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Concern about climate change has led to policies in California that aim to decrease greenhouse gas (GHG)
emissions from transportation. Although these policies mostly promote technological innovations, some policies
aim to reduce GHG emissions by reducing the amount of driving, measured in vehicle miles traveled (VMT),
through land use and transportation planning. The focus on VMT reduction represents a dramatic shift for the
land use and transportation planning ﬁelds, which have traditionally prioritized auto mobility by reducing
vehicle delay, measured as level of service (LOS). California has taken the bold step to replace LOS with VMT as
the metric of transportation impact in the environmental review process for land use and transportation plans
and projects under the California Environmental Quality Act (CEQA). This study compares these two metrics –
VMT and LOS – and their implications for a sample of land use projects located in Davis, California. We compare
the LOS impacts analyzed in the environmental impact reports for the projects to forecasted VMT impacts that
we quantify using several available VMT estimation models. Our analysis of LOS mitigation shows how the
CEQA process per se impacts the built environment, often in ways that increase vehicle capacity and thus VMT.
We ﬁnd that a switch to VMT metrics may lead to streamlining for projects that reduce travel demand because of
their location or design, whereas LOS metrics have led communities to build expensive, capacity-increasing
mitigation measures to ease vehicle delay. Finally, we show that the vehicle capacity constructed to mitigate LOS
may contravene the goals and aspirations of many communities in California, as well as the state's goals for GHG
reductions, and is unlikely to solve the congestion problem caused by misplaced land use development.

1. Introduction
Several states across the U.S. have enacted policies to reduce
greenhouse gas (GHG) emissions, including policies aimed at reducing
emissions from transportation. Many of these policies promote technological innovations, but some state and local policies also aim to
reduce GHG emissions from transportation by reducing the amount of
driving, measured in vehicle miles traveled (VMT), through land use
and transportation planning. Most notably, California Assembly Bill 32
of 2006 led to the creation of a statewide target to reduce GHG emissions, a cap-and-trade market for GHG emissions, and engendered a
series of policies and funding programs to help the state achieve its
goals through eﬃcient land use and transportation. In 2008, California
Senate Bill 375 established targets for reducing GHG emissions from
transportation, in part by reducing VMT through coordinated land use
and transportation planning at the regional level. Metropolitan
Planning Organizations (MPOs) in California must demonstrate that
their federally-required regional transportation plans and state-
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required Sustainable Communities Strategies will meet regional targets
for VMT and GHG reductions. Because cities and counties hold authority to make land use decisions, the state enacted grant programs
that encourage local implementation of the regional transportation
plans and Sustainable Communities Strategies.
Other western states soon followed California in enacting policies to
reduce VMT and increase multi-modal accessibility. Washington enacted House Bill 2815 in 2008 that aimed to reduce statewide passenger
VMT, and Oregon's House Bill 2001 (signed into law in 2009) and
Senate Bill 1059 (in 2010) established targets to reduce GHG emissions
in part by eﬃcient land use planning. On the other coast, Virginia's
House Bill 2 (in 2014) established a statewide funding program that
uses multi-modal accessibility, GHG emissions reductions, and “transportation eﬃcient land use” (among other criteria) in the transportation project selection process (VDOT, 2015).
This focus on VMT reduction represents a dramatic shift for the land
use and transportation planning ﬁelds, which have traditionally prioritized reductions in vehicle delay, measured by level of service (LOS).
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The concept of measuring the carrying capacity and ﬂow rate of
transportation facilities was established in the ﬁrst edition of the
Highway Capacity Manual published in 1950 (Roess, 1984). LOS was
formally deﬁned in the 1965 Highway Capacity Manual as a “qualitative measure of the eﬀect of a number of factors, which include speed
and travel time, traﬃc interruptions, freedom to maneuver, safety,
driving comfort and convenience, and operating costs” (Highway
Research Board, 1965). LOS is measured on individual roadway segments and intersections with letter grades from A to F. LOS A describes
faster vehicle speeds, lower vehicle density, and less vehicle delay; LOS
F describes a “failure” of transportation system operations (Roess,
1984). Simply put, LOS measures the amount of vehicle delay for a
given time and location.
In California, LOS has been the primary measure of transportationrelated “environmental impacts” for land development projects under
the California Environmental Quality Act (CEQA) – the state-level
equivalent to the U.S.'s National Environmental Policy Act (NEPA) –
since at least the early 1970s (City of Orange v. Valenti, 1974). CEQA
has a broad reach in the development process; it requires impact analyses and mitigations for those impacts for any project requiring “discretionary action” (rather than “ministerial” actions of, say, issuance of
building permits) and has arguably “had as much inﬂuence on land use
patterns in California as any planning law” (Fulton & Shigley, 2012).
Nationally, a focus on LOS is implicit throughout the Federal Highway
Administration's technical advisory for preparing environmental impact
statements under NEPA. “Alleviating traﬃc congestion” is oﬀered as an
example of “project purpose and need,” and improving traﬃc ﬂow rate
is listed as a potential energy conservation measure (FHWA, 1987).
This practice met its ﬁrst oﬃcial challenge in 2013 when
California's Senate Bill 743 triggered the removal of vehicle delay as a
metric of environmental impact for CEQA analyses (Senate bill no. 743,
2013). SB 743 (and the accompanying guidelines authored by the California Governor's Oﬃce of Planning and Research [OPR]) proposes to
replace LOS with VMT as “the most appropriate metric of a project's
potential transportation impacts” (Public Resources Code § 21099(b)
(2), OPR, 2016). OPR's Technical Advisory on Evaluating Transportation
Impacts in CEQA: Implementing Senate Bill 743 (“technical advisory”)
oﬀers detailed (though non-binding) suggestions for evaluating the
VMT associated with land use development and transportation projects.
CEQA analysis generally identiﬁes both LOS-related and non-LOS-related transportation impacts; under SB 743, analysis of VMT impacts
will replace the LOS-related impacts, though other transportation impacts – such as impacts to emergency access – will continue to be
analyzed in the same way.
Though the revised CEQA Guidelines and accompanying technical
advisory are still in the adoption process, three bold jurisdictions have
already introduced VMT-based metrics and thresholds (standards for
performance) in their general plans and CEQA analyses. The City of
Pasadena adopted VMT-based thresholds in 2014 as an addition to its
existing LOS-based thresholds (City of Pasadena Department of
Transportation, 2015). San Francisco and Oakland replaced LOS-based
thresholds with VMT-based thresholds in their respective transportation
impact analysis guidelines in 2014 (Oakland City Planning Commission,
2016; San Francisco Planning Department, 2016).
The shift to VMT metrics raises many questions for CEQA analyses
and the planning ﬁeld more broadly. An important practical question is
how to estimate project-level VMT. Many CEQA analyses use regional
travel demand models to evaluate the performance of land use and
transportation plans and projects. However, these models are resource
intensive and optimized for regional-scale analysis, rather than projectlevel VMT analysis. In fact, “travel demand forecasting models were
never meant to estimate travel impacts of neighborhood-scale projects
or developments” because “their resolution tends to be too gross to pick
up ﬁne grained design and land-use-mix features” (Cervero, 2006).
Even travel demand forecasting models with high resolution can require multiple runs of a single project to produce information that is

useful at the scale of individual projects (Castiglione, Freedman, &
Bradley, 2003).
This creates need for neighborhood- and project-scale modeling
approaches, what Cervero (2006) calls “ﬁrst cut sketch-planning tools”.
Cervero (2006) deﬁnes two main approaches for sketch planning tools.
One is post-processing, which “tweaks” outputs from travel demand
models using elasticities to capture relationships not accounted for in
the travel model. Direct modeling – “stand-alone models to directly
estimate travel for neighborhoods” – is the other approach (Cervero,
2006). These methods are more eﬃcient for local plans and individual
projects, and “may do a better job of picking up some of the nuanced
relationships between smart growth and travel demand than even enhanced large-scale models” (Cervero, 2006). However, they have notable limitations and enjoy little consensus regarding which is most
accurate (Shaﬁzadeh, Lee, Niemeier, Parker, & Handy, 2012; Zhao &
Kockelman, 2002). Indeed, in a related in-depth analysis of six sketch
VMT models, we found that project-level VMT estimates vary by as
much as 200% for a single project (Lee, Fang, & Handy, 2017).
The shift to VMT metrics also raises more fundamental questions for
communities. One question has to do with VMT thresholds: how much
VMT can a project add to a community before it is too much?
Thresholds of signiﬁcance “play a critical role” in determining the extent of a project's review under CEQA (14 California Code of
Regulations § 15064). The restrictiveness of thresholds aﬀects the
practical, political, and ﬁnancial feasibility of projects: preparation of
EIRs, mitigation of impacts, and defense of legal challenges can all be
cost- or politically-prohibitive elements of the CEQA process (Rothman,
2011).
Another important question is the degree to which replacing LOS
with VMT within the CEQA process will change the types of environmental mitigations adopted for land development projects, and the
environmental implications of those mitigations. The shift in metric will
identify diﬀerent impacts and thus induce diﬀerent mitigations. LOSbased mitigations aim to maintain vehicle speeds, often by adding vehicle capacity and optimizing signal timing. Changes to the transportation network, such as adding vehicle capacity to mitigate low LOS,
have important implications for both land use and travel patterns.
Handy (2005) explains these implications as the “inextricable link”
between land use and transportation: simple causal relationships as
well as a complex “system of endogenous relationships” exist between
transportation investments, land development patterns, and travel
patterns. Cervero (2003) quantiﬁed the strength of these relationships
as they pertain to vehicle capacity on highways. Cervero found a signiﬁcant positive association between capacity expansion and land development along the expanded corridors. Increased land development,
in conjunction with initial increases in travel speeds provided by the
additional vehicle capacity, increased the short- and long-term travel
demand along the corridor. Increased travel demand led to net increases in VMT and, ultimately, automobile congestion (Cervero,
2003). Other studies (e.g. Downs, 1962, Downs, 1992, Downs, 2004,
Duranton & Turner, 2011) have found similar positive associations
between additional vehicle capacity, travel demand, and ultimately
congestion on “a broad class of major urban roads”. The literature thus
suggests that many mitigations intended to improve mobility (the
ability to move – automobiles, traditionally – easily and freely) in fact
increase VMT and ultimately lead to vehicle congestion over the long
run. With VMT being imported as the primary metric to evaluate
transportation impacts in CEQA, we would expect mitigations that instead decrease auto demand through various strategies that increase
accessibility, improve active transportation infrastructure, and enhance
transit services.
Further, a shift from LOS to VMT within the CEQA process raises
important questions about the types and locations of land development
projects that are even proposed. A change in performance metric
changes the incentives and disincentives to develop certain types of
projects in certain areas. The use of LOS incentivizes projects and
2
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threshold; the setting of thresholds and the comparison of estimated
impacts to these thresholds is thus a critical component of CEQA analyses.
Impacts that are found to be signiﬁcant or potentially signiﬁcant
require mitigation measures “which would substantially lessen the
signiﬁcant environmental eﬀects of such projects” as feasible
(California Public Resources Code §21002). We inventory mitigation
measures for LOS-based impacts. The impacts identiﬁed and mitigation
measures implemented under CEQA not only have implications for the
contentiousness of the environmental review process and cost of development; they also have implications for the built environment,
community design, and the incentives and disincentives that underpin
the types and location of development.

Table 1
Case study projects.

Acres
Land uses

Prior land use
Adjacent land uses

The Cannery

Nishi Gateway

2nd Street
Crossing

100
336 units singlefamily
314 units multifamily
78 ksf retail
157 ksf
commercial
5.5 ksf community
center
4.7 acres park
Agricultural
Processing
Residential
Commercial
Agricultural

47
650 units multifamily
325 ksf research/
oﬃce

19
173 ksf retail
(including Target)

Agriculture

Undeveloped

Central business
district
Residential
University
Commercial
Interstate &
railroad
10 bus lines
Passenger rail
(amtrak)
0.5 mile

Residential
Commercial
Agricultural
Interstate &
railroad

Transit within
¼ mile

7 bus lines

Distance to
downtown

1.5 miles

2.2. VMT estimation methods
We initially identiﬁed all sketch VMT estimation methods that are
available for projects in California. A panel of 20 consultants, MPO and
state agency staﬀ, and academic researchers with expertise in travel
demand modeling gave input about the unique attributes, computational abilities, and practical considerations of each method. With this
input, we selected ﬁve VMT estimation methods to use in this study
(Table 2).
A simple way to estimate VMT is to multiply the number of trips
generated by a project by the length of those trips. In the U.S., the
Institute of Transportation Engineers' Trip Generation Manual (ITE,
2012) has traditionally been the authority for trip generation estimates
(Clifton, Currans, & Muhs, 2013). Planners use ITE trip generation rates
in LOS analysis and in some VMT estimation methods to estimate the
number of trips a project generates. However, ITE trip generation data
have widely-known and self-identiﬁed limitations. Data collection focused on “single-use, vehicle-oriented trip rates in suburban sites”
(Clifton, Currans, & Muhs, 2015); if a project “is located in a downtown
setting, served by signiﬁcant public transport … the site is not consistent with ITE data” (Institute of Transportation Engineers, 2004).
Several studies have identiﬁed the extent to which ITE trip rates
overestimate trip generation for projects in urban settings (e.g. Cervero
& Arrington, 2008, Shaﬁzadeh et al., 2012) and some suggest methods
for adjusting ITE trip rates to better reﬂect observed travel in urban
areas (e.g. Clifton et al., 2013, Clifton et al., 2015, Currans & Clifton,
2015, Schneider, Shaﬁzadeh, & Handy, 2015). Some sketch VMT estimation models use this type of research to adjust the trip generation
rates, trip lengths, or both to account for various characteristics of the
project and its surroundings (e.g. MXD, California Smart Growth Trip
Generation Adjustment Tool). Others (e.g. Sketch7) use the post-processing method described by Cervero (2006) to adjust baseline travel
behavior data from travel demand models.
Three of the VMT estimation methods we use adjust ITE trip generation rates to account for a number of factors: trips internal to the
project (for instance, when a person makes several stops within a
mixed-use development), and trips that would have passed by the
project anyway and thus are not “new” VMT. The California Emissions
Estimation Model (CalEEMod) uses this approach to estimate VMT.
CalEEMod also includes adjustments of overall project VMT based on
characteristics of the project and the built environment surrounding the
project (e.g. nearby housing and employment density, distance to
transit, distance to the central business district, et cetera) (CAPCOA,
2013). The California Smart Growth Trip Generation Tool (Handy,
Shaﬁzadeh, & Schneider, 2013) and the Mixed-Use Trip Generation
Model (MXD) (Walters, Bochner, & Ewing, 2013) use statistical relationships (linear regression) to adjust trip generation rates based on
the characteristics of the project and the project surroundings. Both
methods primarily estimate trip generation, but the estimated number
of trips can be multiplied by appropriate trip lengths to ﬁnd VMT.
Two of the VMT estimation methods use statistical models to draw
relationships directly between VMT and project characteristics,

7 bus lines

3.5 miles

ksf = thousand square feet.

locations that can maintain vehicle speeds and driver convenience
surrounding the proposed land use project; analyzing VMT incentivizes
projects and locations that reduce VMT. This change would ostensibly
incentivize land development in areas with a variety of transportation
options rather than areas of auto-oriented sprawl.
2. Research questions & methods
The implications of the shift from VMT to LOS for California's
foundational environmental policy are uncertain. How do projects
perform when evaluated under each metric? How do the impacts
highlighted by each metric diﬀer? What mitigation strategies does each
metric suggest? And do those mitigation strategies lead to outcomes
that the community desires?
To answer these questions, we evaluate the transportation impacts
and corresponding mitigation measures using both LOS and VMT metrics for three land development projects in Davis, California. Each
project is summarized in Table 1 and mapped in Fig. 1. We ﬁrst inventory and analyze the “signiﬁcant” LOS impacts and their required
mitigations in the projects' draft environmental impacts reports (EIRs).
We then analyze each project according to the VMT thresholds proposed in the 2016 version of the SB 743 technical advisory and, as
necessary, estimate the VMT generated by each project using several
available VMT quantiﬁcation methods. By comparing project-speciﬁc
VMT to the appropriate thresholds, we make signiﬁcance determinations for each project.
2.1. LOS impacts & mitigations
To compare LOS- and VMT-based transportation impacts, we inventory and analyze the impacts and mitigations identiﬁed using LOS in
the projects' EIRs. We identify impacts as being LOS-related or not, as
local jurisdictions can choose to measure transportation impacts other
than impacts on traﬃc with metrics other than LOS. Across the three
projects, LOS-based impacts are the most common of the “signiﬁcant”
and “potentially signiﬁcant” impacts identiﬁed in the EIRs. The signiﬁcance of an impact is determined by comparing it to a speciﬁed
3
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Fig. 1. Map of case study projects and key intersections.

food market stands, and research and development space. The land uses
in the transportation chapter – and those we use to estimate VMT – are
single-family residential, apartments, retail, oﬃce, and community
center.
We use these land use assumptions in each VMT estimation tool.
GreenTrip Connect only estimates residential VMT, thus we use it to
estimate VMT from the residential components of the Cannery and
Nishi Gateway. We did not use GreenTrip Connect on 2nd Street
Crossing because the project is exclusively retail. Sketch7's land uses are
the same categories as in the MPO's regional transportation plan, rather
than ITE land use categories that are used by CalEEMod, MXD, and
(usually) the projects' EIRs. When land use categories were not the same
as those listed in the EIR's transportation chapter, we use the closest
available land use. For example, 2nd Street Crossing includes the ITE
categories “free-standing discount store” and “shopping center” in its
EIR; we categorize it as “community/neighborhood retail” in Sketch7.

characteristics of the built environment surrounding the project, and
demographics. GreenTrip Connect is based on a statistical relationship
(also a linear regression) between VMT and demographics, household
income, regional context, and location eﬃciency (Newmark et al.,
2015; Newmark & Haas, 2016). Sketch7 adjusts household VMT using
elasticities related to the built environment. It is based on Ewing &
Cervero's, 2010 meta-analysis of “Ds” variables, thus it estimates the
relationship between travel behavior (VMT, walking, transit use) and
housing density, employment density, land use mix, street design,
destination accessibility, and transit accessibility.
2.3. Project VMT estimates
To estimate VMT, we use the same land use assumptions that were
used in the transportation chapters of the projects' respective EIRs (§
3.14 of the Cannery Park Draft EIR, § 4.14 of the Nishi Gateway Project
Draft EIR, and § 3.4 of the Second Street Crossing [Target Store] Project
Draft EIR), rather than the land use assumptions described in the
Project Description or elsewhere in the EIR. For example, the mix of
land uses within the Cannery is described several ways throughout the
EIR and includes various types of residential units (e.g. lofts, studios),

2.4. VMT thresholds – how much is too much?
Under CEQA, a “threshold of signiﬁcance” is necessary to determine
if an impact generated by the project is “signiﬁcant” or not. The SB 743

Table 2
Selected VMT quantiﬁcation methods.
Method

Adjusts

Methodology

CalEEMod 2016

Trip generation
VMT
Trip generation

Direct model
Direct model

VMT

Direct model

MXD

Trip generation

Direct model

Sketch7

VMT

Post-process

California Smart Growth Trip Generation Adjustment
Tool
GreenTrip Connect

⁎

Applicability
commercial, retail, industrial, recreational, educational
• Residential,
context area in California
• Any
to high-density residential, oﬃce, restaurant, coﬀee shop, retail
• Midgrowth” project location
• “Smart
• Residential
context area in California
• Any
retail, oﬃce, industrial, commercial, educational, other
• Residential,
context area
• Any
use, residential, retail, oﬃce, industrial, public, civic, medical, educational,
• Mixed
military, airport
• Any context area in Sacramento region (currently)
⁎

Case study projects do not meet this criterion.
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Academic literature supports the recommended retail threshold in
the 2016 technical advisory. Lovejoy, Sciara, Salon, Handy, and
Mokhtarian (2013) performed a quasi-experimental before-and-after
study of the ﬁrst “big box” store in Davis, California. They found that
overall shopping VMT of survey respondents decreased by 20% after
the project opened, due primarily to shoppers choosing the closer
shopping option than was previously available. Handy and Clifton
(2001) found more complex results from a survey of residents of several
neighborhoods in Austin, Texas. Their results showed that local retail
options produced minimal overall reductions in auto use, as residents
“chose more distant stores enough of the time that they increase total
driving signiﬁcantly.” However, Handy and Clifton also found that the
respondents' usual mode of travel to local stores is “strongly correlated
with their distance to local stores” – fewer people walk or bike to the
grocery store when it is farther away. And, “most of the walks to stores
did in fact appear to substitute for driving,” which is an important point
for policy and GHG emission targets (Handy & Clifton, 2001). A permissive threshold for locally-serving retail would likely decrease net
VMT and thus GHG emissions: “if residents are given the opportunity to
walk to the store, they will at least sometimes choose to walk rather
than drive” (Handy & Clifton, 2001).
We analyze project-speciﬁc VMT for the project components that do
not meet the screening criteria. We analyze each component (residential, employment, retail) in each available VMT estimation model
and compare the results to relevant thresholds. We use the residential,
employment, and retail thresholds recommended in the 2016 SB 743
technical advisory: 85% of regional household VMT per capita, 85% of
regional commute VMT per employee, and locally serving retail, respectively. By comparing project-speciﬁc VMT to its appropriate
threshold, we make signiﬁcance presumptions for each project.

technical advisory recommends several methodologies for setting VMT
thresholds for land use projects. The 2016 version of the technical advisory also recommends evaluating individually each land use within a
project (e.g. residential, oﬃce, retail components of a mixed-use project).
The technical advisory recommends several “screening” thresholds
based on project size, location “near transit,” or location in a “low-VMT
area. The lead agency could generally presume that “small projects” –
generating fewer than 100 vehicle trips per day – and development near
transit stations1 cause less than signiﬁcant transportation impacts (OPR,
2016). Lead agencies could also generally presume that development in
low-VMT areas would generate VMT at a similarly low level as its
surroundings, and could thus be presumed to cause less-than-signiﬁcant
VMT impacts (OPR, 2016).
Low-VMT areas for residential projects are identiﬁed by the average
household VMT per capita of the transportation analysis zone (TAZ) in
which the project is located. Low-VMT areas for oﬃce projects are similarly identiﬁed by the average commute VMT per employee of the
project's TAZ.
What is considered “low” VMT? The technical advisory suggests the
following:

• Low-VMT residential areas are those with household VMT per capita
that is 85% the regional average or less
• For oﬃces, low-VMT areas are those with commute VMT per employee that is 85% of the regional average or less.

We analyze each project in relation to each of SB 743's “screening”
thresholds. We use information from transit districts to identify highquality transit areas. We use data from the California Statewide Travel
Demand Model (CSTDM) to determine regional average VMT per
person and per employee, and to determine average VMT of each TAZ
(Caltrans, 2014). GreenTrip Connect and Sketch7 have VMT built-in
data that could ostensibly be used to identify low-VMT TAZs, though
the data are not currently extractable from either tool.
If a development project is not a small project, near transit, nor in a
low-VMT area, the lead agency must estimate the amount of per capita
VMT the project would generate and compare it to “numeric thresholds.” The technical advisory recommends what may constitute signiﬁcant transportation impacts:

3. Findings & discussion
In our analysis, the two performance metrics lead to very diﬀerent
conclusions about signiﬁcant transportation impacts that result from
the three case study projects. The diﬀerences in signiﬁcant impacts also
point to substantially diﬀerent mitigations strategies. We summarize
and compare these diﬀerences by project.
3.1. The Cannery

• Residential development with household VMT per capita exceeding
•
•

The EIR for the Cannery identiﬁes six impacts to transportation,
three of which are LOS-related (City of Davis, 2013). One LOS-related
impact is identiﬁed as “signiﬁcant” and one as “potentially signiﬁcant”
if not mitigated. The three impacts not related to LOS are “less than
signiﬁcant”. The Cannery's LOS-related impacts and mitigations are
summarized in Table 3.
The Cannery's most signiﬁcant LOS impact is at an intersection with
the driveway of a nearby shopping center (see Fig. 1). Measures to
mitigate decreased LOS include restricting automobile turning movements, construction of a median island for two-stage left-hand turns,
and installation of two traﬃc signals. Regardless, LOS impacts to this
intersection remain signiﬁcant and unavoidable after mitigation. Cumulative LOS impacts from the Cannery and other planned projects are
potentially signiﬁcant; however, the installation of four traﬃc signals
and lane reconﬁgurations mitigate the cumulative LOS impacts to less
than signiﬁcant.
Table 4 summarizes the VMT-based screening thresholds applicable
to the Cannery, using data from the 2010 run of the CSTDM. The TAZ in
which the Cannery is currently located is based on its previous agricultural and industrial use as a canning facility. Its TAZ covers unincorporated county that is nearly entirely active agriculture and stretches north to Woodland's city boundary. Upon build-out, the Cannery
will operate similarly to the Davis neighborhoods that are immediately
adjacent and will almost certainly be incorporated into its adjacent
TAZ. Thus we use VMT data for the TAZ immediately to the west of the

both 85% of the “existing city household VMT per capita” and 85%
of the “existing regional household VMT per capita”
Oﬃce development with VMT per employee exceeding 85% of the
“existing regional VMT per employee”
Retail projects that cause a “net increase in total VMT.”

The technical advisory document expounds on the retail project
threshold, suggesting that stores serving a local clientele, rather than
drawing regional clientele (as would, say, an auto mall or regional
shopping center), “add retail opportunities to the urban fabric and
thereby improve retail destination proximity” and thus “shorten trips
and reduce VMT” (OPR, 2016). The technical advisory defers to lead
agencies to be “in the best position to decide when a project will likely
be local serving,” though it oﬀers that locally-serving stores may generally be less than 50,000 square feet (OPR, 2016). If retail stores exceed 50,000 square feet, then “lead agencies should undertake an
analysis to determine whether the project might increase or decrease
VMT” (OPR, 2016).

1
“Development near transit” includes projects “proposed within ½ mile of an existing
rail transit station, a ferry terminal served by either a bus or rail transit service, or the
intersection of two or more major bus routes with a frequency of service interval of
15 min or less during the morning and afternoon peak commute periods” (California
Public Resources Code § 21064.3).
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Table 3
Cannery LOS-related impacts and mitigations.
Impact & signiﬁcance

Mitigation measures

3.14–1. Project implementation would result in a signiﬁcant [LOS] impact at the
unsignalized Covell Boulevard/Oak Tree Plaza Driveway Intersection.

1A Prohibit outbound left-turns
1B Construct refuge island in median of Covell Boulevard to enable outbound left turns to
merge more easily
1C Install traﬃc signal at Covell & Oak Tree Plaza Driveway
1D Install traﬃc signal at Covell & L Street. Operate traﬃc signals to create more gaps in
traﬃc for outbound left-turns from Oak Tree Plaza
1E Modify permitted turn movements into driveway serving Oak Tree Plaza
1F Accept LOS F
Contribute fair share funding to cover proportionate cost of the following intersection
improvements:

Signiﬁcant without mitigation. Signiﬁcant and unavoidable after mitigation.

3.14–2. Under cumulative conditions, project implementation would worsen
already unacceptable levels of service at study intersections.
Potentially signiﬁcant without mitigation. Less than signiﬁcant after
mitigation.

3.14–6. Construction traﬃc may cause signiﬁcant intersection impacts.

traﬃc signal and dedicated left-turn pocket at 8th & J Streets
• Install
traﬃc signal and reconﬁgure lanes at Pole Line Road & Picasso Avenue
• Install
traﬃc signal and reconﬁgure lanes at Pole Line Road & Moore Boulevard
• Install
Install traﬃc signal and reconﬁgure lanes at Covell Boulevard & L Street, and add a
• dedicated
right-turn lane. Add second left-turn lane if Covell Village (future project)
developed as Light Industrial
No mitigation required.

Less than signiﬁcant.

Table 4
VMT screening thresholds for the Cannery.

Near transit
Low-VMT residential area – Household VMT per capita
Low-VMT oﬃce area – Commute VMT per employee
Retail

Threshold

Cannery

Signiﬁcance presumption

Within ½ mile of rail or frequent bus service
11.21
12.41
Locally-serving

Not near transit
9.92
15.22
Locally-serving

Not LTS
Less than signiﬁcant
Not LTS – Further analysis required
Less than signiﬁcant

LTS = less than signiﬁcant.
1
85% of regional average from 2010 CSTDM data.
2
TAZ average from 2010 CSTDM Data.

impacts, VMT impacts can be mitigated to lessen the severity of impacts. Some characteristics inherent to the Cannery's oﬃce component
– like adding jobs to a housing-rich community (thus increasing the
jobs-housing balance) – could reduce commute VMT. The Cannery's
oﬃce-generated VMT would require an aggressive 45% reduction to fall
below the threshold, so it is likely that the oﬃce VMT impacts would be
presumed to be “signiﬁcant and unavoidable” after mitigation, as were
the LOS impacts at the intersection of Covell Boulevard and the Oak
Tree Plaza driveway.

Cannery for screening analysis.
Per the screening thresholds, the residential and retail components
of the Cannery would be presumed to have “less than signiﬁcant” impacts on VMT and would thus require no further analysis. The oﬃce
component cannot be presumed to have less than signiﬁcant VMT impacts, so we estimate VMT from the oﬃces in the Cannery. Table 5
shows oﬃce-generated VMT estimates and compares it to 85% of regional average commute VMT per capita.
Not every VMT estimation method can be used for setting thresholds, nor can every method be used for every component of the
Cannery's land use mix. Neither CalEEMod nor MXD can be used to set
VMT thresholds; however, the technical advisory suggests use of
CSTDM data for thresholds and for average trip lengths in each method.
Sketch7 and GreenTrip Connect calculate the regional average household VMT per capita, but the aggregated VMT cannot be used to evaluate the individual components of projects (e.g. residential, oﬃce, retail). Similarly for MXD, we cannot separate commute VMT from total
VMT outputs, so we cannot compare its results to the recommended
thresholds. Table 5 shows these omissions.
Analysis of the Cannery's oﬃce-generated VMT shows that it may be
presumed to have signiﬁcant VMT impacts. Like signiﬁcant LOS

3.2. Nishi Gateway
The EIR for the Nishi Gateway identiﬁes ten transportation impacts;
ﬁve are LOS-related (City of Davis, 2015). Of the ﬁve LOS-related impacts, three are identiﬁed as signiﬁcant without mitigation, and two are
signiﬁcant and unavoidable after mitigation. The LOS-related impacts
and associated mitigation measures are summarized in Table 6.
Two of the LOS impacts from the Nishi Gateway are signiﬁcant and
unavoidable, even after mitigation. These impacts increase vehicle
delay at surrounding local intersections and at the Interstate 80Richards Boulevard interchange (see Fig. 1). The EIR identiﬁes substantial and costly mitigation measures for these impacts, notably the
realignment and widening of roadways at the Interstate 80 interchange
that serves downtown Davis. Mitigation also includes the construction
of a protected bicycle facility over Interstate 80 to connect south Davis
to downtown.
VMT impacts for Nishi Gateway are unique because, unlike the
Cannery, the Nishi Gateway is within a half-mile of the Davis Amtrak
station. This proximity qualiﬁes the project as “near transit”, and it can
be presumed to generate less than signiﬁcant VMT, requiring no further
VMT analysis nor mitigation (Table 7).

Table 5
Commute VMT per employee from Oﬃce Component of Cannery.
Threshold
CalEEMod
GreenTrip Connect
MXD
Sketch7
1

1

12.4
–
12.41
–

Cannery

Signiﬁcant presumption

22.4
–
–
–

Signiﬁcant without mitigation
–
–
–

85% of regional average commute VMT per employee from 2010 CSTDM data.
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Table 6
Nishi Gateway LOS-related impacts & mitigations.
Impact & signiﬁcance

Mitigation measures

4.14-1. The addition of project-related traﬃc would increase delay at local intersections
outside freeway interchange areas.

4.14-1. Project applicant shall fund the design and construction of modiﬁcations to the
single-lane roundabout at the intersection of Old Davis & La Rue Road. Modiﬁcations
shall consist of constructing a right-turn bypass lane from southbound La Rue to
westbound Old Davis Road.
4.14-2. Conduct focused traﬃc assessment, or provide fair share contribution to
roadway and intersection widening within the Richards Boulevard interchange area:

Signiﬁcant without mitigation. Signiﬁcant and unavoidable after mitigation.
4.14-2. The additional of project-related traﬃc would increase delay at local
intersections within the Richards Boulevard Freeway Interchange Areas.

south leg of Richards Boulevard to add second northbound left turn lane
• Widen
north leg of Richards Boulevard to add second southbound through/turn lane
• Widen
(widening of south leg may require some widening of the approach to the underpass)
west leg of West Olive Drive to provide two westbound lanes and three
• Widen
eastbound lanes (left turn lane, through/right lane, right turn lane)
barriers in median to restrict driveway access between West Olive Drive and I• Place
80 westbound ramps
I-80 westbound ramps to eliminate the two loop ramps to provide a diamond
• Realign
ramp conﬁguration and install traﬃc signal. Provide left turn lane and two right turn

Signiﬁcant without mitigation. Signiﬁcant and unavoidable after mitigation.

lanes on westbound oﬀ-ramp, two through lanes and right turn lane on southbound
approach
Widen I-80 eastbound oﬀ-ramp to provide second left turn lane
Construct a separated cycle track on west side of Richards Boulevard from West Olive
Drive to Research Park Drive.
No mitigation required.

•
•

4.14-3. Implementation of project would not contribute substantial traﬃc volumes to
freeway segments in the area such that LOS of the freeway segments would be
considered unacceptable.
Less than signiﬁcant.
4.14-4. While the project would increase daily trips to and from the project site, the
project would not result in substantial increase in local residential street volumes.

No mitigation required.

Less than signiﬁcant.
4.14-7. During construction of the project, construction activities and temporary
construction vehicle traﬃc would increase traﬃc congestion in the area.

4.14–7. Project applicant shall prepare a detailed Construction Traﬃc Control Plan.

Signiﬁcant without mitigation. Less than signiﬁcant with mitigation.

A ﬁnding that the Nishi Gateway causes a less-than-signiﬁcant VMT
impact is substantially diﬀerent than the signiﬁcant and unavoidable
impacts identiﬁed in the EIR's LOS analysis. The signiﬁcant LOS impacts
triggered extensive mitigation to improve traﬃc operations and decrease delay around the interstate. A high-density mixed-use project
within the urban boundary (i.e. the Nishi Gateway) is the type of project California's climate policies attempt to promote, but costly mitigation measures like interchange reconﬁguration hinder the state's efforts. For one thing, the costly mitigation measures may make the
project ﬁnancially infeasible in this location, potentially pushing development to areas with less traﬃc but also less potential for other
travel modes. If the mitigation measures are implemented, they are
likely to accommodate more traﬃc ﬂow leading to an increase in VMT.

All eight LOS impacts caused by 2nd Street Crossing are mitigated to
be less than signiﬁcant. Mitigation measures include installation and
timing of one traﬃc signal (and potentially three more), reconﬁguration and addition of automobile lanes, restriction of automobile
movements, and installation of crosswalks and bicycle parking.
Two of the four VMT screening thresholds are applicable to the
exclusively-retail 2nd Street Crossing (Table 9). The project is not located “near transit,” though it is considered locally-serving retail in the
project's EIR. The retail opportunities planned for 2nd Street Crossing
(primarily Target) duplicate those in several nearby communities. Its
development would presumably shorten shopping trips, reducing VMT,
and would thus have less than signiﬁcant VMT impacts. Indeed, this
concept is supported by the before-and-after study performed by
Lovejoy et al. (2013). Because the retail project is locally-serving, no
further VMT analysis and no mitigation would be required. This would
relieve 2nd Street Crossing of installing up to four traﬃc signals required to mitigate LOS impacts.

3.3. 2nd Street Crossing
The EIR for 2nd Street Crossing identiﬁes ten transportation impacts; eight of them are LOS-related (City of Davis, 2006). Five of the
eight LOS-based impacts are signiﬁcant. One non-LOS-based impact
(impacts to parking) is identiﬁed as signiﬁcant. Table 8 summarizes the
LOS-related impacts and mitigations.

4. Implications for practice
Quantifying VMT rather than LOS in project-level evaluation and

Table 7
VMT screening thresholds for Nishi Gateway.

Near transit
Low-VMT residential area – Household VMT per capita
Low-VMT oﬃce area – Commute VMT per employee
Retail
1
2

Threshold

Nishi Gateway

Signiﬁcance presumption

Within ½ mile of rail or frequent bus service
11.21
12.41
Locally-serving

Near transit
8.42
15.72
None

Less than signiﬁcant – No further analysis required
Less than signiﬁcant
Not less than signiﬁcant
N/A

85% of regional average from 2010 CSTDM data.
TAZ average from 2010 CSTDM Data.
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Table 8
2nd Street Crossing LOS-related impacts & mitigations.
Impact & signiﬁcance

Mitigation measures

4.3-1. Impacts related to increases in traﬃc as a result of the proposed project on
2nd Street/Faraday Avenue.

4.3-1. Applicant shall fully fund the design and installation of a traﬃc signal at 2nd Street/
Faraday Avenue. The intersection should have the following lane conﬁguration:
2nd Street: One left-turn pocket; two through lanes
• Eastbound
2nd Street: One left turn pocket, one through lane; one right turn lane
• Westbound
Driveway: One left-turn lane, one shared through/right lane
• Project
design features should include crosswalks; future transit stops should be located
• Additional
west of the intersection to avoid queueing that would back up in intersection.

Signiﬁcant without mitigation. Less than signiﬁcant with mitigation.

4.3-2. Mace Boulevard Overcrossing

No mitigation required.

Less than signiﬁcant.
4.3-3. Impacts regarding the provision of eﬃcient site access and circulation.

4.3-3. The following elements shall be incorporated into the site plan:
center strip and outbound Stop and Right-Turn Only signs to the northernmost
• Add
driveway
center stripe and outbound Stop and Right-Turn Only signs to driveway south of
• Add
northernmost driveway
primary project driveway, stripe outbound portion of the driveway to provide separate
• Atleft-turn
and shared through/right lanes. Inbound portion should be striped for separate

Signiﬁcant without mitigation. Less than signiﬁcant with mitigation.

4.3-5. Impacts to traﬃc ﬂow from construction traﬃc associated with grading
and development of project site.
Signiﬁcant without mitigation. Less than signiﬁcant with mitigation.
4.3-7. Cumulative impacts regarding the deterioration of LOS of the 2nd Street/
Mace Boulevard intersection.

shared through/left and right-turn lanes. At internal intersection of the primary driveway
and the primary north-south aisle, provide Stop signs on the northbound, southbound, and
eastbound approaches.
At southernmost driveway on 2nd Street, provide center stripe, outbound Stop and RightTurn Only signs. Median opening will be closed at this location.
Large Target delivery truck access routes should be deﬁned in accordance with the primary
(not 'alternate') entry and exit routes shown on page 4.3–67 of the DEIR.
Provide bicycle parking spaces near Target store and near each of the other four buildings
4.3-5. Project applicant shall prepare a Construction Traﬃc Management Plan.

•
•
•

Signiﬁcant without mitigation. Less than signiﬁcant with mitigation.
4.3-9. Impacts to Remainder Access Road.

4.3-7 Prior to occupancy, applicant shall either (a) pay for a traﬃc operations analysis to
support the development of a new optimized signal timing plan for 2nd Street/Mace
Boulevard to restore LOS E, or (b) pay for the design and construction of a second northbound
left turn lane to better accommodate the northbound left turn volume, and re-time the signal,
to provide LOS D conditions in the Cumulative With Project case.
4.3-8. The City of Davis shall monitor the intersections of 2nd Street/Cantrill, 2nd Street/
Peña, and 2nd Street/Cousteau to determine when and if signals should be installed based on
a full warrant analysis. The City shall require a fair share payment of the cost of new signals
from the applicant.
No mitigation required.

Less than signiﬁcant.
4.3-10. Cumulative freeway mainline and ramp impacts.

No mitigation required.

Signiﬁcant without mitigation. Less than signiﬁcant with mitigation.
4.3-8. Cumulative impacts regarding the LOS at the intersections of 2nd Street/
Cantrill Drive, 2nd Street/Peña Drive, and 2nd Street/Cousteau Place.

Less than signiﬁcant.

estimates.
Analytically, we see from three case studies that the available VMT
quantiﬁcation methods estimate a wide range of project-generated
VMT. These VMT estimation methods have not been validated with
surveys or data, so we cannot say which is most accurate. Lovejoy
et al.’s before-and-after study provides the rare empirical data to validate the analysis of 2nd Street Crossing; without similar studies of
various types of projects in diﬀerent contexts, we cannot say which of
these methods is most accurate.
For the purposes of CEQA review, an important consideration regarding the use of VMT estimation models is the ability to compare

CEQA review has many implications. Practically, our analysis shows
that the available VMT quantiﬁcation models have notable strengths
and weaknesses. Some methods are simpler to implement “oﬀ-theshelf” than others, such as GreenTrip Connect and CalEEMod. Others –
namely Sketch7, and CalEEMod to run well – require baseline land use
and VMT data, but can be run eﬃciently once those data are acquired.
Some methods allow customization of inputs to reﬂect project contexts
– CalEEMod's trip rates and trip lengths, for example – which can increase precision but also bias as well as burden on the analyst.
However, simply using VMT quantiﬁcation methods “oﬀ-the-shelf”
with default values is unlikely to produce robust and defensible VMT
Table 9
VMT screening thresholds for 2nd Street Crossing.

Near transit
Low-VMT residential area – Household VMT per capita
Low-VMT oﬃce area – Commute VMT per employee
Retail
1

Threshold

2nd Street Crossing

Signiﬁcance presumption

Within ½ mile of rail or frequent bus
service
11.21
12.41
Locally-serving

Not near transit

Not less than signiﬁcant

Regional and TAZ averages from 2010 CSTDM Data.
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16.01
Locally-serving

N/A
N/A
Less than signiﬁcant – No further analysis required

Research in Transportation Business & Management xxx (xxxx) xxx–xxx

A.E. Lee, S.L. Handy

VMT results to a threshold (or generically, a baseline). Baselines –
average VMT per capita, average VMT per household, et cetera – are
critical for the formation of signiﬁcance thresholds in CEQA review,
and thus the determination of “signiﬁcant” impacts. However, not all
VMT estimation methods produce results that can be easily compared to
a baseline. A baseline is ideally created from the same data and modeling method as the project-speciﬁc VMT estimate to ensure an “applesto-apples” comparison between a chosen threshold and a measured
impact. However, sketch-level models are explicitly created for projectlevel VMT assessment, rather than for calculating city- or region-wide
averages. For example, analysts can ﬁnd the average VMT for singlefamily homes in a given geography by multiplying the single-family trip
generation rate by the average trip length in a model like CalEEMod or
MXD. However, the city- or region-side housing stock is likely a mixture
of single-family, apartments, duplexes, townhomes, et cetera. The
average VMT per household would reﬂect a weighted average of this
mixture, though calculating a weighted average for a city or region with
a tool built for project-level assessment pushes the analytical limits of
sketch models.
The ability to standardize VMT outputs is critical for use of projectlevel VMT in decision-making. Only a subset of models produces VMT
estimates that are easily standardized (e.g. VMT per household or per
employee) simply because of how the VMT estimates are reported. This
is particularly the case for mixed-use projects, like the Cannery and
Nishi Gateway, where a single project includes several diﬀerent land
uses (housing, employment, and retail). The output from some models
(e.g. MXD) reports a singular project-level VMT without specifying the
amount of VMT generated by each land use. If we simply divide total
project VMT by the number of people or households, we overestimate
household VMT by the amount of driving generated by the employment
and retail uses. We thus cannot determine from models like MXD how
the travel patterns of residents and employees in mixed-use developments would compare to average residents and employees in the region.
However, a simple line-item report of total VMT by land use would
allow calculation of VMT per household (and per capita or employee)
and would solve this limitation.
Transportation eﬃciency – measured by VMT per unit (household,
capita, employee, et cetera) – more closely aligns with state policies like
AB 32 and SB 375 than an aggregate project-level VMT. AB 32 and SB
375 set increasingly stringent targets for statewide VMT per capita,
while acknowledging that total statewide VMT will actually increase as
the state's population grows. To implement California's state and regional VMT targets, the project-by-project CEQA process would demonstrate that the residents and employees of new developments
generate less per capita VMT than their counterparts in existing homes
and oﬃces. Put simply, new residential and oﬃce projects are not expected to reduce total VMT in a community or region. Rather, new
projects are expected to generate less VMT per person than the status
quo by the eﬃciency of their location and design. However, this topic is
ripe for future research. A new residential development may, in fact, be
occupied by some residents moving from higher VMT areas in the region, rather than from outside the region, in which case total regional
VMT may in fact decline. Study of travel behavior before and after
moving to a new home (like the homes in the Cannery and Nishi) would
allow for better understanding of the net eﬀects of new land use developments.
The question and complexity of “whose VMT” is also important.
Sketch methods are generally designed to estimate the project-speciﬁc
ingress and egress of VMT, rather than projects' overall eﬀect on VMT in
the community or region. In the case of retail projects like 2nd Street
Crossing, the new retail opportunity ostensibly redistributes existing
household VMT rather than generating entirely new trips. However,
VMT estimates from most sketch models are blind to the redistributive
eﬀect of new retail opportunities in the community; they output a VMT
value based on traditional ITE trip generation rates used in LOS analysis
to measure localized vehicle volumes. By this accounting, the retail

VMT is estimated as new VMT and would theoretically be counted
twice – once as part of household VMT and again for the retail project.
It engenders an important research question as to the appropriate ways
to attribute VMT to land use projects, industries, and even jurisdictions.
How VMT is allocated has implications for policy and GHG emissions. It creates incentive and disincentive for certain development
types and locations via policies like SB 743 and SB 375. For example,
locally-serving retail within an urbanized area is incentivized over more
“attractive” regional retail projects when its system-wide VMT eﬀects
are considered, rather than accounting for impacts via the ingress and
egress approach. Allocating VMT entirely to households may create
disincentive for residential projects compared to employment and retail
projects, particularly between jurisdictions. How VMT is allocated –
which development and jurisdiction “owns” which VMT – is a policy
question that has land use development implications and merits future
research.
In addition to practical and policy considerations, replacing LOS
with VMT within the CEQA process has implications for the built environment. In the short-term, we see from just three case studies that
projects near transit and in low-VMT areas will beneﬁt from a more
streamlined CEQA process and fewer costly mitigation measures aimed
at maintaining automobile ﬂow rate. Streamlining and facilitating
transit-oriented, low-VMT development corresponds with California's
policy goals to reduce transportation GHG emissions via coordinated
land use and transportation planning.
This is perhaps best illustrated by the case of the Nishi Gateway. The
elimination of a costly, capacity-adding mitigation measure for a
mixed-use inﬁll project has quantiﬁable beneﬁts. It streamlines the
planning process and eases the ﬁnancial burden of a project that adds
housing to a housing-poor community. Rather than saddling inﬁll development with the costs of easing auto congestion onto the Interstate –
an externality of systemic undersupply of housing near employment –
or locating employment opportunity away from its workforce, this
policy shift creates a less burdensome CEQA process for a project that
brings housing to employment-rich, highly-bikeable downtown core.
This change is signiﬁcant for creating more eﬃcient land development
patterns that provide a range of transportation options.
Mitigation for projects farther than a half-mile from transit and in
high-VMT areas will also certainly change. Mitigating VMT impacts will
require increasing accessibility and decreasing automobile demand,
whereas mitigation of automobile delay has largely focused on optimizing traﬃc operations and increasing automobile capacity at speciﬁc
intersections or roadway links (see Fig. 2). For example, all three case
study projects required traﬃc signal timing and additional turn lanes as
mitigation. But, some LOS mitigation strategies have focused on decreasing automobile demand, exempliﬁed by the bicycle and pedestrian
facilities required at 2nd Street Crossing. With a shift to VMT instead of
LOS, we will likely see mitigations addressing travel distance to a
variety of destinations (i.e. accessibility) in addition to mitigations
addressing automobile demand (i.e. number of auto trips). We may see
projects mix land uses (add housing to, say, an oﬃce or retail project) to
increase accessibility, in addition to or instead of traditional travel
demand strategies like installing bicycle facilities.
In fact, the Nishi Gateway EIR includes several mitigations to address the VMT impacts it identiﬁes (per voluntary city policy, as Nishi
Gateway went through CEQA review prior to SB 743). VMT mitigations
for Nishi Gateway include bicycle and pedestrian infrastructure, transit
infrastructure and incentives, parking pricing strategies, as well as the
provision of on-site housing to employees of the commercial component
of the project. These strategies not only decrease VMT (CARB, 2017),
they can also mitigate congestion by decreasing the vehicle volumes
that are loaded onto roadways. One of the many co-beneﬁts of VMT
reduction is that it “alleviates congestion in the speciﬁc locations where
net vehicle travel is curtailed” (Fang & Volker, 2017), whereas traditional congestion mitigations facilitate vehicle speeds and volumes
through roadway capacity increases. The VMT induced by increased
9
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Fig. 2. Comparison of mitigations for the Cannery in Davis.

Metric

LOS

Impact

Mitigation

Auto Flow
Rate

Auto Flow
Rate

Implications
of Mitigation
Auto Capacity

Driving Volume

VMT

Driving

Driving

Accessibility

Driving Volume
Fig. 3. Impacts, mitigations, and travel behavior – LOS versus VMT.

habitats, and natural resources.

capacity ultimately causes congestion to rebound to pre-existing levels
over the long term, negating the intent and short-term beneﬁt of congestion relief (Downs, 2004; Duranton & Turner, 2011). Fig. 3 illustrates the interaction between LOS, VMT, mitigation measures, and
induced travel.
A comparison of mitigation measures under these two metrics raises
a fundamental question about what type of built environments communities want, and how they use the CEQA process to achieve them.
Does Davis want more traﬃc signals and turn lanes? Will replacing LOS
with VMT in CEQA facilitate – or make it more challenging – for
communities to ﬁnance and construct the built environment they desire? General plans tell us the aspirations of the community, and the
City of Davis has visions for its built environment that include (City of
Davis, 2007):

• Reﬂect Davis' small town character in urban design that contributes
to and enhances livability and social interaction.
• Maintain a strong, vital, pedestrian-oriented and dynamic downtown area
• Encourage carefully-planned, sensitively-designed inﬁll and new
development to a scale in keeping with the existing city character.
• Encourage a clean, quiet, safe, and attractive transportation system
•

that harmonizes with the city's neighborhoods and enhances quality
of life.
Promote alternative transportation modes such as bicycling,
walking, public transit, and telecommuting.

In many cases across these three projects, the goals of the General
Plan are inconsistent with the built environment created by mitigating
vehicle delay. The signiﬁcant automobile delay that the Cannery causes
at the intersection of the Oak Tree Plaza, for example, triggers the restriction of automobile turn movements, installation of traﬃc signals,
construction of a median island, and the City Council accepting LOS F at
this location (see Fig. 2). These measures attempt to maintain a certain
vehicle ﬂow rate around a community grocery store. This is perhaps in

• Foster a safe, sustainable, healthy, diverse, and stimulating environment for all in the community.
• Become a community where the impacts of traﬃc, noise, pollution,
crime, and litter are minimized.
• Maintain Davis as a cohesive, compact, university-oriented city

surrounded by and containing farmland, greenbelts, natural
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line with the goal of “minimizing traﬃc,” but not in line with “encouraging a clean, quiet, safe, and attractive transportation system that
harmonizes with the city's neighborhoods,” nor do they “promote alternative transportation modes.”
When we evaluate transportation impacts with VMT metrics, the
Cannery causes signiﬁcant impacts from the employees commuting to
its oﬃces. Potential VMT mitigations include the provision of on-site
workforce housing (as was required of the Nishi Gateway), improvements to transit service, installation of active transportation infrastructure, and parking pricing. Each metric likely results in signiﬁcant
and unavoidable transportation impacts, but the alterations to the built
environment to mitigate those impacts are drastically diﬀerent. The
VMT-related mitigations align closely with the General Plan's goals for
the community – a “cohesive” and “compact” city, “enhance livability
and social interaction” – whereas the capacity-increasing mitigations to
combat vehicle delay may hamper them, and still result in auto delay
(given that one LOS mitigation is to accept LOS F).
In the longer-term, researchers and planners should watch for
changes in the types and locations of developments that are proposed.
This shift in performance metric changes the incentives and disincentives to develop certain types of projects in certain areas. Where LOS
analysis has favored projects and locations that can maintain “driver
comfort and convenience” per the Highway Capacity Manual, VMT
analysis incentivizes projects and locations that generate less driving.
We will presumably see dense urban areas with well-mixed land uses
and high-quality transit – areas with inherently high vehicle delay but
often low VMT – become more attractive to developers as they prompt
fewer transportation impacts and requisite mitigations.
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