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7. IMPLEMENTATION MECHANISMS FOR TRANSPORTATION• 
RELATED LAND USE STRATEGIES 

This chapter explains how jurisdictions can implement the recommended transportation-related 

land use strategies. This chapter focuses on seven topics, each of which is in an individual section. 

• Policies that jurisdictions can adopt to implement the recommended transportation-related 
land use strategies. 

• Policy documents that can be updated or created to implement the strategies. 

• Administrative actions that jurisdictions can take to implement strategies. 

• Organizational tools available to local governments to assist in implementing the 
strategies. 

• Resources available to finance strategy implementation. 

• Barriers and uncertainties associated with the implementatioo tools, and ways to minimize 
or resolve these problems. 

• Monitoring mechanisms to track results of implementation. 

Table 7-1 indicates which implementation tools are appropriate for each of the individual strategies. 

Many of the policies and actions recommended in this report are compatible with the existing 

planning programs and goals of California's communities. For example, some of the actions listed can 

help cities and counties meet existing goals and requirements in the areas of housing provision, air quality 

improvement and congestion management. Higher-density housing near transit stations can help meet 

housing goals. Requiring pedestrian and transit access in site plans and zoning for mixed use can help 

increase walking, reduce vehicle trips, and improve air quality. Providing more thorough coMections in 

the street network can help reduce traffic congestion on arterial streets. The actions descnbed, therefore, 

not only help to meet the need to minimize vehicle emissions; they can also help to meet other local and 

regiooal priorities as well. 
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7.1 POLICIES THAT CAN BE CREATED OR CHANGED 

1bis section examines the policies that cities and cowtties could adopt to implement the 

transportation-related land use strategies. A policy is a regulation in a plan ordinance adopted by a City 

Council or Cowity Board of Supervisors. Table 7-1 indicates which policies are directly related to each 

of the ten strategies. The table indicates that a number of policies support several of the strategies. 

Of particular importance are five policies listed as "Top Priority" in the first pan of this section. 

Implementing these. policies in a way that reflects local conditions is the most effective first step toward 

minimizing automobile trips and motor vehicle emissions. 

Top Priority Policies 

If a city or county wants to begin moving in the direction of providing multiple transportation 

options, it may not know where to begin. These top priority items reverse the direction of most existing 

policy documents or common practice, and apply to a city or cowtty as a whole. These items would 

therefore be the most effective actions a county or city can take to begin moving in the direction of 

supporting a variety of transportation options. 

Policy #1: Set Densities to Reflect Proximity to Transit and Activity 

Traditionally, local land use policy has focused on the maximum density of development that can 

occur in an area. Because development patterns that reduce automobile dependence require relatively high 

densities, land use polices that also emphasize higher densities near transit stations and corridors and 

around activity areas will reduce vehicular trips. 

Minimum Densities. The most effective way to encourage density is to set minimum densities for 
residential, retail and employment generating uses in central areas and around transit. Santa Cruz 
County, for instance, requires development within the zoning density range. 

"No Net Loss" Policy. For residential developments, another approach is to require that no new 
development result in the loss of housing units. For example, the Sacramento General Plan 
requires "no net loss" of housing units. 

Wording of Density Requirements. For all densities, stating densities as a number of square feet 
of land per dwelling unit, rather than a minimum lot size, indicates an openness to clustering as 
a matter of course. The Santa Cruz County General Plan and Zoning Ordinance use this phrasing. 
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Policy #2: Create Mixed-Use Zones 

Mixing commercial and residential uses makes it easier for people to walk from their homes to 

the places where they work, shop and participate in civic life. Building housing dovmtovm can make the 

dovmtovm livelier. Unfortunately, many general plans and zoning ordinances prohibit mixed use. This 

requirement stems partly from the rise of noisy, polluting industrial plants next to residential areas in the 

late 1800's and the first part of this century. This prohibition is no longer necessary in most cases, 

because most modem employment-generating uses are compauble with residential uses. 

Allowing Mixed Use. A city or CO\Dlty can begin by ensuring that mixed use is allowed in its 
central and transit-oriented development areas. In San Jose, for example, properties along the new 
light rail conidor are designated "Transit Conidor High-Density Residential." This zone allows 
some commercial uses. 

Requiring Mixed Use. A jurisdiction can go a step further by requiring mixed uses with a certain 
percentage of housing, public and commercial uses in a district in target areas. The Sacramento 
and San Diego transit-oriented development guidelines take this approach. Policy documents can 
also specify how uses are arranged in a mixed-use district. For example, many mixed-use areas 
require retail or other uses that attract foot traffic on the ground floor, with offices or residences 
above. · 

Special Districts. Jurisdictions can create special land use and zoning districts with mixed land 
uses where transit availability or activity makes them desirable. An area containing several 
historic buildings and places can be declared a historic district. Development within the district 
can be required to be consistent with the historic character of the area. Historic buildings within 
the Historic District are eligible for federal Historic Preservation Tax Credits, which are described 
in the Resources section of this report. Larlcspur's dovmtovm Historic District has become a key 
component of the Dovmtovm Specific Plan, which emphasizes pedestrian and bicycle access and 
pedestrian-oriented design.1 

Fine-Grained Use Zones. A variation on mixed-use policy is fine-grained land use designation 
and zoning. For example, the West Berkeley Specific Plan replaced a large industrial district with 
a mosaic of zones. Light industrial and retail zones were used to buffer residential zones from 
heavy industrial uses. The zones are small enough that residential zones are within walking 
distance of heavy industrial zones. 

Mixed-Use Overlay Zones. Overlay land use and zoning districts are a method for adding a 
second use to an area that is primarily in one use. San Jose uses a General Commercial overlay 
in residential areas where some commercial use is desired, such as arterial streets that serve as 
major bus corridors.2 Portland, Oregon and Hartford, Connecticut use residential overlays in 
cominercial zones to require housing as a part of commercial development projects. 

Conflict Resolution through Performance Standards. Performance standards are rules limiting 
environmental impacts, such as traffic, noise, visual effects and air pollutant emissions. 
Performance standards minimize the impacts of industrial and commercial uses on adjacent 
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residences. This makes it possible for cities and counties to zone for commercial uses near 
residential uses. To reduce noise impacts, Santa Cruz County sets noise limits at the adjacent 
property line, for example. 

Exceptions. Of course, some uses cannot be sited in mixed-use settings because they are 
unattractive, noisy or even dangerous. For example, State law requires residences, child care 
centers, hospitals and schools to be located at least 2,000 feet from properties where significant 
disposal of hazardous waste has occurred, or where hazardous waste is transferred, stored or 
treated.3 This law makes it impossible to locate such facilities within walking distance of 
residences. 

Policy #3: Award Density Bonuses for Projects Furthering 
Jurisdiction Goals 

Allowed densities can be increased, and other incentives given, for projects that provide transit­

or pedestrian-oriented amenities such as housing and child care near commercial uses and pedestrian­

oriented design. California's Density Bonus Law already requires local governments to grant 25-percent 

density bonuses plus other incentives (such as reduced parking requirements) for low-income, very-low- . 

income, and senior housing.~ State law also allows jurisdictions to grant a 25-percent density bonus for 

developers of housing within a half mile of transit stations.5 A third state law allows cities and counties 

to give floor area ratio bonuses for commercial and industrial uses that provide child care facilities.6 New 

York City increases the floor area ratio for new projects with direct connections to transit stations. Near 

the Bellevue, Washington station, a developer may build an extra four square feet of office space for each 

square foot of residential space provided in an office complex. Near the Ballston station in Arlington 

County, Virginia, the office floor area ratio is doubled if ten percent of the floor space is residential.7 All 

of these methods are effective at enticing developers to build high density, mixed-use projects near transit 

and activity centers. In addition, the Second Unit Law allows second unit development to be promoted 

as an infill development strategy.8 

Policy #4: Focus Growth Within Urban Areas 
All of the recommended strategies are oriented towards concentrating higher density development 

near transportation and activity centers. This overall approach is supported if convnunities create 

incentives that increase appropriate development density within existing urban areas. 
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Communities can create conditions and incentives that make urban development and infill near 

transportation and activity centers more attractive and profitable. For example, local redevelopment 

agency activities and incentives to attract development to existing urban areas can focus on infill and 

redevelopment projects that are served by transit and easily accessible to pedestrians. 

Infrastructure to serve infill and redevelopment projects (such as water, sewer, streets, etc.) is often 

already in place in existing urban areas, thus reducing the costS to local governments and utility companies 

of providing such services. However, if infrastructure is not available or of sufficient capacity, this 

constraint may significantly increase the cost of infill and redevelopment projects and reduce their 

economic feasibility. In comparison, new development in outlying areas often requires new infrastructure 

and services that can increase total costs to local governments, transportation agencies, and public utilities. 

Policy #5. Revise Street Standards To Make Streets Pedestrian­
Friendly 

Many jurisdictions' street standards require wide streets and wide turning radii, which are designed 

to accommodate high volumes of automobile traffic. The high traffic speeds and volumes that wide streets 

allow are not compatible with pedestrian activity. Wide streets also cover large areas of land, so they limit 

the density that can be attained in a given area. Many local streets built today are also designed as cul-de­

sacs, with limited access for pedestrians and bicycles to surrounding facilities. 

To answer these problems, cities and counties can revise their street standards to require 

connected, narrower streets with trees and sidewalks, and bicycle lanes and bus stops on larger streets. 

Traffic calming devices could be required or at least allowed in residential and commercial areas that 

would promote pedestrian and bicycle activity and transit use. Traffic calming devices can include: 

narrower streets, tighter curb turning radii, textured paving at crossings, frequent intersections with 

pedestrian-activated traffic signals, traffic circles or "roundabouts," and landscaping within designated 

parkways. Rancho Cucamonga requires street trees, sidewalks, and a bicycle lane if the new street is in 

a location designated for a bicycle lane.9 
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Other Policies 

Policy #6: Allow Transfer of Development Rights Within or To Target 
Areas 

Transfer of development rights is used to preserve existing open space, agriculture, and other low­

density uses and increase densities in areas where this is desired. When the allowable density on the land 

is reduced, a set of credits can be set up based on the potential use of the land. Developers in the area 

where the jurisdiction wishes to increase density can buy the credits, which become density bonuses for 

them.10 

Use in Central Districts. Within and near downtown, a jurisdiction may wish to preserve 
residential or historic buildings that are less dense than the allowed density on their sites. The city 
or county can allow the owners to sell un-used development rights to developers within the same 
or other target areas. In Seattle, the owner of land with low-density housing may sell 
development rights to the owner of another parcel downtown. The Seattle Housing Resources 
Group sold unused development rights above an apartment building to the developer of another 
building downtown, and used the proceeds to renovate the apartment building.11 

Use in Peripheral Areas. Transfer of development rights is also used to preserve agricultural land 
and privately held open space at the periphery, thus funneling growth into developed areas. When 
the amount of allowed development is reduced in fringe areas, the owner receives development 

. credits for the difference between the original development rights and the new reduced rights. The 
owner may not use these credits oo his or her land, but may sell them to a developer in an area 
targeted for increased density. The buyer can use the credits to build at a higher density than the 
zoning code would otherwise allow. The Land Conservancy of San Luis Obispo County, for 
instance, administers a Transfer of Development Rights program to avoid development on steep 
slopes with Mooterey pines east of the developed areas.12 

Policy #7: Reduce Requirements for Setbacks, Lot Sizes and Lot 
Shapes 

Large setbacks tend to separate buildings from pedestrian life. Setback requirements can be 

reduced, or maximum setbacks can be established, to create a stronger COMection between buildings and 

sidewalks. 

Large minimum lot sizes and dimensioos and prohibition of certain lot shapes can prevent the 

attainment of specified densities. They also make it difficult to cluster buildings and to provide a 

greenway and pedestrian and bicycle facilities. One of the purposes of lot regulations is to prevent the 

creation of unbuildable lots; however, the regulations may go beyond what is required to achieve this. 
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Setback, lot size and lot shape requirements can be reduced in the zoning code, or on a case-by-case basis 

during negotiation of development agreements. Rancho Cucamonga reduces these requirements in 

exchange for open space and pedestrian amenities provided by developers. 

Policy #8: Require Pedestrian, Bicycle and Transit Access in Site 
Plans 

Cities and counties can require developers to provide such amenities as pedestrian and bicycle 

pathways, bicycle parking, showers, bus shelters, and parks. A jurisdiction must compile a quantitative 

report on the relationship between development 'and the need for these facilities, and ensure that the 

requirements imposed on each project are proportional to the size of the project, as stated in the recent 

court case, Dolan v. City of Tigard.13 

Policy #9: Require Signs To Be at Pedestrian Scale in Pedestrian 
Areas 

Signs that are designed to be viewed by high-speed traffic at some distance are inconsistent with 

the human scale that defines pedestrian areas. The sign ordinance can require pedestrian-scaled signs in 

transit station areas, transit corridors and pedestrian-oriented activity centers. For example, Huntington 

Beach requires pedestrian-scale signs in its downtown. u 

Policy #10: Revise Parking Standards to Reward Design for 
Alternative Modes 

In some areas, parking standards require more parking than is normally used. These standards can 

lead to the construction of parking lots that interfere with transit and pedestrian access, and reduce the 

density of land use that can be achieved within a certain building height. Padcing requirements can be 

lower in downtowns and other transit hubs, parking minimums can be reduced for projects that provide 

features encouraging alternate travel modes, parking maximums can be set in transit- and pedestrian­

oriented areas, and preferential parking for car pools can be required. Shared parking reduces the number 

of spaces needed per square feet of commercial space or residential unit, especially if uses are mixed. The 

parking standards can reflect this by requiring fewer spaces for shared padcing and for mixed uses . 

. Mountain View's downtown parking standards are generally 90 percent of city-wide standards. The 

standards for retail and restaurant uses were reduced as part of the 1992 Downtown Precise Plan, and 

standards are lower for businesses in a shared padcing assessment district. 
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7.2 POLICY DOCUMENTS IN WHICH TO CREATE OR CHANGE 
POLICIES 

All of the policies discussed above can be implemented through existing planning processes, 

including updates of the General Plan and the Zoning Ordinance. Some of the policies can also be 

expressed in other documents, and all of the policies can be expressed in Specific Plans. The documents 

discussed in this section are plans and ordinances that can be adopted by a City Council or County Board 

of Supervisors. Policies that can be incorporated into the described policy documents are illustrated in 

Table 7-2. 

One approach a jurisdiction could take would be a "pedestrian and transit-oriented code update." 

This update could consist of updates to the General Plan, Zoning Ordinance and Subdivision Regulations, 

along with a set of Design Guidelines and a Master EIR. Making these revisions together can streamline 

approval of the changes and of subsequent projects. It is best to consult with the Public Works 

Department, the transit agency, and transportation planning organization (RTPA) on this update. It could 

begin by eliminating policies that lead to high vehicular emissions, such as low, uniform intersection level 

of service standards; low-density single-family housing designations in areas served by transit or near other 

uses; prohibitions against mixed-use development; and parking standards that exceed actual needs. To 

replace these policies, each jurisdiction can select options from the policies listed above. 

Top Priority Documents 

Document #1: General Plan 
General Plan elements can be coordinated to provide and support more efficient multi-modal 

transportation facilities related to appropriate land uses, to enable people to wallc, take transit or bicycle 

to some of their destinations. Land use, transit and public works planners should work together to develop 

a cohesive plan. State law requires each General Plan to include seven elements: land use, circulation, 

housing, conservation, open space, noise and safety. Some jurisdictions have also adopted air quality and 

other elements. The policies discussed in this report can be implemented through the Land Use Element, 

and should also be coordinated with the Circulation and Housing Elements. "Transfer of development 

rights" can also be included in the Conservation and Open Space Element(s), and some performance 

standards could be placed in the Noise Element. As part of Inglewood's General Plan update process, the 

city is considering a mixed-use district within a quarter-mile radius of its downtown transit hub. Within 
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this district, high residential densities may be allowed, and planners may have the flexibility to reduce 

parking requirements for shared parking.15 Santa Ana is integrating circulation provisions into its land use, 

urban design and education elements.16 Any changes to the General Plan must be reflected in the Zoning 

Ordinance and the Subdivision Regulations. A summary of how the General Plan Elements can suppon 

this report's recommended strategies is provided below: 

Land Use Element. A land use element sets the locations, mix and densities of land uses. It can 
increase densities and require mixed uses near transit stations, along transit corridors and in 
activity centers where transit lines converge. The Land Use Element can also incorporate policies 
to focus development in existing areas; civic or historic districts; performance standards to 
facilitate mixed use; density bonuses to help preserve historic, housing and open space uses; 
reduced setbacks and flexible lot standards; a requirement for pedestrian, bicycle and transit access 
facilities on development sites; pedestrian-oriented sign policies; and reduced parking 
requirements. The 1992 Pasadena Land Use Element, for example, includes a Mobility section 
designed to complement the Mobility Element. 

Circulation Element. The circulation element can include facilities for transit, bicycles and 
pedestrians as well as automobiles. Pedestrian trails and bicycle paths can link residential . 
neighborhoods to activity centers. Ample sidewalks, bicycle lanes, bicycle racks and street trees 
can improve pedestrian and bicycle access within the activity centers. In updating circulation 
elements, Ontario, California has added bike ways, Rancho Cucamonga identified transit routes 
and options, and Thousand Oaks is developing a pedestrian master plan. The City of Davis 
requires all new development to provide bicycle/pedestrian paths that connect to the existing 
pathway system. 

Coordination between the locations of transportation facilities and land use mix and density is key 
to making a place accessible by walking, bicycling and transit. One way to support pedestrian 
circulation is to avoid placing major arterial streets or highways between residential areas and 
nearby business districts, and to provide pedestrian-activated traffic signals at appropriate 
locations. 

Housing Element. State law requires that General Plans designate land for sufficient amounts of 
overall housing and affordable housing to meet a jurisdiction's regional housing need allocation 
as identified by the regional Council of Governments. The Housing Element must set forth a plan 
to remove constraints to the construction of adequate housing; identify sites that could be used 
for housing, including high-density sites for low-income housing; and include a five-year schedule 
for implementation of housing programs.17 Inclusion of high-density housing in downtowns and 
near transit stations and corridors can meet these requirements while also acting to reduce 
vehicular trips. El Monte, for example, allows downtown residential densities of up to 50 units 
per acre for family housing and up to 100 units per acre for senior housing. 

Conservation and Open Space. The conservation and open space elements (which are combined 
in many General Plans) define where development will and will not occur. If open space areas 
are designated away from transit18 corridors, this could have the effect of directing development 
toward transit corridors and stations. The Conservation and Open Space Elements can also 
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include walking trails, street trees and small parks in pedestrian-oriented activity centers, and 
bicycle paths linking residential and business areas. Ontario, California's recreation element 
addresses bicycle and pedestrian circulation. 1• The recreation element can include policies about 
making recreational facilities accessible by walking, bicycling and transit. 

Noise Element. State law requires the noise element to show noise contours for all listed sources 
of noise. The noise element is an appropriate tool for protecting residences from highway and 
transit noise. Performance standards protecting residents from industrial, commercial and 
recreational noise can be placed in this element, facilitating mixed use development. Fullerton, 
for exam pie, has noise standards for stationary sources. 

Safety. Policies regarding development in floodplains, geologic hazard areas and wild.fire hazard 
areas affect the shape of the developed areas. Sometimes this element is combined with the 
conservation and open space elements. 

An air quality element is not required, but can provide a unified strategy that includes land use, housing, 

transportation and recreational aspects. Glendale adopted an air quality element in 1994,20 and Inglewood 

is preparing one for adoption in l 995, among other jurisdictions. 

Document #2: Zoning Ordinance 

The Zoning Ordinance provides the specific regulations that implement policies in the General 

Plan. Zoning regulates the type and intensity of land use, signs, parking, setbacks, and the location and 

size of buildings, lots, yards, courts and other open spaces.21 The zoning ordinance is the code that can 

specify higher densities, lower parking standards, pedestrian-scale signs and mixed-use or fine-grained 

variations in uses near transit facilities and in activity centers. To achieve a mix of uses downtown, the 

Portland zoning ordinance includes residential districts and stipulates that 60 percent of the buildings in 

the downtown must be in residential use. 

Document #3: Subdivision Regulations 

Subdivision Regulations are authorized under the California Subdivision Map Act to regulate the 

division of land. A part of the Municipal Code, subdivision regulations set standards for the size and 

shapes of lots, conditions for condominium formation, and design and dedication requirements for public 

facilities, including streets.22 The California Subdivision Map Act expressly allows cities and counties 

to require sidewalks, bicycle paths, public transit lines, bridges, easements for public access to streams, 

and schools.23 The Subdivision Map Act also allows jurisdictions to require any other design changes and 

dedications (collectively known as exactions) necessary to bring the subdivision into conformance with 
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the General Plan. For example, the Chula Vista Subdivision Regulations authorize the Planning 

Commission to require pedestrian ways where necessary for access to schools, playgrounds, shopping 

centers, transportation facilities, other community facilities or unusually long blocks. Subdivision 

regulations include street standards for streets for subdivisions. The Subdivision Regulations can be 

revised to relax lot shape and minimum lot sizes; increase requirements for pedestrian, bicycle and transit 

facilities; and reduce required street widths and turning radii in order to support transit- and pedestrian­

oriented development. 

Document #4: Design Guidelines 
Design Guidelines set standards for building placement and orientation, facade and roof treatment, 

padcing locations, landscaping and streetscape improvements. Design Guidelines for transit- and 

pedestrian-oriented development can increase the accessibility, safety and attractiveness of buildings, 

pedestrian paths and streets.24 The Guidelines can specify such building parameters as garage placement, 

porch requirements and setbacks, and can require site amenities such as pedestrian connections, street trees, 

street lights, bicycle racks and bus shelters. Design Guidelines can require facilities such as showers and 

bicycle lockers in office buildings and other employment centers. Design Guidelines can be developed 

for a city or county as a whole, or different guidelines can be developed for different areas. The General 

Plan can refer to the Design Guidelines, and they can be a chapter of the Municipal Code (either as pan 

of the Zoning Ordinance or separately) or a Specific Plan. Design Guidelines can be mandatory, applying 

equally to all development in a certain district or use, or they can give planners the flexibility to require 

what is needed for each project. The City of San Diego uses its "Transit Oriented Development" 

guidelines in negotiating developer agreements.25 

Document #5: Master EIRs 

By preparing a Master Environmental Impact Report (EIR) for a Specific Plan or for a group of 

policy changes (such as a set of amendments to the General Plan, Zoning Ordinance and Subdivision 

Regulations), a jurisdiction can streamline the development application process for developers who comply 

with the new plan and regulations. A Master EIR assesses the impacts of a plan, a program, or a set of 

policy changes, and recommends mitigation measures.26 Once a Master EIR is prepared for a group of 

policy documents, any project that is allowed by right in those and other documents, and that complies 

with all regulations, does not require a separate environmental document. 
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Other Documents 

Document #6: Specific Plans 
A Specific Plan includes regulations similar to those of a zoning ordinance for a particular focus 

area. A Specific Plan sets the distnbution, location and extent of land uses and infrastructure; 

development standards; and implementation methods (regulations, programs, pubic works and financing). 

A Specific Plan must be ccnsistent with the General Plan. Plan preparation can be paid for by a 

development fee in the Specific Plan area. A Specific Plan could be prepared for a transit corridor, station 

area, downtown, business district or neighborhood. An EIR would need to be prepared for the Specific 

Plan; development projects that are consistent with the Specific Plan would not necessarily require 

discretionary approvals nor project EIRs. One example of a specific plan is the Anaheim Downtown Plan, 

which specifies trees in the streets and other design features to slow traffic and encourage pedestrian uses 

of streets. Several San Jose specific plans overlap residential and commercial uses. Sacramento County 

has developed a number of specific plans for transit-oriented areas. 

Document #7: Redevelopment and Housing Production Plan 
A Redevelopment Agency must have a Redevelopment Area Plan and a Housing Production Plan. 

These plans can focus businesses and housing near transit stations and corridors. Redevelopment and 

housing production plans are especially appropriate tools for stimulating development of downtowns and 

activity centers, and for encouraging mixed-use and infill projects. (Redevelopment is also discussed as 

"Resource Tool #6" in Section 7.5 of this chapter.) 

Document #8: Trip Reduction Ordinance 

Many trip reduction ordinances contain only the provisions required by state law and air district 

regulations. These ordinances could include measures that private builders and employers must 

implement, and could include incentives as well as penalties. LaVeme's 1989 Trip Reduction Ordinance, 

for example, requires employers of over 100 people to provide van pools, subsidized bus passes, flex time, 

staggered hours and bicycle facilities. Commercial and industrial buildings in LaVerne with more than 

75,000 square feet must provide an internal jitney, bus or taxi shelter. 
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Document #9: Capital Improvement Program 

Priorities within the Capital Improvement Program can be ordered to emphasize transportation, 

lighting and landscaping projects that support alternate means of transportation; civic and cultural projects 

located in areas that are targeted for increased pedestrian activity; infrastructure upgrades for areas near 

transit, business centers; and projects that would improve the mixture of uses. For example, Glendale's 

capital improvement program includes funding for a shuttle system and an intennodal transfer facility. 

Federal law requires a Major Investment Study for any major metropolitan transportation investment that 

uses federal funds and affects existing or planned housing.27 Relocation and replacement housing can be 

located near transit, employment, civic uses, shopping and services. 

7.3 ADMINISTRATIVE ACTIONS 

Administrative actions are processes, operations or negotiations that city or county agencies can 

initiate. The agencies taking action could include the planning, public works, community development 

or economic development departments or the redevelopment agency. 

How a jurisdiction implements planning docwnents and manages the development and 

redevelopment processes on a daily basis detennines to what extent actual land uses will support 

alternative modes of travel. Streamlining the permit process for projects that promote walking, cycling 

and riding transit is the ~t important administrative action a city or county can take in this direction. 

A municipality can take these steps in guiding public economic development efforts as well as private 

development proposals. 

Top Priority Action 

Action #1: Streamline the Permit Process for Desired Projects 

Currently, the permit process in many jurisdictions is simpler for a single-use, automobile-oriented 

project that covers an entire parcel with private lots than it is for a clustered or mixed-use project. For 

example, a mixed-use or clustered project may require a master plan and a hearing, while single-family 

residential projects may be allowed by right. (The California F.nvironmental Quality Act requires an 

F.nvironmental Impact Report for any discretionary action that could have a significant adverse effect on 

the environment. In many cities and counties a hearing is held regarding the EIR, but the law does not 

require it.) The permit process could be changed to reward mixed-use, transit-oriented projects and 
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projects in target areas. For example, approval criteria could enable staff to approve pedestrian-friendly 

or target-area projects up to a certain size without a hearing, while a hearing could be required for projects 

that do not meet transit-oriented or pedestrian-friendly design criteria. In Washington, D.C., for example, 

the Pennsylvania Avenue Development Corporation centralized the pennit process for its redevelopment 

area and in some cases cut permitting time in half .2B 

Other Actions 

Action #2: Negotiate Development Agreements 
State law allows cities and cOW1ties to negotiate developer agreements for proposed projects that 

require use pennits or changes to adopted policy documents.29 (Projects that are within the use and 

density allowed by the zoning code and comply with the other elements of the Municipal Code do not 

require such approvals.) The law specifies that the agreement must include the use, density, height and 

size of buildings and land dedications. A development agreement can specify a mix of uses, grant density 

bonuses (pursuant to ordinance), and require land for pedestrian, bicycle and transit facilities. 

A developer and a local government decide many of the design features of a project while 

negotiating the development agreement. Design features that make high-density and mixed use projects 

enjoyable can be incorporated at this point One example is a development in downtown Mountain View 

which features buildings that look like townhouses, with porches fronting on streets, and with underground 

parking. 

Action #3: Modify Impact Fees and Exactions 
Many cities and counties require developers to pay impact fees or provide in-kind provision of 

land, facilities, or services to meet.the needs generated by a project. Infill projects may actually generate 

higher fees to support infrastructure needs even though the actual infrastructure costs may be lower than 

outlying development. Where this occurs, a community may consider exempting certain fees to attract 

development to areas near u-ansit, downtowns, and activity centers. 

Alternatively, there may be instances where infrastructure fees may be calculated to be higher for 

an outlying development than a more centralized development Where this is the case, there would be an 

incentive for new development to occur closer to existing developed areas. Any development fee or 
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exaction should be adopted only after thorough documentation to support findings of the proponional 

relationship between the amount of the fee and the cost of impact that is directly attributable to the 

development on which the fee is imposed. 

Fees. Many jurisdictions assess the development fees for transportation improvements necessitated 
by project traffic. If a project is oriented and designed to reduce vehicular traffic, these fees likely 
will be reduced. Transportation impact fees could also be reduced if appropriate housing is 
provided near an employment use. 

Exactions. In-kind exactions may include transit and pedestrian facilities such as bus turnouts, 
sidewalks, bike racks, bike lanes, pedestrian connections to transit stations, and provision of transit 
information to home buyers. Exactions may be a trade-off for reduced requirements. For 
example, Santa Ana requires bike racks to reduce parking requirements. 

Action #4: Attract Employers to Areas Near Transit and Housing 
As a part of its economic development effons, local governments can work to attract employers 

to areas close to transit corridors and stations, to downtowns and other activity centers, and to . 

neighborhoods that house potential employees. Companies that employ a relatively large number of 

people per given area and require minimal truck access to highways are good candidates for location in 

transit corridors. For example, in Rancho Cucamonga, a food processing company is building a 300,000-

square-foot facility near a new commuter rail station. The company has stated that proximity to transit 

was a major consideration in its choice of location. 

Action #5: Establish Enterprise Zones in Older Activity Centers 

An enterprise zone provides tax breaks and infrastructure upgrades for employers locating in the 

zone. A local government can apply to the U.S. Department of Housing and Urban Development to have 

an economically depressed area designated as a federal Enterprize Zone. Or a local government can create 

its own enterprize zone, giving local tax breaks to businesses in the zone. An enterprise zone can help 

to increase the density of business areas where there is not presently a strong real estate market. If the 

goal is to create a central area that can attract a large enough number of workers to support a rapid transit 

system, the type of jobs created is unimportant. If, however, the goal is to locate jom near existing 

housing, it is important to specify that the subsidized uses would employ the types of workers who reside 

nearby. For example, Richmond has a federal Enterprise Zone. San Bernardino established its own 

Enterprise Zone, placing tax incentives in its Municipal Code. The incentives are available to new and 

expanding businesses in the zone, and for housing rehabilitation and infill housing construction. 
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7.4 ORGANIZATIONAL TOOLS 

An organizatiooal tool is a way to set up relationships among agencies and community groups to 

pursue commoo goals. This section addresses the question of who implements the policies, planning 

documents and administrative systemS discussed above, and how these groups of people can most 

effectively work together. Increasing travel options will require increasing coordination among the City 

Council or Board of Supervisors, the Planning Depanment, the Public W orics Department, the Metropolitan 

Planning Organization or COWtcil of Governments, and some service providers within a municipal 

government. It will also require counties and cities to cooperate with service districts, transit agencies, 

local commercial and neighborhood organizations and other jurisdictiCllS. 

Organizational Tool #1: Combine Land Use and Transportation 
Planning 

Transponation and land use planners have traditionally worked in isolation from each other in 

many municipalities. Many transponation planners work in the Public Works Department, while land 

use planners work in the Planning and Building or Community Development Depanment Their training, 

goals, methods and language differ, making communication difficult However, transponation and land 

use planners in many jurisdictions are learning to "speak the same language.• The two departments 

working together can restore transit-and pedestrian-oriented communities, recommending land use changes 

that could improve transit, pedestrian and bicycle access and designing streets for play, social interaction 

and various fonns of transponation. The two groups can cooperate to strengthen central business districts 

and other activity centers. 

In many California cities and counties, transponation and land use planners are working together. 

In Thousand Oaks, the planning and public works departments work closely on development proposals.30 

In Glendale, the two departments are working together on the Circulation Element update. In Santa Ana, 

the two departments are working together on congestion management and bike ways. In Torrance and 

Berkeley, transponation planners are located in the planning department. The County of Sacramento 

coordinated extensively with the Regional Transit Agency in creating a transit-oriented General Plan.31 
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Organizational Tool #2: Involve Service Providers 

Fire, police, sanitation and school agencies are concerned about a variety of issues associated with 

pedestrian- and transit-friendly design. It is important for land use and transportation planners to meet 

with these departments and agencies early in the planning process. 

California jurisdictions have varying ways of involving service departments in the planning 

process. Santa Ana circulates plans as well as proposals to all city agencies. In Inglewood, the EIR 

process includes multi-agency review. 

Safety. Police departments and sheriff's offices have concerns such as lighting and visibility of 
paths and entrances. Their input can be valuable in devising design criteria for a safe pedestrian 
and transit environment and bicycle padcing. 

Vehicular Access. Service providers who use large vehicles may be concerned about access. One 
way to meet this concern is to demonstrate that clearances would be adequate under the proposed 
standards. For example, developers of Laguna West in Sacramento County created a mock-up 
street and invited the sanitation and fire districts to try maneuvering their largest vehicles on the 
street; after the demonstration the service providers withdrew their opposition to the narrower 
residential streets. 

Schools. School districts are currently in a quandary because Proposition 13 requires a 2/3 
majority vote to raise school facilities funds through taxation, and state legislation sets developer 
fees based on the amount of area built for each residence or commercial project. The smaller 
residences that would be provided in denser developments generate lower school fees per dwelling 
unit than larger residences built under this formula. A school district objected to a Specific Plan 
prepared by the San Jose Planning Department for increasing residential density in a transit 
corridor for this reason. Some of the tools discussed in the Resource Tools section of this repon 
could be used to address this problem. 

Organizational Tool #3: Work with the Transit Agency 

Most transit authorities are separate from city and county governments. To increase transit use, 

it is critical to involve them in planning for land use, street and path design. 

Design Guidelines. A transit agency can provide design guidelines for bus stops and other transit 
coMections in all areas, and for transit-oriented development. San Diego's Metropolitan Transit 
Development Board and the Sacramento Regional Transit District have published manuals on land 
use design for transit. 

Corridor Selection. Transit agencies, counties and cities can work together to select corridors for 
transit improvements along with supportive land use strategies such as increased density and 
mixed use. The transit agency can also identify areas where through street connections and transit 
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ways would be most useful. The transit agency could locate stations near employment uses and 
housing rather than (or in addition to) peripheral industrial areas where rail lines already exist. 

Joint Development. A transit authority may undertake transit joint development: sharing costs 
with private developers to improve transit station areas and provide direct connections between 
the developments and the transit stations. A city or county can support transit joint development 
by giving density bonuses to developers who connect to transit stations, allowing transfer of air 
rights from above the stations to adjacent parcels, changing the zooing and parking requirements 
around the stations, giving high priority to infrastructure and civic projects near stations, and 
streamlining permit applications.32 The San Francisco Bay Area Rapid Transit District (BART) 
sold development rights to adjacent land owners for development near the Pleasant Hill BART 
station in Contra Costa County, allowing for higher-density development near the station than 
could otherwise occur.33 The transit agency can market air rights, coordinate with developers on 
the design of stations and buildings, assemble land and guarantee loans.:., 

Negotiating with Developers. Local governments and transit agencies can negotiate together with 
developers to include transit features in projects. For example, AC Transit and the Cities of 
Emeryville and Oakland in the East Bay recently negotiated with Catellus Development Co. for 
a transit center in the proposed East Baybridge retail and housing development. 

Organizational Tool #4: Involve Business and Community Groups 
Non-profit organizations, chambers of commerce, universities, insurers, neighborhood 

organizations, community development corporations, and small business development centers can play a 

role in improving, densifying and balancing neighborhoods in central areas and transit corridors. For 

example, the Milwaukee Redevelopment Corporaticn, a private non-profit corporation funded by 

membership dues, contnbuted to the development of several commercial, residential and mixed use 

projects downtown. In Orlando, the Downtown Development Board, which included private and publicly 

appointed members, worked with the Orlando Redevelopment Agency to plan and complete public 

projects. The Redevelopment Agency purchased land and leased it to the Neighborhood Improvement 

Corporation for 50 years. In addition to city funds, loans from the state and local banks were used.35 

Organizational Tool #5: Enter Into Agreements with Neighboring 
Jurisdictions 

Adjoining jurisdictions may wish to enter agreements to create or improve alternative 

transportation facilities, to create economies of scale when purchasing clean-fuel vehicles, or to preserve 

open space. Cities in the South Bay Cities Association south of Los Angeles are pursuing all three of 

these goals together. Cities and counties have made agreements to preserve undeveloped areas that 

overlap the boundaries of several jurisdictions. Such agreements can serve to funnel some growth into 

the developed ponions of the cities (although some goes to other areas). Agreements could be made to 
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increase the density, mix of uses and streetscape along a transit corridor, or to connect streets and paths. 

An agreement could be made to distribute funds among jurisdictions, even if only one directly benefits 

from development. 

Organizational Tool #6: Establish a Joint Powers Authority 

A Joint Powers Authority (JPA) is an entity formed by member jurisdictions to develop a plan, 

facility or program benefining all of the jurisdictions. Each jurisdiction contributes opinions, time and 

money to the plan, project or program and shares in the use of it. Where a focus area overlaps 

jurisdictions, a JPA can be formed to prepare and implement a plan for an area, fund transponation 

improvements, develop a housing project or employment center, or build a civic facility. The cities of 

Orange and Santa Ana have a JPA for transponation improvements to serve mixed-use development at 

an activity center neat the border between the two cities. 

Organizational Tool #7: Use the Congestion Management Agency as 
a Forum 

State legislation requires a county-wide effort to develop and implement a Congestion 

Management Program (CMP) in each urbanized county. The law requires each urbanized county to set 

up a Congestion Management Agency (CMA) with representatives from all of the cities in the county. 

Local jurisdictions must inform the CMA of major land use decisions, so that the agency can project 

traffic increases. "Deficiency plans" are required for areas where congestion reaches certain levels. 

Deficiency plans can include any measures that will reduce traffic congestion, including transit, bicycle 

and pedestrian improvements, land use changes, and parking management as well as roadway 

improvements for vehicular traffic. The CMA provides a setting for coordinated efforts through meetings, 

information sharing and development of deficiency plans. 

Some CMAs are developing area and county-wide deficiency plans. Los Angeles County's 1993 

CMP includes a county-wide deficiency plan. The deficiency plan includes a list of strategies from which 

local jurisdictions may choose. The list includes land use, transit service, transportation demand 

management, transponation systems management, and capital strategies.36 Local governments are assigned 

"debits" when they issue building permits, based on the automobile trips that the buildings would generate. 

Cities and counties receive credit for implementing strategies in the deficiency plan, based on the number 

of person-miles of travel demand accommodated or reduced on a typical weekday. The jurisdictions must 
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implement enough measures from the "toolbox" in the deficiency plan so that their credits equal their 

debits. 

7.5 RESOURCE TOOLS 

A resource tool is a source of funding. service, or land. Funds are available for developing and 

implementing policies and programs, and for designing and building facilities, in support of the 

recommended strategies. Many of the sources can fund multi-purpose projects and programs, such as 

those designed to strengthen downtowns and other activity centers. 

Resource Tool #1: Apply Through Your MPO for ISTEA Funding 

Regional transportation commissions, known by federal transportation agencies as metropolitan 

planning organizations (MPOs), apply for federal funding under the lntennodal Surface Transportation 

Efficiency Act (ISTEA). Some ISTEA highway funds can be spent on facilities for travel modes other 

than automobiles. ISTEA also includes funding for scenic byways, recreational trails, and transportation 

planning. Funding for vehicular transportation projects includes a ten percent set-aside for transportation 

enhancements: bicycle-pedestrian facilities, acquisition of scenic easements and sites; enhancement of 

scenic and historic areas near highways; landscaping on transportation corridors (not just roads); historic 

preservation; and preservation of rail corridors for rail and,/or pedestrian-bicycle use.37 Funds are available 

for planning and implementing bicycle and pedestrian circulation systems. Tuolumne County and the 

cities of Modesto, Livermore, Lathrop and Manteca are embarking on bicycle planning projects using 

ISTEA funds. Scenic easements, landscaping and billboard control can help to implement pedestrian­

friendly design. 

ISTEA Congestion Mitigation/Air Quality (CMAQ) funds are intended to help local governments 

implement the federal Clean Air Act Amendments of 1990. The Clean Air Act Amendments mandate the 

preparation of State Implementation Plans, which in tum are implemented through regional Clean Air 

Plans. Regional Clean Air Plans include land use provisions. For example, the Bay Area Clean Air Plan 

includes indirect source review, high-density· zoning at transit stations and General Plan air quality 

elements. A jurisdiction could use CMAQ funds to implement any of these programs, ordinances or plans. 
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Resource Tool #2: Use Housing and Community Development Funds 

The California Department of Housing and Community Development (HCD) administers state and 

federal housing assistance programs. Prevalent financing programs available to local govemments from 

the U.S. Depanment of Housing and Urban Development (HUD) and HCD include the federal Community 

Development Block Grant (CDBG) and Home Investment Partnership (HOME) programs, Housing 

Opportunities for People with AIDS (HOPW A), and Emergency Shelter Grants (ESG). To apply for these 

funds, a city or county must submit a Consolidated Plan to HUD. This plan must address housing and 

community issues in a coordinated way, and is part of a combined application for all four funding 

programs.38 These four types of grants can fund staff and other expenses to increase densities in transit 

corridors and around stations, improve central business districts, and promote infill projects. Rancho 

Cucamonga is using HCD funds for building rehabilitation, sidewalks and street lights. 

Federal housing and community development funds are administered locally or by HCD, 

depending on whether a jurisdiction is an "entitlement entity." CDBG's primary uses are infrastructure, . 

community facilities and building rehabilitation. El Monte, for instance, is using CDGB funds for 

downtown facade restoration. Another major source of housing funds is the state and federal Low Income 

Tax Credit Program, which gives tax credits for investments in housing construction. Information about 

funding sources for housing is available from HCD's Qearinghouse for Affordable Housing Finance in 

Sacramento.39 

Resource Tool #3: Establish a Main Street Program 
The National Trust for Historic Preservation initiated the Main Street Program in 1986, and states 

are responsible for implementing it. Main Street programs are used to revitalize the downtownS of small 

cities (3,500 to 50,000 people) through economic restructuring, pedestrian-oriented design and 

improvements, promotion, and organization."° The California Main Street Program is operated by the State 

Department of Commerce Office of Local Development in Sacramento. It includes demonstration cities 

and maintains a lending library. To be a demonstration community, a community must hire a full-time 

coordinator for the program; thus, the program has a matching requirement. Even if a community does 

not become a demonstration city, it can use Program videotapes and literature for help in revitalizing its 

downtown. A Main Street Program can help to revive a downtown so it functions more effectively as a 

transit hub and activity center. El Monte has used the Main Street Program to revitalize its downtown. 

Ontario has used it to rehabilitate commercial structures and improve facades. 
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Resource Tool #4: Apply for Historic Preservation Tax Credits 
A city or COlDlty can designate an area that has historic significance as a Historic District. Once 

this is done, building owners can receive Historic Preservation Tax Credits for renovation of historic 

buildings. The jurisdiction can use these tax credits to revitalize older areas that have a pedestrian 

environment and to strengthen downtowns. The City of Pomona, for example, established a mixed use 

Historic District as part of its Downtown Pomona Specific Plan. 

Resource Tool #5: Motor Vehicle Registration Fee Surcharge Funds 

In September of 1990, Assembly Bill 2766 was signed into law.~1 This legislation authorizes 

regional air quality management districts to impose an additional four dollars on local annual motor 

vehicle registration fees. The proceeds may be used to implement programs to reduce air pollution from 

mobile sources, pursuant to air quality management plans and the California Clean Air Act. The air 

quality management districts distribute a portion of the funds to cities and counties. Local governments 

can use these funds for programs in the regional or state air quality plan, including local planning efforts. 

Resource Tool #6: Establish A Redevelopment Area 

A redevelopment area uses tax increment financing. To establish a redevelopment area, a city or 

county must malce certain findings to declare the area blighted. The jurisdiction then makes improvements 

in the area, which are intended to increase the economic activity in the area and thereby increase property 

values. The Redevelopment Agency uses the tax increment to pay for the investments made in the area. 

Tax increment funds can fund infrastructure, public pedestrian amenities and services as well as land 

assembly and joint development. Portland, Oregon, has redeveloped much of its central city, using tax­

increment financing for low-interest loans, limited property tax abatements, revenue bonds and land write­

downs for housing . .u Pasadena's redevelopment program has significantly increased the downtown's 

prosperity. San Jose is having mixed financial results after large cash infusions into its downtown. 

although most of the public facilities attract users.'° The Redevelopment Agency can assemble parcels 

near transit stations and pursue joint development with developers." A Redevelopment Agency could be 

used to revitalize a declining area that is rich in transit connections, or a single-use area with mixed-use 

potential. When the Bay Area Rapid Transit system, BART, was built, San Francisco established a 

redevelopment area, and the tax increment financing was used for plantings and other beautification efforts 

along Market Street. 
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State law requires each redevelopment agency to set aside 20 percent of its tax-increment revenue 

for moderate, lower and very low income housing. Many cities and counties use this Housing Fund in 

conjunction with other funds (described under Resource Tool #2) and in conjunction with the Housing 

Authority. Funded projects can be located near transit, work places, shopping and services. Market rate 

housing can attract professionals who work in downtown offices, possibly reducing automotive commuting 

into the central business district from the suburbs. The Southside Parle: Co-Housing Project in downtown 

Sacramento, an infill project including six moderate-income and 14 madc:et-rate housing units, was built 

with partial financing from the Sacramento Housing and Redevelopment Agency on Agency property. 

All of the units were sold to Co-Housing Group members.45 

Resource Tool #7: Set Up a Public-Private Partnership 
Many redevelopment projects in central business districts are funded by multiple organizations. 

For example, funding sources for the renovation of the downtown Denver Dry Goods Building for mixed 

uses included developer equity and union pension funds, as well as state multi-family housing bond issues, 

city loans, a federal grant, sales of low-income housing units and historic tax credits. Other organizations 

that could provide financial or technical assistance include local businesses, insurers, community 

development corporations, Small Business Deveiopment Centers (one in each county), the California 

Conservation Corps (which trains youths in urban ecological restoration) and the Trust for Public Lands' 

urban gardens program. Oakland's City Center, an office-commercial complex including a plaza with a 

fountain and sculptures at the entrance to a BART station, was developed by a private corporation in 

conjunction with City redevelopment efforts. 

Resource Tool #8: Build on Public and Tax-Delinquent Land 
Jurisdictions can use surplus property or sites that have been acquired through non-payment of 

taxes to develop transit stations and infill projects. Infill projects can locate jobs and housing near each 

other and increase density near transit service and in central business districts. For example, a mixed-use 

project near Caltrain in downtown Mountain View was developed on an old school site. Many tax­

delinquent sites are abandoned, but many also have toxic contamination. A profitable new business use 

or a redevelopment project could help pay for cleanup. 
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Resource Tool #9: Establish Special Assessment Districts 

A special assessment district is used to fund public improvements in an area of a city or CO\Dlty. 

It requires property owners to pay according to the benefit they receive, which is not necessarily the same 

for each property owner. State law expressly authorizes several types of assessment districts. One of 

these is a Lighting and Landscaping District, which could be used to make transit, pedestrian and bicycle 

facilities safer and more attractive. Downtown merchants sometimes use assessment districts to fund 

amenities designed to attract customers to the downtown. The City of Pasadena established a special 

assessment district cOmprised of the facades of shops on Colorado Boulevard in the downtown historic 

district. In Tulsa, Oklahoma, the Downtown Improvement District, a special assessment district, funded 

property development. ~ment funds complemented contnbutions from the Downtown Tulsa 

Unlimited, Inc., a membership organization funded by dues, city contracts and parking fees. 

Resource Tool #10: Establish Mello-Roos Special Tax Districts 

A law enabling cities and counties to set up Mello-Roos districts was passed in response to 

P~ition 13, which requires a two-thirds vote for most tax increases but only a simple majority for 

special, single-purpose taxes. A Mello-Roos district sets up a special tax to pay for a single-purpose set 

of improvements, and must be approved by a majority of the residents of the district. If projects in the 

district have not yet been built, the developer constitutes the majority of owners and the tax is passed on 

to future residents who buy land from the developer. The district can sell tax-exempt bonds to fund the 

public improvements. In a Mello-Roos district, each parcel owner pays the same tax, and the payments 

may be used for operations and maintenance c~ as well as capital improvements. A Mello-Roos district 

could be used to pay for transit, pedestrian and bicycle improvements or for infrastructure, civic buildings 

or beautification intended to draw people into an area. Long Beach is using a Mello-Roos District to 

revive Pine Avenue downtown, one block from the Blue Line light rail transit The City is also working 

to establish a theater complex, restaurants and shops in this area.46 

Resource Tool #11: Use the General Fund 

If money is available in the General Fund, and a planning or capital project is expected to result 

in changes that will increase revenues in the long run, it could be worthwhile to allocate money from the 

General Fund for plan preparation and implementation. General funds are used for day-to-day in-house 

planning work and for most General Plan update projects. 
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Resource Tool #12: Issue Bonds 
There are two types of bonds: general obligation bonds and revenue bonds. General obligation 

bonds are sold to pay for capital improvements that do not generate income, such as schools. These bonds 

must be paid back from the General Fund; therefore, issuing general obligation bonds generally requires 

a tax increase. Under Proposition 13, a tax increase requires a two-thirds majority vote of the people. 

If a proposed effort is popular enough to gamer a two-thirds vote, this could be an option. 

Revenue bonds are issued to fund projects that will generate income such as civic centeni, utilities 

and housing. The federal Tax Reform Act of 1986 severely limits the issuance of revenue bonds; 

however, if the local government can secure a portion of the state's small allocation, it can issue revenue 

bonds. For example, mortgage revenue bonds issued locally or by the California Housing Fmance Agency 

are still a major source of fmancing for affordable housing in California." 

7.6 PROBLEMS AND SOLUTIONS 
Local jurisdictions are likely to encounter a number of local barrien; and difficulties in 

implementing transportation-related land use strategies. This section outlines some of these potential 

problems, and it briefly suggests solutions to them. The problems referred to in this section are generally 

related to caution on the part of institutions and citizens who are not certain that transit- and pedestrian­

oriented development will be profitable or desirable. Solutions include education and guarantees designed 

to increase the sense of security to those who are in a positioo to take risks regarding the form of 

development. 

Of course, cities and counties also work within the context of state and federal policy, and policies 

at these upper levels of government could have abearing on local implementation of transportation-related 

land use strategies. For example, the lack of regional governance, the structure of property taxes, the 

fiscal effects of Proposition 13, and the State's environmental laws all have some effect on local land use 

and development decisions. Similarly, federal policies such as income tax credits for historic renovation 

and multi-family housing, loan guarantees and transportation funding requirements can also influence local 

policy and development These state and federal issues are not the topic of this report, since local 

governments can do very little about them directly. Instead, this section looks at the local issues and 

concerns that can arise when transportation-related land use strategies are implemented, and it suggests 

solutions to these local problems. 
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Most of these problems are based on people's perception that there may not be a strong market 

demand for pedestrian- and transit-friendly development. Some residents oppose higher densities nearby, 

most lenders are reluctant to fund mixed-use projects, and many retail corporations demand large parking 

lots. There is, in fact, a demand for pedestrian- and transit-friendly design, but many groups have not yet 

been convinced of this. Local governments can overcome some of this reluctance by providing 

information about this demand. 

Problem and Solution #1: Public Opposition; Education and Public 
Improvements 

Residential neighbors of land ~ for change may oppose that change. They may believe 

that the changes will ruin the appearance of their communities. For example, to many people, higher 

densities means high-rise apartment buildings surrounded by parking lots. Planning with the residents is 

the key to successful change. One method is a visual preference survey. At a public meeting, planners 

can show slides of various places in the town or other towns and have residents rate the slides as to which 

places they prefer. These preferences can then be incorporaled into the new plans. Often residents see 

that the places they prefer are well-designed, pedestrian-friendly, mixed-use, and even higher density 

environments. 

Citizens may also believe that high-density residential projects will reduce their property values 

or increase crime. The Cities of Fremont and San Jose and the County of Santa Cruz have prepared 

presentations to show neighbors the design and population characteristics of affordable housing, along with 

statistics on adjacent property values. Some available resowces that showcase high-quality, higher-density 

development are a video from the American Institute of Architects and a slide show from BRIDGE 

housing corporation. Also, the Local Government Commission maintains a video library including these 

and other videos. 

Residents may oppose high-density commercial or residential development because of anticipated 

increased traffic and associated noise and air pollution. Site-specific impacts can be mitigated to some 

extent or compensated for with public improvements, such as those listed above.4 Residents and 

merchants may oppose removal of parking to make way for bicycle lanes; replacement parking may have 

to be developed to compensate for this loss. The public may object to the cost of alternative transportation 

facilities; publicizing the high cost of building and maintaining vehicular roadways can counter this 
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objection. Objections to the cost of improvements in commercial areas can be overcome by a unified 

effort to improve the area. In Denver, a group of civic, neighborhood, business and government leaders 

campaigned for a bond issue for downtown infrastructure improvements. The bond measure passed and 

the downtown prospered. 

Problem and Solution #2: Capital Reluctance: Education, Loan 
Guarantees and Local Funding 

Banks and other financial institutions that make construction loans tend to be very conservative. 

Their loan policies are based on "tried and true" developments, and may lead to denied loans or higher 

interest rates for "experimental" projects. There is information about dense, mixed-use, and limited­

parking projects that have been financially successful, which the lenders may not have. For types of 

projects where this is the case, educating the lenders can at least lead them to make a loan, even if it is 

at a higher rate than "conventional" projecL For pioneering projects, a loan guarantee from a local agency 

or entity could be the only way to induce institutions to finance a project. Local lenders may be more 

likely to support local renewal efforts than larger institutions whose central offices are outside the area, · 

because they benefit from local renewal. In Shelby, North Carolina, the local banks formed a tax exempt 

loan pool for Uptown renovation. 

The California Home Energy Efficiency Rating System, Inc. (CHEERS) encourages Energy 

Efficient Mortgage Programs. Under energy efficient mortgages, utility savings on energy efficient homes 

are subtracted from the principal, interest, and taxes in calculating the amount a homebuyer can borrow. 

A recent study'9 quantifies how neighborhood characteristics can reduce vehicle use and associated 

household costs. The neighborhood characteristics are residential density, transit and pedestrian 

accessibility, and neighborhood shopping. CHEERS is considering factoring these characteristics into the 

mortgage qualification formula for Energy Efficient Mortgage programs. 

Problem and Solution #3: Uncertain Market: Market Studies and 
Marketing 

Developers may be concerned as to whether there is a market for infill, mixed uses or pedestrian­

oriented design. They may also be uncertain about the market for projects in central cities and near transit 

stations. Density incentives only elicit development if there is a market for higher density projects. 
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Market Studies. Each area is in a unique market position. Its location, existing uses, surrounding 
uses, and access all help detennine what type of development and transportation tools would 
attract people to that location. It is important to conduct a market study before embarking on 
improvements to an area or a transportation system. A market study can not only help to 
determine whether there is a demand for the type of development and transportation facilities a 
jurisdiction is considering, but can also identify what types of uses and facilities are likely to draw 
people. 

Marketing. A marketing program developed along with improvements in an area can inform 
potential residents, businesses, customers, walkers and riders about the improvements. A 
marketing coordinator can also advise businesses in targeted activity centers on how to improve 
their marketing. 

Market Experience. Because many downtown, pedestrian-oriented, transit-oriented and mixed-use 
development projects are just being completed, the market evidence is anecdotal. Computer firms 
have located in downtown San Jose and at Laguna West, a pedestrian-oriented development near 
Sacramento. In a joint development project on land owned by the San Diego Metropolitan Transit 
Development Board, 100 apartments and a day care center built next to a suburban light rail 
station are full. A new residential project near a BART station in El Cerrito in the East Bay is 
drawing residential renters. The ground floor retail, however, is half empty after two years. This 
station is not in a pedestrian-friendly area; in this situation the small shops do not draw from foot 
traffic, even to the BART statioo. San Rafael's experience with retail in its commuter bus 
tenninal suggests that more than 3,000 boardings per day are required to support retail in a transit 
terminal.'° Residents of new traditiooal neighborhoods, where most houses have front porches and 
are within a five- to-ten-minute walk of a commercial-office center, reported high satisfaction; 84 
percent preferred this type of community in a 1992 survey.51 

Outreach to Developers. Luring developers to a downtown can take a coocerted effort. The City 
of Columbus, Ohio, directed an educational effort toward the development community regarding 
the market for high-density housing downtown. After conducting a market study, the City 
identified 350 suitable parcels, mailed a survey to owners, and provided technical assistance in 
assessing the feasibility of potential projects and in cutting costs. A conference held downtown 
attracted 150 developers, lenders, architects, builders and realtors. Market data, a computer to run 
pro formas, and sessions on adaptive reuse, design and construction techniques, financing and 
marketing strategies, mixed use development and moderate-income housing were available at the 
conference. The City has continued to update development community members through a 
newsletter. These efforts, together with one-stop permitting for downtown housing, longer 
inspector hours, federally assisted loans, tax deferral, and capital improvements resulted in a 
fourfold increase in developer interest. The 321 residential units that were built between 1987 and 
1992 may not seem like a high number for all that effort, but they have appreciated 190 percent.52 

Problem and Solution #4: Developers Building Elsewhere: Multi­
Jurisdictional Cooperation 

If a jurisdiction places substantial requirements and restrictions on developers and employers, and 

these requirements are not offset by the advantages of locating within the jurisdiction's boundaries, 

developers may locate outside the boundary. A multi-jurisdictional area may have unique assets, such as 
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a labor pool with unusual skills or a natural feature. U all the jurisdictions within the area adopt the same 

ordinance, m~ firms will not base their location decisions based on the ordinance's requirements. The 

Golden Triangle trip reduction ordinance, which was a forerunner of Congestion Management Programs, 

is an example of this kind of cooperation. 

7.7 . MONITORING METHODS 

Monitoring refers to methods of ascertaining whether or not actions and changes are having the 

desired effect and moving the jurisdiction toward its goal. The monitoring methods described below are 

ways to measure the effectiveness of policies, planning documents and administrative actions in achieving 

the recommended strategies. This section address the question of how a jurisdiction can know whether 

land use, infrastructure and travel patterns are changing in the desired directions. Most of these methods 

simply mean checking for another set of changes when performing monitoring tasks that many cities and 

counties already carry out (Monitoring of travel indicators is addressed in Appendix I). 

Monitoring Method #1: Track New Development Projects in a 
Jurisdiction 

As a local jurisdiction's Current Planning office receives development project applications, it can 

enter them into a geographic information system (GIS) or a computer database. Each entry could state 

the type of use or mix of uses; the number Of square feet or dwelling units; a score for transit, pedestrian 

and bicycle-oriented design; interior street type; number of parking spaces; and location. U the project 

is approved, staff would enter the approval date and any project changes. At the end of each quarter or 

year, a report could be printed showing how many development applications were located in the targeted 

areas and how many incorporated desired design options. Development can also be tracked on GIS for 

congestion management purposes, as it is in Long Beach. 

To monitor the effect of policies on urban form, a jurisdiction could compare ma~ of the uses, 

densities and street forms of new developments before and after the policies are implemented. GIS are 

an efficient way to do this; although setup and learning take time, the long-term usefulness and savings 

can make it worthwhile. Councils of Governments, such as the Association of Bay Area Governments 

(ABAG), map land uses by parcel. Street ma~ would show whether connecting street patterns have been 

used in the new developments. A more difficult, but worthwhile, task is to map densities (dwelling units 
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or commercial square feet per acre) before and after implementation of the new policies. This can indicate 

whether the policies are having the intended effect of increasing densities in cenain areas. 

Monitoring Method #2: Track New Development Projects Outside a 
Jurisdiction 

If a city or county is concerned that requirements or limitations placed on developers might lead 

developers to locate projects outside the jurisdiction limits, staff could track new developments in 

neighboring jurisdictions. If this appears to be occurring, the county or city could coordinate with the 

neighboring jurisdictions, especially within the same air basin, to make requirements uniform. If this is 

not possible, the jurisdiction could adjust its regulations. 

Monitoring Method #3: Evaluate the Capital Improvement Program 

A city or county could review the Capital Improvement Program in terms of the ratio of public 

infrastructure and transportation projects supporting private automobiles to projects supporting other 

modes, denser development near transit hubs, downtown revitalization, infill and development of activity 

centers. 

Monitoring Method #4: Conduct Ridership and Path Use Surveys 

To measure the effect of land use and public improvements on transit ridership and use of 

pedestrian and bicycle facilities, a city or county could conduct surveys. Transit agencies do not normally 

track ridership by location of boarding and debarking, because drivers are occupied with driving and 

collecting fares. Survey workers could ride the routes in questions or stand at relevant transit stops and 

stations. Thousand Oaks has conducted surveys on its transit system. Similarly, survey workers could 

count or interview pedestrians and cyclists on sidewalks, bike lanes and paths. This information is 

important for developing short- and long-range transit plans and evaluating methods of improving the 

efficiency and effectiveness of the transportation system. 
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8.0 RECOMMENDATIONS FOR FUTURE RESEARCH 

This is one of the first research efforts to develop recommendations for packages of transportation­

related land use strategies that are based on quantitative assessments of the strategies. The findings are 

intended to assist local jurisdictions, air quality districts, developers and other interested parties in their 

efforts to use land use planning to help in achieving air quality attainment and congestion relief. Through 

the course of this research, the JHK team, ARB staff, and Advisory Committee members identified a 

number of areas that would benefit from further research and study. These areas are listed below. 

• Expand the number of case study communities (as in the Holtzclaw study) to add to the 
database. 

• Collect data for exurban communities to serve as case studies. 

• Implement demonstration projects for transportation-related land use strategies and track 
changes in travel behavior associated with them. 

• Develop baseline data for local jurisdictions in California that are comparable to the 
performance goals suggested in this repon. 

• Develop level-of-service standards for pedestrians, bicycles, and transit; similar to those 
for intersections and streets. 

• Evaluate the impact of traffic level-of-service standards on development densities. 

• Perform additional analyses to further isolate the causality of a number of factors that 
influence travel behavior: density, lifestyle, income, availability of modes, attitudes, etc. 

• Examine relationships between parking use, parking supply, parking costs, and parking 
requirements. 

• Examine the relationship between quality of life characteristics such as crime, income, and 
density. 

• Collect land-use-specific vehicle trip generation rates in California and evaluate how they 
are impacted by factors such as density, mixture of uses, location within metropolitan 
areas, and transit availability. 

(l.'i,,oj/JUI09,t'DWJCIIA11.f1N) 
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GLOSSARY 

Activity Centers: Any site that attracts a large number of trips. Activity centers can include major 
employment centers, commercial districts or malls, transportation hubs, and educational institutions. 

Air Quality Attainment Plan: The plan for attainment of state air quality standards, as required by the 
California Clean Air Act of 1988. 

Air Quality Districts: Regional agencies that are responsible for air quality issues. 

Alternative Modes: Means of travel other than as the driver of a single-occupant vehicle. Alternative 
modes include transit, carpools, vanpools, bicycling, and walking. 

ARB (California Air Resources Board): The statewide agency in California that is responsible for air 
quality issues. 

Arterial: Multiple lane roadway that carries significant volumes of regional traffic. 

Attainment: Characteristic of an area that has met specific air quality standards mandated by legislation 
(e.g, the Clean Air Act Amendments~ 

BART (Bay Area Rapid Transit): The heavy-rail transit system in the San Francisco Bay Area. 

BURDEN: One of several computer programs used by ARB to estimate on-road vehicle emissions for 
counties and air basins in California. 

CAC (Concentrated Activity Center): An activity center, often for employment, developed at relatively 
high densities. 

Caltrans (California Department of Transportation): The state agency responsible for the safe 
operation and maintenance of the state highway system. 

CDBG (Community Development Block Grant) Program: Federal housing financing program available 
to assist local governments. 

CHEERS (California Home Energy Efficiency Rating System): Program by which homebuyers can 
more easily qualify for a mortgage by purchasing energy efficient homes and subtracting the savings from 
the calculated monthly mortgage costs. 

Clean Air Act Amendments of 1990: Federal mandate that requires nonattainment areas to prepare plans 
for attaining air quality standards. 

CMA (Congestion Management Agency): The countywide agency responsible for developing the 
Congestion Management Program and coordinating and monitoring its implementation. 

CMAQ (Congestion Mitigation/Air Quality): An ISTEA funding program that is available to 
Metropolitan areas that are not in attainment of the national ambient air quality standards. 
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CMP (Congestion Management Program): A multi-jurisdictional program to reduce traffic congestion, 
required of every county in California with an urbanized area as defined by the Census Bureau (at least 
50,000 people). 

Cul-de-sac: A street that dead-ends into a court; generally in residential areas. 

Densification: The practice of developing properties at higher densities than existing properties. 

Density: Population or housing units as a function of area (usually per acre or square mile). 

DMV (Department of Motor Vehicles): The California state agency with responsibility for licensing 
drivers. 

DU (Dwelling Unit): A residence (e.g., single family home, townhouse, or apartment) for one or more 
people. 

EIR (Environmental Impact Report): A required document for new or improved developments or 
facilities that assesses environmental impacts and recommends mitigation measures. 

ESG (Emergency Shelter Grants): Federal and state housing financing program available to assist local 
governments. 

Exurban: (also Rural) A descriptor of a community with a limited range of uses. In rural areas, 
agriculture, extractive industries, and open space are predominant; in exurban areas, recreational, 
retirement, and part-time residential uses are a growing aspect of the local economy. Exurban or rural 
areas often are scattered settlements with a population less than 2,500, or a population of less than 50,000 
in the contiguous area. 

FAR (Floor-Area Ratio): The ratio of the total floor area of a building (the total square footage of each 
floor) to the area of the lot in which the building is located. 

GIS (Geographic Information System): Computer-based system for mapping and geographic analysis 
that is often used for planning applications. 

Gridded Street Pattern: A network of streets and roads that are primarily organized in parallel and 
perpendicular, so the resulting network map has a grid pattern. Cul-de-sacs and dead-end streets are very 
uncommon or nonexistent in a gridded street pattern. 

HCD (California Department of Housing and Community Development): Agency that administers 
state and federal housing assistance programs in California. 

HH (Household): A group of people, generally members of a family, living in a single dwelling unit. 

HOME (Home Investment Partnenhip) Program: Federal housing financing program available to 
assist local governments. 

HOPW A (Housing Opportunities for People with AIDS): Federal housing financing program available 
to assist local governments. 
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HOV (High Occupancy Vehicle): An automobile or other vehicle with at least one passenger other than 
the driver. 

HPMS (Highway Performance Monitoring System): A data collection system developed by the U.S. 
Department of Transportation to bring together data, at a national level, to assess the status of the nation's 
highways. 

HUD (U.S. Department of Housing and Urban Development): Federal agency that administers 
financing programs for housing and community development funds. 

Indirect Sources: A facility, building, structure, installation, or real property that attracts, or may attract, 
mobile sources of pollution (e.g., vehicles). 

Infill: The practice of developing on open land that is surrounded by urban development. 

ISTEA (lntermodal Surface Transportation Efficiency Act of 1991): Federal legislation to fund the 
national highway system and give state and local governments more flexibility in determining 
transportation solutions. It requires states and MPOs to cooperate in long-range transportation planning. 

Jobs/Housing Balance: A community has a jobs housing/balance if the number ofjobs and the number 
of residents is balanced. The ratio of employment to residences for balanced communities is arbitrary, 
but ratios of around 1.5 are commonly considered balanced. 

JPA (Joint Powers Authority): An entity formed by member jurisdictions to develop a plan, facility, 
or program benefitting all of the jurisdictions. 

LUTRAQ (Land Use, Transportation, Air Quality Connection): Portland (OR) demonstration project 
to develop methodologies for creating and evaluating alternative suburban land use patterns and design 
standards. 

Mixed-Use Development: A design approach that fosters integration of compatible land uses, such as 
shops, offices, and housing and encourages them to locate closer together, or within the same building, 
to decrease travel distances between them. 

Mode: A means of travel (e.g., automobile, transit, or bicycle). 

Mode Share: The percentage of people using a particular mode for a given trip or set of trips. 

MPO (Metropolitan Planning Organization): An organiz.ation in a urbanized area chartered to 
coordinate transportation planning activities. 

Net Commercial Acre: Land designated arid/or used for commercial development, exclusive of streets, 
open spaces, and residential uses. 

Net Residential Acre: Land designated and/or used for residential development, exclusive ofstreets, open 
spaces, an~ commercial uses. 
Pedestrian-Oriented Design: A design approach for residential and commercial areas that locates 
services and/or residences within walking distance of each other and provides adequate pedestrian 
facilities. 
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POD (Pedestrian-Oriented Development): A development with a pedestrian-oriented design. 

Preferential Parking: The practice or policy of reserving parking spaces close to buildings for carpool 
and vanpool vehicles. 

Rural: (also Exurban) A descriptor of a community with a limited range of uses. In rural areas, 
agriculture, extractive industries, and open space are predominant; in exurban areas, recreational, 
retirement, and part-time residential uses are a growing aspect of the local economy. Exurban or rural 
areas often are scattered settlements with a population Jess than 2,500, or a population of less than 50,000 
in the contiguous area. 

SOV (Single Occupant Vehicle): An automobile or other vehicle with the driver as the only passenger. 

Suburban: A descriptor of a community where residential uses are predominant and most retail and 
public land uses serve local needs. Some region-serving retail and employment may be present. Suburban 
jurisdictions often have a population of under 50,000 (or a population of 50,000 to 200,000 in the 
contiguous area), and density is usually less than IO dwelling units/net residential acre. 

TDM (Transportation Demand Management): Demand-based strategies for reducing traffic congestion, 
such as ridesharing programs and flexible work schedules. 

TND (Traditional Neighborhood Design): A design approach that emphasizes pedestrian accessibility 
and the orientation ofhouses towards narrower, tree-lined, grid-pattern, or otherwise interconnected streets. 
It combines, on a relatively small, neighborhood scale, mixed uses and integrated street patterns to create 
a land use pattern that makes it easier for residents to walk between their jobs, houses, and commercial 
services. 

TOD (Transit-Oriented Design): A design approach that includes relatively high densities and a mixture 
of uses, located within walking distance of transit station. 

Traffic Calming: Any of a collection of strategies designed to reduce vehicle speeds, usually on 
neighborhood streets. Common traffic calming approaches include street narrowing, vehicle diverters, 
pavement treatments, speed humps or bumps, and stop signs. 

Transit Corridor: A development pattern centered near a transit line. 

Transit Station: A transit stop or transit center that is served by numerous bus or rail lines. A bus stop 
for single routes is not considered a transit station. 

Trip: A one-way movement of a person or vehicle between two points. 

Urban: A descriptor of a community serving afull-range of uses, especially region-serving "high-order" 
functions in business and government with complex social and political life. Urban areas are found in 
primary and secondary central cities with a population of at least 50,000 in the central city, or 200,000 
in the contiguous metropolitan area. 

VMT (vehicle miles traveled): The product of the number of vehicles at any given location or 
throughout a roadway network multiplied by the number of miles each vehicle travels between its origin 
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and destination. VMT is often calculated on an annual basis for a specific vehicle (accounting for all the 
trips a vehicle is used for in a given year) or a set of vehicles (e.g., in a metropolitan area). 

VT (vehicle trip): A one-way movement of a vehicle between two points. 

ZEV (Zero Emissions Vehicle): A class of vehicles, primarily electric, that emit no pollutant emissions. 

(Jc\31009\GLOSSARY) 
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Table A-1 
TRANSPORTATION-RELATED CHARACTERISTICS OF STRATEGIES EXAMINED 

1. Transit-Oriented 
Design 

2. Density Near 
Tl'lnsll Slallons 

3. Density Near 
Tl'lnsll Contdors 

... Mh1ed-Ose 
Development 

5. lnlll and 
Denslllcatlon 

8. Concenll'llad 
Activity Centers 

-

-

Sldewalks/pedeslrlan lacllltles 
Transit hub 
Bike lanes/lacNllies 

Decrease lnaease lnaease High Medium 

7. Strong Downtowns -
-

Sldewalks/pedeslrlan lacllitles 
Transit hub 

Decrease Increase lnaease High Medium 

- Bike lanesnacHlttes 

Transit selVlces IDecrease IDecrease I lnaease I HighI Routes for feeder buses (shHI to transit) 
Sldewalks/pedeslrlan lacllltles 
Bike lanes/lacRllies 

I lnaease MediumSldEIVl,alks/pedeslrlan lacllltles Decrease Decrease 
Frequ1111t 1ranslt service (shHI to transit) 
Rall or express bus service 

I: Sldewalks/pedeslrlan lacllltles Decrease Decrease lnaease Medium 
Frequent lranslt services (shHI to transit) 
Bus service or streetcars 

- Sldewalkslpedeslrlan lacllltles Decrease II resk1111111al lnaease Medium Medium 
- Bike lanes/lacllllies Included, 
- Parking (quantity and decreases. 

location) II nonresldentlal 
area, addition of 
services near jobs 
maylnaease 
rkleshartng 

- Sldewalks/pedeslrlan lacHltles Decrease Same use as lnaease High Medlunv 
- Transl! exlslng - Increase High 
- Parking (quantity and Olfferant use from 

localon) exlslng - decrease 

I High 

Medium 

Medium 
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Table A-1 (continued) 
TRANSPORTATION-RELATED CHARACTERISTICS OF STRATEGIES EXAMINED 

I. Pedestrian 
F1clllltea I Sklewalks/pedeslrian lacllHles 

Parl<lng (quen11ty and 
I Decrease I No Impact lnaaasa Medium Medium 

location) 

•• tnlerconnectad 
Street Networks I Sldewalks/pedaslrian lacllltles IDacr9asa 

Transit 
INo Impact lncn,asa High at 

Neighborhood 
Low 

10. Strategic Parking 
FIdtttlea I 

Bike lanes/laclllle, 

Sldewatks/pedeslrian lacllltles IDacr9asa 
Transit 

I increase lncn,asa 

Scala 

Medium High 

No altarnatlva patitlng supply 
nearby 

~ HOV lanes baneflclat 
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Table A-2 
OTHER CHARACTERISTICS OF POTENTIAL STRATEGIES 

1. Transit• Only applicable to General Plan andIReduce cold starts 
Oriented Reduce Mining newly developing/ :zoning rastrlctlons 
Design emissions Rnanclng 

Reduce hot soaks 
redeveloping 
araas with curn,nt 
or Imminent high 
capacity transit 

2. Density Near 
Transit 
Sllllonl 

3. Density Near Reduce cold starts • Only appHcabla to Public opposition to 
Transit Reduce running eraas with transit Increased density~ Corridors emissions corrtdors (existing and noise pollution, ~ Reduce hot soaks or plamed) N transit sarvtce 

~ Increases 
~ 

9.. 
ii! ... MIIIICl-l.lH Reduce cold starts . Not appllcable for • cannot locate i Development Reduce nn,nlng all combinations polluting Industries a- emissions of uses near cer111ln araas 

Reduce hot soaks (e.g.. schools)~-
• Rnanclng 

~ 

'i 5. lnllft Ind Reduce cold starts . Not applicable to . Public opposition to 
Denslfk:llllon Reduce running araas with Increased density 

emissions purposely Potential conflict 
t-, ,ij 

.lo 
Reduce hot soaks undeveloped land r:Ner types of 

such es wedand, deY81oprnent~1"'o· historical andc:,, ::. "II 
natural praservesii~~ 

~ s- (\
°".!i.~ :a.. 
~ ~ .L,, 

and affordability 

Only applicable lo Public opposition to Moni n,venue for transit IReduce cold starts 
Reduce running an,as with transit Increased density operators 
emissions stations (existing Moni efficient use of 
Reduce hot soaks or plamed) lnfrastructura 

lncn,ased mobllty for non-

Moni n,venue tor transit 
operators 
Moni atnclent use of 
lnfrastructura 
lncn,ased mobWlty for non-
drtYers 
lncn,ased housing dlY8rslty 

drtYers 
lncn,ased housing dlY8rsily 
and affordability 

. Moni 19Y8nue for transit 
operators 

. Moni efficient use of 
lnfrastructura 

. lncn,ased mobllty for non-
drtY8rS 

• lncn,ased housing dlY8rsily 
and affordability 

. Provides COCl1191llent services 
for local population 

. Moni efficient use of 
lnfrastructura 

Utilizes avaHable lnfrastructura 
. Melntalns/ruvtves urban 

neighborhoods and urban tax 
base 

[ 
lit! 
~ 
0 

I II I ::t 

Absolute volume of 
autos may Increase 
even though per capita 
use declines 

~ 

c:,, • 
I: . 
~ .. 

s 
Absolute volume of ., i 
autos may Increase ~ even though per capita ;:;• ,ij

i.-ouse declines 

~i.
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s· ~ 
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Quafity. quantity and ~ a.
pricing of goods and 
services must match :i' 

t-, 
ge: ~needs and desires of 

local population ~ ~ .. "' 
~c:,,Community opposition 

strongest wtien existing ~ l 
property values appear 

lit! •threatened "'1I s 
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Table A-2 (continued) 
OTHER CHARACTERISTICS OF POTENTIAL STRATEGIES 

IReduce cold sterts IMay becoma so large 
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8. Concentrated 
Actlvlly Cantara Reduce running 

emissions 
Reduce hot soaks 

7. Strong 
Downtowns 

Reduce mid starts 
Reduce running 
emissions 
Reduce hot soaks 

8. Pedestrian 
Facllltles 

'IReduce mid starts 
Reduce running 
emissions 
Reduce hot soaks 

9. lntarconnected 
Street Ne'-'ks 

10. Strategic 
P■ rtdng 

Facllltl■ s 

,~,..,.. ·---·---·· 

Reduce cokl starts 
(possibly) 
Reduce running 
emissions 
Reduce hot soaks 
(possibly) 

In Iha short run • 
running emissions 
may lna'aasa 

In Iha long run • 
Reduce mid 
starts 
Reduce running 
emissions 
Reduce hot soaks 

Space and 
lllllllclent demand 
to develop naw 
ae11Ytty centers 

. Crtme rata 

. Deteriorated 
lnfrastrue1Um 

. Mainly applicable 
to newly 
developing or 
mdaveloplng 
ereas 

. Mainly applicable 
to 81989 wtth 
proper topography 

. Mostly applicable 
to new 
developments, 
lhough bulh-up 
ereas could 
mduce supply 

. Most allactlva H 
SOVs pay tor 
parking 

General Plan and 
zoning mstrlctlons 
llrnlng of 
development (If naw 
center) 

Public opposition to 
lncmased density 
Potenttal conflict 
over types ol 
development 

Publlc opposition to 
high pedestrtan 
tralllc naar lhelr 
properties 

• General Plan and 
zoning mstl1ctlons 
Public opposition to 
vehicle tralllc near 
properties 

. Exlsttng mlnlrn.1ms 
In partdng IXlda 

• Rnanclng 
. Opposition from 

large mtallars, 
nearby msldents 

Maximizes alllclent use of 
lntrastructum 
C11111111s vital aoclaVcultural 
centers 

. 

. 

Improved economic vttallty of 
aCBD 
Maximizes alllclent use ol 
lnfrastrue1Um 
Enhances soclaVcultural 
centers 

. 

. 

. 

Sense ol community 
lncmasas mobility tor non-
drivers 
lncmased housing diversity 
and allonlebllty 

• Can be first Slap toward 
attrac11ng vlabla transit. 

. Sense ol community 

. Emergency vehicle access 
Improved 

• Accommodallls pedestrtans 
and bike travel (mora direct 
routings) 

. Reduces IXISt ol and need tor 
parking lnfrastruclUnl 

. Enhances aeslhattcs, sense of 
mmrnJnlty 

lhat walklng betwoon 
usas Is dllflcun 

ILarger CBDs may 
raqulm a shulda service 

CHmalll or topography 
may Influence POD (ax. 
rain, snow, uphln, etc.) 

Cold start and hot soak 
mduc11ons mntlngant 
upon allectlve 
delllrrents to auto use 

Spillover potential rnJSt 
be addressed to counlllr 
nearby msldents' 
mncems 

l... 
l 
C, 

'::i. 

~ g

;g
i
~1.

C, 

e· :s 
s· ~ i:l .. .. !' 
t a. 

r... 
:i'§
&, Q, 

~ ~ ..~ 

~ "'i:: ~ 

.. ,I 1! :it, • 
a 

if
2 ~ 

;, :1· 
Q, r;•"' .. 



Transportalion-Related Land Use Strategies w Minimi:e 
Final Report Mowr Vehicle Emissions: An Indirect Source Research Study 

APPENDIX B 

Summary of Transportation-Related Land Use Strategy Literature 
and Annotated Bibliography 

Page B-1 
Appendix B: Summary of Transportated•Related Land Use Strategy 

Literature and Annotated Bibliography 





Table 8-1 
SUMMARY OF THE LITERATURE 

SOURCE LOCATION AREA DESCRIPTION TRAVEL IMPACTS COMMENTS 
TYPE TYPE 

Promott TransiJ-Oritnttd Dtsip 

Bacon, el.al .• 1993 San Francisco Urban. Analysis of cnmmule and Commute trips BART mode split for work Similar per capita 
Bay Area Suburban shopping mode for Lafayelle trips 20% in both income between 
(Lafayeue, and and Rockridge. Trip Supennarkel neighborhoods but Rockridge neighborhoods 
Rockridge area generation studies of 3 lrips had 
of Oakland supem1arkels in dis1inc1 - 20% lower drive-alone Unclear why 
BART s1alion sellings: - 15 % less use of aulo for Lafayelle site has 
neighborhoods) BART access 20% lower trip 

- Low-density single-family generation since 
1/, mile from 1ransi1 station Vehicular lrip generation al BART mode splil 
(Lafayelle) supennarket near rail station only 3.3% and 

- Mnderale density mixed- 20% lower than ITE (low- walk/bike 0%. 
use 300 feel from rail density neighborhood) and 
lransil slalion (Rockridge) 40% lower than ITE in 

- Moderate density mixed moderate density/mixed use 
use 1h mile rail transit neighborhood next 10 rail 
station (Rockridge) station 
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Table 8-1 
SUMMARY OF THE LITERATURE 

(continued) 

SOURCE LOCATION AREA 
T'VPE 

DESCRIPTION TRAVEL 
T'VPE 

IMPACTS COMMENTS 

Cervero. 1993 San Francisco 
and Los 
Angeles regions 

Suhurhan Matched-pair analyses or pre-
1945 neighhnrhonds (transit-
oriented) and post-1945 (auto-
oriented) 

Commute Controlling for income and 
density. transit-Oriented 
neighhorhoods have I .4 % 
higher transit mode split in 
LA and 5.1 % higher in the 
Bay Area. 

Furthermore, transit 
neighhorhoods. hy and large, 
showed lower drive-alone 
modal shares and trip 
generation rates than 
automohile neighborhoods and 
averaged higher walking and 
hicycling modal shares and 
generation rates than their 
automohile counterparts. 
(Mode shares 3.3 % higher in 
L.A .• 6.6% higher in Bay 
Area). 

Only work trips 
studied. 

Study attempts to 
control ( with limited 
success) the level or 
transit service, so that 
land use and street 
patterns are primary 
independent variahles. 

Friedman. et.al.. 
1992 

San Francisco 
Bay Area 

Urhan. 
Suhurhan 

Comparison or trip generation 
and mode split data hetween 
Pre-World War II and Post-
World War II commuter using 
1981 MTC survey data. 

All purposes Pre-war neighborhoods exhihit 
20 % rewer total trips per 
household and 25 % fewer 
auto driver trips. (No data 
presented on VMn 

No control for HH 
size. auto ownership. 
or income (income 
23 % less in older 
neighhorhoods) 

Cannot isolate effect 
of different TOD 
components. 
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Tahle R-1 
SUMMARY OF THE LITERATURE 

(continued) 

SOURCE WCATION AREA 
TYPE 

DESCRIPTION TRAVEL 
TYPE 

IMPACTS COMMENTS 

Camhridge 
Systematics, et. al., 
1992 

Portland. OR Suhurhan, 
Urhan 

Sophisticated model-hased 
forecast hased on 1985 travel 
survey and other infonnation. 
Focuses on impact of TOD 
type developnient at regional 
and suhregional scale. 

AII purposes Regionally. TOD - LUTRAQ 
alternative reduces VT by 
7.7% and VMT hy 13.6% 

Within TODs: 
- 22 % fewer home-based car 

trips. 
- > 20 % transit mode split 

compared to < 10% in 
standard suhurb . 

Middlesex-Somerset Central New Urhan, Modeling study of Transit and All trip 12 % reduction in regional NCHRP #323 (JHK. 
Mercer Regional Jersey Suhurban Walking "Constructs." purposes growth of VMT. 18% 1989) used to develop 
Council, 1992 

Modeling parameters hased on 
literature review and survey 
data. 

-Daily 
-Peak 
-Off-peak 

reduction in growth of vehicle 
trips. Transit construct 
(mixed use centered on a 
major rail or hus stop with a 
jobs/housing ratio of 2.18 or 
more) reduces per capita 
vehicle use hy approximately 
28% and 32% peak and 25% 
off-peak compared to standard 
suburban. 

trip reduction factors 
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Table 8-1 
SUMMARY OF THE LITERATURE 

(continued) 

SOURCE LOCATION AREA 
TYPE 

DESCRIPTION TRAVEL 
TYPE 

IMPACTS COMMENTS 

lnc:rPast Dtnsity Ntar Transit Statloni 

Cervern. 1993 California Rail 
Transil S1a1ions 
(Bay Area, 
Sacramento, 
San Diego) 

Suburban. 
Urban 

Survey or residenls al 
developments wirh al leasr 75 
D.U. localed less than 1/a mile 
(most less rhan 'I• mile) or a 
transit slalion. 

Major Trips (3 
mosl impor1a111 
trips on lhe 
survey day. as 
defined by 1he 
respondenls) 

For all syslems taken 
lngelher: 15 % or major trips 
by rail 1ransi1. 12% by other 
IKm-auto mode. Near BART 
35.6% or trips are non-aulo. 
TI1is compares lo 14 % non-
aulo in California in 1991. 

A very 
comprehensive and 
recent study. Includes 
summary analysis or 
rail station access in 
Washington DC and 
Canada. 

Parking charges at 
destination and 
greatly increase 
probabilily or rail use 
(Fig. 5.1 p. 93) Both 
Cervero and the JHK 
studies (see below) 
results indicate that 
proximity or both 
residence employment 
to rail stations are 
key. 
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Table B-1 
SUMMARY OF THE LITERATURE 

(continued) 

SOURCE LOCATION AREA 
TYPE 

DESCRIPTION TRAVEL 
TYPE 

IMPACTS COMMENTS 

JHK, 1987 and 1989 Washington. 
D.C. 

Urhan, 
Suhurhan 
centers 

Surveys or residents and 
orfice workers near WMATA 
rail stations. Large projects 
(at least 75 DU) within one-
third mile or station. 

Work trips Within 1,000 feet or a rail 
station, transit mode splits 
(hus and rail) are 
approximately: 

- 50 % for residents 
- 50 % for downtown 

workers 
- 20% suhurhan workers 

(Rosslyn, Crystal City) 

Transit mode share declines 
hy O. 65 % for every I 00 reel 
for residences and 0. 75 % for 
every I 00 feet ror offices. 

Santa Clara County Santa Clara Suhurban, Survey or housing prererences Commute 65 % of respondents stated 
Manuracturing County Urhan of 500 + high tech workers in they would use rail transit if 
Group. 1993 Silicon Valley. Included located within '/, mile of hoth 

several questions on commute home and job. 
preferences. 

Stringham M .. 1982 Toronto and 
Edmonton 
Canada 

Urban Study nr 2,000 people living 
and working near rail transit 
stations. 

Work and 
school 

30-60 percent of all trips 
within 3.000 feet of station 
used rail transit. 

High-density residents 30% 
more likely to use rail at same 
distance. 
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Table 8-1 
SUMMARY OF TIIE LITERATURE 

(continued) 

DESCRIPTION TRAVEL 
TYPE 

IMPACTSSOURCE 

lncrrait Dtnsily in Tronm Corridan 

Banon-Aschman 
Associates, 1990 

Pushkarev and 
Zupan, 1977 

Raleigh-Durham 
NC 

Nationwide with 
detailed data 
rrom the New 
York City 
region 

Urhan, 
Suhurhan 

Urhan, 
Suhurhan 

Projective analysis or a 
proposed rail system hased in 
pan on Pushkarev and Zupan. 

Empirical study or 
relationship hetween urhan 
fom1 and transit use. Two 
key variahles identified: 
corridor residential density 
and activity center 
employment. 

Rail transit 

Transit trips 
(all purposes) 

Between 7 and JO 
DU/residential acre, transit 
usage triples for each 
douhling in density (Assumes 
al least one activity center 
with 5-10 million SF non-
residential uses. 

COMMENTS 

New rail transit 
requires 43 DU/acre 
within 'Al mile and 10 
DU/acre within the 
next 'Ai mile. 

7 DU/acre is min. 
threshold for 40 
buses/day. 15 
DU/acre is the 
threshold for 120 
buses/day. 



Table 8-1 
SUMMARY OF THE LITERATURE 

(continued) 

SOURCE LOCATION AREA 
TYPE 

DESCRIPTION TRAVEL 
TYPE 

IMPACTS COMMENTS 

Encouroft Mixtd-Ust lh11tlopmtlll 

Colorado/Wyoming 3 Colorado Suburban Empirical study of mixed-use Shopping, 8 % actual trip reduction found Although mixed use 
ITE, 1987 cities developments ( newer auto-

oriented) (double-check) 
personal 
business, work 

at mixed-use centers 
compared to 25% predicted 
on basis of interviews. 
Anicle concludes that other 
additional trips would not 
have heen made. 

reduced daily trips 
less than expected at 
site, users of mixed-
use centers can 
accomplish more with 
one trip, and may 
reduce their total 
travel on a 
weekly/monthly hasis. 

Ewing, Haliyur and 
Page, 1994 

Suburban (Palm 
Beach County 
Florida) 

Suburban Six suhurban communities. 
Travel behavior analyzed with 
respect to: 

- Trip frequency 
- Mode choice 
- Trip chaining 
- Trip length 
- Vehicle hours of travel 

Database is a 16.000 record 
database for Palm Beach 
County. (Sample size for 
communities not given). 

All Vehicle mode splits not 
dramatic across communities. 

Vehicle hours of travel (VHT) 
do appear to he affected. Four 
auto oriented suhurbs had an 
unweighted average of 
VHT/capita of 3.42 

West Palm Beach (traditional 
neighborhood) had 2.28 
VHT/capita 
(-33%) while panly gridded 
and master-planned 1920's 
community had 2.8 
VHT/capita (-18%) 

Study concludes that 
communities 
"internalize as many 
facilities and services 
as possible". 

Promoting efficient 
auto-trips and auto 
tours (multi-stage 
chained auto trips) is 
imponant "where the 
auto reigns supreme·. 

: 
~ 
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Table B-1 
SUMMARY OF THE LITERATURE 

(continued) 

SOURCE LOCATION AREA 
TYPE 

DESCRIPTION TRAVEL 
TYPE 

IMPACTS COMMENTS 

JHK & Associates, 
1989 

Nationwide 6 office and 
regional 
shopping 
centers. 
including 
Bellevue. 
WA 
(Regional 
center with 
4. 7 million ft 
office, 2 
million ft 
retail/ 
commercial. 
1000 hotel 
ro1m1s) 

Development of a datattase of 
travel characteristics for large-
scale. multi-use sutturt,an 
activity centers. 

Commute 
Mid-day 

Primary trip purpose is 
shopping for midday trips (46-
84%) and P.M. peak trips. 

Relatively high transit share at 
Bellevue attrihutahle lo 
"extensive radial hus system" 
(17 hus route and transit 
center) 

TI1e larger the center. the 
greater the percentage of 
internal trips (31-47 % evening 
and midday). 

TI1e more office space at a 
center. the greater the numher 
of office-origin trips to the 
center. 

Automohile is the dominant 
mode. even for internal trips. 
Bellevue. with good transit 
service and design for 
pedestrians, had significantly 
higher shares of transit (7 % 
versus I%) and midday walk 
I rips (25 % versus 16% ) than 
the other SACs. 

Study concludes 
midday non-auto use 
and office proximity 
highly related. 

Trip generation rates 
tended to he lower 
than ITE estimates for 
all uses. For office, 
rates per square font 
were lower than ITE 
rates. ttut rates per 
employee were 
higher. suggesting 
that employee 
densities are lower in 
SACs. 

Urttan Land Institute. 
198) 

Nationwide 
survey of 161 
sites: 
122 "sutturhan" 
)9 "CBD" 

Suhurttan. 
Urhan. CBD 

Survey of employtts 
n:garding use of neart,y 
facilities and services. Cross-
sectional ct>mparison of 
single-use vs. mixed-use sites. 

Work. midday 
work-ttased 
trips 

Mixing of uses increased the 
numher of employees using 
nearhy facilities from 19 % In 
28 % in sutturhan areas and 
from 29% to 61 % in CRD. 

Study is a decade old 
hut datattase is large 
(21!.000 total 
11uestionnaires 
including 11011-

employee user of 
sites.) 

;p 
~ 
~ 
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Tahle B-1 
SUMMARY OF THE LITERATURE 

(continued) 

SOURCE LOCATION AREA 
TYPE 

DESCRIPTION TRAVEL 
TYPE 

IMPACTS COMMENTS 

Frank, 1994 Seatrle, WA 
Metropolitan 
area. 

Urhan, 
Suhurhan 

Analyses of datahase hased on 
a transportation panel 
(survey). Census. employment 
and parcel-level land use data. 
Controlled for non-land use 
variahles. 

Work and 
shop trips hy 3 
modes. Single 
occupant 
vehicle (SOV). 
transit and 
walking. 

Employment density reduces 
SOV and increases transit and 
walking, for both work and 
shop trips: ()O()ulation density 
increases walk trips (work and 
shop) and transit trips (shop). 

Major decreases in SOV: 
occur. 
- At employment densities 

above 75/acre. 
- At residential densities 

above 15 persons/acre 
(gross density). 

A comprehensive 
study. Nor all 
analysis is reported in 
this paper. 

~ 
";\! 
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Table B-1 
SUMMARY OF THE LITERATURE 

(continued) 

SOURCE LOCATION AREA 
TYPE 

DESCRIPTION TRAVEL 
TYPE 

IMPACTS COMMENTS 

Encoumft lnfill/Dtnslfication . 

Middleton, 1990 Ponland, OR Urhan, 
especially 
downtown 

Summary descriptions of the 
effects of LRT and land use 
developments since 1970's. 

Numher of autos entering 
downtown unchanged despite 
30.000 new jobs. 43% work, 
26 % all day transit mode split 
in downtown (no "before" 
data). 

Dunphy and Fisher. 
1994 

Nationwide Urhan. 
Suhurhan. 
Rural. 

Analysis of 1990 NPTS hy 
reside111ial density categories 

Person Trips 
Vehicle Trip 
VMT 

Generally confirms 
Holtzclaw's findings, except 
density increases at lowest 
levels (from 1,300 to 2,700 
persons/sq. mi.) had no 
effect. 

Authors note that 
density is associated 
with other factors 
(e.g. auto ownership, 
good transit) 

Frank, 1994 Seattle, WA 
Metropolitan 
area. 

Urhan, 
Suhurhan 

Analyses of datahase hased on 
a transponation panel (survey) 
Census. employment and 
parcel-level land use data. 
Controlled for non-land use 
variahles. 

Work and 
shop trips hy 3 
modes. Single 
occupant 
vehicle (SOV), 
transit and 
walking. 

Employment density reduces 
SOV and increases transit and 
walking, for hoth work and 
shop trips: population density 
increases walk trips (Work 
and shop) and transit trips 
(shop). 

Major decreases in SOV: 
occur. 
- At employment densities 

ahove 75/acre. 
- At residential densities 

ahove 15 persons/acre 
(gross density). 

A comprehensive 
study. Not all 
analysis is reponed in 
this paper. 

;p 
~ 
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Table B-1 
SUMMARY OF THE LITERATURE 

(continued) 

SOURCE LOCATION AREA 
TYPE 

DESCRIPTION TRAVEL 
TYPE 

IMPACTS COMMENTS 

Holtzclaw, 1990 San Francisco 
Bay Area 

Urban, 
Suburban 

Empirical analysis of 
neighborhoods in San 
Francisco, Oakland 
(Rockridge) Walnut Creek 
and Danville, using CA OMV 
smog check mileage readings. 

Total VMT 
(no trip data) 

Doubling density results in 
per capital VMT reductions of 
20-30%. 

Author sites similar 
studies in Toronto, 
Chicago and 
elsewhere which 
suppnrt ha~ic 
relatively of a 20-
30 % reduction in 
VMT for each 
doubling in density. 

Middlesex 
Somerset 
Mercer 
Regional Council, 
1992 

Central New 
Jersey 

Urban, 
Suburban 

Modeling study of Transit and 
Walking "Constructs.· 

Mndeling parameters based on 
literature review and survey 
data. 

All trip 
purposes 
-Daily 
-Peak 
-Off-peak 

Major urban growth in 
employment and households. 
combined with the suburban 
constructs, reduces the 
growth In total trips by 
nearly 20 percent. Without 
that type of urban growth --
meaning it is absorbed into 
the suburban constructs -- the 
overall growth in regional 
trips is reduced by only I 0 
percent. Similar differences 
occur for VMT. 

;;p 
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Table B-1 
SUMMAR\' OF THE LITERATURE 

(continued) 

SOURCE LOCATION AREA 
TYPE 

DESCRIM'ION TRAVEL 
TYPE 

IMPACTS COMMENTS 

Dtvtlop Cortctrttrattd Activity Ctrtttrs/Strtrtgthtrt Downtowns 

Colorado/Wyoming 
ITE, 1987 

3 Colorado 
cities 

Suburban Empirical study of mixed-use 
developments 

Shopping, 
personal 
business. work 

8% actual trip reduction found 
at mixed-use centers 
compared to 25 % predicted 
nn hasis of interviews. 
Anicle concludes that othe.r 
additional trips would not 
have been made. 

Although mixed use 
reduced daily trips 
less than expected at 
site, users of mixed-
use centers can 
accomplish more with 
one trip, and may 
reduce their total 
travel on a 
weekly/monthly basis. 

~ 
~ 
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Table B-1 
SUMMARY OF THE LITERATURE 

(continued) 

SOURCE LOCATION 

NationwideJHK & Associates, 
1989 

New York CityMarkovitz in Gilhert, 
Region1974 

i' 
~ 

AREA 
TYPE 

6 office and 
regional 
shopping 
centers, 
including 
Bellevue. 
WA 
(Regional 
center with 
4. 7 million ft 
office, 2 
million ft 
retail/ 
commercial, 
1000 hotel 
rooms) 

Urhan. 
Suhurhan 

DESCRIPTION 

Development of a datahase of 
travel characteristics for large-
scale, multi-use suhurhan 
activity centers. 

Empirical sllldy of trip 
generation rates. (Cross-
sectional comparison of areas 
with dusten:d and undustcred 
land uses). 

TRAVEL 
TYPE 

Commute 
Mid-day 

All 

IMPACTS 

Primary trip purpose is 
shopping for midday trips (46-
84%) and P.M. peak trips. 

Relatively high transit share at 
one center attrihutahle to 
·extensive radial hus system" 
( 17 hus route and transit 
center) 

The larger the center. the 
greater the percentage of 
imernal trips (31-47 % evening 
a1x.l midday). 

TI1e more office space at a 
center. the greater the numher 
of office-origin trips to the 
center. 

Automohile is the dominant 
mode, even for internal trips. 
Bellevue, with good 
transit service and design for 
pedestrians, had significantly 
higher shares of transit (7 % 
versus I % ) a1x.l midday walk 
trips (25% versus 16%) than 
the other SACs. 

Residential trip generation 
reduced hy 65 % due to 
dustering. 

Non-n:sidential trip 
generation reduced hy 45 % . 

COMMENTS 

Study concludes 
midday non-auto use 
and office proximity 
highly related. 

Trip generation rates 
tended to he lower 
than ITE estimates for 
all uses. For office, 
rates per square foot 
were lower than ITE 
rates, hut rates per 
employee were 
higher, suggesting 
that employee 
densities are lower in 
SACs. 

No VMT data 



Table B-1 
SUMMARY OF THE LITERATURE 

(continued) 

SOURCE WCATION AREA 
TYPE 

DESCRIPTION TRAVEL 
TYPE 

IMPACTS COMMENTS 

Middlesel 
Somerset 
Mercer 
Regional Council, 
1992 

Central New 
Jersey 

Urhan, 
Suhurhan 

Modeling study of Transit and 
Walking ·constructs.• 

Modeling parameters hased on 
literature review and local 
survey data. 

All trip 
purposes: 

- Daily 
- Peak 
- Off-peak 

Major urhan growth in 
employment aod households, 
comhined with the suhurban 
constructs, reduces the 
growth In total trips by 
nearly 20 pen:ent. Without 
that type of urhan growth --
meaning that ii is ahsorbed 
into the suhurhan constructs --
the overall growth in regional 
trips is reduced hy only 10 
percent. Similar differences 
occur for VMT. 

This study suggests 
that urhan infill is 
twice a~ efficient in 
trip and VMT 
reduction as well-
designed new 
suhurhan centers, but 
also notes scarcity of 
data on urhan trip 
making. 

Urhan Laod Institute. 
1983 

Nationwide 
survey of 161 
sites; 
122 "suhurban• 
39 "CBD" 

Suhurban, 
Urhan, CBD 

Survey of employees 
regarding use of nearhy 
facilities and services. Cross-
sectional comparison of 
single-use vs. miled-use sites. 

Work, midday 
work-hased 
trips 

Miling of uses increased the 
numher of employees using 
nearhy facilities from 19 % to 
28 % in suhurhan areas aod 
from 29% to 61 % in CBD. 

Study is a decade old 
but datahase is large 
(28. 000 total 
questionnaires 
including non-
employee user of 
sites). no information 
on whether or not 
trips would have heen 
made elsewhere if no 
nearhy destinations. 

~ 
~ 
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Tahir B-1 
SUMMARY OF THE LITERATURE 

(continued) 

SOURCE LOCATION AREA 
TYPE 

DESCRIPTION TRAVEL 
TYPE 

IMPACTS COMMENTS 

Enco11ragt Jobs/Housing Balanct 

Cervero. 1988 Nationwide Sulmrhan Empirical analyses nf 57 large 
centers. 

Effects of density and other 
land use also considered. 

Commute am.I 
mid-day travel 

3 to 5% more trips hy 
walking. cycling and transit. 
Johs/housing halance creates 
shoner commutes discourage 
ride-sharing and tran.~it (if 
service is infrequent) 

Cites other studies hy 
Giuliano ( 1991) and 
Downs ( 1992) that 
simple johs-housing 
halances do not 
translate directly into 
mohility henelits. 

;,;, 
~ 
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Tahle 8-1 
SUMMARY OF THE LITERATURE 

(continued) 

SOURCE LOCATION AREA 
TYPE 

DESCRIPTION TRAVEL 
TYPE 

IMPACTS COMMENTS 

Promott Ptdtrlrian-OrltnJtd Dtsign 

Bacon, et.al., San Francisco 
1993 Bay Area 

(Lafayette, and 
Rockridge area 
of Oakland 
BART station 
neighhorhoods) 

Urhan, 
Suburhan 

Ewing, Haliyur and Suhurhan (Palm Suhurhan 
Page, 1994 Beach County 

Florida) 

~ 
~ 

... ~ 
" 

Six suhurhan communities All 
travel hehavinr analyzed with 
respect to: 

- Trip frequency 
- Mode choice 
- Trip Chaining 
- Trip length 
- Vchide hours of travel 

Datahase is a 16,000 record 
datahase tc,r Palm Beach 
County. (Sample size for 
rnmmunities not given. 

BART mode split for work 
trips 20% in hoth 
neighhorhoods hut Rockridge 
had 

- 20 % lower drive-alone 
- IS% less use of auto 
for BART access 

Walk mode split at Rockridge 
supem1arkets: I I.I% -
12.5% (Bike: 0 - 2.5%) 

Vehicle mode splits not 
dramatic across communities. 

Vehicle hours of travel (VHT) 
do appear to he affected. Four 
auto-oriented suhurhs had an 
unweighted average of 
VHT/capita of 3.42 

West Palm Beach (traditional 
neighhorhood) had 2. 28 
VHT/capita 
(-33%) while partly gridded 
am! master-planned 1920's 
community had 2.8 
VHT/capita (-18%) 

Similar per capita 
income hetween 
neighborhoods 

Unclear why 
Lafayette site has 
20 % lower trip 
generation since 
BART mode split 
only 3.3% and 
walk/hike 0% 

Analysis of rnmmute mode 
spent for Lafayette and 
Rockridge. Trip generation 
studies of 3 supem1arkets in 
distinct settings: 

- Low-density single-
family 1/, mile from 
transit station (Lafayette) 

- Moderate density mixed-
use 300 feet from rail 
transit station 
(Rnckridge) 

- Moderate density mixed 
use 1/:, mile rail transit 
station (Rnckridge) 

Commute trips 

Supem1arket 
trips 

Commute 
(work) trips 

Study concludes that 
communities 
"internalize" as many 
facilities and services 
as possihle promoting 
efficient auto-trips 
and auto tours (multi-
stage chained auto 
trips) is important 
"where the auto 
reigns supreme". 



Table R-1 
SUMMARY OF THE LITERATURE 

(continued) 

SOURCE LOCATION AREA 
TYPE 

DESCRIPTION TRAVEL 
TYPE 

IMPACTS COMMENTS 

Midd!esell Central New Urhan, Modeling study of Transit and All "Walking Construct" modeled Walking construct 
Somerset Jersey Suhurhan Walking "Constructs.• in this study showed an 18% features some hus 
Mercer reduction in Daily VT. (more transit and a low 
Regional Council, Modeling parameters hac;ed on in peak. less in off-peak) johs/housing halance 
1992 literature review and survey (0.14). 

data. 

Untem1ann, 
1984 

U.S. All Empirical studies of American 
walking hehavior 

All Proponion of Americans 
willing lo walk: 

socr most (70%) 
1,000' 40% 
2,600' 10% 
(longer for work and other 
"crucial" trirs) 

Pleasant/interesting 
environment can 
perhaps douhle 
distance willingly 
walkers. 

Walkers tend to be 
young and female. 

~ 
~ 
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Tahle 8-1 
SUMMARY OF THE LITERATURE 

(continued) 

SOURCE LOCATION AREA 
TYPE 

DESCRIMION TRAVEL 
TYPE 

IMPACTS COMMENTS 

lnJtgruttd Strut Nttworlu 

Friedman, et.al., 
1992 

San Francisco 
Bay Area 

Urhan, 
Suburhan 

Comparison of trip generation 
and mode split data hetween 
Pre-World War II and Post-
World War II commuter using 
1981 MTC survey data. 

All purposes Pre-war neighhorhoods exhibit 
20% fewer total trips per 
household and 25 % fewer 
auto driver trips. (No data 
presented on VMT). 

No control for HH 
size auto ownership 
or income (HH 
income 23% less in 
older neighhorhoods) 

Also, pre-war had 12 % walk 
trips and 4 % hike (versus 8 % 
and 2 % in post-war areas). 

Cannot isolate effect 
of different TOD 
components. 

Kulash. 1990 Florida Suhurhan Modeling study of grid vs cul- All 43% reduction in VMT at Trips that go heyond 
de-sac dominated slreet community scale due to more community less 
networks. direct mutes. affected. 

White Mountain 
Survey, 1991 

Portsmouth. 
New Hampshire 

Suhurhan. 
Urhan 

Trip generation study All Study found the average daily-
traffic (ADT) generated by 
these neighhorhoods to he 
ahout 50 percent lower than 
the A DT predicted by the ITE 
Tri/I Generation Monuol. 

No contml for 
income. HH size, 
vehicle ownership. 

~ 
~ 
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Table 8-1 
SUMMARY OF THE LITERATURE 

(rnntinuecl) 

SOURCE LOCATION AREA 
TYPE 

DESCRIPTION TRAVEL 
TYPE 

IMPACTS COMMENTS 

Parking Managtmtnt 

Aarls and Hamm, 
1984 

King County Suhurhan Testing whether ridesharing 
decreases the demand for 
parking. 

Work Findings show thal it may he 
the limited parking supply that 
leads to ridesharing rather 
than ridesharing decreases 
demand for parking. 

The result of this 
study is consistent 
with other studies. 

Dowling. 1991 San Francisco Urhan Study of mode share at San 
Francisco Hospitals as related 
(hy regression) to parking 
pricing and supply. 

Work Pricing explains mosl 
variations in mode share 
(elasticity of ahout I al 50-55 
dollars per month). hul supply 
off-site is also important. 
Ahout 1/3 as "slrong" as price 
according to a regression. 

Parking supply 
appears to he 
important even 
independent of 
pricing. 

Gentvoort. 1984 Netherlands Urhan Work When a parking lot closed. 
SOVs dropped hy 16% while 
transit increased hy 17.5%. 
Carpooling increased hy 3%, 
and there was no impact on 
hicycle trips. 

TI1e survey was given 
hefore and afler 1he 
lot was closed. In the 
short run emissions 
and VMT were high 
hecause of SOV 
driving around 
looking for parking. 

Goloh. 1988 Irvine, CA 
(UCI) 

Urhan Parking fees were intreased 
for holh s1ude111 and faculty of 
the University of California. 
Irvine. 

School/ 
(Univ) 
Work 

A IO% reduction of students· 
pem1its might mean a 
reduction in VTIVMT and 
emissions. 

Students were more 
price sensitive than 
faculty to the i1icrease 
in parking fees. 

~ 
~ 
ti, 
~ 
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Table B-1 
SUMMARY OF THE LITERATURE 

(continued) 

SOURCE LOCATION AREA 
TYPE 

DESCRIPTION TRAVEL 
TYPE 

IMPACTS COMMENTS 

Gross. W.P.• et.al. Massachusetts Suhurhan Parking fees were increased 
on and around campus. and 
parking su[lflly was decreased. 

Sch(K)I/Work The actual impact came from 
the reduction of parking 
spaces rather than parking 
prices. 

Since 79 % of the 
survey respondents 
still chose lots hased 
on convenience rather 
than pricing (while 
su[lfll y wa~ somewhat 
limited) VMT and VT 
were not reduced 
much. 

Higgins, 1982 Calgary. 
Sacracmento. 
Davis, 
Montgomery 
County, 
Phoenix, Palo 
Alto, Bellevue, 
Portland, 
Seattle. 

Urhan Study of parking code policies 
allowing reductions in 
required parkii1g in return for 
developer TOM action or in-
lieu fees. 

Work Few developers opt for 
reduced minimums. 

"Flexihle" parking 
requirements are not 
a reliahle planning 
option to encourage 
less parking supply. 

Keyani and Pittshurgh Urhan A 3 day strike of parking Work/Work Transit ridership was up 10 

Putnam, 1976 (CBD) garage operators closed 80% Related 75% and peak period CBD 
of Pittshurgh parking lots. traffic declined hy 25 % . 

Kulash. 1974 San Francisco Urhan An increase of parking 
charges hy 10-25%. at the 
same time an increase in 
transit services. 

Work 
Shopping 

Work related elasticitx: 
An overall price elasticity on 
the basis of# of automohiles 
is ahout -0.3 (i.e. level of 
demand for parking is 
inelastic.) 

Commuters were 
more likely than 
shoppers lo shift lo 
new travel modes to 
avoid increased 
parking fees. 

t 
i 



Table 8-1 
SUMMARY OF THE LITERATURE 

(continued) 

SOURCE LOCATION AREA 
TYPE 

DESCRIPTION TRAVEL 
TYPE 

IMPACTS COMMENTS 

Mehranian, et. al., 
1987 

Los Angeles Urban TI1e study examined parking 
management of two downtown 
LA companies. Company A 
provides only subsidy for 
parking while Company B has 
incentive and rideshare 
programs. 

Work Company B had a higher 
percent of carpool/vanrool 
than Company A. However, 
SOV was almost the same : 

Fim1 Firm 
A B 

sov 49% 48% 
Carpool/ 
Van 20% 34% 
Transit 31 % 18% 

The authors noted 
that Fi rm B has a 
lower transit share 
due to the fact that 
Fim1 B's incentive 
programs may he 
shifting tran.~it users 
into carpools rather 
than shifting SOV's to 
other modes. 

Miller and Everett, 
1982 

Wa.~hington, 
D.C. 

11 Urhan 
sites 
4 Suburban 

A "before and after" study or 
federal and private employees 
who were charged additional 
parking fees for commute 
trips. 

Work Urban: 
- SOV decreased hy 2-5% 
- Transit increased hy 1-3% 
while carpooling decreased 

Suburhan: 
- SOV decreased hy 2 % 
- No change in carpooling & 
transit 
- A 3 % increase in "other 
modes" (walking. biking, etc.) 

Overall. the largest 
shifts were among 
lower income groups. 
Note that transit 
increased as a result 
or decrease in 
carpool. Usually the 
reverse is true. 

Miller and Higgins. 
1983 

I 

I 

' 

San Francisco. 
CA; 
Washington. 
DC; 
Ottawa. Can; 
Seattle. WA; 
Santa Cruz, 
CA. 

Mostly 
Urban 

Study or parking taxes. rate 
increases. surcharges. and 
carpool discounts across 
several dries. 

Walk Parking tax brings uneven 
results. hut overall long tem1 
parking price hike increases 
short tem1 parking in 
Chicago; peak period 
surcharge shirts parkers 
among parking facilities in 
Madison. Auto usage 
decreased 20% in Ottawa 
after free parking ended for 
government employees. 

Pricing can reduce 
auto use. but also can 
increase short tem1 
parking and shift 
parker locations. 

~ 
~ 
~ 
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Table B-1 
SUMMARY OF THE LITERATURE 

(continued) 

i.. 
~ 

SOURCE LOCATION AREA 
TYPE 

DESCRIPTION TRAVEL 
TYPE 

IMPACTS COMMENTS 

Olsson and Miller. 
1978 

Seattle, WA Urllan Free parking was given to 
employees using HOVs in 
Seattle, WA. 

Work 22 % of resrondents had 
driven alone prior to using the 
lots. 40 % had used transit 
and 38% carpooled. 

The monetary 
incentive was not the 
main reason for 
changing their mnde, 
since most of the 
employees already 
had highly sullsidized 
parking. 

Pickrell and Shoup, 
1980 

Los Angeles 
UCLA 

Urllan When parking pennirs were 
denied In students. they found 
alternatives lo SOVs. 
However. as soon as they 
were offered parking pem1i1s 
they switched from rideshare 
In SOV. 

School 
(University) 

Although SOV 
students did nor park 
on campus. they were 
still likely to drive 
alone and park away 
from campus. 

Transrort Canada Ollawa Urhan When parking fees were Work This study suggests that 
Report #291, levied on federal employees. parking supply, has a greater 
1978 transit ridership increased up impact on rideshare mode 

lo 7.3%. than pricing. 

Willson, 1992 Los Angeles Urllan Analysis of reduced or 
rt:mnved parking sullsidy 
effects, iududing lloth case 
studies and model projections. 

Work Based on Los Angeles data. 
elasticity of demand for solo 
driving relates lo parking 
price is allout -0.2 to -0.3 at 
average daily costs of 3 to 4 
dollars. 

Zarka and Krail, 
1987 

Seallle Urhan Survey of 12 downtown 
huildings as lo correlation 
hetween price and supply and 
mode share. 

Work While higher priced parking is 
associated with more transit 
use. tighter supply also 
appears to encourage 
additional transit use. 

Study hased 1111 very 
limited numher of 
cases and is cmss-
sectional. 1k1t rime 
series. 

(11:l I 009/SOURC'E. TBL) 



ANNOTATED BIBLIOGRAPHY 

I. Aans, Jan Alexandra and Jeffrey Hamm, "Effecis of Rideshariog Programs oo Suburban Employment Center Parking 
Demands", Transportarion Research Record 1980, Transponatioo Research Board, I 984. 

Summary: Testing whether rideshariog decreases the demand for parking. Study comparing sites with and without 
rideshariog programs found sites with rideshariog programs and limited parking supply (28 percent less 
than comparison sites) had 20 percent less parking demand. Concludes, "Limited parking may be acting 
as the agent motivating the employees to rideshare. • 

Quanrificarion: Parking demand 

Area Types: Suburban 

2. Alooso, William, Locarion and I.And Use, Cambridge: Harvard University Press, 1964. 

Summary: Synthesis of modern location theory and presentation of Alonso's model of how varying site rents - a 
product of the trade-off between nansponation cost and the benefits of proximity for residential. 
commercial, and agricultural land uses - determines land use and urban fonn in a metropolis. Alonso·s 
model represents a meticulous elaboration of Von Thunen's nineteenth century theory which explained 
agricultural site-rem as inversely proponional to traosponation cosis. 

Quantification: Extensive theoretical economic analysis. but limited "real-world" applications; no data on tripmakin£. 
or VMT. 

Area Types: Urban/Metropolitan, especially monoceotric urban areas 

3. Altshuler. Alan. with James P. Womack and John R. Pucher. The Urban Transportation System, Cambridge, MA and 
London. England, MIT Press. 1981. 

Summary: A broad summary of the political. cultural. economic. and technological factors that affect the urban 
transponation system in the United States. Analysis suggests that dominance of the auto is unlikely to 
diminish significantly. Includes a critique of the Costs of Sprawl. 

Quantification: At national and metropolitan level 

Area Types: Urban. Suburban 

4. Bacon. Vinton, Carolyn Radisch, Tom Wieczorek, Trip Reduction Potential of "Transit Village" Development Parrem. 
Prepared for Professor Roben Cervera and Dan Solomon, University of California at Berkeley. 
City Planning 218 / Architecture 201, December 6, 1993. 

Summary: Development patterns in the study areas do 001 result in higher levels of BART ridership for work trips. 
although the drive alone share of work trips was 20'it lower in the more pedestrian oriented environmem. 

Mode of access 10 transit stations is significantly influenced by the built environment immediately 
surrounding a transit station, the driving modes (park and ride, kiss and ride) were found to occupy a 20 'it 
lower share within the pedestrian oriented environment. 

Shopping trips appear to be significantly influenced by mixed use and pedestrian oriented development 
patterns. Reductions of more than 30 % in automobile trips were found in a mixed use setting with high 
levels of transit service. 

Quantification: Yes 
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Area Types: Urban, Suburban 

S. Banon-Aschman Associates, Inc. wilh Hammer, Siley George Associates, Research Triangle Regional Transi1!La11d-Use 
Study, prepared for Norlh Carolina Department of Transpona1ion, 1990. 

Summary: Examined land use requirement for a successful rail system in lhe Research Triangle area. Analysis of the 
proposed rail system was based in pan on Pushkarev and Zupan. Land use requirements were expressed 
in terms of dwelling units per acre and proximity to the rail stations. 

Quantification: Densities 

Area Types: Urban, Suburban 

6. Beimbom, Edward. Rabinowitz, Harvey, Mrotek. Charles. Gugliotta. Peter. Yan, Sbuming. "Transit-Based Approach 
to Land Use Design·, Transponation Research Record, 1349, I 992. 

Summary: Guidelines for encouraging transit use by providing adequate densities, transit priori1y. mixed uses. shon 
walk distances 10 buildings, olher strategies. 

Quantification: None 

Area Types: Urban, Suburban 

7. Beimbom, Edward. Rabinowitz, Harvey et al, Guidelines for Transit Sensitive Suburban Land Use Design, Urban Mass 
Transpona1ion Administration, U.S. Deparanen1 ofTransponation, Fiual Repon, July 1991. 

Summary: This repon was developed by a team at lhe University of Wisconsin, Milwaukee with expenise in 
engineering, arcbitecrure, planning real estate and geography. An excellent compendia of 1ransit supponive 
urban design Sets out guidelines for density, mixing of uses and parking. Presen1s several pro-typical 
transit-oriented community plan. Appendix sets forlh relative compatibility between different suburban land 
uses and transit service. 

Quantification: Design principles, not traffic or travel impacts 

Area Types: Suburban 

8. Bourne. Roben T .. Peu:r M. Schauer, Case Study in Land Use and Parking Regulations in Suppon ofCampu., Transit 
Services, The Development of CY-Ride, Ames Iowa, Paper No. 890523 presented a1 the 69th 
Annual meeting of the Transponalion Research Board, Wasbingion D.C., January 1990. 

Summary: This paper examines bow land-use and parking regulations were used in Ames Iowa 10 suppon. expand 
and improve bus service on the Iowa State University campus. The paper focuses on lhe "creation of 
innovative parking policies as lhe operational key IO a strong transit service. Aggressive land us~ and 
innovative parking policies are only panial factors in building a strong transit service. Acrual managem~m 
and approach in operations are final links in a successful campus transit service.· 

"The continued successful provision of fixed route and demand responsive transit service on lhe Iowa State 
University campus and throughout lhe City of Ames has been the result of cooperation between the City 
of Ames. the University administration and lhe University students. These three groups have recogniz~d 
the relationship between land use, parking and 1ransi1. In 198 I when CY-RIDE was in its forma1iv~ stage. 
Ibey set a course of action agreed to by consensus of reducing available parking and increasing availabk 
transit services.• 

Quantification: Pai:king and transit 
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Area Types: Urban - campus and neighborhood 

9. Breheny, Michael, Tim Gent, David Lock, Alternative Development Panems: New Senlemencs, University of Reading 
and David Lock Associates. Department of the Environment (United Kingdom) Research Repon, Final 
Repon, February 1992. 

Summory: One area of consensus that emerges from this srudy · s review of four approaches to understanding the 
relationship between transpon, energy consumption, pollution and urban form in the United Kingdom is 
that forms of "decentralized concentration" are relatively efficient. However, even here there are 
uncertainties about the potential energy advantages of this form of development. When alternative 
development patterns are modelled and ranked according to energy efficiency, the results tend to be 
sensitive to assumptions about future lifestyles and the way in which people value mobility and choice. 
They suggest that if rising energy costs or policy restraints restrict mobility a pattern of • decentralized 
concentration• will be energy efficient because people will use the jobs and services which are close to 
them. If travel costs pose only a minimum deterrent, such a pattern may be more energy-intensive than 
centralization, because of the potentially large amounts of cross-commuting and other travel. la practke 
it is the latter siruation that seems to have prevailed in the United Kingdom. 

All of this implies that an energy-efficient form of urban development cannot be defined without 
qualifications, though there is some consensus that peripheral or ex-urban residential development unrelated 
to jobs and services is an energy-intensive pattern. In this sense dormitory urban extensions and uew 
settlements do not perform well on the criterion of sustainability. Both centralization. or urban infill. and 
"decentralization concentration". possibly in the form of urban extensions with strong centers. are likely 
10 be more energy efficient, but involve different sets of costs. A relatively robust form involves 
development in centers large enough to provide access to a good range of jobs and services without the 
need for long journeys. and with good public transpon links to offer a viable alternative to the private car. 

Under prevailing conditions of mobility. even quite large mixed developments are wliikely to be self 
contained unless they are quite isolated. This would suggest that energy efficiency would best be promoted 
by remote new settlements or integrated development within towns and cities. It cannm be claimed that uew 
settlements are inherently energy efficient because they include provision for some employmem aud 
services. But, such provision is preferable to housing-only dormitory developments. (Summary drawn from 
pp. 41-45 ofrepon). 

Quantification: British Trip, VMT and Mode Share Data 

Area Types: Urban, Suburban 

10. Breheny, Michael. Sustainable Development and Urban Form: The Contradictions ofthe Compact City, Paperpresemed 
at the Joint ACSP/AESOP Conference, Oxford. England. July 1991. 

Summary: Argues that compact urban development is not a simple good nor universally desirable. Compact and 
balanced mixed-use development does not always reduce environmental impacts. Notes that in the 1970. s 
and I980's the London New Towns' relative commuting independence of London was lost due to 

engulfment by the London conurbation. 

Quanrijicarion: Commute data (Internal vs. External) for planned new comminuted near London. 

Area Types: Suburban, Exurban 

11. Cabell, Lee, Kim.Icy Hom and Associates, "Neo-Traditional Neighborhood Design,• Westemite, Official publication 
of District 6 of the lnstirute of Transportation Engineers. July - August 1993. Volume 47 No. 4. 

Summory: This anicle is intended to provide a brief overview of suburban development and its problems. the basic 
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NTND concept along wilh lhe main characteristics that distinguish it from lhe modern suburb. lhe goal of 
NTND. transportation and traffic issues associated wilh NTND potential problems and areas of concern 
regarding NTND. and NTND applications. 

Quantification: None 

Area Types: Suburban 

12. California Department of Transportation, 1991 Statoode Travel Survey, November I 992. 

Summary: Comprehensive travel survey for lhe State of California, the first conducted since the 1970s. Data is 
presented by region, but not by individual city/suburb. The size of the samples used generally precludes 
extraction of reliable community-scale data. 

Quantification: Trip and mode share data (statewide and by region); no VMT data. 

Area Types: Metropolitan (Urban and Suburban combined), Rural 

13. California Department of Transportation (Caltrans), State of California, Commuter Computer School Program 
Evaluation. December 1982. 

Summary: Dated but informative source on trip patterns to/from schools. Provides data on mode share and VMT for 
elementary. high school and college trips in lhe San Diego region. Also indicates lhe effectiveness of 
ridesbare promotions and matching services with respect to lhese trips. 

Quantification: Mode share, trips. VMT for school trips 

Area Types: Urban. Suburban 

14. Calthorpe. Peter. wilh Mark Mack, Pedestrian Pockets, San Francisco. 1988. 

Summary: Outlines lhe simple but alluring idea of restrucruring suburbs to slightly higher densities with a much finer­
grain mixrure of uses. enabling residents to access basic services and some employment without an 
automobile, while still accommodating motor vehicles. 

Quantification: None of traffic/emissions data 

Area Types: Suburban 

15. Cambridge Systematics Inc .• Calthorpe Associates with Parson Brinkerhoff Quade Douglas Inc .. The LUTRAQ 
Alternative Interim Repon, 1000 Friends of Oregon, October 1992. 

Summary: The LUTRAQ alternative is a comprehensive solution, integrating land use and transportation policies. for 
managing projected growth in Washington County, Oregon. 

The Metro (Metropolitan Service District) transportation modeling system was used to conduct simulations 
of the LUTRAQ alternatives and a No Build alternative. The results of this analysis show that the 
LUTRAQ alternatives. as compared to the Bypass alternatives for the year 2010 would: 

- Increase the share of trips from home to work made by transit by 45 'it 

- Increase lhe proponion of all trips made either on foot or be bicycle by 22 % 

- Reduce the number of households who will own 2-3 automobiles by 5.6% 
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- Reduce the number of vehicle crips per household by 7. 7 % and 

- Reduce peak hour vehicle miles traveled by 13. 6% . 

The analysis also shows that residents living in TODs would enjoy the following advantages in the year 
2010: 

- over 35% would choose to own only one car, and over 9% would choose not to own a car at all; 

- the average TOD household would make 22 % fewer home-based car trips per day than the average 
household in the area under the Bypass alternacive; 

• over 20 % of the workers living in TODs would choose to take transit to work, over twice as much as 
under the Bypass alternative; and 

• the children living in TODs would be more than twice as likely to walk or bike to school from cbdr 
homes than would children elsewhere in the srudy area, under any alcernatives. 

These statistics represeot the results forecast developed for an early version of the LUTRAQ alternative. 
Since the completion of that version, reviews by national and local technical commiuees have Jed to 

modificacion of the alternative. 

This lauer version of the LUTRAQ alternative will be modeled using the same forecasting system applied 
to the early version of the alternative. In addicion, the LUTRAQ srudy will be modeling the transportation 
impacts of the alternative not only to the year 2010, but through the year 2040, using an ioteractive land 
use model installed at Metro as pan of the LUTRAQ project. Impacts on vehicle emission. energy 
consumption, system and user costs, and quality of life measures will be assessed. 

Quanrijicarion: Trips and VMT 

Area Types: Urban, Suburban 

16. Cambridge Systematics, Inc .• Downto1n1 Eco11omic Study. for the City of Sacramento. June 1989. 

Summary: Evidence of parkers moving cars 10 avoid escalating hourly fees, probably with adverse consequences for 
air quality. Also data on mode share for office and shoppers. Spending patterns of shoppers and commuters 
also explored. Pivot point model used to predict effect of parking price increase. by type of parker 
(commuter. shopper), with the conclusion price increase will diven away some drivers (bigger spenders). 
but new demand will replace divened in a few months. 

Quanrijican·on: Mode share, parking rumover, shopper versus commuter parking and mode data, spending data hut 
no VMT. trip or emissions data. 

Area Types: Urban 

17. Canadian Urban Transit Association, Ihe lmplicarions ofDemographic and Socioeconomic Trends for Urban Transit 
in Canada, December 1991. 

Summary: Contains 1987 travel survey data for metropolitan Toronto. Used 10 determine a vehicle trip per capita for 
a "best case· city. Body of repon discusses bow rising crime. a reduction in number of transit dependems 
and suburbaniz.ation are challenging transit in Canada. 

Quanrijicarion: Yes 
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Areil Types: Urban 

18. Cervero, Roben, Roben Fraizier, Roger Gorham, Lisa Madigan, and Edward Stewan, Transit-Supponive Development 
in the United States: Experiences and Prospects, Prepared for Federal Transi1 Administra1ion, 
U.S. Department ofTransponation, October 1993. 

Summary: This repon examines recent experiences in the U.S. with rransit-supponive developmen1s - projec1s which. 
by design, give attention to the particular needs of transit users and pedestrians. Toe SNdy focuses mainly 
experiences in the suburbs and exurbs of large U.S. metropolises, which in most cases are served only by 
bus transit. Assessments are carried out at three levels - individual sites, neighborhoods, and communities. 
Since in the course of the research we found fewer U.S. examples of transi1-supponive developmems in 
bus-only suburban-exurban environs than popular accounts might have us believe, the sNdy gives panicular 
emphasis to implementation issues - bow recent market and regula1ory factors have influenced the 1ransi1-
supponive design movement. 

Quantification: Yes 

Area Types: Urban. Suburban 

19. Cervero, Roben, Ridership Impacts of Transit-Focused Development in California, National Transi1 Access Cemer 
(NTrac), Universi1y of California a1 Berkeley. Ocmber 1993. 

Summary: An in-depth report on the currem realities and potemialities of concentrating more housing and workplaces 
around rail stations. Existing large-scale developmems near stations of five California rail 1ransit 
operations (BART, the Peninsula CalTrain, Sacramento Regional Transit, and San Diego Transi1) are 
described. Ridership patterns are identified, stratified for housing office/work-place and retail 
developments. Toe sNdy is based to a large extent on a survey of the "main trips• by 900 station area 
residents, 1,430 station area workers and 900 station area shopping center patrons. The research includes 
a literaNre review of similar SNdies in the Toronto and Wasbing1on, D.C. metropolitan areas. 

For this sNdy. surveys were conducted of developments near California rail stations that met these criteria: 
(I) Maximum distance: sites bad to lie within two-thirds of a mile from stations. and ideally within the 
more walkable distance of one-third mile; and (2) minimum size: the following thresholds bad to be met -
residential (75 dwellings units); office (10,000 square feet or 100 employees); and retail (400,000 square 

feet). Candidate sites were screened for the following five California rail systems: BART; CalTrain ; and 
Santa Clara County Transit (SCCTA);Sacramento Transit (ST); and San Diego Transit (SDT). These 
systems represent a mix ofrail technologies: BART-heavy rail; CalTrain-commuter rail; and SCCTA. ST. 
and SDT-ligbt rail. In all, 27 residential projects located near 20 different rail stations were surveyed. 
Surveys were mailed m all households at these sites. eliciting data on "main• weekday trips made by 
persons 16 years and above. Toe response rate was 18.4 percent, providing data on over 2,500 trips among 
nearly 900 individuals. 

For transit-focused offices. surveys were conducted at the workplace with the approval of office 
management. In all, data were compiled from 1,430 workers at 18 transit-focused offices in California. 
representing a 22. 7 percent response rate. Lastly, pedestrians intercept surveys were carried out to gather 
travel data for shoppers and others at retail centers near BART stations. producing around 900 survey 
responses. 

Toe following results were found for the 27 survey residential sites. 

- The average rail modal split for all trips was IS percent. with significant variation. Rail shares as high 
as 79 percent and as low as 2.0 percent were found among residential projects. Housing around BART 
averaged the highest rail splits (26.8 percent). while housing around SCCTA averaged the lowes1 (6. 7 
percent). Overall, those residing near California rail stations are fairly auto-dependent - over 75 percem 
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relied on a car, either as a driver or a passenger, for their primary trips. 

- Rail captured 19 percent of work trips made by stations-area residents. and in the case of BART. 33 
percent. This is much higher that the three BART-served counties' rail modal split of 5 percent for work 
nips in 1990. It is also considerably higher than the 1990 average of 17.8 percent for all Bay Area 
residents living within one-balf mile of BART station. For each Bay Area city served by BART, residents 
living near rail stations were around five times as likely to commute by rail uansit as the average resident­
worker in the same city. 

- The strongest predictors of whether station-area residents commuted by rail was whether their destination 
was near a rail station and whether they could park free at their destination. Other significant predictors 
were vehicle ownership levels and the availability of employer-paid transit allowances. If station-area 
residents work in San Francisco for an employer who charges for parking and they receive a transit 
voucher, there is over a 95 percent chance they will commute by BART. If the same conditions bold and 
they work in Oakland, the probability falls to 64 percent; and for most other BART-served destinations. 
the odds are in the 10 to 15 percent range. And if they work at a destination beyond normal walking 
distance from BART and receive free parking. there is only around a 2 percent chance they will conmrntc: 
by rail. Clearly. if transit-based housing is to produce meaningful mobility and environmental benefits. 
there must also be a transit-focused employment centers. 

Key findings: Although station area residents are several times more likely 10 use rail transit than 11011-
station area residents, the rail system will attract a substantial proponion of work trips only if both home 
and work sites are within walking distanee of rail transit, and parking charges exist at the work site. 

Quanrijicarion: Trips. mode shares, VMT and speeds 

Area Types: Suburban, Urban (Rail station areas) 

20. Cervero, Roben, "Jobs-Housing Balancing and Regional Mobility", APA Journal, Spring 1989. 

Summary: Despite the steady migration ofjobs to the suburbs over the past decade, many suburban residents commute 
farther than ever. In this anicle the widening separation of suburban workplaces and the 
residences of suburban workers is attributed 10 several factors: fiscal and exclusionary zoning that results 
in an undersupply of housing; rents and housing costs that price many service workers out of the local 
residential market; and several demographic trends, including the growth in dual wage-earner households 
and career shifts. Case srudies of metropolitan Chicago and San Francisco confirm the displacing effects 
of high housing costs and housing sbonages. In addition, data from over 40 major suburban employment 
centers in the United States show that suburban workplaces with severe jobs-housing imbalances tend 10 
have low shares of workers making walking and cycling trips and high levels of congestion on cormec1i11g 
freeways. Inclusionary zoning. tax-base sharing, fair-sharing housing programs, and a number ofincemivc:­
base programs could reduce jobs-housing mismatches and go a long way toward safeguarding regional 
mobility for years to come. 

Quanrijicarion: Yes 

Area Types: Urban, Suburban 

21. Cervero, Roben, America's Suburban Centers, A Srudy ofthe Land Use - Transponarion link, University of California. 
Berkeley, Prepared for Urban Mass Transponation AdminiStration, January 1988. 

Summary: Very comprehensive study of suburban employment centers as to employment, density. land use. mixed 
use. job housing measures, commuting and traffic conditions. Fifty-seven large suburban centers arc 
surveyed. ("Centers" all had at least 1 million square feet of office floor space. 2000 or more workers. 
and at least 5 miles from r~e CBD, as of 1987). The relationship between solo commuting and land use 
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variables is explored and quantified by regression. 

Among the findings: high density centers show higher use of alternative modes and relatively lower levels 
of parking supply, but they also the slowest commute times and worst traffic levels of service on nearby 
anerial streets; single-use office is associated with more solo commuting; accessible retail near such offices 
seems 10 enhance ridesharing; centers with a more: "even" jobs housing balance have higher walk and bike 
shares, but lower rideshariog. Influences on speeds and travel times also arc: examined. 

The srudy is empirical, i.e., based on real travel data collected from a national cross-section of suburban 
centers. It investigates the extent to which suburban congestion problems and declining mobility are linked 
to the emerging land use environment of suburban employment areas, which induce most employees to 
drive alone. In addition to the land use environment (low density, single use, non-integrated), jobs/housing 
imbalances and cenain policies (free parking, inadequate roads, meager transit service} contribute 10 the 
problem. 

Toe srudy concludes that high density, large size, and high degree of mixed use development are necessary. 
but not sufficient prerequisites for significant levels of ridesharing, walking, and transit. Another 
conclusion is that single-use office senings (higher percent of total floorspace in office} induce drive alone 
commuting, while varied work environments (higher percent retail plus lower on-site jobs/housing ratio) 
encourage ridesharing. For individual workers. the shared-ride percent increases if they work at larger. 
single-tenant sites, and as distance from the job site increases. 

Other conclusions: the benefit of balancing jobs and housing is in shoner work trips, not in mode shift. 
since transit and ridesharing are reduced. (With a higher ratio of jobs to housing in the area there is less 
balance); average speed on nearby freeways decreases as the jobs/housing ratio increases and as employees 
per acre increases. 

Cervero 's overall recommendation for suburban areas is the creation of workplaces with high density and 
"rich mixtures" of land uses, i.e. "small downtowns", with nearby affordable housing. (Summary based 
in pan on SLH) 

Quantification: Mode share. rravel time. parking supply. land use characteristics and regression correlations given: 
however, no explicit VMT or pollution quantification, thought these might be derived from data given. 

Area Types: Suburban (Large Activity Centers) 

22. Chambers, Clifford and A.J. Zissler, Survey Implications for Suburban Mobility Srraregies, Repon submined to 
Sacramento Area Council of Governments, Menlo Park California, Crain and Associates. November 20. 
1991. 

Summary: This repon discusses the results of a survey to study the travel characteristics of employees and visitors 
at two Sacramento activity centers: Arden Fair/Point West and Sunrise/White Rock. The study provided 
the following information: 

- People living within a five mile radius of the center arc: more likely to visit the center than those living 
over ten miles away. A regional shopping center draws from a wider geographical area. 

- Where bus and/or rail service to the center was minimal, many people perceived that it was not even 
possible to get to the center using nansit. 

- The distaDce from home to the center was not considered to be a factor in detennining whether to 
carpool. 

- Sunrise anracts more repeat visitors than does Arden Fair. Trips to Sunrise are sbon in length and 
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parking is plentiful. 

- Improved bicycle access for shon trips may reduce auto Trips. 

- Visitors would consider using fixed-route service to the center if it was easily accessible or if the center 
was close to downtown. Arden Fair had 10% non-auto Trips and it is panly because of its proximity to 

Uiban Sacramento. 

- Low population density and dispersed travel patterns make fixed-route transit service difficult. According 
to TRB guidelines, a successful transit system typically requires 4000 persons/square miles for densely 
spaced routed and 2000 persons/square miles for widely spaced routes. 

- Survey results indicate that the three services most likely to alter commuters' driving alone to the center 
are free home delivery, direct regional transit service and shuttle service with a fare no greater than cwo 
dollars. 

- Survey respondents ranked the "single strategy" that would most likely influence them to a non-auto mode 
instead of driving to a shopping center in the following order: free home delivery (I 5 % ). direct transit from 
neighborhood 10 center (13 % ), shuttle group ride from home to center @ two dollars each way (I 3%). 
reserved parking for two or more (II%). free token for the bus (9%), more frequent service (7%). 

Quantification: Yes 

Area Types: Suburban 

23. Chang-Hee, Christine Bae, "Air Quality and Travel Behavior Untying The Knot", Journal of the American Pumning 
Association, Vol. 59, No. 1, Winter 1993. 

Summary: This paper examines the contributions made by transponation and land use measures (especially alternative 
work schedules, mode shift strategies, and growth management) to achieving the air pollution emission 
reduction targets of the 1991 Air Qualicy Management Plan in the Los Angeles Basin. le assens that 
contrary to popular belief. the measures aimed at reducing vehicle miles traveled have only a modest 
impact on reducing air pollution. The anicle argues that cecbnological solutions to the automobile emissions 
problem are much more imponant and that more transic use, ridesharing. and 1elecommunica1ing are not 
needed 10 achieve clean air objectives. The author regards this as an op1imis1ic conclusion since radical 
changes in travel behavior are difficult to achieve. 

Quantification: Emissions, VMT 

Area Types: Urban, Suburban 

24. Charles River Associates, Inc. with Urban Mass Transponation AdminiS1Ta1ion, Characteristics ofUrban Transponation 
Demand, An Update, July 1988, DOT-T-88-18. 

Summary: This repon presents a selection of updated data on a wide variety of Statistics pertaining. to urban travel 
demand. The information supplements earlier data contained in the 1978 UMTA handbook, Characteristics 
of Urban Transponan·on Denwnd - A Handbook for Transit Planners. The repon is designed 10 be used 
by transportation analysts as a source of data to check the validity and reasonability of local forecasts 
developed from traditional planning studies, or as a cross-check on .the similarity of travel statistics from 
one locality to another. Certain data also may be used as default values for modeling purposes, when such 
information is not available locally or would require new or extensive data collection effons. Much of the 
information presented was obtained from repons. documents, and memoranda produced by or for each 
study area contacted. A main criterion of the study was that the information collected be based on surveys. 
measurements, counts and so forth, and not be synthesized results from analytical modeling effons. Many 

Page B-32 



source documents have not been circulated widely, adding to the usefulness of the data contained in this 
repon. One panicularly interesting set of data is a summary of total and per person VMT for 
approximately 20 urban areas in the U.S. (Table C-4). The data indicate that California's major 
metropolitan areas ranges from 16.5 to 19.1 VMT per person. The data vary widely from one urban area 
to another, suggesting that the method collecting VMT data explains pan of the variation. 

Quantification: Trips and VMT, transit data 

Area Types: Urban, Suburban 

25. Cbellmau, Chester E. P.E., A Discussion of Street Geomerry and Design Criteria for Traditioool Neighborhood 
Development, September 25, 1989. 

Summary: Street design for encouraging pedestrian use in neighborhoods, curb design related to vehicle speed. street 
widths for slowing auto speeds. 

Quantification: No VMT. mode share. trip length. but quantification of design standards. 

Area Types: Urban, Suburban 

26. Cbeslow. Melvyn D. and J. Kevin Neels. The Effect of Urban Development Parrems on Transponation Energy Use. 
Presented at the 59th Annual meeting of the Transponation Research Board, January 1980. 

Summary: This meticulous cross-sectional study of numerous cities investigates bow characteristics of urban form 
influence travel patterns and energy use. Three characteristics of urban form were defined: metropolitan 
population. separation between activities. and neighborhood density. Distance-10-CBD was used as a 
surrogate for the separation between activities. The data set consisted of a pooled sample of neighborhoods 
drawn from home interview surveys conducted between 1966 and 1971 for 8 U.S. cities of a variety of 
sizes in a variety of regions. Cross-sectional regression analysis is analyzed at the level of tile 
neighborhood. where individual survey responses were aggregated 10 neighborhood. Several 1ranspona1ion 
characteristics were examined. including auto ownership. vehicle trips per household, percent transit. auto 
occupancy. average auto trip length, and auto VMT. 

The authors acknowledge the difficulty of determining direction of causality as well as the imponance of 
considering the feasibility of the changes in urban fom1 evaluated. The use of three geographi, levels of 
detail 10 measure urban form to describe urban form more thoroughly than most other studies. 

Key findings: 
- Neighborhood density bas a strong negative effect on vehicle trip frequency, presumably because of the 
substitution of walking trips for vehicle trips at higher densities. The effects of density on trip lengths are 
about one-third as imponant, in their influence on VMT, as the impacts of trip frequency. 

- Neighborhood proximity 10 the central business district bas a very strong negative effect on auto VMT. 
lhrough its effect on trip length. As distance from the CBD increases, trip lengths increase. 

- •A simultaneous shift of one standard deviation in both urban development characteristics bas the effect 
of reducing average household VMT by approximately one-third -· a substantial impact on urban auto 
travel.· 

• "For many of the variables, there arc greater variations between cities than between neighborhoods within 
the cities. Large scale activity separation is apparently more imponant than the localized land use 
measures.· 

Quantification: Extensive 
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Area Types: Urban, Suburban (city-scale and larger) 

27. Colorado/Wyoming Section Technical Committee, "Trip Generation for Mixed-Use Developments." m Journal, 
February 1987, pp. 27-32. 

Summary: Trip generation analysis of a cross-section of mixed-use centers. Twenty-four hour drive-way traffic counts 
at mixed-use developments in three Colorado cities in 1986 were taken, in addition to interviews 10 check 
for multi-purpose aips. Machine counts were then compared to estimates based on ITE trip generation 
rates, and the statistical significance of the difference was tested. 

Findings: 
- Based on interviews with tripmakers, a 25 % reduction in aip generation for individual uses might be 
predicted, since 16 %of aips were found to involve two uses and 7 % three or more uses. But only an 8 It 
difference between total acrual aips and the predicted number of aips based on ITE rates was found - not 
a statistically significant difference. Thus it seems that secondary aips would not occur or would occur 
at a much lower rate when land uses were not mixed. 

Quantification: Extensive 

Area Types: Urban, Suburban (city-scale and larger) 

28. Commuter Transportation Services. State of the Commute, Los Angeles. California. 1992. 

Summary: Provides results of a telephone survey of LA commuters. including travel mode. travel distance. travd 
time. arrival and departure time, carpool occupancy, bus rider aip characteristics. use of day care. stops 
during trips. shopping trip purpose. vehicles per household, and income. Also assessed are work 
destination. awareness of employer trip reduction and the regional ridesbare agency phone number. auitudes 
about HOV lanes. and details on pan time ridesbare trends. 

Quantification: Mode share. trip length, VMT, time of travel, but no emissions data. 

Area Types: Urban, Suburban 

29. Cuny, David. Crain and Associates. Case Studies of UMTA Private Sector Initiative Projects in Syracuse, Central Ne,.· 
Jersey and Atlanta. for the Urban Mass Transportation Administration. December 1987. 

Summary: One case srudy of hospital (Crouse-Irving Memorial Hospital) parking management and TSM program in 
Syracuse shows successful park and ride lot to hospital by frequent sbuule, combined with price hike for 
employees at main lot. Some cost and implementation particulars also provided. 

Quantification: General use factors only. no prior mode, VMT, trip reduction or emission data. 

Area Types: Urban 

30. Deakin, Elizabeth, land Use and Transponation Planning in Response to Congesn·on: A Review and Critique, Paper 
before the Transportation Research Board Annual Meeting, January 1989. 

Summary: Based on survey of localities, discusses transpOnation requirements imposed as condition of development 
approval, and general city land use policies including general plan, subdivision control and zoning revisions 
related to transponation. Also discussed are exactions and impact fees; TSM measures (signal 
improvements, ridesharing and transit subsidies and work hour programs). Pros and cons of 
implementation, monitoring and methodological problems are discussed. 

QUQJ!tification: No explicit projections or existing data presented on VMT, trips. mode share or emissions. 
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Area Types: Discussion ranges over urban and suburban settings; based on survey of 62 jurisdictions. 

31. DiRenzo. John F., Bart Cima, and Edward Barber, Peat Marwick and Mitchell, Parking Management Tactics - Volume 
III: A Reference Guide, for the Federal Highway Administration, 1981. 

Summary: Dated but comprehensive review of parking pricing and supply strategies, including experience to dat~. 
effectiveness and implementation considerations. ln the supply category, maximums, flexible minimums 
and overall supply caps are reviewed. Cases reveal mixed effectiveness with flexible minimums, possible 
(though not conclusive) effectiveness of maximums and overall caps, though implementation difficulties 
with all the strategies will give pause to application. Also reviewed is the vital role of enforcemem to 
suppon all the Strategies, including a review of ticketing, booting and speedy adjudication. 

Quantification: Effectiveness of strategies in terms of reduced solo and increased transit; no VMT, trip or emissions 
data. 

Area Types: Urban. Suburban 

32. Dowling. Richard. Factors Affecting TDM Programs Effectiveness at Six San Francisco Medical Institutions. Paper bdore 
the TRB 70th Annual Meeting, January 1991. 

Sumnwry: Case study suggests and quantifies effect of parking pricing and supply restraim on mode shar~ at San 
Francisco hospitals. On-site parking supply is not related to ride share. but off-site parking is mor~ 
imponant. Regression with parking charge above is enough to explain ride share variation; elasticity 
suggests $8/month increase will get I 5t ride share reduced. 

Quantification: Parking price and supply effects quantified, but not VMT. trips or emissions 

Area Types: Urban 

33. Dunphy. Roben T., and Kimberly M. Fisher. Transponation, Congestion, and Densiry: Ne....- Insights, Transponation 
Research Board, 73rd Annual Meeting. January 9-13, 1994, Washington. D.C. 

Summary: Part of the case for higher density development is based on the belief that compact urban forms are more 
efficient compared to low density development, derisively known as suburban sprawl. This paper exanlines 
some broad relationships between driving. transit use. urban form and congestion using urban area data 
as well as special analysis of the 1990 National Personal Transponation Survey. While some of the 
relationships found by other authors are confirmed. the regional data shows that there are other factors 
involved in explaining such differences, and the national household data presents a less robust relationship. 
The national data shows that there are significant differences in the household characteristics of persons 
living at different density levels - characteristics that are themselves imponant determinants of travel. Issues 
relating to these findings in the context of public policies on development and transportation are explored. 

Quantification: Yes 

Area Types: Urban, Suburban 

34. Ewing, Reid, Padma Haliyur, and G. William Page, Gerring Around a Traditional Ciry, A Suburban PUD, and 
Everything Jn-berween, Transportation Research Board, 73rd Annual Meeting, January 9-13. 1994, 
Washington, D.C. 

Summary: Beyond some studies relating density to mode choice, VMT, or gasoline consumption, precious liule is 
known about the relationship of location and land use to household travel patterns. Against this backdrop. 
a 16.000-record travel survey for Palm Beach County, Florida, was analyzed. Six communities were culled 
from the larger data base, and household travel data were then tested for statistically significant differences 
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in trip frequency. mode choice. nip chaining, nip length. and overall vehicular travel. 

Households in a sprawling suburb generate almost two-thirds more vehicle hours of travel per person than 
comparable households in a traditional city. While travel differences are significant, they are smaller than 
one might expect given the more than ten-fold difference in accessibility among the communities. Sprawl 
dwellers compensate for poor accessibility by lillking trips of household members in multipurpose tours. 

Implications for land plamiing are more complex than simply pedestrianizing the suburbs. Communities 
should internalize as many facilities and services as possible. This is true even where the automobile reigns 
supreme. Land uses should be arranged to facilitate efficient auto trips and tours. The more sprawling 
the area, the more important this becomes. By concentrating activities in centers and corridors, linked 
accessibility to activities can be maintained even as direct accessibility falls off. 

Quanriftcarion: Yes 

Area Types: Urban, Suburban 

35. Ewing. Reid. TDM. Growrh Management, and rhe Orher Four Our of Five Trips, Paper before the Transportation 
Research Board Conference. January 10-14, 1993. 

Summary: In an analysis of TDM potential in Florida. author concludes TDM would address only 1-2 5t of area widt 
vehicle trips, and cover only I/5 of vehicle trips. Author concludes TDM needs 10 address non-work trips 
and small work sites as well as residential and shopping trip TDM, and even freight and goods movemem. 

Quanrijicarion: Trip volumes and purpose in Florida. no mode share or emissions data 

Area Types: Urban. Suburban 

36. Ewing. Reid. "Financing New Communities", Urban Land. pp. 10-15, August 1990. 

Summary: Surveys 52 new communities. and conducts more in-depth analysis of five (including Valencia. California) 
to determine factors that make for financial success for developers. Five key strategies for financial 
success arc identified: 

a. Shifting costs to special districts 
b. Developing incrementally 
c. Creating "phenomenal value" with amenities 
d. Participating in builder profits 

Quanrijicarion: None of traffic/emissions data 

Area Types: Suburban, Exurban 

37. Ewing, Reid, "The Evolution of New Community PIIDDing Concepts". Urban Land, pp. 13-17, June 1990. 

Summary: Begins with a brief historical overview of the guiding plamiing concepts behind new town development 
from the 1920's to the present. Final section contains a brief presentation of site plamiing issues. Seven 
new communities now in the "late plamiing/early development stages" arc then characterized by the mix 
of design concepts incorporated. New communities examined include three Southern California projects: 
Ahmanson Ranch, Otay Ranch, and Rancho Santa Margarita. 

Quanrification: None of traffic/emissions data 

Area Types: Suburban. Exurban 
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38. Ewing, Reid, "What Makes a New Community Tick?", Urban Land, pp. 2-6, April I 990. 

Summary: Outlines factors that make for a successful new town or quasi-independent master-planned community. Key 
requisites are patient and plentiful stan-up capital (i.e. a stable master developer), securing a major 
employer, and high population growth in adjacent metropolitan area. 

Quanrification: None of traffic/emissions data 

Area Types: Suburban, Exurban 

39. Federal Transit Administration, Private Sector Briefs, Travel Demand Management, University of Washington U-Pass 
Program, Seattle, WA., January 1993. 

Summary: Case study of successful campus TSM program combining transit pass incentives, preferential carpool 
parking, vanpools, shuttles, bicycle facilities, parking price bikes and guaranteed ride home. Vehicle trips 
in !be morning peak are down 1S percem. according to lhe evaluation. 

Quantification: Mode share change, reduction in vehicle trips, increase in ridesbaring and decline in solo driving 
all tracked; VMT and emissions data not reponed. 

Area Types: Urban 

40. Fink, Marc, "Toward A Sunbelt Urban Design Manifesto", Journal of the American Planning Association. Vol. 59. 
No. 3, Summer 1993, American Planning Association, Chicago, IL. 

Summary: Cities in !be sunbelt, wilh lheir own distinct development patterns, are !be most rapidly growing urban 
centers in lhe country. Government programs and American life-style preferences spurred !be growth of 
lhese cities, which are characterize by low density. open landscapes, spread out land uses, and automobile 
dependency. Traditional models of urban form do not work for !be sunbelt. The urban village concept 
develop by the City of Phoenix offers a new model, which practitioners are using to mitigate !be urban 
problems in !be sunbelt. 

Quantification: None 

Area Types: Suburban, Urban 

41. Fletcher, "Master Planned Communities", Builder, June I 987. 

Summar:,,·: Uses !be broadest possible definition of "Planned Community", i.e., a Planned Unit Development, which 
it characterizes as clustering of development and offering shared, semi-public amenities. Emphasizes th~ 
imponance of matching amenities to markets. 

Quanrification: None of traffic/emissions data 

Area Types: Suburban, Exurban 

42. Frank, Lawrence D. Ph.D., The Impacts of Mixed Use and Density on The Utiliwtion of Three Modes of Travel: 111e 
Single Occupan1 Vehicle, Transit, and Walking, Transponation Research Board, 73rd Annual 
Meeting, January 9-13, 1994, Washington, D.C. 

Summar:,,·: Presented in this paper are findings from an empirical analysis to test the impacts of land-use mix, 
population density. and employment density on !be use of the single occupant vehicle (SOV), transit. and 
walking for both work trips and shopping trips. The hypothetical relationships tested focused on whether 
there is a relationship between urban form factors. Whether this relationship exists when controlling for 
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non-urban form and modal choice and urban form when they are measured at both trips ends as opposed 
10 either the origin or destination. A review of literalUTe and experiences suggested that a fair amount of 
information is known about the impacts of density on mode choice. However, considerable debate exists 
over whether density itself is actually the causal stimulus or a surrogate for other factors. To address this 
issue, a database was developed with a comprehensive set of variables for which density may be a proxy. 
e.g., demographics and level of service. This aualysis employed a correlational research design in which 
modal choice was compared among census traets with differing levels of density and mix. Findings from 
this research indicate that density and mix are both related with mode choice, even when controlling for 
DOD-urban form factors for both work trips and shopping trips. Funhermore the relationship between 
population and employment density and mode choice for SOV, IJ'allSit, and walking is DOD-linear for both 
work and shopping trips. Transit usage and walking increase as density and land-use mix increase. whik 
SOV usage declines. Findings from this research suggests that measuring urban form at both trip ends 
provides a greater ability 10 predict travel choices than looking at trip ends separately. Findings also 
suggest that increasing the level of land-use mix at the trip origins and destinations is also related with a 
reduction in SOV travel and an increase in transit walking. 

Quantification: Yes 

Are(l Types: Urban. Suburban 

43. Frederick. Stephanie J. (Transportation Management Services) and Kenyon. Kay L. (City of Bellevue. Washingt0n). 
The Difficulry with Easy Ride: Obstacles to Voluntary Ridesharing in the Suburbs, Paper before 
the TRB Annual Meeting, January 1991. 

Summary·: Effectiveness of parking pricing in suburban employment se11ing demonstrated by City Hall program; tight 
supply of parking at one company maybe belps ridesharing rate. 

Quantifican·on: Mode share rates documented. but no trip reduction. VMT or emission data 

Area Types: Suburban 

44. Friedman. Bruce, Stephen P. Gordon. John B. Peers. The Efjecrs of Neo-Traditional Neighborhood Design 011 Trawl 
Characteristics, Fehr & Peers Associates Inc., Lafaye11e, California, July 10. 1992. 

Summary·: This paper presents empirical evaluation of the potential effects of "Neo-Traditional Neighborhood Design· 
(NTND) community design on household trip rates relative to what one could expect when compared to 
travel characteristics of standard suburban planned unit developments. The aualysis uses data from a 1981 
regional travel survey of the San Francisco Bay Area households, and compares household travel 
characteristics of older "Traditional-design" communities to those in the newer suburban tract communities 
exhibiting dramatically higher drive alone rate, whereas households in traditional communities exhibited 
significantly higher use of alternative travel modes. 

When considering the results of this paper for NTND designs. these findings must be modified somewhat. 
as not all mode choice facwrs that exist in older Traditional-design communities would be duplicated in 
a modern NTND. Actual travel pa11erns will depend on community location, demographic mix. specific 
design, and available travel alternatives. Thus the differences identified here should be interpreted as the 
maximum level of shift in the travel mode choice one could expect. Depending on the project location and 
specific design fealUTCs, srudy findings indicate that on average, the daily trip generation for neo-traditional 
households would be 20 \t less than for households in Standard Suburban areas, and daily ·aut0 trip 
generation rates would be 24 \t less. The availability of these estimates could be valuable to plam1ers. 
engineers, and public officials in determining the role of these projects in meeting regional public goals. 

Note: 
Effects of income, household size. and vehicle ownership not explicitly considered. 
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Quantification: Trips and mode shares 

Area Types: Urban, Suburban 

45. Fulton, William, "Winning Over the Srreet People", Planning, Vol. 57, No. 5, pp. 8-11, May 1991. 

Summary: Peter Calthorpe, Andres Duany, et al, versus the traffic engineering establishment. References theoretical 
modeling srudies by Walter Kulasb, and repons that traditional neighborhood grid pattern streets with 
integrated nonresidential uses can reduce overall travel by 12 percent, even allowing for no reduction in 
the generation of vehicle trips. 

Quantification: None of traffic/emissions data 

Area Types: Suburban 

46. Gantvoot, J.Tb., "Effects Upon Mode Choice of a Parking Restraint Measure". Traffic Engineering and Comrol. #25. 
1984. 

Summary: Srudy of before and after effects of closing a parking lot in the Hauge (The Netherlands). A sarupk of lot 
users was tracked before and after closing. 

Qualification: Mode shares 

Area Types: Urban 

47. Garreau. Joel. Edge Ciry, Nf!lt' York and Elsf!lt·here. Doubleday. I 991. 

Summary: Popular exposition of large-mixed use suburban districts. 

Quantification: Some data in passing 

Area Types: Suburban 

48. Gilben, Gorman and Javiv S. Dajani, "Energy, Urban Form & Transportation Policy", Tran.sponan·on Research. Vol. 
8, pp. 267-276, 1974. 

Summary: This review of other works examines the following experimental and empirical analyses which consider 
land use patterns as a variable and estimate resulting travel demands give some indication of which spatial 
patterns would reduce travel demands. Major findings of srudies reviewed include: 

Theoretical (Modeling) Srudies: 
- Puonan: Develops models that integrate land use and transportation analysis but are not intended to 
minimize travel requirements. 

- Hemmens: Heavy concentrations in the center of jobs and residences results in higher aggregate travel 
times. Transportation planning and land use planning may not be interdependent. 

- Jamieson, MacKay, & Latchford: Linear forms lead to lower capital costs and average travel times. 
Aggregate demand was not reponed. 

- Vorhees: Puget Sound Regional Transportation Srudy: Farbey & Murchland: There is little difference 
in transportation demand patterns for alternative land use patterns. 

- Schneider & Beck: A computer procedure was developed to search for better land use forms. using a 
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gravity model for evaluation. The best form had a maximum balance ofjobs and housing at the least cemral 
node, a minimum of activity elsewhere, and the rest of the activity in the second least cemral node. 

Srudies Based on Actual Travel Behavior 
- Wall & Ayers: The effect on gas consumption of price, commuter umsponatioo efficiency, density. 
area, interSpCrsioo, and urban freeway availability were tested. For a sample of 37 U.S. cities, work trips 
by rransit explains 61 % of the variation in gas consumption per capita; freeway availability is the only other 
significant variable. 

- Markovitz: Trip generation rates for clustered and non-clustered non-residential and residential land uses 
were determined for the New York region. For residential, clustering reduced the number of trips hy 
45 % ; for non-residential, clUSleriog reduced the number of trips by 65 % . 

- Lansing, et al: Travel demand (trips/family/day) are not appreciably altered by planning; there was more 
variation within than between the communities investigated. 

- Weiss, Burby, & Zehner: Annual household vehicle miles increased less in new towns (Columbia. 
Reston) than in control communities - 17 % versus 37 % . 

Overall, the studies produce an unclear and somewhat comradictory picture of the urban fom1 impact on 
travel demands, because they use different assumptions and methodologies. and because th~ many 
dimensions 10 "urban form· are not used consistently. 

- Nevenheless, these srudies suggest that: 
a. clustering results in fewer trips 
b. clusters should om be in central locations 
c. a linear fonn - or some other pauern that differs from concemric - may be most efficiem in tem1s 

of minimizing travel 
d. city size affects demand 
e. a sprawling pattern is not the most efficiem 

Quontifican·on: Extensive 

Area Types: Urban, Suburban (city-scale and larger) 

49. Golob, J., Parking Pen11its and Price Changes (unpublished srudy/personal communication). University of California. 
Irvine. 1988. 

Summory: Srudy examines the effects of increase in the cost of parking permits at the University of California. Irvin~. 
There was a 78 percem increase in the price of a parking permit between the 1984/85 academic year and 
the 1986/87 academic year. 

Quantifican·on: Number of permits issued 

Area Types: Urban 

50. Goodwin, P.B., "Variations in Travel Between Individuals Living in Areas of Different Population Density". Pliinning 
and Transpon Research and Compuzan·on, July 1975. 

Summory: The effect of population density on travel patterns is examined using data from the (British) National Travel 
Survey 1972-3. Comparisons are made between travel analysis zones. The basic unit of travel used was 
lhe "stage", i.e. a journey or part of a journey made by a single mode without interchange. Relationships 
were tested graphical I y. 



Key findings: 
- As population density increases, the total number of stages per person remains constant, the average stage 
distance is less, travel is slower, and the use of private iranspon decreases. 

- The average time taken per stage for each mode separately and in total is approximately constant, as is 
the total amount of time spent on all travel per person. 

Comments: 
- The data refer do not refer to travel in areas of a particular density, but to travel by individuals who live 
in areas of a particular densiry. 

- The relationships are presented graphically, but are not tested statistically. 

Quantification: Extensive 

Area Types: Urban, Suburban (city-scale and larger) 

51. Gross, W.P .. P. W. Giglio. et. al., Amherst, Massachusetts Fare Free Bus and Demonstration Project: Final Evaluation 
Plan, For the U.S. Department ofTransponation, UMTA. 1978. 

Summary: Parking fees were increased from $5.00 to $55.00 per year in the campus core, to $21 near the center and 
not increased for peripheral lots. Assigned spaces in the core and edge lots were decreased and the number 
of peripheral spaces increased. Campus shuttle was expanded. 79% of survey respondents still choose lots 
based on convenience rather than price, though students were more price sensitive. 

Quantification: None 

Area Types: Suburban 

52. Gruen + Gruen Associates, New Town Communities: Directions for the J990's, A White Paper, October 1990. 

Summary: Argues that New Towns are the appropriate development strategy for the l 990's panicularly in Califomia, 
where all urban growth must pay its own way: the case is made that in post-Proposition 13/growtb-control 
California, developers are better off developing on cbeap, marginal range land, away from current 
population centers. Master planning, flexible mixed-use site design, and "patient" capital are identified as 
imponant requisites of successful new town planning in the I 990's. 

Quantification: None of traffic/etnissions data 

Area Types: Exurban 

53. Handy, Susan, How Land Use Panems Affect Travel Patterns, A Bibliography, Council of Planning Librarians 
Bibliography 279, Chicago, Illinois, Council of Planning Librarians, 1992. 

Summary: An excellent recent survey of the literature, with cogent reviews of both theoretical (e.g. modeling) and 
empirical studies of land use, urban form and travel behavior. Served as the basis for many detailed 
summaries in this bibliography. 

Quantification: Extensive 

Area Types: Urban, Suburban (city-scale and larger) 

54. Hanson, S. and M. Scbwab, • Accessibility and Intraurban Travel, Graduate School of Geography,· Environment and 
Planning A, 1987, Volume 19 pp 735-748. 
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Summary: This paper contains an examina1ion of lhe fundamemal assumption underlying lhe use of accessibility 
indicamrs: chat an individual's travel behavior is rela1ed to bis or her location vis-a-vis the dis1ribution of 
potential activity sites. First, the conceptual and measurement issues surrounding accessibility and its 
relationship to travel are reviewed; then, an access measure for individuals is formulated. Using data from 
lhe Uppsala (Sweden) Household Travel Survey and controlling for sex, aummobile availability, and 
employmem status, the authors explore the relationship between both home and work-based accessibility 
and five aspects of an individuals travel: mode use, trip frequencies and Jl'lvel distances for discretionary 
purposes, trip complexity, travel in conjunction with lhe journey to work, and size of lhe active space. 
From lhe results it can be seen that although all of lhese travel characteristics are related to accessibili1y 
IO some degree, lhe travel-accessibility relationship is not as strong as deductive formulation have implied. 
High accessibility levels are associated with higher proportions or travel by non-motorized means, 
lower levels of automobile use, reduced travel distances for certain discretionary trip purposes, and 
smaller individual activity spaces. Funhermore, lhe density of activity sites around the workplace affects 
lhe distance travelled by employed people for discretionary purposes. Overall, accessibility level bas a 
greater impac1 on mode use and travel distance lhan i1 does on discretionary trip frequency. This resul1 
was unexpected in light of the strong relationships between trip generation (frequency) and accessibili1y 
posited frequently in lhe literature. 

Quantification: Swedish data on trips. VMT and mode share 

Area Types: Metropolitan (Urban and Suburban combined) 

55. Higgins. Thomas. J .. Flexible Parking Requirements, An Urban Consonium Information Bulletin. Public Technology, 
Inc.. Wasbing1on DC, I982. 

Summary: Da1ed but informa1ive review of policy 10 reduce minimum parking requiremems in return for developer 
contributions to in-lieu funds or demand managemem actions. Suggests policy bas bad mixed effec1 and 
presems many implementation difficulties. Case reviews include Calgary. Sacramemo. Davis. Culver Cily. 
Escondito. Momgomery Coumy. Phoenix. Palo Alto. Bellevue, Ponland. and Seaule. 

Quantification: Effec1iveness reponed in 1errus of overall mode share results; no trip, VMT or emissions data. 

Area Types: Urban. Suburban 

56. Higgins. Thomas J.• "Parking Requirements for Transit-Oriemed Developments". Transponation Research Record. 

Summary: Local transponation and land use planners are attempting increasingly 10 develop parking requiremems (bolh 
minimum and maximum requirements) to encourage transit use and avoid excess parking supply. Planners 
are focusing panicular auemion on transit-oriented developments in proximity to transit where tight parking 
supply. good pedestrian access to transit, and dense development are aimed at increasing transit use. This 
paper presents a melhod for selling parking requirements for office, commercial, and industrial 
developments in proximity 10 transit stations and stops. The melhod presented relies on annual employee 
transponation surveys of lhe kind typically required under trip-reduction ordinances. These ordinances are 
now present, or soon will be, in .many urban areas and are lhe result of air quality regulations. traffic 
management regulations, or bolh. The method of deriving parking requirements is demonstraied using 
employee survey data from the city of San Diego. The method derives a range of estimates for parking 
demand in proximity to transit stops on the basis of high and low use of transit and other alternatives to 
solo driving. as revealed in the employee survey data. The author draws implications for maximum and 
minimum parking requirements in San Diego and suggests general cautions in applying the method and arc:as 
for funher research 10 improve results from the melhod. 

Quantification: Yes 

Area Types: Urban. Suburban 

Page 8-42 



57. Holtzclaw, John, Explaining Urban Density and Transit Impacts on Auto Use, Presented by the National Resources 
Defense Cowicil and the Sierra Club to the State of California Energy Resources Conservation and 
Development Canmission, April 19, 1990. 

Summary: An empirical study of a aoss section of Bay Area communities explores the eXlent to which higher 
residential density plus neighbahood businesses plus improved transit services result in higher convenience 
and mobility which result in a reductioo in driving, which results in savings in fuel, pollutant emissions, 
and auto ownership costs. 

A survey of selected neighbomoods of the Bay Area was undertaken for 1988 (NE San Francisco, San 
Francisco as a whole, Rockridge in Oakland, Walnut Creek, and Danville-San Ramon). Data sources 
included U.S. Census, ABAG, MTC, and various stale agencies; VMT data was derived from the Califcrnia 
Bureau of Automotive Repair. 

Key finding: a doubling of the population er residential density reduces annual auto mileage per household 
and per capita by 25-30%. Thus, if the population of an area is doubled by infill, VMT will increase by 
only 40-SOo/o, rather than lOOo/o al existing densities or 167-186% for half the density. 

This analysis does not anempt to separate the effect of density from the effect of neighbahood services and 
transit services in its conclusions. A community Iha! is twice as dense as another and has these other 
characteristics that the other does not will have less automobile travel; without these characteristics, the 
effect on auto travel would likely be diminished. Also income, household size, and auto ownership are not 
controlled for, though comparative values for these variables is presented. 

Quantification: Extensive 

Area Types: Urban, Suburban (city-scale and larger) 

58. Holtzclaw, John, Using Residential Patterns and Transit to Decrease Auto Dependence and Costs, National Resources 
Defense Council, June 1994. 

Summary: Toe paper presents an auempl to assess automobile usage and personal transportation costs based on the 
effects of four "neighborhood descriptors": residential density, transit accessibility, neighborhood shopping, 
and pedestrian accessibility. Toe best statistical correlations are based only on the density and transit 
accessibility variables. The author proposes an approach, based on these finds, for determining an average 
annual transponation cost savings for a panicular house er neighborhood thal could be applied to mongage 
qualification calculations. 

Quantij1cation: VMT, personal transponation costs 

Area Types: Urban, Suburban 

59. lnstitutiooal and Municipal Parking Congress, "Parking May Be A Problem." TM Parking Professional, October 1992. 

Summary: Anicle suggests Mall of America, a giant new shopping mall in Minneapolis, has far less parking on-site 
than needed and has had to resort to park and ride shuttles and leased parking in outlying lots. Parking 
supply is 4.5 spaces per 1,000 square feet of leasable area. 

Quantiju:ation: Parking demand and supply only 

Area Types: Suburban fringe of urban area 

60. Jackson, Kenneth T., Crabgrass Frontier, 1987. 
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Summary: A modem classic on the history of suburbia 

Quanrijicarion: None of trips, VMT, or emissions 

Area Types: Suburban 

61. JHK & Associates, Evaluation of the Impacts of Small-Area Land Use Design on Travel and Air Qualiry, March 2, 
1994. 

Summary: Description of development and use of a modeling methodology to analyze land use strategies at three 
suburban sites in San Bernardino County. The areas were between 140 and 765 acres with varying 
amounts of development and redevelopment potential. Relatively minor increases in density and mixed use 
are found to have very minor trip and VM:r impacts (from one to five percent) because of the rather small 
increment of new development (insufficient for a critical mass of pedestrian-oriented uses) and the fact that 
interspersed parking at the sites made auto access easier than walking. Moreover, the lack of transit access 
to the sites results in the trips with origin and destinations outside the study area being made almost 
exclusively by auto, and no incentives for carpooling were assumed. 

Quantification: Trips and VMT for seven scenarios at three sites. 

Area Types: Suburban 

62. JHK & Associates, Analysis of Indirect Source Trip Activiry at Regional Shopping Centers, Prepared for the California 
Air Resources Board, ARB Contract #Al32-094, 1993. 

Summary: This research project was undertaken to provide a better undemanding of the travel characteristics for 
regional shopping centers. one category of indirect sources, and to develop a methodology for evaluating 
travel reductions measures at regional shopping centers. To attain the study objectives, a number of iasks 
were identified, including a review of the literature related 10 shopping centers and travel reduction 
measures, the development of a database of shopper survey responses, the application of the analytical 
methodology 10 five regional shopping centers that served as case study sites. and the identification of 
recommended areas for future research. 

Two significant research findings emerge from the data collected for this study and from the application 
of the methodology to the five case study sites. 

a. For the case study sites, the estimated impact of the individual travel reduction measures ranges from 
0.1 percent 10 6.2 percent. This does not include the measure parking pricing, which, if implemented only 
at regional shopping centers, may have a negative impact economic impact as a result of crave! shifting 10 

other locations. In combination, packages of travel reduction measures might reduce trips by five to seven 
percent. 

b. Variation in travel mode is best explained by the level and regional coverage of public transit service 
and the density and proximity of the surrounding land uses. Differences in the demographic trip 
characteristics of travelers 10 each of the case study sites do not appear to explain the variation in travel 
mode. 

The results from this research project provides guidance to local air districts in the evaluation of travel 
reduction measures at regional shopping centers, and provide a significant addition to the research and 

. literarure on travel 10 regional shopping centers and indirect sources. 

Quanrijicarion: Yes 

Area Types: Urban. Suburban 
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63. JHK and Associates, Development-Relared Ridership Survey II, prepared for the Washington Metropolitan Area Transit 
Authority, December 1989. 

Summary: This srudy is a follow-up to the 1987 srudy, Development-Related Ridership Survey. The purpose of this 
srudy was to srudy the travel behavior of persons travelling to and from residential and commercial 
developments around Metrorail stations. In this survey, 38 buildings sites were surveyed, 13 of which were 
repeated from the first srudy. 

Quantification: Mode shares, travel times, site characteristics, rrip generation 

Area Types: Urban, Suburban 

64. JHK & Associates. and Kevin G. Hooper, Travel Characteristics aJ Large-Scale Suburban Activity Cenrers, National 
Cooperative Highway Research Program Repon 323, Transponation Research Board, Washington, DC. 
October 1989. 

Summary: This srudy is based on a large-scale survey of six large-scale suburban activity centers (SACs), conta1rung 
office. retail, hotel, and residencial activity. Three centers (Bellevue; Southcoast Metro; Southdale) were 
"small", with relatively equal amouncs of office and retail. Three cencers (Parkway; Perimeter; Tysons 
Comer) were "large" with 2.5 to 6.5 times as much office as retail. Surveys included: person and vehicle 
counts; workplace travel surveys (to 38,000 employees); intercept surveys at retail and hotel sites; daily 
trip diaries from residencs. The srudy was explicitly exploratory, aimed at establishing basic information 
about travel behavior at SACs. It does not include any statistical testing of the differences between SACs 
or of the relationship becween the physical characteristics of the SACs and their travel characteristics. 

Key findings: 
- Trip generation rates tended to be lower than ITE estimates for all uses. For office, rates per square foot 
were lower than ITE rates, but rates per employee were higher, suggesting that employee densities are 
lower in SACs. 

- Auto modes represent the vast majority. even for internal trips. Bellevue, with good transit service and 
design for pedestrians. bad significantly higher shares of transit (7 'ii: versus I 'it) and midday walk trips 
(25 % versus 16 % ) than the other SACs. 

- A significant ponion of travel in the SACs was not between home and work. 

Quantification: Extensive 

Area Types: Urban, Suburban (city-scale and larger) 

65. JHK and Associates, Development-Related Ridership Survey, Final Repon, prepared for the Washington Metropolitan 
Area Transit Authority, March I 987. 

Summary: This ridership survey was conducted to srudy the travel behavior of persons travelling to and from 
residential and commercial developmencs around Metrorail stations. Relationships becween travel 
characteristics and the narure of development at each site were established. The srudy consisted of survey 
of persons eraveiling to and from office buildings, multi-family residential buildings, retail sites and hotels 
near Mecrorail stations. A sample of 34 building sites were survey. The results of the srudy document a 
number of significant implications of land use and transponacion planning in the Washingcon metropolitan 
area. 

Quantification: Mode shares, sice characteristics, trip generation 

Area Types: Urban. Suburban 
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66. Kelly, Barbara M., ed., Suburbia Re-examined, Contributions in Sociology, Number 78, Greenwood Press, 1989. 

Summary: Collection of essays on changing oarure of suburbia as uses and activity patterns duplicate more an more 
urban functions. 

Quantification: Nooe 

Area Types: Suburban 

67. Kelly, James with Task Manager, Kathleen Bradley, National Transponation Stan·sn·cs Annual Repon, 1989, August 
1989 DOT-TSC-RSPA-89-1. 

Summary: This repon is a summary of selected oatiooal a-ansponatioo statistics from a wide variety of government 
and private sources. Fearured in the report are cost, inventory, and performance data describing passenger 
and cargo operations of the following modes: air carrier, general aviation. automobile, bus, truck. local 
transit. rail, water, oil pipeline, ind oarural gas pipeline. The report illustrates basic descriptions of U.S. 
1ranspona1ioo, such as operating revenues and expenses, numbers of vehicles and employees, vehicle miles 
and passenger miles, etc. Transponatioo trends in performance, safety and motor vehicle sales, production, 
and costs are included from I 977-1978/ I 988. Supplementary sections also include transponatioo and the 
Economy and Energy in Traosponatioo which is divided into Energy Consumption. Energy lotensiveoess. 
Energy Transport, and Energy Supply and Demand. lo this addition the selected data cover the period 1955 
through 1987/1988 (subsequently updated through 1990). 

Quantification: VMT. trips, and mode share 

Area Types: Aggregate oatiooal level data 

68. Kenworthy, Jeff and Peter Newman, Automobile Dependance: The Irresistible Force?, lnstirute of Science and 
Technology Policy. Murdoch University. Commissioned and published by University of Technology, 
Sydney, Faculty of Design Architecrure and Building, August 1993. 

Summary: This paper examines the proposition by Charles Lave that the .automobile is "unstoppable" and an 
"irresistible force" and that transit has "lost the battle" in the U.S. and is losing it in Europe. It also 
examines l..ave's proposition that. despite this power of the automobile, car use in the U.S. will probably 
plateau because of saruratioo in car ownership, and therefore it may be possible to expand the U.S. 
highway network without new roads immediately filling up, as they have done until now. 

The paper presems J990-91 data on private and public transport for US, Australia. European and Asian 
cities. which has been collected as part of the updating process of the author's previous work "Cities and 
Automobile Dependance". In this book. which compares thiny-two internatiooal cities. automobile 
dependence was shown to be a combination of dominant transport patterns linked to iofrastrucrure that is 
provided mainly for the automobile, and low density, dispersed land use where little transport other than 
the automobile is feasible. This update (of previous work by the authors - see below) to 1990 is, attempting 
to see the extent 10 which these patterns are continuing or changing in different cities. 

The authors conclude that: 
- US cities have been accelerating in their automobile use between 1980 and 1990 compared 10 the previous 
decade. The increase alone between these years are equivalent 10 the total per capita use of cars in London 
and Paris and a number of smaller European cities in 1980. There appears 10 be no sign yet of any leveling 
off of car use in US cities while automobile dependant suburbs continue 10 be built in seemingly endless 
bands of development around their urban areas. 

- Authors such as Gordon and Richardson provide additiooal basis for Lave' s optimistic view of the 
automobile by suggesting that US cities are beginning 10 minimize the car use simply through a process 
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of self-adjusanent which brings to work and other destinations closer to the houses through dispersion. 
However, the data here show that this is probably wishful thinking and the suburbanization of work out 
of central areas in a totally dispersed way. is in fact increasing the car use through decimation of transit 
use. 

- US cities have all experienced similar increases in car use per capita between 1980 and 1990 regardless 
of overall differences in the urban srrucrure of the region (eg the New York region's increase was similar 
to that in Los Angeles). As a result, overall differences in per capita automobile use between US cities is 
diminishing as a automobile dependent urban forms become pre-eminent. 

- Outer areas appear to be dominating the uanspon patterns of US cities with unifonnly large and faster 
growing increases in car use than in central and inner areas. Most new development in the US appears to 
be strongly oriented around the automobile, resulting in car use which seems to be out of control. 

- Transit in US cities has obviously been unable to make much mark on the growing use of cars. However, 
since 1970 transit system in medium to large US cities have been slowly recovering their per capita use 
and service provision, after the very big declines of the 1960s. A number are now stronger than they were 
in 1960, so that the picrure of transit is not one of outright defeat as ponrayed by Lave. Even in Los 
Angeles. transit use is strongly linked to density, with use in some areas rising to quite high levels. An 
imponant limitation on the role of transit in the US, panicularly in Los Angeles, appears to be low overall 
levels of service that are provided even in higher density areas. 

Quannfican·on: Transit trips, VMT 

Area Types: Urban. Suburban (International) 

69. Kessler John and William Schroeer, Meeting Mobility and Air Quality Goals: Strategies that Work, February 10, 1993. 

Summary: Description of transportation service and pricing strategies and land use measures that can help reduce trips 
and VMT; no original data, though 1000 Friends results are quoted on Transit Oriented Developmem. and 
Shoup and Willson are quoted on Parking cash-outs (" 5% • nationwide reduction possible with cash out). 

Quanrificarion: None of land use strategies, other than a citation of findings from the 1000 Friends of Oregon 
LUTRAQ study. 

Area T_}pes: Urban, Suburban 

70. Kitamura, Ryuichi. Patricia Molcbtarian and Laura l..aidet. A Micro-Analysis of Land Use and Tra11el in Fi11e 
Neighborhoods in the San Francisco Bay Area, November 1994. 

Summary: Analysis was perfonned to detennine the effect of specific land-use and attitudinal characteristics on travel 
behavior in five diverse San Francisco Bay Area neighborhoods. The land-use factors found to be 
significantly correlated with trip generation and mode share were residential density, public transit 
accessibility, mixed land use, and the presence of sidewalks. The attitudinal variables were assessed with 
a survey and analyzed in eight factors (environment, transit, automobile mobility, etc.). These factors were 
found to have a more significant association, which the authors suggest means that "land use policies 
promoting higher densities and mixtures may not alter travel demand materially unless residents' attitudes 
are also changed.· 

Quanrificarion: Trip generation, mode share 

Area Types: Urban, Suburban 

71. Kittelson, Wayne K. and Keith T. Lawton, "Evaluation of Shopping Center Trip Types•, !TE Journal 57(2): 
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pp 35-29, February 1987. 

Summary: The purpose of the anicle was 10 describe the results of recent field s111dies aimed at identifying the net 
traffic impact of commercial establishments on the surrounding street systems. A major regional center near 
Washington D.C. and two sites in Ponland were s111died and lead 10 several conclusions. 

- Commercial developments containing between 100,000 and 200,000 gross square feet of area typically 
generate relatively few new vehicle trips; 

- Commercial centers located on a major anerials are likely 10 draw a significant percentage of their total 
customers from the passing traffic stream; and 

- The net traffic impacts of commercial activities quickly dissipates as the distance from the commercial 
activity is increased. 

- Commercial developments of 100,000 10 200,000 square feel gross floor area experience significantly 
higher percentage of drop-ins than typically assumed. The location of the center affects the drop-in rate. 
the image of the center, the type of goods sold and name recognition of the center. (Drop-ins already exist 
on the roadways that provide primary access 10 the new center. They are the same as undivened link trips.) 

- Very few commercial centers driveway trips are new 10 the surrounding street system. 

- Twenty-five percent of trips are drop-in, fony percent divened and tbiny-five percent are new shop trips. 

- The distribution of trips throughout the day is heavier in the PM and evening. 

Quantification: Yes 

Area T_vpes: Urban 

72. Knack. Ruth, "Tony Nelessen's Do-il-YourselfNeo-Tradi1ionalism", Planning Vol. 57, No. 12, pp. 18-22, December 
1991. 

Summary: Reviews the work of Rutgers University urban designer Anton Nelessen. whose "visual preference surveys· 
suggests that there is considerable popular (and hence. potential market) suppon for higher-densities and 
mixed-use. 

Quantification: None of traffic/emissions data 

Area Types: Suburban 

73. Komanoff Energy Associates, Transponation Alternatives and Konbeim and Ke1cbman, The Environmental Benefits of 
Bicycling and Walking in the United States, Paper No. 930234 presented at the 72nd Annual 
Meeting of the Transpona1ion Research Board, Washington, D.C., January 1993. 

Summary: In this paper the fuel and emissions savings resulting from current levels of walking and bicycling are 
estimated. Based on 'high· estimates of miles traveled by bicycling and walking. these combined modes 
displace 1.2 %and 2.4 % of passenger vehicle emissions of CO, NOx and voe. additionally, bicycling and 
walking displace as much as I. 6% of passenger CO2 emissions. Key findings include: 

- Developed high/low projections for bicycling and walking in the U.S. 

- Estimates that 26 to 32 % of walk miles displace auto miles. and 38 10 56 % of bicycling miles displace 
auto miles. The remainder of walk and bicycling trips would have been by carpool, transit or not at all. 
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- By the year 2000, cycling increases by a factor of 3(1ow estimate) or by a factor of 5 (high estimate). 
while walking increases by a factor of 1.5 (low estimate ) or by a factor of 2.5 (high estimate). 

The following table was presented in the repon; 

Environmental Benents of Bicycllni and Walldni, 1!>90-1991 

Bicycling-
High Estimate 

Bicycling-
Low Estimate 

Walking-
High Estimate 

Walking-
Low Estimate 

Bicycling/Walking 
Miles Traveled 
(millions) 21,300 5,800 44,100 26,300 

Passenger Vehicle 
Miles Displaced 12. 000 2.200 16,100 5.400 

Vehicle Miles 
Displaced by 
Bike/Walk Mile .56 .38 .37 .26 

The last row of the table can be interpreted as a "VMT" elasticity": every bike/walk mile encouraged by 
TDM strategies would result in this number of vehicle miles "displaced" or reduced. 

Quantification: Theoretical analysis of VMT emissions reductions due 10 biking/walking. 

Area Types: National level estimates 

74. Kuab. Geok K .. "Estimating Demand for Mixed Use Developments", The Parking Professional, IMPC, September 1991. 

Summary: Provides methodology for calculating parking demand in shared use. mixed developments, as well as 
allowances for reduced demand due 10 TSM. 

Quantification: Provides mode share for an example area (City of Alexandria) and parking demand assuming shared 
use and a modestly effective TSM program; no trip, VMT or emissions data. 

Area T_vpes: Urban 

75. Kulash. Damian. Parking Taxes as Roadway Prices: A Case Stw:Jy of the San Francisco Experience, Urban Instirute, 
Paper 1212-9, March 1974. 

Summary: In October 1970, San Francisco imposed a 25 percent parking tax, the largest jump in parking taxes and 
prices experienced 10 that time in the United States. It stayed in effect for 21 months before being lowered 
to IO percent. This srudy examined the effect of the tax on parking demand and industry revenues. 

Quantification: Parking Demand 

Area T_vpes: Urban 

76. Kulasb, Walter, Traditional Neighborhood Development: Will the Traffic Work? Real Estate Research Corporation. 
1990. 

SummiJry: A modeling srudy comparing a gridded neighborhood with one served by a conventional hierarchical 
suburban street network. The srudy kept trip generation between The grid network reduces VMT by 
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approxima1ely 43 percem within the communi1y. 

Quanrijicarion: VMT at the neigbborbood/communi1y level 

Area Types: Suburban 

77. Lader and Bayly Consulling Group, R.J. Nairn & Panners Pty Ltd, Sustainable Solulions Pty Ltd, PPK ConsultanlS P1y 
Ltd. Greenhouse Neighborhood Project, The Low Energy Suburb, Summary Repon, prepared for 
the Victorian Government's Depamnent of Planning and Developmen1 Environmental Protection Authority 
and Energy Victoria, Australia, July 1993. 

SumfTI/Jry: Based on modelling of alternative developmen1 patterns in the Melbourne Australia me1ropolitan region, 
this study found that substantial savings in energy requiremenlS and greenhouse gas emissions could be 
achieved through changes in urban fonn. By comparison with conventional development practices, emission 
reductions of up to 42 % were achieved by optimizing land use and transpon-related factors to reduce car 
travel, and by optimizing dwelling siting and design to reduce beating and cooling-related emissions. 
Greater savings were possible from land use and transpon-related changes than dwelling-related changes. 
For transpon, car-related savings of up to 57 % were achieved, with the two key factors being increased 
residential densities. and an increased proponion of local employmem. retail and related land use providing 
higher levels of self- containmem for daily activities. 

Quanrijicarion: Trips. VHT and emissions 

Area Types: Suburban 

78. Lansing. John B .. Roben W. Marans. and Roben B. Zehner. Planned Residential Environments, Ann Arbor Institute 
for Social Research, Universi1y of Michigan. 1970. 

Summary: This study teslS the level of planning at suburban communities and their loca1ion relative 10 the cemral city 
affect the 1ravel behavior of residenlS. using a survey to compare differem planned residemial environments 
in tenns of the travel behavior of its residems. 

Ten communities were surveyed, two in each of the following groups: suburban highly planned (Columbia. 
Reston); suburban moderately planned {Crofton. Monrpelier); suburban less planned (Norbeck, Southfield); 
inner city highly planned (Lafayette-Elmwood, SW Washington): and NY suburbs - older, planned 
(Radburn); and DOI-planned (Glen Rock). 

Key findings: 
- Residems in the suburban comm uni lies are more like) y to have two or more cars, but miles per car per 
year does not vary as much, and does not exhibit a clear pattern. The percem transit is lower in the 
suburban communities. 

- All communilies have longer commutes than the national average, though inner city communities have 
shorter commutes than the others. Planned suburban communities have the longest commutes, despite the 
fact that they were originally planned to be "self-contained.• 

- The number of vehicle trips per family is lowest in the inner city communities. bu1 does DOI seem 10 be 
a funclion of planning. 

In her review of this work, Susan Handy notes that the analysis does 001 show the statistical significance 
of the apparent correlations, presenting only standard deviations of variables. 

Quanrificarion: Extensive 
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Area Types: Urban, Suburban (city-scale and larger) 

79. Lawley Publications, "Census Summary" and "Some Statistics Related to Auto Travel", lhe Urban Transponation 
Monitor, May 29, 1992. 

Summary: Summary of 1980 versus 1990 census travel data showing Virginia and Maryland trends in solo. carpool 
and transit rates. General finding is that the solo drive rate is up, carpool and transit share is down. Mean 
travel time also is up slightly. Another anicle in the same issue shows gasoline prices as U.S. average by 
year from 1970 through 1991, and monlhly variation from 1989 to I 992. VMT growth also displayed 
graphically from 1970 10 1991. Data suggests that stable (effectively falling) gasoline prices may be a major 
determinant of auto use. 

Quantification: Mode share rates and trends, gasoline prices, mean travel time and VMT trends, but no emission 
data. 

Area Types: All 

80. Lea, Elliott, McGean & Company with Cambridge Systematics, Inc., Howard, Needles, Tammen & Bergendoff, Urban 
Systems Consultants, Dallas Parkway Center LiJnd Use and Transponarion Study - Final Repon, 
June 1985. 

Summary: Discusses land use i.mplementa1ion precepts including mixed use, high densi1y residen1ial and overall 
compatibility with adjacent land uses, all applicable to study area in Dallas. Various land use transportalion 
scenarios are analyzed as to !rip productions and attractions, with resultant 1raffic flows modeled using 
TMODEL. Conclusions are given abou1 how much development can be supponed with land use guidelines. 
roadway improvements. expanded 1ransi1 and TSM ac1ions. 

Quantification: No explicit projections or existing data presented on VMT. trips. mode share or emissions. though 
model makes in1plici1 assumptions abou1 1rip generation and mode share. 

Area Types: Suburban 

81. Levinson, Herbert S., Charles 0. Pra1t, "Estimating Downtown Parking Demands: A Land Use Approach," 
Transponation Research Record, No. 957, 1984. 

Summary: Discusses a procedure for estimating and allocating downtown parking demand based on land use and 
employment data. Procedure is applied 10 downtown New Haven. 

Quantification: No data given for trips, VMT or emissions, though cautions given about applying the method where 
transit shares are higher or lower than in the sample city. 

Area Types: Urban 

82. Levinson, Herbert S. & F. Houston Wynn, "Effects of Density on Urban Transportation Requirements," Highway 
Research Record 2, pp. 38-64, 1963. 

Summary: A somewhat dau:d review: the analyses summarized are consistent with more recent work indicating !hat 
higher densities reduce uansponation demand. 

· More specifically, the review of several regression models shows that: 
- trip generation increases as density decreases, 
- daily VMT per capita increases as density decreases, 
- trip length (distance) increases as density or urban area size or population increases, 
- transit rides per capita increases as density increases 

Page 8-51 



Quantification: Extensive 

Area Types: Urban, Suburban (city-scale and larger) 

83. Levy, Lisa, The lmponance of Non-work Trips in the SC1G Region, March 1993 

Summary: Extensive analysis of National Personal Transponation Survey SCAG Region 

Q11t1ntification: Trips, and mode share detailed for the SCAG region. 

Area Types: Urban, Suburban 

84. Livingston, Bruce Lee, Using Jobs/Housing Balance Indicators for Air Pollution Controls, for EPA Region 9, May 10, 
1989. 

Summary: Good conceptual overview ofjobs/housing balance issues, including what are appropriate indicators of J/H, 
methodological problems with the indicators, and recommendations for a method of applying J/H measures 
to developmem site approval. Paper also provides data for Contra Costa County showing the degree of 
imbalance across different income groups. An appendix summarizes alternative consumer choice models 
for predicting housing choice. Implementation mechanisms also reviewed (e.g. enforcemem, higher density 
zoning, density bonuses. inclusionary zoning, residential zoning and mixed use zoning). 

Quantification: Jobs/housing "imbalance" quantified for study site, but no mode, trip, VMT or emissions data. 

Area Types: Urban, Suburban 

85. Lorch. Brian J. and Mark J. Smith. "Pedestrian Movement and Downtown Enclosed Shopping Cemers, Jou ma/ of the 
American Planning Association, Vol. 59, No. 1 Wintc:r 1993. 

Summary: Downtown enclosed shopping cemers projects have been criticized for the limited extent to which the 
economic benefits of such schemes are transmiued 10 surrounding conventional shopping streets. This 
paper tests this assenion through a case study of a pedestrian movement of patrons of a dowmown mall 
in Thunder Bay Ontario. Analysis of route maps and records of purchasing activity of responden1s reveals 
a significam bias toward the indoor shopping environmen1. Outside pedes1rian movemen1 of mall pairons 
is also shown 10 be spalially patterned. 

Despite limi1ed spill over of mall patrons, business on conventional shopping streets remained healthy in 
the postman era, suggesting tha1 the indoor and outdoor shopping environments serve differen1 marke1 
segments. 

Quantification: None 

Area Types: Urban (Down1own Retail) 

86. Los Angeles County Metropolitan Transponation Authority, 1993 Congestion Management Program for Los Angeles 
County, Appendix G, November 1993. 

Summary: Tue Congestion Managemen1 Program (CMP) for L.A. County was developed in response to the sta1e 
mandate 10 create a plan 10 address urban congestion problems. Tue CMP represents an a11emp1 to 
improve planning by linking land use, transponation, and air quality decisions; developing a pannership 
10 devise appropriate solutions; and 10 propose viable, useful, and cost-effective projects. One clcwcn1 of 
the CMP requires local jurisdic1ions 10 demonstrate that they have implcmentc:d a set of 1ranspona1ion 
improvement strategics 10 offset the congestion - worsening effects of new development Appendix G is 
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a toolbox of strategies and "credit factors" that must equal or exceed the accumulated points allocated from 
new development. 

Quantification: Congestion mitigation credits 

Area Types: Urban, Suburban 

87. Loudon, William, Elsa Coleman, Jobn Suhrbier, Air Quality Offsets for Parking, Paper before the Transponation 
Research Board, January 1989. 

Summary: Air quality and emission trends for Portland, po1entlal effects of TSM, TCM measures for Portland. 
Discussion of short tenn parking and its role (under one hour) in CO production, especially cold start 
issues. Conclusion offered that short tenn parker is not problem, but those parking over one hour 
contribute 10 emissions. Thus, measures which free up long tenn parking for short tenn parkers may 
increase emissions, if the short tenn parkers park long enough for the engine to cool. Model is used 10 
predict trips reduction, VMT and the mix of hot and cold starts. Paper provides potential CO reductions 
from model runs for fringe parking. parking rate changes and reserved carpool parking, among other TCM 
measures. 

Quantification: Mode share, trips, trip reduction, VMT and emission impacts all provided as model parameters or 
outputs. 

Area Types: Urban 

88. Maitland. Barry, The New Architecture of Retail Mall, Van Nostrand Reinhold New York, New York: 1990. 

Summary: The article talks about various design considerations of retail malls. Penaining to the ARB study, this 
anicle states that "vehicle access. servicing and parking, should be unobtrusive and should not disrupt 
pedestrian movement around the perimeter of the development,· The author discusses bow servicing areas 
have been moved from the basement of the centers, where they were originally located, to at-grade 
perimeter service points. However. the design concern with the scenario is that if the ground level is 
occupied with servicing points then the mall level may be elevated to upper floors. This creates dead store 
frontages. The remainder of the article deals with the design considerations of integrating the retail cemc:r 
within the urban context. 

Quantification: Design features 

Area Types: Suburban 

89. May, Jeffrey H. and George J. Scheuernstuhl, Land Use, Transponation and Air Quality Sensitivity Analysis, Paper 
before the Transponation Research Board Conference, January 1991. 

Summary: Modeling of various land use, density of development scenarios for Denver area, effect on emissions, 
pollution. air quality. Results suggest the complex relationship between land use strategies, mode choice 
and resulting emissions. Findings suggest concentrating employment growth in transit corridors may 
increases transit ridership and HOV use, but concentrate CO emissions in more dense downtown Denver, 
increase congestion and decrease highway speeds, even if peak period trips decline in length and VMT per 
capita is reduced. Result seems 10 be due to concentrating employment growth in transit corridors with no 
movement of existing residence. This pauern increases VMT for non-peak, non-work, trips, offsetting ride 
share gains. Good report for complexities. 

Quantification: VMT, mode share, trips and emissions all quantified 

Area Types: Suburban, Urban 
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90. McKeever, Christopher, Judy W. Quon, Robena Valdez, Market-Based Strategies for Increasing the Use ofAlternate 
Commute Modes, Paper No. 910291 presented at the 70th Annual Meeting of the Transpona1ion 
Research Board, Washing1on, D.C., January 1991. 

Summary: This paper studies the results of Orange Coumy, California commu1er and rideshare matching survey 
implemented to study the potential diversion auto-trips 10 carpools, vanpools, bike 1rips, walk 1rips. and 
public transportalion. It outline a se1 of demographic faclors affecting the use of al1erna1ive commute 
modes: Toe paper identifies the following factors as those considered in the choice of travel mode: travel 
rime: the need for a car before work, after work, and during the day; independence; comfon; commu1e 
COSIS and privacy. 

Quantification: Es1ima1es of po1emial 1rip diversions 

Area Types: Suburban 

91. Mehranian. Maria, Manin Wachs. Donald Shoup. Richard Platkin, Parking Cost and Mode Choices Among Do~mown 
Workers: A Case Study, Universily of California al Los Angeles. DP8613, Augus1 1986. 

Summary: Toe study examined parking management of 1wo down1own LA companies. Company A provides only 
subsidy for parking while Company B has incentive and rideshare programs. 

Quanrijicarion: Mode shares 

Area Types: Urban 

92. Me1ropoli1an Transportation Commission. Oakland, California, Census Transponarion Planning Package, The Journey 
to Work in the San Francisco Bay Area. April 1993. 

Summary: This MTC working paper (#5) on lhe 1990 Census provides a summary of 1990 Bay Area coumy-to-coumy 
and place-to-place (city-to-city) commute characteristics by means of mm.sponation 10 work. Da11 from !his 
working paper is extracted from lhe 1990 Census Transportation Planning Package - S111ewide Element 
(CTPP/SE). Comparisons are made 10 previous census years using da11 from 1970 Census Urban 
Transportation Package (UTP) and the 1980 Census Urban Planning Package (UTTP). These three special 
products from the Census Bureau, the 1970 UTP, the 1980 UTTP and the 1990 CTPP- olherwise known 
as the "Journey-to-work Packages· - have been jointly sponsored and developed U.S. Bureau of the 
Census, the U.S. Depamnent of Transpona1ion. s111e depamnents of transportation, me1ropoli1an planning 
organiza1ion, and rela1ed organizations. 

Quanrijicarion: Trips, VMT and mode share - work trips only 

Area Types: Urban, Suburban 

93. Me1ropoli1an Transpona1ion Commission, /981 Bay Area Travel Survey, 1981 

Summary: Comprehensive travel survey for the nine-county Bay Area. Tabulations of !his da11 by OHS, Inc. at the 
superdis1ric1 level are especially useful in assessing subregional differences. 

Quanrijicarion: Trips, VMT and mode share delliled for the nine-coun1y Bay Area. 

Area Types: Urban, Suburban 

94. Middlesex-Somerset-Mercer Regional Council (MSM). The Impact ofVarious Land Use Strategies on Suburban Mobility. 
FrA-NJ-08-7001-93-1, December 1992. 



Summary: This is a repon on a projective srudy of the interaction between suburban land use trends and regional 
traffic conditions. Three different models of high density, mixed use centers designed 10 fit in the 
Middlesex-Somerset-Mercer Region of New Jersey where developed. The three models examined-transit 
construct, shon drive construct, and walking construet-placed residents' home closer to their working and 
shopping destinations. The models incorporated residential and employment growth expected in the region 
by 2010, but resbaped the growth into different land use configurations. The project growth was located 
in the cities and in a small number of newly crated suburban centers instead of in a low density 
developments spread throughout the region. Based on the srudy it is concluded that concentrating new 
suburban development into higher density, mixed-use centers will slow the growth of regional vehicular 
use. by up 10 18% in terms of vehicle trips and 12% in terms of VMT. 

Quantification: VMT and trips, based on modelling of Land Use Consiructs; also quantifies land use within 
constructs. 

Area Types: Suburban, Urban 

95. Middleton, William D.• "LRT helps resbape a city," Railway Age, February 1990. 

Summary: Analysis of the role Ponland's light rail system (MAX) bas played in reinforcing the city's effon 10 

increase the vitality of downtown while reducing auto dependence for downtown access and circulation. 
While focused mainly upon describing development projects along the LRT line, the anicle does repon that 
Ponland bas witnessed an increase in downtown employment of 30,000 ~ an increase in the number 
of autos entering the downtown. 

Quantification: Mostly qualitative 

Area T)pes: Urban. Suburban 

96. Miller, Gerald K .• Thomas J. Higgins. lmplemenn·ng Parking Pricing Strategies, Urban Instirute Paper. August 1983. 

Summary: Indicates the effectiveness of various parking pricing strategies including revenue w. space w. 
surcharges. permits. rate changes at municipal garages. and discusses in general terms effects of redui.:c:d 
parking supply. Case srudies highlighted for San Francisco, Washington D.C. federal workers. Ottawa. 
ENI Company. Seattle carpool discount program. Santa Cruz on street program. 

Quantification: Parking price effects 

Area Types: Urban, Suburban 

97. Miller, Gerald, Carol Everett, "Raising Commuter Parking Prices - An Empirical Srudy, • Transponation II 1982. 

Summary: A "before and after" srudy of federal and private employees who were charged additional parking fees for 
commute trips. 

Quantification: Parking demand, parking location. auto usage 

Area Types: Urban 

98. Miller. Gerald. Maria Olosson, Parking Discounts and Carpool Formation in Seattle, Urban Instirute Paper 55050-3-8. 
1978. 

Summary: Reduced and free parking program implemented for carpoolers at two city owned facilities at periphery of 
the CBD. The $25 per month fee was reduced 10 free at one lot and 10 $5 at other. 
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Quanrijicarion: Mode shares 

Area Types.: Urban 

99. Ministry of Transportation, Ontario, Canada, Transit-Supportive Land Use Planning Guidelines, April 1992. 

Summary: This "bow to" design manual also includes a cban summarizing the relationship between transportation use 
and land use mixing and density. Well-written and illustrated, it contains numerous quantitative and 
qualitative guidelines for transit-supponive urban form. 

Quanrijicarion: Site design characteristics. Also relates density and land uses as to their potential for transit 
orientation; no explicit traffic, travel. or emissions data. 

Area Types: Suburban, Urban 

100. Modesco. City of/ROMA Design Group. Village One Specific Plan: Final Draft. October 16. 1990. 

Summary: A specific application of "pedestrian pocke1/1radi1ional neighborhood" design. Plan provides for pedestrian 
access 10 parks. schools and basic shopping, but provides no substantial auco-disincentives. Village One 
bas been adopted as the City of Modesto ·s 2l!U'. urban growth area once current infill sites are exhausted 
in the mid-1990s. 

Quanrijican·on: None of traffic/emissions data 

Area Types: Suburban 

IOI. Montgomery County. Maryland. Trip Reducrion and Affordable Housing, January 11, 1990. 

Summary: Implications of trip reduction in office developments for freeing parking space for residential development: 
considerations about where housing would and would not be appropriate to create in-lieu of parking space; 
implementation concept of "floating zone". 

Quanrifican·on: Quantification of number of parking spaces which might be freed up due to trip reduction. and 
number of apartment units which could be added for typical development: no mode share. VMT or 
emissions data. 

Area Types: Suburban 

102. Municipality of Metropolitan Seattle. Parking Urilizarion Study, Seattle, Washingcon. June 1992. 

Summary: Survey of parking supply and demand at 36 sites in suburban areas. Findings suggest office is 36 % above 
average demand, 3.1 versus demand of 2.5. Code parking requirements also surveyed. with the finding 
the requirement is I5 % in excess on average. 

Quanrijicarion: Parking demand and supply, some mode share data, oo trip, VMT or emissions data. 

Area Types: Urban. Suburban 

l03. Nelessen, Anton C.. Visions for a New American Dream: Process, Principles and an Ordinance to Plan and Design 
Small Communities, American Planning Association. 1994. 

Summary: A "how-to" guide for implementing neo-traditional design. Contains discussion and summary of author's 
trademarked "Visual Preference Survey" a slide show based survey 1001 that bas been administered 10 over 
50,000 individuals in more than IO states. Author concludes that a majority of people reject conventional 
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suburban "sprawl" and prefer traditional/neotraditional communities, which Nelessen terms the "New 
American Dream.• 

Quantification: None 

Aroo Types: Suburban 

104. Newman, Peter W.G. and Jeffrey R. Kenwonhy, Cities and AUJomobile Dependence, A Sourcebook, Brookfield. IL. 
Gower Technical, 1989. 

Summary: An ambitious empirical analysis of a cross-section international cities and their metropolitan areas. 
Extensive local travel data was collected for 32 cities from throughout the world for transportation demand 
and supply characteristics (vehicle ownership, private car use, public transit use, road supply, central city 
parking, average speed, vehicles per kilometer of road) and land use characteristics (population and job 
density overall, for the CBD, for inner and outer areas, the ponion of jobs and population in the CBD or 
inner areas) for I 970 and I 980. Correlations, factor analysis. and cluster analysis were used to test 
hypotheses using 1980 data. 

Key findings: 

-Across cities. vananons in transpon patterns are closely related to variations in land use patterns. 
Transpon pa11erns also reflect the provision of transportation iofrastrucrure. 

- There are strong negative relationships between gas use/private vehicle use and all density variables 
i:xcep1 CBD job density (which is characteristic of U.S. cities). This relationship is exponential. so that 
there a multiplicative effects of increasing density. Similarly. there are positive relationships between 
public transit service and use and all density variables except CBD job density. 

- Five factors are negatively related to gas use: land use intensity. orientation 10 non-auto modes. high 
level of traffic restraint, high degree of centralization, and high public transpon performance. The highest 
density cities, with the lowest gasoline use per capita (7,785 MJ/capita), were: Munich. Vienna. Singapore. 
Tokyo, and Hong Kong. The lowest density cities. with the highest gasoline use per capita (49,900 
MJ/capita) were: Brisbane. Penh. Phoenix, Houston. Adelaide, and Denver. (Los Angeles was classified 
as "low density". while San Francisco and New York were classified as medium density"). 

Quantification: Extensive 

Area Types: Urban, Suburban (city-scale and larger) 

I 05. Newman, Peter W. G. and Jeffrey R. Kenwonhy, "Gasoline Consumption and Cities: A Comparison of U.S. Cities with 
a Global Survey", Journal of the American Planning Association, Winter, pp.24-37, 1989. 

Summary: Based on the database developed in the authors' book Cities and Automobjle Dependence. this article 
examines gasoline consumption in ten large United States cities varies by up 10 40 percent, primarily 
because of land use and transportation planning factors, rather than price or income variations. The same 
pauerns, though more extreme, appear in a Global sample of 32 cities. Here, average gasoline consumption 
in U.S. cities was nearly rwice as high as in Australian cities, four times higher than in European cities 
and ten times higher than Asian cities. Allowing for variation in gasoline price, income, and vehicle 
efficiency explains only half of these differences. 

The authors find that for the U.S. Cities the intensity of land use and gasoline consumption are correlated: 
the strongest relationship is with inner city population density. City center strength is correlated with 
consumption both the number of jobs and the proponion in the center. Transit use is also highly negatively 
correlated with gas use while provision for automobile is positively correlated. A low consumption city is 
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chus one wich a dense form, strong center, and intensively utilized suburbs; this city bas a cheoretical 
potential fuel savings of 20-30%. 

The auchors suggest physical plamiing policies, particularly reurbanization and reorientation of 
transponation priorities as a means of reducing gasoline consumption and automobile dependence. While 
this analysis does not consider che role of subcenters, a follow-up discussion by Newman and Kenwonby 
(Journal of che American Plamiing Association, Summer 1992 JAPA) suggests chat decenttalization may 
funber reduce auto dependence, jf decentralization features concentrated subcenters sufficiently dense to 
encourage significant transit use and walking. 

Quantification: Gasoline auto and transit use, but not trips and VMT 

Area Types: Urban. Suburban (Aggregate at Metropolitan level) 

106. Office of Policy Development, Edge City and /STEA-Examining the Transportation Implications of Suburban 
Development Patterns, Searching for Solutions. A Policy Discussion, Series Number 7, August 13. 1992. 

Summary: Proceedings of a conference on che implications of "edge cities "large-scale commercial developments 
overlain on previously residential/rural areas. Potential transponation measures and travel trends discussed. 
Helll')' Richmond of 1000 Friends of Oregon discusses LUTRAQ and states chat urban growth boundaries 
or ocher development guiding techniques are necessary for effective trip reduction via land use measures. 

Quantification: Travel statistics from I990 discussed by Pisarski and ochers, but no detailed quantitative expositions. 

Area Types: Suburban 

107. Parker. Terry, California Air Resources Board, The Lllnd Use -Air Quality Linkage, How Lllnd Use and Transportan·on 
Affect Air Quality. 1994. 

Summary: This repon summarizes data currently available on the relationships between land use. uansponatioo and 
air quality. and will be updated periodically. It also highlights land use strategies chat can help m reduce 
che use of the private automobile. And, it briefly summarizes several research projects funded by the 
California Air Resources Board (ARB). As new data becomes available. ii will be added to updated 
versions of this repon. 

Quantification: Yes 

Area Types: Urban, Suburban 

108. Parsons Brinckberhoff Quade and Douglas, Inc.• The Pedestrian Environment, 1000 Friends of Oregon, Making the 
Land Use, Transponation, Air Quality Connection, December 1993. 

Summary: This repon describes a methodology for quantifying zones in the Ponland (OR) regional travel demand 
forecasting model network according to four pedestrian factors: ease of street crossings, sidewalk 
continuity, local street characteristics. and t0pography. These parameters were combined into a "Pedestrian 
Environmental Factor" (PEF) chat was found to be a statistically significant predictor of aut0 ownership, 
mode choice, and destination choice. 

Quantification: Pedestrian environment, auto ownership, mode choice, destination choice 

Area Types: Urban, Suburban 

109. Pickrell, D.H., D.C. Shoup, "Employer Subsidized Parking and Work-Trip Mode Choice", Transportation Research 
Record 786, 1980. 
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Summary: Study of 500 students at UCLA who were denied parking permits. 40% of students denied permits 
indicated that they commuted io other SOVs. but when the were later offered permitS, they discontinued 
use of alternative modes. 

Quantification: Mode share 

Area Types: Urban 

110. Pisarski, Alan, New Perspectives in Commuting, U.S. Department ofTramponatioo, July 1992. 

Summary: Based oo early data from the 1990 Ceosus and the 1990 National Personal Tramponatioo Srudy (NPTS). 
Analysis of l 980 versus l 990 ceosus travel data for the U.S., with metropolitan summaries for Los 
Angeles, Sao Francisco and Sacramento regions, as well as other U.S. metropolitan areas. Detailed trends 
analysis of solo, carpool, transit and ooomotorized modal shifts. Overall finding is that the solo drive rate 
up, carpool and transit share down. Mean travel time up slightly nationwide. 

Quantifican·on: National and metropolitan modal trends 

Area Types: Metropolitan areas 

111. Pivo, Gary, Anne V. Moudoo, and Franz E. Loweoherz, A Summary of Guidelines for Coordinated Urban Design, 
Transponation and Land Use Planning, With Emphasis On Encouraging Alternatives To Driving Al~ne. 
Washington State Departmeot of Transponatioo, Washington State Transponatioo Commission, Research 
Project T9233, Task 6, August 1992, Land Use, Tramponatioo, and Urban Design Problem - I. 

Summary: This repon summarizes urban development guidelines that various jurisdictions, professional consultaocs, 
and expens have prepared to address the in1erac1ive relationship among traosponatioo planning. land use 
planning, and urban design. The following guidelines have been compiled from the literarure surveyed io 
this project (see references). The aim of these guidelines is 10 aid io the design of cities and transponatioo 
systems that will reduce the necessity of driving alone. 

Research for this repon include the following steps: (I) the identification of literarure sources that provide 
guidelines related to land use, urban design, and traosponatioo, (2) a compilation of all guidelines 
provided, which address specifically one or several relationships among land use, urban design. and 
transponatioo. (3) a classification of the guidelines under broad categories. and (4) the consolidation of 
guidelines of similar narure in each category. The broad categories into which the guidelines were divided 
were, therefore, derived directly from what was found io this research literarure review. 

These categories include "Location of Land Uses•,• Site Planning and Design Standards,· "Transit Station 
Design,• "Parking Design and Maoagemeot, • "Site Planning and Design of Park-and-Ride Facilities,· 
"Bicycle and Pedestrian Planning,· "Standards and Procedures for Developing Review,· and 
"Implementation Mechanisms.· 

Quantification: None of trips, VMT or emissions 

Area Types: Urban, Suburban 

112. Potter, Stephen, Transpon and New Towns, Milton Keynes, 1984. 

Summary: Analyzes the traosponatioo planning for over a dozen of Britain post-World War II New Towns. Although 
the analysis does not extend past the mid-1970's. it offers very iorriguiog analysis of both the theory 
underlying the circulation plans for a wide variety of new towns, as well as acrual data on travel behavior 
io Britain's master-planned communities through 1971. 
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Qunntijication: Commute data (internal vs. external) for planned new comminuted near London. 

Area Types: Suburban, Exurban 

113. Pucber. John, "Urban Travel Behavior as the Outcome of Public Policy: The Example of Modal-Split in Western 
Europe and Nonb America", Journal ofAmerican Planning Association, Vol.54, No.4, 1988, pp 509-520. 

Summary: Urban transp0nation systems and travel behavior vary widely, eve among coUDtries with similar per-capita 
incomes, technology, and urbanization. This article compares modal-split- bow people get from place 10 
place - for 12 COUDtries in Western Europe and Nonh America. Differences in travel behavior arise largely 
from public policy differences, especially from differences in automobile taxalion. In addition, variations 
in transit subsidies, land use controls, and housing programs significantly influence travel choices, although 
sometimes only indirectly. The success of pubic transponation depends more on supponive urban 
development and automobile taxation policies than on transit subsidies. The absence of such complementary 
policies in the U.S.- unlike the coUDtries srudied~xplain the ineffectiveness of the attempt 10 revive 
American public transportation exclusively through large subsidies. 

Quantification: Trips and mode share 

Area Types: Aggregate national data 

114. Purvis. Charles L.. Changes in Regional Travel Characreristics and Travel Time Budgets in rhe San Francisco Bay Area: 
1960-1990, Metropolitan Transpona1ion Commission, July 1993. 

Summary: This research is an update of a I 984 srudy by Kollo and Purvis. Results from the 1990 household travel 
survey conducted in the San Francisco Bay Area are compared 10 results from surveys conducted in 1965 
and 1981. and 10 decennial census data. The study shows a decline In trip frequency per household and 
per person between 1981 and 1990, which is offset by an increase in averaee trip duration, yielding 
an apparent constant travel time budget expended per person and per household. Regularities in 
average travel time expanded per household vehicle are also analyzed. Changes in Bay Area demographic 
characteristics. 1960 10 I 990, are described 10 provide con1ex1 10 the changes in aggregate travel 
characteristics. Changes in household trip rates. by market segment, and by trip purpose and travel mode. 
are also summarized. Findings show a decline in home-based non-work and non-home-based trip rate per 
household. and increases in home-based work trips per household. Bay Arca results are compared to 
household travel surveys from other metropolitan areas. 

Qunntijication: Trips and trip lengths 

Area Types: Metropolitan (Urban and Suburban aggregated) 

115. Pushkarev, B. and J. Zupan. Public Trarisponation and Land Use Policy, Bloomington, Indiana University Press. 1977. 

Summary: This srudy attempts 10 identify and quantify the key determinants of transit ridership in urban areas. To 
this end it explores the role of land use density (especially residential), presence of rail transit, amount of 
downtown nonresidential space (a surrogate for employment), residential density, land use patterns, and 
other variables. Residential density influences transit share. 

Increased densities are related 10 transit mode share by regression and correlation; patterns of work trips 
per worker and trip lengths are provided for various land use types and various downtown sizes. This 
based on data from New York and 23 downtowns. Other sources of data included 1960 and 1970 Census 
Journey-to-work data for U.S. metropolitan areas. 

Key findings: 
- Transit share increases as residential density increases, across different cities and within cities. But only 
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56.8 % of the variation between cities is explained by density. Total downtown office floor space (CBD 
strength) and rapid transit service are also predictors of transit share. explaining. an additional 22 %of the 
variation. 

- Transit trip-end density (population density times the number of trips per person) increases more rapidly 
than residential density increases, due to a compounding effect. 

- · Auto ownership increases as income increases and residential or destination density decreases. 

- If rapid transit service is provided, auto ownership decreases at each income or density level; the impact 
of rapid transit service is equivalent to a ten-fold increase in residential density. 

- Trip attenuation rate for different non-residential cluster groups in the New York City area is a function 
of total non-residential floorspace, distance 10 the cluster, distanee to Manhattan (fanher from Manhattan 
means more trips). Thus, the public transit pay-off of an increase in residential density is greatest if in the 
immediate vicinity of a non-residential cluster. 

Quantification: VMT, trips. densities. mode shares quantified, but no emissions data. 

Area Types: Primarily focused on suburban/urban to CBD travel. 

116. Rabinowitz. Harvey et al. The New Suburb. Urban Mass Transponation Administration, U.S. Depamnent of 
Transponation, Final Repon. July 1991. 

Summary: This piece of work was prepared in conjunction with Beimborn, Rabinowitz et al's, Guidelines for Transit 
Sensitive Suburban Land Use Design. It consists of site plan and summary descriptions of recent and 
proposed suburban communities; these designs are rated with respect to their compatibility with transit 
service on the basis of explicit criteria and the judgement of a panel of architects and transponation 
planners. Plans reviewed are largely unbuilt. 

Quantification: Site design characteristics (e.g., density); also ratings as 10 degree of transit orientation; no explicit 
traffic, travel, or emissions data. 

Area Types: Suburban 

I 17. Real Estate Research Corporation, The Costs of Sprawl, 1974. 

Summary: Detailed cost analysis of various typical fonns of residential development; conclusion is that planned 
higher-density ("clustered") results in reduced economic costs and environmental impacts. Two basic 
prototypes are analyzed: the community-scale (10,000 units, 33,300 population) and the neighborhood-scale 
(1,000 units, 3,300 population). are analyzed in detail, utilizing fairly wooden unit-cost factors. Has an 
extensive bibliography. 

QUO/llificarion: Extensive 

Area Types: Suburban, Urban 

118. Richardson, Harry W. and Peter Gordon, "Counting Nonwork Trips, The Missing Link in Transponation, Land Use, 
and Urban Policy", Urban Land, pp. 6 - 12, September 1989. 

Summary: Emphasizes the growing imponance of work versus non-work trips, and dispersed trip-making patterns, 
panicularly in suburban areas and poly-nucleated cities. Authors utilize 1977 and 1982 Nationwide 
Personal Transponation Study (NPTS) conducted by the U.S. DOT. Authors fail to discuss the direct 
linkage between many work and nonwork trips (i.e., the fact that many nonwork trips form links in trip-
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chains betweeu the workplace and home. Toe Naliouwide Persoual Transpona.tiou Srudy was couducted 
agaiu iu 1990: results, published iu 1992, panly undenniue Richardsou and Gordou's analysis, since many 
rypes of trips have become longer. 

Quantification: Trips speeds, and VMT (from NPTS) 

Area Types: Metropolitan (Urban and Suburban combined) 

119. Robinson, Ferrol 0., Jerry L. Edwards, and Carl E. Obrn, "Strategies for Increasing levels of Walking and Bicycling 
for Utilitarian Purposes•, Transportation Research Record 743, 1980. 

Summary: This paper repons the results of an extensive survey of motorized and non-motorized travel. The survey 
was conducted in connection with a srudy 10 (a) identify problems associated with walking and bicycling. 
(b) identify a wide range of incentives 10 promote the use of walking and bicycling for utilitarian trip 
purposes, and (c) establish the cost-effectiveness of the incentives identified. This paper limits itself to an 
analysis of the survey results as they relate 10 the topics of (a) trip and trip-maker characteristics, (b) mode 
choice and preference. and (c) changes in preferences for alternative modes of travel in response to the 
in1plemeutatiou of selected scenarios. The scenarios tested were (a) provision of bicycle and pedestrian 
facilities, (b) fee on automobile use duriug peak periods, (c) compact land-settings with provision of 
pedestrian and bicycle facilities. and (d) increases in fuel prices. The survey responses indicate that a 
compact land-use arrangement, combined with the provision of pedestrian and bicycle facilities. has the 
greatest potential for creating a shift from the automobile 10 walking and bicycling. Bicycle and pedestrian 
facilities alone follow in inlponance. A fee on automobile use during peak periods has the effect of 
reducing .automobile use: however, one-third to one-half of the trips <livened go to transit rather than 
noun101orized modes. Finally. doubling the price of fuel appears to be the least effective of the strategies 
analyzed for increasing walking and bicycling. 

Quantification: Mode share 

Area Types: Urban, Suburban 

120. Sacramemo, City of. Transponanon Management Plan Handbook, Planniug Department. (November 1983). 

S111111nary: Employee densities provided for land use types, ITE trip generatiou rates by land use type and trip 
reductiou levels expected for several rideshare measures also provided {prefereutial carpool parking. 
vanpool and transit subsidies. shuttle buses, bicycle suppon measures). Also estimated are trip reductions 
estimated for jobs housing links (employees hired within adjacent neighborhoods). 

Quantification: Employee densities, trip reduc1iou percentages for TSM and jobs housing link 

Area Types: Urban, Suburban 

121. San Joaquin County. Draft Environmental Impact Report on the San Joaquin County Comprehensive Planning Program 
No. 91-3, (Revision of ER 90-6,SCH 90020018): San Joaquin County Comprehensive Planning Program. 
December 199 I. 

Summary: Outlines policies for new towns in San Joaquin county; projects and analyzes traffic inlpacts and air quality 
inlpacts based on projections made via a regioual MlNUTP model. San Joaquin was the first California 
county to adopt the new towns concept in its General Plan. Proposed policies require new urban area to: 

- offer ·a full range· of urban services, including jobs 
- avoid prime agricultural land 
- be developed al "urban densities• 
- have comprehensive pedestrian/opeu space uecworks 
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- provide housing for "all segments· of the community 
- maintain a close jobs/housing balance 
- have multi-modal circulation systems 
- be located and design to distinct from existing cities 
- be fiscally self-sustaining 

Quantification: Traffic emissions data quantified in traffic impacts section of EIR; new towns assumed to be 
additional growth in county, hence impacts are additional. 

Area Types: Exurban 

122. Santa Clara County Manufacturing Group, "High Tech Workers Housing Survey, Findings and Analysis·, August I 993. 

Summary: A survey of workers in high-tech industries in Santa Clara County. CA suggested that a sizable proponion 
would be willing 10 accept attaehed homes and/or homes with smaller lots if housing prices were lower or 
their commutes were significantly shorter. 

Quantification: Housing location choice 

Area Types: Urban, Suburban 

123. Sawyer. Chuck. Kathy Snow. Municipality of Metropolitan Seattle, First Hill Action Plan: A Unique Public/Private 
Approach to Transponarion, Paper presented before the Transponation Research Board, Washington D.C., 
January 7-1 I, I990. 

Summary: Case srudy of TOM at a hospital. medical center, showing parking pricing, park and ride. express service. 
discount transit passes. guaranteed ride home can reduce solo driving significantly. 

Quantification: Prior mode of HOV uses. overall HOV ridership. bu1 no trip or VMT or emissions data. 

Area Types: Urban 

124. Schneider. Jerry B., Transit and the Polycentric City, U.S. Department of Transponation. September I981. 

Summary: Findings from a variety of srudies are used to assess the energy efficiency of the polycentric metropolis. 

Findings: 
- Kydes, Sanborn, Carroll: Compared to urban sprawl, comprehensive plan development result in a 28 % 
energy savings, while growth centers development results in a slightly higher 32 %energy savings. (Lowry­
type land use model + transponation model, real data base for Suffolk County, New York). 

- Peskin & Schofer: Compared to concentric ring and one-sided city development patterns, a polynucleated 
pattern results in 57% and 44% less energy use and 30% and 23% shoner average trip lengths. 
respectively. The conversion to a polynucleated form was also tested: the addition of one center increased 
energy consumption by 3% but decreased average trip length by 6 % . (A Lowry-type model was used in 
conjunction with a travel demand model). Suggests that the impact of conversion is different from 
implementing a particular form from the ground up. 

- Rice: A multi-centered form (CBD plus outlying centers) had the least person-hours of work trips and 
the shonest average work trip (29% and 22 % better than the next best) compared to central, homogeneous, 
radial corridor. linear, and satellite forms. (Transponation model, hypothetical). 

- Urban Transponation Development Corporation, Ltd.: A more transit oriented. mediwn density form with 
subcenters resulted in 24 % fewer vehicle miles traveled, overall and by auto, than a continued low density 
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form with limiced 1ransi1. (Simulation Model for Ontario). 

- Toe unanimous conclusion is that a polycentric form requires less travel than other forms investigaced. 
Toe imponance of transit is not clear from these srudies. 

Quantification: Extensive 

Area Types: Urban, Suburban (city-scale and larger) 

125. Sharpe. R., "Energy Efficiency and Equity of Various Urban Land Use Patterns·, Urban Ecology, 7, pp. 1-18.1982. 

Summary: In-this review of other works, the author concludes that a dominant urban center, with suburban center 
development is favored from an energy and equity standpoint. Concentration in the center is best, bur nor 
realistic: with some restriction on density, a subcenrer pattern is best. 

Quantification: Energy use 

Area Types: Urban, Suburban (city-scale and larger) 

126. Shaw. John. Transponation, land Use, and Residential Choice, Paper presented before the Transponarion Research 
Board Annual Meeting. January 1993. 

Summary: Calls into question whether individuals will ope for bigher residential or workplace densities called for by 
planners attempting to encourage transit use. Includes a general review of residential location preference 
literature. 

Nore that given increased problems with automobile dependence, many planners. policymakers, and otbers 
are examining the potential for alternative land use patterns in urban areas, specifically developing 
increased densities around existing or planned cransic stations or developing new communities that would 
that would be served by rail transit. However, rail transit systems require certain minimum densities to be 
successful, at both origin and destination ends. Since there is a choice of residential locations within a 
metropolitan area, it is an open question whether residents will choose to live at densities necessary co 
suppon various types of transit service. 

Tbis paper examines past research that has dealt directly or indirectly with this question. Hedonic pricing 
srudies are reviewed, and their strengths and weaknesses discussed. Residential satisfaction srudies have 
the most to offer: tbese are reviewed in some detail, and key findings summarized. Toe paper concludes 
with a description of current research effons on bigb density transit-based housing satisfaction. 

Quannficarion: None, except for preference survey responses 

Area Types.; Urban, Suburban 

127. Smith, Steven A., "Park-and-Ride at Shopping Centers: A Quantification of Modal-Shift and Economic Impacts". 
Transponarion Research Record 908, 1983, 27-31. 

Summary: Toe purpose of this research was to quantify the effects of park-and-ride facilities at shopping centers on 
commuter travel and shopping behavior. A survey of commuters at three shopping centers in Montgomery 
County. Maryland was conducted to estimate the impacts. The analysis demonstrates that there can be a 
significant economic benefit to shopping-center operators for allowing commuter parking to occur in tbeir 
parking lots. Survey results indicate that between 25 and 45 percent of park-and-rides shop at the shopping 
centers on a typical day on their way to and from work. Approximately two- thirds of this shopping activity 
is either divened from other shopping locations or in newly induced shopping. For the shopping centers 
surveyed, the average increase in sales due to the presence of park-and-ride activity is $5/park-and-
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ride/day. Also, the presence of the park-and-ride facility, in itself, is responsible for IO% to 30 % of the 
park-and-riders choosing to use uansit or form a carpool. 

Quantification: Divened trips, trip linkage and mode shift. 

Area Types: Suburban 

128. Smith, Thomas P., Flexible Parking Requirements, Planning Advisory Service of the American Planning Association, 
August 1983. 

Summary: Guidelines for applying shared parking requirements, including example calculations as per Montgomery 
County approach. Also discussed are fees in lieu of parking, and sample zoning code provisions. Parking 
demand estimates are provided for medium density housing. 

Quantijicalion: Parking demand for residential uses, but no mode share, VMT or emissions data. 

Area Types: Suburban, Urban 

129. Snohomish County Transit, A Guide to Land Use and Public Transponation. Urban Mass Transponatioa 
Administration. October I 989. 

Summary: This repon emails a swnmary discussion of recent evidence regarding compatibility of various land uses 
and design pauerns with public transponation; includes a discussion of walking distances and the effect of 
pedestrian facilities and distance (7SO feet is the maximum for most purposes, I,000 feet for bus park and 
ride. and up to 1,800 feet for rail transit access). Contains an interesling 2-page table summarizing 
compatibility of various typical suburban land uses with different modes of transponation (pp. 3-8 and 3-9). 
Numerous charts and diagrams of transit-supportive urban form. 

Quantificalion: Site design characteristics. Also relates density and land uses as to their potential for transit 
orientation; no explicit traffic. travel, or emissions data. 

Area Types: Suburban 

130. Sorenson, S.C., aad Schramm. J., Individual and Public Trarrsponation: Emissions and Energy Consumption Models, 
Technical University of Denmark, January 1992. 

SummLJry: Prediction model is presented for purposes of quantifying effects of traffic regulation policies oa emissions 
(HC. CO and NO). No indication of the policies tested, or whether land use was one of them. 

Quantification: Trips. mode. speeds and emissions . 

Area Types: Urban. Suburban 

131. Southwonb, Michael and Peter M. Owens, "Toe Evolving Metropolis, Srudies ofCommunity, Neighborhood, and Street 
Form at the Urban Edge", Journal ofthe American Pimlning Association, Vol. 59. No. 3, Summer 1993, 
American Planning Association, Chicago, IL. 

Summary: This paper examines the form of the evolving metrOpOlitan fringe by means of the cooperative case srudies 
of fringe development in the San Francisco Bay Arca at three scales - the community, the neighborhood, 

· and the street and house lot. The srudy identifies underlying organizing principles and spatial topologies 
and analyzes patterns of growth, land use, and street layouts for several periods of suburban development 
beginning early in the twentieth cenrury and continuing into the 1990s. As the scale of development bas 
grown, there bas been a parallel growth of self-contained, single use developments and an erosion of the 
public street framework. This shift bas serious implications for the character, convenience. and adaptability 
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of new urban environments. 

Quantification: Density and urban design factors 

Area Types: Suburban 

132. Steiner, Ruth L., Residential Density QM Travel Patrems: A Review of the Literature QM Methodological Approach, 
Transponation Research Board, 73rd Annual Meeting, January 9-13, 1994, Washington, D.C. 

Summary: With the increasing concern about the environmental side effects of the use of the automobile, a few 
researchers, real estate developers and increasingly policy makers in many states argue for the need 10 build 
infill housing, mixed land-uses and increased density especially around transit stations. In making these 
recommendations, they make several assumptions about the relationship between high-density residential 
development and transponation choices and the resultant environmental impacts. They assume that people 
in high density developments will make fewer and shoner trips and walk or use transit more frequently than 
residents of other areas. Further they often assume that people will be willing to move 10 high-density 
areas, and when they do, will change their travel pauerns. 

This paper explores several sets of literature to gain a better understanding of the interactions between the 
household in high-density residential area. the land-use characteristics of the area and the transponation 
choices of those households. It also presents a preliminary outline of the methodological approach to be 
taken in a dissenation that will explore the following question. are the differences in the travel pauerns of 
households in high-density residential areas explained by the socioeconomic and demographic characteristics 
of households in the area. or, do land use and urban design characteristics result in different behavior 
among otherwise similar individuals and households? 

Quantification: Yes 

Area Types: Urban, Suburban 

133. Stringham, M., "Travel Behavior Associated with Land Uses Adjacent 10 Rapid Transit Station,· m Journal. April 
1982. 

Summary: A study based on surveys of 2.000 persons living and working near rail transit stations in Toronto and 
Edmonton, Canada. The study found that within 3,000 feet of stations 30 10 60 percent of major trips were 
by transit. High density (apartment) dwellers were 30 percent more likely to use transit compared 10 

single-family dwellers at the same distance from a station. 

Quantification: Trip generation near rapid transit stations 

Area Types: Urban, Suburban 

134. The Planning Institute, Jobs Housing Balance QM Regional Mobility Research Repon, University of Southern 
California, April I 990. 

Summary: The conclusion from this repon is that "jobs housing balance policy is not likely 10 be an effective means 
for reducing traffic congestion, and it therefore is not justified.• This conclusion is supponed with 
assenions that policy intervention is not necessary or desirable for achieving jobs housing balance. and that 
there is liule evidence 10 suppon the assumption that there is a relationship between jobs housing balance 
and traffic congestion. 

Quantification: None, although the theoretical impacts on traffic congestion are explored. 

Area Types: Urban, Suburban 
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135. Transpon Canada, The Effects of the Imposition of Parking Charges on Urban Travel in Ottawa, Summary Repon TP 
291, Montreal. 

Summary: Increase in parking charges on federal employees in Ottawa. Prices rose from free 10 about 70 percent of 
commercial rates. Major bus improvements were included. Seven percent of federal workers changed 
mode, auto driver declined from about 35 percent to 28 percent. Bus transit share increase from 42 percent 
to 49 percent. 

Quantification: Mode shares 

Area Types: Urban 

136. Transportation Research Board, "Campus Transportation Systems Inventory," TR News, July· August 1992. 

Summary: Repon of a data base being developed summarizing transit system characteristics and performance at 186 
campuses. 

Quantification: None reponed, but transit data coming 

Area Types: Urban, Suburban 

137. Untemwm, Richard, with Lynn Lewicki, Accommodating the Pedestrian: Adapn·ng Neighborhoods for Walking and 
Bicycling, New York, 1984. 

Summary: Extensive analysis of pedestrian behavior. Untermann suggests that most Americans will walk 500 feet. 
At one-half mile (2,640 feet) only about ten percent walk willingly. While Americans have historically 
been less willing to walk than other nationalities. acceptable walking distance can be increased significandy 
by catering to pedestrians with pleasant routes and pedestrian-oriented activities along routes. 

Quannfication: Of pedestrian behavior 

Area Types: Urban. Suburban 

138. Urban Land Instirute, UL/ on the Future Land Use in Transition; Emerging Forces & Issues Shaping the Real Estate 
Environment, 1993. 

Summary: A strategic look at the dramatic changes talcing place in American society and the issues that will determine 
the need for, the location of, and the type of real estate investment and development activities in the United 
States throughout the 1990s. 

Published by the Urban Land Insti111te, the repon is divided into three sections: 

a. Forces • Examines the demographic, economic, sociological, and technical changes that are effecting 
the way U.S. residents live, work. shop and play. 

b. Issues • Describes the strategic land use and development issues facing the real estate industry. often 
requiring reconciliation of competing public and private interests and opposing visions of America's furure. 

c. Forecasts • Looks at the implications and furure real estate needs for• center cities, suburbia, and exurbia. 
Essays on exurbia focus on second home, reson and retirement communities. 

The individual essays are written by a variety of real estate expcns and reviewed extensively by others. 
this work attempts 10 crystallize current development trends and issues for debate. 
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Quantification: Real estate market trends 

Area T_vpes: Urban. Suburban, Rural 

139. Urban Land Ins1iru1e. Employment and Parking in Suburban Business Parks: A Pilot Study, 1986. 

Summary: Gruen Gruen & Associates national srudy showing parking supplies in suburban areas are excessive; also 
survey of suburban business park developers on occupancies. floor area ratios. (FAR), rents per square 
feet. parks offering carpool, transit encouragements (very few). Mode share estimated and employment 
density (square feet/employee) given by type of use (office R&D, etc.). 

Quantification: Some mode share and parlcing supply data, also occupancy rates and FAR. but no trip reduction, 
emissions or VMT information 

Area T_vpes: Suburban 

140. Urban Land lns1iru1e. Shared Parking. 1983. 

Summary: A nationwide srudy. primarily of parlcing behavior associated with various land uses. The srudy also 
examines the effect of mixed use on parking and trip linka.ge at CBD and non-CBD mixed-use sites. 

Quantification: Extensive for parlcing; also trip linkage 

Area T_vpes: Urban. Suburban 

141. U.S. Department of Housing and Urban Development. An Evaluation ofthe Federal New Communin·es Program, 1984. 

Summary: Concludes that the failure of the more than one dozen federally supponed new communities in the I 960's 
and I 970's was primarily due m: poor timing; poor locations; and weak developers. 

Quantification: None of traffic/emissions data 

Area T_vpes: Exurban 

142. U.S. Depanmem of Transponatiou, 1990 National Personal Transponan·on Survey, SumfTUlry of Travel Trends, 
Washington. D.C., 1992. 

Summary: The fourth national survey of travel behavior conducted by the U.S. DOT (prior surveys were conducted 
in 1969, 1977. and 1983). 

Quantification: Trips, VMT and mode share detailed at national level 

Area Types: All 

143. Van Der Ryn and Peter Calthorpe, eds, Sustainable Communities, San Francisco: Sierra Club, 1986. 

SumfTUlry: A compendium of essays on the history of new towns and suburbs. One panicularly interesting essay is 
by Fred A. Reid, tided "Real Possibilities in the Transponation Myths", which outlines the feasibility for 
serving specialized needs via specialized vehicles, of meeting consumers desire for automobili1y with a 
diversity of vehicles and 1ranspona1ion services (e.g., shon-1enn auto rental), all of which would have 
fewer negative environmental and social impacts of the present auto-highway system. 

Quanrijicarion: None of traffic/emissions data 
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Summary: Brief article covering the debate over a proposed new tovm in Florida. Sited just beyond the edge of 
Orlando's urban limit line; the debate centers on whether the level of internal capture justifies extension of 
the urban limit line. Notes the paucity of data regarding nip capture within mixed-use areas adjacent to a 
metropolitan area. 

Quantification: Design principles, not of traffic or travel impacts 

Ana Types: Suburban, Exurban 

145. Walters, Gerald P.E., Fehr & Peers Associates, Inc., Peale Hour Traffic Generation/or Mixed-use Development Areas, 
Paper presented before the ITE Cooference, Reno, Nevada, 1987. 

Summary: Surveys of mixed use traffic generation raies in Palo Alto and Sacramento show ITE generation raies too 
high. Articles also suggests how to reduce ITE raies. 

Quanti.fication: Traffic generation but no mode share, trip length er emissions data. 

Area Types: Suburban, Urban 

146. Watsoo, Robert K., and Veronica Kun, "Vehicle Trip Reduction Credits for Land-Use Decisions: A Proposed AQMP 
Compliance Tool for Local Jurisdictions,• National Resources Defense Council, July 1992. 

Summary: A "point table" is proposed that quantifies the impact oo vehicle trips from a menu of land-use options. 
This table is designed to be used by local jurisdictions to assess the potential benefits of an air quality plan. 
The analysis focuses primarily on land-use decisioos, but also includes trip reduction factors for parking. 

Quanti.fication: Vehicle trips 

Area Types: Urban, Suburban 

147. Wilbur Smith "Automobile Parking Trends", Planning, American Planning Association, Jwie 1983. 

Summary: Summary of city approaches to parking pricing and supply restraint policies, including maximums, parking 
caps and reduced minimums for rideshare incentives. Parking credit for mixed use also reviewed. 

Quanti.fication: Minimum and maximum policies quantified, but no trip, VMT or emissions data. 

Area Types: Mostly Urban 

148. Williams, Michael E., Husky SUu:lium Expansion Parking Plan and Transportation Management Program. 
Paper presented before the Transportation Research Board, Washington D.C., January 1989. 

Summary: Case study of TOM at the University of Washington suggesting park and ride, carpool discount parking and 
free transit can mitigate special event traffic. 

Quanti.fication: Mode share, trips, but no VMT or emissions data. 

Area Types: Urban 
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149. Willson, Richard, Suburban Parking Economics and Policy: Case Srudies ofOffice Work Sites in Southern California, 
for the Federal Transit Administration, October 1992. 

Summary: Parking demand and supply at ten case study sites in Riverside, Los Angeles, Orange and San Bernardino 
counties. Findings suggest oversupply of parking and quantifies the excess supply. 

Quantification: Parking supply, requirements, floor area ratios, shared parking, gross square feet, area of parcel devoted 
10 parking all quantified, but no mode share, trip length or emissions data. 

Area Types: Suburban 

ISO. Willson, Richard, "Estimating the Parking Demand Effects of Employer-paid Parking,· Regional Science and Urban 
Economics, Vol. 22, pp. 133-145, March 1992. 

Summary: Based on case studies in Southern California 

Quantification: Yes 

Area Types: Urban, Suburban 

151. larker, Gary and Jesse Krail. Seattle Engineering Department, The 1987 Evaluation of Transponation Management 
Programs, Final Repon, 1987. 

Summary: Survey of 12 downtown buildings suggests parking supply availability may be a significant cause of mode 
shift. Repon also demonstrates the ineffective nature of carpool discount stalls. 

Quantification: Mode share. parking supply and price given for various buildings. also trip generation calculations: 
no VMT or emissions data. 

Area Types: Urban 
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Appendix C 
DEVELOPMENT OF RATINGS CRITERIA FOR SAMPLE COMMUNITIES 

The qualitative ratings criteria provided in Table 4-5 were developed by Terry Parker with the 

California Air Resources Board, Office of Air Quality and Transportation Planning. A summary of the 

rating criteria is provided below. 

eXll'llmely low <.1 0-1.9 

very low .1 2-4.9 

low .2 5-7.9 

moderate .3-.4 8-15.9 

high .5 16-25.9 

very high .6 26-50 

eXll'8mely high .7 >50 

• Numbers are rounded to the nearest 0.1. 

Additionally, an evaluation of the VMT characteristics for each of the sample communities 

was performed. The VMT data are presented in Chapter 5. Tables 5 and 6 from Holtzclaw are 

provided as Appendix D and include a summary of VMT and community characteristics. 

ij(!IOO!I/APl'DX.CJ'!Nl 
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Table S 
1990 Annual Vehicle Miles Traveled 
N Mean Sid £rror 

Communicy Sample Annual ofmean Allllll AY1m ..ntI.. YMI 
Sm VMT/car (mi) Capita HR Capita HR 

:,an rranasco Area 
Nob-Rus-NoBea 177 9,855 481 .28 .56 2.159 5.519 
Saa Francisco 3,818 10,619 112 .45 1.06 4,779 11.256 
cemral Berte!ey 246 9,737 418 .58 1.21 5,641 12.463 
Daly Ciry 667 11.128 260. .55 1.73 6,120 19,251 
Alameda 461 10,165 333 .65 1.58 6,991 17,009 
Rockridge 252 9,781 376 .66 1.46 6,455 14,280 
Walnu1 Creek 499 12.175 333 .79 1.83 9,618 22.280 
Saa Ramon 321 13,406 424 .79 2.10 10.591 28,153 
Morgan Hill 228 12,809 449 .72 2.22 9,222 28,436 
Lafayeue 225 10,229 416 .81 2.18 8,285 22,299 
Los Altos•L A H 280 10,971 378 .87 2.38 9,545 26,111 

Los Angeles Area 
s Loag Beach 406 11,823 343 .45 1.29 5,320 15.252 
• Saaca Moaica 188 10,155 442 .78 1.45 7,921 14,725 
sv, Beverly Hills 122 8,591 534 .77 1.51 6,615 12,972 
IC Pasadena 200 ll.504 462 .70 1.50 8,053 17,256 
Alhambra 525 12,447 312 .61 1.74 7,593 21,658 
c Downey 207 11,828 486 .71 I.Bl 8,398 21,409 
a Riverside 100 13,773 860 .58 1.72 7,988 23,690 
Moreno Valley 141 13,875 716 .61 2.07 8,464 28,721 

San Diego Area 
Up10WD 386 11,469 361 .70 1.35 8,028 15,483 
Clairemon1 394 11,455 322 .78 1.98 8,935 22,681 
La Coaa 120 14,031 611 .80 1.95 11.225 27,360 
Escondido 454 12,397 327 .60 1.75 7,438 21,695 
801-Cr-FI Sp-BV 378 11,424 334 .61 1.88 7,654 21,477 

Sacramento Area 
Cen1111 Ci1y 172 10,710 483 .so .94 S,355 10,067 
E Sac-o Land P 323 10,082 345 .64 1.43 6,452 14,417 
s Sac 402 12.016 339 .57 1.65 6,849 19,826 

Men:ed Co. 450 13.282 558 .56 1.79 7,438 23,775 
Alameda Co. 10,911 11,260 64 1.68 18,917 
Contra Costa 6,257 I 1,838 90 1.91 22.611 
Saa Maceo Co. 5,560 10,969 90 1.90 20,841 
Saal& Clara Co. 12,885 11.llS 56 l.99 22,258 
Los Angela Co. 53,686 11,620 31 1.68 19,522 
Riverside Co. 6,544 13,165 97 1.13 24,092 
Saa Diego Co. 32,045 11,799 52 l.78 21,002 
SKIUlell&o Co. 7,432 11,423 79 1.73 19,762 
Califoraia 346,918 12,072 17 1.78 21,488 

PopulaLloa, Households, .lncome, Aucos and Acres are from the J990 U.S. Census. Household 
demi1y uc.luda vacant residearial 1111ics. 

Raidemial Acra ucluda ltnle&S. They were imuured by ABAG, SCAG, SANDAG azid the 
Sacramenco Plamung Depanment. 

TAI • ZcQ!uMI ~mb ~it'dlv1'•■ lalbu12(1'hh !2 11• "'il + l;!nilc ■n both ~irfd ■ !li..lllcarl£•bb !5! llZ mil 
(SO -&allld 1Nia)(24 brlcla:,) 

NSI • rl'IClioa or 1111 wilbia "" llli ors ta:, local _. (nn:a. ........._ clNS-l ....~. 
PAl • ((l'IClioa of.,_Ill ._)(fnclicm of __, Nlow 5" ..-1.ll(("-ioa lllocu willl -•u. Nell liclel + 
(lluildias _,, -fficieml + (fnaioll or- - 1n,r,c commlod)I; Bui1c1inJ..,, _Ilic.,.. 111ro. 3 a 

n1. llllilclias -t hm -11:: 0...5 ire· 10 ft; 0.3 ;r II· 20 ft: 0.1 irll • 40 ft; 0 ir > 40 Ill 
VMT • Vehicle miles mveled, calculaled from the California Bureau of Aucomorive Repair's 
odome1er readiu11 lalten durin1 srnos-checb. 

u, e. s. w, c • north. eas1. south. wen, cenual PrqJan,d by Johll HoltzcllnAi 
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Table 6 
1990 Community Characteristics And Auto Use 

Pop Net HH TAI NSl PAI~ ~ 
Community Density Density Capita HH Alllm AYw ...YM:r... YMI 

fW2.. ..J:il:L Transit Shop- Pedes• Capita HH Capita HH 
Acre Res Ac s s ping lrian 

San tranasco Area 
Nob-Rus-NoBea 49.2 100.9 21,792 42,044 90 1.00 .66 .28 .56 2,759 5,519 
San Francisco 24.2 48.3 19,695 45,664 70 .76 .49 .45 1.06 4,779 11,256 
central Berkeley 12.1 15.6 15,960 34,561 49 . 16 .58 .58 1.28 5,641 12,463 
Daly City 14.6 14.9 14,814 45,892 13 .17 .10 .55 1.73 6,120 19,251 
Alameda 10.3 12.2 20,287 47,887 6.7 .22 .48 .65 1.58 6,997 17,009 
Rockridge 8.2 9.6 26,116 57,208 27 .24 .13 .66 1.46 6,455 14,280 
Walnut Creek 4.6 4.7 26,245 60,647 21 .10 .07 .79 I.SJ 9,618 22,280 
San Ramon 2.4 3.2 26,493 69,975 1.0 .00 .08 .79 2.10 10,591 28,153 
Morgan Hill 1.7 2.3 20,410 61,957 3.1 .13 .16 .72 2.22 9,222 28,436 
Lafayette 1.8 2.2 33,551 89,101 11 .09 .02 .81 2.18 8,285 22,299 
Los Altos•L A H 2.1 1.8 43,936 118,870 2.3 .12 .03 .87 2.38 9,545 26,111 ' 

Los Angeles Area 
s Long Beach 15.9 24.1 9,712 28.000 19 .51 .66 .45 1.29 5,320 15,252 
s Santa Monica 15.0 15.0 25,153 46,677 20 .71 .59 .78 1.45 7,921 14,725 
sw Beverly Hills 19.4 13.5 25,991 50,981 13 .65 .71 .77 1.51 6,615 12,972 
sc Pasadena 13.9 10.4 20,392 43,510 5.5 .37 .42 .70 1.50 8,053 17,256 
Alhambra 16.7 8.6 14,727 42,197 4.7 .24 .37 .61 1.74 1,593 21,658 
c Downey 11.3 6.8 18,716 41,535 2.1 .16 .21 .71 1.81 8,398 21,409 
n Riverside 5.2 5.2 11,373 33.884 0.6 .07 .13 .58 1.72 7,988 23,690 
Moreno Valley 3.8 3.5 15,095 51.074 0.4 .08 .09 .61 2.07 8,464 28,721 

San Diego Area 
Uptown 14.0 12.3 19,124 36,570 9.0 .so .39 .70 1.35 8,028 15,483 
Clairemont 8.8 6.2 17,558 44,210 2.4 .08 .07 .78 1.98 8,935 22,681 
La Costa 2.3 4.0 26,082 63,117 .5 .03 .01 .80 1.95 11,225 27,360 
Escondido 1.9 3.6 14,053 40,688 2.1 .03 .09 .60 1.75 7,438 21,695 
Bos-Cr-Fl Sp-BV 2.2 2.6 13,990 38,394 .8 .04 .02 .67 1.88 1,654 21,477 

Sacramento Area 
Central City 7.9 22.2 14,226 24,880 20 .17 .41 .50 .94 5,355 10,067 
E Sac-a Land P 7.4 1.5 18,180 39,835 5.3 .10 .26 .64 1.43 6,452 14,417 
S Sac 8.7 6.6 12,021 34,358 1.2 .13 .03 .51 1.65 6,849 19,826 

Merced Co. . l 10,606 34,197 .56 1.79 7,438 23,775 
l'opulauon, Householas, income. Autos and Acres are rrom lhe 1990 U.S. 1..ensus. Household aeustty excluacs vacant 

residential units. 
Residential Acres excludes streets. They were measured by ABAG, SCAG, SANDAG and lhe Sacramento Planning 

Deparunent. 
TAf • mwH• !!!!!II l!i•ilbtl(oe•Y&u•l(1'hh 10 )/4 mil + !;£r11il••1! b2!1! dirld•tl!..•!!!••cl£1'hh III IG mil 

(50 -11/lld b111)(2◄ br/lby) 

NSI ., fr11cuon of hh wilbia Ii◄ mi of 5 tey local eommen:ill (m11te1, n:..ura111, dNpon) •--blillunema. 

PAI • (fraclion oflhn:,usn -l(frac\ion of road-y below 5!1\ ,ndc).JJ((fraclion blocb wilh walb, ai:11 aide)+ (buildilta emry coetracie111) + 
fraclion of an111 wilh inlr,c eon&rollod)(: Buildiq 111Uy coelricic111 • (I ifO • J A avs. buildiq •lb.act from wait; 0.5 if 4 • 10 ft; 0.J if 11 - 20 
ft; 0.1 ifll • ◄Oft; 0 if> ◄O fl) 

VMT • Vehicle miles traveled, calculated from the Califomia Bureau of Automotive Repair's odomecer readings taken 
during smog-checks. 

a. e. s. w. c • north. eam:. south. west. central Prepared by John Holtzclaw 
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APPENDIX E 
Methodology for Conversion from Daily to Annual Travel Values 

ARB staff developed a methodology to coovert VT and VMT per person values from daily to 

annual figures. A more sophisticated methodology was required because a simple multiplication by 365 

days per year would not have reflected the travel differences between weekday and weekend travel. The 

travel data are based. on weekday travel, thus, the key element of the conversion process was a method 

for detennining comparable values for weekend travel. 

Datasets oo weekend and weekend travel, as reported in the 1991 Statewide Travel Survey Final 

Report that was prepared. by Caltrans in December 1993, were compared. to each other. The variable 

examined was "person trips per person five years of age or older", which seemed. to be the measurement 

most compatible with the per capita variable. There is a 16 percent difference between the statewide 

average number of weekday person trips (3.6) and weekend persoo trips (3.1). It was assumed that this 

relationship was similar for VMT (i.e. a 16 percent difference). This does not imply that VT and VMT 

are the same; it is only an assumption that VT and VMT are distnbutecl between weekdays and weekends 

in the same proportion. 

The overall approach developed. was to multiply the daily VT (or VMT) by the sum of the number 

of weekdays in a year plus the number of weekend days in a year multiplied. by 84 percent (taking into 

account the 16 percent difference described above). It was estimated. that, with an average of ten holidays, 

there are 251 workdays in the year and the remaining 114 days can be treated. as weekend days. The 

resulting equation for converting daily VT per person to annual VT per person is: 

VT per person per year = VT per person per day • (251 + 114 • .84) 

or 

VT per person per year = VT per person per day • 347 

This same approach was used. for VMT and the equations are provided below. 
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VMT per person per year= VMT per person per day• (251 + 114 • .84} 

or 

VMT per person per year = VMT per person per day • 347 

The methodology presented here can also be used by local jurisdictions to convert daily data to 

annual figures that can be used as a baseline for comparison io the performance goals. The methodology 

described in this appendix uses average, statewide values for the differences between weekday and 

weekend travel. It is recognized that individual jurisdictions will vary in the proportion of weekend to 

weekday travel from the values used in this methodology. If the proportion is known, that value can be 

substituted into the equations provided below to derive baseline travel figures. 

()JOO!lt&'APl'DX-EJlfl 
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1990 Baseline Average Vehicle 
Travel In California Counties 

CALIFORNIA 
COUNT1ES 

Average VMT 
per Household 

per YEAR• 

Average Vehicle 
TRIPS.. per 

Household/YEAR 

Alameda County 16,686 2,155 

Amador County 19,228 2,830 

Butte County 17,089 3,096 

Calaveras County 20,249 3,294 

Colusa County 56,012 4,235 

Contra Costa County 16,834 2,289 

Del Norte County 18,275 2,189 

El Dorado County 30,083 3,240 

Fresno County 20,499 2,472 

Glenn County 29,758 3,952 

Humboldt County 18,846 2,590 

Imperial County 57,486 6,512 

Inyo Countv 49,376 3,015 

Kern County 21,171 2,531 

Kings County 21,851 2,350 

Lake County 15,236 2,889 

Lassen County 37,225 2,583 

Los Angeles County 18,678 2,624 

Madera County 25,667 2,961 

Marin County 17,342 2,101 

• 'Vehicle Miles Traveled,· excluding huvy duty truck travel. 
- Vehicle Trios include: automobile. oickuo. RV. van and motorcvcle trios. 

Source: Air Resources Board's Page 1 
"BURDEN" EMFAC 7F 1.1 and Terry Parker, ARB staff 
1990 US Census (persons/HH) February, 1995 



1990 Baseline Average Vehicle 
Travel In California Counties 

CALIFORNIA 
COUNnEs 

Average VMT 
per Household 

per YEAR• 

Average Vehicle 
TRIPS** per 

Household/YEAR 

Mariposa County 31,525 3,105 

Mendocino County 26,376 2,852 

Merced County 29,058 2,748 

Modoc County 25,970 2,506 

Mono County 64,854 3,096 

Monterey County 21,852 2,669 

Napa County 13,161 2,290 

Nevada County 23,701 3,133 

Orange County 21,345 2,787 

Placer County 28,927 3,6.90 

Plumas County 10,670 3,176 

Riverside County 24,132 2,273 

Sacramento County 17,333 3,051 

San Benito Countv 24,900 3,168 

San Bernadino County 20,378 2,472 

San Diego County 21,192 2,892 

San Francisco 8,851 1,350 

San Joaquin County 21,592 2,549 

San Luis Obispo County 21,899 2,369 

San Mateo County 17,393 2,289 

• 'Vehicle Miles Traveled,' excluding haavy duty truck travel. 
- Vehicle Trios include: automobile. oickuo, RV, van and motorcycle tri,:,s. 

Source: Air Resources Board's Page 2 
"BURDEN' EMFAC 7F 1.1 and Terry Parker, ARB staff 
1990 US Census (persons/HH) February, 1995 



1990 Baseline Average Vehicle 
Travel in California Counties 

CALIFORNIA 
COUNT1ES 

Average VMT 
per Household 

Der YEAR• 

Average Vehicle 
TRIPS** per 

HouseholdNEAR 

Santa Barbara County 19,340 2,367 

Santa Clara County 17,114 2,631 

Santa Cruz County 

Shasta County 

18,158 2,859 

22,077 3,579 

Sierra County 53,098 3,228 

Sonoma County 12,616 2,064 

Stanislaus County 19,121 2,696 

Sutter County 19,999 3,272 

Tehama County 32,572 3,734 

Trinity County 21,077 2,936 

Tulare County 21,034 2,613 

Tuolumne Countv 21,283 2,900 

Ventura County 21,711 3,037 

Yolo County 20,070 3,113 

Yuba County 20,547 3,360 

• 'Vehicle Miles Traveled,• excluding heavy dut'/ truck travel . 
.. Vehicle Trios include: automobile oickuo. RV van and motorcvcle trios. 

Source: Air Resources Board's Page 3 
'BURDEN' EMFAC 7F 1.1 and Terry Parller, ARB staff 
1990 US Census (persons/HH) February, 1995 
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Appendix G 
MODE OF TRAVEL BY REGION 

AMBAG (Monterey and Santa Cruz Counties) 69.3% 30.7% 

Butte 70.6% 29.4% 

Fresno 69.7% 30.3% 

Kem 71.7% 28.3% 

Merced 68.9% 31.1 % 

MTC (San Francisco Bay Area) 65.8% 34.2% 

SACOG (Sacramento Region 73.0% 27.0% 

San Diego 67.4% 32.6% 

San Joaquin 72.9% 27.1% 

San Luis Obispo 68.1% 31.9% 

Santa Barbara 70.2% 29.8% 

SCAG (Los Angeles, Orange, Riverside, San 69.3% 30.7% 
Bernardino, and Ventura Counties) 

Shasta 72.3% 27.7% 

Stanislaus 67.6% 32.4% 

Tulare 67.6% 32.4% 

Rural (All Other Counties) 69.5% 30.5% 

Source: Califania Depanmeot of Transportation, 1991 Statewide Travel Survey: 
Summary of Findings, November 1992. 

Notes: 

1. Auto Drivers include single occupant vehicles and drivers ex carpools and vanpools. 

2. Other includes all ooo-motorized forms of transportatioil, transit riders and passengers of 
car/vanpools. 
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Emission Factors for Average Fleet 
Light & Medium Vehicles & Motorcycles 

Year 1995 NOx (X) 

Tri End Factor 3.84 2.34 60.13 
VMT Factor 0.79 0.85 6.20 

Year 1996 R:>G NOx (X) 

Tri End Factor 3.26 1.92 64.70 
VMT Factor 0.59 0.73 4.57 

Year 1997 R:>G NOx (X) 

Tri End Factor 3.10 1.88 60.15 
VMT Factor 0.56 0.69 4.19 

Year 1998 R:>G NOx (X) 

Tri End Factor 2.91 1.83 55.54 
VMT Factor 0.52 0.66 3.85 

Year 1999 R:>G NOx (X) 

Tri End Factor 2.70 1.77 50.87 
VMT Factor 0.49 0.63 3.55 

Year 2000 R:>G NOx (X) 

Tri End Factor 2.47 1.69 46.17 
VMT Factor 0.46 0.59 3.28 

Documentation of emission factors: 
These factors are statewide fleet averages for light duty vehicles, medium duty 
vehicles, and motorcycles based on EMFAC7F1.1. Summer inventories were used for 
ROG and NOx. Winter inventories were used for CO. Trip end factors represent cold 
starts plus hot starts plus soaks--all divided by total trips. VMT factors represent 
running exhausWMT plus running lossesNMT 



Average Annual Vehicle Emissions per Household 
by Performance Goal 

PERFORMANCE GOAL: 

Vehicle Trips 
LEVEL 1 
URBAN 

less than: 
1,600 

Average yearly 
VTs per HH 

VMT 
Jess than: 

10,000 
Average yearly 
VMT/year/HH 

PERFORMANCE GOAL: 
Vehicle Trips 

URBAN from: 
LEVEL 2 1,600 

to: 
.2, 100 

Average yearly 
VTs Per HH 

VMT 
from: 

10,000 
to: 

13,000 
Average yearly 
VMT/vear/HH 

PERFORMANCE GOAL: 
Vehicle Trips 

URBAN from: 
2,101LEVEL 3 

to: 
2,600 

Average yearly 
VTs per HH 

VMT 
from: 

13,001 
to: 

16,000 
Average yearly 
VMT/vear/HH 

Emission Factors 
ROG gltrip: 

3.84 
NOx gltrip: 

2.34 
CO g/trip: 

60.13 

Emission Factors 
ROG g/mile: 

0.79 
NOx g/mile: 

0.85 
CO g/mile: 

6.20 

Emission Factors 

ROG gltrip: 
3.84 

NOx gltrip: 
2.34 

CO gltrip: 
60.13 

Emission Factors 
ROG g/mile: 

0.79 
NOx g/mile: 

0.85 
CO g/mile: 

6.20 

Emission Factors 

ROG gltrip: 
3.84 

NOx g/trip: 
2.34 

CO g/trip: 
60.13 

Emission Factors 
ROG g/mile: 

0.79 
NOx g/mi/e: 

0.85 
CO g/mile: 

6.20 

Emissions ner HH per Year* 
Less than: 
pounds/vr: 

13.5 

8.2 

211.7 

Less than: 
pounds/vr: 

17.4 

18.7 

136.4 

Emissons ner HH ner Year: 
From: To: 

pounds/vr: pounds/vr: 
13.5 17.7 

8.2 10.8 

211.7 277.8 

From: To: 
nounds/vr: nounds/vr: 

17.4 22.6 

18.7 24.3 

136.4 177.3 

Emlssons ner HH ner Year: 
From: To: 

Pounds/vr: Pounds/vr: 
17.7 22.0 

10.8 13.4 

277.9 343.9 

From: To: 
pounds/yr: pounds/vr: 

22.6 27.8 

24.3 29.9 

177.3 218.2 

Urban Level 1: 
AnnuaVHH Emissions 
from VT & VMT (lbs.): 
F03: < 31 
NOX: < 27 
(X): < 348 

Urban Level 2: 
AnnuaVHH Emissions 
from VT & VMT (lbs.): 

from: to: 
RJG: 31 40 
NOX: 27 35 
(X): 348 455 

Urban Level 3: 
AnnuaVHH Emissions 
from VT & VMT (lbs.): 

from: to: 
RJG: 40 50 
NOX: 35 43 
(X): 455 562 

Source of Emission Factors: ARB EMFAC7F1 .1 and BURDEN 7F (see end notes) Page 1 



Average Annual Vehicle Emissions per Household 
by Performance Goal 

PERFORMANCE GOAL: Emissions Der HH Der Year• 
Vehicle Trips Emission Factors Less than: 

SUBURBAN less than: pounds/yr:ROG gltrip: 
LEVEL 1 3,200 3.84 27.0 

Average yearly NOx gltrip: 
VTs per HH 2.34 16.5 

CO gltrip: 
60.13 423.3 

Emission Factors . Less than:VMT 
pounds/yr:ROG glmile:less than: 

34.820,000 0.79 
NOx glmile:Average yearly 

VMT/year/HH 0.85 37.4 
CO glmile: 

6.20 272.8 

Emissons nar HH nar Year:PERFORMANCE GOAL: Emission Factors 
Vehicle TriDS From: To: 

SUBURBAN from: ROG gltrip: Dounds/vr: Dounds/vr: 
LEVEL 2 3,200 27.0 29.63.84 

to: NOx gltrip: 
3,500 2.34 16.5 18.0 

Average yearly CO gltrip: 
VTs car HH 60.13 423.3 463.0 

VMT Emission Factors From: To: 
from: pounds/yr: pounds/yr:ROG glmile: 

20,000 0.79 34.8 38.2 
to: NOx g/mile: 

22,000 0.85 37.4 41.1 
Average yearly CO g/mile: 
VMT/year/HH 6.20 272.8 300.1 

PERFORMANCE GOAL: Emission Factors Emissons nar HH nar Year: 
Vehicle Tries 

SUBURBAN from: 
LEVEL 3 3,501 

to: 
4,000 

Average yearly 
VTs cer HH 

From: To: 
ROG gltrip: DOUnds/yr: Dounds/yr: 

3.84 29.6 33.8 
NOx g/trip: 

2.34 18.0 20.6 
CO gltrip: 

60.13 463.1 529.1 

VMT Emission Factors From: To: 
from: ROG glmile: Dounds/Yr: Pounds/yr: 

22,001 0.79 38.2 43.5 
to: NOx glmile: 

25,000 0.85 41.1 46.8 
Average yearly CO glmile: 
VMT/vear/HH 6.20 300.1 341.0 

Suburban Level 1: 
AnnuaVHH Emissions 
from VT & VMT (lbs.): 
F03: < 62 
NOX: < 54 
00: < 696 

Suburban Level 2: 
AnnuaVHH Emissions 
from VT & VMT (lbs.): 

from: to: 
F03: 62 68 
NOX: 54 59 
00: 696 763 

Suburban Level 3: 
AnnuaVHH Emissions 
from VT & VMT (lbs.): 

from: to: 
F03: 68 77 
NOX: 59 67 
00: 763 870 

Source of Emission Factors: ARB EMFAC7F1 .1 and BURDEN 7F (see end notes) Page 2 



Average Annual Vehicle Emissions per Household 
by Performance Goal 

PERFORMANCE GOAL: 
Vehicle Trips 

EX-URBAN lass than: 
4,500LEVEL 1 

Average yearly 
VTs per HH 

VMT 
Jass than: 

28,000 
Average yearly 
VMT/year/HH 

PERFORMANCE GOAL: 
Vehicle Trips 

EX-URBAN from: 
LEVEL 2 4,500 

to: 
4,800 

Average yearly 
VTs oer HH 

VMT 
from: 

28,000 
to: 

30,000 
Average yearly 
VMT/vear/HH 

Emissions -r HH per Year• 
Emission Factors 
ROG gltrip: 

3.84 
NOx gltrip: 

2.34 
CO gltrip: 

60.13 

Emission Factors 
ROG glmila: 

0.79 
NOx glmila: 

0.85 
CO glmila: 

6.20 

Emission Factors 

ROG gltrip: 
3.84 

NOx gltrip: 
2.34 

CO gltrip: 
60.13 

Emission Factors 
ROG glmile: 

0.79 
NOx glmile: 

0.85 
CO glmila: 

6.20 

Lass than: 
pounds/yr: 

38.0 

23.2 

595.3 

Lass than: 
pounds/yr: 

48.7 

52.4 

381.9 

Emissons per HH ner Year: 
From: 

pounds/yr: 
38.0 

To: 
pounds/yr: 

40.6 

23.2 24.7 

595.3 635.0 

From: 
pounds/vr: 

48.7 

To: 
pounds/yr: 

5.2.1 

52.4 56.1 

381.9 409.2 

Ex-urban Level 1 : 
AnnuaVHH Emissions 
from VT & VMT (lbs.): 
FOG: < 87 
NOX: < 76 
CO: < 977 

Ex-urban Level 2: 
AnnuaVHH Emissions 
from VT & VMT (lbs.): 

from: to: 
FOG: 87 93 
NOX: 76 81 
CO: 977 1044 

• Average vehicle emissions per Household per Year. 

Terms Used: 
('VMT' is Vehicle Miles of Travel; 'VT' is Vehicle Trip; HH is 'Household'; 'ROG' 

is reactive organic gases; 'NOx' is oxides of nitrogen; 'CO' is carbon monoxide.) 

Source of emission factors: 
ARB's EMFAC7F1 .1 and BURDEN 7F, statewide fleet averages 
for light and medium duty vehicles and motorcycles for 1995. 

Summer inventories were used for ROG and NOx; and Winter inventories for CO. 
"Trip end" factors represent average cold starts plus hot starts plus hot soaks. 

. 'VMT' factors reoresent average runnina exhaust olus runnina losses. 

By ARB Staff (Tarry Parker & Pamala Burmich, Transportation Strategies Group) 

Source of Emission Factors: ARB EMFAC7F1 .1 and BURDEN 7F (see end notes) Page 3 
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APPENDIX I 
Monitoring Guidelines for Travel Data 

In this appendix, a methodology is presented for monitoring the effectiveness of the land use and 
transportation strategies in achieving the performance goals. Emissions benefits are difficult to monitor 
for each individual strategy; therefore, this methodology proposes methods for tracking changes in travel 
characteristics, including those stated in the performance goals. 

A tool that can be helpful in monitoring the implementation of land use and transportation 
strategies is a geographic information system (GIS). With a GIS, a local jurisdiction can readily enter and 
track information such as density of development, type of development, and availability of transportation 
facilities (e.g., transit routes, rail stations, pedestrian crossings). The type of data and level of detail can 
be customized for each jurisdiction. Some of the data may already be in the GIS for other purposes. A 
GIS may also be helpful in planning and evaluating future development potential for transit stations and 
corridors. 

Various data collection methods appropriate for use in monitoring are presented below. Included 
is information regarding the types of data that can be collected, any issues that should be considered when 
using these methods, and how to administer the method. A summary of the types of data that are collected 
for each of the methods descnbed below is provided in Table H-1. This information should be used to 
help the implementing agencies decide which data collection methods are most appropriate and what 
factors to take into account when implementing them. The design of the data collection methodology 
would be specific to each jurisdiction. 

Home Interview Surveys 

Data on all types of trips, not just commute trips, may be obtained through home interview 
surveys. Home interview surveys, however, are costly to administer and are usually only conducted every 
five to ten years to support the development of a travel forecasting model for an area. Data collected 
might include: 

• number of trips, by time of day and by trip purpose; 
• mode of travel, by trip purpose; 
• average trip length, by trip purpose; 
• number of people in a vehicle (for automobile travel); and 
• factors that affect mode choice decisions. 

Because conducting a survey is costly, the questioMaires are typically very long to obtain as much 
information as possible. It is therefore very important to ensure that the questionnaire includes all 
necessary questions without being too extensive. 

It is likely that a local jurisdiction would use home interview survey data, also referred to as 
travel survey data, to establish baseline conditions for the application of the performance goals. These 
data may be available from the metropolitan planning organization (MPO) for the region or a county 
transportation agency that has conducted a home interview survey in support-of the development of a 
travel forecasting model. The data obtained will probably be expressed as daily values, and the 
performance goals are provided as BMual values. The methodology for performing this conversion is 
described in Appendix A. 
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Table 1-1 
TYPE OF DATA COLLECTED BY INDIVIDUAL METHODS 

Home 
Interview X 
Survey 

On-Board 
Surveys 

Windshield 
Surveys X 

License 
Plate 
Surveys, 

Origin/ 
Destination X 
Survey 

Tratlic 
Coums on 
Major 
Facilities 

Transit 
Ridership 
Counts 

Coroon 
Tratlic 
Counts 

Highway 
Vehicle/ 
Passenger 
Counts 

Tratlic 
Speeds on 
Major 
Facilities 

Odometer 
Checks 

X X X X X X X 

X X 

X X X X X X X 

X 

X X 

X x2 

X 

X 

X X 

X 

X 

Notes: 1. License plate surveys can also be used to identify through trips 
2. Change in total VMT obtained by combining traffic counts with modeling techniques 
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On-Board Surveys 

Surveys conducted on-board transit vehicles are useful to detennine the travel characteristics of transit 
users, such as trip type, frequency of transit use, and mode used to access transit. In particular, the transit user 
can be asked if they previously used another mode of travel to determine the extent to which the land use and 
transportation strategies have affected transit ridership. In addition, information on distances walked from the 
transit stop to a destination can be collected and used to verify assumptions regarding an individual's willingness 
to walk. On-board surveys should be administered in conjunction with the appropriate transit agency, which may 
have an oogoing survey process. 

Windshield Surveys 

For vehicles parked within a given area, swveys placed on the windshield of the vehicles can be used 
to obtain site-specific infonnatioo on automobile users. For example, those who· park in areas that can be 
accessed by transit may be asked questions such as what distance they drove to the area, why they did not use 
transit, and whether they were able to combine a number of trips by traveling to that destination. Depending 
on the area targeted, efforts may be coordinated with local agencies, and permission may be needed to place 
items on car windshields. Some localities may prefer to use a method other than a windshield survey because 
of the potential litter problem. 

License Plate Surveys 

The movement of vehicles through an area can be identified by noting the time of day and license plate 
numbers of passing vehicles at key locations. The data at various locations can then be compared to detennine 
what percentage of the total trips are regional or longer distance trips. These surveys can also be used to identify 
through movements, which are less likely to be impacted by land use and transportation strategies. Caltrans and 
many regional agencies conduct license plate surveys, and any similar efforts should be coordinated with these 
agencies. 

Origin/Destination Surveys 

Origin/destination surveys performed at a specific facility, such as a development near a transit station, 
identify the origins and destinations for trips currently being made. One method of administering this type of 
survey is to videotape license plates of the vehicles as they pass through the facility, obtaining the home 
addresses of owners of each vehicle from the Department of Motor Vehicles, and mailing the owners a 
questionnaire. For origin/destination information that is not site specific, home interview surveys should be used. 
Origin/destination surveys are fairly expensive to administer, and efforts should be coordinated with similar 
efforts being undertaken by other agencies, such as MPOs and regional transportation agencies. 

Annual Non-Survey Data Collection Methods 

There are a number of types of data, other than surveys, that can be collected on an annual basis to 
support monitoring. These are briefly described in this section. Data collection should occur at roughly the 
same time each year to avoid seasonal variation and should take place on a representative weekday. This will 
ensure consistency in the data and make the comparison to the baseline straightforward. The time of year chosen 
should be similar to the time of year when the data used to estimate the baseline values were collected. All 
counts should be made over an entire day to include both the peak and off-peak periods. A local jurisdiction 
should probably not try to perform all of these data collection efforts, only those needed to monitor the 
performance goals, given what data collection efforts may already be oogoing. In particular, data may already 
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be available from MPOs, Caltrans, county transportation depanments, or other agencies involved in transportation 
in the region. 

TrajJic Counts on Major Facilities 
Traffic counts provide data on the number of vehicle trips on a given facility by time of day. In addition, 

traffic count data can be used in conjunction with modeling or survey estimates of trip length by area to 
determine vehicle miles traveled (VMT) by time period (peak and off-peak). Traffic counts do not differentiate 
between commute and non-commute trips. Caltrans, MPOs, counties, and cities may already collect these data. 

Transit Ridership Counts 
The land use and transportation strategies are intended to encourage a shift in travel mode away from 

drive-alone vehicles. The extent to which drive-alone trips are shifted to transit can be captured through transit 
ridership counts. These counts are generally conducted by transit agencies, and may be coordinated with other 
data collection efforts that the agencies are performing. The counts should be conducted on as many transit 
vehicles as possible at various times of the day. 

Cordon Traffic Counts 
If the strategies only affect certain areas, such as a central business district, then cordon traffic counts 

can be useful to determine the total number of trips into and out of the area by time of day. As with traffic 
counts on major facilities, cordon counts do not differentiate commute and non-commute trips. Cordon traffic 
counts are performed by first defining the analysis area, then identifying all access points into and out of the 
area. Traffic counts are made at the boundary of the area at each of these access points and summed to obtain 
the total traffic count into ·and out of the area. Government agencies such as a city, an MPO, or Caltrans may 
also be performing cordon traffic counts for separate studies. 

Highway Vehicle/Passenger Counts 
Highway vehicle/passenger counts can be very useful in verifying the average vehicle occupancy reported 

in home interview surveys and in providing information describing the number of vehicle trips on the highway 
by time of day. The counts should be made at the same locations on the various highways to ensure consistency 
from year to year. Coordination should occur with local governments and with Caltrans to determine whether 
any of these agencies are already performing highway vehicle/passenger counts. 

TrajJic Speeds on Major Facilities 
An additional piece of data that may be of interest to monitor is average traffic speeds. Traffic speed 

data are collected by driving along various roadways during both the peak and off-peak periods and documenting 
average travel speed. These average travel speeds include wait times at traffic signals and freeway merges. 
Regional transportation agencies generally collect this information. 

Odometer Checks 
Total VMT for vehicles in the air basin can be obtained through annual or bieMial vehicle odometer 

checks, which may be coordinated with smog inspections. A limitation of odometer checks is that they do not 
reveal the portion of a vehicle's total VMT that occurred in the air basin, when the VMT occurred, or whether 
the trip was a commute or non-commute trip. 

(]J-APPl>x.utNl 
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APPENDIX J 
Method of Setting Densities and Mix of Uses 

This appendix, prepared by Brady and Associates, descnbes how the commercial and residential densities 
and mixed use percentages recommended in Chapter 6 were derived. 

1. Commercial Densities. To set the commercial densities, Brady and Associates relied on data 
regarding both floor area ratios (FARs) and employees per 1,000 square feet of building available from 
sources in the literature. Table J-1 shows the sources used for FARs. 

Table J-2 shows employees per square foot of building as calculated by SANDAG and Holtzclaw. As 
shown in this table, this background data was used to derive an average numbers of employees per 1,000 
square feet of building of 3.8. 

As shown in Table J-3, the FARs in Table J-1 were applied as a continuum to the eight types of 
community studied in this report, and were then multiplied by the average employment density of 3.8 
employees per 1,000 square feet of building. This resulted in minimum employment densities per net acre, 
which are also shown in Table J-3. 

2. Residential Densities. Residential densities were set for corridors and infill as a relationship to 
densities near stations. In doing this, we considered three sets of background information, which are 
summarized as a continuum in Table J-4. The data sets used were: 

John Holtzclaw's data on densities in various types of communities. 

Pushkarev and Zupan's study of what densities support what kinds of transit. 

Peter Calthorpe's book (with Shelley Poticha), which recommends residential densities for 
"urban" and "neighborhood" transit-oriented development, and illustrates various densities. 

In addition, we considered the types of housing that can be built at various densities, which are illustrated 
in Table J-5. Sources for these drawings and densities included Warkentin and Van 
Meter/Williams/Pollack. A copy of a memo from William Warkentin, prepared for the Building Industry 
Association, is enclosed at the end of this Appendix. It indicates the types of housing units that can be 
built at various densities. For each type of community (urban, suburban, exurban; levels 1, 2 and 3) the 
consultant team considered which types of housing shown in Table J-5 would be appropriate. 

The resulting recommended density specifications and the rationale for them are shown in Table J-6. 

3. Mix of Uses. Brady and Associates developed target mixes based on the following three issues: 

Existing Mixes in Urban, Suburban and Exurban Areas. Because rents are higher in regional business 
centers, there are essentially no residential uses in these centers. High-rise office buildings command these 
districts. As one moves toward the suburm, one finds a higher proportion of residential uses. In exurban 
areas, residential and rural uses dominate; primarily local retail and services are provided in small towns. 
Brady and Associates developed a continuum of ratios of business and residential uses based on this 
relationship. · 
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Agglomeration Benefits for Like Uses. Similar uses benefit from being close together. They draw the 
same customers, and they do business with each other. When Brady and Associates prepared a land use 
study for areas near transit stations in North Sacramento, we found that the station areas fell into four 
types: office center, retail/cultural center, residential area, and in-between areas with a mix of residential 
and commercial uses. We recommended strengthening the existing character of each type of area. 

Transit-on·ented Development Mixes. Calthorpe and Poticha recommend 10 to 15 percent public uses in 
neighborhood TODs and 5 to 15 percent public uses in urban TODs. We used these ranges to set the 
proportion of public space in the target mixes of uses. We recommended the lower end of their range of 
public uses in Urban 1 office centers, slightly more in retail/cultural centers because these centers often 
include civic facilities, and their neighborhood range for residential areas where the main public use is 
schools. Calthorpe and Poticha's recommendations are for new communities; therefore, the mixes have 
a higher residential component than rents in urban office centers would allow. We use their proportion 
of housing for Suburban 3 commercial centers, residential areas and neighborhood centers. 

Calthorpe and Poticha's mixes for Transit-Oriented Developments are shown in Table J-7. The target 
mixes are shown in Table J-8; they total 100 percenL The recommended minimums that might be needed 
to achieve these targets (which form the input to Chapter 6) are shown in Table J-9. These minimums 
total 50 to 60 percent, leaving 40 to 50 percent which could be assigned to any use within the mix. 
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Table J-1 
BACKGROUND INFORMATION FOR FLOOR AREA RATIOS" 

CALCULATIONS 

REFERENCES" 

FAR Calculallon based on 
Zupan" and SANDAG 

Mbc ol uses auumed 

Los Angeles County Congestion 
Management Program FAR 

Snohomish County Gulde FAR 

Snohomish County Gulde 
· Employees PII' Acre 

San Francisco Zoning Code 
FAR' 

1.8 

Offloes, rastauranlS. shopping, 
banks, !heaters and 
hotalshnotels 

2.0 

75 

3.8 

Sama as station areas, but 
mora 181811, less office and 
hotalhnotal 

1.1 

2.0 

2.3 

0.7 

Sama as urban corridors, but moni 
181811, less office and hotalhnotal 

Commercial Neighborhood: 1.00 
Offloenndustrlal: 1.25 

50 

Ratio of building area per gross acre. 
Based on Pushk.-ev .-.d Zupan's article on square feet of building in a square-mile downtown required to support given transit modes, adjusting 
required FAR lo con~sale for Iowa' employment densities in corridors, using SanDAG report on employees per square fool. 
Los Angeles County mcludes urban aid suburban areas. Snohomish Comly includes urban, suburban and exurban areas, bul ii is largely 
suburban and exurban. San Francisco is an urban area. 
Corridor FAR from residential wnes; Station FAR from C-1 aid C-2 mnes. 
Nol shown in the document. 
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Table J-2 

BACKGROUND INFORMATION FOR EMPLOYEES PER 1,000 SF OF BUILDING 

Land Use 

omc. 

RetaN 

Re1taur■n1 

Aver■g■ 

Hotel I.II 

Mo181 1.08 

Movie lhealer 1.47 

Bank 3.15 

Corporata Offioa 3.40 

Business Parle 4.01 11 lnsuranoa, Travel, I
Offioa Bldg <100,000 SF 4.38 etc. 

0111oa Bldg >100,000 SF 4.53 

Community Shopping Center 1.70 Community Martcets 

NelQhbomood Shopplnv Ce,- 2.81 Nelghbomood Retal 

Restauranl 

150- 500 I 3.5-11.5 I 

100-300 2.3-6.9 

150-500 3.5-11.5 

100-200 2.3-4.8 

2 

3 

7.5 I 4 

4.6 I 4 

75 

3.5 I 4 

3.8t 
i 

Source: San Diego Association of Oovernmenls, Traffic Oeneralors, 1990. 
~ 

John Holtzclaw, Conversalioo, JM1uary 1995. 
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Table J-3 
EMPLOYMENT DENSITY CALCULATIONS 'I 

.r 
:i. 

I 3.81 3.8J~- -3.11[ 3.81 3.8 r3.8 3.8 3.8 

2.2 2.1 J.O2.0 I 1.81 1.81 1.2,1.411 
8.4 8.0 7:6 8.8 6.0 5.3 4.8 3.8 

384 348 331 298 265 199 166 

Avarage employees per 1,000 squan, laat of buldlng 

Wllhln¼Mle 
of Major 

Tn,ns" S1allons 

Within¼ Mle 
of Major 
Tians" 

Corridors 

t 
!I 
~ 
!-:, 

lnfll 

~ s-
l. 
~ 

;.%" 

~ 
t:, 

1:a 

t 
I(· 

"II 
~~ 
. " 
~ .... 
~ ~ 

Floor Ania Ratio 

Avarage employees per 1,000 squan, 
feet of land on lot 

AY8rllge employees per net acre 

Minimum Employment Density 
Spectlk:aUan 

Floor Area Ratio 

AY8rllge employees per 1,000 squan, 
feet of land on lot 

.li,Y8fllge employees per net acre 

Minimum Employment Density 
Spectlk:allon 

Floor Area Ratio 

AY8fllge employees per 1,000 squan, 
feet of land on lot 

AY8rllge employees pel' net acre 

Minimum Employment Density 
SpecttlcaUan 

360 340 330 290 260 190 

2.0 1.9 1.8 1.6 1.4 1.21 1.01 
7.8 7.2 6.8 8.0 5.3 4.6 3.8 

331 

330 

315 

310 

298 

290 

285 

260 

232 

230 ::I ::1 
1.8 1.7 1.6 1.4 1.2 1.0 0.8 

8.8 8.4 6.0 5.3 4.8 3.8 3.0 2.3 i~
i;-o 

298 282 265 232 199 166 131 100 r I· 
290 280 260 230 190 160 130 90 1: :I!, 

a " 

160 

0.8 

3.0 

~::1 g, 

0.8 ;1 

~[
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Table J-4 

RESIDENTIAL DENSITY CONTINUUM 

Neighbor- StaliOnUrban TOD CorridorDU/Net Rea. 0 DU/Rea Tr11nsn DU/Nethood TOD DU/NetDUIReLAcre II Acre• Service DUIReL Rel.Acre" Res. AcreAcre• Acre 
(U,61) 

48 
101 

50 (\)2) 50 (\)1) 
40 (\)3) 

25.5 30 (S1) 32 (U2) 

22 20 (62,3) 22 (\)3,61) 
18 (El) 

16.4 16 (SU) 
15.9 
15.5 15 I ,._,.1111111 I Mtn.A-15 

(- 10 mlnuloo,20 _, _ 12014.3 -,.i-._13.1 IPO<W'II""•-·
12.8 12 I llapld~.: II IMtn.Pl'lljoct12I 12 (E2) I 

•n- authors do not distinguish betwuen net and gross acres In their worlts. 

[ 
.;,.. 
:t 

~ 
IS 

; i 
:!:.ij 
~ .. 
re·~l-s· ~ El .... r 
;a.. Cl. 
:, I:'<~,
&. Cl. 

~ ~.... 
c,, c,,.... 
s: ii 
~ c§ 

i~ If .. 
~i 
c,, !f 
~ r.­~.: 

Region 

Los Angeles 
Sacramento 

San Francisco 
Los Angeles 
San Francisco 

Los Angeles 

San Diego 
San Francisco 
Los Angeles 
San Francisco 

Los Angeles 
Sacramento 
Los Angeles 
Sacramento 
San Diego 
Los Angeles 
San Francisco 
San Diego 
San Diego 
Los Angeles 
San Francisco 
San Diego 
San Francisco 
San Frendsco 

San Francisco 

Community 

South Long Beech 
Central Sacramento 

Central Berlteley 
South Santa Monlce 
Daly City 
Southwest B8Y8fly HIia 
Uptown San Diego 

Alameda 
South Central Pasadena 
Rockrldge 

Alhambra 
East Sacrament°"'. Land Point 
CentralDownay 
South Sacramento 
Clalramont 
North Rlllerslda 
Walnut Creek 
La Costa 
Escondido 
Moreno Valley 
San Ramon 
Bos.Cr.A. Sp-Bv 
Morgan HII 
L.alayelllrl 

Los Altos 

12 1S!1 
11.0 
10.1 Min.A- 10 (E1,ZlI 10 (63) 

9.1 91 
8.0 8 (E1)~~·1,--:;:: 

10 

I
7.2 
7.0 11W1I - llu1 Min. Pl'lljoct 7 i I IIll hcu1y,6.6 

20 -,.5.5 40-yl
4.9 
4.3 41 -1111•

Mhcu1y,3.8 1011ou<Wmy
3.7 or houl1y,
3.4 20~ 
2.8 
2.4 
2.3 2l-11a11 .. 

Elrilllng Trad< 

1.9 

lnliR 
DU/Net 

Rea. 
Acre 

32 (\)1) 
22 (\J2) 
18 (U3) 

18 (61) 
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Table J-5 
Character of Residential Density 

-~ 
_:::=---- ~t:::' .-

---~~--.-c..::-. 
5 • 7 units acre• • llaDdard lingle•f'amily 8 • 12 unill/acn,• • small-lo1·1ingle-family 

12 • 18 uaitslacre• • 2-story 1ownho111CS 12 - 20 units per acre• • single-family with aeeoad units 

15 • 23 units/acre• • 2-story Oats 15 • 23 1111illlaeno• • 3-slory IOWIUIOIIICS OD puting 

30-70 aniU/acre" -3 lo 4-tloly.Oats OD Plmll& 

• Dwolling units per net residential acre: housing aaits per acn, of land in residential uae, 1101 including aree11 and lidewalb. 
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Table J-6 

MINIMUM RESIDENTIAL DENSITY SPECIFICATIONS 
(Dwelling Units Per Net Residential Acre) 

Exurban 1 181 

Exurban 2 12" 

• Between Hollzclaw density ol Central San Francisco and au ol San Frandsc:o. Four-story flats ovar parking. 

Simllar 10 Holtzclaw density ol lor all ol San Franclsc:o. Three-story flats over parking. 

Between Hollzclaw density ol South Long Beach and San Francisco. Three-story flats over parking. 

Hollzclaw denslly ol Central Sacramento. Three-story townhouses over parking. 

Similar 1D Holtzclaw density ol Central Sacramento. Single-family wl1h second units, townhouses or two-story flats. 

Hollzclaw densily In Central Berkeley and South Santa Monica, 1 mora than Pushkarav and Zupan lraquent bus aarvice, 1 more 
than C&lthorpa and Poticha minilll.lm average density tor urban transtt-orlanted development Singla-famlly wl1h seoond units, 
townhouses or two-story flats. 

Holtzclaw denslly for uptown San Diego and Alameda, Pushkllrev and Zupan density for rapid transit, C&lthorpe and Poticha 
minimum project density for urban transit-oriented dewlopment. Slngle-tamlly wl1h aacond units or townhouses. 

Hollzclaw densily for Rockridge and South-Central Pllsad-, 1 more than Pushkarev and Zupan densily for light rail, Catthorpe 
and Poticha minimum average density tor neighborhood transit-oriented development Small-lot single-family. 

Hollzciaw density for East Saaamento and Alhambra, 1 mora than Pushkarav and Zupan density for lntannadiate bus service. 
SmaY-lot single-family. 

Hollzciaw density for South Sacramento and Clalramont, Pushka'9V and Zupan densily tor ln1Brmedial8 bus service. Calthorpe 
and Poticha minimum projact densily for urban transtt-orlanllld development High end ol density for standard single-family. 

5(/ 

32" 

22" 

22" 

161 

16' 

111" 

111" 

32" 

22" 

181 

161 

12" 

10" 

8' 

.,.. 

Urban 1 

Urban 2 

Urban 3 

Suburban 1 

Suburban 2 

Suburban 3 

7f1' 

5(/ 

4(f 

30' 

20" 

20" 
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TableJ-7 
MIX OF USES FROM CALTHORPE AND POTICHA 

Housing 

Public 10-15% 5-15% 

Table J-8 
TARGET MIX OF USES 

10 10 RelBU 10 Relail 
Public 5 10 Public 10 Public 15 

Residential 0 Residential 5 Ollice 10 Ollice 20 

Ollice 80 Relail 70 Residential 70 Residential 45 

RelBU 10 Ollice 10 RelaU 10 RelBU 30 
Public 5 Public 10 Public 10 Public 15 

Residential 5 Residential 10 Olfl08 10 Ollice 10 

URBAN 2 

URBAN 3 Ollice 65 Relail 70 Residential 70 Residential 45 

RelaU 20 Ollice 10 RelBU 10 RelaU 30 
Public 5 Public 10 Public 10 Public 15 

Residential 10 Residential 10 Olfl08 10 Ollice 10 

SUBURBAN 1 Ollice 70 RelaN 65 Residential 70 Residential 45 

Relall 10 0llice 10 Rel8II 10 RelBU 25 
Public 10 Public 15 Public 10 Public 15 

Residential 10 Residential 10 Ollice 10 0llice 15 

SUBURBAN 2 Office 60 RelaU 65 Residential 80 Residential 55 

Relail 20 Olfl08 10 RelBU 10 RelaU 20 
Public 10 Public 15 Public 10 Public 15 

Residential 10 Residential 10 Olfl08 0 Olfl08 10 

Ollice 30 Relail 55 Residential 80 Residential 60 
RelBU 30 Office 10 RelBU 10 RelBU 15 

Public 10 Public 15 Public 10 Public 10 

Residential 20 Residential 20 Olfl08 0 Office 5 

SUBURBAN 3 

Residential 80 Residential 60 
RelBIIIOllioe 10 RelBU 20 
Public 10 Public 10 

Agrlc:ullure 0 Ollice 10 

EXURBAN 1 

Residential 80 Residential 70 

Relall/Olfice 0 RelaU 15 

Public 10 Public 10 

Agrlaillure 10 Ollice 5 

EXURBAN 2 
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Table J-9 

MIXED USE MINIMUMS 

45 Ret, Emer, Hotel 30 Realdenllal 30 Reslclenllal 20 

RetaU 10 RetaU 15 

Public 5 

Office 10 RetaU 10 

Public 10 Public 10 Public 15 

Reslclential 0 Reslclential 5 Office 10 

URBAN 2 

0fllce 5 

Reslclential · 20 

Retail 10 

Office 40 Residential 35Ret, Emer' Hollll 25 
RetaU 10 Retail 15 

Public 5 

Office 10 

Public 10 Public 10 Public 15 

Reslclential 5 Residential 10 Otlice 5 Office 10 

URBAN 3 Ret. Emer, Holel 25 Residential 40 Reslclential 30 

RetaU 10 

Office 35 

Office 10 Retall/Ollice 15 

Public 5 

RetalVOflice 10 

Public 10 Public 10 Public 15 

Residential 10 Realclential 10 

SUBURBAN 1 Ret, Emer, Hollll 20 Reslclential 30 

RetaU 10 

Office 30 Residential 40 

RetalllOflice 10 RetaU/Ollice 15 

Public 10 

Office 10 

Public 15 Public 10 Public 15 

Residential 10 Realclential 10 

SUBURBAN 2 Ret, Emer, Hollll 20 Reslclential 30 

Retal 10 

Office 25 Residential 40 

Office 10 RetalllOffice 10 RetalVOllice 10 

Public 10 Public 15 Public 10 Public 15 

Residential 10 Resldanlial 10 

SUBURBAN 3 Ret, Emer, Hollll 10Office 20 Residential 40 Reslclenliel 30 

RetaU 10 RetaU/Ollice 10 

Public 10 

Office 10 Retail/Office 10 

Public 15 Public 10 Public 10 

Reslclential 15 Residential 20 

EXURBAN 1 Realclential 40 Reslclential 30 

Retal/Ollice 10 Retall/Ollice 10 

Public 10 Public 10 

EXURBAN 2 Residential 50 Realclenlial 30 

Public 10 Retall/Ollice 10 

Public 10 
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DU/AC DU/AC DU/AC DU/AC DU/AC DU/AC DU/AC 

THE WARKENTIV PARTNERSHIP 
a slJJdio for ,uchitectun, and community dtlsign 

MEMORANDUM 
DATE: 3/9/95 
MEMO TO: JHK & ASSOCIATES . 
ATIN: · DEBORAH DAGANG 

2000 POWELL ST., SUITE 1090 
EMERYVIl.LE , CA 94608 
510.428.2550 . 

BIASC FEDEX: 1174-51062 
FROM: ..-· WILLIAM JOHN WARKENTIN, AIA 
SUBJECT: DENSITY RANGES 
PROJECT: INDIRECT SOURCE EMISSION MINIMIZATION STRATEGIES 

HOUSING TYPE 5-7 8-11 12-13 16-18 20-23 30-45 50+ 

STD. L T SINGLE 
FAMILY HOMES 

SMALL LOT SINGLE 
FAMILY HOMES 

CLUSTER SINGLE 
FAMILY HOMES 

2STORY 
TOWNHOMES W/ 
ATTACHED PARK'G 
2 STORY STACKED 
FLATSW/ 
DETACHED PARK'G 
3STORY 
TOWNHOMES W/ 
ATTACHED PARK'G 
3 STORY STACKED 
FLATS WI STRUCT'D 
PARKING 

NOTES: 
Conventional wood framed structures are limited to 4 stories with resulting maximum 
densities of 70-80 for standard market units, and up to 120 du/ac for age restricted, very 
low parking seniors apanments. 

1 STD. LOT SINGLE FAMILY HOMES: 7 du/ac is about the max. achievable with 
standard lots down to approx. 4500 SF in size. 

2 SMALL LOT SINGLE FAMILY HOMES: Small lots homes with reduced lots and 
setbacks can achieve 12 du/ac with very careful planning. These lots drop down to about. 
2500 SF. 

3 CLUSTER SINGLE FAMil.. Y HOMES: These densities are pretty much restricted 
to lots that are specially configured to the precise.requirements of the cluster and often 

2950 Fairmount Boulevard, Riverside, CA 92501 
Tel: 909.788.5422 FAX: 909.788.1479 

https://EMERYVIl.LE


have the "zipper" feature, which means the lot is customized to the home footprint. 
Typically only one footprint can be plotted on any given lot configuration. 

4 2 STORY TOWNHOMES W/ A TT ACHED PARKING: This prototype can be 
used in a wide variety of densities. At the I 8 du/ac end of the range, the site plan is quite 
tight , the units very compact and uniform and parking is usually the driver of the 
achievable density. 

5 2 STORY STACKED FLATS W/ DETACHED PARKING: This is the typical 
California garden apartment, 2 story walk up arrangement with detached carpons or. 
garages. With the use of tuck under parking, 28 du/ac can be achieved. 

6 3 STORY TOWNHOMES W/ ATTAOIED PARKING: This is an unusual 
housing type for Southern California, but with the ADA and Fair Housing access 
requirements, may become more· common as only the "ground floor" of townhomes is 
required to be accessible. Typically the garage is set 50% into the earth which by 
building code permits the garage to be classified as a basement, not another story. 

7· 3 STORY STACKED FLATS OVER STRUC11JRED PARKING: This is the 
classic elevator serviced fully accessible, urban housing type in Southern California and 
can reach densities of 60 to 70 du/ac. Parking structu_res cost approx. $20 - $25 per SF 
which is often built propeny line to propeny line. Fundamentally, the parking structure 
replaces the raw land as the building platform. Thus, the land cost is basically increased 
by the parking· structure cost which only makes sense where land values are very high. 

In special cases, senior housing for exa~ple, densities as high as 120 du/ac can be 
attained. 

A GENERAL NOTE: As land costs rose rapidly in the '80s, architects and developers·· 
searched for higher and higher densities while maintaining some semblance of the 
traditional single family home. Across the board, we began to apply housing concepts 
that had previously. been restricted to quite narrow density ranges. We now commonly 
plot single family small lot projects .that used to be restricted to townhome designs. The 

· point is that a narrow density range is no longer applicable to a particular housing design. 

t 
2950 Fairmount Boulevard, Riverside, CA 92501 

Tel: 909.788.5422 FAX: 909.788.1479 


