban Trip Generation.”

When practical, the user is encouraged to supplement the data in this document with local data that
have been collected at similar sites. Additional data should be submitted to ITE for possible inclusion
in subsequent editions. Data can be submitted electronically via an online data collection website at
www.itedatasubmission.org, through hard copy data collection forms that can be found on the ITE
website at www.ite.org/tripgeneration, or through direct transmittal of electronic files to the ITE Trip
Generation email address presented below.

Questions and comments regarding Trip Generation should be addressed to:

Institute of Transportation Engineers
1627 Eye Street, NW, Suite 600
Washington, DC 20006
Telephone: 202-785-0060
Fax: 202-785-0609
www.ite.org
email: tripgen@ite.org
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2 | Changes Since the Ninth Edition

The 10th edition of Trip Generation Manual has undergone several significant changes in content
as compared to the ninth edition. Twenty-two new land use classifications and data from more
than 1,700 sites have been added. Further, given the significant amount of new data added to
the database, the database was refined to ensure relevancy of its contents by removing all data
prior to the year 1980. The addition of new data, elimination of older data, and re-examination

of existing data resulted in several changes to land use codes, independent variables, and land
use descriptions. Specific changes are too numerous to identify in their entirety but the significant
changes are described in the following sections.

Importantly, in addition to substantial content changes, the trip generation database has also been
expanded to include both vehicle and person trip generation data for urban, suburban, and rural
settings. The trip generation data have been disaggregated by area of each study site, enabling

the development of separate databases for a range of urban, suburban, and rural settings. Trip
Generation Manual data can now be directly and explicitly used for the estimation of trip generation
for development in multi-use urban areas. Additional information on how to use this manual for urban
trip generation estimates can be found in Chapter 6, “Urban Trip Generation.”

Also new to the 10th Edition is the new Trip Generation web app—ITETripGen. This new desktop
application allows electronic access to the entire Trip Generation dataset with numerous filtering
capabilities including site setting, geographic location, age of data, development size, and trip
type (person or vehicle trips). This new tool also allows users to create customized data plots and
provides the ability to expand portions of existing graphs to better examine individual data points.

Land Use Codes

A large amount of new data has been collected since the ninth edition was published. These data

collection efforts have resulted in the addition of the following 22 new land uses:
e Specialty Trade Contractor (180)
e Off-Campus Student Apartment (225)

Mid-Rise Residential with 1st-Floor Commercial (231)

High-Rise Residential with 1st-Floor Commercial (232)

Rock Climbing Gym (434)

Trampoline Park (436)

Professional Baseball Stadium (462)

Bingo Hall (470)

e Charter Elementary School (537)

e School District Office (538)

Fire and Rescue Station (575)

Free-Standing Emergency Room (650)

Small Office Building (712)

Farmers Market (858)

Changes Since the Ninth Edition
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Marijuana Dispensary (882)

Beverage Container Recycling Depot (895)
Liquor Store (899)

Food Cart Pod (926)

Fast Casual Restaurant (930)

Car Wash and Detail Center (949)

Super Convenience Market/Gas Station (960)
Winery (970)

In an effort to continually provide data that accurately reflects the composition of each land use,
some data were reassigned to other land uses, corrected from previous editions, or removed from
the database. Several land uses were also renumbered to facilitate a more logical grouping of
related land uses. The following list summarizes these changes:

Waterport/Marine Terminal (010) was removed due to the age of the data for this land use.
Park-and-Ride Lot with Bus Service (090) was changed to Park-and-Ride Lot with Bus or Light
Rail Service (090). The existing land use Light Rail Transit Station with Parking (093) was
removed and the data from this land use was added to the new land use Park-and-Ride Lot with
Bus or Light Rail Service (090).

General Heavy Industrial (120) was removed due to the age of the data for this land use.
High-Cube Warehouse/Distribution Center (152) was removed and the data were reclassified
into four new related land uses as follows: High-Cube Transload and Short-Term Storage
Warehouse (154), High-Cube Fulfillment Center Warehouse (155), High-Cube Parcel Hub
Warehouse (156), High-Cube Cold Storage Warehouse (157).

Apartment (220), Low-Rise Apartment (221), High-Rise Apartment (222), Mid-Rise Apartment
(223), Rental Townhouse (224), Residential Condominium/Townhouse (230), Low-Rise
Residential Condominium/Townhouse (231), High-Rise Residential Condominium/Townhouse
(232), and Luxury Condominium/Townhouse (233) were removed and the data were reclassified
into the following new land uses: Multifamily Housing (Low-Rise) (220), Multifamily Housing (Mid-
Rise) (221), Multifamily Housing (High-Rise) (222).

City Park (411), County Park (412), Beach Park (415), Regional Park (417) were consolidated
into a new land use Public Park (411).

Water Slide Park (414) was renumbered Water Slide Park (482).

National Monument (418) was removed due to the age of the data for this land use.

Live Theater (441) was removed due to the age of the data for this land use.

Movie Theater with Matinee (444) was changed to Movie Theater (444); Movie Theater without
Matinee (443) was removed and the data were reclassified as Movie Theater (444).

Zoo (481) was removed due to the age of the data for this land use.

Lodge/Fraternal Organization (591) was removed due to the age of the data for this land use.
Specialty Retail Center (826) was removed. Data from the land use was reclassified to existing
land uses.

Automobile Sales (New) (840) was added as a new land use and Automobile Sales (841)

was renamed Automobile Sales (Used) (841); new data received indicated that new and used
automobile sales have different trip generation rates.

Convenience Market (Open 24 Hours) (851) was renamed as Convenience Market (851);
Convenience Market (Open 15-16 Hours) (852) was removed and the data were reclassified as
Convenience Market (851).
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e DVD/Video Rental Store (896) was removed since standalone stores that fit this description are
no longer being developed.

e Gasoline/Service Station and Car Wash (946) was removed and the data were reclassified to
existing land uses. An examination of the data for this land use indicated that the presence of a
car wash does not have a demonstrable effect on trip generation rates.

Land Use Descriptions

Several land use descriptions were modified to provide additional clarification and to more accurately
reflect the studies contained within the Trip Generation database. The following section lists the land
uses that were changed significantly:

e The High-Cube Warehouse/Distribution Center-related land uses underwent specialized
consideration through a commissioned study titled High-Cube Warehouse Vehicle Trip
Generation Analysis, published in October 2016. The results of this study have been
incorporated into the 10th Edition Trip Generation Manual resulting in the removal of the existing
land use code 152 and reclassification of the data into four new land use codes and descriptions.
For more information, please visit the ITE website at http:/library.ite.org/pub/a3e6679a-e3a8-
bf38-7f29-2961becdd498 where the study is posted.

e The existing data from Apartment (220) was examined to identify the number of floors
contained in each of the sites included in this land use. Each data point was then reclassified
into the appropriate category (low-rise, mid-rise, and high-rise). If the number of floors could
not be determined, the data points were deleted from the database. Further, all existing
residential land uses that included multifamily dwellings (apartments, townhouses, and
condominiums) were consolidated into the following three new multifamily housing land use
categories: Multifamily Housing (Low-Rise) (220), Multifamily Housing (Mid-Rise) (221),
Multifamily Housing (High-Rise) (222).

e The description for Business Hotel (312) was expanded to include recreational travelers to more
accurately reflect the sites that are included in this land use.

e The set of land uses that contain Gasoline/Service Stations and Convenience Markets were re-
examined and data was re-assigned to ensure that the data accurately reflect the existing land
use definitions. Further, a new land use—Super Convenience Market/Gas Station (960)—was
created for large sites that contain both significant convenience market square footage and a
significant number of vehicle fueling positions. These sites were analyzed using multiple variable
regression analysis to more accurately reflect significant presence of both areas of business.

Definition of Terms, Independent Variables, and Time Periods

Numerous terms, independent variables, and time periods were added to the 10th Edition. See
Chapter 3 for a current definition of the all terms, independent variables, and time periods used in
the Trip Generation Manual.

Changes Since the Ninth Edition



Statistics

Regression Analysis

Regression analysis provides a tool for developing an equation that defines the line that “best

fits” the data. This specific mathematical relationship between trips and the related independent
variable is defined as the “fitted curve equation.” Traditionally, all of the plots in the manual have
included only a single independent variable and have been displayed as either linear or logarithmic
fitted curve equations.

The 10th Edition introduces multi-variable regression equations for several land uses for which (1) a
single independent variable is not producing a desired level of precision in the trip end estimate and
(2) there is a pair of logical independent variables from which to derive the multi-variable calculations.
The 10th Edition presents multi-variable equations for several time periods for LUC 231 (Mid-Rise
Residential with 1st-Floor Commercial) and for LUC 960 (Super Convenience Market/Gas Station).

Land Uses with One Data Point

Prior to the release of this edition, land use/independent variable/time period combinations that
resulted in only a single point were published as “one observation tables” and included on the land
use description pages. In the 10th Edition, the one observation tables have been replaced by single
point plots. All plots with five or fewer data points include the statement “Caution—Small Sample
Size” to warn users of the limited data set.

Corrected Standard Deviation Values

Standard deviation is a measure of data dispersion relative to the calculated average. A low standard
deviation represents less dispersion. Standard deviation is provided when there are three or more
data points. The data plots in Trip Generation Manual, 9th Edition included miscalculated values

for weighted standard deviation. The 10th Edition includes the correct values. The method used

for calculation of weighted standard deviation is demonstrated in Appendix J of the Trip Generation
Handbook, 3rd Edition.

Other

In the 10th Edition, trip generation hourly variation tables that were previously contained on the land
use description pages have been moved to Appendix A of Trip Generation Manual, Volume 2.

A new electronic data collection system has been developed to facilitate an improved process for
submitting data to ITE to be considered for inclusion in the Trip Generation Manual. The new online
data collection site is available at www.itedatasubmission.org. Hard copy Trip Generation Data
Collection Forms are also available on the ITE website at: http://www.ite.org/tripgeneration.
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3 Definition of Terms

The definitions presented in this chapter are intended for use in the Trip Generation Manual.
Additional terms intended for use with the Trip Generation Handbook can be found in Appendix A of
the Trip Generation Handbook.

The terms are grouped as follows:
e Trip Types and Trip Modes
e Setting/Location
e Time Periods
¢ Independent Variables
e Data Page Terms

Trip Types and Trip Modes

Person Trip—a trip made by any mode of travel by an individual person from an origin to a
destination. Every trip made anywhere by a person is a person trip. If three people leave a
development site in a single vehicle, this is counted as three person trips.

Personal Passenger Vehicle—includes (1) any automobile, van, SUV, motorcycle, moped, or light
truck driven by a private individual for personal use; (2) taxi, paratransit, or vanpool (including airport
shuttle); and (3) pick-up truck not being used for commercial purposes.

Trip or Trip End—a single or one-direction person or vehicle movement with either the origin or
the destination (exiting or entering) inside a study site. In technical terms, a trip has an origin and a
destination at its respective ends (known as trip ends). Each trip end is a part of a trip. For site trip
generation, the analyst is usually interested in trips entering and exiting a single site.

Vehicle Trip—the movement of a personal passenger vehicle or truck that transports a person
across the site cordon line. A person can cross the cordon line as a passenger in a vehicle or as

a pedestrian having been transported to the site in a vehicle. For example, if a person drives a
personal passenger vehicle from home, parks off-site, and walks from the parking facility to an office
building, the trip is considered an entering vehicle trip generated by the office building (as well as an
exiting vehicle trip at the place of residence). However, if a person is transported to the vicinity of a
site in a bus or rail transit and walks the remainder of the distance to the site, the trip represents a
transit trip and not a vehicle trip.

Setting/Location

Center City Core—the downtown area for a major metropolitan region at the focal point of a
regional light- or heavy-rail transit system. This area type is typified by multi-storied buildings, a wide
range of land uses, an extensive pedestrian sidewalk network, and shared and priced parking both
on-street and in structured garages or surface lots. The area typically has more jobs than residents
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and therefore is typically an employment destination. The area also includes the immediate vicinity of
the commercial core.

Dense Multi-Use Urban—a fully developed area (or nearly so), with diverse and interacting
complementary land uses, good pedestrian connectivity, and convenient and frequent transit. This
area type can be a well-developed urban area outside a major metropolitan downtown or a moderate
size urban area downtown. The land use mix typically includes office, retail, residential, and often
entertainment, hotel, and other commercial uses. The residential uses are typically multifamily or
single-family on lots no larger than one-fourth acre. The commercial uses often have little or no
setback from the sidewalk. Because the motor vehicle still represents the primary mode of travel

to and from the area, there typically is on-street parking and often off-street public parking. The
complementary land uses provide the opportunity for short trips within the Dense Multi-Use Urban
area, made convenient by walking, biking, or transit. The area is served by significant transit (either
rail or bus) that enables a high level of transit usage to and from area development.

General Urban/Suburban—an area associated with almost homogeneous vehicle-centered
access. Nearly all person trips that enter or exit a development site are by personal passenger or
commercial vehicle. The area can be fully developed (or nearly so) at low-medium density with

a mix of residential and commercial uses. The commercial land uses are typically concentrated

at intersections or spread along commercial corridors, often surrounded by low-density, almost
entirely residential development. Most commercial buildings are located behind the parking area or
surrounded by parking. The mixing of land uses is only in terms of their proximity, not in terms of
function. A retail land use may focus on serving a regional clientele whereas a service land use may
target motorists or pass-by vehicle trips for its customers. Even if the land uses are complementary,
a lack of pedestrian, bicycling, and transit facilities or services limit non-vehicle travel.

Rural—agricultural or undeveloped except for scattered parcels and at very low densities.

Time Periods

Average Weekday—a continuous 24-hour period during Monday through Friday. The period can
bridge two days.

Average Weekday, Peak Hour of Adjacent Street Traffic—the one hour within the morning and
evening weekday commuter peak periods when the combination of site-generated traffic and the
traffic on the adjacent street is the highest (typically from data collected Monday through Friday). If
the adjacent street traffic volumes are unknown, the peak hour of the adjacent street is assumed to
be the one hour when the highest hourly vehicle trips are generated by the site during the weekday
commuter peak periods between 7:00 and 9:00 a.m. or 4:00 and 6:00 p.m. Recent studies have
indicated that these peak periods have expanded in some heavily populated areas.

Average Weekday, Peak Hour of Generator—the hour of highest volume of traffic entering and
exiting the site during the AM or PM on a weekday (typically from data collected Monday through
Friday). It may or may not coincide with the peak hour of the adjacent street traffic.

Friday, Peak Hour of Generator—the hour with the highest volume of traffic entering and exiting a
site on a Friday. It may occur during either the AM or PM.
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Friday, Peak Hour of Adjacent Street Traffic—the one hour within the morning and evening
commuter peak periods when the combination of site-generated traffic and the traffic on the adjacent
street is the highest on a Friday. If the adjacent street traffic volumes are unknown, the peak hour of
the adjacent street is assumed to be the one hour when the highest hourly vehicle trips are generated
by the site during the commuter peak periods between 7:00 and 9:00 a.m. or 4:00 and 6:00 p.m.

Saturday, Midday Peak Hour of Generator—the hour with the highest volume of traffic entering
and exiting a site on a Saturday between 11 a.m. and 1 p.m.

Saturday, Peak Hour of Generator—the hour with the highest volume of traffic entering and exiting
a site on a Saturday. It may occur during either the AM or PM.

Sunday, Peak Hour of Generator—the hour with the highest volume of traffic entering and exiting a
site on a Sunday. It may occur in either the AM or PM.

Independent Variables

Acre—a unit of measurement equal to 43,560 sq. ft. and for the purpose of Trip Generation Manual
used to quantify the total gross area of a development site (including land dedicated to public
agencies). The distinction between total acres and total developed acres is not always clearly
defined in the site acreage reported to ITE. Therefore, caution should be used with this variable.
When submitting data, the analyst should indicate the percent of developed acreage and the total
acreage of the property.

AM/PM Peak Hour Traffic on Adjacent Street—the highest hourly volumes of traffic on the
adjacent streets during the AM and PM commuter peak periods, respectively (see Peak Hour of
Adjacent Street Traffic under Time Periods). The value includes all traffic on streets abutting the
site that have direct access to the development site. Where the site is serviced by some form of
service roadway, the adjacent street definition includes any street that leads to the service road and
thus may not actually be contiguous to the site. Traffic on travel lanes where road features physically
restrict direct access to the development site is excluded.

Attendee—a person who is present on a given occasion, during a given event or at a given place.

Bed—a designated place to sleep for a group quarters resident or medical facility patient. An
occupied bed is a bed for which there is an assigned person.

Bedroom—a designated room for sleeping with one or more beds.
Berth—a designated place where a boat can anchor at a marina or wharf.
Bowling Lane—a single lane available for the purposes of bowling.

Cage—a designated location available for the purpose of a single person hitting baseballs or
softballs within a contained area.

Campsite—a place used for an overnight stay in the outdoors. An occupied campsite is a campsite
that is currently being used.
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Daily Customer—a person who visits a building in order to conduct personal business at any time
during a single day.

Daily Trail User—a person who visits a park and walks along a designated trail at any time during a
single day.

Drive-In Lane—an individual lane at a banking facility used for financial transactions. A lane used
only for Automated Teller Machine (ATM) transactions is included.

Dwelling Unit—a residential location such as a house, apartment, condominium, townhouse, mobile
home, or manufactured home in which people may live. An occupied dwelling unit is a dwelling unit
in which people currently live.

Employee—a full-time, part-time, or per diem/contract worker. The number of employees refers to
the total number of persons employed at a facility, not just those in attendance at the particular hour
or day the data are collected.

Family Members—the total number of family members who are considered members of a specific
worship facility. Member is a similar term.

Fields—any area constructed, equipped, and/or marked for outdoor activities and sports.
Food Cart—a mobile kitchen that enables its operator to market and sell cooked food to customers.

Gaming Position (slot)—an individual seat at which a person may engage in a gaming activity at a
slot machine.

Gross Floor Area (GFA)—the sum of the area of each floor level of a building (expressed in square
feet), including cellars, basements, mezzanines, penthouses, corridors, lobbies, stores, and offices,
that are within the principal outside faces of exterior walls, not including architectural setbacks or
projections. Included are all areas that have floor surfaces with clear standing head room (6 ft. 6

in. minimum) regardless of their use. With the exception of buildings containing enclosed malls or
atriums, GFA is equal to gross leasable area and gross rentable area. Occupied gross floor area
refers to GFA within the facility which is currently being utilized. If a ground-level area, or part thereof,
within the principal outside faces of the exterior walls is not enclosed, this floor area is considered
part of the overall GFA of the building. However, unroofed areas and unenclosed roofed-over spaces,
except those contained within the principal outside faces of exterior walls, should be excluded from
the area calculations. For the purpose of trip generation calculation, the floor area of all parking
garages within the building should not be included in the GFA of the entire building. The majority of
land uses in Trip Generation Manual use GFA as an independent variable.

Gross Leasable Area (GLA)—the total floor area designed for tenant occupancy and exclusive

use, including any basements, mezzanines, or upper floors, expressed in square feet and measured
from the centerline of joint partitions and from outside wall faces. For the purpose of trip generation
calculation, the floor area of all parking garages within the building should not be included within the
GLA of the entire building. GLA is the area for which tenants pay rent; it is the area that produces
income for the property owner. Occupied gross leasable area refers to GLA within the facility which
is currently in use. Leased space that is not in productive use is not considered occupied. In the retail
business, GLA lends itself readily to measurement and comparison and it has been adopted by the
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shopping center industry as its standard for statistical comparison. Accordingly, GLA is used in Trip
Generation Manual for shopping centers. For specialty retail centers, strip centers, discount stores
and freestanding retail facilities, GLA usually equals GFA.

Holes—a single combination of a tee, fairway, and green on a golf course.

Member—an individual who belongs to a group or organization. Family Members is a similar term.
Member Family—a family that belongs to a group or organization.

Movie Screen—a room within a movie theater that contains seats and the presentation of a movie.
Municipal Population—a count of all persons having their primary residence within the municipality.

Net Rentable Area—the sum of floor square footage for all storage units in a self-storage facility.
The term is currently used only for Land Use Code 151 (Mini-Warehouse).

Occupied Bed (see Bed)

Occupied Dwelling Unit (see Dwelling Unit)
Occupied Gross Floor Area (see Gross Floor Area)
Occupied Room (see Room)

Occupied Parking Space (see Parking Space)
Occupied Storage Unit (see Storage Unit)
Occupied Unit (see Unit)

Parking Space—an individual stall within a parking lot or garage designated for the use of a parked
private motor vehicle. An occupied space is a parking space in which a vehicle is parked.

PM Peak Hour Traffic on Adjacent Street (see AM/PM Peak Hour Traffic on Adjacent Street)
Resident—a person who resides in the given dwelling unit.
Rink—an enclosed area for skating.

Room—the partitioned part of the inside of a building used for lodging such as a hotel or motel. An
occupied room is a room that is rented by a lodging guest.

Seat—a place on which an individual can sit; may include a chair or multiple seats may be present
on a bench or pew.

Service Bay—the location within an automobile servicing facility, building, or care center where a
vehicle can be parked to be inspected and/or repaired.

Servicing Position—a location within a quick-lubrication vehicle shop or other vehicle repair shop at
which a vehicle can be serviced. For example, if a quick-lubrication vehicle shop has one service bay
that can service two vehicles at the same time, the number of servicing positions is two.

Definition of Terms
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Slope—a single downhill cleared area on which a person can ski.

Storage Unit—a vault rented for the storage of goods in what is typically referred to as a self-
storage facility. An occupied storage unit is one that is rented. Unit is a similar term with a different
definition.

Student—a person enrolled in an institution such as a school, college, or day care center on either a
full-time or part-time basis. The number of students refers to the total number of persons enrolled at
a facility, not just those present at the time the study is conducted.

Tee, Driving Position—a designated position from which a golf ball is struck for practice.
Tennis Court—an indoor or outdoor facility specifically designed for an individual tennis match.

Unit—a group of rooms intended for dwelling within Land Use Code 255 (Continuing Care
Retirement Community). An occupied unit is a unit for which a person is assigned. Storage Unit is a
similar term with a different definition.

Vehicle—as used as an independent variable for residential land use codes includes any
automobile, van, SUV, motorcycle, or light truck parked overnight within a residential area. For Land
Use Code 501 (Military Base), the definition of vehicle is any vehicle authorized to enter the facility.

Vehicle Fueling Position—is defined by the number of vehicles that can be fueled simultaneously
at a service station. For example, if a service station has two fuel dispensing pumps with hoses on
each side of each pump, where only one vehicle can be fueled at a time on each side, the number of
vehicle fueling positions is four.

Vendor—a single person or company offering something for sale.

Wash Stall—a location within either a self-service or automated car wash where a vehicle can be
parked to be washed.

Data Page Terms

Average Number of [Independent Variable]—the average value of the independent variable for
data presented on the specific data page.

Average Rate (or Weighted Average Rate or Average Trip Rate)—the weighted average number
of vehicle or person trips entering or exiting a development site per one unit of the independent
variable. It is calculated by dividing the sum of all trips for all contributing data point sites by the sum
of all independent variable units for all contributing data point sites. The weighted average rate is
used rather than the average of the individual rates because of the variance within each data set

or generating unit. Data sets with a large variance will over-influence the average rate if they are
not weighted. The data plot includes a dashed line corresponding to the weighted average rate,
extending between the lowest and highest independent variable values for data points.

Trip Ends, T—vehicle or person trips, the dependent variable in the data plot; shown on the y-axis.
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Coefficient of Determination (R?)—the percent of the variance in the number of trips associated
with the variance in the independent variable value. If the R? value is 0.75, then 75 percent of the
variance in the number of trips is accounted for by the variance in the size of the independent
variable. As the R? value approaches 1.0 the better the fit; as the R? value approaches zero, the
worse the fit.

Directional Distribution—the percent of total trips entering and exiting a site during the indicated
time period.

Fitted Curve and Fitted Curve Equation—the single-variable regression analysis of the
independent and dependent variable expressed in an optimal mathematical relationship. If the
variables are related linearly, the equation has the following format: T = aX + b. In a logarithmic
relationship, the equation has the following format: Ln(T) = a Ln(X) + b. The data plot includes a
solid line corresponding to the equation, extending between the lowest and highest independent
variable values for data points.

Independent Variable, X—a physical, measurable, and predictable characteristic that describes
the study site or baseline site (for example, gross floor area) and that has a direct relationship to the

variation in the number of trips generated by a land use. The term “explanatory variable” is also used.

Number of Studies—the total number of studies reported on the specific data page.
Range of Rates—the minimum and maximum trip generation rates from all the studies reported.

Standard Deviation—a measure of data dispersion relative to the calculated average. The lower
the standard deviation, the less data dispersion there is in the data and the better the data fit to the
average rate. In Trip Generation Manual, the reported standard deviation is based on the weighted
average, not the mean.

Study Site—a data point plotted on the graph based on a study performed for the specific land
use code.

Definition of Terms
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4 | Description of the Database

The data analyzed in this document were contributed on a voluntary basis by various state and local
governmental agencies, consulting firms, individual transportation professionals, universities and
colleges, developers, associations, local sections, districts, and student chapters of ITE. In many
cases, the data were originally contained in published reports or unpublished analyses conducted by
such groups. The sources of these reports or analyses are listed in Appendix A. The source numbers
for studies contained in each land use are listed on the land use description pages in Volume 2.

ITE Headquarters conducted no original field surveys. The amount of data submitted for an
individual site varied from as little as one peak-hour volume to seven days of directional hourly
volumes. All data have been combined to maximize the size of the database for each land use and
each time period. Data received were initially examined by ITE staff for validity and reasonableness
before being entered into the comprehensive database.

Data Collection

Some of the data submitted were collected using automatic counters configured to count vehicular
traffic entering and exiting a site. The sites selected for counting did not include through traffic,

and counts were taken on driveways of sufficient length to avoid the double counting of turning
vehicles. In some cases, counts were non-directional and therefore did not distinguish between
entering and exiting vehicles. Manual counts often supplemented the automatic counts to obtain
vehicle occupancy and classification; to check the reliability of the automatic counters; and to obtain
directional counts during peak periods when a non-directional automatic count was being conducted.
In other cases, only manual counts of vehicles or persons were conducted during peak periods. For
some sites, the count data were supplemented by intercept surveys to determine travel modes of
persons that enter or exit the site on foot.

Additional information regarding site characteristics was obtained through Internet searches,
personal interviews, actual measurements, or telephone conversations.

Data Analysis and Storage

The statistical analyses conducted for the Trip Generation Manual were derived from a customized
software program and database developed for ITE. Each data record was referenced in the
database by a source number; the month and year of the vehicle or person count; the state or
province; the setting/location; and a three-digit land use code. Data for 176 land uses are classified
within 10 major land use categories. Additional land uses are continuously added to the database as
data become available.

Description of the Database
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Data Age

The database originally compiled to produce this manual contained data extending back to the

early 1960s. However, based on the significant amount of new data received for the 10th Edition
update and a detailed review of the age of data in the existing database, ITE decided to eliminate all
data collected prior to 1980. As future editions are produced, the age of data will be evaluated and
additional data will be considered for removal. The deletion of pre-1980 data resulted in the removal
of several non-critical land uses, independent variables, and time periods from the existing database.

With the inclusion of the new web app—ITETripGen—users of the Trip Generation Manual now have
the ability to create customized data plots based on the age of data, site geography, setting, and a
range of values for the independent variable. Electronic data sorts provide a filtered subset of the
entire dataset for individual review and analysis. This new ability to filter the data may provide useful
insights into the data. However, the analyst should exercise caution when interpreting a data subset.
The data subset does not necessarily constitute a balance of potential land use characteristics
across the database. As the database is filtered and the database size diminishes, the less likely the
possibility that a reasonable cross-section is achieved.

Variations in the Statistics

Variations in trip generation characteristics for specific land uses are reflected in the range of rates,
standard deviation, and coefficient of determination (R?) value. (See Chapter 5, “Description of Data
Plots and Reported Statistics,” for additional details on these topics.) These variations may be due
to a small sample size, individual marketing of the site, economic conditions of the business market,
geographic location of the sites studied, or unique characteristics of the specific site. Accordingly,
judgment must be exercised in the use of the statistics in this manual.

Other sources of variation include different lengths of traffic count duration and the time of year the
traffic volumes were counted; that is, daily and seasonal variations may exist for some land uses.
Further, variations may also exist based on geographic location. The ITETripGen web app allows
users to examine filtered sets of data based on geographic location by regions within the U.S. as well
as filtering both U.S. and Canadian sites.

Limitations of the Data Plots

The plots presented in the Trip Generation Manual cover only the range of independent variables
for which data are available. Caution should be used if extrapolating the data beyond the ranges
provided because no information has been supplied to document trip generation characteristics
beyond the given ranges.

It should also be noted that in some cases, because of the limited sample size and variation in

the data received, the projected trip generation estimate for the peak hour of the adjacent street
traffic exceeds the trip generation estimate for the peak hour of the generator. By definition, this is
impossible. In these isolated cases, knowledge of the project site and engineering judgment should
be used to select the appropriate trip generation approximation.
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5 | Description of Data Plots and Reported Statistics

Data Plots

Figure 5.1 is an example of the statistical and descriptive information available for the majority of the
land uses contained in Volume 2 of the Trip Generation Manual. This sample data page provides
explanatory notes describing each element of the figure.

Data plots provide the most fundamental display of the variance within the database. It should be
emphasized that the data points represented on the plots are not trip generation rates; rather, they
are the observed number of trips, plotted against the size of the independent variable.

Some plots may have the statement “Caution—Small Sample Size” printed above the plot area. This
statement is displayed when five or fewer studies comprise the data set. For the first time, in the 10th
Edition of the manual, data plots are provided for all combinations of land use, independent variable,
time period, trip type (vehicle or person), and setting, even for a single point. Extreme caution should
be used in applying data samples that are based on only one data point.

Some plots generated through the ITETripGen web app may also have the statement “Caution-
Incomplete Data Set” printed above the plot area. This statement is displayed if the dataset used in
the plot includes only a subset of the entire database based on the filtering criteria provided in the
ITETripGen web app.

A description of the equations on the data plots is contained in Chapter 7, “Instructions.”

Reported Statistics
Average Trip Rate

The average trip generation rates displayed in this manual were calculated on the basis of a
weighted average trip rate. The weighted average trip rate was used rather than the average of the
individual rates because of the variance found within each data set. Sites with a large variance from
the mean would have over-influenced the average rate had they not been weighted.

Standard Deviation for the Weighted Average Trip Rate

The standard deviation is a measure of how widely dispersed the data points are around the
calculated average. The lower the standard deviation—meaning less dispersion in the data—the
better the data fit. In this document, the statistics reported are based on a “weighted average,” not an
“arithmetic average.” Therefore, the standard deviation is an approximation and not statistically correct.

Description of Data Plots and Reported Statistics
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Regression Analysis

The customized software used for the 10th Edition of the Trip Generation Manual examines

the independent variable and the number of trips in order to generate a regression curve, a
regression equation, and a coefficient of determination (R?) for each land use. The coefficient

of determination is defined as the percent of the variance in the number of the trips associated

with the variance in the size of the independent variable. If the R? value is 0.75, then 75 percent of
the variance in the number of trips is accounted for by the variance in the size of the independent
variable. As the R? value increases toward 1.0, the better the fit; as the R? value decreases toward 0,
the worse the fit. A standard formula for calculating R? can be found in a statistics textbook.

The general forms of the regression equations used in this manual include the following:
T =aX + b (linear)
Ln(T) = aLn(X) + b (logarithmic)

The objective in developing the relationship between X (the independent variable) and T (the
dependent variable or number of trips) is to determine the values of the parameters a and b. As
a result, the expected error in estimating the dependent variable (the number of trips) given the
estimates of the independent variable will be minimized.

The software program selects and plots the regression equation with the highest R? value. The
regression equation appears on the graph as a solid line to show how well it represents the actual
data points.

Best fit regression curves are shown in this manual only when each of the following three conditions
is met:

1. The RZ?is greater than or equal to 0.50.
2. The sample size is greater than or equal to 4.
3. The number of trips increases as the size of the independent variable increases.

It should be noted that there are several instances when the regression curves result in equations
with significantly large y-intercepts. The use of these equations may produce illogical trip-end
estimates for independent variables that are significantly less than the average-sized value. For such
cases, users are cautioned in applying data and are referred to Chapter 3, “Process for Estimating
Trips Generated by a Study Site,” of the Trip Generation Handbook, 3rd Edition.
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Figure 5.1 Sample Data Page in Trip Generation Manual
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variable (in this
example, per

1000 Sq. Ft. GFA).
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range of studies
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The standard
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trip generation
rates in all studies
for a land use and
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‘ Fitted Curve Equation: T=0.22(X) + 35.12 ~€— R?=0.63
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[
Best fit regression equation; expresses the optimal mathematical relationship Measure of correlation Independent
between two or more related variables. If the variables are related linearly, between 2 variables, Variable
the equation will have the following format: T = aX + b. In a logarithmic expressed on a scale
relationship, the equation will have the following format: Ln(T) = a Ln(X) + b. of 0 to +1. The closer

to +1 the R?is, the

better the correlation
between the variables.

Source: Trip Generation Manual, 10th Edition, Institute of Transportation Engineers, Washington, DC, 2017.
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6 | Urban Trip Generation Data

The trips generated by a particular development site are a function of many factors, beginning

with the specifics of the land use at the site (e.g., its size, number of employees, number of
residents). The Trip Generation Manual contains 176 different land use classifications and numerous
independent variables that describe site characteristics.! For the purpose of estimating vehicle trips
in a suburban setting, these characteristics are typically sufficient to enable an accurate estimate.
However, in an urban setting where there are opportunities for walk, bike, and transit trips, the
number of vehicle trips may be affected.

There is increasing potential for walk trips as development densities increase in the proximity of

the site and as activity at the nearby development complements a particular site. The pedestrian
environment (e.g., sidewalk continuity, slow vehicle speeds, accessibility, protected street crossings)
and bicyclist environment (e.g., bicycle lanes) enable and encourage walk and bike trips that
otherwise would be made by vehicle or not at all. The availability and cost of parking (both on-site
and off-site) and the frequency and type of transit service and its proximity can also affect the choice
of travel mode (and, as a result, the number of vehicle trips generated by the site).

The ITE Trip Generation Manual contains data for a range of new settings that includes central city
office towers, walkable midtown commercial districts, mid-rise apartments near rail transit stations,
suburban residential subdivisions, and rural wineries. In some settings, only a small percentage of
site-generated trips are as a pedestrian, bicyclist, or transit patron. In other settings, the number of
non-vehicle trips is significant and the number of vehicle trips is significantly reduced. To enable the
user to better understand these impacts, the Trip Generation Manual provides data plots that are
organized by setting type.

Settings Used in Trip Generation Database

The 10th Edition of Trip Generation Manual presents data plots and statistics that illustrate the
differences in trip generation at urban and suburban sites. The setting of each study site included in
the ITE trip generation database is classified as one of the following:

e Center City Core

e Dense Multi-Use Urban

e General Urban/Suburban

e Rural

' There are many other characteristics that can affect trip-making at a site. For example, an apartment building with
entirely one-bedroom units might have different trip-making attributes from an apartment building with entirely
two-bedroom units. Another example is, in a general office building, the employee density and level of external
visitation can vary widely between the many building tenants and therefore would affect employee trip-making.
Socio-economic factors (e.g., income levels, levels of auto availability) can also affect trip-making. For land uses
with a significant number of data points, the sites in the trip generation database are likely to represent a wide
cross-section of these characteristics.

Urban Trip Generation Data
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The Center City Core is the downtown area for a major metropolitan region that is the focal point

of a regional light- or heavy-rail transit system. This area type is typified by multi-storied buildings, a
wide range of land uses, an extensive pedestrian sidewalk network, and shared and priced parking
both on-street and in structured garages or surface lots. The area typically has more jobs than
residents and therefore is an employment destination. The area includes the immediate vicinity of the
commercial core.?

An area designated as Dense Multi-Use Urban in the Trip Generation Manual is a fully developed
area (or nearly so), with diverse and complementary land uses, good pedestrian connectivity, and
convenient and frequent transit. This area type can be a well-developed urban area outside a major
metropolitan downtown or a moderate size urban area downtown.

The land use mix typically includes office, retail, residential, and often entertainment, hotel, and other
commercial uses. The residential uses are typically multifamily or single-family on lots no larger than
one-fourth acre. The commercial uses often have little or no setback from the sidewalk. Because the
motor vehicle still represents the primary mode of travel to and from the area, there typically is on-
street parking and often public off-street parking.

The complementary land uses provide the opportunity for short trips within the Dense Multi-Use
Urban area, made conveniently by walking, biking, or transit. The area is served by significant transit
(either rail or bus) that enables a high level of transit usage to and from area development.

An area designated as General Urban/Suburban in the Trip Generation Manual is an area
associated with almost homogeneous vehicle-centered access. Nearly all person trips that enter or
exit a development site are by personal passenger or commercial vehicle.

The area can be fully developed (or nearly so) at low-medium density with a mix of residential

and commercial uses. The commercial land uses are typically concentrated at intersections or
spread along commercial corridors, often surrounded by low-density, almost entirely residential
development. Most commercial buildings are located behind or surrounded by parking.

The mixing of land uses is only in terms of their proximity, not in terms of function. A retail land
use may focus on serving a regional clientele or a services land use may target motorists or pass-
by vehicle trips for its customers. Even if the land uses are complementary, a lack of pedestrian,
bicycling, and transit facilities or services limit non-vehicle travel.

Sample Urban and Person Data Plots

The following pages present data plots and statistics for a sampling of the urban trip generation
presented in the Trip Generation Manual. A comparison between the plots illustrates the differences in
trip-making between general urban/suburban, dense multi-use urban, and center city core settings.

2 The current Trip Generation Manual database includes data for Center City Core sites for only major metropolitan
areas served by light- or heavy-rail. For a downtown area in a major metropolitan area without rail, neither the
current Center City Core nor Dense Multi-Use Urban data are directly relevant. As ITE compiles and analyzes data
for those areas, the Trip Generation Manual data plots and setting definitions will be updated accordingly. In the
interim, the Trip Generation Handbook provides guidance on how to adapt data to conform to any site setting.
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The first set of data plots (Figures 6.1-6.3) represent vehicular trips as General Office Buildings (Land
Use Code 710) during the peak hour of adjacent street traffic, between 7 and 9 a.m., on a weekday
with gross floor area as the independent variable. Figure 6.1 presents vehicle trips for a general
urban/suburban setting. Figures 6.2 and 6.3 also show data plots with vehicle trips for a general office
building in dense multi-use urban and center city core settings, respectively. The weighted average
vehicle trip rates are 1.16, 0.82, and 0.50 for the general urban/suburban, dense multi-use urban, and
center city core settings, respectively. The lower vehicle trip rates for the more urban settings reflect the
increased level of non-vehicle travel modes (i.e., walking, biking, and riding transit).

Figures 6.4—6.6 show person trips at general office buildings for the three same settings. These
person trip plots demonstrate approximately the same weighted average person trip rate, for this
time period, for the dense multi-use urban (1.25) and center city core (1.24) settings and a higher
rate for the general urban/suburban setting (1.44).

Figures 6.7—6.12 contain data plots for Multifamily Housing (Mid-Rise) (Land Use Code 221) during
the peak hour of adjacent street traffic, between 7 and 9 a.m., on a weekday with occupied dwelling
units as the independent variable. Figures 6.7-6.9 present vehicle trips for general urban/suburban,
dense multi-use urban, and center city core settings, respectively. Figures 6.10-6.12 include three
person-based data plots for the three same settings.

The three data plots for person trips demonstrate approximately the same weighted average person
trip rate, for this time period, across all three settings. The person trip rates are 0.53, 0.52, and 0.54
for the general urban/suburban, dense multi-use urban, and center city core settings, respectively. In
the more urban settings, there is greater potential for non-vehicle trips in the form of walking, biking,
or riding transit. The vehicle trip rates are 0.42, 0.28, and 0.30 for the general urban/suburban,
dense multi-use urban, and center city core settings, respectively. As expected, the vehicle trip rates
are lower for the more urban settings.

Urban Trip Generation Data
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Figure 6.1

General Office Building
(710)

Vehicle Trip Ends vs: 1000 Sq. Ft. GFA
On a: Weekday,
Peak Hour of Adjacent Street Traffic,
One Hour Between 7 and 9 a.m.
Setting/Location: General Urban/Suburban

Number of Studies: 35
Avg. Num. of 1000 Sq. Ft. GFA: 117
Directional Distribution: 86% entering, 14% exiting

Vehicle Trip Generation per 1000 Sq. Ft. GFA

Average Rate Range of Rates Standard Deviation

1.16 0.37-4.23 0.47

Data Plot and Equation
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Fitted Curve Equation: Ln(T) =1.01 Ln(X) + 0.12 R2=0.86
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Figure 6.2

General Office Building
(710)

Vehicle Trip Ends vs: 1000 Sq. Ft. GFA
On a: Weekday,
Peak Hour of Adjacent Street Traffic,
One Hour Between 7 and 9 a.m.
Setting/Location: Dense Multi-Use Urban
Number of Studies: 18

Avg. Num. of 1000 Sq. Ft. GFA: 213
Directional Distribution: 86% entering, 14% exiting

Vehicle Trip Generation per 1000 Sq. Ft. GFA

Average Rate Range of Rates Standard Deviation

0.82 0.22-1.84 0.27

Data Plot and Equation
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Fitted Curve Equation: T =0.72(X) + 21.64 R2=0.89
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Figure 6.3

General Office Building
(710)

Vehicle Trip Ends vs: 1000 Sq. Ft. GFA
On a: Weekday,
Peak Hour of Adjacent Street Traffic,
One Hour Between 7 and 9 a.m.
Setting/Location: Center City Core
Number of Studies: 8

Avg. Num. of 1000 Sq. Ft. GFA: 230
Directional Distribution: Not Available

Vehicle Trip Generation per 1000 Sq. Ft. GFA

Average Rate Range of Rates Standard Deviation

0.50 0.18-0.77 0.22

Data Plot and Equation
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X Study Site — Fitted Curve - - - - Average Rate

Fitted Curve Equation: T = 0.64(X) - 31.77 R2=0.60
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Figure 6.4

General Office Building
(710)

Person Trip Ends vs: 1000 Sq. Ft. GFA
On a: Weekday,
Peak Hour of Adjacent Street Traffic,
One Hour Between 7 and 9 a.m.
Setting/Location: General Urban/Suburban

Number of Studies: 18
Avg. Num. of 1000 Sq. Ft. GFA: 177
Directional Distribution: 87% entering, 13% exiting

Person Trip Generation per 1000 Sq. Ft. GFA

Average Rate Range of Rates Standard Deviation

1.44 0.73-2.82 0.31

Data Plot and Equation
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Fitted Curve Equation: T =1.22(X) + 40.93 R2=0.91
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Figure 6.5

General Office Building
(710)

Person Trip Ends vs: 1000 Sq. Ft. GFA
On a: Weekday,
Peak Hour of Adjacent Street Traffic,
One Hour Between 7 and 9 a.m.
Setting/Location: Dense Multi-Use Urban
Number of Studies: 21

Avg. Num. of 1000 Sq. Ft. GFA: 233
Directional Distribution: 87% entering, 13% exiting

Person Trip Generation per 1000 Sq. Ft. GFA

Average Rate Range of Rates Standard Deviation

1.25 0.3-2.02 0.36

Data Plot and Equation
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Fitted Curve Equation: T =1.23(X) + 6.01 R?=0.91
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Figure 6.6

General Office Building
(710)

Person Trip Ends vs:
On a:

Setting/Location:
Number of Studies:

Avg. Num. of 1000 Sq. Ft. GFA:
Directional Distribution:

1000 Sq. Ft. GFA

Weekday,

Peak Hour of Adjacent Street Traffic,
One Hour Between 7 and 9 a.m.
Center City Core

13

267
87% entering, 13% exiting

Person Trip Generation per 1000 Sq. Ft.

GFA

Average Rate

Range of Rates

Standard Deviation

1.24 0.63-1.95 0.37
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Figure 6.7

Multifamily Housing (Mid-Rise)
(221)

Vehicle Trip Ends vs:
On a:

Setting/Location:
Number of Studies:

Avg. Num. of Occupied Dwelling Units:
Directional Distribution:

Occupied Dwelling Units

Weekday,

Peak Hour of Adjacent Street Traffic,
One Hour Between 7 and 9 a.m.
General Urban/Suburban

7

234
26% entering, 74% exiting

Vehicle Trip Generation per Occupied Dwelling Unit

Average Rate

Range of Rates

Standard Deviation

0.42 0.36 - 0.63 0.06

Data Plot and Equation
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Figure 6.8

Multifamily Housing (Mid-Rise)
(221)

Vehicle Trip Ends vs:
On a:

Setting/Location:
Number of Studies:

Avg. Num. of Occupied Dwelling Units:
Directional Distribution:

Occupied Dwelling Units

Weekday,

Peak Hour of Adjacent Street Traffic,
One Hour Between 7 and 9 a.m.
Dense Multi-Use Urban

32

196
27% entering, 73% exiting

Vehicle Trip Generation per Occupied Dwelling Unit

Average Rate

Range of Rates

Standard Deviation

0.28 0.03-1.1 0.12

Data Plot and Equation
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Figure 6.9

Multifamily Housing (Mid-Rise)
(221)

Vehicle Trip Ends vs: Occupied Dwelling Units
On a: Weekday,
Peak Hour of Adjacent Street Traffic,
One Hour Between 7 and 9 a.m.
Setting/Location: Center City Core
Number of Studies: 8

Avg. Num. of Occupied Dwelling Units: 116
Directional Distribution: 31% entering, 69% exiting

Vehicle Trip Generation per Occupied Dwelling Unit

Average Rate Range of Rates Standard Deviation

0.30 0.21-0.62 0.08

Data Plot and Equation
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Fitted Curve Equation: T = 0.28(X) + 3.37 R2=0.85
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Figure 6.10

Multifamily Housing (Mid-Rise)
(221)

Person Trip Ends vs:
On a:

Setting/Location:
Number of Studies:

Avg. Num. of Occupied Dwelling Units:
Directional Distribution:

Occupied Dwelling Units

Weekday,

Peak Hour of Adjacent Street Traffic,
One Hour Between 7 and 9 a.m.
General Urban/Suburban

3
312
21% entering, 79% exiting

Person Trip Generation per Occupied Dwelling Unit

Average Rate

Range of Rates

Standard Deviation

0.53

0.48 - 0.58

0.64

Data Plot and Equation

Caution — Small Sample Size

300

280

260

240

220

Trip Ends

200

T=

180

160 -7

140 -

120 -7

100 -

80

200 250 300

X Study Site

Fitted Curve Equation: Not Given

350 400 450 500

X = Number of Occupied Dwelling Units

Average Rate

R2= ****

Urban Trip Generation Data

33



34

Figure 6.11

Multifamily Housing (Mid-Rise)
(221)

Person Trip Ends vs: Occupied Dwelling Units
On a: Weekday,
Peak Hour of Adjacent Street Traffic,
One Hour Between 7 and 9 a.m.
Setting/Location: Dense Multi-Use Urban
Number of Studies: 29

Avg. Num. of Occupied Dwelling Units: 212
Directional Distribution: 21% entering, 79% exiting

Person Trip Generation per Occupied Dwelling Unit

Average Rate Range of Rates Standard Deviation

0.52 0.07 - 0.84 0.16

Data Plot and Equation
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Fitted Curve Equation: T = 0.56(X) - 6.42 R2=0.90
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Figure 6.12

Multifamily Housing (Mid-Rise)
(221)

Person Trip Ends vs: Occupied Dwelling Units
On a: Weekday,
Peak Hour of Adjacent Street Traffic,
One Hour Between 7 and 9 a.m.
Setting/Location: Center City Core
Number of Studies: 5

Avg. Num. of Occupied Dwelling Units: 162
Directional Distribution: 24% entering, 76% exiting

Person Trip Generation per Occupied Dwelling Unit

Average Rate Range of Rates Standard Deviation

0.54 0.48 - 0.67 0.06

Data Plot and Equation Caution — Small Sample Size
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7 Instructions

The Trip Generation Manual provides the user community with three methods of estimating trips at
proposed developments:

1. Aplot of trip ends versus size of the independent variable for each study, which can be used to
graphically obtain a rough estimate of trips;

2. The weighted average trip generation rate (number of weighted trip ends per unit of the
independent variable); and

3. Aregression equation, relating trip ends to the size of the independent variable.

Understanding the Methodologies

Selecting an appropriate method for estimating trips requires the use of engineering judgment and
a thorough understanding of the three methodologies listed above. The methodologies are briefly
explained in the following sections. A more detailed explanation of selecting the most reasonable
method of estimating trips can be found in Chapter 4, “Trip Generation Manual Data,” of the Trip
Generation Handbook, 3rd Edition.

Graphic Plot

The most fundamental display of available information is a plot of the total trip ends versus a related
independent variable. This plot can be used to predict the number of trip ends generated for a

given independent variable based on the existing data points. This method is reasonably accurate if
there are sufficient data points within the range of the independent variable being used to define a
relationship between the two variables. Otherwise, the need for interpreting the data (for example,
discarding “erratic” data points) and for interpolating between data points may result in inconsistent
interpretations of the data.

Weighted Average Trip Rate

The traditional method of forecasting trips has been to apply a weighted average trip rate. For
example, the number of trips can be estimated by multiplying the number of trip ends per unit
of independent variable by the number of units of the independent variable associated with the
proposed development.

The standard deviation provides a measure of how widely dispersed the data points are around the
calculated average; the less the dispersion (the lower the number), the better the approximation. The
approximated standard deviations are provided for plots with three or more data points. Graphically,
use of the weighted average rate assumes a linear relationship passing through the origin with a
slope equal to the rate.
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Regression Equation

Regression analysis provides a tool for developing an equation that defines the line that “fits best”
through the data points.

Use of the regression equation allows a direct forecasting of trip ends based on the independent
variable of the proposed development, thus eliminating differences of opinion arising from
interpolating a plot of individual data points. Unlike the weighted average rate, the plotted equation
does not necessarily pass through the origin, nor does the relationship have to be linear.

The correlation coefficient (R) is a measure of the degree of association or closeness between
variables. The coefficient of determination (R?) is the percent of the variance in the number of trips
associated with the variance in the size of the independent variable. Thus, an R value of 0.8 results
in an R? of 0.64, which is to say that 64 percent of the variance in the number of trips is accounted
for by the variance in the size of the independent variable. The closer the R? value is to 1.0, the
better the relationship between the number of trips and the size of the independent variable.

Sample Problem

The method of calculating trip generation through the use of either a regression equation or the
weighted average trip generation rate is illustrated by the sample problem below.

For an intermodal truck terminal (Land Use 030) with 25,000 sq. ft. GFA, the calculation of vehicle trip
ends on an average weekday during the peak hour of adjacent street traffic between 4 and 6 p.m.
is provided as follows. Refer to the data and plot presented for this land use in Figure 5.1, “Sample
Data Page,” shown in Chapter 5. The rate and equation are listed accordingly:

Rate: T = 1.86 trip ends per 1,000 sq. ft. GFA
Equation: T =0.22(X) + 35.12

Calculate vehicle trip ends using the rate:

T =1.86 x 25 = 46 vehicle trip ends

Calculate vehicle trip ends using the equation:

T=0.22(25) + 35.12 = 41 vehicle trip ends

Choice of Day and Time Period

The day and time period that should be used in determining the appropriate design requirements for
the proposed development are directly related to the type of land use and the traffic characteristics
on the adjacent street system. Trip generation for different days and time periods should be
examined to determine when the site being planned experiences its peak traffic flow and to define
the relationship between the site’s peak generation and the peaking characteristics of the adjacent
street system.
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In most cases, the traffic volume generated by the site combined with the traffic volume already

on its adjacent street is highest during the traditional commuting peak hours. Thus, the maximum
impact would be evaluated by adding the generator peak traffic volume and the adjacent street peak
traffic volume.

Some land uses, however, do not peak at the same time as the adjacent streets. Therefore,
combinations of site volumes and street volumes at different times should be checked to determine
the proposed site’s maximum impact.

More detailed information than is included in this document may be required to determine the peak
time and volumes needed for the analysis.
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8 | Update Procedure

ITE has established a procedure for updating the data summarized in this manual and invites all
interested parties to collect data from one or more sites and submit the data to ITE Headquarters.

This procedure will result in a continual, uniform method of obtaining and summarizing the current
trip generation data for all land uses. ITE will do the following:

Store all trip generation data.

Encourage ITE district and section technical committees, ITE student chapters, governmental
agencies, and private consultants to collect additional data.

Distribute trip generation data forms in hard copy and electronic formats.

Maintain a database for trip generation analyses and summarization.

Maintain and modify when necessary a uniform procedure for collecting data.

e Summarize trip generation data.

e Conduct special trip generation analyses when appropriate.

¢ Revise trip generation rates, equations, plots and text on the basis of additional data.

e |dentify data collection needs in areas where deficiencies exist or where little information is available.

A new electronic data collection system has been developed to facilitate an improved process for
submitting data to ITE to be considered for inclusion in the Trip Generation Manual. The new online
data collection site is available at www.itedatasubmission.org. Hard copy Trip Generation data
collection forms are also available on the ITE website at: http://www.ite.org/tripgeneration. Data
may also be submitted through direct transmittal of electronic files to the ITE Trip Generation email
address presented below.

Completed forms should be returned to ITE at the following address:

Institute of Transportation Engineers
1627 Eye Street, NW, Suite 600
Washington, DC 20006
Telephone: +1 202-785-0060
Fax: +1 202-785-0609
www.ite.org
email: tripgen@ite.org
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Prosser Hallock Inc., Jacksonville, FL, 2004.

Balzhiser & Hubbard Engineers. Daycare
Transportation Impact Analysis & SDC
Alternate Calculation Methodology. Eugene,
OR, 2003.

Stahl Sheaffer Engineering, LLC, State
College, PA, 2006.

ITE Student Chapter, University of
Washington, Seattle, WA, 2007.

636.

637.
638.
639.
640.
641.
642.

644.

645.

648.

649.

650.

651-652.

656.

657.

658.
660.

661.
662.
700.

701.

702.

703.
704.

HDR/WHM Transportation Engineering,
Austin, TX, 2007.

WGM Group Inc., Missoula, MT, 2005-2007.
C3 Consulting Group, Wellesley, MA, 2003.
Bogart Engineering, Moscow, PA, 2006.
Kinney Engineering, LLC, Anchorage, AK, 2007.
City and County of Denver, CO, 2004.

Peters Engineering Group. Trip Generation
Study, High-Cube Warehouse Buildings.
Fresno, CA; and Trip Generation Study,
Fresno Area Mini Storage Complexes. Clovis,
CA, 2007.

ITE Student Chapter, Montana State
University, Bozeman, MT, 2005.

King Engineering Associates, Jacksonville,
FL, 2007.

Kimley-Horn and Associates Inc. Independent
Trip Generation Study. Tampa, FL, 2007.

Kimley-Horn and Associates Inc. Large-Scale
Retail Distribution Centers. Tampa, FL, 2007.

Vanasse Hangen Brustlin Inc. Assembly
Square Mixed-Use Redevelopment Study.
Somerville, MA, 2006.

Texas Transportation Institute. Nationwide
Discount Supercenter Study. College Station,
TX, 2008.

ELA Group Inc., State College, PA, 2003.

Gibson Traffic Consultants Inc., Everett, WA,
2007.

Stantec Consulting Inc., Phoenix, AZ, 2007.

Loudoun County—Office of Transportation
Services, Leesburg, VA, 2010-2011.

MRO Engineers Inc., Rocklin, CA, 2004.
Unknown source.

ITE Student Chapter, Auburn University,
Auburn, AL, 2008.

Hubbell, Roth & Clark Inc., Bloomfield Hills,
MI, 2008.

City of Calgary, Calgary, Alberta, Canada,
2009-2011.

CMX, Manalapan, NJ, 2008.

Fisher Associates, Rochester, NY, 2008—
2009.
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705.

706.

707.

708.

709.
710.
711.

712.

713.
714.
715.

716.
717.
718.

719.

720.
721.
722.

723.

724.

725.

726.

727.
728.

729.

A & F Engineering Company LLC,
Indianapolis, IN, 2008.

Transportation Resource Group Inc., York,
PA, 2007.

ITE Student Chapter, Brigham Young
University, Provo, UT, 2008.

ITE Student Chapter, University of
Massachusetts, Amherst, MA, 2008.

Morrison Maierle Inc., Tempe, AZ, 2008.
Group Mackenzie, Portland, OR, 2008.

John Davenport Engineering Inc., Winston-
Salem, NC, 2006—-2007.

ITE Student Chapter, University of
Washington, Seattle, WA, 2008.

BL Companies, Meriden, CT, 2009.

GENIVAR, Montreal, Quebec, Canada, 2012.

The Traffic Group Inc., Baltimore, MD,
1989-2010.

T.Y. Lin International, Orchard Park, NY, 2008.
Burgess & Niple, Columbus, OH, 2007.

ITE Student Chapter, University of Arkansas,
Fayetteville, AR, 2009.

McMahon Associates, Fort Washington, PA,
2009-2010.

MRO Engineers Inc., Rocklin, CA, 2010.

Buckholz Traffic, Jacksonville, FL, 2007—2009.

ITE Student Chapter, University of Hawaii—
Manoa, Honolulu, HI, 2009-2011.

ITE Student Chapter, Montana State
University, Bozeman, MT, 2009-2011.

ITE Student Chapter, Texas A&M University,
College Station, TX, 2008-2009.

ITE Student Chapter, University of Memphis,
Memphis, TN, 2008-2009.

ITE Student Chapter, University of Wyoming,
Laramie, WY, 2008.

Traffic Data Inc., St. Louis Park, MN, 2009.

Vermont Agency of Transportation,
Montpelier, VT, 2006-2010.

ITE Student Chapter, University of North
Carolina—Charlotte, Charlotte, NC, 2009.

Trip Generation Manual, 10th Edition

730.

731.

732.
733.

734.

735.
737.

738.
739.

745.

746.

747.

748.

749.
750.

751.

752.

753.
755.
807.

810.

813.

818.
834.
842.

ITE Student Chapter, University of Waterloo,
Waterloo, Ontario, Canada, 2009.

Florida Department of Transportation,
Tallahassee, FL.

Neal Ogden, Arroyo Seco, NM, 2008.

ITE Student Chapter, Portland State
University, Portland, OR, 2009.

Southern New Hampshire Planning
Commission, Manchester, NH.

DKS Associates, Portland, OR.

Shropshire Associates LLC, Lumberton, NJ,
2008.

Shea Carr Jewell Inc., Olympia, WA, 2010.

Washington State Department of
Transportation, Union Gap, WA, 2002.

The Traffic Group Inc., Baltimore, MD,
1989-2010.

ITE Student Chapter, Oregon State
University, Corvallis, OR, 2008.

ITE Student Chapter, University of Nevada—
Reno, Reno, NV, 2009.

Pennsylvania Department of Transportation,
Harrisburg, PA, 2011.

The Traffic Group Inc., Baltimore, MD, 2008.

Florida Department of Transportation,
Tallahassee, FL.

Vermont Agency of Transportation,
Montpelier, VT, 2006-2010.

Texas Transportation Institute, College
Station, TX, 2008—2009.

Street Smarts, Duluth, GA, 2007.
DKS Associates, Portland, OR, 2003.

Kaskaskia Engineering Group, Belleville, IL,
2015.

Merrimack Valley Planning Commission,
Haverhill, MA, 2016.

City of West Des Moines, West Des Moines,
IA, 2012.

Arlington County, VA, 2012.
Parsons, Richardson, TX, 2012.
Penfield & Smith, Santa Barbara, CA, 2011.
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844.

850.

851.

852.

853.

854.

855.

856.

857.

858.

8509.

860.

861.

862-863.

864-865.

866—-870.

871.
872.

874-891.

892.
893.
894.

895.
896.

Mahmoudi, J. “Trip Generation
Characteristics of Super Convenience
Market—Gasoline Pump Stores.” ITE Journal
(June 2012).

ITE Student Chapter, Brigham Young
University, Provo, UT, 2012-2016.

ITE Student Chapter, California State
Polytechnic University, San Luis Obispo, CA,
2012-2015.

ITE Student Chapter, Oregon State
University, Corvallis, OR, 2012-2014.

ITE Student Chapter, University of
Washington, Seattle, WA, 2009-2016.

ITE Student Chapter, University of California—
Los Angeles, CA, 2010, 2014-2016.

ITE Student Chapter, University of Utah, Salt
Lake City, UT, 2014-2016.

ITE Student Chapter, University of Hawaii,
Manoa, HI, 2011, 2016.

ITE Student Chapter, University of California
- Berkeley, CA, 2012-2013.

ITE Student Chapter, Arizona State
University, Tempe, AZ, 2013.

ITE Student Chapter, Montana State
University, Bozeman, MT, 2009.

ITE Student Chapter, Portland State
University, Portland, OR, 2009.

City of Spokane, Spokane, WA, 2016.

New York City Department of Transportation,
New York, NY, 2015.

Florida Department of Transportation,
Tallahassee, FL, 2011.

Spack Consulting, St. Louis Park, MN, 2016.
ITE North Carolina Section, 2011.
Jake Traffic Engineering, Seattle, WA, 2016.

Texas Department of Transportation, Austin,
TX, 2013.

BL Companies, Meriden, CT, 2016.
Ferguson & Associates, Inc., Bend, OR, 2016.

Virginia Transportation Research Council,
Charlottesville, VA, 2014.

Prosser, Jacksonville, FL, 2015.

Stantec, Santa Barbara, CA, 2014.

897.

898.
899.
900.

901.
902.
903.

904.

905.
906.
908.
909.
910.

911.

912.

913.
914.
915.
916.
917.
918.
919.

920.
925-927.

928.
929.
930.
931.
932-933.
934.

JW Buckholz Traffic Engineering,
Jacksonville, FL, 2002.

Nitsch Engineering, Boston, MA, 2014.
Dantin Consulting, Tallahassee, FL, 2013.

Littlejohn Engineering Associates, Orlando,
FL, 2016.

Kittelson & Associates, Inc., Portland, OR, 2016.
Cameron Engineering, Woodbury, NY, 2004.

Traffic Planning and Design, Inc., Pottstown,
PA, 2014.

Langan Engineering and Environmental
Services, Lawrenceville, NJ, 2012.

City of Scottsdale, Scottsdale, AZ, 2006.
Lee Engineering, Dallas, TX, 2015.
Fehr & Peers, Roseville, CA, 2015.
DeShazo Group, Inc., Dallas, TX, 2016.

R.J. Burnside & Associates Limited,
Pickering, ON, 2015.

ITE Student Chapter, lowa State University,
Ames, |A, 2016.

Langan Engineering and Environmental
Services, Lawrenceville, NJ, 2015.

Drexel, Barrell &Co. Boulder, CO, 2015.
Bogia Engineering, Inc., Wyomissing, PA, 2016.
AIA Engineers, Ltd., San Antonio, TX, 2016.
City of Flagstaff, Flagstaff, AZ, 2015.

DKS Associates, Sacramento, CA, 2016.
Fehr & Peers, Los Angeles, CA, 2016.

Oregon Department of Transportation,
Salem, OR, 2014.

CDM Smith, Knoxville, TN, 2015.

Vermont Agency of Transportation,
Montpelier, VT, 2011.

GENIVAR, Montreal, QC, 2012.

Nevada DOT, Sparks, NV, 2011.
WilsonMiller Stantec, Sarasota, FL, 2011.
Peters Engineering, Clovis, CA, 2012.
Regional Transit District, Denver, CO, 2015.

Stephen G. Pernaw & Company, Concord,
NH, 2016.
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935.
936.
937.
938.

930.
940.
941-942.

943.

944.

945.

946.

947.
948.
949-951.

952.
953.
954-955.
956.
957.

958.

959-962.

963-965.

966-967

968.
969-977.
978.

Jacobs, Goshen, KY, 2011. 979.
Davis, Bowen & Friedel, Milford, DE, 2014.

City of London, London, ON, 2014. 981.
Simoff Engineering Associates, Madison, NJ, 982,

2016.
Parsons Corporation, Southfield, MI, 2012
DKS Associates, Portland, OR, 2007.

South Coast Air Quality Management District,
Diamond Bar, CA, 2015

National Association of Industrial and Office
Properties—Inland Empire, Laguna Hills, CA,
2013.

Gibson Transportation Consulting, Los
Angeles, CA, 2012.

Texas A&M Transportation Institute, College
Station, TX, 2012.

Downeast Traffic and Highway, Inc.,
Falmouth, ME, 2012.

Cambridge Systematics, Tallahassee, FL, 2012.
Parsons Brinckerhoff, Tampa, FL, 2012.

District Department of Transportation,
Washington, DC, 2013.

JR Engineering LLC, Centennial, CO, 2016.
City of Sugar Land, Sugar Land, TX, 2016.
NV5, Parsippany, NJ, 2016.

KD Anderson, Loomis, CA, 2015.

James Boyles & Associates, Houston, TX,
2014.

Gewalt Hamilton Associates, Inc., Vernon
Hills, IL, 2016.

Wisconsin Department of Transportation,
Madison, WI, 2016.

California Department of Transportation,
Sacramento, CA, 2015.

City of San Francisco, San Francisco, CA,
2014.

Tim Miller Associates, Cold Spring, NY, 2007.
City of Calgary, Calgary, AB, 2016.

Wisconsin Department of Transportation,
Madison, WI, 2016.

Trip Generation Manual, 10th Edition

Paradigm Transportation Solutions Limited,
Cambridge, ON, 2012.

Southern New Hampshire Planning
Commission, Manchester, NH, 2007.

Greene, C. and Kannan, V. “A Trip
Generation Study of Coffee/Donut Shops in
Western New York.” ITE Journal (June 2011).
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