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Agenda

METRO COUNCIL/EXECUTIVE OFFICER INFORMAL MEETTNG
April24,200l
Tuesday
2:00 PM
OCC VIP Room

MEETING:
DATE:
DAY:
TIME:
PLACE:

CALL TO ORDER AI\ID ROLL CALL

I. UPCOMING LEGISLATION

II. WHAT IS A STRATEGIC PLAN?

III. METROSCOPE

IV. COUNCIL'S ROLE IN TRANSPORTATION POLICY

V. EXECUTIVE OFFICER COMMUNICATION

VI. COUNCILOR COMMUNICATIONS

ADJOURN

Mounts

Cotugno
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Introduction to
Strategic Planning

Presented to: Metro Councll
Aqtil21,2@1

Tny Mo(ft, Fhlrd.l P|.trint Mmgs'

Topics

.What is Strategic Planning?

a Process

o lssues and Linkages

What is Strategic Planning?

A dlsclplined effort to Produce
fundamental declslons and actions
that shape and guide wtrat an
organlzation ls, what lt does, and wlry
It does lt 

John Bryson
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Structured Learning Process

a lnvolves an organization's leaders
oAsks fundamental questions

- Who and what are we, what do we do
now, and why?

- What do we want to be and do in the
future, and why?

- How do we get from here to there?
oSets a course for the future
a Seeks positive, measurable change
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Only One Element in a High
Performing Organization

a Organizational Leadership
.Strategic Planning
aCustomer Focus
. lnformation and Analysis
oProcess Management
aHuman Resources

' P e rf o rm a n 
" ",rT.:;*f;..e. Nrtion. r eurr itv AMrd

The Strategic Approach

a Oriented toward the future
- Anticipate rather than rsact to events

o Emphasizes relationship between
external trends and internal capacity

oFocused on adaptive caPacitY
oRecognizes that uncertaintY and

complexity require "sense and
reeponse" capabilitY

oForcos priorities and choices

Strategic Planning
Process Steps

J
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Steps

o Initiate and Agree on the Process
oldentify Mandates
oClarify Mission and Values
o Environmental AssessmenUSWOT
o Identify Strategic lssues
o Formulate Strategies
. Review and Adopt Plan

1
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Step 1: Initiate and Agree on
the Process

a Purpose of the effort
o Structure

- Planning Committee
- Project team

.Timeline
o Process steps
oCommitmentto proceed

Purpose of the Effort
aFocus

- System, Gommunity, Organization,
Departmen$ Program, etc.

- Future ln context of existing misslon(s)
and/or posslble missions

a Results
- Broad goals

-Action plan

- lmproved communication
-???

I
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Structure and Roles

o Process Sponsor
o Planning Group

- Key decision makers
- Major stakeholders
- Horizontal and vertical representation

. Project Team

. Process Facilitator

Process Steps

.Who has to be involved directly and
indirectly?

oHow much information is needed?

aHow much time and moneY are You
wllling to spend?

Reasons to Postpone

oGurrent or impending leadershiP
change

otmmediate crisls
-'The roofs cavlng ln.'
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Step 2 - Identify Mandates

.What do we have to do?
- Formally and informally
- Sources

<..Charter, Laws
-i.Expectations of key groups

oWhat do mandates require of us?
oWhat's left open?

t
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Step 3 - Mission Statement:
A Declaration Of Purpose

aWho are we? What's our purpose?
What business(es) are we in?

.What are the basic socia! and political
needs we exist to address?

awhat do we do to recognize,
anticipate and respond to these
needs?

aWho are our key stakeholders and
how should we respond to them?

Mission (cont.)
oWhat aro our philosophy, values,

and culturs?

ollUhat makes us distincUve or
uniquo?
-Goro compebnchc
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Step 4 - Environmental Scan

a Review external trends to identify
Opportunities and Threats
- Future oriented

oTake stock of the organization to
identify Strengths and Weaknesses
- Present oriented

oA holistic view of the organization
and its operating environment

Opportunities and Threats

a Forces and Trends
- Political, Economic, Social,

Technological
o Key Resource Controllers

- Customers, Clients, TaxPaYerc,
Regulators

o Col laborato rs/Com petitors
- Public, Private agencies/organizations

Strengths and Weaknesses

oAssess
- lnputs

oFlnanclal, Human Rerources, lniormatlon,
Faclllues, Culturs, Cllmate

- Current Service/Program Strategies

- Perfonnance
aTake stock of the organization



Control View of Organization

I
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Program or Process View

Prfi66

Service Portfolio
Dircct Scrviccs

o Regional Parks o Solid Waste
. Planning o MERC

- Grcwth Mgmt oZoo
- Transportauon

, Govermncerl-ordo]thlp
- CllrmLnolYurlnr

) HumrnRo3ourcor
) lnform.tlon Technology
) Fln.ncdAccoundng

a Ganonl Coumel
. PubllcJtodh

Rehtlont
a Crlrdve Scillc.!
. Audltor

Suppoil Scrviccs



Information Sources

a External
- 2040 surveys and studies
- REM scan
- Parks dlscusslons
- Weden + Kennedy

- Census

o lnternal
- Flve-year Plans

- Tower Talks

- Employes Communlcatlon Survey

Step 5: Identify Strategic
Issues

aThe fundamental policy questions.

.They may affect:
- Mission/Mandates
- Service level/mix
- Customers/clients/stakeholders

aThey are most often Threats and/or
Weaknesses

Three Type of Issues

a lssues that require immediate
response

olssues that can be handled within
normal planning processes

olssuos that reguire no action now,
but should be monitored

9
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Examples of Strategic Issues

aGrowth Management
- Reestablishing consensus on 2040

Plan
oSolid Waste

- Achieving regional waste reduction
targets

o Governance/Leadership
- Transitioning to new leadership

structure for Metro

Step 6: Formulate Strategies

o Creative, freewheeling stage
- address lssue
- llnk to the envlronment

o Levels
- Grand, organlzauon or multl-organlzation
- Sub-unlt (department, dlvlslon, etc.)

- Program, servlco, buslness process

- Support (Flnance, HR, Faclllties, lT)

o Establbh performance erpectations
- tearurpl

Strategy Evaluation

oAcceptable to key decision makerc
and stakeholders

oGustomer or citizen impact
oRelevance to issue
oConsistency with mission, values
o Coordination with other strategies
o Technical feasibility
.cost

10



8: Review and Adopt Plan

oProduce PIan
- Audience
- Level of production and detail

o Review, discussion, modifi cation,
adoption

o Dynamics depend on arena for
review

Post Adoption
a Plan lmplementation

- Assignments
- Monitoring

. Ongoing planning Process

Links and IssuesI

ll



Linking the Strategic Plan to
the Budget
o Basis for resource requests

oCommunicate issues and strategies
within public process and document

a With performance-based budget,
link strategies to program resources
and measurable results

oTiming
- Structurc & LeadershiP change

o Current strategy processes
-2040
- Parks & Greenspaces
- REM

- MERC

- Transition
- Budget Notes - Support Services

Issues

Possible Next Steps

aRevlew Councll rcle ln curtent
strategy procossog

aUse budget noteo to define
apprcach to support eervlces

aSub{roup to work on strateglc plan
proposa!

t2



Discussion Questions
als there interest in a strategic

planning process?
- lf so, when?
- Focus?

oWhat objectives should drive the
process?

o Should a group work on a more
detailed proposal?
- lf so, who?

l3
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Metro Periodic
Review
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METROSCOPE MODEL SCHEMATIC 

Possible Policy Options (OPERATES IN 5 YEAR STEPS: 2000 TO 2025) 

• UGB expansion alternatives 
• Economic incentives (SDC, 

property tax abatements, 
infrastructure improvements) 

• Land Use Regulations (zoning) 
• Transportation improvements 

• Vacant Land In UGB ------------------1 
• UGB Land 

Expansion 
• Zoning Changes 
• Redevelopment & 

Infill 
• Economic Incentives 

National Economic 
Forecast & Trends 

Land Supply 
Information & , 

Capacity (RLlS) 

Regional 
Forecast 

(pop/emp) 

I 

I 
I 
I .. 

Land Use Real Estate Location Model 
Determines the geographic demand and supply 
equilibrium for housing and jobs based on land supply 
data, economic forecast and travel activity behavior. 

Residential 
• Household 

location demand 
• Housing supply 

production 
• Tenure choice 
• Rents 
• Housing Price 
• Housing Density 

Non Residential 
• Employment location 

by industry 
• Real Estate supply 

production by type 
• Real Estate demand 

by type 
• Land & capital prices 
• Job Densitv & FAR's 

• Forecast of Households, 
Income, Age (HIA) Job & HH 

Allocation 

Blue Denotes Inputs 
Red Denotes Outputs 

• Employment Forecast by 
Industry types (SIC) 

Land Price 

(ci rcular flows indicate policy feedbacks and model iterations) 

Network & Transit 
Services Plan Der RTP 

• Real Estate Prices 
• Clark & Metro 

capture rates 
• Lost Growth to 

outside of region 
• Jobs/Housing ratios 
• Allocation of jobs 

and housing 
• Pop. growth rates 
• Employment 

growth rates 

r ' 

Policy Review & FeedbacJ< 
~ , 

• Tenure choices 
• Housing type 
choic~;s (sfr or mfr) 

• Mixed Use capture 
rate (or index) 

• Refill rates 
• Single and multi

family densities 
• Affordable housing 
• Jurisdictional tax 

base 

• Congestion & LOS 
• Minutes of delay 
• Regional air quality 
• VMT per capita 
• Travel Speed & times 
• SOY, transit, bike/walk shares 

Weighted Travel 
times by zone 

and mode types 
(log sums) 

Land Use, 'Transportation & 
Economic Outcomes can be mapped 
with GIS data to specific locations 
according to the growth allocations 

I 
I 
I 
I 

_J 

January 26, 2001 
J:\dyee\WorkFolder\WordFiles\Melroscope Diagram.doc 



=!



M E

March 12,2001

To:

From:

M o R A

M erno

Rod Park, Chair
Community Development Committee

Lydia Neill, Senior Regional Planner
Planning Department

N D U Mo

t

o

Regarding: Periodic Review and the MetroScope Research Agenda

This memorandum provides an overview of the policy analysis element of the Periodic
Review work program and a discussion of the value and use of a newly developed
research tool called MetroScope. The memorandum is divided into six sections:

o Overview of the technical products in the Periodic Review work program;. Explanation of how MetroScope may be used to examine policy options;. Recommended MetroScope outputs;o Recommended standard assumptions;o Description of case studies and assumptions, ando Next steps

Periodic Review

Accommodating the need for jobs and housing in the region according to the
requirements in ORS 197.296 involves a combination of increasing densities inside the
UGB and/or expansion of the Urban Growth Boundary (UGB). Periodic Review of the
UGB provides the framework in which the research, analysis and policy choices are
presented to policy makers and the public.

The Periodic Review work program includes these technical and policies elements:

o 2000-2025 Regional Population and Employment Forecast. 2000 Buildable Land Supplyo Alternatives Analysis (analysis of potential new urbanizable land). Examination of Additional Capacity lnside the Existing UGB. 2040 Centers Analysis - Research on What Makes Centers Work. Policy Discussion and Research on Employment Land Supply. Policy and Technical Examination of Complete Communities/SubregionalAnalysiso Evaluation of Alternative Development Patterns Using MetroScope to Test 2040
Refinement Policies

o
I



o Reconciliation of Land Supply and Demand According to Policy Direction from the
Metro Council o

Using the MetroScope Model to Examlne Policy Options
Use of MetroScope for the analysis of poliry objectives is an integral part of Metro's
Periodic Review of the Urban GroMh Boundary (UGB) work program. MetroScope is an
interactive modelthat uses the regionalforecast, a GIS database and the transportation
model to forecast where jobs and housing will locate and to quantify the associated
impacts on land consumption, land price, travel pattems and transportation system
performance. Staff has identified several case studies that typify a range of policy
choices associated with the refinement of the 2M0 growth management strategies.

Research Aqenda
MetroScope is one tool available for decision-makers to evaluate policy options before
enacting new regulations. Other tools might include the Urban Growth Report or
individual studies that evaluate employment or performance in mixed-use centers.
MetroScope can be used by policy makers to test different policies to determine the
benefits and weigh them against any social or economic costs associated with enacting
these policies. Decision-makers can use MetroScope to gauge how to refine policies to
meet objectives currently established in the 2040 growth concept or to meet new goals
or objectives for the region.

The focus of the research agenda will be to use MetroScope to improve our
understanding of how existing 2040 policies impact employment and housing demand,
estimate how demand for future buildable land might be impacted given different policy
assumptions, and the close interaction that exists between land use and the
transportation system.

Additionally, we will use MetroScope's modeling of regional behavior to examine the
relationships between subareas and regional performance for transportation, tax base,
access to employment and the performance of 2040 centers. The Periodic Review work
program's research agenda is aimed at gleaning information that will be useful to the
Metro Council in refining new policy options for the region and eventually developing a
preferred alternative for accommodating anticipated future population and employment
need.

Timinq
The Periodic Review research agenda is designed to provide information to policy
makers to assist them in developing new policies and reflnements to the 2M0 GroMh
Concept to meet future need through the period 20021o 2022. MetroScope will be used
in two phases to bring this information fonrvard to the Metro Council for their decision at
the conclusion of Periodic Review in the fall of 2002. Phase 1 is intended to be a
research study phase to explore how a broad range of policy options affect regional
growth, land use and transportation choices and is scheduled to be completed in mid-
summer 2001.

Phase 2 begins after the Metro Council has analyzed the results from Phase 1 and
begins to narrow down policy options to develop a preferred set of policies or
alternatives. This final policy study or preferred set of alternatives represents the Metro
Council's decision on how this region plans to accommodate the anticipated future
needs of this region during the 2002 to 2022 time period.

o

o
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Model Review and Documentation
MetroScope is currently undergoing a local and national peer review. This review should
conclude by fall 2001. Metro is contracting with a local consultant to produce a written
narrative of how the model operates. This document as well as model outputs from case
studies will be reviewed by the local peer review group in March 2001. A national review
panel will convene during the summer of 2001.

Phase 1 - Research Policv lssues
MetroScope is an interactive tool that requires direction and assumptions from policy
makers to function. The MetroScope simulation model uses input from the regional
forecast, the RLIS database and the transportation model to forecast where growth will
locate and the associated impacts on land supply consumption, land price, travel
patterns and transportation system performance. Staff has identified several case
studies that explore a range of policy choices associated with refinement of the 2040
growth management strategies. The basic policy issues represented in the case studies
are:

. Examination of incentive policies, UGB expansions and transportation improvement
to support the development of 2040 centerso Examination of expansion of the UGB to address a need for jobs in Clackamas
County. Examination of the affect of transportation improvements to improve the Columbia
River crossing on land uses (l-5 Trade Corridor Study). Examination of the affects of achieving a subregionaljob/housing balanceo Accommodating all of the estimated 2022 grovrth in the existing UGB. Examination of the affects of developing a new community in the Damascus area

Comparison of Case Studies to 2040 Values
Staff recommends exploring the performance of specific policy objectives in the test
cases by comparing the model results against the policy objectives of the 2040 GroMh
Concept. The primary 2040 policy objectives are:

. Encourage the efficient use of land within the urban growth boundaryo Focus growth in 2040 mixed use centers and corridorso Protect the natural environmento Provide a balanced transportation system by promoting all types of travel such as
bicycling, walking and using mass transit, as well as cars and facilitating freight
movemento Promote diverse housing options for all residents of the region

. Encpurage a vibrant place to live. Encourage a strong regionaleconomy

The results will also be compared against the performance indicators of the 2040 base
case and the factors in the1997-2017 Urban Growth Report (October 2000 Update)
(UGR Update).

o



Evaluation of MetroScope Outputs to 2040 Growth Conceot Performance Criteria
What follows is a list of general questions that can be used as a basis for testing
concepts in each of the succeeding case studies. All of the following questions relate
back to whether the desired 2040 outcomes are being achieved.

o

o

o

a

a

How effective are the current and "test" policies in achieving 2040 goals and
objectives?
Do the policies support and encourage mixed-use development in the 2040 centers?
What are the economic & socialtradeoffs?
How do the policy changes affect population and employment distribution?
How does policy impact local tax base/revenues?
How efficiently is land being used inside of the UGB?
Does the analysis case improve or maintain accessibility to activities throughout the
region?
Are travel times and distances increasing or decreasing in key areas identified
around the region?
How do the policies affect non-work trips?
What effect do the policies have on travel/ commutes outside the UGB?
ln what way is air quality affected, and water quality?
Are realestate prices increasing at a greater rate than the trended prediction?
How much growth goes to other areas such as Clark Coun$ or neighboring cities
outside of the metro area or even Salem?
What portion of growth is going into mixed-use centers?
How much of the growth can be accommodated through refill?

o

a

Establishing Standard Assumptions for All Gase Studies

Staff recommends that each case study begin with a common set of assumptions.
These common assumptions provide act as a control so case study results can be
properly evaluated. Listed below are the standard assumptions.

Common Assumotion in Everv Case Studv

. 1997 UGR Report Update (October 2000)assumptions as initial starting values for
capture rate and refill rate

o 2000 Employment Geocode
o 2000 Buildable Lands Analysis (MetroScope Land Database)
o Reflll stock identified in the 1997-2017 UGR updated to year 2000 for both residential

non-residential. 2000-2025 Regional Forecast control totals for 4-County area. Modified Clark County data normalized to Metro standard designations (e.g.zoning,
vacant land definitions, etc.)o Urban Growth Management Area zoning assumption in Clark county for new
urbanizable areaso Assume a five-year lag before services are available to new urbanizable areas

o Priority RTP
o Existing zoning provided by local jurisdictions as of January 2001

4



a All Rural Residential/ Future Urban (RRFU) zoning for land located inside of the UGB
will be upzoned to a Standard RegionalZone of Single Family Residential (SFR-3,
5,000 to 7,000 square foot lots)

Recommended Test Cases

Gase A: Base Gase - Application of Gurrent 2040 Policles
Case A, the 2M0 Base Case, represents recent changes in local land use policies to
reflect Metro's requirements in the Functional Plan. ln a strict sense this case study
applies state law and uses the regulations that the region cunently has in effect. The
2M0 Base Case utilizes updated zoning information provided by localjurisdictions that
was adopted in response to Metro Functional Plan requirements (Title 1). The 2020
RTP is used in this analysis to provide a more up to date transportation network system
and assumes the same funding priorities that reflect existing 2M0 policies. A new 2000-
2025 population and employment forecast gives a more curent picture of demand and
the new 2000 land supply data updates the information on the supply of vacant !and. A
stock of redevelopment and infill is identified in the model base run. The Base Case is
studied in this analysis to better understand whether or not the existing 2040 policies are
sufficient to bring about the anticipated change in the 2040 centers and improve the
efficiency in how land is used.

The Base Case is valuable because it will be used as a 'benchmark" to compare the
effectiveness of policies to achieve the 2040 objectives.

What we hooe to learn
How 2040 policies according to State land use law (ORS 197.296) change the use of
land over time. Are the amounts and location of land additions efficient and do they
support 2040 policies? ls it efficient to only add land incrementally at the edge of the
UGB on exception land? Do current policies result in efficient use of existing land within
the UGB? Does this approach support and enhancr- 2040 center development?

Case B: l-5 Trade Gorridor Studv
This case study examines the transportation and land use effects of adding highway and
LRT capacity across the Columbia River in the l-5 corridor. This case study will use the
status quo land use policies and a 2}-year supply of land obtained from Case A (Base
Case). All other transportation aspects will be the same as Case A. A second iteration
will test the affects of policy changes to cunent land use regulations and development
incentives for both inside of the UGB and Clark County without adding any capacity
improvements to this corridor.

What we hooe to learn
Do major transportation improvements to the l-5 corridor diminish or enhance the
effectiveness and the implementation of the 2040 growth concept and what policy
changes could potentially support both the Clark County and Metro area plans? What
are the dynamic land use and transportation effects - especially in Clark County?

o

o

o
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Additional Case Sfudies

Case C: Enhanced 2040 Centers
A key component to realizing the 2M0 urban form is the development of the 2040
centers. This case study willexplore how much additional employment and population
growth can be accommodated in 2040 centers through economic incentives, targeted
transportation investments and other policy changes. The focus of this case study is to
examine what amount and type of public intervention (subsidy) is necessary to redirect
the market to the 2040 centers. Expansion of the UGB will only be considered if it
facilitates the development of a center. Expansion would be limited to exception lands.

What we hooe to learn
What additional policies and incentives will enhance the functionality of 2040 centers?
How much does it cost to implement these possible measures? What type or mix of jobs
can be achieved in the 2040 centers-are we successful in attracting jobs?

Case D: Hold the UGB
This case study examines the implications and opportunities associated with
accommodating the 2002-2022 forecast population and employment growth for inside
the existing UGB. The staff at the Department of Land Conservation and Development
assisting Metro with Periodic Review has asked that this case study be added to the
work program.

What we hope to learn
What are the implications, opportunities and drawbacks of accommodating allthe 2022
estimated groMh inside the existing UGB? What happens to housing prices, capture
rates, and congestion, etc.? For example, do we achieve the 28o/o refill rate (UGR
Update) in this case study?

Case E: New Communitv in Damascus
The New Community case study would answer questions about whether creating a full
service community in Clackamas County to address the need for jobs is an effective
policy option that does not conflict or compete with cunentz%O policies. Clackamas
County has identified a need for more jobs in the Coun$. The County has identified
specific industries it would like to add to its employment base. Based on the land
characteristic needs of these industries, providing land for these jobs will mean bringing
more land (perhaps more than a 20 year supply) into the UGB to include these
employment lands. This case would simulate the full impact of focusing growth in one
(Damascus) subarea of the region. The policy implications for this case study focus on
whether or not public policy and public investment can effectively redirect the location
decisions of specific industries. The implementation of the policies articulated in this
case study may require changes to Metro Code and State law.

What we hope to learn
Does developing a new complete community in the Damascus area more effectively
accommodate a 20-year need for land? Does this approach support development of the
2040 groMh concept for areas inside the current UGB? What is the transportation
infrastructure needs necessary to create the accessibility to make a community function
properly? How does this case study impact jobs-housing balance?

o

o

o
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o Case F: Subreqional Jobs/Housino Balance
The Jobs/Housing case study examines the effects of adding lands outside of the UGB
or converting land inside the UGB to balance jobs and housing within subregions or
market areas. Six subareas have been identified and they include central Portland east,
west, southeast, southwest and Clark County. (Metro Council may wish to discuss and
redefine these initial subareas.) The market areas are drawn to be approximately the
same size and are based on travel times from an identified center. This case study tests
the question of whether a balance of jobs and housing at the subregional level more
efficiently allocates the land supply and maximizes the efficiency of the transportation
system than Metro's existing regional approach. The boundaries of the subareas were
derived from work completed for the RTP. The implementation of the policies articulated
in this case study may require changes to Metro Code and State law.

What we hope to learn
Evaluate the effects of adding or converting land for employment or housing in subareas
that have been identified as having disproportionate high amounts of either jobs or
housing. How does this case support 2M0 center development? Does this moderate the
problems associated with congestion and continue the latent demand to build more
regional roads and freeways? !s this method of allocating growth more efficient than the
current means Metro allocates regional and expands to accommodate this growth?

Case G: Market Exoansion - UGB expansion to fulfill market demand
2040 policies reflect the region's values and attempt to change market demand and
actions. The Market Expansion case is a simulation of market activity without the benefit
of State law and Metro Code that attempts to encourage efficient use of land and
prohibits urban expansion onto resource lands. This case study can serye as a
comparison (or contrast) on how much land and where the region might grow if the
market were the deciding factor. This simulation is critical to balancing our
understanding of how regional policies affect regional growth, land use and
transportation choices. This case study informs us on how the market behaves
unconstrained by land use goals and is a basis for indicating which public policies could
be used to re-direct or bend market trends.

What we hope to learn
Where will groMh locate (both inside and outside of the UGB) if land was to freely
develop according to real estate demand? What are the regional costs? How much land
is really consumed in this market test case? What are the consequences of this case as
it relates to the 2040 base case and 2040 objectives? How are capture rate, refill rate,
accessibility and the success of 2040 center development differ from the base case?
Does this case worsen the perceived imbalance in tax-base revenues?

Next Steps

The case study analysis element of the Periodic Review work program is due to be
concluded by summer 2001. lt is likely that it will not be finished untilthe late summer or
early fall. The case study review process is designed to evaluate the benefits and trade-
offs of various policy choices to accommodate the region's 2Gyear forecasted need for
both jobs and housing. This policy tradeoff discussion and the 2040 performance
measures wil! be the focus of the regionalgrowth conference in February or March 2002.
When the public outreach is concluded in late spring, Metro Councilwill provide staff
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direction on the preparation of the prefened policies and methods to accommodating
growth. Another round of public outreach will commence in mid- to late- summer with
public hearings before the Metro Council in the fall2002. o
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MetroScope lnputs & Assumptions

MetroScope is a policy analysis and simulation/measurement tool. lt gives policy makers
an opportunity to visualize how policies today could re-shape the urban landscape of the
future. lt provides a systematic means of relating transportation infrastructure decisions
and the regional economy to the way people and businesses react to public policies. The
advantages of this integration is the complete specification of how forecasted population
and employment is distributed across the region given existing and projected land use
regulations, travel demand parameters, and public policy incentives.

This memorandum specifies the main policy input information necessary for MetroScope
model runs of the Base Case and l-5 Transportation Conidor Study (Case Study: A & B).
These assumptions and some changes may also be used to formulate other case study
options. This memorandum outlines the policy assumptions and background information
for policy makers to evaluate and give policy direction.

Additional case studies are proposed. These case studies represents a spectrum of
issues raised by the region on how to manage regional growth. The case studies offer
alternative urban forms which emphasize a different subregional approach to
accommodating total regional groMh.

Primary MetroScope inputs are discussed in this memorandum. ln order to simulate or
quantify how MetroScope allocates forecasted regional growth, we need policy direction
from the Metro Council on what basic data should be assumed for the Base Case Study.
This memorandum lists a series of staff recommendations documenting the assumptions
for phase 1 of the MetroScope research.

MetroScope Operations - A Quick Overview of the Maior Components.
MetroScope requires data from different sources. ln reality MetroScope is four models
combined together into one. The newest component is the residential and nonresidential
real estate location models. lt is the perspective of the location model component that
we describe the data inputs (see: MetroScope Model Schematic for an illustration).

The development pattern or urban form for this region is in part described by the
following data inputs into the residential and nonresidential real estate allocation
components:
1. Regional Economic Forecast (land demand)
2. Vacant land, redevelopment and infill, environmental overlay information (land supply

- RLIS)
3. Travel Behavior and Demand (traveltimes)
4. Public Policy (UGB amendments or regulations)?
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The Regional Forecast estimates how much employment and population growth is to be
expected during the 20 year study period. The increase in population and employment is
representative of the amount of additional activity the region is anticipated to have. This
activity takes the form of additionaltravel, need for more housing, and land to
accommodate future employment expansion. The Regional Forecast drives the
projection of land demand for future years.

On the supply side, vacant land, redevelopment and infill are tabulated from RLIS and
MetroScope data pre-processors. These data sources represent the supply or inventory
of land on hand to accommodate the forecasted 20 year need and are the second set of
input data needed to run MetroScope case studies.

Travel demand data, in the form of logsums, are used to help allocate future household
and employment growth into census tracts and employment zones. Traveltimes derived
from the logsums revea! information about how people are able to get to work, recreate
and shop from one zone to all other zones. The logsums are one set of attractiveness
factors used in locating which zone employment and housing may choose to locate.

The residential and nonresidential location models operate in tandem by interfacing each
other by exchanging employment location information from the nonresidential
component to the residential component. ln turn, the residential location component
provides labor force and housing location data to the nonresidential location component.
This interface attempts to optimize household preferences for a range of locational (i.e.
neighborhood) amenities with households desires to minimize distances to work, shop
and recreate subject to household income constraints. (ln other words you can't buy
more housing and amenities that accompany the choice of housing location than the
household can afford.) Perturbations in housing prices allows the modelto change
housing demand and supply configurations to drive each zone into an equilibrium.
Changes in prices alter the thresholds for housing redevelopment and infill opportunities.
This process of optimization of each type of household (anayed by household size,
income and age distributions) with attributes of the land supply in each zone and the
proximity of labor to employment opportunities (location) determines housing location
and choices.

The housing choice model identifies up to 6 housing choice options from each of 441
HIA categories. These choices break down to 2 tenure choice (own or rent) and 3
building type (single family attached, single family detached or multi-family) preferences
The choice of building types projected by MetroScope take 15 industry employment
classifications and allocates building space demand to 6 types (general industrial, tech-
flex, warehousing, office, retail, medical, and governmenUinstitutional buildings).

The nonresidential location component attempts to locate the labor force implied by the
workers in households in the region. The regionaljob forecast provides the amount of
employment growth and the demand of firms for labor in the region. Firm location and
employment are determined by three main factors: proximity or location to jobs of similar
types (cluster), proximity to all other jobs (agglomeration), and proximity to households,
Perturbations in employment land prices allows the modelto seek an equilibrium
between the demand and supply for employment space. These price changes may also
affect redevelopment and infill propensities for employment. Densities (floor to area
ratios - FARs and square foot per employee - SFEs) also may vary as prices for
buildable land and the rent price on building space move up and down in each

MetroScopelnputs.doc 04/24/Ot2
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employment zone. The optimization of these demand factors with land supply attributes
determines employment location.

These employment and housing choices do not remain static. Employment and housing
choice can change as economic, transportation and land use conditions vary in the
future.

BASE CASE STUDY - INPUT ASSUMPTIONS

Regional Forecast
The regional forecast of employment by industry, population and households by age is
the basis for determining need (housing and employment demand) as was for the Urban
Growth Report (UGR). MetroScope uses these same inputs. The model uses the
regional forecast to calculate the need basis while also combining feedbacks from
transportation and land use. lnstead of calculating this need in regional aggregate terms,
MetroScope provides a more detailed analysis of where, when, what, and how much the
need could be for different housing types and employment by industry.

The regional forecast has been peer reviewed by a panel of business economist, staff
from the state economist office, Port of Portland, electric utility analysts, economic
consultants to industrialfirms in the region, land use planners, and demographers.
MTAC, MPAC and the former Growth Management Committee.

Additional releases of 2000 Census data will soon be available. Metro staff intends to
re-calibrate the forecast using an actual 2000 population number instead of estimated
population counts. This will provide a more accurate forecast of demand.

Staff Recommendation:. For Phase 1, MetroScope Case Studies, use the same regional forecast for the
4-county area in each 5 year increment and in each case study under
consideration to ensure comparability across all studies.. Re+alibrate the forecast using the actual 2000 census population number.
Adopt this Census-adjusted regional forecast for analysis in Phase 2.o Select the case study with the greatest land price increases to evaluate the
impact on the regionalforecast.

Urban Growth Report Demand Factors.
The urban growth report demand factors are not input assumptions. lnstead they are
modeling outcomes or indicators that are to be monitored in each case study. ln each 5
year model increment, fluctuations in these rates may indicate additional policy
actions/assumptions. Policy action (amending UGB, incentives, or regulations) may be
required in each 5 year increment to promote the case study test objectives, such as
maintaining stable land prices, emphasis on redevelopment and infill and/or economic
development in a subregion or centers.

The Metro Council made policy decisions in the 1997-2017 Land Need Report (UGR) on
the following urban qrowth demand factors:

1. employment capture rate - 82o/o

MefroScopelnputs.doc u/24/Ot3
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2. housing capture rate - 70Yo
3. residential refill rate -28.5o/o
4. non-residential refill rute - 21% (industrial) and 52o/o (commercial)

These demand factors were based in part on historicaldata from the last 5 and 20 years.
\Men Metro finalized its 1997-2017 Land Need Report, we lacked the technical ability to
dynamically project future refill or capture rates. With MetroScope, we now have the
means to simulate and forecast future rates of these performance indicators. Depending
upon policy inputs and assumptions, each case study may lead to a different set of
capture, redevelopment and infill rates as possible outcomes. ln addition, other
measures of economic output, transportation and social variables will change
accordingly with different inputs and assumptions. Evaluation of each case study and
corresponding tradeoffs will provide a basis to determine a preferred altemative that
could be the starting point for a new UGR (2002-2022) need determination. The Metro
Council may choose to tradeoff projections of these rates in consideration against other
transportation, economic and/or societal considerations. A preferred alternative (policy
inputs determined by the Metro Council) derived using MetroScope may provide the
necessary supportive findings for a Final UGB Decision. For Phase 1, the proposed case
studies test the impact of a wide range of identified policy issues.

Staff Recommendation:. Begin each model run (year 2000) with a supplv of redevelopment and infill
land equivalent to the rate of redevelopment and infill assumed in the 1997-
2017 Land Need Report - for housing and employment.. ln the Base Gase, the capture rates and redevelopment and infil! rates should
mimic, to the extent possible, the assumptions contained in the 1997-2017
Land Need Report. These rates may fluctuate in each 5 year interval, therefore
attempt to maintain the capture rates within a tolerance range of historical
experience. ln succeeding years, base each 5 year UGB need on the historical
capture rate averaging in the new 5 year forecast just completed. The
redevelopment and infil! rate may freely change as economic forces dictate
within the model run assuming the re-fill supply is replenished with new land
values to building value data from the model.o Metro Gouncil may consider using the data gleaned from each case study to
evaluate and determine a preferred set of policy assumptions that may
produce proiected rates of redevelopment infilland capture that balances
regional values and goals for economic growth, preservation of natural
resources, transportation services, and infrastructure development and costs,

Transportation Data.
The Metro travelforecasting models are now interactively linked to the Residential and
Non-residential Real Estate Location components of the MetroScope model. For the
first-time, land use allocations are dynamic. ln other words, employment and housing
locations are free to change in each S-year increment subject to interaction and
feedback with travel demand parameters (logsums). This produces a more robust
forecast which properly incorporates the impact that land use has on transportation and
vice-a-versa.

Staff Recommendation:
Use the following travel forecasting assumptions:

MetroScopefnputs.doc 04/24/Ot
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Priority (i.e., Strategic) Regional Transportation Plan (RTP) that describes
when, where and what kinds of road, bridge, and transit improvements for the
future
Assume trave! time statistics as given by the travel forecasting modelto define
accessibility of each zone to other zones (i.e. Iogsums derived for each travel
analysis zone and "skimmed" [aggregated] to census tracts and employment
zones) for each 5-year increment

Environmental Resource Protection Options.
The Department of Land Conservation & Development (DLCD) during Task 1 of Periodic
Review directed Metro to presume a level of resource protection based on the adopted
Title 3, waterquality protection regulations forthel997-2017 Land Need Report. Untila
habitat protection program is defined and adopted, Metro may only deduct from the
buildable land supply those areas that are protected by adopted regulations. When the
Council has defined the prefened policy direction and the habitat protection program and
an adoption date is imminent, only then can a2002-2022land need determination
consider a broader scope of environmental proteclion.

ln the 1997 UGR, upland steep slopes were excluded from buildable land.
Subsequently, upland steep slopes were included into the UGR estimate of buildable
land (except where protected by Title 3). Upland steep slopes are generally sensitive
habitat lands and are more difficult to develop and pose potential environmental and
public safety hazards. However, Metro does not presently have regulation in place that
limit local government's ability to permit development in these areas.

Staff Recommendation:. Assume Title 3 protection on all lands (inside and outside the UGB) considered
in the case study runs,. Use Title 3 to define and exclude "unbuildable" land,o lnclude upland steep slopes (i.e., sloped areas outside of Title 3) as part of a
calculating the available development capacity for the case studies and
provide direction to staff through the Goal 5 program for the preferred policy
direction.

Vacant Land & Buildable Land Analysis.
The DRC has developed a detailed tabulation process for estimating the amount of
vacant land in the region. This methodology has been consistently used for identifying
vacant land since 1994. Using very accurate aerial photography, assessor information,
and building permits, staff visually inspects every tax lot in the region to determine
whether the lot is entirely vacant, partiallv vacant, or wholly_devgLg@. Statf has
consistently defined vacant land parcels to a level of precision of lz acre.

First, using aerial photography, vacant land is visually identified on a tax lot basis. This
process identifies any whole or partial tax lots that have no visible development or
structure. Assessor information may be used to confirm this identification when visual
inspection is inconclusive. Any part of a tax lot with a contiguous vacant area larger than
lz an acre per tax lot gets selected as part of the vacant land inventory. Partially vacant
tax lots are identified in this manner.

MetroScopelnpuls.doc 04/24/Ot
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Land and improvement values (county tax assessor) are not used in the identification of
partially vacant lots. The current method of identifying vacant land accurately reflects
whether the lot or a portion of the lot has any standing structure on it. Efforts to
determine if a partially vacant tax lot has any capacity for future development are
computed during the buildable lands analysis step.

Buildable lands are defined as Gross Vacant Land less Title 3 land. The difference is
noted as Gross Vacant Buildable Acres (GVBA). Our cunent buildable lands analysis
method does not consider expensive homes (located on the half of a lot that has been
identified as the part developed) a long term limitation to partially vacant lots developing
in the future.

Staff Recommendation:. Use the recently completed 2000 Vacant Land Analysis. Continue to define GVBA = Gross Vacant Acres minus Title 3

Supply of Redevelopment and lnfill.
ln prior assessments of the UGR need, the amount or stock of redevelopment and infill
("refill") land was not estimated on a site-specific basis but was assumed to be available
to meet historic rates of refill development. MetroScope requires a more precise method
of accounting for the location and amount (supply) of potential refill land. ln this
approach, growth is allocated to land identified as redevelopment or infill in a manner
similar to vacant buildable supply.

After the land base has been identified and divided into the vacant or developed
category, candidate redevelopment and infill lots are identified from the existing
developed parcels (also includes the part of tax lots that have been noted as partially
developed). Developed parcels are run through a uscreen" to identify whether it is (or
not) a candidate for redevelopment or infill. A MetroScope Refill pre-processor database
function sorts and ranks the developed land according to its likelihood for redevelopment
or infill. This selection of candidate refill sites is based on zoning data, lot size, building
value, and land value. Land values can change over time, so the inventory of
redevelopment and infill also changes as building values and land value changes in
each 5 year model run period. Smaller parcels tend to redevelop sooner than larger
parcels. These candidate refill parcels represent the universe of potential refill stock. Not
all of these candidates get 'refilled' during the course of each 5 year increment. A subset
(reference is to Land Filter) of these candidates must be identified by an expert panel
and then included into the entire stock of eligible developable land (i.e., vacant land +
candidate refill stock). Future need gets allocated to the eligible stock of developable
land; however, not all of this land is consumed in each 5 year period - what remains
should still be about a 15 year supply.
After completing the vacant land study, staff then determines the gross amount of
buildable (GVBA - gross vacant buildable acres) land in the UGB. This estimate is then
used in the UGR to estimate capacity.

MetroScopelnputs.doc 04/24/Ot6
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portfolio. They can hold land indefinitely because they are capable of perceiving a
stream of benefits from holding land by itself as an asset. Builders on the other hand can
only derive a stream of benefits from the purchase, development and later sale of the
land and its improvement to households or employers. This is a simplification of how the
land markets really work, but this minimal description of the land market behavior is
necessary to balance demand for housing and jobs with how the land supply is metered
out into what's available and not available.

An expert panel should be comprised of:
1. Metro area Real Estate professional (one)
2. Clark county Real Estate professional (one)
3. Metro Area Regional Planner (one)
4. Clark county Regional Planner (one)
5. Metro land use economist (one)
6. Regional Business Economist (one)

Staff Recommendation:. Employ methodology described for MetroScope for the identification of
candidate redevelopment and infill parcels. Comment on how to proceed with
the expert panel and the land filter.

Land Filter Assumption.
MetroScope requires a means of identifying the portion or quantity of land that may get
consumed or developed during each S-year interval. On the demand side, MetroScope
forecasts the amount of vacant land needed for residential and nonresidential needs. A
household forecast categorized into household size, income and age is the basis for
projecting housing need by different zones throughout the region. Similarly,
nonresidential land need categorized by 6 building types collapsed from 15 industry
classifications is the basis for determining employment land need. These locational
demand projections are calculated from parameters estimated in the MetroScope model

However, the supply side for the regional land markets is not yet fully integrated. For the
land market to find equilibrium, an expert panel or technical decision is required to allow
the model to seek an equilibrium solution. The model must be given a supply of available
vacant land (and redevelopment and infill supply) to which the projected demand can
then have to choose from. What this means is that the Metro Council and/or an expert
panel designated by the Council must simulate the decisions of land owners to offer or
not offer up residential and non-residential land for development. The region may have
up to a 20 year stock/inventory of vacant land for jobs and housing in any five year
period, but not all the 20 year land supply is going to be on the market. RLIS and
MetroScope land filters can identify which candidate lands are more likely to develop to
satisfy near term residential demand, but MetroScope still needs some means of
metering out the 20 year land supply in smaller units of time for development needs.

Staff Recommendation:o Convene an expert panel of economists and real estate professionals to work
with Metro staff to consult on the workings of the land supply markets for the
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purpose of identifying land availability in each S-year interval of the
MetroScope case study runs.
The panel should be instructed to replicate a schedule of when and where
zoning and public facilities will likely be delivered.

Land Use Regulations.
The 1997-2017 Land Need Report contained a memorandum that lists each jurisdiction
and describes overall general compliance of local comprehensive plans with Functional
Plan requirements. This demonstrates that in general each jurisdiction has complied with
rezoning the city or county to be consistent with the capacity goals mandated in Table 1,
Title 1. The Data Resource Center (DRC) routinely obtains local zoning data and
incorporates this information into the Regional Land lnformation System (RLIS)
database. There are over 400 local zoning categories, so the DRC categorizes each city
and county localzone designation into a standardized regionalzone (SRZ) classification.
These SRZ mimic the actual zoning capacity of each city or county zoning type. The
local zones have been updated as of local code revisions - January 2001.

There exists some vacant (undeveloped) land inside the UGB and in unincorporated
urban Clackamas County that is still zoned RRFU (rural residential/future urban).
Eventually this land is expected to develop into urban densities (e.g. - SFR 6, or lots
5,000 to 7,000 square feet).

Staff Recommendation:o Use the standardized regionalzone (SRZ) classification as the means to
compute residential and nonresidential capacity,o Upzone land currently zoned RRFU to SFR 6.

UGB Amendments.
Some case studies will assume an expansion of the UGB in each 5 year increment. The
determination of when, where and how much will be largely determined by the policy
directions given to staff by the Council and from the analysis of the output measures.
The policy metrics, i.e. the policy themes being evaluated, are macro-regional indicators
of land use, economic and transportation variables. They describe how the region is
performing and is a means of steering a case study in the desired direction of the
research objective.

Staff Recommendation:o Consider UGB expansions of no less than a minimum of 600 acres in any given
location - this represents the lowest level of model accuracyo Assume a S-year lag before services are available in newly expanded areaso Follow the policy directions identified by the Council regarding where to
include land outlined for each case study

Clark Gounty Land Use & Capacity, Neighboring City Gapacity & UGB's.
Land information describing current conditions in Clark County are not the same and
inconsistent with Metro area data. DRC staff has normalized and standardized much of
Clark County's land use information into a format identicalto RLIS.

MetroScopefnputs.doc 04/24/Ol
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Future case studies may indicate continued consumption and allocation of future need in
Clark county and neighboring cities. MetroScope has the capability of estimating
residentialgrowth inside the Metro UGB, Clark county and neighboring cities. At each 5
year growth increment, some land in these non-Metro areas may consume land. An
assumption for how these areas may replenish their consumed land supply must be
considered.

Staff Recommendation:. Employ best practices to combine the Glark County data with RLISo Clark Gounty staff and illetro have jointly mapped potential expansion areas of
Clark county's urban growth areas (UGA). Use these expansion areas to
replenish the stock of vacant land for future need in Glark county. This amount
should be based on the rate of consumption in the previous 5 years.o For neighboring cities, assume the replenishment rate of vacant land in each 5
years equal to the rate of consumption estimated from the previous 5 years.
Assume this is an expansion of the neighboring city UGB's.. For areas outside UGBs, assume rural capacity remains unchanged and
available. Supply gets reduced by the past 5 years of development in each 5
year increment.

INPUT ASSUMPTIONS UNIQUE TO EACH CASE STUDY

ln order to set the conditions for each case study, input assumptions from the base case
are varied to test urban development patterns. Some of the input changes could include
combinations of transportation infrastructure plans, supply/capacity and location of UGB
expansion, or areas to emphasize redevelopment and infill. For each case study, policy
makers are informed of what could happen to land and housing prices, congestion,
regional growth, etc. given various set of assumptions. ln any case, these alternate
future simulations are determined by the conscious decisions of policy makers to change
a set of policies and/or leave others as they are.

The list below summarizes a broad range of policy-driven case studies for policy makers
to consider. Staff is recommending these case studies for the Phase 1, MetroScope,
Periodic Review Work Program element. ln Phase 1, there is a limited amount of time for
preparing information before a process has begun for amending the UGB and/or
policies. The case study research agenda attempts to maximize the broadest range of
policy themes that have been raised by interest groups, stakeholders, MPAC/MTAC, and
other city and county elected officials to the Metro Council.

Metro5copefnputs.doc 04/24/OtI
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CASE STUDY options A to G
DRAFT

Gase A: Base Case - the base case study option analyzes the impacts to transportation
(e.9., congestion), land use (e.9., growth allocation), and regionalgrowth (e.9., housing
and land prices) by exactly following State Law, state land use goals and Metro Code.
Analysis of the base case should determine whether existing policies are supportive and
sufficient in achieving the 2M0 goals and objectives.

Case B: l-5 Trade Gorridor Study - the l-5 trade corridor study examines the
transportation and land use effects of adding additional highway and transit capacity
across the Columbia River. Analysis of the l-5 corridor should determine the
benefits/costsltrade-offs of different transportation improvements.

Case C: Enhanced 2040 Genters - this case study tests the possibility of further
bolstering polycentric development in the region and is based on the notion that it is
more efficient to focus employment and housing (mixed use) in centralized hubs
scattered throughout the region. This case explores how much additional population and
employment can be reasonably accommodated in designated urban centers. This
examination includes an assessment of the amount of public intervention (e.9.,
subsidies, taxes, infrastructure, and other economic incentives) that may be needed to
turn market forces in the direction of mixed use urban centers.

Case D: Hold the UGB - a case is made to explore the impacts of a no expansion of
the current UGB. This was requested and included in this list of studies on behalf of
DLCD staff. This case study examines the economic implications and opportunities
associated with accommodating the 2002-2022forecast of population and employment
inside the existing UGB.

Case E: Damascus Community Development - this new community case study is
expected to answer questions about whether creating a full-service community in
Clackamas County is an effective and efficient urban form and does not conflict with
cunent 2040 goals. This case explores the possible reality of accommodating the entire
region's employment and population needs in this one subregion.

Case F: Subregional Jobs/Housing Balance - unlike previous case studies, the
subregionaljobs/housing balance case is solely based on the simple notion that if
subregions within the larger whole are somehow numerically equilibrated, the
deleterious effects of urbanization willvanish. This case study seeks to dispelthe
jobs/housing balance myths and expose the economic realities of this approach to
balancing regional need.

Case G: Market Expansion - a market-lead expansion of the UGB is explored in this
case study. Regional land use policies reflect the region's values and attempt to steer
market demand in a direction that supports regional values. The market expansion case
temporarily sets aside State Laws, Land Use Goals, and Metro Code to simulate the
impact of unfettered regional growth. This case study serves as a comparison/contrast to
how much land and where the region might expand if the market was the only controlling
factor. This scenario provides important data about which policies may be needed to
channel market forces to maximize regional values, regional growth, and the benefits of
land use and transportation choices.
Closing Comments and Next Up...
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The Metro Council has given authorization to analyze CASE A: The Base Case and
CASE B: The l-5 Corridor Study. In each subsequent case, a set of demand and supply
factors are allowed to freely change or maintained between some range of output. Each
case treats the metering of land supply differently, for example by upzoning or adding
land to the UGB in different ways and locations. Each case study may be thought of as a
different means of testing a subregional allocation or accommodation of future need.

The table, next, summarizes the policy choice variables for crafting the input
assumptions of each case study. Variables that have major policy impact are as follows:. Urban Growth Report Demand Factors. Environmental Protection. Amendment of the Regional Transportation Plano Land Use Regulations (particularly upzoning). UGB amendments

The'urban growth demand factors" include the capture rates and refill rates. These
rates are calculated inside the MetroScope model. As the model simulates future growth
and urban development patterns in the region, these rates may vary. For example, if
housing prices rise too rapidly, economic growth may be squeezed. The result may be
the region experiences relatively higher amounts of redevelopment and infill but at the
expense of pushing growth outside the Metro UGB.

Our work plan anticipates routine reporting intervals to you and the committee on the
progress and results of our analysis. We will need direction from you on the following. Confirmation of case studies. lnput assumptions for each desired case study

We still have much to do and we have potentially many case studies to examine. Our
objective is to complete the first phase of the MetroScope research - culminating in a
'policy handbook'that details the assumptions, inputs, feedbacks, results and tradeoffs
of each case study and comparisons across each for you to evaluate. Our goal is to get
to you the technica! information for you to make informed decisions that have merit and
supported by sound technical analysis.

MetroScopefnputs.doc 11 u/24/Ol
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MetroScope Summary Worksheet

MetroScope Data lnputs:
(P) means policy lever
Urban Growth Report Demand Factors

Capture Rate -
Capture Rate -
Rdfill Rate -
Refi ll'Rate - lndustrial
Rdfill Rate - Commercial

Envirbnmental Protections
ln UGB
Out UGB (P)

Transportation Data (P)
Financially Constrained

Additional lnfrastructure
Larid Ust) Regulations

Zoning (SRZ)
Upzone (e.9. Urban Centers)

Supply of ReFill
Redevelopment
lnfill'stock
Regulatory upzone/more capacity

Vaciirt & Buildable Lands Analysis
Vacant Land/Supply

Land Filter Assumptions
Residential
Non-residential

UGB Amendments (in incremental steps)

UGB expansion

Add land according to scenario

Clark County Land Use & Capacity
Vacant Land & localzoning

Regional Forecast
2000-2025 Regional

MetroScopefnputs.doc

match to allow shares to change
history to Clark &

Provide supply of land
to match refill rates

l-5 Trade
Gorridor

Study

Title 3
pseudo T3

RTP

l-5 transport
upgrades

Enhanced
2040

Centers

Case Studies

Hold the
UGB

Damascus
Community

PIan

ional Jobs/
Housing
Balance

Market
ExpansionBase Case

Title 3
pseudo T3

RTP

0

expand
consistent
with State

law

Title 3
pseudo T3

RTP
raise

capacity in
centers

Title 3
pseudo T3

RTP

Title 3
pseudo T3

RTP

Title 3
pseudo T3

RTP

in growth
areas

Title 3
pseudo T3

RTP

in groMh
areas

Determine capacity based on January 2001 local zoning data in RLIS -----
0 0 yes in ctr. yes yes in Dam. yes by area

--_ Refill supply replenishes based on changes in improvement value and land value ---
---- Refill supply replenishes based on changes in improvement value and land value ---

0 0 yes in ctr. 0 yes in Dam. 0

Buildable Land and Capacity is based on 2000 Vacant Land data in RLIS ---
MetroScope Land Filter picks out serviced and available supply

Assumes 25% of total stock is made available in each 5 year increment

0 yes in Dam.

0

expnad
Expand in based on

areas Jobs expand in
same as supportive of No UGB Damascus /Housing high demand

base case centers expansion area only Ratio locations

0

Replenish as needed based on last 5 years conumption rate ---------

-- Population and Employment Need (Demand) is derived from 2000-2025 Regional

12 o4/24/ot

UGR InpuE /
Assumptions

Title 3
200 feet

0

1999 zoning
0

assumed
available

2040 upzone

1998 data

Council
Decision in

12tOO

2020 Fcst.

RTP

7A%
82%

28.5%
21%
52%

0
0
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MetroScope Summary Worksheet Case Decision Rules

Output Measures:

MetroScope Policy Metrics
Policy objectives*

Land & Houslng Prices

l-5 Trade
Corridor

Base Case Study

Enhanced
2040

Genters
Hold the

UGB

Damascus Subregion
Community Jobs/Hous- Market

Plan ing Balance Expansion
cap price
appreciation to
trend growth
rate

same as
base case

free to
change

free to
change

free to
change

free to
change

free to
change

RegionalCapture Rate

Mixed Use Capture Rate

maintain in a
nalTow range
consistent w/

UGR

free to change;
free to change -
test amount of
growth to Clark MU rate should

county rise over time
free to
change

free to
change

free to
change

free to
change

Redevelopment Rate

start with
amount of refill
stock equal to
UGR demand

rate
free to change
in later years

same as
base case

do not allow
redev. rates to

decline
significantly

below standard
same as

base case
same as

base case
same as

base case
same as

base case

lnfill Rate

amount of refill
stock equal to
UGR demand

rate
free to change
in later years

same as
base case

do not allow infill
rates to decline

significantly
below standard

same as
base case

same as
base case

same as
base case

same as
base case

Transportation accessibility measures

maintain in a
narrow range
consistent w/

UGR

improve
accessibility

through the l-5
corridor study

atea

improve
accessibility to

centers
free to
change

improve
accessibility to sustain

Damascus town accessibility to
center subareas of

development highestdemand
free to
change

* These five policy measures are the principal macro output indicators that describe the economic conditions for each case study.
These indicators provide an indication of some of the major trade-offs between each policy doctrine framed in each case.
The policy metrics and additional detailed policy measures (not listed) provide the Councilwith the information about how policies

impact ditferent parts of the regional economy in terms of costs, benefits, and tradeoffs of each case study.

MetroScopelnputs.doc 13 04/24/Ot
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MetroScope lnput Memorandum

Case A. Base Case - Application of 2040 Policy Goals

Urban Growth Report Demand Factors:. Capture rate - let vary but maintain the capture rate in the range of historical experience; the
initial starting values for the capture rates should duplicate as close as possible with rates
assumed in the UGR; subsequent flve year increments should average in the last five years
and this new rate should become the targeto Refill rates - provide an amount of redevelopment and infill stock (supply) equal to the
historical estimates of the refill rates - let the case study determine how much of the
inventory of available redevelopment and infill gets used in each 5 year period. Refresh the
refill stock as land prices change (since land price is one of three factors in determining refill).

Environmental Resource Protection Options:o Title 3 inside UGB; pseudo-Title 3 buffer outside UGB

Transportation Data:. Priority (or strategic) Regional Transportation Plan (RTP)

Land Use Regulations - localcities and countieso Local zoning as ofJanuary 2001o No upzoning since localjurisdictions are already assumed to be in compliance

Supply of Redevelopment and lnfillo Refresh inventory of redevelopment and infill as land price changeso No upzoning assumedo Provide initial stock of refill land equal to assumption in UGR; supply amounts may then
change as land prices change

Vacant & Buildable Lands Analysis. 2000 Vacant Lands

Land Filter Assumption. Expert panelto meter in available supply

UGB Amendments. Use study areas defined in Alternatives Analysis. Expand as needed to maintain moderate housing price appreciations

Clark County Land Use & Capacity, Neighboring City Capacity. Expand Clark UGA as needed to maintain reasonable accessibility and level of service
standard consistent with RTP. Consider adding to Clark county's UGA consistent with past 5 years of growth.. Use expansion areas tentatively mapped by Clark County staff for the case studies - these
mapped areas do not necessarily represent the established will of Clark county policy makerso Assume the capacity and the UGB's of neighboring cities expand every 5 years as needed
based on the previous rate of land consumption.

Regional Forecast
o Unchanged across each case study - 2000-2025 Regional Forecast

MetroScopefnputs.doc 14 u/24/Ol
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Case B. t-5 Trade Corridor Study - Application of 2040 Policy Goals and includes a
series of interstate improvements

Urban Growth Report Demand Factors: \

. Capture rate - let vary as dictated by the economic forces of the model. We want to know
how changes in accessibility change Clark county's employment and housing allocations.

o Refill rates - SAME AS BASE CASE: initially provide an amount of redevelopment and infill
stock (supply) equal to the historical estimates of the refill rates - let the case study
determine how much of the inventory of available redevelopment and infill gets used in each
5 year period. Refresh the refill stock as land prices change (since land price is one of three
key factors in determining refill).

Environmental Resource Protection Options:
o SAME AS BASE CASE: Title 3 inside UGB; pseudo-Title 3 buffer outside UGB

Transportation Data:. Priority (or strategic) Regional Transportation Plan (RTP)
. Bi-state commission examining l-5 corridor issues will develop roadway, LRT, transit and

bridge crossing alternatives to test

Land Use Regulations - local cities and counties / SAME AS BASE CASE
o Local zoning as of January 2001. No upzoning since localjurisdictions are already assumed to be in compliance with 2040

Supply of Redevelopment and lnfill/ SAME AS BASE CASE
. Refresh inventory of redevelopment and infill as land price changes. No upzoning assumed
o 'Provide stock of refill land equalto assumption in UGR

Vacant & Buildable Lands Analysis / SAME AS BASE CASE
r 2000 Vacant Lands

Land Filter Assumption / SAME AS BASE CASE. Expert panelto meter in available supply

UGB Amendments / SAME AS BASE CASE. Use study areas defined in Alternatives Analysis. Expand as needed to maintain moderate housing price appreciations

Clark County Land Use & Capacity, Neighboring City Capacity / SAME AS BASE CASE
. Expand Clark UGA as needed to maintain reasonable accessibility and level of service

standard consistent with RTP
. Consider adding to Clark county's UGA consistent with past 5 years of growth.
. Use expansion areas tentatively mapped by Clark County staff for the case studies - these

mapped areas do not necessarily represent the established will of Clark county policy makers
. Assume the capacity and the UGB's of neighboring cities expand every 5 years as needed

based on the previous rate of land consumption.

Regional Forecast / SAME AS BASE CASE. Unchanged across each case study - 2000-2025 Regional Forecast

Metro5copefnputs.doc 15 04/?4/Ol

o

o



o 7 l- (D Fl
.

Fl o a f) o rE
,

(D o D
9 O (D a

\ 
Fl

.
-tE F o a - - ts - P E r{ F D

' |n <r
-

i ]} I \ s

) .$ \ t l t $T -\

N $ \ I $

; E O
a ! G F G lF \ S S rl * * s G E a F F O
a G * *. * tr. t S G ! G

z =(D }]
re

2
A 

:i.
7r

 O
q

f?
- ? ti? tD
t.)

u2
(D (o (t, -

ra
J o () U
' o Et c { e 7 z )t X (D E u, (! o (D t, a! r.l v)

a) a. A) a o. c) x (! !, t, (D o

trr o t 0a r o V) g D
) o ts (D q D
) A c q

ol xt O
I

al 6l ol ot trl bl trl 1' o F o +, o) tr o. ; FT
J E =FT
J E o o o.

t5 o (D E U
'

(D o F !r It o

o a E o H
, a (! o o 13 E' () o tr o o (D 13 a o t o 0

FU o i o g o H
t q (! o () D
' tr o E o o tr q e o r ld l'< tr t(D t< t(D to rE
l

IE l(D IE
' l*

H 4 p) (D

U (D o o d (D F) o o o. oa (D { l (D 1.
./

F o !, (D

E Ft o o c) z D
' rt D
' F t! U
) o Ft f) o U
)

o D
) 6 g (D ts A) (! a r-t o (! o o

x o t a o o. o x

o 5 (! i (D E (! r-i i A: o a

(n tf, e EJ F E o

U (D Et v, (D H rl o U
' E' ,a o rd E o Et (D U
'

o o Ia (D o o tr A) H 0c o o) H (D E) o

rl
o r D

'

D
) H Ia (D 6

rl H A) o q rd o (D o

EE lr B' E f) (D o H Ft D
] o 1, o Fl lr o a v, (!

.J p) x d o) o (D E o n o o) 'd o)

E' (, t) It h( )l (D p

o o E' o o o o c \^
>

F! t, E o o E E t E

E o o o o o. 0c o { o o a. o (D o C
E

z (! ,tl d o El E m o (D U
,

* *
*

O
EE

!, 
D

l
T'

, 
O

tD
(D

* *
* *

* *
*

*
* *

* *

a alr 4'
t

trr
 U

l

)
I a

/

o o
\J t, Fr

z
E9 a I u)

)
7

I
b,

J 5g O
E

(D
E

trt
.>

Ft
. a

D
qs a

/ \
I7

(
7 (7

AH \-<
 (

+ 
i|

aE
ro

l/ 
-

EE
'" 

o
Aa

d*
 

*
g>

!
H

 H
E.

iD
 2

.= ED
'

de
- 7 lt D

' rt ID

FJ N E F' 0 o E
o

FU o tr D
) o E. o U o s E (D tr Ia H o { E,
.

O Ft o ,q trl f) o I o E



o %+

o

MetroScope Docu mentation

Model Ovenriew
MetroScope is a set of decision support tools used by Portland Metro, the Portland,
Oregon area's regional government, to model changes in measures of economic,
demographic, land use, and transportation activity. MetroScope comprises four models
and a set of GIS (geographic information system) tools that keep track of the location of
activities and produce visual representations (maps) from the models' output. The four
models that interact within the MetroScope framework are:

The economic model, developed and maintained by Dennis Yee, predicts region-wide
employment by industry and the number of households in the region by demographic
category (HlA, which assigns each household to one of 441 combinations of household-
size category, income category, and age-of-household-head category).

The travel model, developed by Keith Lawton and maintained by Dick Walker, predicts
travel activity levels by mode (bus, rail, car, walk, or bike). and road segment and
estimates travel times between transportation analysis zones (TAZs) by time of day. It
also produces a measure of the cost perceived by travelers in getting from any oneTAZ
to any other. This measure of perceived cost, called a "logsum", can be converted into a
composite travel time that makes a minute on any particular route or mode (e.g., bus,
light rail, drive alone, carpool, walk) equivalent in perceived cost to a minute on any
other route or mode.

There are two real estate location models----one for residential location and one for non-
residential location. Sonny Conder developed both, and Jim Cser maintains the
residential location model. These predict the locations of households and employment
respectively, and also measure the amount of land consumed by development, the amount
of built space produced, and the prices of land and built space by zone in each time
period.

The GIS database and tools, developed and maintained by Carol Hall and Karen
Larson, contain the land and development data and maintain the spatial relationships
between data elements. They also map data between different zone systems.

o
MetroScope Docu mentation Draft Page 1
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Purpose
ln reality, travel, economic activity, location choice, and real estate development are all
interdependent. People travel to where they work, shop, and recreate. Goods are hauled
to where they are processed, warehoused, and sold. Businesses locate where they are
allowed and where they have access to labor and raw materials as well as access to
markets for their goods or services. People locate where they are allowed and where they
have access to their place of work, shopping, schools, and recreation. People also place
value on the attributes of a neighborhood, such as its crime rate, elevation, and noise
level, and people often seek to locate near others with similar demographic
characteristics. For both businesses and people, the relative price of a location is an
important consideration in choosing where to locate and the absolute price determines
where they can afford to locate. The overall level of economic activity in a region
depends on the cost of production, including space rent, transport, and labor costs,
relative to other regions.

The purpose of bringing the four models together into a single, integrated framework is to
allow them to interact with each other, producing more accurate predictions of future
conditions and allowing them to better reflect the full range of effects of policy decisions.

MetroScope allows the testing of a wide range of policy scenarios. Among its policy-
sensitive inputs are:

Land Availability and Capacity, including zoning and plan designations,
environmental constraints, and the parameters used by the Land Filter to identify
land that will be developed (see below).

Cost of Development, including specifications of cost per square foot to build
and SDCs (which can be redefined to incorporate other fees and permitting costs).
Note that the price of land is determined within the model and is not an input.

Assumptions about changes in demographics (income, age, and household size)
can be applied through the economic model, as can assumptions about changes in
employment (by industrial sector).

Assumptions about changes in transportation infrastructure and transit
availability can be applied through the travel model.

lnteraction Between Models
MetroScope consists of four separate models, which interact within and between model
iterations (five-year periods). Figure 1 shows the flow of information between the
models.

MetroScope Docu mentation Draft Page 2

a

a

a

a



o

(Substitute Figure 1 for this page)
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lnteraction Between Location and Travel Models
Metro's travel demand model predicts trips and travel accessibilities between analysis
zones. Documentation of the travel demand model is available in a separate report. The
model is applied at a 1,260-zone system. When multimodal accessibilities at the zone-to-
zone level are aggregated to the census tract-to-census tract level, they are weighted by
the number of person-trips between each origin and destination zone pair. The
multimodal accessibility measure (logsum) takes into account differences in perceived
cost between different modes (e.g., bus, light rail, drive alone, carpool, walk) and routes.
The reported accessibility is weighted by the proportions of person-trips on each
combination of route and mode.

The travel model supplies both the residential and non-residential location models with a

measure of the cost of getting from each zone to each of the other zones. This measure of
relative accessibility affects where housing and employment growth will locate. The
residential location model supplies the travel model with number of households, by
demographic category, in each zone. The non-residential location model supplies the
travel model with employment by retaiVnon-retail in each zone. These estimates of
households and employment are used by the travel model to estimate trips and trip
destinations.

Figure 2: Data Flow between Location and Travel Models

HlAs by TAZ and Employment by Retaiuother by TAZ

Transportatlon Data

HlAs by Tract

Travel Costs (logsums)

Employment by
lndustry by Emp Zone

lnteraction Between Location and Economic Models
The economic model supplies the residential location model with the total number of
households, by demographic category, in the region for each time period. It supplies the
non-residential location model with the total number of employees, by industry, in the

Non.Rcaldantl.l
Locatlon Modcl

Rarldentlel
Locatlon Modol

Grs
Post.P roces3ing

o
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region for each time period. The residential location model supplies the economic model
with a measure of region-wide housing prices, which can provide feedback to the overall
level of regional growth.r

Figure 3: Data Flow between Location and Economic Models

o

-------- Housing Price lndex

Regionwide HlAs

HlAs arc numbe.s of households by household size.
income, and agc catego.ics.

Regionwide Employment
by lndustry

lnteraction with Land Data

Pre-Processing of Land Data
Metro's Regional Land Information System (RLIS) contains data describing and locating
each parcel (ta:r lot) as well as overlaid information about political districts, zoning
designations and constraints, environmental constraints, infrastructure, and geography.

The land data is pre-processed to identify vacant, developable parcels, redevelopable
parcels, and portions of parcels that could be subdivided to allow additional (infill)
development. Metro refers to development on non-vacant parcels as "refill"
development. This pre-processor provides development capacity for each employment
zone for the non-residential location model and for each residential zone (census tracts)
for the residential location model.

' This feedback mechanism has not been implemented to date, but will be.

MetroScope Docu mentation Draft Page 5
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The real estate location models currently lack a model of the market for land. It is
therefore necessary to determine outside the model how much land will be developed,
and which parcels are likely to be redeveloped or infilled. This is accomplished in the
pre-processing of land data. Four criteria are used:

1. Tax lot size

2. Improvement value

3. Land value

4. Total value

Zone-trype-specific threshold values are specified for each of the criteria and parcels that
meet all four tests are considered available for refill development capacity, which is used
by the location models in the same way as vacant development capacity.

Appendix A lists and defines all of the data elements from the land database that are used
by MetroScope. Appendix B describes how Metro determines which lands are vacant.
Appendix C describes in more detail how land data are processed in MetroScope.

The Land Filter
As noted above, the real estate location models currently lack a complete model of the
market for land. The model does incorporate a representation of the demand side of the
market for land. Given a quantity of land to develop, it can report how high or low the
price of land has to go to result in that much being developed. But because the model
doesn't know how much land would be made available for development at any particular
price, a market-clearing quantity of development cannot be determined. It is therefore
necessary to determine outside the real estate location models how much land and which
parcels will be made available for development in a given time period. This is
accomplished in the Land Filter.

The land filter acts as a means of simulating the market supply function by identifying
which of the parcels in the region are potentially developable during each five-year
interval.2 Just because a parcel passes through the land filter does not necessarily mean
that the real estate location model will place any development on that parcel. Demand
must exist and the land attributes must be suitable for the type of demand before the
parcel is developed. The land filter behaves as a sieve for selecting which parcels are
available forpotential development. The quantities of land that could develop in each
time period are determined by an expert panel and are an input to the model, not a
prediction by the model.

2 The model curently runs in five-year increments, so the land filter currently specifies how much land will
be developed in each five-year period.

o
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Two land filters are employed--one for residential land market and the other for the non-
residential land market. Additional research is still necessary to develop an endogenous
supply function or a routine that better simulates the availability of developable land.

Once the supply of available land is determined, the real estate location model is then
capable of solving for a market-clearing quantity and price for real estate. The attributes
of each parcel are then uniquely matched with the demand for land as given by the tlpe
of demand. If there are surpluses or deficits between supply and demand quantities, land
and improvement prices are adjusted to strike a balance between supply and demand.

In the case of residential land, the available parcels are divided into six parcel-size
categories and a "developability index" is calculated for each parcel. The variables that
go into calculating the developability index are:

1. The amount of acreage in similar-sized parcels in the zone

2. The amount of vacant acreage in large parcels

3. A price factor

4. A new urban land infrastructure factor

5. A parcel-size-specific infrastructure factor

An expert panel helps identify the total amount of land that will develop and a cutoff
value for the developability index is set to yield that much land. The cutoff value may be
calibrated to produce stable land prices

In the case of non-residential land, the available parcels are divided into eight floor-area
ratio (FAR) categories. A similar developability index could be developed and applied,
but the Land Filter currently makes available 25 percent of the developable land in each
FAR category in each time period

Post-Processing of MetroScope Output
After the location choice models have run, producing an allocation of housing and
employment to each analysis zone, their output is fed back to the land database through
the post-processing GIS component. The post-processor takes the zone-level information
about development and assigns it to individual parcels (tax lots). For small parcels, it
applies a one-to-one mapping of developed unit to parcel. For large parcels, it currently
uses proportional assignment, but will be modified to perform synthetic subdivision of
existing parcels. Appendix C describes in more detail how land data are processed in
MetroScope.

M etroScope Docu mentation Draft Page 7
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o
lnternal Workings of the Real Estate Location Models
The following descriptions of the residential and non-residential real estate location
models provide an overview of how the models work and what variables they employ
Detailed definitions of the variables, functions, parameters, and estimated parameter
values may be found in Appendices D and E.

o

Residential Model
The residential real estate location model works by adjusting price indices until the
quantity of housing units demanded, by tenure (owner- or renter-occupied), housing type
(single-family attached, single-family detached, or multi-family), and residential zone,
matches the quantity supplied.

Households are the consumers in the residential model and households are characterized
by dividing the total population of households into 64 categories, called HIAs. In the
future, the number of HIA categories will be increased to 441, with seven categories for
each ofhousehold size and age ofhousehold head, and nine categories ofhousehold
income. Each household belongs to one category of household size, one income
category, and one category of age of household head. There currently are 64, and will be
441 , possible combinations of size, income, and age categories and every household is
associated with one such combination. Table I shows the definitions and base-year
shares for the HIA categories that will be used in the residential model.

Figure 5: HIA Categories

Hou..hold

H7 t2 A7
H7 13 A7
H7 t4 A7
H7 t5 A7
H7 16 A7
A7 t7 A7
H7 t8 A7
H7 t9 A7

H7 t2 A6
H7 t3 A6
H7 t4 A6
H7 t5 A6
H7 t6 A6
H7 t7 46
H7 t8 46
H7 19 A6

H7 t2 A5
H7 t3 A5
H7 14 A5
H7 t5 A5
H7 16 A5
H7 17 A5
H7 18 A5
H7 t9 A5

H7 t2 A4
H7 t3 A4
H7 t4 A4
H7 t5 A4
H7 t6 A4
A7 t7 A4
H7 t8 A4
H7 t9 A4

H7 t2A3
H7 13 A3
H7 t4 A3
H7 15 A3
H7 16 A3
H7 17 A3
H7 18 A3
H7 t9 A3

H7 t2 A2
H7 13 A2
H7 t4 A2
H7 t5 A2
H7 t6 A2
H7 17M
H7 t8 A2
H7 19lc

H1 t2 A1
H1 13 Al
H1 t4 Al
H1 t5 A1

H1 t6 Al
Hl t7 41
Hl IE A1
H1 t9 Al

H2t2 A1
H2 t3 A1
H2 t4 A1
H2 15 Al
H2 16 At
H2t7 A1
H2 18 Al
H2 t9 A'l

H3 12 A'l
H3 t3 Al
H3 14 Al
H3 15 A1
H3 16 A1
H3 t7 Ar
H3 t8 A1

H4 t2 At
H4 t3 A1
H4 t4 A1

H4 t5 A1

H4 16 A1
H4 t7 A1
H4 t8 A'l
H4 t9 Al

H5 12 Al
H5 t3 A1
H5 t4 A1
H5 t5 A1
H5 t6 Al
H5 t7 A1
H5 t8 Al
H5 t9 A1

H6 t2 Al
H6 t3 A1
H6 t4 A1
H6 t5 A1
H6 t6 A1
H6 t7 Al
H6 t8 A1
H6 t9 Al

H7 t2 A1
H7 t3 Al
H7 t4 A1
H7 t5 Al
H7 t6 A1
H7 t7 A1
H7 t8 Al
H7 t9 A1t9 Al

o
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Table 1: Definitions of HIA Gategories Used in Residential Model

Category Range Share
Household Size (Persons)

H2
H3
H4
H5
H6
H7

2
3
4
5
6

7 or more
Household lncome

un ,000
$5,000 to 9,999

$10,000 to 14,999
$15,000 to 24,999
$25,000 to 34,999
$35,000 to 49,999
$50,000 to 74,999
$75,000 to 99,999

more than $100,000

under years
25 to 34 years
35 to 44 years
45 to 54 years
55 to 64 years
65 to 74 years

older than 75 years

32o/o

17o/o

14o/o

60/o

2%
1o/o

6Yo

9Yo

9o/o

17Yo
16Yo
18o/o

14Yo

6Yo

5o/o

6Yo
18%
24Yo
21%
12o/o

9o/o

10o/o

t'l
t2
t3
t4
t5
t6
t7
t8
t9

A1
M
A3
A4
A5
A6
A7

Housing units are characterized by tenure (owner- or renter-occupied) and t)?e (single-
family detached, single-family attached, and multifamily) and within each tenure class,

each housing unit is assigned to one ofeight price categories.

Residential zones inside the model area are census tracts. There currently are 328
internal residential zones and five external zones. The extemal zones are: Columbia
County, Newberg, Yamhill County (except Newberg), North Marion County, and Salem,
providing the means of estimating how much of the four-county residential demand is
shifted outside the four-county region.

Every household needs a place to live, and the model maintains a one-to-one relationship
between households and housing units. Populations living in group quarters or in
homeless circumstances are not modeled. Households have a budget constraint, limiting
the amount they can spend on housing. The model predicts how much households in
each HIA category will spend on housing, given prices for housing and for other goods
and services. This budget constraint currently is not used in the model, but may be
examined after the model runs.

of Household Head

o
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The housing demand component of the residential model determines, across all
residential zones, how many units of each tenure type, housing type, and price level will
be consumed given the composite regional price. It also determines the unit size and lot
size for new construction.

The supply component of the model determines how many of each type of housing unit
to produce, and in which zones to produce them, in each time period. It also tracks the
quantity and quality of existing stock.

The housing location choice component predicts the proportion of households in each
combination of HIA category, tenure t1pe, and primary worker employment zone that
will locate in each residential zone, given neighborhood amenities and relative prices.

All of these components operate on a given set of price indices. The model works by:

o Estimating the regionwide quantity of housing units that will be demanded by
tenure class, type, and price category in the Demand Component.

o Estimating the quantity of new units that will be built in each residential zone by
tenure class, unit t1pe, and price category, as well as estimating unit sizes, lot
sizes, and amounts of buildable land consumed. The Supply Component also
tabulates the total number of units, including existing units, in each combination
ofcategories in each zone.

. Assigling households to residential zones, tenure class, unit type, and price
category in the Location Component.

. Comparing the numbers of units by tenure class, unit type, and price category,
that are available in each residential zone to the numbers of households assigned.
If the difference is small enough, the model is done for the cunent time period. If
not, the model adjusts the zone-price indices to reduce the difference between the
number of housing units demanded and the number supplied, and starts over.
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o Figure 6: Process for Solving Residential Location Model
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The Demand Component

The demand component predicts tenure percents for each HIA category, owner and renter
prices for each HIA category, and the percents in each combination of unit tlpe and
tenure for each HIA category. It also predicts single-family house size (in square feet),
rental unit size (in number of bedrooms), and number of earners per household for each
HIA category.

No variable in the model directly measures a household's wealth. The age of household
head variable picks up part of the wealth effect, though, resulting in much higher rates of
home ownership for lower-income, older households than for younger households with
the same income.
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The demand component predicts the percent owning and prices as functions of:

o The demographic attributes represented by the HIA category

. A weighted regionwide rental price index
o A weighted regionwide house price index

o A regionwide transportation price index

It predicts percents for the unit tlpes as functions of:

o The demographic attributes represented by the HIA category

o Housing prices and rent levels by unit type

o The differences between the price levels of single-family detached and other unit
tlpes

It predicts owner-occupied and rental unit sizes from the demographic attributes
represented by the HIA category. It predicts the number of vehicles a household will
own from its demographic attributes and price indices for rental prices, house prices, and
transportation prices.

The Supply Component

The supply component performs a variety of accounting functions as well as predicting
the quantity and type of housing that will be built. It tracks the vintage stock, the price
distribution of vintage stock by zone, and land price distribution by zone. Vintage stock
is tracked by unit type and price category and depreciation is tracked as the model moves
through time.

The supply component incorporates all the costs of developing built space, including
transaction costs, development fees, building permits, system development charges, and
subsidies. The effects of policies that change these costs in general or for particular areas
may be modeled by adjusting the relevant parameters.
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The supply component estimates the price of land in a particular zone as a proportion of
the average price in the region as a function of:

o Accessibility (from standardized travel times to all other zones)

o Whether the zone is an infill area or not

o Whether mixed uses are allowed

o Whether the zone has good views
o Whether the zone is prestigious

. The jurisdiction the zone is in
o The neighborhood the zone is in
o The average strucfure size in the zone

o The average structure age in the zone

The supply component estimates the capacity of a zone, measured in numbers of dwelling
units, as a function of:

o The stock of vacant land in the zone

o The predicted number of dwelling units per acre, subject to regulatory restrictions

o The stock of land available for infill development in the zone

r The predicted rate at which infillable land will be consumed in the zone (a
function of prices, demographic characteristics, average parcel size, and amount
of nearby vacant land). Note that this rate is determined in the model and can
vary over time as a result of policies and market factors

o The stock of land available for redevelopment in the zone

o The predicted rate at which redevelopable land will be consumed in the zone (a
function of prices, demographic characteristics, average parcel size, and amount
of nearby vacant land). Note that this rate is determined in the model and can
vary over time as a result of policies and market factors

o The difference between existing and redeveloped capacity per acre in the zone

o Predicted demolition rates for single- and multi-family units in the zone
(demolished units that are not redeveloped as residential) and corresponding lot
sizes

r Predicted new construction in the zone (see below)
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The supply component predicts the amount of new construction by tenure, unit type, and
zone using the following procedure:

o Compare regionwide demand with regionwide supply.

o If demand exceeds supply, find, for each zone, the amount of demand that is for
units whose price exceeds construction costs in this zone.

o [n each zone, build the lesser of the number of units whose price exceeds
construction costs or the capacity of the zone (see above).

o [n each zone, distribute new construction to unit types based on share of demand.

o Add up total regionwide supply (including new units) and compare to regionwide
demand. If there still is excess demand, record this amount. This amount is
reported by the model and is of interest when evaluating the policy implications
of a particular scenario. In particular it provides a measure of the amount of
housing subsidies that will be required. This is measured as the difference
between the number of units that the market would supply without a subsidy and
the number of units required to provide each household with a housing unit.

Construction costs, by unit type and zone, are estimated as a function of:

o The greater of average single-family lot size in the zone or the minimum allowed
lot size

o Land price in the zone

o Development fees in the zone

o The minimum structure size for the unit tlpe
o Construction costs per square foot for the unit type

o A capital-land substitution parameter, which is a function of observed sales
prices, lot sizes, and estimated land prices.

The Location Gomponent

The location component distributes households to residential zones. It uses a logit
framework, which assigns a probability to each of several discrete choices.3 The
probability of making any one choice is a function of the net value (benefits minus costs)
of that choice to the consumer and the net values of all other choices. The net value is

' For a set of three choices (a, b, and c), with net values of V", V6 and V., respectively, the probability of
ev'

choosing a is
e% + eu'+ e% '

where e is the natural base (approximately 2.718). The natural logarithm

of the denominator, called the "logsum" is a measure of the total value of all the available choices. Travel
models use the logit framework extensively, as travel behavior can be descnbed as a series of choices (e.g.,
destination choice, route choice, and mode choice). The "logsum" is the measrue of accessibility that the
travel model provides to both the residential and non-residential location models.
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O estimated from the attributes of the choices and of the consumer. In the logit framework,
the probabilities always sum to one and, for a population of consumers with identical
attributes (e.g., members of the same HIA category), the probability of one consumer
making a particular choice also is the proportion of the population that will make that
choice.

Households are assigned to employment zones for the primary worker. For each
combination of employment zone, tenure class, and HIA category, the proportions of
households that will live in each residential zone is determined in a logit framework
where the net value of each choice (residential zone) is a function of:

o Household income and household income interacted with travel time to work

o The relative price of land in the residential zone interacted with income and with
travel time to work

. The number of earners in the household and the number of earners interacted with
travel time to work

o The relative house price in the zone

o Travel time to work and travel time to work squared

o The percentage of the regions housing units that have shorter travel times to work
than those in the residential zone being evaluated

The work locations of additional workers in a household are not explicitly included in the
model, but the number of workers in the household is, and households with more than
one worker are less sensitive to the work location of the primary worker.

The location component can work iteratively with the travel model, with each adjusting
to changes until a stable state is reached. The location model does work iteratively with
the portion of the demand component that predicts regionwide tenure choice percentages.

The equations and parameter estimates for the residential location model may be found in
Appendix D.

Non-Residential Model
The non-residential real estate location model works by adjusting price indices until the
quantity of developed space demanded, by space tlpe and employment zone, matches the
quantity supplied.

In the non-residential model, employees are the consumers, acting as proxies for the
firms that employ them. Each employee is associated with an industry. Firms or
establishments (the portion of a firm that is at a particular address) are not directly
represented in the model at all.
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Unlike the residential model, which maintains a fixed, one-to-one correspondence
between households and housing units, the non-residential model allows employees to
consume varying numbers of square feet of space from a zone-wide pool of space of a
particular type. The amount of space an employee consumes depends on the price of
space and the relationship between price and quantity consumed can be different for each
combination of industry and space type.

The distribution of an industry's employees among space types depends on the industry
and the relative prices of space in different space types. The distribution of an industry's
employees among employment zones depends on the relative prices of space in different
zones and on the relative accessibility of the different zones to other business activity in
general, to other business activity in the same industry, and to households, where
employees come from.

The six space types used in the model are

1. Manufacturing space

2. Warehousing space

3. Space for retailing and services

4. General office space

5. Space for medical uses

6. Space for government

There currently are 66 employment zones, the boundaries of which are shown in
Figure 7. The employment zones are aggregations of census tracts and so are also
aggregations ofresidential zones. There currently are no external zones in the non-
residential model. The economic model that supplies the non-residential model with
regionwide employment predictions does take into account real-estate market conditions
within the region when predicting regional employment. Unlike in the residential model,
where households that don't locate inside the region likely will locate just outside the
region (many have jobs inside the region), areas that compete with Portland for business
location are mostly far outside the region (e.g., Seattle, Austin, San Jose, etc.).

The quantity of space of a particular type supplied in a particular zone is a function of:
o The price index for that combination of space type and zone
o The cost of building that type of space

o The cost of buildable land in that zone

o Constraints on the amount of space per acre that is allowed to be built in that zone
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(Substitute Figure 7 for this page)
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Each space type has its own parameter for elasticity of substitution between capital and
land and its own set of parameters that determine the cost per square foot of building
space as a function of the floor area ratio (the ratio of built space to land area). These
parameters are estimated and calibrated outside the model.

The quantity of space demanded is determined separately for each of 14 industries:

l. Agricultural Services

2. Construction

3. Nondurable Goods Manufacturing

4. Durable Goods, Metals, and Paper Manufacturing

5. High-Tech Manufacturing

6. Transport and Warehousing

7. Communications and Utilities

8. Wholesale Trade

9. Retail Trade

10. Finance, Insurance, and Real Estate

I 1. Consumer Services

12. Health Services

13. Business and Professional Services

14. Govemment

For each industry, the model estimates the quantity of space by space tlpe demanded in
each employment zone as a function of:

o The price indices for each combination of space tlpe and zone

. Region-wide employment in that industry

o The proportion of employment in each space tlpe when the price index is one.

o The square feet of space per employee in each space tlpe when the price index is
one.

o The number of acres of developed non-residential land in each employment zone
(used in determining access)

o Travel costs to all other zones (used in determining access)

o Access to employment in all industries in all employment zones

o Access to employment in the same industry in all employment zones

o Access to all households in all employment zones.
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a Access is measured as weighted travel costs from all other zones where travel costs are
logsums (see above) from the travel model converted to standardized minutes of travel
time. A separate measure of access to employment in the same industry allows the model
to capture the agglomerative tendencies exhibited by many industries.

Parameters in the demand function include:

o Cross price elasticities of demand (beta) for space types for each combination of
industry and space t1pe. The sum of all cross price elasticites is constrained to
zero.

o A parameter (gamma) for each combination of industry and space tlpe that relates
the square feet per employee to the cost of space per square foot

o A parameter (alpha) for each combination of space type and employment zone
that relates the location choice to relative prices between zones.

o A set of three parameters (A) for each industry that weight the three accessibility
measures (accessibility to households, accessibility to all employment, and
accessibility to employment in the same industry).

o A set of two parameters (B) for each industry that weight travel cost and travel
cost squared in constructing the accessibility measures.

These parameters are estimated and calibrated outside the model.

The equations and parameter estimates for the non-residential location model may be
found in Appendix E.
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Sensitivity Analysis and Model Validation
As of this writing, MetroScope has not yet been run fully once. It is therefore not
possible to report the results of sensitivity analyses or validation tests. The components
of MetroScope, however have existed as standalone models before their incorporation
into MetroScope. The Economic and Travel models have been extensively tested and the
results of those tests are reported elsewhere. Earlier versions of the residential and non-
residential location models were subjected to sensitivity tests and the residential location
model was validated through an ex-ante forecast.

The sensitivity tests on the residential location model show that it is most sensitive to
changes in the amount of land that is specified will develop in each model increment
(five-year period). With too little available land (less than 12,000 to 14,000 acres in any
five-year period), prices soar and expected growth cannot be accommodated. With too
much available land, prices are driven down to unteasonable levels.

The non-residential location model is most sensitive to changes in access. For example,
if routes crossing the Columbia River become too congested, employment in Clark
County, Washington increases significantly, at the expense of employment in Portland's
central business district and elsewhere on the Oregon side.

The residential location model also is sensitive to changes in access, whether they result
from changes in the road system, the transit system, or just increasing congestion.

The residential location model, as it existed in 1997, was validated by running it from
1970 to 1995. Forecasts of the number of dwelling units in each district (the model then
used 20 districts rather than the 328 internal and five external zones in the current
version) for 1980 (ten years out) were off by an average of five percent, and forecasts for
1990 (20 years out) were off by an average of 20 percent.

O
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Strengths and Weaknesses of MetroScope
MetroScope was designed to serve as a tool for evaluating land use and transportation
policies by showing their effects on the location of households and businesses in the
region. It also provides additional information of interest to policymakers, including
housing construction and occupancy by tenure, type, size, lot size, and price, and non-
residential development by use, square footage, floor-area ratio, and price. The travel
model provides information about travel times, mode choice, and road-segment loadings
MetroScope does all this today, something few competing models can claim, and it does
it at least as well as those few.

To achieve the goal of providing this type of information from available data and in a
timely manner, certain trade-offs were made. The models work off available data, which
limits the number and grain of the variables that may be included. And the location
models lack a complete representation of the market for land, necessitating that the
analyst specify how much land will be developed in each five-year period.

The limitations imposed by available data may be overcome by collecting and refining
new data series. Metro's Data Resource Center has a process for identifying and
prioritizing data development efforts. Over time, new variables can be added to the
models to improve their accuracy. While this documentation was being written, variables
were added to reflect urban renewal areas and known future changes in zoning.

The limitations imposed by the lack of a complete model of the market for land currently
are addressed through the Land Filter. A better solution might be to add a representation
of the land market to the location models. The Land Filter would still play an important
role in selecting which of the available parcels develop first, but the model itself would
determine how many of the available parcels get developed in any five-year period.

The supply of available land is already known to the model. There is a known quantity of
land within the boundaries of each zone, and legal restrictions on the use of that land
already are overlaid on it in the GIS database. The model currently knows of only one
use for that land--{evelopment. By adding a representation of demand for other uses,
the model could determine how much land will develop and how much will remain in
other uses. Development demand can push the price of land up, and thereby obtain more
land for development when the demand for development is sufficient, but lack of
development demand cannot push the price of land below what altemative uses are
willing to pay.

Many of the complications that result from different parcels having different
development costs could be avoided by making those distinctions in the developer model.
All land would be priced as bare, unimproved land in the land model. If a particular
parcel already had sewer and water infrastructure in place, for example, their cost would
be added in the developer model at what it would cost to add them, which is what
developers would be willing to pay for them when they bought the land. Developers
aren't indifferent to infrastructure availability or to other attributes that affect the speedo
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o and profitability of development, though. The Land Filter would still play an important
role in identiffing the parcels most likely to develop first.

o

o
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The following fields are exhacted from Metros Regional Land lnformation
System(RLIS) for use by MetroScope. The fieldnames preceded by an asterisk are
publicly available in Metro's RLIS Lite distribution.

* TLNO Parcel Identifi cation Number

BLDGCLASS Code for building use. Supplied by County Assessors. The categories
vary by county.

LANDCLASS Code for land use. Available for Clackamas County only; supplied by
County Assessor. 31 categories.

* LANDVAL Market value of the land in the parcel in dollars. Supplied by County
Assessors.

* BLDGVAL Market value of improvements on the parcel in dollars. Supplied by
County Assessors.

* TOTALVAL Sum of LANDVAL and BLDGVAL. (Note: Market values will be
present for every occurence of a TLNO. Don't sum them up!)

PROP_CODE Generalized landuse code from County Assessors.

* LANDUSE Standardized PROP_CODE codes. Categories are: AGR
(Agriculture), COM (Commercial), FOR (Forest), IND (Industrial)
MFR (Multi-family residential), PIIB (Public/semi-public), RUR
(Rural), SFR (Single family residential), and VAC (Undeveloped).

f COI.JNTY County in which parcel is located. Codes are: C (Clackamas), M
(Multnomah), W (Washington), and R (Clark).

DC\,ICODE Tax exempt code. Supplied by County Assessors. The categories vary
by county.

r.VAC Code for vacant or developed status. Categories are: I (vacant), 5
(vacant, under site development), 8 (developed), and 0 (no data--rural)
Note: partially vacant parcels are split into separate records.

AMTVAC lndicates whether a vacant taxlot is fully or partially vacant.
Categories are: F (fully vacant) and P (partially vacant).

* PLAN Local Comprehensive Plan designation. Supplied by local
j urisdictions. Categories vary by jurisdiction.
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* JURNAME Name ofjurisdiction

* ZONE Local zoning designation. Supplied by local jurisdictions. Categories
vary by jurisdiction.

* UGB Whether the taxlot is inside or outside the Urban Growth Boundary.
Categories are: 0 (outside) and I (inside).

DGNTYPE Meho 2040 design tlpe designation.

* SLOPE Indicator of steep slopes. Categories arc:25 (25% or greater slope)
and 0 (less than 25% slope).

EXCEPT Exception lands (land outside the UGB zoned for uses other than farm
or forest. Categories are: I (exception land) and 0 (resource land--not
exception land).

AREAPOLY Area of the polygon in square feet.

ACRES Area of the polygon in acres.

* CT Census tract

* 7 A7 Traffic analysis zone (1260 zone system)

* ZONE_CLASS Aggregation of local zoning designations into 26 standardized
designations. Categories are:

FF Agriculture or Forestry- activities suited to commercial scale agricultural
production, tlpically with lot sizes of 30 acres or more.

RRFU Rural or Future Urban- residential uses permitted on rural lands or areas
designated for funue urban development, with minimum lot sizes of one acre or
more.

SFRI Single Family l- detached housing with minimum lot sizes from 20,000 quare
feet and up.

SFR2 Single Family 2- detached housing with minimum lot sizes ranging from 12,000
to 20,000 square feet.

SFR3 Single Family 3- detached housing with minimum lot sizes ranging from 8,500
to 12,000 square feet.

SFR4 Single Family 4- detached housing with minimum lot sizes from 6,500 to 8,500
square feet.

SFR5 Single Family 5- detached housing with minimum lot sizes ranging from 5,500
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to 6,500 square feet.

SFR6 Single Family 6- detached housing with minimum lot sizes from 4,000 to 5,500
square feet.

SFRT Single Family 7- detached housing with minimum lot sizes ranging from 0 to
4,000 square feet.

MFR4 Multi-family 4- housing accommodating densities greater than 100 units. This is
the densest of the multi-family zones and would require greater use of vertical
space and buildings with multiple stories.

MFRI Multi-family 1- housing and or duplex, townhouse and attached single-family
structures allowed outright. Maximum net allowable densities range from 2 to
25 units per acre, with height limits usually set at2l/2 to 3 stories.

MFR2 Multi-family 2- housing accommodating densities ranging from 25 to 50 units
per acre. Buildings may exceed three stories in height.

CN Neighborhood Commercial- small scale commercial districts permitting retail
and service activities such as grocery stores and laundromats supporting the
local residential community. Floor space and/or lot size is usually imited from
5,000 to 10,000 square feet.

CG General Commercial- larger scale commercial districts, often with a more
regional orientation for providing services. Businesses offering a wide variety of
goods and services are permitted and include highway and strip commercial
zones.

CC central commercial- allows a full range of commercial activities typically
associated with central business districts. More restrictive than general
commercial in the case of large lot and highway oriented uses, but usally allows
multi-story development.

Office Commercial- districts accomodating a range of business, professional and
medical office facilities, typically as a buffer between residential areas and more
intensive uses.

Light lndustrial- districts permitting warehousing and light processing and
fabrication activities. May allow some commercial activities.

Heavy lndustrial- districts permitting light industrial and more intensive
industrial activities such as bottling, limited chemical processing, heavy
manufacturing and similar uses.

Mixed Use Industrial- districts accommodating a mix of light manufacturing,
office and retail uses.

CO

IL

IH

IMU
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Industrial Area- districts designated exclusively for manufacturing, industrial,
warehouse and distribution related operations.

MUCl Mixed Used Center l- combines residential and employment uses in town
centers, main streets and corridors.

MUC2 Mixed Use Center 2- combines residential and employment uses in light rail
station areas and regional centers.

MUC3 Mixed Use 3- combines residential and employment uses in central city
locations. Mixed use is weighted toward residential development.

POS Parks and Open Space

Public Facilities

MFR3 Multi-family 3 - housing accomodating densities ranging from 50 to 100 units.

* PLAN_CLASS Aggregation of local planning designations into 26 standardized
designations. Categories are the same as for ZONE CLASS above.

X-COORD Latitude

Y-COORD Longitude

* SCHI._DIST School district property. Categories are: 1 (school district property)
and 0 (not school district property).

* GOV Federal, state, county or city government property. Categories are: I
(govemment property) and 0 (not government property).

FUTURE_ZONE Designations for future zoning for Damascus and Clackamas County.

TIER Implementation phase for future zoning.

URB_RENEW Urban renewal areas.

o
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Appendix B: How Metro Determines Vacant Land
by Metro Staff

This procedure was developed by Metro's Data Resource Center for in-house use. The Vacant
Lands lnventory is updated annually using orthorectified digital air photography. References are
made to software and commands that are specific to ESRI's Arc/lnfo products.

PROGEDURE (OVERV|EW):

400 scale maps (checkplots) are created for each quarter township illustrating the
previous year's vacant land, current taxlots, and geocoded building permits issued within
'18 months of the date of the photography flight.

Concurrently, orthophotos are printed at the same scale for each quarter township in the
region.

a

a

a The two plots are overlaid on a light table and the checkplot is marked to reflect changes
that occurred during the previous year.

o Those changes are then updated in the Vacant Lands coverage using on-screen-digital
orthophotography, with the hardcopy marked-up map as a reference.

PROCEDURE (DETA|LED):

STEP 1: CREATE PLOTS in groups of four sections (photo-id) for each of the air photos.

Run the following amlwith a spool that includes all sections within the Urban Growth
Boundary and current Urban Reserves.

Usage: &r /PARCEUAML /ACLND <county> <photo td>

STEP 2: LIGHT TABLE WORK:
Overlay the current orthophoto with last year's vacant lands map. Delineate areas of change or
error. The geocoded building permits will act as flags to identify areas of development activity.
These changes and corrections will be updated in the Vacant Lands coverage attribute "VAi".

.VAC" DEFINITIONS:

THE l/AC" DESIGNATION REFLECTS WHAT IS SEEN ON THE PHOTO, REGARDLESS
OF THE PRESENCE OR ABSENCE OF TAXLOTS OR BUILDING PERMITS ON THE
CHECKPLOT. DO NOT CONSIDER DEVELOPMENT POTENTIAL WHEN APPLYING THE
FOLLOWING DEFlNITIONS.

VAC = I - VACANT. The area is void of all permanent structures, landscaping, man-made
features. lt is agricultural, forested or othenrise undeveloped.

VAC = 5 - AREA UNDER SITE DEVELOPMENT. The area is in transition from vacant to
developed. This is evident by ground clearing, streets or other utility features. No buildings
are present. The taxlot basemap may or may not match the development pattern on the iir
photo.

VAC = 8 - DEVELOPED. All areas containing structures, including parking lots, landscaping,
and any outbuildings on the taxlot. All parks and subdivision common areas are developed.-
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Delineate areas where errors or changes are apparent from the previous inventory.
Typical flow of development occurs as VACANT --> UNDER SITE DEVELOPMENT ->
DEVELOPED. The "UNDER SITE DEVELOPEMNT'stage is missed if it occurs during the
year between photos.

a However, each lot should be evaluated independently since it is possible for a lot to return
to VACANT from DEVELOPED. Care must be taken to evaluate the previous year's
entire inventory against the current photography.

The Half Acre Rule

lf a taxlot has a vacant portion that is 112 acre (100'x200') or larger, the lot is defined as
partially vacant and partially developed. Delineate a polygon around the developed portion,
which will include buildings, landscaped yards, etc. and code developed (vac = 8).
The remaining portion, (greater than 112 acre) is coded vacant (vac = 1).

PLOT MARK-UP CHECKLIST

Update the status of each taxlot from the previous year. Building permits act as a good
flag to draw the eye to areas of activity.

Correct errors from previous years.

r Consider back-of-lot vacant portions with the 1|2-acre rule.o Check delineation of buildings and outbuildings on large lots.

Mark polygons which extend beyond quarter township boundaries ONLY on the NORTH
and WEST sides of the plot.

Parks are developed. Subdivision common areas are parks.

Streets - no differentiation between vacant and developed is necessary in streets.

Check registration. Vacant land polygons should be properly registered to the taxlot base.

Highlight sliver polygons.

Spot-check the remaining areas for changes and/or errors. Look for lots that have changed
from DEVELOPED to VACANT.

SIEP 3; SCREEN DlclTlZE CHANGES identified on the check plot.

Using the marked-up checkplot, make the identified updates and corrections to the
VAC<current year> coverage in ArcEdit.

The current air photo and tax lot lines will be used as back coverages to identify linework
to be SELECTed and PUT into the vacant land coverage. Delete sliver polygons.
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lf it is unclear whether a building exists due to excessive tree cover, etc, assessed
building value can be used as a guideline.

Adjacent vacant or developed polygons can be merged together, as long as the half-
acre rule has been applied to each taxlot. Do not DISSOLVE the Vacant Lands
coverages.

When new polygons are created, add a label point and calc the item value for VAC to 1,

5, or 8.

Upon completion of each quarter township checkplot, set DRAWENVIRONMENT to
ARCINTERSECT and make intersection and node error corrections. SAVE, exit and run
BLDERR'to a copy of the working coverage.

Any label errors should be corrected on the copy.

lf the copy is error free, it becomes the edit coverage. Proceed to the next check plot
until the township is complete.

Save and build coverages often.

STEP 4: QUALITY CONTROL. ln addition to the incremental QC topology checks described
above, do a township-wide ARCPLOT polygonshade of the item VAC categories to ensure
attributes are correct. Then RESELECT the same attributes in the old vacant land coverage and
polygonshade them in the background. The shade patterns should be similar.

SIEP 5; Rename previous year's vacant land in $<COUNTY>/county/vac as vac<year>. Add
the new coverage to the central database as $<COUNTY>/county/vac.
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Appendix C: How Land Data are Processed ln MetroScope
by Sonny Gonder

Transportation level of service and land availability are the two most important factors in
determining urban development in MetroScope. This importance reflects the fact that in
the actual urban real estate market, transportation and land are indeed the most important
factors. Below we will discuss in detail how the land resource is used in the MetroScope
modeling process. We have four classes of land resources divided by location and
development density. These four classes of land resource are vacant urban land inside the
four-county economic region, vacant rural land the within the four-county economic
region, vacant urban land in Columbia, Marion and Yamhill Counties and redevelopment
and infill urban land within the four-county economic region. Depending on economic
and policy circumstances, all four classes of land are eligible to receive some of the
growth forecast for the four-county economic region.

Land Data Tabulated at the Parcel Level.
All land resources in the four-county area are identified and evaluated at the tax lot level.
Land not considered useable for residential and nonresidential real estate is excluded
from the analysis. Excluded lands include bodies of water, wetlands, environmentally
protected areas and areas reserved for exclusive farm and forestry uses. Data collected
for each parcel include the present legally allowable capacity of the tax lot, the size of the
tax lot, and economic data such as assessor's improvement and land value. tn addition
tax lots with governmental and nonprofit ownership are noted. All tax lots are assigned
an x-y coordinate to insure precise spatial location along with label data indicating in
which census tract and traffic analysis zone they are located. The exceptions to the above
process are the five zones outside the four-county economic region. [n these zones we
assume an urban land capacity sufficient over a2}-year period to produce an additional
5,000 housing units in each zone.

At this point, all tax lots comprising developed urban land in the four-county economic
region are scrutinizedto determine their potential for redevelopment and infill ("refill").
Tax lots having at least one unit of capacity above their legal minimum are identified
along with their improvement and land value. "Oversized" tax lots with improvement
values below a stated minimum and land values greater than a stated minimum are
included in the five-year available land resource. "Oversized" tax lots not meeting the
improvement and land value criteria are retained in the database and reevaluated every
five years as real estate prices change. Similarly, any rezoning that changes the legal
capacity of a given area necessitates an additional data base query to identiff the
additional tax lots that may be "refrll" candidates.

Land Resources Aggregated to Model Useable Form.
The real estate and transportation models cannot directly use the 600,000 plus tax lots
that describe the land base of the four-county region. To make the data useable for the
real estate models the residential land is aggregated into 328 census tracts plus five
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extemal zones. The nonresidential data are aggregated into 66 employment zones.
Residential data are classified by parcel size and zoning capacity. Nonresidential lands
are classified by zorungtype and floor to area ratio categories.

Using a "Land Filter " to Proxy the Operation of the Raw Land Sub-
market.
To this point we have compiled all the land resource available for an indefinite future
time period. However, our growth models work on a five-year basis. What is critical to
the modeling is the quantity and location of buildable land in a five-year period. At
present the supply side of the models will provide additional land to the market as long as
demand prices exceed supply cost. Real estate producers are conceptualized as income
eiuners who must continue producing in order to earn income. Only when real estate
producers costs exceed demand prices, will they cease production.

ln reality much of the raw land market operates as a sub-market dominated by investors
who maximize the value of the asset over time. As a consequence given falling or stable
real estate prices, these investors remove raw land from the market or continue to require
a selling price far above what developers can afford to pay. The result is that much less
land becomes available for building than what the model calculates. A second
complication involves the availability of infrastructure to make raw land buildable at
urban densities. Planning, financing and building infrastructure requires considerable
time particularly for former rural land that has been included within the Urban Gromh
Boundary.

[n order to reasonably represent the raw land sub-market and the time lags in providing
infrastructure we have implemented a "land filter" process that accounts for real estate
price changes in each census tract, lot sizes and whether infrastructure is available.
Rather than formally model these factors we are using a spreadsheet based algorithm to
account for them and manually evaluating each census tract on a five-year basis using
"expert" judgement on whether more or less raw land should be available in a particular
area.

At present for nonresidential real estate we simply assume that under conditions of
increasing or stable real estate prices 25Yo of the total nonresidential land resource will be
available in each five-year period. For cases of slack demand and falling prices we
greatly reduce that figure and conversely for cases of excess demand and increasing
prices we increase the percentage.

Locating MetroScope Output on the Tax Lots Used in the Model.
MetroScope also uses a "post processor" that takes land use allocations made at the
census tract and employment zone level and assigns them back to the individual tax lots
used in the model. The basis of assignment is usually by land use designation with
respect to land use tlpe and allowable density. In this fashion MetroScope creates a
synthetic landscape at the tax lot level and accounts for the land resource that was used to
supply residential and nonresidential real estate growth.
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Appendix D; Reside ntial Model Equations and Parameter
Estimates

Housing Demand Module
Housing demand stems from the regional change in households in each 5 year projection
period. The change in households is subdivided by household size class, income class
and age of head of household class. We can break each class into various groups which
yields anywhere from 10 to 128 classes of household size, income and age. We refer to
these household classes as "HI.A's".

In this section of the model for each of the HIA classes we first compute tenure - rent or
own- as a binomial choice as a function of HLA status and prices (adjusted as appropriate
for location rent) of chosen, substitute and complimentary goods. We then compute for
renters and owners an estimate of rent level or house price as a function of HIA status
and prices of substitute and complimentary goods (again adjusted for location rent). For
both owner and renter we compute for each HIA class the expected single family price
and the expected monthly rent for each HIA class at each iteration of the model. We
have specified the model for housing prices and rents to be a percent of an asymptotic
maximum subject to an equilibrium price multiplier. This allows the housing price
distribution to be updated to new initial conditions and allows it to vary robustly to
changes in supply and demand growth.

For both owner and renter we estimate demand for three housing t)?es - single family
detached (traditional homes and manufactured homes), single family attached (row
house, townhouse), and multifamily (condominiums, apartments). We are presently
implementing the choice with multinomial choice equations for owners and renters. [n
the demand module we also estimate the size of owner occupied housing and the number
of bedrooms of renter occupied housing as a function of HIA status and price. As an
adjunct to the housing demand module we also calculate the number of earners and
number of vehicles per household by HLA category.

All housing demand equations we specify in real dollar terms relative to 1995. Housing
price changes relative to the 1995 baseline produce changes in tenure, house type,
housing consumption (house size distribution) and lot size. We point out here that lot
size changes as a result of both the house size distribution changing and producers
changing the ratio of capital to land as the square foot prices of each change.
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o Housing Demand Equations:

A. Tenure computation by HLA class:

1.)

o

2.) PRCNTRENTHIA = [1- PRCNTOWNHIA\

Where:

B. House price and monthly rent computation by HIA class:

3.)

OWN : PRCII^ = ({EXP(b, + b,(AGEHD) - br(AGESO) - 4UNC)
+ b.QNCSQ) - br(HSZE) + bu(RX) + br(TX))\ t {l + EXP(b, - b,(AGEHD) +

br(AGESQ) - \gNC) + .b,QNCSQ) - bs(HSZE) + bu(RX) + b, QX)))\)
(MAXP RC)(P RC IK E QUILI B RI UMMU LTI P LI E R)

RENT : MRENT,HU = <{Erc@, - bIAGEHD) + b,(AGEHSQ)

- \UNC) + b.QNCSQ) + b,(HSZE) + bu(HX)'bTQX))\ t {t+ EXP(bo - b,(AGEHD)

+br(AGESQ)- \gNC)+ b,QNCSQ) +b,(HSZE) + bu(HX) -biQX))
\> (MAXRE NT)(P RC IK E QUI LI B NUMMULTI P LIE R')

4.)

Where

OWN:PRCI{u: For those choosing to own, the house price level that a
give HIA class will pay in 1995$. This amount is given as a.) a baseline
with 1995 household expenditure and consumption patterns held constant,

o
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PRCNTOWN Hu = {Erceb, - b.(AGEHD) + b.(AGEHDSO - 4gNC) + bo(NCSQ)

+ b, (HSZE) + b o$X) - b, (M) - bB gX))) t {t + EXP (-b o -
b.(AGEHD) + br(AGEHDSq - br(NQ + b,(INCSQ)

+ br(HSZE) + bu$X) - br(W) - bsQX)))

(All variables are in logarithms unless otherwise specified.)
PRCNTRENTH'^:Percentage of each of the HIA classes that chooses to
rent
HSZE: Household size class
AGEHD: Age of head of household
lNC: Income level of household; measured at midpoint of class.
RX,HX,TX : Weighted rent, housing and transportation price index for
area I at iteration K for aparticular HIA category except for TX which is a
constant within the region.
AGESQ: Square of age of head of household
PRCNTOWNHIA: Percentage of each of the HIA classes that chooses to
own.



o and b.) with real prices and consumption allowed to vary. Bid prices for
each HIA class are grouped into 8 price classes /.
RENT: MRENTTHIA: For those choosing to rent, the monthly rent level

that a given HIA class will pay in 1995$. This amount is given as a.) a
baseline with 1995 household expenditure and consumption patterns held
constant, and b.) with real rents and consumption allowed to vary. Bid
rents for each HIA class are grouped into 8 rent classes /.
MAXPRC: An asymptotic limit on the price for the topmost price class.
MAXRENT: An asymptotic limit on the monthly rent for the topmost rent
class.
PRCTKEQUILIBNUMMULTIPLIER: Aconstant for each area and
tenure determined as part of the mathematical programming routine that
shifts prices and rents up or down to satisfy the behavioral equations,
identities and constraints of the program solution. In the baseline run this
value is set at one; otherwise it may vary from .25 to 10. This factor,
variable by geography, may be loosely interpreted as "location rent".

C. Housing tlpe (single family detached, single family attached and multifamily) by
tenure:

o s.)
RENT :%oMFDHIA = {EXP(-a. +b,(HSZE)+br(INC)-4(AGESQ)-bogENr : MFD)

+ bs(MFD) - b6(MFD * HSZE) - b7 (MFD * INC)
+ b\(MFD* AGESQ) + b,(RENTDIFF : MFD))I tz(GENrUrrD 

^

6.)

RENT :o/ISFAHII = {EXP(-a, + b,(HSZE) + br(INC) - q(AGESe)
- b (RENT : SFA) + bsGFA) - b6$FA* HSZE) - b.$FA* INC)
+ br(sFA* AGESQ) + b|(RENDIFF : SF.a ))) tzgENTUrrD 

^il

7.)
RENT :'/\SFDHIA = {EXP(-a " 

+ b,(HSZE) + br(INC) - 4@GESQ)
- b 4(RENT :,SFD))) t LGENTUTTD ^m

OWN :o/ISFDHIA = {EXP(a, + b,(HSZE) + br(INC) - 4UGESQ) - b4(HpRC : SfD))}

8.) |LQWNUTTDK

o
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e.)

10.)

OWN :yISFAHIA = {EXP(a, + b,(HSZE) + br(INC) - \UGESQ) - b4(HPRC : SFA)

- b s $FA) - b66FA* HSZE) - b? (SFA * INC) + br(SFA* AGESQ)

+ b,(PRCDTFF: Sr,l)))l j (OWNUTTL) K
K-l

OWN :YoMFDHIA = {Etr(a, + bt(HSZE) + br(INC) - 4UGESQ)
- b 4 (HP RC : MFD) - b s (MFD) - b 6(MFD * H SZE) - b7 (MFD * INC)

+ b](MFD* AGESQ) + 
''(IRCDTFF 

: MFD))I .IIOWWUT1L) K
K=l

Where:
(Variables are not in logarithms.)

RENT ;yuMFDHIA: Percent of households choosing to rent that choose
multifamily dwelling units by HIA class.
RENT:%SFAHI/: Given rent choice and choice of single family, the

percentage of renters choosing single family attached.
RENT :yISFDHIA: Percent of households in a particular HIA class

choosing to rent single family detached dwelling units.
OIYN:YoSFDHIA : Percentage of owners choosing single family detached.
OII.N:%SFAHIA: Percentage of owners choosing single family attached.
OWN:%oMFDHII: Percentage of owners choosing multi-family dwelling
units.
^SFD: Single family detached generic label: I if; 0 otherwise.
SF,4: Single family attached generic label; 1 if; 0 otherwise.
RENT : SFD,MFD,SFA: Rent level by housing type
RENTDIFF : SFA,MFD: Rent difference between SFD and other housing
t1pes.
MFD: Multi family generic label; I if; 0 otherwise.
HPRC; SFD,SFA,MFD: House price by housing t1pe.
PRCDIFF : SFA,MFD: House price difference between SFD and other
housing t1pes.
RENTUTIL: Total utility of renting - sum of SFD, MFD and SFA
equations.
OWNUTIL: Total utility of owning - sum of SFD, MFD and SFA
equations.

a
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D. Single family house size, multi-family number of bedrooms, number of eamers and
number of vehicles per household equations

11.) OWNSZE = Erc(b, - bt(INC) + b.(INCSQ) + br(HSZE) - b4@X))

12.) RENTSZE = Eff(-b" + b,(INC) - br(INCSQ) + br(HSZE) - br(RX))

13.)
NVEHLS = EXP(-b. + b,(AGE) - br(AGESQ) + br(INC) - b4QNCSQ)

+ br(HSZE) + bu$X) - b,(HX) -b8gx))

o

14.)
NEARNS = Eff(-b" + b,(AGE) - br(AGESQ) + br(INC) - b4gNCSQ)

+br(HSZE)-b6QX)

Where
(Variables are in logarithms.)

OWNSZE : Size in sq. ft. of newly constructed owner occupied housing
by HIA and location.
RENTSZE: Size in number of bedrooms of newly constructed renter
occupied housing by HIA and location.
NVEHLS: Number of vehicles per household by HIA and location.
NEARNS: Number of eamers per household by HIA and location.

This completes the housing demand section of the model. The quantities above are then
summed by HIA to arrive at demand totals at each model iteration for a particular
jurisdiction for each 5 time period. As is indicated in the demand equations owner prices
and monthly rents we adjust to be consistent with the production cost, location choice and
location capacity sections of the model subject to the household expenditure constraint
section documented below.

Household Budget Expenditure Constraint Module

Housing consumption, expressed as a percentage of the annual household budget devoted
to it, varies markedly by income level and cross sectionally by level of housing prices and
rents. Low income groups devote a higher proportion to housing than do high income
groups. Moreover, households identical in size, income and age of head may devote
dramatically different shares to housing depending on the relative cost of housing in the
regions in which they live. Literature indicates that housing is a superior composite good
with a very restricted and asymmetric elasticity of cross substitution between product
types. [n a word people need shelter almost before everything else and while people
eagerly switch from renter to owner status whenever circumstances allow it, they almost
never switch from owner to renter. Literature indicates that the short term price elasticity
for housing consumption is very low; in other words it is very inelastic. Given excess
demand prices will rise and an increasing share of household income will be devoted to
housing. However, other work shows that the long term supply compensated price
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o elasticity is roughly one. Given enough time to work and no restrictions on supply, the
market will act to bring demand prices back to an equilibrium level. However, in regions
with housing supply restrictions (cost of entry in the market is very high relative to
demand) and for households whose demand price falls below the threshold level for new
housing production long run price adjustment may never occur or may be very slow.

ln the context of achieving price equilibrium in the regional housing market all of the
above greatly complicates the ex ante housing demand equations we specified in the prior
section. Based on our literature review and data from the American Housing Survey and
the Annual Survqt of Consumer Expenditure we constrained housing expense as a

function of a set of 5 pseudo-translog consumer cost equations. The equations relate total
housing expenditures and prices to all other household expenditures and prices. Based on
data from both low and high housing cost regions the equations provide a realistic
depiction of how household budgets adjust to changes in housing prices. In interpreting
results however, we need keep in mind that the equations estimate averaqe budget shares;
not marginal budget shares. Households actually buying homes or renegotiating rent
contracts may experience dramatically different cost impacts.

Household Budeet Share Equations

Fo o D = EXP (b, - bt(INC) + b r(INC SQ) + b' (AGE) - b 4 (AGE SQ) + b' (H SZE)

15.) -b6@DX)+br(FDX*HRX)-b,(FDX*TX)
+ br(FDX " HLX) - brc(FDX *'OTX))

HOUSE = EXP(b" - bJINC) + b:(INCSQ) + br(AGE) - b4UGESQ) + b'(HSZE)

16.) -b6(HRX)+br(HRX*FDX)-bB(HRX*TX)
+ bn(HRX * HLX) - \,(HRX * OTX))

TRANS = Efr (-b. + b,(INC) - br(INCSQ) - b'(AGE) - b 4(AGE SQ) + b' (HSZE)

17.) +bu(TX)-bj(TX*FDX)-bs(TX*HRX)
- br(TX * HLX) + \o(TX * OTX))

H E ALTH = EXP (-b. + b, (IN C) - b, (IN C S Q) - b, (AG E) + b o (G E S Q) + b' (H SZE)

18.) +bu(HLX)+br(HLX* FDX)+br(HLX* HRX)
br(HLX * TX) + b,o(HLX * OTX))

OTHE R = E.W (b 
" - bt(INC) + b r(INC SQ) + b, (AGE) - b 4 (AG E SQ) + b' (H SZE)

19.) -b6(orx)-b7(orx* FDX)-b8(orx* HRX)
+ br(OTX * TX) + ['(OTX * HLX))

20.) RX = &ENT : MRENT,I RENT : MRENT*
21.) HX = OWN : PRC, I OWN : PRC *
22.) HRX = (RENTDU * RX + OIINDU * HX) /(RENTDU + OIIINDU)

o

o
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Where:
(Variables are in logarithms.)

FOOD: Amount spent on food by HIA category by location.
HOUSE: Amount spent on housing including utilities, taxes, upkeep,
furniture, etc. by HIA category by location in 95$.
TRANS: Amount spent on transportation of all tlpes including travel
away from home by HIA category by location in 95$.
HEALTH: Amount spent on health by HIA category by location.
OTHER: Amount spent on everything else by HIA category by location in
95 $.
FDX,HLX,OTX: Price indices for food, health and other. These are set as
constants in the model and not changed.
7X: Transportation cost and travel speed index which measures both
transportation cost and speed of travel. Valid at regional level only.
(Cannot vary by location within the region).
RX, HX, HRX: Price indices for rental, owner and combined housing price
index by HIA by location.
RENTDU: Total rental dwelling units by HIA by location for a particular
model interation.
OIItNERDU: Total owner occupied dwelling unts by HIA by location for a
particular model iteration.

The above equation system allows housing prices and rents to change consistently in an
ex post demand, supply and price equilibration. The ex ante price estimates we adjust
with an "equilibrium price multiplier" which adjusts the bid price distribution up or
down.

Neighborhood (Region) Vintage Housingr lnitial Condition Accounting and Housing
Production Module

Before we can estimate the producer response to the demand signals created in the
housing demand and household budget constraint sections, we need estimate the vintage
housing stock, capacity, vintage housing price distribution, and land price distribution for
each neighborhood (region). These equations specific to whatever units of geography the
model is being run for. They are updated at the beginning of each 5 year time period
based on the relevant equilibrium price, demand and supply levels determined in the prior
5 year time period. Here we list the equations for single family only. Multi-family
equations where relevant have the same structure.

We account for housing stock by type, geography and price (rent) category. The stock
available at the beginning of the time period is the stock available at the end of the
previous time period less depreciation out of the price (rent) category plus depreciation
into the price (rent) category from more expensive stock. Depreciation in a given time
period is a function of overall housing price change less than intrinsic depreciation rate.
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The intrinsic depreciation rate we determine from the age coefficient of our hedonic price
equations.

We determine the difference in land prices between areas as the residual between the
estimated housing price (rent) and the "nonland" terms of our hedonic price equations.
We express the relative prices as the ratio of particular areas to the region overall. The
hedonic price equations we estimate from a sample of recent sales using variables to
measure neighborhood, access and structure characteristics.

We recalculate capacity for each area for each time period. For a given land use (SFD or
I!trD) and zoning density class we calculate the DU capacity of vacant land. In addition
we calculate the DU capacity from "infill" land. Infill and redevelopment rates we
estimate as a function of the observed 1995 rates, housing prices and the potential return
versus estimated current return on investment. These rates we multiply be the potential
stock of infill and redevelopment acres in each area. The potential stock we estimate from
our GIS which uses the particular attributes of each tax lot.

In the equations below we calculate vintage supply and depreciation for each housing
tenure and housing tlpe SFD, SFA and MFD though we show equations for only
OWN:SFD. Depreciation is calculated for only SFD and MFD. SFA depreciation is
assumed equal to SFD. Relative land price we calculate for only SFD with SFA and
MFD given as a function of the SFD relative price factored for yield differences.

Nei8hborhood Vintaee Suppl)r. Relative Land Price and Capacity:

A. Vintage supply and depreciation:

23.)
NMBROWN : SFD,,, =I(NMBROWN : SFD,,,,-,Xl- DEPRCi,)I+|(NMBROWN : SFD,,,*,,,-, )(DEPRCt,)l

24.)DEPRC,, =(PRC,* I PRCBB)- L|'n"
25 ) L?utYPE = - EXP(b t fTRUCAGE)?,,'PE

Where

NMBROWN : SFD,,,: Number of single family detached dwelling units in
jurisdiction (i), in price category (0, at time (r).
DEPRCit: Depreciation rate in jurisdiction (i) at time (t).
Llutee : Annual depreciation rate estimated from hedonic price equations
byjurisdiction and dwelling unit type (single family - multifamily).
STRUCAGE: Age of buildings from sample of housing sales included in
hedonic price analysis.
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O B. Relative land price:

26.)
PLAND|: I PL/INDP; = SFD:HEDPRCI, -14(STRUCSIZE)+ b*,(LOTSIZE)

* b,*, (yTRUCTYP E)...* b,* n $TRUCAGE)r / + I {S FD: H E D P RC,, - [b, (sT[tc sIZE +

...*b,*.6TRUCAGE))) t

27.)
SFD: HEDPRC i, = a o + a ,(ACSSUUD + a r(INFILL?) + a r( MIXEDLU ?) + a .(VIEW ?)

+ a.(PRESTIGE?) + a,(JUNSDLIIBEL)+...a,.^(NEIGHIIIBEL) + b,(STRUCSIZE)...
+ 6j*,(^STRUCAGE)

Where:

O

PI-,LND:: I PLANDST: Relative land price ratio measures the ratio of land
prices in a particularjurisdiction to the average of all regional jurisdictions
for land use t)?e (PQ. This ratio is measured from the hedonic price
equation by subtracting out structure and lot size effects from the actual
selling price of housing.
SFD HEDPRCi,: Single family sales price of housing in a particular

jurisdiction at a particular time.
STRUCSIZE: Structure size in sq.ft.from house sales sample.
LOTSIZE: Lot size in sq. ft. from house sales sample.
STRUCTYPE: Structure type such as SFA, SFD, MFD.
STRUCAGE: Structure age in years from house sales sample.
ACSSUTIL: Access utility from zone i to all destination zones as a
function of travel time and cost over all available modes.
INFILL?: Variable measuring whether neighborhood is infill area or not.
MIXEDLUT: Variable measuring whether neighborhood has mixed land
uses or not.
VIEW: Measures whether a neighborhood has a view or not.
PRESTIGEZ: Measures whether a neighborhood is a prestige area or not.
JURISDLABEL: Yaiable denoting which jurisdiction home sale is in.
NEIGHLABEL: Variable denoting which neighborhood a homes is
located in.

o
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a C. Capacity calculations:

28.)
DUCApff = (I/ACANTLANDST$|,| (DUACRE)ff + aif UNFTLLLANDSTq|: @UACRE)|f

+ r F @EDEVLANDSTq| (NETREDEVDUACRE)ff

2e.)

|/ACANTLANDSTK F = (VACANTLAND STK)li_t -
8

| {t tzwcot't : owN+)ff,,_,
I=l

7ilI I (LorszE)
8_I (N EWC ON : RENT)11., _t (MF C ON STANTLOTSZE)

PZ,HIA

n=l HIA=I j,r-l I=t

+ (SFDEMO + MFDEMO)ff_|(CONSTLOTSZE)

TNFTLLLANDSTK iz = (OVRSTZELOTTNVENTORY)I:,
30.) -t\aif gxrntttNDsrK)i:- 

,!,-n
*)AT = KcsERC:Z I PRC:: )" (LANDCHAN7, )U (DEMICHARI)"

RE D E VI-AND S rK :: = ( RE D E VLANDTNVENTORY)11 
=o32.\ ,,-,Zr',1 (REDEVLANDST$|:

3tSr[ = c,,(PRCf; t PRC{: )'(LANDCHAR| )o (DEMocHARi)"

o

o

Where:
(Variables are not in logarithms.)
DUCAP:,: : Dwelling unit capacity of area (i) in time (r) for land,use PZ
for tenure t
VACANTLANDSTK|:: Vacant land stock in time r ofjurisdiction i for
land use PZ taken from prior iteration or from the RLIS data base in the
initial time period.
DUACRE:Z: The calculated yield per acre on land by parcel size, land
use category and housing tlpe, jurisdiction and time period subject to lot
sizes not falling below the regulatory minimum size or above the
regulatory ma:<imum size.
All : Tlte estimated rate at which the stock of infill land is consumed for
each jurisdiction, time period and land use.
INFILLLANDSTK::: Infill land stock for each jurisdiction, time period,
etc.
f ::: The estimated rate atwhich the stock of redevelopment land is
consumed for each jurisdiction, time period and land use.
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a REDEVLANDSTK|Z: Redevelopment land stock for each jurisdiction,
etc.
NETREDEVDUACREfZ: Net increase in capacity per acre of
redeveloped land
NEWCON :OWN : RENT: New construction of owner and renter
dwelling units by jurisdiction, time period and price (rent) class.
MFCONSTANTLOTSZE: Lot size assumption for multi-family
SFDEMO, MFDEMO: Number of single family and multi-family units
demolished each period that are not redeveloped.
CONSTLOTSZE: Constant lot size assumption for demolished structures.
OVERSZELOTINVENTORI: Established by RLIS and expert committee
in base year.
REDEVLANDINVENTORII. Established by RLIS and expert committee
in base year.
LANDCHAR: A vector of land characteristics including average parcel
size, site access and amount of vacant land within 500 ft.
DEMOCHAR : A vector of demographic characteristics such as average
age, household size, etc. indicative of willingness to develop surrounding
land to a higher intensity.
PRC::: The calculation from the hedonic equations of the parcel value in
the maximum allowable use in a particular area in time t for a particular
land use. Limited to the stock of vacant, infill and redevelopable parcels.
PRC{:: The calculation from the hedonic equations of the parcel value in
terms of its current use.
r(rr: The observed infill rate as of the 95-96 survey.
Cr, : The observed redevelopment rate as of the 95-96 survey.

Production and Su

In this section we list the equations for determining the minimum housing price (rent) at
which producers will enter the market (construction cost). We also list equations for
determining the single family lot size and land price per sq. foot. Beyond equations
which represent how private producers will respond to price, regulation, fee and capacity
conditions in each area in each time period, we also include in this section the accounting
equations for adding new construction to the vintage supply.

We also estimate the distribution of owner occupied house and lot sizes for each HIA
class. We distribute each price category of owner occupied housing demand according to
the observed size distribution in 1990 (or alternatively the 1995 - 96 distribution observed
for new sfd construction). Similarly we assign each owner occupied house size category
to a lot size frequency distribution observed in 1990 (or alternatively the 1995 - 96
distribution for new sfd construction). [n each 5 year projection period the lot size
distribution for each housing size category changes in response to changes in housing
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prices as housing price changes work back into land prices as a function of the capital-
land substitution parameter in the housing production equations.

A. Calculation of Housing Construction Cost, Lot Size and Land Price per Sq. Ft.

34.)IF :(SFLOTSZE)?,y, 6i, > MINLOTSZEIUTWE

C O N S TC O S r,i* = K of K 
^o 

g F L O T S Z E) ?*ff (LAND P R C RA TI O) 6 t)l
35.) + (DEVELOPFEES)?U*' + (LANDCA?COST) t,

+ (srRUC TCA? C O S rSQFn?yruYPE (MrN STRUC TS QFD ? 
urypE

36.) rF : (SFLOTSzE)?:y, < MrNLOrSZElurwE
C O N S TC O S T,i*' = K,L K * o (MINL O T S Z E) ?'*' @.q N D P R C RA f f ql

37.) +(DEVELOPFEES)XUTYPE +@ANDCA7COST)tt
+ (S TRU C TCA P C O S T S QF D ?TYPE (MIN STRUC TS QF T) ?UTYPE

38.)

6u=

STRUCTSQFT,,,=o I {[(STRUCTSQFTT,=o I SFLOTSZE L,=o)
/ (STRUCTCApCOSTSQFT,=o I LANDCOSTSQFT,=))-y

[(s TR U C TC A p C O STS Q F T, =) t ( L A N D C O STS Q F T, =o)GA N D p R C RA TI O \-y I
I SFLOTSZE i.,=o

3e.)

40.)Y =
Ln { { {[S FD P RC - QOTSZE)(H E D LAND P Rq) t Lorszq

- Ko\/(HEDLANDPRq|
41.) LOTSZE i.t=n = 6.,(LOTSZE i,,=o)

Where:

o

(Variables are not in logarithms.)
Y : Capital-Land substitution parameter estimated assuming CES
production function and land cost per sq. ft. estimated as residual from
hedonic pricing model.
LANDPRCRATIO,: Land price per sq. ft. at time t in area for a given lot
size.
Ko,KrNo, Ko : Arbitrary constants necessary to initialize the values to the

baseline conditions
MLNSQFTLOTSZE: The minimum lot size for a particular DU type
allowed under the regulations.
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DEVELOZFEESDUTYPE: Development fees charged by each jurisdiction
by dwelling unit type and density if applicable.
I-ANDCAPCOSTi?UTYPE: Developer's direct capital costs to develop a lot
of a particular dwelling unit tlpe
STRUCTCAPCOSTSQFT,DUTYPE: Capital cost per sq. ft. to build a
particular type structure.
MINSTRUCTSQFT,DUTYPE: The minimum structure size for a particular
DU type consistent with present building patterns.
SFLOTSZE.,=o: Single family lot size distribution in a particular
jurisdiction in the base period.
SFDPRC: Single family sales prices observed in data used to estimate
hedonic sales price model.
HEDLANDPRC: Land prices estimated from structural coefficients of
hedonic sales price model.

B. Housing Supply and New Construction Determination Algorithm

Using owner occupied SFD, SFA and MF as an example we compare total
demand from the demand equations with vintage supply. Next we determine the excess
demand the price of which exceeds the cost of construction. This excess demand equals
new construction if it is less than or equal to the capacity of the zone. If new construction
requirements exceed the capacity of the zone, the remaining capacity available above the
cost of construction is assigned to new construction. New construction is allocated by
type in proportion to each housing type's share of demand. Finally, we compare total
original demand to the new supply to determine if excess demand exists in the zone. If
so, the excess demand is assigned to the "subsidy required" category.

DMD : OWN,.,,, = (OWN : $FD,.,,,) + (OWN : 9FA,,,.,) + (OIYN : MFD,,,,,)

42.)
SUPPLY : OWN,,,,,-, -- NMBROWN : SFD,.t,t-t + NMBROWN : 9FA,,,,,-, + NMBROIIN : MF,.,,,-,

FOR DMD : OWN,,,,, > CONSTCOST,IW ,lNO > SUPPLY : OWN,,,,,-,THEN :

43.) NEWCON : OWN,,,,, = DMD : OW,,,,, - SUPPLY : OWN,,,,,-,

coNSTCOST,o,*N
DWWE

THEN :TSUPPLY : OWN,,,,, = NEWCON : OllN,,,,, + SUPPLY : OVIN ,,,,,-,
ovN

IF : NEWCON : OWN,,,., > f ,rrnl?,,Y' fo, all I > CONSTC1ST t.,
DWIPE

THEN :TSUPPLY : Ovf(N,,,., = foUCnr,?:l*' + SUPPLY : OWN,.,,,-,

44.)

4s.)

DUTYPE
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o 46.) NEWCON : SFDir.t =INEWCON i OIuN i].tlloryN : SFDi.t,t tl{OlYN,.,.) x
K=l

47.)
IF DMD : OWN i,t.t < CONSTCOST,!* On < SUppLy : OWN,,,,,_TTHEN :

TSUPPLY : OW,,,,, = SUPPLY : OWN i,t,t-l

Where:

O

(Variables are not in logarithms.)
TSUPPLY : OWN i,t,t: Total supply at time / of owner occupied housing.

SUPPLY :OWNi.t.t-t: Housing supply at time r-1.

OWN i SFDi,t,t,OWN : SFAi,t.,,OW : MFD,.,.,: The total demand for
single family detached, single family attached and multi-family detached
for a particular jurisdiction in a particular price (rent) class.
DMD ; OWN,,,,,: Total vintage plus incremental demand by dwelling unit
total, price category, jurisdiction and time period.
SUPPLY : OW,,,,,: Total vintage plus incremental supply by dwelling
unit ty'pe, price category, jurisdiction and time period.
XCSDMD : OYI.N,,,,,: Excess demand remaining after demand-supply
reconciliation by price (rent) category
SUBSIDY : OWN,,,,,: Housing demand that the private market will not
supply without a subsidy.

Household Location Choice Given Place of Employment of Primary Earner

At this stage in model development we take the value (El'^) as given. In this
notation (E) represents the employment in zone (f) by HIA class. As noted in the
introduction we allocate employment using the econometric model and an expert panel
using data generated from GIS, RELM and the transportation model. The exogenous
estimate of employment in each zone is converted into an estimate of total households by
HIA category. The model then determines tenure choice for the households working at
each employment center. The household location choice module then determines location
choice by tenure for each employment zone. So for a given number of households of a
particular HIA category working in E, , we specify their location choice as:

so.) HSHLDSf/^ =tfustttosf'^ /Zsf"), Efu x pRCNTRENTHIt
j=t j=l

o
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o s1.)

HSELOC|TU =

o

o

En-b" - \UNC) - br(INC * TRAVELMIN il) + br(PLANDt,, I PLAND,,,)* (INC)
+ b,(NEARNS) + br(NEAR.^f^S * TRAVELMIN ii)
_ b 6 (P RC IK E QUILIB RIUMMUL TI P LI E R K)
+ b, (P LAND i,t I PLAND o,,) * (TRAVELMIN il) - b8 $RAVELMIN ti)
- b,(TRAYELMINSQ|) - brc(HSEOpp, ,,))

v

lwn-4 - b,(NC) - b2gNC * TRAVELMIN u) + br(pLANDi., I zLAND,)* (INC)
i=l

+ b,(NEARNS) + b,(NEARNS {' TRAVELMIN il)
- b 6 (P RC TK E QUILI B RIUMMULTI P LIE R K )
+ br(PLANDi,, I PLAND,,,)* (TRAYELMIN u) - bB$RAVELMIN il)
- hr(TRAVELMINSQil - brc(HSEOPP,,,, )l),

x(HSHLDS)IIII

Where:
(Variables are not in logarithms).

HSEOPI^, : Intervening housing opportunities measure which
represents the percentage ofthe region's housing units that can be reached
in a shorter travel time than the units in the area being evaluated.
HSHLDSTy/A: Households of tenure k and HIA category employed in
employment zone j.
E: Total regional employment
Ef' , Employment in HIA class in employment areaj.
HSELOC\{: Number of households of HIA class , tenure class k,
working in areaT who chose housing location i.
TRAVEMINu. Travel time in minutes peak am from location i
to employmentzonej.

The household location choice model we specify to work recursively with the
transportation model. The location choice model provides the transportation model with
updated information on HIA's and employment by traffic analysis zone. The
transportation model in turn calculates traffic flows, modes splits and new estimates of
travel time between each traffic analysis zone for each mode. This information in turn
provides the travel time data for the location model in the next time period.

Note that we specify the location model to be scale invariant. The utility of a
location we estimate from the perspective of one household making a choice. From the
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perspective of a particular location the probability of the calculated choice occurring is a
scale invariant function including only arguments relevant to the individual household
decision. Demand and supply (capacity of the location at a particular price level) adjust
through the location rent term PRC TKEQUILIBRIUMMULTIPLIER .

Mathematical Programming for Ex Posr Equilibrium

Each iteration of the model equations outlined above yields by jurisdiction(i) and time
period(r)changes in land prices and housing prices (rents) as well as changes in tenure,
lot sizes and housing sizes. To adjust demand and supply using price we calculate R(
HX, and HRX for each area that minimizes the difference between supply and demand.
To do this we use a mathematical programming technique that determines an equilibrium
multiplier (location rent) for each area and tenure that most efficiently adjusts supply,
demand and price/rent in each area.

A. Mathematical Programming:

Given that we have established a set of baseline conditions (1995 economic
conditions with the price (rent) ratio set equal to l, we then operate the model in a
mathematical programming framework to determine an equilibrium price level for the
entire region. As presently implemented we determine a price equilibrium multiplier for
each area i and tenure as follows:

52.) FIND: (PRC IK EQUILIBRIUMMULTIPLIER)
nz53.)I l{suwtYi,t - DMDi,)' = MIN

i=l l=l

54.) SUPPLY,,, >_0

55.)DMDL. > 0
56.) PRC rK EQUILBRIUMMULTI?LIER > .5 < 8

n2s7.)II suBSrD\,, = 25,ooo
i=l /=l

SUBJECT TO:

Program conditions l.) through 5.) are sufficient to obtain ex post estimates consistent
with the equation system outline above and implicit in condition 6.). Please note that
when the constant term in condition 6.) is set at 0, then total housing demand and supply
are equated; which is the classical price equilibrium condition. However, in reality we
find that without substantial subsidy that condition is never met.

o
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a PART THREE

Tables of Parameter Estimates:

o

o

Equation
Number
Dependent
Variable
Estimation
Method

RSQ.
Data Source

N

1.)

prcntown

WLS
.92

Cons. Ex. S.

612

3.)

own:prc

WLS
.88

Cons. Ex. S.

612

4.)

rent:mrent

WLS
.85

Cons. Ex. S.

612

rent:%mfd

WRLS
.40

Pums
1271 I

6.)

rent:o/osfa

WRLS
.40

Pums
1271 I

Variable
Names

Coef.
Est.

T Val. Coef.
ESt.

T
Val.

Coef.
Est.

T
Val.

Coef.
Est.

T
Val.

Coef.
Est.

T
Val.

Intercept
Agehd
Aghdsq
Inc
Incsq
Hsze
Rx
Hx
Tx
Rent:mfd
Mfd
Mfd*hsze
Mfcl*inc
Mftl*agesq
Rentdiff:mfd
Rent:sfa
Sfa
Sfa*hsze
Sfatinc
Sfatagesq
Rentdiff:sfa

-1.78
-.605
.476
-1.64
.t32
.728
)))
-1.31
-.891

-.66
-.62
3.70
-3.79
6.28
20.3
r 1.9
-9.9
-6.8

1.78
4.72
-.551
-3.28
.t87
-.042
.704

1.19

1.40
7.37
-6.47
-1 1.5
13.4
-t.75
6.61

2t.6

1.98
-2.67
.387

aa-.JJ
.043
.r45

.374
-.298

1.30
-4.77
5.19
-1.34
3.6
6.92

5.58
-3.92

-9.03

-.0002
.0593

2.498

-.0055
r2.74
-4.5
-.227
.0004
.01

-23.2

-2.88
7.52

24.3

-13.2
31.5
-35.4
-tt.7
3.28

-9.03

-.0002
.0593

2.498

-.0055
.70
-.50
-.0745
.0000
.005

-23.2

-2.88
7.52

24.3

-r3.2
6.57
-18.5
-6.85
.026
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o Tables of Parameter Estimates:

o

Equation
Number
Dependent
Variable
Estimation
Method

RSQ.
Data Source

N

rent:%osfd

WRLS
.40

Pums
t27rl

7.)

own:%osfd

WRLS
.87

Pums
21569

8.)

own:%xfa

e.)

21569

Pums

WRLS
.87

own:o%mfd

10.)

WRLS
.87

Pums
21569

Variable
Names

Coef.
Est.

T
Val.

Coef.
Est.

T
Val.

Coef.
Est.

T
Val.

Coef.
Est.

T
Val.

Intercept
Agehd
Aghdsq
lnc
lncsq
Hsze
Rx
Hx
Tx
Rent:sfd
Hprc:sfd
Hprc:mfd
Mfd
Mfd*hsze
Mfd*inc
Mfd*agesq
Prcdiff:mfd
Hprc:sfa
Sfa
Sfa*hsze
Sfa*inc
Sfa*agesq
Prcdiff:sfa

-9.03

-.0002
.0593

2.498

-.0055

-23.2

-2.88
7.52

24.3

-13.2

10.92

-.0004
.0265

-.0155

.726

48.51

-9.76
10.66

15.43

-25.8

r0.92

-.0004
,0265

-.0155
-2.92
-1.07
-.03
.0007
.015

726

48.51

-9.76
10.66

t5.43

-2s.8
-80.8
-t6.2
-8.86
12.93

r0.92

-.0004
.026s

-.0155
-3.22
-t.22
-.054
.0007
.030

.726

48.51

-9.76
10.66

t5.43

-25.8
-79.6
-18.5
-l 6.1
13.22

o
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o Tables of Parameter Estimates:

O

Equation
Number
Dependent
Variable
Estimation
Method

RSQ.
Data Source

N

11.)

ownsze

WLS
59

AHS
206

12.)

rentsze

WLS
.64

Pums
200

13.)

nvehls

WLS
.89

Cons. Exp. S.

612

14.\

nearns

IYLS

.91
Cons. Exp. S.

612
Variable
Names

Coef.
Est.

T
Val.

Coef.
Est.

T
Val

Coef.
Est.

T
Val.

Coef.
Est

T
Val

lntercept
Agehd
Aghdsq
Inc
lncsq
Hsze
Rx
Hx
Tx

t4.594

-1.79
.104

.261

-.096

8.16

-s.03
5.85
6.14

- 1.35

-.122

.055
-.0031
.64
-.191

-.07

.t57
-.169
18.41
-1.63

-18.55
.4s3

-.028
3.05
-.13
.390
.968

-.2t8
-.728

-15.5
1.05

-.485
15.9
-13.9
24.48
tt.7
-3.69
-12.5

-30.9
9.85

-t.41
2.327
-.0953
.494

-.253

-18.6
16.06
-t7.33
8.62
-7.26
2t.52

-5.62

o
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o
Tables of Parameter Estimates:

o

Equation
Number
Dependent
Variable
Estimation
Method

RSQ.
Data Source

N

1s.)

food

R.SUR
.94

Cons. Ex.,S.
612

16.)

house

RSUR
.96

Cons. Ex. S.
612

17.)

trans

R^SUR
.89

Cons. Ex. S.

612

18.)

health

R.SUR
.86

Cons. Ex. S.

6t2

te.)

other

RSUR
.97

Cons. Ex. S.

612

Variable
Names

Coef

Est.

T
Val.

Coef

Est.

T
Val.

Coef

Est

T
Val.

Coef.
Est.

T
Val

Coef.
Est.

T
Val.

lntercept
Agehd
Aghdsq
lnc
lncsq
Hsze
Fdx
Hm
Tx
Hlx
Otx
Fdxhn<
Fdxtx
Fdxhlx
Fdxotx
Hn<tx
Hnchlx
Hn<otx
Txhlx
Txotx
Hlxotx

6.77
t.02
-.12
-.51
.042
.415
-r.72

2.71
-2.97
t0.2
-.54

9.9
4.51
-3.92
-4.4
7.36
43.2
-1.41

2.54
-2.84
1.63
-.048

6.24
3.30
-.443
-t.t2
.078
.t02

-.027

2.71

-.147
.681
-1.95

10.5
16.8
-t6.7
-11.1
15.9
t2.3

-.40

2.54

-4.02
2.81
-4.38

-2.88
-.155
-.00s
1.73
-.0s5
.212

405

-2.97

-.r47

-t.32
2.3t

-2.2
-.36
-.09
7.7
-5.05
1 1.5

6.05

-2.84

-4.02

-6.t9
5.87

-6.85
-1.08
.327
2.06
-.08
.22

4.05

10.2

.681

-1.32

17.t5

-4.2
2.05
-4.6
7.5
-6.02
9.8

3.29

1.63

-6.19

3.32

3.8
2.36
-.332
-.6s
.072
.041

-9.39

-.54

-1.95

2.31
17.t5

4.4
8.4
-8.8
-4.5
9.9
3.4

-3.1 I

048

-4.38

5.87
3.32

o
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Dependent Variable

Equation Number

Estimation Method
RSQ.

Data Source
N

hseloc:own

s1.)

WLS
.25

Pums
21882

51a.)

hseloc:rent

WLS
.28

Pums
I 3916

Variable
Names

Coef.
Est.

T Val. Coef.
Est.

T
Val.

lntercept
Inc
Inc*travelmin
Neighdx*inc
Nearns
Nearns*travelmin
Prcequilmultiplier
Neighdx*travelmin
Travelmin
Travelminsq
Hseopp

-2.164
-.032
-.00012
.00018
.7904
.0272
-.03748
.00019
-.0265
-.00194
-4.405

-5.48
-6.02
-1.04
7.25
3.8
5.29
-15.6
4.4t
-t.47
-13.08
-9.2r

2.407
-.1 15
.00045
.00006
.1 809
-.0097
-.00984
.000053
-.085
-.001l4
-2.893

4.95
-tt.2
2.4
4.46
.70
-1.51
-1 1.9
3.06
-3.76
-5.92
-4.86

o Tables of Parameter Estimates:

o

o
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Appendix E: Non-Residential Model Equations and Parameter
Esfimafes

Demand Equations:

DSqFt,,r,, =lTotalEmp\lPrr""nt,l,,rfsqrto*p, ],,* Br ice] ;i,f -};lY, t"")]Pi'r ylYr icel;'1' fv, rrrf,"i''

{,er,,1,lUnmp,lcs), + Ar,,(SameEmpAcs), + Ar.,(AllHhAcs),\ 
k*ko

Subject to: \r,z,i = 92,r.i...F^n,i = 9,^,i; ZgrZBr =O

and: Ar,, + Ar,, + Ar,, =l
20

It,lttt*p, I aues,)(B LiTime jt + B r.,Timel)-'
AllEmpAcs, =

j=l
20 20

I I (AllEmp, I acres,)(B,.,Time it + Br.,Timel,)-'
t=t j=r

20 20

ZZUUrun, I aues,)(B,.,Time ir + B r,,Timej,)-l
t-t j=r

20

l$ameEmn, I acres,)(B r,,Time it + B r,,Time',,)-t
j=l

SameEmpAcs, = 20 20

IItSm eEmp, I acres,)(B,.,Time, + Br,,Time])''
l=t j-r

20

l{,lUUt, I acres,)(B,,,Time it + B r,,Timel)-'
j=lAllHhAcs, =

Empi,r.j =
DSqFt

,)(Pr ice) r/i'

Supply Equations:

SupSqFt,,r,, = llaues 1,r,)(F .A.R.) r,,

/ {&rn*p

Subject to: (SqFt Pr ice),,r,^ > (SqFtCost),.*,,

SqFtPr ice j,k,n = $qFtPr iceo) 1,r,^(Pr ice) ,,r
SqFtCost,,r,, = (SqFtlandCost),,r,, + (SqFtCapitalCost),.r,^

SqFtlandCost j,r,n = + fl(Pr ice) p : (SqFtlandCost o) 1,r,, : o 2)
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SqFtLand,.r,, = -fl(Price),.r :(SqFtLando).1,r,^ | or)
F.A.R. 1,*,n = (SqFtCapital,) r,n I SqFtland,,2,^

Sq FtCapitalCost r.n = + flK,,t * K r.r (F .A.R.) k,,l

Subject to: (sqFtcaPital') r''/^-a- '--r ' '/sqrrtand 
i,r,n< 

MaxF'A'R

Equation System Solution:

j 'k'n

Find: Pr ice i,r
Such that: I I I P SqFt,,r,, - I I \SupSqFt i,k,j = Min

ijk ijk
Definitions:

DSqFt,,r,,:Demand in square feet for nonresidential real estate type k by industry type i

in zone j.
TotalEmp,:Total regional employment in industry type i.

lPercent,],,* :Percentage of employment in industry tlpe i that chooses real estate type k
when the price ratio is set at one.

lSqFtEmp,],,, : Square feet per employee required by industry i in real estate type k when

the price ratio is set at one.
Pr ice,.r: The price ratio in zone j for real estate tlpe k

B,.r : The cross price elasticity of industry type i for real estate tlpe k. Cross price

elasticities allow the substitution by industry of one real estate type for another as a
function of their relative price ratios. We apply the usual cross price elasticity restrictions
in that they be symmetrical and sum to zero.
y,.r: The square feet per employee consumption price elasticities by industry type i for
real estate tlpe k.
a,1 :The location choice price elasticities by zone j for real estate type k

AllEmpAcs, :Measure of the access of industry tlpe i in zone j to total employment
within the region.
SameEmpAcs, : Measure of the access of industry type i in zone j to the same industry
tlpe employment within the region
AllHhAcs,: Measure of the access of industry type i in zone j to all households within
the region
Ar.,,Ar.,,lr,, : Share each access measure contributes to the "attractiveness" of zone j to
industry i.
AllEmp, : Total employment in one of 20 zones j (l is arbitrary counter for 20 zones

located at various travel times from zone j.)
Acres, : Acres of total developed nonresidential land in each of 20 zones j (l is arbitrary
counter for 20 zones located at various travel times from zone j.)
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I Timei,r: Travel time in minutes from zone j (for which access is being measured) to each
of20 zones L
SameEmp,:Employment in the same industry tlpe in one of 20 zones for which access is
being measured. (l is arbitrary counter for 20 zones located at various travel times from
zone j.)
AllH\ : All households in one of 20 zones for which access is being measured. (l is
arbitrary counter.)
Br,,,Br,,:Estimated coefficients measuring the importance of travel time to employment

and households for each industry type i.
SupSqFt,.r,, :Supply in square feet of real estate tlpe k for industry tlpe i in zone j
Act€s i1,n: Acres of available nonresidential land in zone j, designated for real estate
tlpe k in floor-to-area ratio(F.A.R.) regulatory class n
F.A.R.k,,: Computed actual floor-to-area-ratio for industry tlpe k in regulatory class n in
zonej.
SqFtPrice;,r,, :Market price for real estate type k in zone j for F.A.R. regulatory class n.

SqFtCost r,*,n : Cost to suppliers to construct real estate of type k for F.A.R. regulatory
class n in zone j.
SqFtLandCost j,*,, tCost per sq. foot to supply "ready-to-build" land in zone j for real
estate type k for F.A.R. regulatory class n.
(sqFtlandCosto) i,r,,n :Base cost per sq. foot to supply "ready-to-build" land when all
price ratios are set to l.
o r I Capital - land substitution parameter for real estate type k with respect to Pr ice,.2

SqFtLand,,r,, : The percent share of land required for each unit of capital produced for
zone j, real estate tlpe k and F.A.R. regulatory class n.
(SqFtlando).1.r,n:The base share of land required for each unit of capital produced for
zone i, real estate type k and F.A.R. regulatory class n when price ratios are set to 1.
(SqFtCapitalo) r,n :The base share of capital for real estate tlpe k in F.A.R. regulatory
class n when the price ratios are set to l.
SqFtCapilalCostr.n: Cost per square foot for capital for real estate type k in F.A.R.
regulatory class n
Ko.r,K\r:Constants on a function that relate capital costs per square foot to floor-to-area

ratio by real estate type k.
MaxF.A.R.: The maximum floor-to-area ratio allowable under the regulations in zone j,
for real estate tlpe k for F.A.R. regulatory class n.

o

o
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Estimated Parameters for the Non-Residential Mode!
PercentSubZero Param€toc Real EstateType (k)

lndustry (l) Manufacturing Warehousing RetaiUServices General Office
Agriorlture,Umber 0.2216 0.2408 0.0110 0.5070
Construdion 0.5400 0.1851 0.0839 0.1321
Nondurable manuhcturing 0.9065 0.0000 0.0002 0.0749
Durable man.,metals, paper 0.8367 0.0748 0.0084 0.0797
High tech manufacturing 0.8588 0.0549 0.0006 0.0703
Transport and warehousing 0.3130 0A624 0.1661 0.0467
Communications and utilities 0.1155 0.0361 0.1387 0.6745
Wholesale trade 0.3130 0.4624 0.1661 0.04;67
Retail trade 0.1747 0.0001 0.72ffi 0.0810
Finance, insuranca, real estate 0.1 155 0.0361 0.1387 0.6745
Consumer services 0.1528 0.0087 0.4423 0.3354
Health servicas 0.1678 0.0000 0.0053 0.1115
Business, professional services 0.0229 0.0000 0.1480 0.6467
Govemment 0.0248 0.0000 0.031 1 0.1896

SqFtEmpSubZero Pararnsters
lndustry (l)

Agriculture,timber
Construclion
Nondurable manufacturing
Durable man.,metals, paper
High tecfi manufacturing
Transport and warehousing
Communications and utilities
Wholesale trade
Retail fade
Finance, insurance, real estate
Consumer services
Health services
Business, professional services
Govemment

Gamrna Paramoter8
lndustry (l)

Agriculture,timber
Construc{on
Nondurable manufacturing
Durable man.,metals, paper
High tech manuf,acluring
Transport and warehousing
Communications and utilities
Wholesale trade
Retail bade
Finance, insurance, real estate
Consumer services
Healh services
Business, professional services
Govemment

Manuhcturing Warehousing
s40.0 1125.0
80.0 320.0

630.0 720.0
585.0 675.0
360.0 540.0
680.0 2805.0
340.0 680.0
280.0 980.0
260.0 390.0
280.0 420.0
260.0 390.0
340.0 510.0
300.0 450.0
540.0 720.0

Manufacturing
-0.1000
-0.1000
-0.1000
-0.1000
-0.1000
-0.1000
-0.0500
-0.0500
-0.1000
-0.0500
-0.0500
-0.0500
-0.0500
-0.0500

Warehousing
-0.1000
-0.1000
-0.1000
-0.1000
-0.1000
{.1000
-0.0500
-0.1000
-0.1000
{.1000
4.0500
4.0500
-0.0500
-0.0500

Real Estate Type (k)
Retail/Services General Offi ce

405.0 405.0
80.0 80.0

40s.0 315.0
405.0 315.0
405.0 315.0
425.0 382.5
510.0 297.5
350.0 315.0
227.5 227.5
420.0 245.0
227.5 227.5
510.0 297.5
337.5 262.5
405.0 315.0

Retail/Services
-0.1000
-0.1000
-0.1000
-0.0500
{.0500
{.1000
-0.1000
-0.2000
-0.1000
-0.1500
-0.0500
-0.0500
-0.0500
4.0500

General Office
-0.1 000
-0.1000
-0.1000
-0.0500
-0.0500
-0.1 000
-0.0500
-0.1000
-0.0500
-0.1000
-0.1000
-0.1000
-0.0500
-0.0500

Medical/Health
0.0100
0.0000
0.0144
0.0004
0.0't 54
0.0031
0.0225
0.0031
0.0111
0.0225
0.0107
0.il78
0.1727
0.0155

Govemment
0.0096
0.0588
0.0040
0.0000
0.0000
0.0088
0.0126
0.0088
0.0046
0.0126
0.0501
0.0675
0.0097
0.7389

Medical/Health
405.0

80.0
315.0
315.0
315.0
382.5
382.5
315.0
227.5
245.0
227.5
297.5
262.s
315.0

Govemment
405.0
80.0

315.0
315.0
315.0
382.5
382.5
315.0
227.5
315.0
227.5
382.5
262.5
540.0

Medical/Health Government
-0.1000 -0.1000
-0.1000 -0.1000
-0.1000 -0.1000
-0.0500 -0.0500
-0.0500 -0.0500
-0.0500 -0.0500
-0.0500 -0.0500
-0.1000 -0.1000
-0.0500 -0.0500
-0.0500 -0.0500
-0.1000 -0.1000
-0.1000 -0.1000
-0.0500 -0.0500
-0.0500 -0.0500
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o Bata prramctcrt
lndu.try (l)

Agriculture,timb€r
Agri:ulUre,timb€r
Agriculture,tirnb€r
Agriculture,timb€r
Agric,trltur€,tirI6or
Agricutture,tirnbor
Constructlrn
Constsuclbn
Constuction
Conslrucllon
Consuuction
Construction
Nondu rable fiBrulactu ring
Nonduraue rnaruhcturing
Nondurable manufacluring
Nondurablo rnanufacturing
N ondu rable rnanufactu ring
Nondurable rnarxJfaduring
Ouraue man.,rnetals, pap€r
Ourabls man.,rnetals, pap€r
Ouraue man.,metals, paper
Duraue rnan.,metals, pap€r
Ouraue man.,rn€tals, paper
Durable rnan.,rnetals, paper
High t€ch rnanufacturing
High tech rnanufacturing
High tech manutacluring
High tech rnanufacturing
High tBch rnanufracluring
High tech rnanufaduring
Transport and warehousing
Transport and waretrousing
Transport and warehousing
Transport and warehousing
Transport and warehousing
Transport and warehousing
Communications and utilities
Corwnunications and utilities
Communicaions and utiliti€s
Conmunicalions and utilities
Communications and ulilities
Communications and utiliti€s
Whol6sale trade
Whd6sale trade
Whdesale trad€
Wholesal€ trado
Wholesale tlade
Wholesale trade
Retail trade
Retaillrade
Retail trad€
Retail trade
Retail trade
Retail trad€
Financ6, insuranc€, red estate
Financ6, insurance, real estato
Financo, ircuranc€, r6al estata
Financo, insurance, r6al ostato
Financo, insuranc€, real estate
Financa, insuranc€, roal €stats
Consurner services
Consumgr serviceg
Consurner seruices
Consurner seruices
Consumer seruices
Consumer services
Health sorvice3
Health servic6

Rc.l E.t tc Typc (k)
ManuFacturirE
Warshousing
RetaUSeNicos
General Ofrc€
MedbaUH€aIh
GovemnEnt
Manuf,acturing
WaBhousing
R6taiUS6rvioos
Generd Office
MedicaYHealth
GovemrEnt
ManufadJnrE
Warehousing
R6tail/S€fvics3
Generd Office
ModbaUtleahn
GovomrrEnt
Manufacturing
Warehousing
RetaiUSaruices
Generd Office
MedicauHealth
Govemment
ManuraclurirE
Warehousing
RetaiUServicos
General Oftrce
MedbaUHealth
GovemfiEnt
ManutacturirE
Warehousing
RetaiUServices
Gene6l Offce
Medi:allHeatth
Gov€mrrEnt
Manufacturing
Warehousing
RetaiUServic6s
General Offce
MedicauHealth
Govemrnent
Manufacturing
Warehousing
Retail/Serviceg
G€neral Offic€
MedicaUHealth
Govemment
ManufacturirE
Warehousing
RetaiUServiceg
General Ofice
M6dI:aUHealth
GovemrEnt
Manufacturing
WarBhousing
RetaiUS€rvices
Generd Offce
Medi:aUHoatttr
GovemFEnt
Manufacuring
Warehousing
RetaVsorvi:eg
General Oltce
M€dbaulieatth
GovgmnEnt
ManulacEring
Warehousing

Manutscturing Warehousing
4.5500 0.3000
0.30@ {.5500
0.0500 0.0500
0.1000 0.1000
0.0500 0.0500
0.01m 0.0100
4.420{) 0.2000
0.2000 -0.4200
0.1000 0.1000
0.10@ 0.1000
0.01m 0.0100
0.0 t 00 0.0100
{.33@ 0.2000
0.2000 {.3300
0.0100 0.0100
0.1000 0.1000
0.0100 0.0100
0.0000 0.0000
{.3300 0.2000
0.2000 {.3300
0.0100 0.0100
0.1000 0.1000
0.0100 0.0100
0.0000 0.0000
{.3200 0.1000
0.1000 -0.3200
0.1000 0.1000
0.1000 0.1000
0.0100 0.0100
0.0000 0.0000
{.43@ 0.3000
0.3000 4.4300
0.0100 0.0100
0.1000 0.1000
0.0100 0.0100
0.0000 0.0000
{.17@ 0.0500
0.0500 {.1700
0.05@ 0.0500
0.0500 0.0500
0.0100 0.0100
0.0100 0.0100
4.43@ 0.3000
0.30@ {.4300
0.0100 0.0100
0.1000 0.1000
0.01m 0.0100
0.00@ 0.0000
{.0500 0.0100
0.0100 {.2300
0.01m 0.1000
0.0100 0.1000
0.01m 0.0100
0.0100 0.0100
{.17m 0.0500
0.0500 4.1700
0.0500 0.0500
0.05@ 0.0500
0.0100 0.0100
0.0100 0.0100
4.0500 0.0100
0.0100 -0.2300
0.0100 0.1000
0.0100 0.10(}0
0.01m 0.0100
0.0100 0.0100
{.0500 0.0100
0.0100 {.0500

Rcel &trtr Typr (k)
Retaiuservic€s General Office

0.0500 0.1000
0.0500 0.1000
{.2500 0.0500
0.0500 -0.3500
0.05@ 0.0500
0.0100 0.0't00
0.1000 0.10@
0.1000 0.1000
{.3200 0.10@
0.1000 4.3200
0.0100 0.0100
0.0100 0.0100
0.0100 0.1000
0.0100 0.1000
{.0500 0.0100
0.0100 {.2300
0.01m 0.0'100
0.00@ 0.0000
0.0100 0.1000
0.0100 0.1000
{.0500 0.0100
0.0100 {.2300
0.0100 0.0100
0.0000 0.0000
0.10@ 0.1000
0.1000 0.1000
{.3200 0.1000
0.1000 .0.3200
0.0100 0.0100
0.0000 0.0000
0.0100 0.1000
0.0100 0.1000
{.0500 0.0100
0.0100 {.2300
0.0100 0.0100
0.0000 0.0000
0.0500 0.0500
0.0500 0.0500
4.2200 0.1000
0.1000 4.?200
0.0100 0.0100
0.0100 0.0100
0.0100 0.1000
0.0100 0.1000
{.0500 0.0100
0.0100 -0.2300
0.0100 0,0100
0.0000 0.0000
0.01m 0.0100
0.1000 0.1000
4.4300 0.3000
0.30@ {.4300
0.0100 0.01@
0.0100 0.0100
0.05@ 0,05@
0.0500 0,0500
4.2m 0.t000
0.1000 4.22o0
0.0100 0.0100
0.0100 0.0100
0.01m 0.01m
0.1000 0.1000
-0.0300 0.5000
0.50@ {.6300
0.0100 0.0100
0.01m 0.0100
0.0100 0.01m
0.0100 0.0100

Medicd/Health
0.0500
0.0500
0.0500
0.0500

{.2500
0.0100
0.0r00
0.0100
0.0100
0.0100

{.0500
0.0100
0.0100
0.0100
0.0100
0.0100

{.0500
0.0000
0.0100
0.0100
0.0100
0.0100

{.0500
0.0000
0.0100
0.0100
0.0r00
0.0100

-0.0500
0.0000
0.0100
0.0100
0.0100
0.0100

-0.0500
0.0000
0.0100
0.0100
0.0100
0.0100

-0.0500
0.0100
0.0100
0.0100
0.0'100
0.0100

{.0500
0.0000
0.0'100
0.0'100
0.0100
0.0100

{.0500
0.0100
0.0100
0.0100
0.0100
0.0100

{.0500
0.0100
0.0100
0.0100
0.0100
0.0100

{.0500
0.0r00
0.0100
0.0100

o

Govemrnenl
0.0r00
0.0r00
0.0100
0.0100
0.0r00
{.0500
0.0100
0.0100
0.0100
0.0100
0.0100

{.0500
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0 0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0100
0.0100
0.0100
0.0100
0.0100

-0.0500
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0100
0.0100
0.0r00
0.0100
0.0100

{.0500
0.0100
0.0100
0.0100
0.0100
0.0100

-0.0500
0.0100
0.0100
0.0100
0.0100
0.0100
{.05@
0.0100
0.0r00

o
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Alpha Parameters
lndustry (l)

Agriculture,timber
Construction
Nondurable manufacturing
Durable man.,metals, paper
High tech manufacturing
Transport and warehousing
Communications and utilities
Wholesale trade
Retailtrade
Finance, insurance, real estate
Consumer services
Health services
Business, professional services
Government

A Parameters
!ndustry (l)

Agriculture,timber
Construction
N ondurab le man ufactu rin g
Durable man.,metals, paper
High tech manufacturing
Transport and warehousing
Communications and utilities
Wholesale trade
Retailtrade
Finance, insurance, real estate
Consumer services
Health services
Business, professional services
Govemment

B Parameters
lndustry (l)

Agriculture,timber
Construction
Nondurable manufacturing
Durable man.,metals, paper
High tech manufacturing
Transport and warehousing
Communications and utilities
Wholesale trade
Retailtrade
Finance, insurance, real estate
Consumer services
Health services
Business, professional services
Government
AllEmployment
AllHouseholds

-03702
-1.1090
-0.7494
-1.5073
-1.0166
-1.2369
-0.1096
-1.23/,6
-0.6656
-0.2098
-0.erc1
-0.4811
-0.3120
-0.3766

Same lndustry
0.9030
0.4295
0.8383
0.9s87
1.0000
0.84s9
0.8981
0.4718
0.5040
0.6364
0.9556
0.6509
0.5575
0.6067

time
0.0839
0.0104
0.5891
0.3438

-0.0174
-0.0027
0.0352
0.0290
0.0209

-0.0011
0.6976
0.0061
0.0638

-0.0114
0.1116

-0.0131

Alllndustry
0.0624
0.0000
0.1229
0.0413
0.0000
0.1541
0.1019
0.5272
0.0000
0.2841
0.0000
0.0488
0.4425
0.1991

time squared
0.0344
0.0608
0.5537
0.3674
0.0128
0.0567
0.0878
0.0481
0.1195
0.0989
0.7430
0.0382
0.1186
0.0244
0.0432
0.0880

AllHouseholds
0.0346
0.5705
0.0388
0.0000
0.0000
0.0000
0.0000
0.0010
0.4960
0.0794
0.044/.
0.3003
0.0000
0.1942

o
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Date:

To:

From:

Re;

(/t\

M erno
Marctr 28,2001

Metropolitan Technical Advisory Committee

Brenda Bemards, Senior Regional Planner
Long-Range Planning DMsion

2040 Centers and Pedodlc Revlew

As part of the Periodic Review Program Metro is undertaking a review of the 2040 Centers. The task
involves the evaluation of mixed-use areas (Centers, Station Communities and Main Streets) to
determine if these areas have been underutilized in terms of achieving2040 type densities and whether
there could be additional regulation that could be put in place to increase capacity in these areas.

This work is essential to fulfillthe Goal 14 requirement to evaluate whether there are additional
efficiencies or areas that could receive more density as an altemative to expanding the Urban Growth
Boundary (UGB). Findings from this study will raise policy issues such as whether it is acceptable to
the region to increase densities in these areas, whether the UGB should be expanded or some
combination of increased densities and expansion is necessary.

The 2M0 Centers project wil! review the effectiveness of regional and local efforts to identify and
remove the impediments to achieving vibrant centers and to ensure that the Centers become livable,
transportation-efficient, pedestrian-friendly communities. 2040 zoning is in place but, wtrile it is
necessary, it clearly is not enough. This project will look at wtrat else is required in order to begin the
anticipated changes to the centers. This will include an examination of policies, regulations and plans
in place, infrastructure needs and strategic tools to start the centers developing as envisioned in 2040
Growth Concept.

The produd of this projec{ will be the identification of strategies, roles, strategic tools and potential code
changes for localjurisdidions and the region to go beyond design and zoning land to move the 2040
Centers from concept to reality.

The 2040 Centers project has a three phase work program.

Phase I involved a series of tnterviews with localjurisdiction to identify opportunities for housing and
employment capacity not included in the 2017 capacity calculations and to identify baniers to achieving
capacity within the 2017 timeframe and beyond.

lnterviews were held with localjurisdiction staff representing Beaverton, Clackamas County, Comelius,
Fairview, Forest Grove, Gladstone, Gresham, Happy Valley, Hillsboro, King City, Lake Oswego,
Milwaukie, Oregon City, Portland, Sherwood, Tigard, Troutdale, Tualatin, Washington County and West
Linn. The local staff was asked to address three issues:



o
Draft: March 29,2001

PERIODIC REVIEW

TASK 1.6: EVALUATE MIXED.USE AREAS AND CORRIDORS FOR ADDITTONAL
CAPACTTY (GOAL {4}

Task 1.6falls underSubtask 13 Land SupplyAnalysis of the Periodic ReviewWork
Program Summary submitted to DLCD. The task involves the evaluation of mixed-use
areas (Centers, Station Communities and Main Streets) and Conidors to determine if
these areas have been underutilized in terms of achieving2C/r0 type densities and
whether there could be additional regulation that could be put in place to increase
capacity in these areas. This is a localized analysis of the many mixed use centers and
conidors in the region. lt will be an analysis based on local values.

This work is essential to fulfill the Goal 14 requirement to evaluate whether there are
additional efficiencies or areas that could receive more densig as an alternative to
expanding the Urban Growth Boundary. Findings from this study will raise policy issues
such as whether it is acceptable to the region to increase densities in these areas,
whether the Urban Growth Boundary should be expanded or some combination of
increased densities and expansion is necessary.

Goal 14: Uhanization

To provide for an orderly and efficient transition from rural to urban land
use.

Uhan grovtth boundaries shall be established to identify and separate
urbanizable land from rural land. Establishment and change of the
boundaries shall be based upon considerations of the following factors:

(4) Maximum efficiency of land uses within and on the fringe of the
existing urban area;

Work Program - Draft for Discussion

The work program will be conducted in three phases.

Phase I

1. Examination of local capacitv
Localjuisdiction staff will be interviewed to identify additional oppoftunities for
increasing capacity in all design types areas, but with an emphasis on mixed use areas.a. identification of housing and employment capacity not included in the 2017 capacity

calculations;
b. identification of baniers to achieving capacity within the 2017 timeframe and beyond;

and
c. review of the 2040 Analysis maps for accuracy.

o
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4. ld,entification of gpporlYnitieg and Constraints to achievinq 2040 Centers
The interuiews of localjurisdiction staff in pnase t@itias and
constraints to building compact, mixed-use centers in designated areas. The
preliminary identification indicated that the most significanl constraint is that the
zgned capacity of the 2040 Centers rs ahead of the mafuet. For the most paft, any
development that is occuring is happening at the minimum zoning. The consultant
w.ould investigate what are the reasons the development is not oicuning at the
desired densrfies. ln addition, the consultant woutd develop sfrafegrras ior buitding on
the opportunities identified by the tocaljurisdictions.a. Review the opportunities and constraints identified in phase Ib- ldentify further opportunities and constraints for developing 2040 Centersa. Examination of local strategic toots.
b. Assessment of the effectiveness of the strategic tools in place.
9. Develop strategies for overcoming the obstacies to achieving developmentd. Develop strategies for building on the opportunities

Product: A drafl report outlining a series of strategies to build on opportunities and to
overcome obstacles to achieve 2040 Centers.

a' Based on findings of the Project, the consultant will make policy and regulatory
recommendations.

Product: Final report outlining a series of strategies to build on opportunities and to
overcome obstacles to achieve 2040 Centers. Based on findings of this work, policy and
regulatory recommendations will be made which will provide Oirection to Metro s Urban
Growth Boundary - Regional Framework plan decisions in 2ooz.

Task 1

Task 2
Task 3
Task 4,5

March - April 2001
April- June 2001
May - July 2001
May - June 2001

Phase lll
1. lncorpgrate Findinqs of Phase r and ll into periodic Review proqram

a. policy modifications
b. identification of baniers - determination of actions to remedyc. possible development of new policy

Product: ldentification of policy issues inctuding:
a. whether it is acceptable to the region to increase densities in the 2040

Centers;
b. amending the Urban Growth Boundary in order to support 2040 Centers; andc. amending policies to support the 2040 Centers.

Time Line for Phase lll
February 2002

o
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DATE:

TO:

FROM:

March 19, 2001

Mary Weber, Manager
Community Planning

METRO PERIODIC REVIEW - WORK PROGRAM APPROACH TO ASSESSING METRO
POLICY OPTIONS FOR PROVIDING LAND TO MEET FUTIJRE EMPLOYMENT /VEEDS -WITH MPAC COMMENTS

Backqround

MPAC added several issues and work tasks to this research element. The committee recommendations are
written in bold italic and underlined.

Listed below is a series of questions on how to accommodate future job growth.

Among the drfferent types of companies/rndustries that make up the region's economy, some industry's
land and location needs are very specific while others are flexrble and more general in their requirements
Should Metro assume that a wider range of jobs and greater number of .1obs might be accommodated in
2040 mixed-use centers?

Metro Technical Advisory Committee

RE:

o a

a

a

Should the region's growth management policies continue to support the expansion of land intensive
industrial uses through targeted UGB amendments, r.e., do we need to provide for large lot industrral
sites?

Several sectors of the regional economy, specifically warehousing and transportation are forecasted to
experience continued growth. However, nationally, these same industries show decline in the overall
share of employment. Should Metro assume continued growth and provide land to accommodate these
industries? Or should Metro take no action in providing expansion sites as part of UGB amendments
thereby reducing the likelrhood of expansion of these industries in this region?

The forecast assumptions call for a slight increase in employment density ls a more aggressive goal
feasible or desirable?

Are there employment sectors of the economy that the region should be pursuing? lf yes, should the
region's growth management policies support this effort through UGB amendments to meet that sectors
land needs?

there su lim in areas
for industrial wt location and

Should Metro discou the sitinq of warehousino uses in the Po

a

a

a

o a

therebv uraqi nq its development in more rural areas of the state?
d metrooolitan area.
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o

a

a

a

a

Are there ooportunities to accommodate industrial users, which require laroe sites, in areas which
are created throuoh assemblaae of smaller lots and reeeyelyof bfotnntjelds? What opportunities
for oarcel assemblaqe exist in the reoion?

Does local oermit home based business?

To what dearee should economic develooment oolicies be reaionalized and what is the
relationship between reqional policies and a local oovernment's abilitv to provide services?

Does the amount of urban orowth boundarv expansion undermine the reqion's redevelooment
qoals and how does expansion impact local tax base?

o

Approach

Because of the limited time available to Metro to complete its Periodic Review work program by the end of
2002, staff recommends that the employment research activity focus on compiling and analyzing existing data
and studies Supplementing this existing data, staff recommends interviewing local business development
staff, professional site selectors and CEO's about the land needs of various types of firms and about the
needs of local firms. This work wrll be completed by the end of May 2001.

l. Metro Coordination with Onqoinq Studies

Metro will monitor and participate rn the followrng ongorng studies that address land supply needs and
future development opportunities

. Regional lndustrial Land Study (RILS) - Phase 3. Damascus Economic and Employment Site Study - Clackamas County

Product: Coordination and inclusion of data in synthests report.

ll. Svnthesis of Existinq I Studies and lnformation

Localjurisdictions and economic development organizations have commission study regarding future
job growth in their area. Staff will gather the existing studies (five years or newer) and provide a
synthesis of the research relating to job growth and land need.

Regional Connections - lndustry Clusters in the Metropolitan Portland Economy
RILS Study - Phase '1 & 2
Local Analysis Regarding EmploymenUGoal 9

Gresham
Beaverton
Portland - PDC
Hillsboro
Port of Portland
Clark County

Product Synthesisreport

lll. Literature Search

Conduct a literature search regardrng the growth potential of these rndustrres tn the n"letro area and
their locatron, land needs and their potential of srting on rede'yelopment srtes

. Change in warehousrng and logistics lndustry (t e tust rn time, etc ). Growth of home-based 1obs. self-employment anc :eieconrn.tutrng

a

a

a

o
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• Creative services 
• Biotech 
• Software and I nternet development firms 
• Scientific equipment manufacturing 
• Film production industry 

Product: Summary memorandum of the location, land needs and growth potential of these industries 
and potential of locating on redevelopment sites. 

IV. Review of local codes 

Conduct a review of local zoning codes to identify restrictions on home based business and 
non-industrial uses in industrial areas. 

Product: A memorandum summarizing the findings. 

V. Interviews 

Key interviews with local site selectors, economic development staff and CEOs will provide a very 
practical look at where industries to choose to locate and the needs of existing firms. Ten to twelve 
interviews would be conducted. Metro staff would conduct the interviews. Staff could work with 
MTAC/MPAC to develop a short series of questions. 

Product: Summary memorandum of the comments. 

VI. Discussion/Examination of Local vs. Regional Roles 

Include in this research is discussion paper of the various public sector roles and tools relating to job 
retention and growth in the region. The roles and tools to be examined include: 

State role and tools - business retention activities, infrastructure loans to municipalities, business 
loans, enterprise zones and the Strategic Investment Program (SIP) 

Local role and tools - business retention and recruitment activities, land assemblage, property tax 
abatement, tax increment financing for infrastructure (or land) within urban renewal districts, loans or 
grants for infrastructure and business loans/grants/job training 

Metro role - land supply and functional plan requirements 

Product: Memorandum regarding past roles/tools and potential new roles/tools. 

VII. Provide Policy Options to Metro Council 

Staff will draft Regional Framework Plan and Functional Plan policy options for discussion. 

Product: Memorandum outline general policy options regarding UGB expansion. infill and 
redevelopment and regional capture rate for jobs. 

I \gm\communitLdevelopment\share\Employment Work Element PRdoc 
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Jobs-Holrsirg
Balance RevisitedRcgions in Califomia havc rccently set

1obs-housing balance arges, to re-
kw treffic congesoon and improve rrr
quality. Critics of such argcs chargc
rhat meny factors prtvent pcople from
living near their workplaccs, and that
martct forces, left unobstructcd, work
ro producc balance-drat is, people
and firms co-locate to reduce imbal-
ances. This amclc examines changes ir
rhe ratios of jobs to cmployed resi-
dents in 23 large San Francisco Bay
Area cirres dunng the 1980s. lmbal-
ances were found to havc declined
gencrall,,, mainly bccausc domitory
communities in 1980 had anracted
businesscs by 1990. Howcver, imbal-
ences generally worscncd in job-

rlus cioes, panicularly in the
.con Valley. The rcscarch also reveals

Lnle association berween lobs-
housrng balance and sel[-conrarnment.
Seveal Bay Area cities are neady per-
fectly balanced, yer fewer than a third
of rherr workers reside locally, and
even smaller shares of resrdenB work
locally Resrricted housing production,
especially in fast-growrng cities, has in
many rnsrances raiscd housing pnces,
drsplacrng *orkers and rncreasrnS av-
erage commut€ distances. Elimrnatrng
barrrers to residenual mobrliry and
housing productron would allow more
housrng and jobs to co-locate in thc
6r tu re.

Ceruero is a professor of ciry planning
at rhe Univrniry of Califomia ar Berke-
ley. His most recent research has been
on rhe markct potenoal of rransit-
onenred development, regional
grounh rrcnds and therr o-ansporta.
don rmpaccs, and policres for srjmulat-
ing pararransit senices He is also rhe
author ofrwo reccnt books, Parutrdnsft
tn Amenco (Praeger, 1996) and Transit
Vlloges for the 2lst Century (McCraw.
H,rl 1995)

Jouraal oi the Amcnon Pltnn,nS.

.:.-,;r,.ra \bl 6l N,r.1 Aulu^rr
ri ( lr,ilc-,j t,. :,, t... ,, 

.,..

Trends and Impacts in tbe San
Francisco Bay Area

o

Roberc Cervero

ln a 1989 JAPA ardcle, I proposedjobs-housing balance as a strategy for
! reducing peak-period traffic congestion and air pollurion in American

Icities. No one really disputes the proposition rhat having more people
closer ro their jobs rvill reduce vehicle miles rraveled (VlvlT), freerval' gpsf-

6c, and tailpipe emissions. Wherher jobs-housing balance is achievable,
and if so, u,hether planning incervenrions or marker forces are besr suired
for bringing about thar balance, however, are still hocly debared.

In the 1980s, California's ru'o largesr merropolitan areas soughr ro
ser subregional targers for jobs-housing balance. The Associarion of Bay
Area Governments (ABAG 1985) studied rhe porenrial for balancrng em-
ploymenr and housing grc'vth along the Inrersrare 580 and 680 corridors
in rhe Easr Bay suburbs, a screrch where several dozen large'scale office
parks and job cenrers were buik and trafhc congesrlon worsened during
the 1980s. ABAG planners argued for managing growth along
the corridor in combination wirh phased infrastructure invescrnenrs;
however, because of mounring polirical opposition, specific rargets for
jobs-housing balance were never adopted. In Sourhern Californra, two
regional plans adopted in rhe late 1980s called for balanced grou'rh as a
srraregy for relieving trafhc congestion and improving air qualiry. The
Sourhern California Association of Governmenr (SCAG 1989) and
Sourh Coast Air Quality Managemenr Districcs (1989) both adopred re-
gional plans chat redirected 9 percent of anticipated job grou'rh from
1990 ro 20 l0 co "housing-rich" areas and 5 percenc of ancicipated new
housing to "jobs-rich" areas. Goals for jobs-housing balance were set for
22 subregions within the metropolian area. SCAG devised an t8-srep
algorirhnr for evaluaring whether proposed real estare pro;ccrs should
add drvelling unirs or employmenr in order co supporr rhc refional rar-
ge r-s (Harnrlron er al l99l). Today, however, because of qrorvrnq skepri-
cisrn over rlr,: p<.rcrrrrral cffectiveness of policies atntetl at ;oL',s-irt,u.stng
l,.rl.rrrct. S(-r\r, Iras .rll Lrrrr abandoncd atry en[-crrccrncttt crl-r.trgt't: ,\lorc
r, \' ritl\'.:lrc Sr,t:tlr,;'rr (-alrl-trrttia rcqton Itas rr.lrttt-,1 t()\\'.liri ,,,.r,1,1 '1'.r.sctl

o
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straregies, such as cashing our free parking (Shoupl99S), rradeable. p:r_Ti.riCJif...i" Air ResourcesBoard 1992: Orski l99S), *a r.l,i.i"
srams (Bae ree3), ,. ;;;';;;i:.il:t:it;ffi;
congesrion.

Jobs-housinstalance is rhe central issue in a legalbacrle curren tt,"beinf ;;;;" t" tlt',i_o.. county,Marytand or.r'*h.thf,,;?;;.;; iil' ".r* of primered esare near rhe H""r vJI.y ._-.itoyrn.rrr cenrerfrom a rural-conservarion ro a medilm-densiry resi-
9.-lid designarion. O"r"lol..r-"il',o build somc1,500 townhouses and-garde'r, 

"p**.n" on the sireand have 6led a lawsuit"chargi"i ,i". ,fr. denial of aprevious rezoning requesr h; p;.lrded Hunr ilUfrom becom,"g ;:._.,J"r;fi#;ing which rheCounry's 1989-2000 Masrer pi"" *p'fi.irly c^Is f6..wigh cullnrly chree ;"b, fo, .*[ housing unirwirhin a hfreen-minure commure of fiunr VaIIey, pro_ponenrs of .the project.are arguing thar more jobs-housing balance would pr.rJr,, ;"f8. ."";.;;;;from marerially worsenlng along ,n,. i_ogo belrwayrharrrngs Balrimore cicy. o '--- -

One Norrh American ciry where planning inrer-venrions thar imoroved rhe jots-housirlg balance haveyielded demonstrabr.,r*ffi"riJ""U'"""nrs is To_ronro. Norvlan and Srewarr lf ff f y show rhat serioustlafEc problems were averted in Toronro,s cenrra.l coredespire an of6ce bu.ilding boo', ;';1. t970s and1980s, rhrough 
"cc.l..arei do*.r,o*.r' housing con-srruccion. The aurhors found ,h"r _o.r .,eu, housing

:Ti. ** 
,occup.ied Uy do*.,ro*.,'*i.t..r, many ofu'hom could ualk or convenienrly ride mass rransir rorheir 1obs.

Giuliano (1991, 1995) and Downs (t9g2)quesrionrvherher jobs-housing balance *iil .;;;; an effecriverool tor producing slgnificanr ,rr*po.,.,ion and airqualiry benef rs,.iiirlg r.r.."l reasons: workers in rwo-earner households ,slally u,ork in diffe.enc locarions;frequent job rurnove. ."du..s rhe ability ro locarewirh reference ro one,s *orkplace;-..rii".,ri"l mobil_icy conrinues ro be hindered'bt;;.il;;" ary zoningpolicres and housing discrim'inara.,'-""a facrorsorher rhal .;ob-access]such as q""f,,r'of rchools, aretncreasingly in0uencing residenrral fo.",,o., choices.fuchardson and GordJn (19g9) fr.rf,* argue rhat
.1obs-lrousing barance r'iil ha,e riirre effeci on rhe fasr-esr gr.ou'ing rravel 5sqrnsnr, rhe nonwork rrrp (whichalr.'ad' iccourrrs [.,, 

-r1.,."e-qu".r.r, 
oflll rrrps in rlreLlrtrrr'.i Srlrcs arrrJ rhc rnalorrrv of rrrps drrrrrrq pr(,3kht,rl 'r \\'ltrlc ir,. ,r.,.,rr,",rr. rhar rhc itr,.,.,r,.r1 r,."n._

f)('l l.lit.'tr .tlr.l (':.t\ n()!.ll.l.tr,ltf .rl par.-r,fli rlt ;,,l.s.lr,,rrsinqlt.tl.til,.,',rir'lrkr'ir to 1r1. 1.11,.., rr:t.ri I)()\\.,\ (l()()l) rrorr,stll'i: l:,J.1'.,i;, ,:r.r\ \\,.11 l.,.,,,,rtir 1.q,,.rr:n{ f,r;

orher reasons, such as increasing socioeconomic arculrurd diversity in American ,riurbr.
Regardless of wh etlr er 

^plan 
n i n g i n,.rr"r,,i o.,, "..warranred or potentially efiecrive, L"*ry (l9gg), Gor-don, Richardson, andlun (f Sf f ), ;;;", (1992), andorhers mainrain 

.that ihey'"r. 
-*, 

,,."a.a, since re-gional bdance is 
- a naiurd .r"f",i.".r? ;;;;broughr on by-market condirions. o;;; dme, they ar-Bue, jobs and housing co-rocate to ".1o mainrain anequilibrium in average commuring rimes, as is consis-renr wirh time budger rheory.r "a" **pte of co-locarion, according ro Coraon .t A. (fggf), was the

I,f".,,"::':-:.f,rybs io rhe suburbs a"riig the pasr rwodecades' resurring in polycenric urban structures tharreduced commuring ii-es. Using data from rhe 19g0census and rhe I9g5 Annual H"ousing Survey, theyfound rhar average commuting rimes feil fb. ld;i;;:20 largesr Uniredstate, -.,ffi"ii*" "'."as arri'g rh"6rsr half of rhe 1980s. ,v".h'r;;;lrrsrl recenrlyrraced changes in journeys-ro-work for over g,000 hos-pital workers in Sourhern Californi", nnai.rg rhar rheaverage commure times remained fa.irly conscanr a.ndrhar average commute air.rrr.", 
".,r'irffy decreased

lighrlX from 10.0 mites in r98i;"-;.;Lites in rg9o.Giuliano (1991) conrends rhat imbalances usuallyerode over cime, noring-rhar Orang.tolrn,y, Caljfor_nia was gradually rranlformed "r.?,i. posr-\r,ar eratrom.a predominan.cly bedroom .or'rn,f ,o a more ba.l_

=_cea 

s.ubre-eion, u"irh rhe rario of ,;oU', ro popularionrncre,sing from 0.2 I in 1950 ,o O.qe in 19g5. Morerecenrly, Levinson and Kumar (1994) h"r. ,hoo,n rh"c
_"'1,]._ 

rlffi: co n ges rion a., d .o.n -.rii.,!- d i r r"n..r r..nsrng ln rhe grearer Washingron, DCmerropoliran,..?,:o-Turing duracions are holding sready.Other daa, however, painr " rnu.lidrff...n, po.-rrair of recenr commuring rrends. a..o.ding ro rheNarronal Personal Transpo"rracio" Sr*.y' INpTS), rheaverage commure rengrh in che unired srares in-creased from 9.2 miles in l9g3 ro tO.S rnit., in 1990
1I,::T I."ng teeZ),which so"korl, (r;e2, l0) noresls an even poorer relarionship becrveen jobs and hous-ing rhan experrs expecred ,o i.,a.i, i",iir"ni.re milesrraveled (VMT) increased by 55 perce*, .o_p"."a ,oan increase.in popularion of on'i1, l, ;;;"", for rhe
lame period. Longer-drsrance rrips "..ou.,,.d for 3gpercenr of rhe grorvrh rn \/lr1T flll ,hr.. of mecropoli-ran u,orkers u,ho rvorked rn a drl.l.eren, aorn,r.f.ornr'herc rhei, li'td increas...l fr.111 r I p"..;;;;,, ;;;;;;24 percenr rrr I990 , lrr r ltt, S.rn l,r.rrrcrst-,, 1.3,r,. a....rhe sltarc clf c1111r1,r1.(,.1 1,,.r.1,.r,r. ,,1 \,,llpr, (,-irrrrtrr.. thcr.asI()ll's hstc:r.f ,.()\i Inr: r (\11i.. ,,r l;,, ;1r11.1 11.111tt(l (() .1tllllr'tr'Ilt (',rltr]t\, rr.rr.l:.,,. I I I :,,.: ..::i :n l()r,{r 1,, \g /r

l\(la('nt ilt l(/t),I,I,il:..: ..,, ,_.,;);r.t.t t, t]r,

o

o

o
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ROBERT CERVERO

o findings of Gordon er al. (199 l), Roserri and Eversole, "993), drawing on census dara, strorv rhar mean com-
rre rim€s increased from I9g0 ro 1990 in 35 of rhe

39 merropoliran areas wirh 1990 populations over one
million. The greacesr increases were in merropoliran
San Diego (19.5 ro 22.2 minutes: + 13.7 percenr), Or-lando (20.3 ro 22.9 minures: +12.7 percenr), Los
Angeles-Long Beach (23.6 ro 26.4 minutis: *11.9 per-
cenr), and Sacramenco (19.5 ro 2l.g minures: +ll.g
percent).. Narionwide, average commute rimes in-
cre.rsed more modes rly (by only 40 seconds) during the
1980s, from 21.7 to 22.4 minures.

Moreover, for every srudy showing rhar jobs_
housing balance does not marrer, rhere a*re at leasr as
many rhat show ir does. In a srudy of l9g9 rravel in che
grearer Searrle-Tacoma region, Frank and pivo (199a)
found rhar rravel disrances and rimes rended ro be
shorrer for commures to balanced areas. The average
distance of work rrips ending in balanced census rracrs
(wirh jobs-ro-households rarios of 0.g ro 1.2) was
29 percenr shorrer (6.9 versus 9.6 miles) than rhe dis-
cance of rrips ending in unbalanced rracrs. A srudy by
Ewing (1995), "Before We Wrice Off Jobs-Housing
Balance ...," used 1990 census dara ro compute rhl
proporrion of work trips thar remain wirhln more
chan 500 cities and rowns in Florida. From a regres-
sion andysis, Ewing found rhar rhe share of ,.int..-r.,"l,,,

wirhin-communiry, commures signi6cantly in-
-.eased u,irh grearer balance becrveen rhe numbers of
local jobs and of u,orking residenrs.

In lighr of rhe conflicring evidence on rrends in
commuring discalces, and given che conrroversv rhac
has erupred over jobs-housing balance as a policy rool,ir is insrrucrive ro invesrigare rrends rn jots-housing
balance during rhe "rurbulenr,, l9g0s,'a decade of
rapid employmenr decenrralizarion, rvorsening rrafEc
congesrion, and dereriorarlng arr qualrry in many re-
gions. This arricle conducrs such an analysis, using
1980 and 1990 dara on jobs-ro-residents rarios and
levels of self-conrainmenc for rhe largesr cicies in rhe
San Francisco Bay Area. Wherher ciriis have narurally
evolved inro more bdanced and self-conrained placei,
and the implicarions for commuring, are examined.
The. research :!-<o explores wherher rhere were parrerns
in rhe kinds of ciries rhar became more balanced dur-
ing the 1980s or less balanced-for example, bedroom
communiries or job-surplus communiries. Addirion_
ally, the effecrs of jobs-housing imba.lances on 1990
commuring parrerns ar borh place of residence and
place of rvork are invescigared. The research builds
upon previous rvork I condrrcred on jobs-housing bal_

e', :' ;: 
": 

1:,:"" 
r.li 

:1 J :,'i : ::,' 3i,f,i; I 3j'1,,' ::.,: il;:
cJItr ratr()n.tl 1.ro.q.., 111r rtt bal.rncc enrplovlrr,.nr

and residenrial developmenr, ir represcnrs a conrexr
where marker forces alone have largely shaped merro-
poliran growrh. Thus, rhe analysis of rrends in .;obs-housing balance in rhe San Francisco region can
provide insighrs inro rhe degree ro u,hich rhe co-
location hyporhesis holds. The Bay Area is also a suir-
able case conrexr because of rhe rapid rares of subur-
banizarion rhere during rhe 1980s. The share of jobs
ourside of the cenrral ciries (San Francisco, Oaklind,
and San Jose) increased from 59.8 percenr in 1980 ro
54.7 percenr in 1990. Suburban grorvrh pressures dur-
ing rhe eighries sparked inrerest in managing regional
growrh, parrly in response ro such parochial iccions as
the passage of growrh moraroria and the pracrice of
6scal zoning by locd jurisdicrions (Fukon tff t1. ft"
Bay Vision 2020, a coalition of business and govern-
menr inrerests, pushed in l99Z ro form rhe narion,s

- 
6rsr regiond governmenr, in parr ro ser rargets for'subregional jobs-housing balance; however, rhe CaIi_
fornia legislarure blocked rhe iniriative. Jobs-housing
balance remains a passionarely debared issue in rhi
Bay Area and elsewhere in che sare.

This macro-level srudy ofjobs-housing balance in
Bay Area ciries is followed by a more micro-level analy-
sis of rhe residential locarions and commuring pac-
rerns of workers from Pleasan[on, a fasr-groruing
suburban communiry. Parricular arrencion is [iuen rI
changes in commuring disrances and ro rhe influences
of housing prices on rhe residencial locarional choices
of Pleasanron's work force. The paper concludes rvirh
a discussion of rhe policl, implrcarions of rhe r€sc,;rrch
6ndrngs.

Jobs-Housing Balance Trends in the
Bay Area

Using 1980 census dara on place o[ residence and
employmenr, in rhe earher JApA arrrcle I found consrd-
erable variarion in rhe rarios ofjobs ro employed resi-
denrs (J/ER) among rhe Bay Area,s largesr iicies. TableI updares rhis index ro 1990 for che )3 largesr cicies(in 1990), and shows percenrage changes d-uring che
1980s. (Ciries have been ordered in able I from the
highesr to rhe lowesr 1990J/ER rarios.) Map I show,s
rhe locarions of rhe 23 \ay Area case ciries. 6orh years
of dara were obrained from the U.S. Census popula-
rion and Housing data 6les.

Before inrerprering rhese dara, several cavears arc
in order. One is thar rarios of jobs ro emploved resr_
denrs (J/ER) are presented in lic.u rrf .;obslroll.,o,,si,.,q
rarios, since rhe latrer inde.x musr [rc edlusrcd f,-rr .rr cr-
aqc numbcr of u,orkers pcr horrsclr,rlcj, noc cl.srlr .,1,.
rar rrel,;lc ; a .1ObS-fO-enrplttvttl -r.rr:r.j .: ) !., r .1rr() :-(,. j :,.,.
Ir(\ \uall edjrrStmcnf . Sc,-trir.1 tlt,, r: .. .,1-,.:r,r., , . ,

o
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TABLE 1'Jobs-housing balancc statistics 6or targc citics in thc San Francisco Bay Arca, 1980-1990

Employed Residens. Toral Workers (Jobs)b
1 980 1 990 % Change I 980 I 990 % Change

Ratio ofJobs to Employed
Resideng.

1 980 1 990 % Change

2.50
2.03
1.58
1.57
1.48
1.37
1.27
1.25

23.3
17.9
s.7

31.6
7.9

15.7
14.1
-0.3
1 1.0

167.9
- 5.3
25.0

-21.8
10.7

- 13.1
18.0
29.0
383
36.0
254
- 8.0
42.4
L1 .l

a

o

o

I

t
I
I
I
!

Ciries

Palo Aho
Santa Clara
Sunnyvale
Walnur Creek
San Francisco
Berkeley
Sanra Rosa
San Leandro
Ha;Taard
Pleasanton
Oakland
Redwood Ciry
Mountain View
Fairfield
Richmond
San Mareo
Napa
Concord
Alameda
San Jose
Vallelo
Fremont
Daly Ciry

Unweighred Average
Standard Deviarron

03
72
50
19
37

1.'t9
1.11
1.26
1 .13
0.42
1.r9
0.84
1.32
0.90
'r .10
0 81
0,7 4
0.68
0.67
0.67
0.86
0.53
0 35

0.96
0.96
0.95
0.95
0.92
083
0.79
0.7 6
044

25
13
'I I
05
03
00

81 ,71 6
l0 t ,7r 'l

69,476
96,77 4

Notes.
a Number of residenrs rn the ciry who are employed
b Number of workers in rhe ciry
c Total workers divided by roral erroloyed residens (b/a)

Source l).5. Bureau of the Census, 1980 and 1990

graphic unirs for measuring balance is admrrredly sub-
oprimal, since municipal boundaries are polirical
artifacrs rhar do nor al'*,ays caprure rhe sparijdimen-
sions of commure sheds (Cervero l99l; Downs 1992;
Giuliano and Small 1993).5 As Hamilcon er al. (1991)
oote, hou,errer, there is merir in using ciries co enelyze
.;obs-housing balance, since rhey are rhe enriries em-
powered ro regulare land use (mainly rhrough zoning)
and are mosr direcrly responsible for hou, merropoli-
ran arras grorr, Barrles ovcr jobs and housing also arc
rnosr ofrcn s.aqcd ar rhc mrrrricipal level. The crr\, ()l
Oakl.rrrtl rrc(nrl\, filcd srut agaulsr rlrt' ncrghLrtrrrrrri
crt\ rrf Errre r vvrlle rlr tlrc 1.,'1.1, qroun.ls tltJt []rrrr.r.r.
r rllr' ', crpl,,r,,'. a'1,111,,r,.,,.,,, q,,,.-, rl, ,,t rltL. .rbsr'nc,. ,,1'
:irlli, rL'nt lt,'r:rrn1: c()n\tr It(tr()n h,l\ lrLtr.ilcrtu.l ().rl:
i.rl:,j ''r ttli r;r.'tr ir.r!llr ;rrr.i .r.l,l;rrr,:r.ll .lr'n).trrJ' i,,' .t:
;,': l.tr',, i,,,1: :nil )\(rt), tir,1,..,. tl,, r'...,.';.il'l|.- .i.,

66,260
83,1 33

25.9
169

94,239
122,833

56.4
72.7

102
0 ,11

1 .18
0 4.i

21 .5
360

cases for srudying jobs-housrng ba.lance does marrer.
The larger rhe size, rhe more irkely,rhe balance-ar rhe
excreme, planer earrh has a perfecr balance ofjobs and
employed residenrs. For rhe mosr parr, rhis srudy's use
of rhe region's mosr populous ciries as cases produced
relarively large geographic unirs (mean = 3Z.B square
mrles; scandard deviarion : 3-l S square nriles).6

Table I reveals a rrend rorvard grearcr balance for
rnosr Bay Area ciries during rhe 1980s Usrng a rario
of I ro signrfy balance, rhe raLrlc shorr.s rhar L-l of rhe
2.1 crrres (6 I pcrcenr) were rn(rrc balancttl rn llj.lO rlran
rrt l9ti0 (r.c., lrad J,'EIl letrt'rs cl,\\(r' r!r I rrr l9()()) r\losr
l.rrqc li.rv z\r.ca crtrcs Ir.r.l irr:rc:- 11.11pj,,r nr(,:t tl)Jr)
It ,ttstnS tr'()\\'(ll drrrrrrrl tlrL. l'rt,). :t,llL.. i,..1 ::r lrqlr.'r.
l r',o I Iil{ r.rtrtrs li'rt r,l rir, , ,,,.,.: i.,'.1r,,. ' r r itr(\
.'.:'lt tit,,tr' r'll)l\l(,\'r,tl tt..rrir I i . .,r : I l'r'l'i ,.ri

' .'t,,r,. ;.I,,i(.t ll:.r:: 1,,,: .',.'

1() S

30,550
48,262
60,526
25,194

333,762
49,767
35,680
30,767
44,609
17,024

't40,114
29,267
35,732
2 5,558
28,662
4l ,383
23,5 59
51 ,260
33,200

301,769
34,683
63,879
38,77 S

31,720
53,697
69,332
30,645

382,309
54,590
54,459
33,565
54,012
29,570

160,160
35,807
42,132
37,015
37,916
47,192
29,013
59,658
43,668

400,932
49,906
94,769
47,420

3.8
11.2
14.5
21.6
14.5
9.7

52.6
9.1

21.1
73.7
14.3
22.3
17.9
44.8
32.3
't 4.0
23.2
16.4
31 .5
32.9
43.9
48.4
22.3

61 ,912
83,067
90,603
29,970

458,745
58,995
39,665
38,67 6
50,238

7 ,161
166,102
24,568
47 ,160
23,024
31 ,51 8
33,484
17,405
35,071
22,354

200,791
29,8s9
33,982
1 3,603

79,232
108,924
109,694
47,965

557,112
74,959
69,104
42,059
67,508
33,325

177,810
37,569
43,490
36,903
36,229
45,069
27,649
56,449
39,992

334,630
39,509
71,771
20,666

28.0
31.1
21.1
60.0
23.6
26.9
74.2

8.7
34.4

365.4
7.0

52.9
-7.8
60.3
14 .9
34.6
58.9
61.0
78.9
66.7
32.3

't11.2
51 9

t
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o
only exceprion). Thar is, mosr suburban bedroom
communiries became more balanced. The mosr dra_
maric change u,as in Pleasanron, which changed from
a dormicory communicy ro a job-surplus criy in rhe
wake of massive office park developmenr during rhe
I 980s.

The patcern was quire drfferenr For cicies rhar were
already esrablished in 1980 as major job cenrers. Of
the cen wirhJ/ER rarios over l.l0 in 1980, eighr were
even less balanced in 1990-rhar is, jobs gr& f"sr.,
than households did. The balance gap wrdened rhe
mosr in rhree of the Bay Area's four ciries rhar are
most job-rich roday-Palo Alro, Sanra Clara, and Wd-
nur Creek. These rhree ciries recorded tremendous
gails in predominanrly whire-collar and high-
rechnology jobs during rhe eighries; for example, Wd-
nur Creek's workforce size rose from 30,000 ro 48,000
(50 percenr) over rhis period. The Silicon Valley com-
muniry of Mounrain View srands ouc as rhe only job-
rich crty in 1980 rhar became balanced ren years larer,
a restament ro rhe ciry's ambrrrous etTorcs ro arcracr

exn *;:i: ?;:";:.':?::',il};,i5::::,:l:: il :,:;;:
Irr(rns Ij()t nri)sr trtlrcr crcrcs lrsred rrr raLllr- l, mar-

MAP 1 Twenty-three largest cirjes in the San Francisco Bay Area, 1990

ker forces largely dicrared the amounr, pace, and rype
of gro*'th rhar occurred.

In summary, there appears to have been a general
trend roward balance in rhe Bay Area's largesr cirres
during che 1980s, which supporrs rhe co-locarion hr.
pothesis. The adjusrmenr was mainly in che form o[
bedroom communicies becoming more balanced. For
the most parr, rhe imbalances in job-rich ciries wid-
ened in rhe eighries.

Trends toward Self-Containment in
the Bay Area
. Rarios ofjobs ro employed residenrs indicace only

che porenrial forbalance. The degree to which rhar po-
rential is 1s:lizsd is reflecred by the share of rhe jobs
in a communiry thar are acrually hlled by residenrs,
and convers ely by the share of workers finding a place
to live in rhar communiry-or whar ha.s been called
"self-conrainmenr" (Cervero 1989). Self-concainmenr
refers to achieving a builr form rhar allorr.s peoplc r,->
Irve, work, shop, and recreare rvirhrn a conlmunrr\.
(llurbv and \t/eiss 1976) ln a srudr. of Ilrrrrslr ncrr.
ro\\'ns, Thomas (1969) 6rsc dcviscd a nrc,r(irrr(, ot- s,.1.-
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TABLE 2' Self-containment sEtistics for targc citics in thc San Francisco Bey Are:, l ggo-1990

Percent Locally
Residing Workers.

1980 1990 % pt. Changed

Palo Alto
Santa Clara
Sunnyruale
Walnut Creek
San Francisco
Berkeley
Santa Rosa
San Leandro
Hapazard
Pleasanton
Oakland
Redwood City
Mounrain View
Fairfield
Richmond
San Mateo
Napa
Concord
Alameda
5an Jose
Valle.lo
Fremonr
Daly Crty

Percent Locally
Working Residensb

1990 % Pt. Changed

BS.HOUSING BALANCE

lndependence lnder
1980 1990 % Change

o
Citres I 980

0.28
0.19
0.24
0.16
1.09
0.38
0.68
0.21
0.23
0.17
0.41
0.2 o
0.1 8
0.62
0.22
0 19
0.51
0.22
0.2 0
0.46
0.5 3
028
0.07

o.32
0.'t 9
o.21
0.19
1.23
o.44
0.74
0.r9
0.24
0.24
0.42
0.19
0.13
0.48
0.1 8
0.21
o.70
0.24
0.37
0.60
0..10
0.26
0.07

11.7
0.3

-9.7
19.7
12.8
15.0
8.8

- 8.3
2.1

41.2
3.0

-7.7
-26.4
-21 .5
- 18.8

6.5
3 5.6

7.3
82.5
31 .5

- 24.2
- 3.9

12

392
'r5 5

35.2
14.6

- 3.9
- 1.0

366
14?

38.8
15.3

2.2
1.1

03{
023

0.3 6
026

6.7
13 1

N otes
a Percent o[workers who resrde locally
b Percenr of employed residenrs who work locally
c Percer,: oI residenrs working locally divided by the sum of rhe percenr oI residents working ourside a ciry plus rhe percerrtof employees living ourside a ciry
d Percentage pornt change, representing absorure changes rn percentage varues

Source U.S. Bureau of the Census, 1980 and 'l 990

Unrverghred Average
Standard Deviarron

conrainment. According ro Thomas (1969,339), ail
British new rowns were designed ro be,,self-conrained
and balanced." For rracking changes in self-
containmenr from 195 I ro 1955, Thomas creared an
"lndependence Index"-rhe number of inrernal
(rvirhin communicy) work trips divided by rhe sum of
rn and out (exrernd) work rrips. The higher rhe value,
rhe more "rndependenr," or self-conrained, rhe com-
nrur.ritr, Thomas found rhar early (Mark I) Brirish neu,
to\\'ns bccame more self-conrained over the course of
ilrc 1960s irlore reccnrlr,, llrehenl, ( 1990) ha-s slrorvn
tlr.rr scll- conr.linrnrrrr rr.irlrrn IJrrtrsh nerv toryns h"s
.i, e lrrrt'.i rirrru{lr tlrt' nc',r,csr qencratron of []rrrrsh ncrl
l('\\'r)\ lt.tr c ln:rnrr.rrnrd lrrqlr lt'r,cls rrl-sclf-cor)r.rurr.r.lcnr
\ ('\1:' i',.,i,

i.,r " -l ::,,, . l')\(l lt)t.11rrlt.rttr:,. ut I:1,i,.;',';.

o

a

J(

19.7
16.8
22.6
20.6
55.0
37.6
53.s
23.9
28.9
50.9
39.4
33.5
20.4
59.5
28.4
33.4
62.9
42.0
40.3
64.0
57.5
57.7
323

17.6
14.5
20.0
18.5
54.2
36.2
so.i
22.4
26.8
29.O
42.2
26.2
20.1
49.3
27.6
30.4
60.2
33.8
45.8
62.0
53.3
43.3
27.1

-2.1
-2.3
-2.6
-2.1
-0.8
-1.4
-3.2
-1.4
-2.1

-2r.8
2.8

-7.3
-0.4

-10.2
-0.8
-3.0
-2.7
-8.2

5.5
- 2.0
-4.2

- 14.4
- 5.2

39.9
28.9
33.8
24.5
75.6
44.6
59.5
30.0
32.5
21.4
46.7
28.1
27.0
53.6
31.2
27.1
46.5
28.8
27 1

42.6
49.5
30.7
'I 13

43.9
29.3
31.6
28.9
80.4
49.7
63.8
28.1
33.5
32.7
46.8
27.4
20.7
49.2
26.3
29.O
57.4
320
41 .9
51 .8
42.2
32.8
118

4.0
0.4

-2.2
4.4
4.8
5.1
4.4

-1.9
1.0

11.3
o.2

-o.7
- 6.3
-4.4
-4.8

2.0
10.9
3.3

14.8
9.'l

-7.3
2.1
0.5

dence Indexes compured for rhe 23 Bay Area ciries,
along wirh two orher measures: rhe percencage of lo-
cally residing workers and rhe percenrage of locally
working residenrs. The percenrage of locally residing
workers refers ro rhe share of workers who reside in
the same ciry where rhey rvork. The percenrage o[ lo-
cally working residents refers ro rhe share of employed
residenrs who work in their home cir1,. High values for
both percenrages signi[y self-conrainmenr (Crries are
ordcred in rable 2 as in table l-accordinq ro .,/ER
rat los.)

Trends in Independence Indexes
Irr.rll, l5 t',Ithc 2-1 l].rr ..\rer crrics (o5 [rt'rcerrr)1,,'-,.i:Ir' r't)(\l(' st'll'-crrttt.-trttc.l .l:t::i)rl tl)( l()\()\ tlr.tr

I'r l(rttl) llt, r lr.t.l ltrr'lr,': Il. t,1.,;r,ir'!t., i;r.1,'.... l;,.
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q: "1:;i il*: ""f; iln ?:l*:r l il*llir*
ing rhe 1980s; 7 of rhe 9 ciries wirh J/ERs above 1.25
had higher Independence Indexes in 1990. The Easr
Bay ciry of Alameda had che fasresr growrh in incernal
commures (owing ro rhc expansion of irs milirary basein rhe 1980s), followed by rwo suburban/exurban
communities, Pleasanron and Napa. Exrernal com_
muring grew rhe fasresr in Mounrain View (despire its
housing expansion) and Vallejo (rhe only bedroom
communiry rhar had fasrer job growrh rhan housing
growrh in the 1980s).

Overall, despire rhis progress, mosr Bay Area ciries
were nor very self-conrained in 1980 or in 1990; on
average, around rwice as many people commured in
and our as commured wirhin ciries. The only Bay Area
city rhar can lay genuine claim ro being self-conra.ined
is San Francisco irself: four our of hve of irs employed
residenrs worked in che ciry in 1990. The leasr self-
conained ciry is Daiy Ciry, rhe wesrern rerminus of
the region's BART rail sysrem in 1990. The absence of
many self-conrained ciries and rhe extensive cross-haul
commuring rhar occurs each workday berween Bay
Area ciries underscores the high degree of economic
inrerdependence wirhin rhe region. In ocher words,

O" ^:;:::,'ff;l'"I'"vilv on eaih orher ror imporring

Trends in Residing and Working
Locally

While Bay Area ciries generally inched corvard
more self-canreipslgps, rhis rrend appears to have
been ma.inly due ro businesses loc"ii.,g near labor
pools, enabling residenrs ro find jobs wirhin rheir
communiries. Table 2 shows rhac rhe share of locally
residing workers fell rn 2l of rhe 23 ciries, and rhe
share of locally working residenrs rose in lG ciries.
Pleasanron, rhe city rhar during the l9g0s had rhe
fasresr employment grou'ch (and also made rhe grear-
est relarive progress roward balance), was where the
share of rhe workforce residing locally dropped rhe
fascesr. A significanr proporrion of pleasanron,s new
workers ended up living ourside rhe ciry, eirher by
choice.or force (e.g., because of insufficienr housing
supply), an issue discussed larer in che paper. Ciriel
wich rhe fasresr grorvrh in residenrs wirh local jobs
were Alameda (5a.5 percent) and pleasanron (52.9 per-
cenr), borh of rvhich were farrly ba.lanced rn 1990.

Bav Area ciries u rch the greatesr .;ob surpluses rn

Co,1 il :;I.' il,t i i',',';. ]''ll'i' i,i:,::,:'.',1.: l, i' i i 1:

East Bay, also had rhe lowesr shares oI workers living
locally. Ciries where mosr emptoyed adulrs lefr daili
for jobs elsewhere were the piedominanrly bedroom
communiries, like Daly Ciry, or balanced communi-
ries, like Mounrain View. In Mounrain View, just one
of five employed residenrs worked locally and one of
6ve workers lived locally in 1990. Thus, while Moun-'
tain View became fairly balanced during che 1980s by
adding more housing, most of irs new residenrs
worked elsewhere.

Associations between Balance and
Self-Containment

The associarion berween balance and self-
containmenr in rhe Bay Area is fairly weak. Table 3
shows thar the correlarion berween the ,,Balance,' and
"Independence Indexes" is -.250 for 1980 and -.045for 1990. (The "Balance Index" was consrrucred as rhe
absolure difference berween the jobs-ro-employed-
residents rario and 1; che smaller the value, rhe grearer
rhe balance-for example, a zero value signifiJs rhar
jobs equal employed residenrs.r) This suggesrs rhar
balanced communiries rend ro have highei-shares of
inrernal (presumably shorrer) commures. The facr char
rhe correlarion fell close ro zero in 1990 suggesrs rhar
rhe link berween balance and self-conrarnmenc wa.s far
rveal<er ar che end of rhe decade chan ar rhe beginning.

These '*,eak correlarions underscore che ficr rhar
crrres have ro do more rhan achieve comparable counrs
of jobs and housing unirs ro be self-conrained. Ciries
like Redwood Ciry, San Mareo, and Mouncain Vieu.
u,ere fairly balanced in 1990, u,irhJ/ER rarios berrveen
0.96 and 1.05, yer in all rhree communiries. feu,er rhan

I

TABLE 3. Correlation ofjobs-housing ba.lance and self-
containment indicators, 1980 and 1990

lndependence
lndex

-.250

.130

-.045

071

Locally
Residing
Worken

-.299

- 587..

- 448,

_ 469.

Locally
Working
Residents

1 980
Balance lndet'
Jobs/Employed

Residenrs
'r 990
Balance lndex'
.Jobs/Employed

Residen rs

-.1 36

140

.006

189

N otes
.Balance lndex = | (Jobs/Employed Resrdenrs r _ .1 

r

"$rqnrficant al 0l level
'!rqn,t,iant at 05 lt'vt-l

i; ii, '. .i '



30 percenr of workers resided locally and fewer rhan
30 percent of employed residenrs worked locdly. Thus
these communiries had plenty of live-work opporruni-
ries, yet most residents out-commuted and workers in-
commuted. This highlighrs rhe flaw in using simple
jobs-housing balance rarios as public policy targers. If
reducing VlvlT and encouraging morc walking, biking,
and transit riding are explicit policy objectives, then
building housing suited ro rhe earnings and prefer-
ences of local workers and arrracting industries suited
ro rhe skill levels of local residenc could very well pay
more dividends than ensuring parity in numbers of
jobs and housing units would. Of course, some argue,
other policies, like road pricing and parking restrainrs,
may do more to reduce VIr4T rhan land-use iniriarives
like jobs-housing balance (Wachs er d. 1993; Giuli-
ano 1995).

Balance was mosr strongly correlared wirh shares
of workers residing locally. The region's rwo mosr ex-
urban communities, Fair6eld and Napa, for example,
were nearly perfectly balanced and had over hdf of
their work forces living in rhe communiry. As nored,
the region's most job-rich and leasr balanced ciries
(e.g., Palo Alro, Sanra Clara) imporred the largesr
shares of workers. These ciries had higher shares of
residenrs who worked in the communiry (ro be ex-
pected, given rhe relarively large number ofjob oppor-
tunities nearby); however, for mosr orher cities, chese
t\r'o measures were u'eakJy associated.

The relarively srrong negative correlarion berw'een
balance and locally resrding workers rs illusrrared in
figure 1 for 1980 and in 6gure 2 for 1990.ln generd,
housing-rich cities had large shares o[ workers living
locall1,, rvhereas lob-rrch ciries had lorv shares. Figures
I and 2 also organrze rhe crrres inro rhree groups: (l)
housing-nch, or dormirory, communiries rvirh J1ER
rarros belorv 0.80; (2) balanced communities, wirh
J/ER ratios betrveen 0.80 and 1.25;and (3)job-rich, or
corporate, communiries, with J/ER ratios above 1.25.
The boundarres,0.80 and 1.25, are the values 0.5 stan-
dard deviatrons belorv and above rhe mean 1980J/ER
value of 1.02

Figure I shorvs rhar in 1980, 6 of the 7 dormicory
communirres had above-average shares of locally re-
srdrng rvorkers And 5 of rhe 6 job-rrch ciries had
belo',v-averaqe shares of locally residing workers. San
Francisco rlas the ou rlrer among .lob-rich cirres, having
ove r lralIoi rrs rr'orktorcc lrvi ng in rlre cirr'.

It- tlr, l()S() .rrr.l l()90 qr.rplrs rlcrc <.r'crlard, r-rrtc
rr'1r111.1 rr, rlr.u n)()\t (l,x.r Pouttr shr[rcJ rrr rltc rtqltt IIt
l(),)ll \1,,tr, \i\(\ rtt,.rllr .lrrrrrrg rlrc l()S(ls ttrOsr lrc.l-

:l:",', ",'"""','1, ' ,,' ' "',", l',:ll.]:';l ll,,ll:,:: ,ll:l:

OBS.HOUSING BALANCE REVISITED

became more imbalanced, as job growrh conrinued ,"O
ourpace housing construcrion. Overa[], more comr \-
niries fell in rhe balance range in 1990: 13 of the --
had J/ER rarios between 0.80 and 1.25, versus l0 in
1980. Again, this generally supporrs rhe co-locarion
hypothesis, however wirh qualificarions, the main one
being rhat marker adjusrmenrs ro jobs-housing imbal-
ances hold true mainly for hisrorically housing-rich
cities. Specificdly, during rhe 1980s, jobs followed
labor markets, going to suburban ciries wirh large
population bases and making rhem more balanced.
However, in the other suburban cities, housing devel-
opmenr did nor adjusr ro job surpluses. Whether as
a result of 6scd zoning, anri-growrh movemenrs, or
NIMBY resisrance, the lag in housing producrion has
unavoidably meant thar a vasr majority of Bay Area
workers live ouside their communiry of employment.

Balance, Containment, and
Housing Prices

In rhe previous secrion, I nored rhar job-surplus
cities rended ro have few workers Lving locally. By
definirion, part of the reason is a deficir of housing
available to workers. Dowall (1984) and Landis (1985)
have shown rhar lags in housing production in rhe Bay
Area caused by growth resrricrions have markeri' '

increased average housing prices. Research sho
moreover, that many moderate-income and non-
professional workers are priced our of the local hous-
rng marker in u'ell-ro-do corporate communities
(Cervero 1989;Deka 1990; Humphrer, 1990). The 1990
correlarion betu,een thei/ER rario and "relarive" hous-
rng price (median single-family home value/median
household income) was .321. Thus, job-rich cities hke
Palo Alro and Sunnyvale cended ro have relarivelv high
housing prices.t And che correlarion berween localll'
residing workers and relative housing price was - .425,
significant at the .05 probabiliry level. This suggesrs
rhat the more expensive housing is in a communiry,
the less likely workers are ro reside locally.

A regression of rhe Independence Index on relarive
housing price and rwo other significanr explanatory
variables is presenred in rable 4. The model furrher
suggests rhar high housing prices have a displacint ef-
fect on workers, though rhrs varrable rs signi6canr only
at rhe 0 12 probabrlrty level. Cirres rvrrh relarivelv hrglr
lrousing prices rendcd ro havc lorv rates of tnrcrnal
(rlrthirr conurlunrt)/) comnrr.rrrnt an.l hrqlr slter'.'s ctf
rvorkcrs conrnrunnq rn l-ltrs cal, ttlet rort controls tol'
stze trt rltc cottrttttttttrt, ri luclt t,'lrcl .rllr ll)cl c;ts('5 rllt'
slt.lrc tll- Irtrct trel a()llltl)lll('\ .lll.i \ ('lll( l(' (r\r'll('i \llll)
lc,,'lt t,l lrr()\\' l,'r ttti,tltt, .r'. r,.,,] .1, .ltlt,'ltl,tl':ltt'
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FIGURE 1. Ratio ofjobs to employed rcsidents versus p€rcenF.gc of tocally residing wor{<ers, large
Bay Area cities, 1980
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TABLE 4. Model for prcdicting tndepcndencc tndex for rargc Bay Arca citics, 1 990 a
Dcpc ndent Variablc : l ndepcndencc l ndex (i nternal commutcs/ert.rn::,:ff 

!r*)
Coefficient Error Significance

I

t
I
i

Housing price index (median
single-family home value/
median household income)

No. of employed residents in ciry
No. of vehicles per household
Consrant

No. of cases = 23. R2 = .549- F = 7.305; prob. = 0.002
Source: U.S. Census, SummaryTape File 3A

Commuting by Employed Residents
Lirrle relarionship was found berween measures of

;obs-housinr: balancc or self-containmenr and such
journer'-ro-rvork characrcrisrics of employed residenrs
as conrmrrrrnt rrnlcs, rlisrances, and modal splirs. This
6n.1rrrq \\,rs r'\pccrc.l , rurct, prroLrlcn'rs of .;obs-housrrrg
rrtrl..rl.rrrc.' ilr tlr.' Il.rr .,\r('.r .1r(' rrrailrlv rhose of ncrr
ctt\)utl) lr('.ill)\'1r,r11r111* l,tr rIrc rvorkcls of lt tr-surplrrs

lltttr rr r\ tlr( t'rrr)llnrllr' tr rps trt- rvtrrkcts, ttt't
ri. iir,rt .lr('rn().,1 irk,'li ro lrc al-li'ctcrl [.r,rrrrl'.rl-
i:t :.t, L l)rlri,',., .i : t . :,lt'rrt., 1rl l1rlr-111t l,ltt:, tt rr'..

-0.0573
0.0015

-0.3681
1. r 633

0.0403
0.0004
0.1 853
o.4291

0.119
0.002
0.062
0.014

rended to average rhe shorresr commures. For rhe 23
cities srudied, rhe correlarion berween J/ER and
employed-residenr commure rimes was -0.51. The av-
erage commure rime for employed residenrs for rhe
9 Bay Area cides wirh J/ER rarios over 1.20 was 22.9
minutes. For rhe remaining 14 ciries wirh lower ralios,
rhe average commure was cwo minuces longer-Z4.9
minutes. In each of rhe region's three mosr job-rich
ciries, Palo Alro, Sana Clara, and Sunnywalle, em-
ployed residenrs averaged commures of jusr l9 mi-
nu tes.

The only orher reasonably signi6canr associario,.
found *,ere rhar high rares of inrernal commuring re-
sulred in higher shares of wa.lk rrips and lower shares
of drive-alone rrips. The associarions berween rhe per-
centage of locally u,orking residenrs and modal splirs
\r,ere r = .443 for u'alking and r = -.385 for driving.r'
Thus, ciries with large sha 'es oI residenrs u,orking in
the communiry cal be expecred to average more \r,ork
trips by foot and fewer by auromobile, all else being
equal. This suggesrs rhere are likely ro be some envi-
ronmental benefits from self-conta-inmenc, horvever
marginal, mainly in rhe form of less MVT and rarl-
pipe emissions.

Comrnuting by Workers
Because jobs-housing mismarches are mosr acure

in job-rich ciries, ir w,as expecred thar any negarive
rransporarion consequences u,ould shorv up in che
commuring srarisrics of workers in rhese ciries. Tablc 5
largely conhrms rhese expecrartons. The rable L)rescnrs
rhree rvpes of comparisons. rrsin( Analy,srs of Varianc.'
(ANO\'A). J-lrc 6rsr rs bcrrlcerr co,r'rnlurrnq sr;lrrstrrs
fltrr hrglr ;<'rtr-srrrpltrs crrres (rr lrcrc .J,/Ell > I 5.i) .rrrrl
tlttrsc fcrr all t't'r:tlrrrrrrq Ilar ,.\r't'.r crtres.'' -l |11 5fitrtlrl
c()prpJrrs()r'l rs t11).lr\ ltrlr-sr1 [.ltrs (.1 [:ll I ]5 )

vr'r'su\ [r.rl:rrrcc,l (() N r: I/l.-ll -- I ]5) r,crsr.r. lr.'t:'::
sr:t 1,1115 ( I l;l( . ll fi()) l'1r,. itn,ll ( (\lll|.tr r\,.: : ,1,

which generally increases rhe share of exrErnal com-
mutes. Overall, this analysis suggesrc rhar high hous-
ing prices induce exrernal commuting by compelling
some workers ro live in anorher ciry.

Balance, Containment, and
Commuti.g

This secrion examines rhe satisrical relarionships
berween jobs-housing balance, self-conainmenr, and
characteristics of commute rrips in 1990. Analyses are
presenred for: (l) place of residence-rhat is, rhe com-
mure characrerisrics of rhe employed residenrs in rhe
23 cicies; and (2) place of emplo;,menr-rhar is, rhe
commure characrerisrics of rvorkers in the 23 cicies.
Commure dara include Journey-ro-work rimes, dis-
tances, and modal splirs. These dara were compiled
flrom rhe 1990 Census Transporrarion Planning pack-
age (CTPP) for rhe San Francisco-Oakland-San Jose
ClvlSA, Parr I (place of residence) and Part 2 (place
of rvork). Average scraightline commure disrances u,ere
esrimared for each of rhe 23 ciries, for u,ork rrips borh
by employed residenrs and by workers.e The average
commure VMT per employed residenr and per worker
of each ciry also were esrimared, by mergingcommure
disrance and modal occupancy dara.ro
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ROBERT CERVERO

o TABLE 5. Comparison of commuting characteristics among clesses of 8ay Arre cides, 1990

Comparison 1:
High-Job-Surplus Ciriesb
Other Cicies

4
18

Mean Worker
Commute Times

(Minutes)

26.5
23.8

(F = 3.04)r

Mean Ratio of
Commute

Times.

1.28
0.97

(F = 10.44)rr

Mean
Drive-Alone

Commutes (%)

78.3
74.3

(F= 1.11)

Mean
Commute VMT
Per Employee

8.4 r
7.90

(F : 1.02)

Comparison 2:
Job-Surplus Ciries.
Balanced Ciries'
Housing Surplus Cities.

7
11

3

26.1
24.1
23.1

(F = 1.92)

1.17
1.00
0.81

(F = 4.29)t.

77.1
75.0
72.7

(F: 0.e3)

8.32
7.94
7.87

(F : 0.e8)

Comparison 3:
Low lnternal Commutesd
Moderate lnternal Commutesd
High lnrernal Commuresd

12
7
4

25.4
24.0
23.8

(F = 0.7e)

1.07
1.00
0.98

(F = 0.83)

77.9
69.1
68.5

(F = 2.43),

8.43
7.61
6.55

(F: 6 17).-

a Mean commute time of workers divided by mean commule time of employed residencs
bJob-to-Employed Resident ratio exceeds 1.55: Palo Ako, Sanra Clara,Sunn1ruale, and Walnur Creek.
cJob-Surplus:J/ER > I.25; Balanced: 0.8 <J/ER - 1.25; Housing-surplus:.,/ER < 0.g0.
d Low lnternal Commutes: lndependence lndex ( 0.25; Moderate lnremal Commu[es:0.25 s lndependence lndex < 0.S0; High

lnternal Commure: lndependence lndex > 0.50.

Significant at 0.05 probabiliry level
Signi6cant at 0. 10 probabilrry level

O

o

cordrng ro levels o[ incernd commuring-low, me-
dium, or high. (See ables I and 2 for che ciries in
each class.)

Workers in high .1ob-surplus cicies averaged one-
w'ay commutes rhar were 2 minures and 40 seconds
longer chan rhose for rheir counrerparrs from ocher
Bay Area ciries.t' The biggesc difference u,as in rhe
average one-way commure rimes of rhose working in
job-surplus ciries versus rimes for rhose in housing-
surplus cities-a 3-minure differential. Cides wirh
high rates of exrernal commuring also averaged rela-
tively high worker rravel rimes, rhough rhis relarion-
ship was nor srarisrically signi6canr.

A useful way ro gain insighr inro rhe rehtiue com-
mute cimes of workers in a ciry is to compare rhem to
rhe commute rimes of employed residencs from the
same ciry. Table 5 reveals appreciable differences ac-
cording ro the levels of jobs-housing bdance. In rhe
hrgh .yob-surplus cicres, rvorkers averaged commures
rhar rvere 28 percenr lonqer rhan rhose of employed
rcsrdr'nts. For chc rcnrarnrn{ Bav Arra ciries, commute

lr.t(l()I)s \\'crt, on :tvcr.tqd iarrlr' .sgtrrlar for,,.r,orkcrs

and for employed residenrs. The able a.lso shows char
in bedroom communiries, residenrs commured nearly
20 percenr longer chan did workers.15

lVhile workers in job-surplus ciries relied more on
drive-alone commu(ing, differences u'ere no! large or
s taristically signi6canr. t5 The greares r differences rvere
according to levels of self-conrainmenc. Ciries wich
high rates of exrernal commuring (independence index
< 0.25) averaged well over three-quarters of workers
who solo-commured. In more setf-contained ciries,
workers were less inclined ro drive alone. pubtic rransir
commuting made up much of rhe difference. The cor-
relation berween rhe Independence Index and workers,
rransir modal splics was .55.

Combining srarisrics on commuring disrances and
occupancy levels (according ro mode) produced esri-
mares of commute VIV{T per employee, rhe lasr col-
umn in able 5. If rhere is any single indicaror rhar
reflecrs the regional mobilicy and envrronmencal lm-
plications ofjobs-housing mismacches. ic rs rhls srarrs-
trc. In general,.;ob-surplus crries averaged more
conrmrrrc vehrclc rrrrles pcr \r,rrrkcr. dritercrrces. lro.,,-

qr)l 
1

Number



ever, were nor srarisrically significant. The slighrly
higher VMT per worker was a product of sli[hrly
longer disnnce commures and slfhrly higher ,f,rr",
of lorv-occupancy vehicular rrave-l (e.g., ?rive-alone
commuting); however, rhere was a fair amounr of vari-
ation wirhin classes of ciries.

The largesr differences in VMT per worker were
according ro levels of self-contain-.nr. On any given
workday, ciries with Independence Indexes .rrrd"iO.ZS
(low inrernal commuring) averaged nearly rwo more
vehicle miles per worker (in one direcrion) rhan did
ciries wirh Indexes above 0.50 (high inrernal commur-
ing). Summed over all workers for some 300 work days
per year, this difference arnounrs ro over 800 million
more vehicle miles of commuting annually in these
nonconrained ciries as compared ro self-conrained
cities-r7

In sum, imbalances and nonconrainment did sig-
nificanrly affecr commuring in the Bay Area in 1990.
Ir was the workers of rhese imbalanced and noncon-
rained ciries rhar were mosr alfecred; employed resi-
dents of rhese places, in conrrasr, were largely
unaffecred. Longer durarions, higher auromobile de-
pendency, and more VMT per employee characterized
rhe commures of rvorkers in eirher job-surplus ciries
or ciries rvrrh high excernal commuring. In mosr cases,
thcsc cirres \{'ere one antl rhe same, since rhe mosr job-
rich cirres u,ere also rhe leasr self-conrarned. The implr-
carion oi these findings is rhar imporranr rransporra-
cion and envlronmenral benefirs could accrue fiom
addrng more housing in or near 1ob-rich ciries thar
marches the pre[erences oI u,orkers; achievrng a nu-
merical balance of .yobs and housine, in and of irself,
rs unlrkely ro yield manv dividends.

The Case of Pleasanton
The relarronships among employ,menr grorvrh,

jobs-housing balance, housing prices, and commucing
were examined furrher for one of rhe 23 large Bay Area
ciries, Pleasanron. As nored, Pleasanron srands our
among all oF the ciries srudied for irs rapid employ-
ment growrh durrng rhe 1980s-365 percenr, over
rhree rimes as fasr as rl're growrh rn any orher Bay Area
cicl'. I)leasantorr has been a maJor recipienr of of6ces
relocated our of dou'rrrorvn San Francisco and Oak-
Iand, a-s u,ell as ne\\, srar(-up companies. A signi6canr
sltarc of Plcasarrron's qrorlrlr ha-s rakcn placc irr rlre
Ilacrr'rrrla Rrrsrncss l'.rr k. e 860-.rcrc, nrastcr-plarrncd
cottt[rlt'r rvrt]r rri'r'r J rrullrort \clr.r;rr('tect r,I rtrrttrl rrst'
(tirt,11r'|1 lrrtLir,r:rrr.rrrilr ot-ljc.c) rir'rc1rr1.111111t.ln!l ()\'(,r
ll.t)l)l) r\qr1!., ;, \llt,,n\l.rll,,l tlt,. li.rr,\r.t,.1 crtt('\ \tu(l-
r,.i r\'tr'('\,: i',,.r'.r::t,,n it.r', nr,r.ir' tlr. {tC.lt(\t
. . l,:, rr.i ,,', .,,r::,,.i ::.,:rl .l iti(

HOUSING BALANCE REVISITED

dominanrly bedroom communiry in 1980 (J/ER rari
of .a! ro a fairly balanced communiry in 1990 (J/Ek
rario of 1.13). As nored, however, mosr new workers
have taken up residence ourside rhe city, which has
resulred in fairly low levels of self-conrainmenr; four
times as many people commuce in and our of rhe city
each day as within.

Pleasanton r{/as one of rhe nation's firsr cities to
enacr a trip reducrion ordinance in response ro wors-
ening tralEc congesrion (Cervero 1986b; Cervero and
Griesenbeck 1988). Pleasanron is also unique for hav-
ing some of rhe richesr rimes series dara on commur-
ing parrerns of rhe workforce found anywhere, having
conducted annrr:l surveys since 1984 as parr of rhi
ciry's tralfic managemenr program. The 1993 survey
used in this analysis, for insrance, provided derailed
dara on travel and place of residence for 14,804 work-
ers, in companies with l0 or more employees, repre-
senting 7l percent of rhe ciry's workforce.

Trends in Residential Locarion and Journey-
to-Work

The trend roward exrernal commuring among
Pleasanron's workforce is illusrrared by rhe desire line
maps shown in Maps 2 and 3. Changes in parrerns and
volumes oI work rrips to Pleasa.nron revea] a grearly
e.rpanded commure shed from 1985 ro 1993. lr{osr no
table w,as rhe growrh in reverse commures from rhe
\I/esr Bay, (San Francisco and norrhern San lr{areo
Counry) co Pleasanton, as u,ell as a rnplinq of com-
mutes ro and from California's cenrral ,,,aller, (rhe far-
chesr easr origins).

The expansion of Pleasanron's commure shed in-
creased the average worker commure discance, as
shor.r'n in figure 3 for rhe 1987-1993 period '8 The
share of workers commuring under 5 miles fell bv 9
percencage points over rhis six-year period, marched
by a7 percenrage poinrs increase in rhe share commur-
ing over 16 miles. The average commure disrance for
Pleasanton's workforce was 18.8 miles in 1993, consid-
erably above rhe Bay Area's average of 14.4 miles
(RIDES,Inc. 1994).

Pleasanron's Jobs-Housing Balance Dilemma
In many ways, Pleasanron is a classic case of the

dilemma posed by using rarios of lobs ro housrng
units to evaluate balance. Alrhorrqh ir evolved rnro one
of tlrc Bay Arca's mosr balanct'.1 conrnrunrtrr's drrrrnq
rhc I9tt0s, nrcrsr u'orkcrs lrve el..'rvlrcrc arrcl n)(r\t r('\r-
.Jctrrs rlork clscrvhcrc. -l-htrs. rllrrlc ltrtrs 1qr c.r ttttrtc
rlt.ut tttottqlr tt, n:ltclr rlr,' rrrunl'. r 1rf'1'111pi1,1r'.i t r''t'
.lett(t. n)()s( (tl tltt' tt.'rr \\r,ikr'i: .lt.i :r.,t lJi( tl[r
Ir'',lrit't)fr' ttt l'le.ts.trtl,,rr .ri i,.r' : : .\.t:: 1 , ..r I :rt''
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time residenrs already occupied rhe exisring housing
stock. According ro 1990 journey-ro-work statisrics,35
percenr of Pleasanron's employed residenrs worked in
San Francisco, rhe Sihcon Valley, or the dense
Oakland-Fremonr corridor paralleling Inrersrare
880.re Thus, as new jobs rvere created, most new work-
ers found rhar Pleasanron's housing was already occu-
pied by cradrrional suburban households whose
workers commured co downrown jobs. The housing
unirs added were too feu, to accommodate many new
workers. Whrle Pleasanron's workforce grew from
7,161 rn 1980 ro 33,325 in 1990, or 365 percenr, hous-
ing increased from I1,55S ro 19,356 unirs, or only 66
Percent, over thar decade.

Mosr of rhe blame for rhe lag in housing produc-
rion can be placed on growrh moraroria rather chan
marker inerrra. Since rhe mid-1970s, pleasanron has
limited rhe number of residenrial burlding permits is-
sued and new sewer hook-ups allowed each year, be-
cause of lrmrred infrasrrucrure capaciry and a cirizen
backla.sh againsr grorvrh. Such prorectionisr acrions
have become common in manv fasr-grou,ing Califor-
nia cirrt's rn rhe u,ake of l)ropositron 13, California's
landmark 1978 Iarr tlrar rcsrrrcred rhe abiliry of locat
to\ ct |lntrr)rs rc) t.;1tsr. pro[)ct.r!. t&\ r3rc,s (Fulron lgg l).
ln tlrc llrc l9tj0s. tlre devclopers ofllacrenda Ilusirres.s
I'atk rr ('! r' lrru.rll\' P1"6|111r111'i frorn Lrurldrng over
2,(){){) ir,ru'rrrt unrr\. rrr, luJurq rrrtriierarelv dense
.ll,.lr rlrrt.r(\ i lr.)r lr.r,l l,cL.rr l.llrrnt,.i tilr thcrr 860-acrc
l\trr1,,';rr i...,lrr\(. \\:,r NI),lli\..,r1 1,, :,'r,,lr

There is some anecdoal evidence rhat rhe new
housing rhar was builr was nor wirhin reach of the
earnings of many Pleasanron'*'orkers. In 1990, 69 per
cenc of Pleasanton's work force had jobs in clerical,
daca processing, sales, services, Iabor, and other non-
professronal/nonmanagerial fields. Many were back-
office workers relocared ro branch offices during rhe
1980s. According ro rhe 1990 census, rhe median an-
nual earnings for Pleasanron s,orkers was $33,033,
wrrh a fa.ir amounr of variarion around rhis average
(srandard deviarion = $29,5 l5).20 Pleasanron's hous-
ing srock, ho'*'ever, is among che mosr expensive in rhe
Bay Area suburbs. The average single-family home rn
Pleasanron was worrh $295,100 in 1990, compared ro
a median value o[ $225,300 for Alameda Counry and
$250,100 for rhe nrne-counry Bay Area.2r Assuming a
l0 percenr down paymenr and a fixed 30-year loan ar
9 percenr, ro purchase rhe rypicd Pleasanron home
would require an alnual household income of $73,S50
(assuming 35 percenr of gross income goes rorvards
mortgage paymenrs), more rhan ru,ice rhe earnings of
the average worker.22

Influences of Housing Supply and
Price on Residendal Location

To ftrrrhcr r'rP]1r1s tltc st'nstrr,, rrv of r]rc l)lr'as.trl'
ton rvr'rrkl,rrct ttr lrtru:::rq i\l racs ,rn.i supplr.. ,r qr;rvlt','
rnodcl \r',1s ('\rln1.lr,.i rtrr:tr1 r(\Lnt)r.\ :rr rttlrk.l.tr.t l:.'::t
['lC.is.rrri,rlt i l'r'ti r.l:il'r rr.,.t. il..:r\:\,,rt.ttr(\i) \rir\r'r
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O'ii,: ffi. I :J: i[: : I, Ji;: :T 1:T,TJ;: : ix],i:: ::rtt .p) as a funcrio., oirhree variables: number ofhousing unirs in.ciry i; median single-family homeprice in ciry i; arrd sriaighrtine disran-cc from ciry i roPleasanron. The nrodel ias of rhe form:

. T,, = k * lHu,sr * Hporl*"^p(_ 0D,,)*u,, (l)where:

rvorkers were more sensirive ro housrng prices rhan ro
lrorrsing supply u,hen choosing residc-niial locariorrs.
This is consisrenr wirh rhe finding of Levernier and
Cushing (1994), who found thar f,ousing prices arrd
qualiry are rhe mosr imporranr dererminanrs of rcsi-
denrial disrriburion in urbanized parrs of the U.S. Al-
though rable 5 is an incomplere model in thar orher
factors, like qualiry of schLols and neighborhoods,
conrribute ro residenrial location choices (euigley and
Weinberg 1977; Clark and Burt l9g0; Giuliino and
Small 1993), rhe relarive goodness-of-6r of rhe model
(R2. = .836) suggesrs rhac single-family home prices
and housing availabiliry *ere irrong dererminanrs of
where Pleasanron's workers took upiesidence over rhe
past decade. Moreover, rhe model Lxplained 7 percent
more of the variarion in commure irip inrerihanges
rhan did a basic single-desrinarion graviry model is-ing only popularion size of ciry i and straighrline
rravel distance ro Pleasanron as predicrors.2i

Conclusion
- Changes in rarios ofjobs ro employed residenrs in

the Bay Area during rhe 1980s suggesr'a general rrend
toward balance, lending some credibilirv ro rhe co-
locarion-hyporhesis. However, rhis *,as primarily ar_
triburable ro jobs moving ro labor markers_rhar is,
dormirory suburban communicies atrracring more
businesses and indusrries as thev marured. In con-
trasr, imba.lances generally' u,orsened in job-surplus
:l:i:: Tfis rvas especially so in rhe Srlicon Vailey
While jobs followed labor markers, housing capiral
generally did nor follorv jobs. A consequence is rhar
u'orkers in job-surplus ciries a!,erage longer durarion
commures, more VMT per person, and higher rares of
solo commuring. These ourcomes. I conclude, are

T|,

HU
HP.
D,

ln(HP,)
ln(HU,)
D
Constant

u

: Daily_one-\vay commure rrips from ciry i
ro j (Pleasanron)

= Housing unirs in city i
= Mcdian single-family home price in cirv i: Srraighcline disrance from ciry i ro j

(Pleasanton)
= Random discurbance rerm for rhe i_j

inrerchange: Constantk
B, , Br, 0 : Paramerers, empirically esrimared
Thus a single-desrinarion gravity model was es_rimared, wirh rhe impedan"ce "ff".r. of d.isranceexpressed in a. negarive exponenrial, or entropy-maximizing (Wilson lgGZ), form.r, In aII, 63 ciry_i_ro-Pleasanron commure interchanges were avarlable for
rhe analysis.r. All housing dara w"ere obrained from rhe1990 U.S. census, Summlry Tape File 3.4. The model

O *r,ijiiT#d;:T, ttfi"'*"'""' r"rmari ons an d

Table 5 shorvs rhar pleasanron,s workforce u,ashighly sensicive ro b.o.rh housing prices and supplies inchoosing residenriar locarions. ii," mod"r shows rhar,controlling for housing supply and disrance fromPleasanron, rvorkers generally'avoided living in cirieswich high housing p.i..r. In rhar rhe esrrmared coef-ficienrs ..p."t".,r-.ia-srrciries. we see rhar preasanron

TABLE 5' Graviry model for predicting residentiar rocarions of preasanton

Dependent Voriable: fij = Daily one-way commute trips from city i to j (pleasanton)

Coefficient
Standard

Error

workers, 1993

0.243
0.092
0.01 r

3.272

Significance

-0.77 5
0.721

-0.1 23
9.611

002
000
000
005

Where.
HP = medran singls-f3rnlly home price rn crry rHU = number of ho

_D = Sirarqrr;r n.. o ;,'"::"';::':il1'1" j (preasanron)

I =.1-".':..:,'"::;'"'I 
r.r, F €,00, ,.,0 : o,,o

r' , l. f i, ,, ,\.i,,1.,,, 1 e;t I tri,,,15r6tori frJns.r(rri:ll,i).t S!1...t\

t:



more of a planning failure rhan a market failure. Nora-
bly, many well-to-do, job-surplus communiries have
resrricred housing growrh foi eirher fiscal or exclu_
sionary reasons. In rhe absence of regional or srare
pressures or incentives, many commun]des have been
unwilling ro plan for and accommodace new housing,
especially affordable units, where they are mosr
needed. Efforts at the_sare level ro legisiare housing
production, such as.New Jerse/s affoidable housini
mandares, have ro dare been mosdy unsuccessful ii
bringing affordable housing ,o "r.* wirh large cm-
ploymenr concenrrarions (Olenik and Cheng til+1.
- Even if jobs-housing balance is attained-, *herher

through governmenr Eat or market forces, this re-
search shows thar ir does nor guar:rntee self_
6epreinslgnr or reduced exrernal commuring. While
most Bay Area ciries saw inrernal commures lrr...rr.,
proporrionally, during rhe 1980s, rhere was lirtle cor-
relarion berween balance and self-conrainment. Sev_
eral communiries were nearly perfecrly balanced, yer
fewer rhan a rhird of rheir workers resided locally,-and
even smaller shares of rheir residenr worked locally.
As a srricr public policy r:rger, jobs-housing balance is
problemaric, in rhat balance irself ofren has lirrle bear-
ing on commuring or, by exrension, on air qualiry.
More relevant ro rhe reducrion of commuri"g a".i_
rions and VIVT are adding more housing in 6r near
job-surplus ciries and reducing rares of exrernal com-
muting, in parr rhrough rhe producrion of housing
appropriare ro rhe earnings sld r:ssg preferences o?
w,orkers.

This research suggesrs rhar qualicarive mis-
marches, such as bet*,een worker earnings and hous-
ing prrces, are more of a barrier ro balanced growrh
rhan are quanrirarive mismarches. Resrricred housing
producrion-, especia-lly i n flas r-growi ng ci ries, invariabl!
drives up housing prices, displacing workers (polla-
kowski and Wachrer 1990). Thar seems ro be whar hap-
pened in Pleasanton, rhe Bay Area ciry wirh rhe
fasresr-growing employmenr, rvhere lags in housing
producrion have been marched by sreadily increasing
average commure disrances. The blame for pleasan-
ton's housing deEcrr cannor be placed on rhe private
sector. As nored, in rhe lare 1980s rhe developers of
Hacienda Business Park, Pleasanron's largesr employ-
ment cenrer, soughr co burld sonr(. rwo rlrousand con-
donrinium and apartmenr unlts ()n slrc, *'irh rhe ainr
,rf markering rhenr ro Hacrencll's enrplovces Srrr-
rr,trtrlrrrs, Hacrcltda Ilrrsrrrcss I,lr k alc a nurrrbcr rrl-
cstri.lrslttd, sirrqlc-terrrr lr nr'rqlr lr,,rlr.','ds r,r'111rs1. J-q'i.
!'i(':ll\ rtl',etrtcrrtl., rrp1r,'s...1 lt.t',r:t.1 tt),r1.1g1.1 ('-(lcl.t\1\
irrrttr:rt{ rrrer [rr ljt'..lr.r.,L ,rt- N I \1 l1'r' ,r1.1.1r.,11,,,rr l)lc.r.
.::.:,,;r'. (-tl\ \',rl:l;,:i ,i,.:,:,,i :tt, :,.(ilti'.,i lr, -,rl.r,:l
ii.,.r.itri.i lt('lt).i lrr.l\,:r .,:' , r:1 i,, rllr!.,.,i ii,,

suburban complex wirh plenriful live-work oppc
ntttes.

- .If t: consequences of communiries zoning our af-fordable hou-sing are rreared-as a-negarive "rt.-"Iiry_namely, rhe displacemenr of local workers, *ho end'up
commuring more r-hal they would have preferrej,
then a limired ser of policy remedies mighr be considj
ered. One is ra:<-base sharing, in which iob_surolus
cities share their local a:< receipts wirh rhe bedriom
communiries thar end up housing rheir workers (Cerv_
ero 1989; Downs 1994).In rheory rhis would remove
rhe incenrive to zone our aparrmenr and orher low_
rax-yielding/high-service-demanding acrivicies. Ore_
gon recenrly signed inro law a bill for local properry
tax abatement thar seeks to .,stimulate rhe ctnsrruc-
rion of mulriple-unir housing in the core areas of Ore-
gon's urban cenrers ro improve rhe balance berween
the residential and commercial narure of those areas,
and to ensure full-rime use of rhe areas as places *here
cirizens of rhe communiry have an opporruniry ro live
as well as work."16 Iniriarives like eiirarerrirorial rax
sharing and rax abaremenrs generally require rhe pas_
sage of stare enabling legislarion, ,o-.rhi.,g of *hich
few scares other rhan Minnesora and Oregon seem ca_
pable. Two o-rher oprions, fa.ir share housi"g programs
and regional conrrol of land uses, are apr ro recei,,^
even less poliricd supporr. Gerring municipaliries
"rhink regionally and acr localllr, rematns a huge ob-
sracle. Downs (1992, 106) is skeprica.l: ,,Expeiience
proves rhar 'narural' forces rvill not appropriarely
march local housing prices ro rhe wage lerlls oilocally
employed workers wirhin each subregion, because lo-
cal governmenr policies raise housing prices in many
communiries. The policies necessary ro o,".ercome such
local _regularory barriers ro aJTordable housing are
complex and drfficulr ro ger adopred and ro im-
plemenr."

NG

Economists argue thar rhe preferred way ro cor-
recr the negarive consequences of imbalances or non-
conainment is ro price transporration closer to true
marginal social cosrs. Congesrion rolls and mandarory
parking fees, rhey argue, would probably eliminare rhe
need for public poLcies Lke rax abacemenrs and cax-
sharing; faced wirh much highc.r rravel coscs, Ameri-
cans would move closer ro rherr lobs ro economize on
commucing. Horvever, in a plrrralrsric, democraric soci-
ery [rke ours, true marker pnclnq nrav bt, even nrore
unarrainable rhan are puLrlrc rnrcr\rcnil()ns rhar rarqcr
lrousing producrron Stl f .rr. t irr irnlr. [.laccs ,n i1.,.
rvorltl rvirh even a cur.sorv lorr:r t,f roarJ prrclnf 3re er-
rlrcr crr\'-stires rrrlc.l [.r ]r,'.r,.,,.lr.rn..lc.l !cntrJlrzccl
[rlatr n r rrq ( Sr rrqafrlrr('1 ()r 5l\.lr . 1ir i..,P11 t,1 1,',1 lr,.rrto.{c.
r1('()r.r\ a()ur1tilc\ (Ntrr rr.t,,) ,'.1.r:: lI \t .r.-ir. r lt-)()s I (.

.ts.lt.t:rrtt.lrt ,rl.'t l:.rrt.1r.,ir.ir:. !'.'',.r: L l:, .t:.1 ( ,'r':l
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o !nrtrT:lfHT[:fu":::rT,rH$j:iI can rhink of fe: inreresr groups tharLould *itiingtyand vigorously 6ghr for r-he .orr..p,. . . .,, In rhe ab-
sence of rrue marker-rate pricing oi ,.".rrporr",iorr, twould conrend.rhar publii inteienrion, io p.ornor"and.rarger housing producrion ar leasr deserve consid-eration as second-besr alternatives.

In earlier anSl/_ses ofjobs_housing imbalances andmobility, I concluded blcalling for iarious planninginiriarives thar in. many instan-ces are p".h"ps .no.!far-reaching rhan is necessary. For a majoriry'of ciriesin the San Francisco Bay Area, marke. for.., *o.k.J
ro_ward grearer balance in the l9g0s; only in rh" .r..
o.f job-surplus, rypically well_ro_do communiries did
rhe gqp berween employment and housing producrion
significanrly widen. And only in rhese cirLi did work_
ers average longer duration commures and more VMT
per person. These.6ndings argue againsr any universal
srandard for jobs-housing balance.'Rarher, ioli.i.s i*regional growrh managemenr rhar are deemed appro-
priate should be applied selecrively and judiciousii.

Crirics have generally mischaracreriied rhe detare
over jobs-housing balance. Jobs-housing ba_lance is
abour breaking down rhe bariiers so residinrial mobil-o i'l;J1:ilTi,1:il8 ;ffi'":::,u'llff r: ;:T;::a

ne problem lies u.irh job-rich communiries excluding
caregories of housing for 6scal and parochi"l ...ro.rr]ro che derrimenr of rheir region "i 1".g.. when dejvelopers are prevenred from- building "hor'rring .,.".
employmenr cencers rhar is rargered ar rhe local rvork_
force, as recenrly happened in*pleasanron, Californiaand Hunr Valley, Maryland, there .re, I believe,
grounds for some degree of policy inrervenrion_ro
correcr planning, nor marker, iailuie.
- Many job-rich communiries rhar had courred of_
6ce and indusrrial developmenr, bur in recenr rimes
have shunned housing, arl beginning ro feel rhe eco-
nomic 

-repercussi ons. Su bu rban areas'*r rh th e s trong_
esr real esrare markers roday are rhose rhar hare she?rheir characrer as exclusively corporate cenrers or bed-room communities, and insread have become morebalanced and diverse. Urban cenrers wirh vibrant
mixed-use cores, like Resron and Ballston, Virginia, for
insrance, have wearhered rhe economic dowirurn ofrhe 1990s berrer rhan have major commercial and of-fice cenrers, like nearby tysons Corner, rhar require
workers and shoppers ro dirve cheir cars on congesred
roads ro rcaclr rhem. In man1, parrs of rh* .o"rnrrr,,

a :: I p.Il:' i: : 
o, 

1,Tl :t : ; l; ; lT :,,,T1j,|,,,i::,T.ii:: l:

rricrs where housing is more plenriful and suiced rorhe lifesryle preferences of rheir *orkforces ii","-berger 1993, 1995; Lockwood 1995). IngrearerChicago,
new employmenr growrh has generJly leapf.offi
over rhe suburban employmenr hubs "f in. rgsorl[k.
Schaumburg a-nd Oak Brook, in favor of ourlying Jis-tricrs, like Hoffman Esares (home ro Sears,..*-_".-
chandising. headquarters), where housing is plenriful
and affordable. A similar srory can be- roli abour
grearer Dallas, where-most recen! job growth has oc_
curred on rhe rura-l fringes near planri, well beyond
the 1980 edge ciry boom areas of rhe Sremmens Free-
wey aree and Las Colinas. In general, businesses will
go where the labor force goes. Sooner or larer, a lackof housing For local workers will rranslare into higher
of6ce and commercial vacancy rares, and economic de-
cline.

housing imbalance is fi:ndamenally one of barriers ro
rhe_ producrion of suirable housing in job-rich ciries
and. subregions. Ove.r rime, inade{uare housing canlead ro economic decline and exacerbare reglonal
rransporradon and environmenral problemr. ih,rr,
one of rhe m-any policy challenges ,o pl*.,.., in com-
ing years will be ro break do*n do*r, barriers ro resi-
denrial mobility, such as NIMBY resiscance, large_lor
zoning, and orher exclusionary policies. Elimiriaring
fricrions ro residentia.l mobiliry and rhe flolr, of hous_ing ,capial is likely ro produce a *,ell-funccroning
markerplace rhar providei sufficienr housing and corl
porare locational choices, obviacing 

".,1, 
n..d for rc_

gional iniriarives ro balance jobs arrd housing.

AUTHOR'S NOTE
Kang-Li Wu capably provided research assisrance on rhis
proJecc. Chuck Purvis of rhe Merropoliran Transporurion
Commission and Cail Gilpin from che ciry of pleasanron as-
sisred me in gathering some of che data used in chis research.
I done, however, am responsible for rhe *,ork presenced.

NOTES

2

This rheory holds that transportarion technologies and
locariond decisions adjust to maincain a fa.irly consranr
arnount of cime devored ro travel, which accord.ing to
Grubler (1990) is in rhe range of I co 1.5 hours p.rl"y.
He nores chat rhis time budger has remained .,close roan anthropologic:l consc:nc,, since ancienr Rome.
Hupkes (1982) calls rhis rhe ',Lau. of Conscanr Tra.,,cl
Time."
One faccor behind lengrhcning journevs.ro-g.ork coul,l
be rhe accelerated enrr1, o[ *,omcn rnro rhe rvt,rk l,rrcr.
during rhc 1980s. Thc averaqe ilarlr rravcl tlisr.rrrct,.. trf
s'otl)en incrcased slrerl.lv lit,rn lggi 1,r l.r,rr ) lj,rr.t:.kr
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JOBS.HOUSTNG BALANCE

19922), which suggesrs that cheir vasr influx into rhe la-
bor force has probably had a srrong influcnce on mear
commuring rimes. However, because womcn avcrage
shorrer commutes, work rrips appear ro havc length-
cned rclarively more for men bcrwccn 1983 and 1990
rhan did thc national avcrage.

3. Exernal commuring also rosc sherply during rhe 1980s.
Americans'commures ro workplaces ouside rhcir mer-
ropolican are-c of rcsidcnce rose by 3.S million trips
during thc 1980s, from 5.4 pcrccnt ro 7.6 pcrccnr ofall
commurc rrips (Pisarski 1992b).

4. Mcan commuring cimcs fcll only in merropolian Ncw
York, Ncw Orleans, Salr Lake Ciry and Pimsburgh. In
New York, avcragc commurc rimcs fcll from 33.7 mi-
nutcs in 1980 to 3l.l minurcs in 1990, e drop of ncarly
8 pcrccnr, by far thc biggcst dcdinc nadonally.

5. Thc qpical onc-way commure disance, around I I miles
nationwide in 1990 (Hu and Young 1992) and La.a
miles in 1993 for rhe San Francisco Bay Area (RIDES,
Inc. 1994), could be viewed as rhe appropriare radius of
a commure shed for srudying jobs-housing balance.
This, after all, is a radius whose arca should, in rheory,
have equal coun6 of jobs and employed residena. The
rfpi.rl commure shed around largc cmploymenr cencers
hes also been suggesced as a sparid conlcxr for srudying
jobs-housing balance (Cervero 1985a).

6. Computed from the 1990 U.S. Census, Summary Tape
File 3A. Only land:ueas are included in rhis calcularion;
water areas within the boundaries of ciries are e:cluded.

7. l/ER ratios, in and of rhemselves, are nor satisfacrory
measures of balance in a correlarion analysis, since borh
very low and very high values indicate imbalance. Since
a J/ER rario of I signifies balance, e more appropriare
measure is to gauge by how muchJ/ER rarios vary from
one in absolure terms (regardless of sign).

8 In 1990, rhe median single-family house va.lue was
$435,000 ir Pdo Alto and $388,000 in Sunnyvale. Thrs
compares ro a median value of $250,100 for the enrire
San Francisco-Oakland-San Jose Consolidared Mecro-
politan Scatistical Area. (Source: 1990 U.S. Census Pop-
ularion and Housing Dara, Summary Tape File 3A.)

9. For each city, average commute discances for employed
residenrs were esrimared as the sum of srraightline dis-
tances from rhe cenrer of the ciry to the centroid of all
tralEc analysis zones (TAZs) for which employed-
residenrs made a commure trip, divided by the toral
commure rrips by these employed residents. (The Bay
Area has 1,099 TAZs wirhin the 9-counry region; conver-
sron rables were used ro translare these to census rract
geographies.) Average commute distances for workers
were simrlarly esrimated, using data frorn rhe CTPP
Parr 2.

l0 [:or eaclr oflgrn-dL'silnarron (O'D) pair, commure VNIT
[.er rvorkcr u,es calculared by drvrdrng the number o[
u'orkcrs rravrlrnq rrr each rnode by an assumed averJ(c
(raarrl).rr)(\ ,rf r lr.rt rrrodc, rltcn multiplyrnq thts valttc l,r
(ltc.r..-r.r{.'srr.rrqlrrlrttc drsrance [or rhe petr, and sttnl'
n):n\'r)\r'; .rli nr()(l.ll c.1lt't()ltcs J-ltts Valttt r..rs tll,'tt.t.

cumulared over all O-D pairs and divided Uy ,1,. ,-.f
number of O-D pairs, ro derive an estimare. the r l-
cacegories (and assumed occupancy of each mode) r*"re:
drive-alonc (l pcrson), carpool (1.5 persons), vanpool (3
to l0 persons depcnding on census coding), bus-transir
(35 persons), and rail rransir (subway or commurer rail_
400 pcrsons). Thesc occupancy averages were based on
cmpirical avcra-ges from the San Francisco region, using
primar), dara from RIDES, Inc. (199a). For rhc mas!
traruit modes used for any O-D pair, any fracdon of rhe
number of workers comrnuring by rransit divided by the
assumcd occupancy level was rounded up one digit.
This approach soughc ro escimacc the number of moror-
izcd vehidcs involved in the commutc of cach O-D pair,
as a basis for csrimaring commure VMT per worker.

11. Similar associatioru were found bcrween rhe Indepen-
dence Indcx and walking (.a00) and driving (-.4d3)
modal splirs.

12. These high-job-surplus ciries also tended co have low
rates of internal commuring, as shown in table 2. For
rhis 6rsc comparison, San Francisco is omirred as an
outlier daca case, because, despite having a relarively
high J/ER (1.48), ir had by far rhe highesr rare of inrer-
nal commuting in 1990 (Independence Index = 1.23).

13. In addition to San Francisco, Santa Rosa was omitced es
an outlier dara case for this comparison, since ir also
had a high rate of inrernal commuring in 1990 (lnde-
pendence Index = 0.74), despite being a job-surplus
o/ER = t.27).

14. The correlation between J/ER and commute cim

arro

0.345. Also, ANOVA comparisons of commutrng tr,..cs
were made between these four high-job-surplus ciries
and a more limited set of "other" ciries rhat were
matched in terms of numbers of emploved resrdenrs
and numbers of workers. This more limired set con-
sisred ofseven "orher ciries" (Berkeley, Sanra Rosa, Hay-
ward, Mounain View, San Mareo, Concord, and
Fremont) that, just like rhe high .1ob-surplus cities, had
between 30,000 and 70,000 employed residents and be-
rween 48,000 and 110,000 workers in 1990. Thus, these
matches effecrively controiled for scale influences. The
ANOVA results were comparable.

15. Similar patterns were found berween classes o[ cities
and commuting disrances; however, relarionships were
weaker and staristically insigniEcant. This could be
partly because of the use of straightline distances. In
thar job-surplus ciries had relatively hrgher commuring
times than distances as compared to orher crrres, ir fol-
lows that their workers averaged slower conrtnuttng
speeds, possrbly because of more locahzed congestion'
This suggesrs that job surpluses tnduce hrqh rates ofex'
ternal commuring by aurclmobtle, conrrtbttrlrrg (L) colt'
gesrion on ntajor roads lt'.rdrtrE ro etnplot ttlcrlt srtcs

l6 ih" ,,rong.'st correlalt..tt [.ttrr c.'tr | [:li .rrr.l rrrtrd'ti
splrrs u'as for carF.oolrtrS - ll 'flltl. ).'lr':t:ri'ltrs ctrtc'

[:::jr:;..,,r.. 
rt'l.rrtrelr l,,ir t.trt. \'|: "\ \rlcr' "11'O

l- I-lttr.' ll rttrtt.,';'ll.irll(.: ''.\ :i ' : " :':r'
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o

dexes ( O.2S) had 692,200 workers in 1990. If rhese
workers avcraged a commure VIVT pcr employee compa-rable ro rhar for their counrerpairs in self-conrained
ciries (wirh Independence Indeies > O.SO), rhen rhe1,would reduce rheir annual commure Vl\,tT by: (592,200
workers) x (2 one-way work rrips per day) 

'x (Z fewer
Vlv{T per worker per day) x (3O0work days per ycar) =
830,540,000 vehicle miles.

18. Esrimates of commure distances are based on informa-
rion provided by workers as ro rheir zip code of resi-
dcnce. Srraighcline disrances are used.

19. Silicon Vdley cirics includc San Jose, Sante Clara, Sun-nyvde, PaJo Alto, Mounain Vicw, and Miipiras.
Oakland-Fremonc cicies include Alameda, Hayward, San
Leandrq San Lorenzo, and Union City. (Sourcc, iggO
U.S. Census Transporcarion planning'package, para I
and II, San Francisco-Oakland-San josc Consolidated
Mccropolican Starisrical Area.)

20. Source: 1990 U.S. Census Transporarion planning
Package, Parr II, San Francisco-Oalland-San Jose ConI
solidaced Merropoliran Scatiscical Area.

21. Source: 1990 U.S. Census popularion and Housing
Dara, Summary Tape File 3A.

22. The monrhly morrgage for che med.ian single-family
home, a! rhese cerms, would be $2,145. ass,ri-ring rhai
35 percenr of gross earnings go roward principal,Incer-
esr, tar(es, and insurance, rhis would require 

-$d,tgO 
ir,

monrh.ly e-arnings, or $73,550 per yea.r. Tiis 6gure does
not include addirional .orrs .ssoci"red wirh h-o-e pur_
chases, such as brokerage and originarion fees, Ld
Ioan poincs.

--. Scra.ighrline disrances were measured from the cenrroid
of each ciry ro rhe cencroid of pleasanron, using rhe
TransCAD GIS package.

24. Cicy-ro-cicy inrerchanges wirh fewer rharr 6ve commure
crips were deleced as sraristical ourliers.

25. The esrimaced basic model *rs, t,, = l.l2g*(popula-
- rion,o'er)'exp(-0. 12D,,), wirh an R, : 0.755.

25. House Bill 3133, G8rh Oregon Legislarive Assembly.
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Introduction O
The traditional concept of the city as the primary location for work, shopping and

entertainment and the suburb functioning principally as a place of residence is obsolete.

What were formally known as quiet bedroom communities located at the fringe of

metropolitan areas have become, in many cases. economically independent peripheral

cities that offer the range of services and employment opportunities that were once only

available in central cities. The changing functions and spatial character of central cities

and their suburbs have engendered new metropolitan forms, transforming what were

traditionally monocentric cities into multi-centered regions.

Multi-centered regions provide many different places for people to live and work.

In the past, a majority of people lived in the suburbs and commuted into the city during

the week. Rush hour traffic going into San Francisco in the mornings would take hours

from the emerging suburbs dorvn the southern peninsula. Today, the traffic -eoing in the

opposite direction. dor.,,'n the peninsula tiom San Francisco. is equally congested due to

the qrorvth ot'technologl'businesses in Silicon Va[lev - an area that once cortsisted ot'

quiet bedroonr conlmunities.

Over the past t-erv decades, regional goverrlulents have considered reducing tratlic

congestion and improving quality of life through a strategy termed 'jobs/housing

balance". In essence, this strategy aims to balance the number ofjobs and the number of

housing units in a geographicalarea. The underlying notion is that if an area has the sante

number ofjobs and housing units. daily commutes and air pollution will decrease. and

quality of life for people will increase. Intuitively. balancing jobs and housing makes

sense - wouldn't it be great if everyone lived rvithin rvalking distance of their rvork?

However. as rnany researchers have argued. balancing jobs and housing in a specific area

does not guarantee less traffic congestion. Factors such as dual rvage earner families,

frequent job turnover, and housing preference rnake it difficult foreveryone to live and

u'ork iu the same place.

Nererthelc'ss. Portland's regional sovenurcrlt "Metro" is cotrsidering r-rsing this

strateg_\ tt> rluantil'v subregional demand rvitlrin thc urban gro\\'th boundarl'. This ttteatts
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that Metro may expand the urban growth boundary in areas where subregions need more

land to achieve a balance ofjobs and housing. Those in favor of this strategy argue that

subregions rich in jobs or rich in housing would have more complete communities if land

were added to provide more housing or jobs. Opponents argue that using the jobs/housing

balance strategy is simply an excuse to open up the urban growth boundary for large lot

single family housing.

This paper argues that Metro should not expand the urban growth boundary based

on the jobs/housing balance criterion. Past efforts to achieve a jobsArousing balance in

the Bay Area and the San Diego region coupled rvith existing literature on this strategy

support the argument that balancing jobs and housing in any geographic area does not

mean that people will live closer to work. Both the San Diego Association of
Governments (SANDAG) and the Association of Bay Area Governments (ABAG) have

attempted to balance jobs and housing in their respective regions. Initial efforts in the

early 90s 
"vere 

either met with political opposition or were abandoned based on rveak

evidence that balancing jobs and housing would not result in less traffic congestion.

1-oday. both regional governments have srvitched gears and are implernenting other *,avs

to reduce traffic congestion. Local and regional plans still strive tbr a'Jobs/housing

balance" but the terrrr is used loosely and is not tied to specific strategies such as creatiltg

ratios for geographic areas.

Structure of Paper

The introductory section of this paper has touched on one of the tactors leading to

an imbalance ofjobs and housing units in an area - the inherent dynamics of rnetropolitan

growth. The next section further e.xplores factors that can contribute to.iobs and housing

itnbalances. The section also reviews the literature that supports and criticizes the

.iobs/housing balance strategy as an eflfective ,uvay to reduce traftlc congestion. The third

sectiotl exatnines ABAG and SANDAG efforts to balarrce iobs and housing and the

outconte of these ef-torts. Finallr'. this paper applies tlre.iobs/housins balarrce literature



and the experiences from the Bay Area and San Diego region to the "subregional needs"

approach to growth management under consideration in the Portland Metropolitan area.

Existing Literature on Balancing Jobs and Housing

Over the past two decades, researchers have studied the jobsihousing balance

approach for different reasons. Most often, the notion of balancing jobs and housing is

discussed as a strategy to reduce traffic congestion and related environmental problems.

It is also used to alleviate the ill effects of what is termed "spatial mismatch" - rvhen

prices or other characteristics make housin! in the area unsuitable (either too cheap or too

expensive) for the rvorkers rvho hold jobs there (Giuliano. Small, 1993). Many

researchers argue that a jobs and housing imbalance exists because of spatial misrrratch.

Recently. the jobs/housing balance strategy has been linked rvith the popular idea of

creating livable communities

The 1980's saw a greater increase in the vehicles nriles traveled than in the

increase of population. w'orkers or number of vehicles. rvhich stintulated the discussiort ol

jobs/housing balance. The literature on jobs/housing balance as a rneans to reduce trattrc

congestion is extensive and consists of nrany opinions. Robert Cervero. a researclter who

has follorved the jobs/housing balance in the Bal, Area tbr the past two decades, has

rvritten sel'eral articles that illustrate the connection between this strategl' and traftic

congestion. tn 1989. he developed a model to sinrulate the relationship betrveen the jobs-

housing ratio and regional mobility. In a Bay Area study, he discovered that in areas r,r'ith

more jobs than housing units, the number of walking and cycling trips falls. Even though

this relationship is not very strong, he does conclude that one of the effects ofjobs

housing imbalance is an increase in motorized transportation.

In the sante study. he ran a steprvise model testing the relationship of tieervay

traffic conditions and jobs/housing balance in areas. tinding that tieervays tend to bc nrost

cougested around suburban centers with large amounts of ottrce conrnrcrcial tloorsltace.

high enrploln'rent du-nsities and large jobs housing imbalartces (Ccrvero. 1996). ..\s

c-xpected. dcusc ioh arcas rritlrout housing tertd to sul'tcr tltc'rvorst tieeuar collditi()lts
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! because everyone is traveling to the same place at the same time. He found that high

levels of congestion on connecting freeways correlate with severe jobs/housing

imbalance.

Cervero argues that people choose to live far from job centers because housing is

more affordable. In close proximity to job centers, there is often a limited supply of
housing because land is not zoned for residential use. In what is termed the "fiscalization

of land", local govemments zone ileas as commercial or industrial to reap the tax

benefits generated from commercial and industrial lands. Residential zoning requires the

goverrlment to eventually provide greater infrastructure for public services (such as

libraries, schools) in return for ferver tax dollars. Consequences ofjurisdictions vying for

high-tech projects have been an uneven distribution of industrial and residential growth,

creating prosperous corporate centers and bedroom communities (Cervero. 1989).

Exclusionary zoning is another factor that can limit housing production. Local

soverrurents use their zoning power to exclude certain land uses because of comntunity

pressure. Local residents sometinles protest undesired land uses. such as lorv-income

housirtg or high-density housing in fear of an increase in crirne and traffic congestiolt. [ll

the 1 980s. long time residents prohibited a jobs housing balance eftbrt in the Hacienda

Business Park in Pleasanton. California to build 2.000 housing units fbr some of the

ll.000enrplol'ees(Peng. 1997). Thus,evenif local govemmentstrytoencouragegreater

density housing near jobs. it is often difficult to win acceptance from long-time local

residents.

One of the difficulties in balancing jobs and housing is that it is increasingly more

common that households consist of two wage earners instead ofjust one. Cervero

explains that families tend to locate closest to the job of the worker who earns more. The

second wage earner will then t'ind work nearby. When both wage earners make sinrilar

salaries (rvhich is more common today), it is likely that both wage earners will conlmute

because they have opted to live in between both jobs. He notes that in Calitbrnia's

Silicon Valley.57 percent of dual \vage earnercouples work in different cities (Cen,ero.

1 989)
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In 1996, Cervero concludes from another Bay Area study performed in 1990 that

even if an area has a jobsihousing balance, "noncontainment" in the area will still result

in traffic congestion. A noncontained area has the same number ofjobs and housing but

people are commuting into the area at the same rate as those who live there commute out

(Cervero, 1996). Thus, an area can be perfectly balanced and still suffer the same amount

of traffic congestion as heavily imbalanced areas. Cevero argues that differences in

worker's earnings and housing prices cause people to look elsewhere for housing.

Available housing near job centers may not be suitable for a wide range of buyers. As

previously mentioned, a limited supply of housing near job centers increases housing

prices which force people to look outside of the area where housing is less expensive

because supply is greater.

Levine argues that the potential for jobs-housing balance to alter where people

li,,'e exists but is clearly limited. Most likely. aftordable housing near job centers call

influence the location of low to moderate inconie rvorkers but not the location of ntedium

to high wager earners. He points out that there are not liundreds of thousands of

households n'aiting to reduce their commutes by' rnovinu into denser housing near their

riork (Levine. 1998). Again. factors such as residential location preferetrces prevent the

reduction of traftlc congestion. He concludes that reducing traffic entails increasitt-tl

residential and transportation choices.

Using research that avoided the problenrs of using pre-defined and arbitrary

geographic areas with fixed boundaries (further discussed in the section on problenrs rvith

the jobs/housing balance strategy). Peng shows that there is a non-linear relationship

betrveen jobs/housing balance and commuting patterns in terms of vehicle miles traveled

(VNIT). As balance increases, one cannot say that traflc congestion will decrease. His

study reveals that only in very jobs poor or jobs rich areas does the VMT per capita and

trip length change noticeably as the jobs/housing balance ratio changes (Peng, 1997). His

findings support those of Cervero's.

Another study examined rvhetller there was a uorsening.iobs/housing irtrbalance

c'r ident an.lonq j0.000 Kaiser Pertrtatrertte etttfrlsl'gg5 ()\'cr il period of 6 Y'ears. During this

titnc. Kaise.r [)ernranc-utc's rrorktbrce irtcreascd b1 -l() pcrcettt.'l'he sttrdl'revealed that thc
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average commute times were increasing by about 5 percent per year but this is because of
an overall increase in traffic in the Los Angeles region not in the employee's travel

distance. The average commute distances of employees actually decreased slightly over

this period of time. The study also revealed that the long-distance commuters were more

likely to be married, to have children and to be homeowners. While many employees

were frustrated by traffic congestion and delay, they were more sensitive to the cost of
housing and the quality of communities (Wachs, Taylor, Levine and Ong 1993). The

study on Kaiser Permanente employees lends no support to the notion that a jobs/housing

balance reduces traffic congestion.

Guiliano and Small studied the Los Angeles commuting pattern in 1980 and

concluded that more than half of the commute time in the Los Angeles region is not a

function ofjobs/housing imbalances even when occupational mismatches are accounted

for. In this study. they examined both the sub-area and ernployment center levels.

determining that other factors nlust be more important to location decisions than

commuting cost. These factors nray include residential preference. the desire to have

space betrveen s'ork and home. dual rvage earners and tlie grorving numberolnon-u'ork

trips. Guiliano and Snrall couclude tliat policies airned at changing the jobs/housing

balartce rr'ill hal'e only'a nrinor effect on conlmuting (Guiliano,Small 1993).

As the literature illustrates. there does not appear to be a strong connectioll

benveen jobs/housing balance and reducing traffic congestion. Several of the studies

suggest that only in an extremely job rich or housing rich area would balancinq jobs and

housing have an eft'ect on traftic congestion.

Problems Associated the Jobs/Housing Balance Strategy

Balancing.iobs and housing is a weak strategy because it is difficult to detennine

the geographic areas that should be balanced. lt is also unclear as to 'uvhat 
"balanced"

ntcans. In gcncral tcrnrs. the detinition ofijobs/housing balance is conrprised oltntr Darts

the.iolrs/housirrq ratio and balance.'[he.iobsilroLrsing ratio is detlned as thc nunrhcrol

L'nrpl()\ccs to tlrc rtr.rrubcr of ltouseholds in a gcograplricrl urca (Ccrrero l98t) and l99l).o



Jobsi housing balance is achieved when the number of employees in a particular area

equals the number of housing units. While there is little disagreement about the

calculation of the jobs/housing ratio, it is much more difficult to find consensus on the

notion of balance.

The definition of balance according to Webster's New Collegiate Dictionary is "to

alrange so that one set of elements exactly equals another". When applying this

definition of balance to jobs/trousing balance, it presents a problem because there are

many ways to arrange the elements. In trying to make two elements equal to one another

(obs and housing) one could arrange them based on metropolitan region, subregion, city.

neighborhood or based on another type of arrangement altogether. Metropolitan regions

are self-contained economic units and thus are balanced. As part of the urban grorvth

process. Giuliano (1991) notes that population and employment grorvth at the regional

levbl move tor','ard balance over time, even though residents may work in dift-erent

counties. Neighborhoods, because they are so srnall. are almost never balanced. It is

Lurlikely that a neighborhood rvill have suitable jobs for all of its residents but if it did. it

riould be very close to a "pertect balance". Sonnl Condor u,rites that. "ideall;'people

*ould live upstairs and rvork dorvnstairs. Conrnruting w'ould involve a trip up and dorrn

the stairs." (Conder. 2000).

Furthermore, there is not unanimous agreement on rvhat ratio ofjobs to housing

should be set as a target goal. A balanced comrnunity has been defined as a self

contained, self reliant one. rvithin w'hich people live. rvork, shop and recreate (Burby et al.

1976).Margolis defined jobs/housing balance when the ratio ofjobs to housing is betrveen

.75 and 1.25 (Margolis 1973). Others contend that it should be at 1.5. Most grorvlh

nranagementplansrefertojobs/housingratiosintermsoflhousingurritforeveryljob.

Disagreenrent on det-rning geo-eraphic areas and on what ratio ofjobs to housing

should be achieved make it difticult to w'in rvide acceptance of the strategy as a policy

tool.
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The notion of matching the homeplace to the workplace (balancing jobs and

housing) is found in works as early as Ebenezer Howard's Garden Cities. Howard's

concept of garden cities consisted of 32,000 people living and working on I ,000 acres of
land surrounded by a greenbelt (Hall). While the primary purpose of Garden Cities was

to create co-operative commonwealths, it also defined areas where people could live and

work without having to travel long distances. The tradition of creating places where

people can both live and work. expressed today as "jobs/housing balance", has been a

popular concept in planning practice over the past two decades.

To understand how cities are engaging the concept ofjobsftrousing imbalance, I

chose to focus on two regions that have specifically called for jobs/housing balance in

regional and local plans: the San Francisco Bay Area and the San Diego region. I began

my research by revierving local and regional plans to see if the notion of achieving a
jobs/housing balance was a stated goal. In both the Bay Area and San Diego it appears in

the regional transportation and growth management plans. Wile it is very clear that that

these two regions value the notion of balancing jobs and housing in an eftbrt to reduce

tralllc. it is unclear horv thev u'ill achieve this balance and ivhat the terrn "balance"

rl1eans.

Tlte second part of nry research consisted of a series of interviervs rvith planners

working in the Ba1,Area. San Diego and Portland areas. Frorn the Bay Area. I

intervierved Gil Kelley. the fornrer Director of Berkeley's Planning Department; Deborah

Stein, a fort'uer planner tbr Alanreda County; Ciel Scandone, Alex Amaroso. and Karl

Lisle, planners with ABAG. I interviewed Susan Baldwin of the San Diego Association

of Governments tbr information on the San Diego region. In the Portland Metropolitan

Area I intervierved Gil Kelly. now the Director of the Bureau of Planning: Al Burns and

Bob CIay. senior planners with the Bureau of Planning; Bob Rindy at the Department of
Land Conservation and Developrnent; and Marc Turpel at Metro. In the 1980s and early

I990s. political opposition prevented both the Bay Areaand San Diego re-eion tiorn

intplementing strateqies that.attenrpted to alleviate a jobs and housing imbalance. Furrher

rcalization of tlte stratcgy's lintitatiorrs led to ditferent approaches years later. Honcvc.r.
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the goal of "achieving a jobsArousing balance" continues to exist in their regional

transportation and growth management plans.

Findings

The San Francisco Bay Area

Initial efforts to balance jobs and housing units in the Bay Area in the 1980s were

minimal and subsequently unsuccessful. The Association of Bay Area Governments

(ABAG) called for balancing housing and employment growth along the Interstate 580

and 680 corridor in the East Bay where several large office complexes had been built.

Bishop Ranch in San Ramon contains 6.1 million square feet of office and manufacturing

space and employs approximately 28.000 people. Hacienda Business Park in Pleasanton.

covering 876 acres, is the largest development of its kind in Northern California.

Approximately 290 companies employ 13,500 u,orkers. At the tinie of these

developments. ABAG planners argued tbr growtlt management combined "vith 
phased

intiastructure inr.'estnrents. The1, pressured local govemnlents to allorv tbr high-density

housing developnrent around the otlce parks to accommodate the employ'ees. Nlounting

political opposition frortr residellts strongly opposed to high densitl'housing prevented

ABAG tionr carryiug out this implenlentation strategy (Cervero. 1996). As a result. large

housing developments rvith thousands of units r.vere built over the hill tiom Pleasartton itr

a leapfrog developmellt pattern that still requires people to drive on the tieervay.

In 1992 Bay Vision 2020. a coalition of business and government interests.

pushed to tbrm a regional govemment to set targets for subregionaljobs-housing balance.

Political opposition and poor marketing led to the initiative's failure in the California

legislature (Cervero, I 996).

' Thus. in the 1980s. ABAG's strategy was to urge localjurisdictions to build

housing in conjunction rvith the large office and retail developrnent taking place. They

did not set specilic job and housing targets for localjurisdictions or tbr tlre regiort. ABA(,i

\vas [rnsLlcccsstirl irt r.rrsirrg nerv housing developnlent at Flacienda Busiuess Park and

[]ishop ll.unclr lirl screnri rc;.ls()ns. One. tltey do not ltavc tlte po\\cr to rcgulatc
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development as their role is limited to an advisory one. "Urging" localjurisdictions to

allow high-density housing and persuading developers to build high-density housing is

not very forceful. Two, interviews with ABAG planners pointed out that there are major

baniers to housing development in California. One barrier is that the public has a

negative perception of density. In the case of Bishop Ranch and Hacienda Business Park,

nearby neighborhoods protested housing of any type with the new office and retail

developments, for fear that more people would result in greater traffic congestion,

crowded streets and unsafe conditions.

Another barrier to housing development is Proposition 13, passed in 1978 in

revolt against spiraling property tax rates. The proposition locks in property taxes on a

home at the time of its purchase. Consequently, housing development is not financially

appealing to local and county governments who are more attracted to commercial

development. These barriers in addition to rapid gromh in the Bay Area during the 1990s

have lead to a region rich in jobs and starving for nerv housing units.

Irr the 1990s ABAG sought a different approach in directing job and housing

srorrth. During this tirle. the Bay area experienced phenomenal growth and

unprecedented economic prosperity. Exorbitant housing costs have caused lou,er ria_te

workers to live outside of employnlent centers. resultin-e in long conlnlutes. 81'tlie year

2005 the population in the Bay Area is expected to grorv by 450,000 people. putting an

even greater strain on the existing mismatch betn'een the location ofjobs and housing.

(ABAG. 1997).

ln order to respond to the growing population and household growth of the state-

and to ensure the availability of decent affordable housing for all income groups. the State

of California enacted a law requiring ABAG to periodically distribute the state identifled

housing need tbr its region. The Department of Housing and Community Devc'lopment

(HCD) is responsible tbr deterrrrining the regional need. The regional numbers supplied

are "-{oal nurnbers" and are not meant to match. aud often exceed. anticipated qroslh irr

housinrl units. ,\ goal vacancy rate is set bi, HCD. and therr a housing urrit nc.'cl to nlect

tltat r;lcartc\ rrltc is derivcd by assessing potential growth rates (popu1x1i6p. lohs.
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households) and loss of housing due to demolition. ABAG must then distribute their

share of statewide need to all jurisdictions within its region (ABAG, 1996).

During a seven-month process, ABAG developed a methodology for distributing

the housing need numbers among its members. An ad hoc Housing Advisory Committee

made up of elected officials, planners and housing advocates in the Bay Area, determined

a methodology which could allocate a "fair share" approach based on household and job

growth of the region (ABAG, 1996). Once the numbers are distributed among

jurisdictions, they are required by law to incorporate their housing need numbers into an

updated version of their general plan housing element.

ABAG's distribution of housing among jurisdictions takes into account growth in

terms of both households and jobs. Both job and housing growth are rveighted 50 percent

(Jobs/Housing Balance adjustment) to determine the share of regional growth to be

applied to the regional goal number received from HCD. The methodology is firrtlier used

to distribute a share of housing to each jurisdiction by income category'. This portion of
the nrethodologl,distributes the share of eacl'r jurisdiction's need by rnovin-e each

iurisdictions inconre percentages 507o torvard the regional arerase.

The intervierv rvith Alex Anraroso revealed that rvhen this rnethodolcrgt' rvas first

developed. ABAG used a much larger rveight thctor tbr housing than tbr jobs because

they sought to put housing'*'here there was available land. This resulted in a qreater

nunrber of housing units allocated to areas already rich in housing and less housing units

to areas that were housing poor. The rveight tactors have since been clianged to result in a

better jobs/housing balance. Using weight factors of 50o/o for both jobs and housing does

not mean that there will be a balance ofjobs and housing in Bay Area cities. The

planners at ABAG agree that dual wage earners ir"r a household. job-turnover and

undefined commute sheds make it ditficult to use exact numerical requiremerlts to

achieve balance. The weight factor does, however. guide the number olneu' jobs and

housing units tbr each jurisdiction so that the tw'o are not severely imbalanced.

ABAC planners also agrce that allocating housing and.iobs to thc sanre areas is

nL)t elt()uqh to reduce tral'trc congestion. In additiol'I. to the housiug needs nre'tltodologl.

.\l]..\(i is cnrphusizirrr: irrtcr-iuristlictional partrtcrships and snrlrt qrttrttlt. In l')98 .'\tl.'\(;
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o developed the Inter-Regional Partnership (lRP) - a partnership between fifteen elected

officials representing five counties. Through the IRP, local representatives can bridge

jurisdictional boundaries to forge cooperative solutions to shared problems including: the

geographic separation of housing and employment. mounting traffic and air pollution, and

growth. The IRP recently developed an action plan which includes an action item that

monitors changes in the inter-regionaljobs/housing relationship at regular intervals, and

works with the councils of governments to collect and integrate important data sources. It

suggests that that the IRP meet periodically to review changes and trends in the

jobs/housing relationship. Alex Amaroso said that the IRP is a fairly new concept and that

they had not begun to implement the action items.

The partnership did, however, produce a paper in 1998 called "Landuse and the

Jobs/Housing N{ismatch" in which they discuss the severe jobs/housing mismatch in the

Bay Area. The paper argues that an effective jobs/housing balance requires more than

simply providing an equal number of housing units and jobs. In order to give people the

optiorl of living close to their-iobs. it is necessary that a conrmunity's housing stock

rrratclr the econornic protile of its rvorkers. For example. if 15% ola conrnrunitr"s

ernplovees are in lo',v-inconre professions. then approxirnately 15oh of that area's housing

ought to be "at'tordable" to that group of people. The paperrecomnlends strateqies for

brirrging.iobs and housing closer together by creating more housing opportunities near

enrploynrerlt centers through identifying vacallt and underutilized sites. modit\'ing land

use policies and zoning codes, and streamlining the permitting process. It also

acknowledges that dual wage earners and job turnover make it difficult to achieve a

jobs/housing balance. As a result. they recommend smart growth development in

addition to balancing jobs and housing (lnter-Regional Partnership. 1999).

Finally. the transportation component of ABAG, the Metropolitan Transportation

Conrnrission (MTC). has started a "transportation for livable communities progran'r"

rvhich encourages the location of compact. trarlsit-oriented housing at key transit stops

tlrxruglrout thc' resion, IvITC w'ill of-ter grant nlonev for compact conrrnunities in the

ricinitv of putrlic transit hubs. -flrev ofttr location cfticient mortgages (LEN1s)to t'rcoplc
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orvho live in more compact communities close to public transit. The mortgages allow them

to borrow a greater amount of money to afford a home close to public transportation.

San Diego Region

In the 1970s, San Diego unveiled a growth management strategy to slow growth

in the far fringes of the city and to accommodate new development within the urbanized

area. An ordinance was adopted in 1970 requiring adequate public facilities concurrent

with proposed development. ln 1979 they adopted a three-tiered planning area: urban.

planned urban. and future urban development. To encourage development in the urban

tier, capital improvements are targeted in this area, and development incentives were

provided (such as rvaiving development impact fees). In the planned urban area. impact

t-ees and public tacility improvements were required for new development. The filture

urban area was considered a holding zone and w'as off limits for urban development for a

201'ear period. Betbre being designated as the future urban area. it allowed lor,r,densit-v

oloue honre per l0 acres.

Earll'on. the prograrlr \\as considered successtul as two-thirds of the population

gronth in a fil'e-1'ear period occurred in the central urban tier. and the population grorrtli

irr the outer area rvas only one-third of what rvas originally projected. In addition.

nunlerous requests to re-classity land in the future urban area for urban use were denied.

In the early 1980s problems surfaced in the implementation of the program. The

San Diego City Council began to approve higher densities in the future urban area (the

holding zone), r.vhich ultirnately led to a 1985 proposition that requires voter approval tbr

any higher density urban development in the future urban area. Another problem

surfaced in the late 1980s rvhere. following years of rapid growth, it became clear there

wasashorttall ofover$l billionininfrastructurecostsrvithintheurbantier(rvhere

impact flees were not charged and capital improvements were not able to keep up rvith

rapid grorvth). Lastly, it was realized that a loophole existed with the allorvable density in

tlte lirture urbau zr-rne rvltere 4-acre lots are pcrrttitted. lhe area has bc'en developing at

verr lou dcrrsitics nrostly b1 upper inconre lrouseholds \\h() can allbrd the land cosls in

the rrrrter tier.
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o Faced with growing traffic congestion and increasingly important quality of life
issues in the early 1990s, SANDAG questioned rvhether land use elements of local

general plans should be amended to include the balancing ofjobs and housing in the San

Diego region (Baldwin, pg l). In 1991, they considered jobs/housing balance as one of
many potential strategies to reduce traffic congestion and improve air quality. To

determine whether the jobs/housing balance strategy would create better quality of lives

for people by reducing traffic congestion, SANDAG used empirical data from two

studies. Initially, SANDAG staff proposed to analyzejobs and housing using the region's

metropolitan statistical areas (MSA). however. the technical committee felt that the MSA
is too broad of an area and that the jobs and housing balance questions would be more

appropriately addressed within the context of transportation corridors. Staff then

developed trvelve geographic transportation corridor zones (TCZs) which follow the

region's freeway and transit system. shorving rneaningful labor market areas for analyzing

the region's jobs and housing balance (SANDAG. l99l).
This first study nreasured the impacts of balancing job and housir.rq location on the

region's transportatiorl system. air qualitl' and energy consLunption. It cornpared the

iurpacts based on the Regional Growlh Managentent Forecast (at the tinre) and the

intpacts under scenarios depicting a numerical balance betw'een jobs and housing. The

jobs/housing balance for each zone was determined for the y'ears 1986 and 2010. In both

1'ears there rvere. and are projected to be. 126 jobs foreach 100 occupied housing units in

the region. Using the ratio to detine jobsflrousing balance. if iob and housing location

within the region were in balance. each TCZ rvould have 126 jobs per I00 occupied

housing units (Baldwin. Pg. 2).

There was a rvide range in jobs/housing balance antong the TCZs in 1986.

Seven of the twelve zones had more housing than the regional ratio. three had more.iobs.

and two were very close to being balanced. A preliminary analysis r-rsing intbnnation
from a travel behavior survey conducted bI,SANDAG in 1986 gar.e sorne indication that

balancing jobs and housing could have an cl't'ect on reducinq travcl irr the region. Tlre

avl3rage conultute trip in tlic rcgiort is 10.8 rniles. Wh,-'n couu'nLrtc trips rrcrc tabulatecl h)

traltsportatiott corridor zonc. thc data indicatcd tlrat pcoplc liVrrru irr tlr,,se urcrrs rrith a
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higher ratio of housing units to jobs have longer than average commute trips, ranging

from I I miles to 20.1 miles, roughly double the average (Baldwin, APA pg. 2).

The analysis of this study showed that the jobs/housing balance strategy has the

potential to significantly reduce energy consumption and demand on the transportation

system relative to the jobs and housing distribution portrayed in the Regional GroMh

Management Forecast. However, the jobs/housing balance strategy and the transportation

corridor densities strategies were not included in the Draft Regional Management

Strategy because the Technical Committee felt that the research done to date was

inconclusive regarding the benefits. They suggested that the following questions be

tlrther analyzed: [s there are a causal relationship between jobs and housing and

transportation patterns; How should jobs and housing balance be defined; Within what

geographic area should jobs and housing urrits be balanced; Horv rvould you monitor the

implementation and evaluate the success of these strategies? (SANDAG, Appendix, 3).

In July ol 1991, SANDAG responded to the issue of a relationship betw'een

jobs/housing balance and tral'el patterns in a report titled. "The Relatiorrship Betrveen

.lobs/Housing Balance and Travel Patterns in thc San Diego Region". lvlultivariate

statistical techniques are used to answ'er t\\'o questions. Orte, do people in nrore balanced

areas drive a shorter distance to rvork rvhen other factors such as income and nrultiple

rvorker households are taken into account'.) Trvo. rvhat lactors are the rl1ost inlportant in

predicting the length of the comnrute trip'?

The results of this study strengthen the argument that balancing jobs and housing

location can reduce conlmute trip length. Multivariate techniques show that persons

living in more balanced communities drive the shortest distance to work regardless of
their income. seK, age. housing unit type. industry of work, household size and *'orkers

per household. The study also found that jobs/housing balance is the best predictor of
conlmute trip len-uth rvhen looking at the tbllorving independent variables: the uorker's

industry, housing type. sex. household income. age. pL'rsons per household. and workers

per lrousehold. It is inrportant to note. lrorrcver. that92oh ol'the variabilitf in conrnrutc

lerrgth is leli uncrplaincd b1 the indepcndcrtt rariablcs lS,,\NDAG Attachnrent l).
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Ultimately, the technical review committee was not persuaded that housing units

and employment forecasts should be adjusted so that all twelve of the TCZs have the

same jobs/housing balance. They felt that even though the Travel Behavior Study

showed that persons living in more balanced areas drove the shortest distance to work,

the statistical relationship is not sufficient to establish causality. They were also unclear

how jobs and housing balance should be defined and what geographic areas should be

balanced. Alternatively, the Technical Review Committee decided that the Regional

Giowth Management Strategy should focus on travel time and distance. transit focus

areas, and design.

Since the mid 1990s. the goal of SANDAG's Regional Growth Mana-eement

Strategy has been to maximize access to jobs, shopping and services as measured in travel

time. cost and distance-through the distribution and design oIfuture development. They

still claim that congestion could be reduced if there were a better balance ofjobs and

housing in each community but the strategy does not call tbr a jobs/housing balance based

on ratios and detlned geographic areas. The plan acknowledges that a better balance of
jobs and housing in each community wouldn't solve all of tlie mobility problertis that thei

face. On average the rvork trip is the longest daily trip nrade by a person. Hos'ever. onlv

20% of the trips made are during a normal rvorkday. and nearly half of these u'orktrips are

nrade during ott-peak periods. SANDAG states that shopping and service trips ntust be

addressed in addition to rvorktrips.

Therefore. the Land Use Distribution Element of the Gror"th Management

Strategy reconrmends that new office. commercial and residential development be

focused around rail transit stations and major bus corridors. This rvill allow fbr more

trips to be nrade by transit. bicyclirrg and walking. The report does not reconrnrend

changing the balance of single tamily and multiple units rvhich in any case is nrarket

driven. Instead. it recommends clustering multiple tamily units that would be built in

comnrunities served by a high level of transit. It also reconrnrends an increase in intensitl'

of enrployment and both sirrgle fanrill'and nrultiple fanrily'units in areas with uood trarrsit

over thc next 20 \'cars.
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The strategy establishes access objectives for maximum average travel times and

distances for work trips and other trips from or to the home (Land Use Distribution

Element). The following table consists of the goal travel times and distances to be

reached by 2015.

Travel Time Travel Distance

Automobile Work Other Work Other

l9min l0min 10.6 5.1

According to SANDAG, the achievement of these objectives would ensure that all

residents of the region would have equitable access to jobs. shopping and services

regardless of where they.live. Because of multiple-worker households, home ownership

or other factors. some of the region's residents will continue to conlmute long distances.

Tliey acknowledge that individual mismatches ofjobs and housing rvill inevitably occur

but at least the opportunity would exist to rvork. shop and receive services near horne.

SANDAG will also be "vorking 
with areas (cities. counties. artd the private

sector) around the region that rvill identity snlart gror"th fbcus areas throughout tlte

region. They rvill provide funding incentives tbr sntart gro\\th pro.iects and develop

criteria to distribute those funds over rvhich SANDAG has distribution.

The Portland Metropolitan Area

The Portland Metropolitan area is considering using the concept of balancing jobs

and housing to determine the need for additional land within the urban growth boundary.

In 1994 Metro Council adopted the 2040 Grorvth Concept and the Urban Grorvth

Management Functional Plan which outlines planning policies tbr local goven'ulrents to

use to achieve the 2040 Grourth Concept.

Through a public involvernent process. people agreed on a -qrowth concept that

encourages growth in ceuters and corridors with increascd entphasis on redevelopnlcltt

rvithin the urban qrow'th boundary. -l'he urbart grorvtlt houndarl riill orrlv be erl',artded il'
"necd" fbradditional urban land is denrortstratcd -l'he 

kc-r to this grorlth couccfrt is
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o mixed-use urban centers. These include regional centers serving large market areas

outside the central city, small town centers with local shopping and employment

opportunities and central city, the region's employment and cultural hub. Metro will
strive for a balance ofjobs, housing and urban amenities so that a greater number of
transportation trips can occur without using a car. In addition to this goal. Metro states

that another goal is to seek jobs/trousing balances by regional sub-areas in efforts to

achieve better jobs/housing ratios around the region (Metro, 2040 Growth Concept).

In order to achieve these goals, Metro developed a periodic review workplan that

analyzes the region's need for buildable land and produces a set of policy choices. It

confronts a tough dilemma facing the region: horv can work conrmutes be reduced while

still protecting farm and natural resources land? (Burton. 2000).

Task I of the rvorkplan analyzes the next round of 20 year land needs and urban

gro'u"'th boundary amendment decisions. Task 2 of the plan looks at the "subregional

need" for housing and jobs. ensuring "complete communities" (as acknorvledged in the

2040 Grouth Concept and the Regional urban Grou,th Goals and Objectives) in different

parts of tlte reqion. Task 2 u,ill identi[y policies regarding thc subrc-gional analvses such

as jobs/housing balance and economic developnrent goals. It riillalso applr reqional

grow"th maltagernent policies to quantify subregional demand tbr housing and-iobs. based

on policy t'actors. The policy t'actors ntay include: equitable distribution ofjobs.
jobs/housing balance, incorne. investnrent, tax capacity and af-tordable housins. and

reductions in vehicles miles traveled per capita (Metro Periodic Revierv Work Prograrn

Summary).

Metro is in the process of tiguring out how to quantify subregional derland based

on the policy factors above. Once this has been accomplished. they '"vill use this denrand

to determine whether there is a need for expansion of the urban sro\\'th boundary.

Analvsis

Based ott existiltrl literaturc and tlte cxpcricrrccs ol'thc Serr [)rcgo rtrrJ IJar ..\rca

lcgi()tls. \,lctltt sht'rtrld tt(rt Llsc lcr[ts/httttsins h.lltrncc lrs lr e ritet'i,r11 11r1...11..11r.i irir: tlre ru'l-,rrrr
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gro\lth boundary. Several reasons point to this recommendation. In a paper titled, "Can

We Say Goodbye to Jobs/Housing Balance?" Sonny Condor gives a good example of the

strategy's limitations. In December of 1999, several Washington County areas were

studied under this subregional need process. Jobs/housing ratios were calculated for the

Washington County town centers and regional centers.

Based on these calculations, Condor points out the arbitrary nature of area

selection. whether for town centers, regional centers, or subregions, when cornputing

jobs/housing ratios. Similar to the traffic commute zones calculated by SANDAG,

calculating ratios based on town and regional centers does not take labor sheds into

accoullt. In his paper, Conder illustrates that the regional center ratios for Beaverton fiobs
poor) and Hillsboro and Tigard (obs rich) can easily be tweaked by assignin-e

geographically borderline town centers to different regions. The result rvould create jobs

rich ratios in Beaverton and less jobs rich areas in Tigard and Hillsboro (Condor. pg 6).

Condor's example illustrates the arbitrary nature of detining geographic areas tbr

creating a balance ofjob and housing. Geographic areas may'be balanced or uubalanced

depending on lrou thev are detlned. The citl' of San .lose in the Bay Area arqr.res that thel'

are jobs poor and should not be allocated a large nuntber of tuture housing units. It is tnrc-

that there are nrore lrousing units than jobs in the city olSan Jose, hou'ever. inrnrediatell'

ne\t door is Silicon Valley- the most jobs rich area in the natior.r. More liousing in San

Jose would provide the nruch-needed housing fbr the region. San Jose uses the.iobs

housing balance theory to their benetlt by arguing that they need more jobs (*hich brings

the city more nloney than housing). From a regional perspective. the Silicon \/alley area

needs more housing not jobs.

As the literatr.rre and SANDAG experience illustrate. planners rvho hare done

sophisticated jobs-housin-u balance modeling conre away ti'onr their analyses ri ith fe"v

answers to the problem. Ivlembers on the Technical Conrnrittee at SANDAG dismissed

theirstudy because the numbers \\ere not strorlg enough to shorv causality aurong

.lobsihousing balance and tratllc corlgestion. 
.['lte 

case lbr iohsihousing balance havinr] i,ur

influc-rrce on collilnutirrg has not bcclr rnade orr a rttctrrrl'lolitarr rridu'basis. Pcng lrnd
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o Cervero conclude that the jobs/housing imbalance strategy may only improve traffic

congestion in areas that are severely imbalanced.

Instead of applying specific jobs/housing ratios to subregions, ABAG and

SANDAG are looking at new ways of reducing traffic congestion. Similar to the transit

oriented development of Orenco Station in Portland, ABAG and SANDAG are focusing

on mixed-use housing along rail lines to increase the use of public transit. Both regions

are also building inter-regional type partnerships to foster regional collaboration, realizing

that efforts to balance jobs and housing must come from all jurisdictions. They are

providing more types of housing in employment areas so that honrebuyers have greater

options. They are also providing incentives such as location efficient mortgages ',vhich
rervard people with low-interest loans if they live near public transportation. SANDAG is

setting commute targets for the year 2015 which they expect to meet through the

intplementation of the strategies discussed above. Planners intervierved at ABAG and

SANDAG both said that it w'as too early to tell if these nerv "sntart gro'uuh" strategies

u'ould be successflul in reducing tratfic congestion and improving quality of lit'e.

Conclusion

This study concludes that there may be more profound factors in addition to t-rscal

and exclusionary zoning, dual wage earners. and political pressure that prevent the

balance ofjobs and housing from being a successful tool. The inherent dynamics of
metropolitan growth, frequent job changes, and residential preference may have an even

greater influence on where people live and work.

Anthony Downes describes "the inherent dynamics of metropolitan grouth" as the

clustering of firms near the center olan area in order to provide greatest access to all
points within the area (Dorvnes. 1992\. Clustering of firrns such as in the Silicon
Crescent in Washington County. Oregon pronrotes collaboration and creates a large labor

pool of skilled w'orkers. Clustcring also inrpror,'es the eftlciencv ol'their interactions

errabling thettt to pav higher rcrtts fbr thc'land tlrat is rrow in srr.ar denrand. [:rrable ttr
at'ltlrd tlte cost of land irt thc ioh cc'rttcr. hou'rcorrncrs look to rhc outskirts tbr lrtrLrsins.
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As the entire area grows, affordable homes are found farther out from where jobs locate.

The high-technology centers in Washington County, Oregon and Silicon Valley,

California serve as two examples. Certain jobs. such as those associated with daily

services. relocate closer to housing, partially correcting the imbalance. However, because

travel costs are still less than land, this imbalance continues. Many workers in Contra

Costa County, Califomia have been forced to commute 100 miles per day because the

price of homes in the area have increased significantly due to the clustering of the high-

tech industry (Cervero, 1989).

An increase in job turnover rates also prevents people from living and working in

the same area. It is not unusual for people to switch jobs every couple of years. especially

those rvorking in the high-tech industry. Moving is expensive and inconvenient for

tamilies. Those workers w'ho lived close to their job three years ago may live art hour-

commute arvay from a different job today.

Finally, not everyone \,!'ants to live near his or her rvorkplace. Nlany Americans

still rvant their share of the American Dream. They enjoy commuting in a luxun

autontobile tionr their honre situated on a half acrc ollitrtd out of the noisl'. polluted citl

rrhere the.v s'ork. A study perfbrnred in 1994 anronq Orattge Couttty. Calitbrnia residents

living on the edge of the countv revealed that 2i9lo cltose tlte area because of its

renlotelless. 2l% of the respondents chose the area because it ottered nerv ltontes

(Giuliano 1995).

The research in this study rel'eals that attempts to move people closer to their

rvork must involve more than balancing the number ofjobs and housing units in an area.

It must also address more than matching housing type with market demand. As long as

people nlove from job to job. desire large homes in lorv-density areas, and insist on

driving alone, they will sit in traffic. If Metro is going to expand the urban grouth

boundary to allow particular subregions a balance ofjobs and housing units. it will not

result in less traffic con-qestiorl. It is unlikely that quality of life rvill improve. Inevitabll'.

the subregion will once again succunrb to local governments tl'rat ag-rtressivelv purslre

businesses and tlre inhercnt dvnanrics ot'nretropolitan gror.r'th. Allorving the strbregiorr

nrore laud siurply' pushc-s this proce'ss alorrg.
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o These conclusions may be oversimplified, however it is clear that regional

goverrunents are focussing their efforts on transit oriented development and inter-regional

partnerships as a much more effective strategy of reducing traffic congestion and

improving quality of life than balancing jobs and housing.
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Tax Base Comparison 
By City 

Taxable Values 

ps~:s. Valuation Split 
Single Family Multi-Family Residential Val I Non-Residential Val I Total Val I Per 

Jurisdiction Estimated Po ullQon Residential Residential Non-Residential Total Per Capita Per Capita Capita Residential Non-Residential 
Washington County 427,~~ $17,082,514,960 $2,111,921,790 $8,358,565,370 $27,553,002,120 $44,899 $19,552 $64,451 70% 30% 
Clackamas County 332,850 ~'7~ $1,179,886,781 $5,179,448,061 $21,031,289,551 $47,625 $15,561 $63,185 75% 25% 
Multnomah County 653,800 $23,416,258,204 $2,068,602,530 $10,276,840,365 $35,761,701,099 $38,980 $15,719 $54,698 71% 29% 

Metro 1,248,548 $50,40, ,809 $5,228,474,606 $21,973,735,092 $77,606,385,887 $44,558 $17,599 $62,157 72% 28% 

Inside Metro 
lake Oswego 35,035 $2,796,946,563 $176,060,496 $437,215,061 $3,410,222,120 $84,858 $12,479 $97,338 87% 13% 
Wilsonville 13,615 $596,031,914 $146,694,546 $572,927,945 $1,315,654,405 $54,552 $42,081 $96;633 56% 44% 
Happy Valley 4,345 $386,594,239 $0 $24,296,846 $410,891,085 $88,975 $5,592 $94,566 94% 6% 
Tigard 38,835 $1,734,721,974 $220,201,340 $970,397,650 $2,925,320,964 $50,339 $24,988 $75.327 67% 33% 
Tualatin 22,535 $853,187,407 $151,168,665 $663,399,501 $1,667,755,573 $44,569 $29,439 $74,007 60% 40% 
West linn 23,380 $1,486,453,387 $69,903,914 $79,838,233 $1,636,195,534 $66,568 $3,415 $69,983 95% 5% 
Rivergrove 310 $21,063,350 $0 $0 $21,063,350 $67,946 $0 $67,946 100% 0% 
King City 2,125 $115,953,300 $12,341,510 $14,131,500 $142,426,310 $60,374 $6,650 $67,024 90% 10% 
Hillsboro 72,630 $1,982,940,440 $428,441,890 $2,065,224,850 $4,476,607,180 $33,201 $28,435 $61,636 54% 46% 
Durham 1,570 $63,532,200 $7,830,670 $23,631,000 $94,993,870 $45,454 $15,052 $60,506 75% 25% 
Beaverton 70,230 $2,557,785,117 $540,888,560 $1,090,184,030 $4,188,857,707 $44,122 $15,523 $59,645 74% 26% 
Portland 513,325 $18,582,046,189 $1,620,186,140 $8,487,624,580 $28,689,856,909 $39,356 $16,535 $55,890 70% 30% 
Gresham 86,430 $2,575,708,250 $383,342,070 $1,524,137,846 $4,483,188,166 $34,236 $17,634 $51,871 66% 34% 
Milwaukie 20,250 $Q84 ,240 ,387 $75,838,786 $284,831,218 $1,044,910,391 $37,535 $14,066 $51,601 73% 27% 
Sherwood 10,815 $472,113,580 $8,856,500 $74,601,570 $555,571,650 $44,472 $6,898 $51,370 87% 13% 
Maywood Park 770 $38,000,880 $152,820 $91,150 $38,244,850 $49,550 $118 $49,669 100% 0% 
Oregon City 24,940 $814,868,921 $98,123,608 $239,801,513 $1,152,794,042 $36,608 $9,615 $46,223 79% 21% 
Troutdale 14,300 $472,401,260 $30,626,010 $144,268,190 $647,295,460 $35,177 $10,089 $45,265 78% 22% 
Forest Grove 17,130 $418,303,360 $67,809,270 $216,504,430 $702,617,060 $28,378 $12,639 $41,017 69% 31% 
Wood Village 2,915 $61,607,330 $2,765,920 $53,336,760 $117,710,010 $22,083 $18,297 $40,381 55% 45% 
Gladstone 12,020 $385,343,839 $43,030,692 $49,561,873 $477,936,404 $35,638 $4,123 $39,762 90% 10% 
Fairview 6,885 $164,315,670 $26,156,750 $46,989,430 $237,461,850 $27,665 $6,825 $3<1,490 80% 20% 
Cornelius 8,715 $210,154,430 $14,053,510 $53,345,950 $277,553,890 $25,727 $6,121 $31,848 81% 19% 
Johnson City 340 $152,089 $4,857,459 $2,765,502 $5,009,548 $14,734 $8,134 $1<f,734 100% 55% 

Outside Metro 
Canby 13,170 $431,009,641 $57,685,689 $117,103,672 $605,799,002 $37,107 $8,892 $4S,998 81% 19% 
Sandy 5,655 $179,739,433 $17,304,496 $62,621,001 $259,664,930 $34,844 $11,074 $4!;,918 76% 24% 
North Plains 1,780 $55,257,536 $2,568,500 $20,205,140 $78,031,176 $32,487 $11,351 $43,838 74% 26% 
Estacada 2,200 $59,556,872 $6,774,878 $24,792,536 $91,124,286 $30,151 $11,269 $41,420 73% 27% 
Barlow 125 $3,943,898 $0 $1,023,158 $4,967,056 $31,551 $8,185 $39,736 79% 21% 
Banks 1,580 $51,892,580 $1,710,290 $5,108,i1O $58,711,080 $33,926 $3,233 $3},159 91% 9% 
Molalla 5,720 $146,898,065 $16,054,386 $30,410,638 $193,363,089 $28,488 $5,317 $33,805 84% 16% 
Gaston 620 $12,094,450 $252,070 $1,711,590 $14,058,110 ~19,914 $2,761 $2l,674 88% 12% 

Sources: Clackamas County - Metro Data Resource Center tabulation of Clackamas County Assessor's database dated 12/00 
Multnomah County - Multnomah County Assessment and Taxation, January 24, 2001 
Washington County - Metro Data Resource Center tabulation of Washington County Assessor's database dated 12/00 

Notes: 
- For aggregation purposes in Washington and Oackamas Counties residential properties were deemed to be any property with a PCA code of 100 - 199 (Single Familiy Residential), 400 - 499 (Tract land) or 700 - 799 
(Multi-Family), all other properties with PCA codes less than 900 were deemed to be commerdal. 
- Residential property totals include single-family and Multi-Family Residential values 
- County totals include unincorporated areas 
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