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REFEREED

In this issue . ..

Robert Simons and Mark Salling
apply GIS to the public real estate prob-
lem of how to select residential housing
sites for redevelopment in an inner-city
neighborhood. They use an older, envi-
ronmentally contaminated, inner-city -
neighborhood in Cleveland as their
study area. '

GIS is increasingly capable of work-

ing with data that extend above the

land surface, such as buildingsand ~ '

above-ground infrastructure, Ian

Bishop, John Spring and Rohan Potter

look at how one urban center made ad-

ditional use of its spatial data for visual ..

appraisal of development projects.
Zhongren Peng and Kenneth
Dueker assert that transit demand

modeling requires the integrationof -~ .
transit ridership, transit service and so- -
ciceconomic data. Their paperad- "~~~
dresses the issue of data requirements, .~
data structure and data integration for - -
transit demand modeling. The accuracy -
of different methods to allocate demo- .
graphic and socioeconomic data from
census areas to the service areasfor ~~ . -

transit routes are compared,

Last, Horwood Critique Prize win- o

ners Cynthia Brown and Floyd

Staynor discuss the methodology for - -
the selection of potential wetland mi-
gration sites, using GIS to automate the .
evaluation process. PR

Editorial Intent

The refereed section of URISA Journal strives to share new knowledge
in the technical, social, economic, and institutional subject areas that sup-
port information systems technology. It is the intent that this section of
the Journal contain papers that are representative of URISA’s member-
ship and the broader information systems community. We encourage the
participation of system designers, implementors and users as well as the
educational and research community.

We hope that the refereed section will provide reliable information
and new insights resulting from experience, research and scholarship.
We also hope that this section will link academia, industry and the user
community through the sharing of critical investigations and organized
knowledge. To this end, we are seeking three forms of work: (1) Reports
of current research and development pertinent to the overall information
systems community; (2) systematic literature reviews of research for the
research and development community; and (3) systematic reviews of ap-
plications which explain successful systems and procedures to the over-
all information systems community.

The refereed process consists of a “blind review.” After receiving a
manuscript from an author, we send it out for review to three or more
persons who have been identified as being knowledgeable in the topical
area. The name and affiliation of the author are removed from the paper
so the reviewers can give it an impartial review; likewise, the names of
the reviewers are not revealed to the author. We ask the reviewers to re-
spond to the following: (1) Is the thesis or purpose stated: early and
clearly; (2) is the significance of the paper stated explicitly; {3) is the the-
sis argued persuasively; (4) is the writing clear, concise, straightforward,
interesting, and in the active voice, where possible; (5) is the paper tied in
appropriate ways to relevant literature; (6) is the paper illustrated appro-
priately; (7) are the methods sound and appropriate to the paper; (8) are
the methods explained clearly; and (9) is the paper interesting to many
different types of URISA Journal readers?

If the manuscript is accepted and does not need revising, it is sent to
the managing editor for comments and final editing. If the manuscript
needs revision, assistance is provided by the editors. If the manuscript is
not accepted, it is returned with an explanation by the editors. (For com-

plete guidelines regarding the preparation of manuscripts and illustra-
tions, see pp. 91-92.)

Kenneth |. Dueker
Bernard |. Niemann, Jr.



Using GIS to Make Parcel-Based Real Estate
Decisions for Local Government: A Financial and
Environmental Analysis of Residential Lot
Redevelopment in a Cleveland Neighborhood

Robert Simons and Mark Salling,

Abstract: This study applies geographic information systems (GIS) to a public real estate problem: how to select
residential housing sites for redevelopment in an inner city neighborhood. The objective is to identify the least ex-
pensive combination of parcels which could be assembled by the city for redevelopment. The study area is an older,
environmentally contaminated (brownfield), inner-city neighborhood in Cleveland that has experienced substan-
tial tax delinguency. We use GIS by creating a polygon base map, and merging it with local assessor and other
data. SQL capabilities of the software system are used to develop the analysis and provide results to the city. Our
study demonstrates that GIS can be helpful as decision support for local government in real estate redevelopment.

ogy and case study using geographic information

system (GIS) technology as a decision-support
tool in planning and facilitating the redevelopment of
residential lots in an inner city neighborhood.

The client-driven study is conducted from the per-
spective of the Department of Community Develop-
ment of the city of Cleveland, which owns numerous
vacant lots and wishes to return these lots to productive
use by making residential lots available to developers.
Its objectives are to make available the largest number
of buildable residential lots as cheaply as possible by
providing inexpensive, clustered and clean sites, while
retaining each area’s unique character, Because of prior
land use, environmental problems and associated clean-
up costs are commonplace in the city.

As importantly, information and analysis teols are
needed to assist the city make efficient and rational de-
cisions about redevelopment possibilities and costs.
This paper discusses how GIS technology was used to
assist the Department of Community Development in
this process. In this application a GIS is used for spatial
and attribute database queries and spatial analysis and

The purpose of this paper is to present a methodol-

Robert Simons is an assistant professor in the Levin College of
Urban Affairs at Cleveland State University.

Mark Salling is director of the Northern Ohio Data and Infor-
mation Service at Cleveland State University.

display. A base map of land ownership parcels was cre-
ated and merged with attribute data used for tax assess-
ment by the Cuyahoga County Auditor (in which the
city of Cleveland is located). A series of layers, includ-
ing ownership, physical characteristics, financial and
tax payment factors, and prior land uses (related to po-
tential environmental contamination) were prepared
and merged, and SQI was employed to analyze data
and assist in the presentation of key information.

A cost-minimizing approach was used to identify
those parcels that could be most readily and least ex-
pensively redeveloped. The method emphasizes devel-
oping accurate cost factors (acquisition, site preparation,
and environmental remediation costs) conducting struc-
tured queries on various layers of information, and pro-
ducing information-rich but easily interpretable tables
and maps of redevelopable lots for possible use in a de-
velopment prospectus. The cost-minimizing approach
was valuable in suggesting actions that would promote
the most efficierit use of government resources.

This paper therefore presents the results of the study
as well as the GIS methodology. We begin by briefly
presenting literature on related applications, followed
by a discussion of the client’s problem and the study
area. The client’s objectives drove the need for and se-
lection of data and specified the type of map output. We
then recount the methodology used in constructing the
data set and maps, layer by layer. We present the final
redevelopment map and recommendations to the client,
and conclude with observations concerning the use of

GIS as decision support for real estate applications for
local government.

Simons and Salling/URISA Journal 7



Literature on Related Applications

The use of GIS in a number of related analysis and ap-
plication areas is growing rapidly. In real estate analysis
and management its use has been recently espoused by
researchers and practitioners alike. Thrall and Marks
(1993} describe the ability of the tool to study the spatial
tmpact of real estate decisions. Marks, Stanley and
Thrall (1994) provide guidelines for evaluating GIS soft-
ware for real estate analysis. Castle (1993a) argues that
the real estate industry, including brokers, home buyers
and developers, can use GIS to improve residential bro-
kerage by merging it with Multiple Listing Service
records. Castle (1993b} also describes how GIS is being
used in property valuation. Landscape architecture has
been using computer-aided drafting for the past decade,
but the added database management and analysis tools
of GIS are being explored more recently (see for exam-
ple, Johnson 1994).

We characterize our Cleveland neighborhood analy-
sis as an example of the use of GIS as a decision-support
tool for a public agency, using parcel level analysis as-
sembled af a neighborhood level. Our process combines
physical, historical and financial characteristics of each
property. Individual lots are aggregated to small “strate-
gic parcels,” defined as those that could be readily com-
bined to form clusters of redevelopable lots for private
housing development. Our overall approach is similar
to research conducted by Armstrong, Lolonis and
Honey (1993) who used GIS as a decision-support tool
for a local school district. Their data analysis included
merging parcel level records with neighborhood level
requirements. Tomaselli (1991) used GIS to conduct fis-
cal analysis on behalf of local government. Her use of
fiscal cost factors on a small area basis is similar to
our application of environmental redevelopment cost
factors.

Our approach to creating a GIS database is consistent
with at Jeast two other applications. Juhl {1994) assisted
a Florida county to analyze growth management by
helping them prepare a parcel-level real estate database
combining physical and financial characteristics. Part of
the work involved translating image files to named
polygons capable of presenting underlying data. Hintz
and Onsrud (1990) discussed preparation of a parcel
level database using land ownership, and physical char-
acteristics, using a layered approach to building the
database.

Our application for city community development
planning is a step toward making the GIS technology
available to community development planners, as set
forth by Van Demark (1992) who called for a GIS data-
base to be a desktop resource for city planners.

Our analysis demonstrates the viability of using GIS
as a decision tool in stimulating economic development

8  URISA Journal/Refereed

in declining neighborhoods. Indeed, there are numerous

case studies of how GIS and related information tech-

nologies are used to manage growth in developing com-
munities (for example, Juhl 1994), but there is little treat- - - -
ment of applications of the technology to assist in the
management and improvement of communities experi-

encing economic, social, and physical decline. There are
examples of GIS use in redevelopment. Coffeen (1994),

for example, describes use of GIS to support what he

calls “reverse urbanization”, which involves the envi-
ronmental restoration and redevelopment of land. The
application he descibes is the use of the Presidio Army

Base in San Francisco. But that land would be redevel-

oped with or without government direction because of

the high demand for such land in cities such as San T
Fransisco.

Stimulating land redevelopment in Cleveland and
some other “rust belt” cities of the Midwest, however, is
a different and more challenging problem. But it is also
perhaps even more important in such communities, and
there is no apparent reason why GIS has not been ap-
plied to a greater extent in these settings, except perhaps
for the costs incurred in developing and maintaining
this capacity.2

The Client’s Problem

The city of Cleveland Department of Community De-
velopment is charged with redeveloping the 38 neigh-
borhoods in the city. Community Development admin-
isters expenditures of Community Development Block
Grant funds, which in 1993 approximated $25 million.
Part of Community Development includes the Land
Bank, which currently contains over 5,300 vacant tax
parcels obtained through the property-tax foreclosure
process. Parcel intake since 1990 has averaged 1,200 per
year. Nearly all Land Bank parcels contained prior land
uses, and most contain rubble from prior buildings on
site. Thus, environmental problems and associated
clean-up costs are commonplace. The city wishes to re-
turn these lots to productive use by making residential
lots available to developers. Its objectives are to make
available the largest number of buildable residential lots
as cheaply as possible. Community Development also
wishes to retain the urban fabric of the neighborhood,
and avoid demolition of functional structures if at all
possible.

Through various financial inducements and an inno-
vative and progressive Land Bank program, the city has
managed to induce a small but growing amount of re-
development at substantial per-unit subsidy cost. How-
ever, the next generation of redevelopment is likely to
require more difficult decisions, be more costly, and will
require a more systematic approach to land assembly.



Hence, providing inexpensive, clustered and clean
buildable sites is a high priority. Several moderately de-
clining neighborhoods, selected on the basis of market
acceptance, location and political factors, have been tar-
geted by the city for a systematic allocation of redevel-
opment funds.

The authors and the Urban Center at the Levin Col-
lege of Urban Affairs at Cleveland State University
(CSU) were asked to provide assistance to the city in
April 1993. CSU performed the work under contract,
over a two-month performance period. This included
assembling the database, performing the analysis, gen-

erating a report, making presentations to city adminis-
tration directors and staff, and turning over the database
to the city. The study was completed over the summer
of 1993. The project, directed by the first author, was as-
sisted by GIS and data management specialists and
graduate students in the Urban Center. The project re-
quired about 300 hours of staff time.

The Study Area

The study area for this project is the Blutfs section of
Cleveland’s Tremont neighborhood (see Figure 1).

FIGURE1. The Tremont Neighborhood and the Study Area in the City of Cleveland, Ohio

City of Cleveland

Statistical Planning Areas

Study Area

0Old Brooklyn

Prepared by:

Northerm Ohio Data & Information Service
The Urban Center

Levin College of Urban Affairs

Cleveland State Univeristy

Prepared September, 1994
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This area includes parts of 15 city blocks, and currently
contains approximately 410 residential and 80 commer-
cial lots. About half the lots are vacant, with the city
Land Bank owning approximately 70 parcels.

Tremont was first developed in the 1880s, primarily
as a working class residential neighborhood, due to its
close proximity to the industrial jobs along the Cuya-
hoga River. The Bluffs portion of Tremont directly over-
looks the industrial valley below, and has excellent
views of downtown Cleveland, which is less than five
minutes away by car. '

Tremont has retained its high-density character, and
is filled with small, single-family detached bungalows
on smmall lots. For example, Tremont lots are typically 25-
foot frontage and 2,500 square feet, compared with 40-
foot fronts and 4,800 square feet in other parts of Cleve-
land. Many of the lots back onto alleys, which are part
of the “urban fabric” of the neighborhood. Demograph-
ics of the area can be characterized as blue collar, and
low-to-moderate income. While Cleveland’s population
peaked in 1950, population has declined in Tremont
since 1920, when it was 36,686 persons. Most of this loss
occurred prior to 1980. In 1980, the area’s population
had declined to 10,304; and by 1990 it had declined to
8,875 persons. This decline in the 1980s decade was
-13.9 percent, more than the —11.9 percent experienced
by the city as a whole (1980 and 1990 U.S. Census of
Population and Housing). However, due to its excellent
location and relatively sound housing stock, there is
some potential for gentrification.

Setting Objectives for the Study

The goal was to generate the maximum number of rede-
velopable lots within the study area at a minimum cost.
Identification of the cheapest and most feasible parcel
clusters (referred to as strategic parcels) was required,
building on properties already owned by the city. Strate-
gic parcels were identified based on the following objec-
tives and criteria:

* Retain the urban fabric. Parcels with occupied structures
and paying property taxes were excluded from the list of
potential lots for redevelopment investment.

* Avoid costs associated with severe environmental conta—
mination. Parcels which were found to have “severe” en-
vironmental contamination were excluded from considera-
tion. Severe and non-severe contamination were
operationally defined as lots having underground petro-
leum and waste storage tanks, past complex commercial
land uses, or potentially multiple environmental problems.

* Retain parcels that have both frontage on a street and di-
rect back alley access, Placing a premium on retaining the
high-density character of the neighborhood, we assumed
that single lots with both street frontage and direct access
to an alley would be generally marketable3

10  URISA Journal{Refereed

+ Enable assemblage of scattered-site, lower-density areas
for redevelopment. Parcels not meeting criteria contained
in objectives 1 and 3 above were further screened so that
smaller, spatially isolated parcels directly contiguous to
other similar parcels would be included as strategic
parcels.

Methodology

The next step after identifying objectives and develop-
ment criteria was to build a spatial database for the
study area. Our general approach is consistent with
both Juhl's (1994) Florida growth management project
and with Hintz and Onsrud (1990), both of which em-
ployed a parcel-level real estate database combining .
physical and financial characteristics. Like these studies,
we used a layered approach to building the database.
Conceptually, three “layers” of data were required: 1) a
parcel base map capable of accessing underlying attrib-
utes; 2) land use, ownership, and property tax status;
and 3) environmental factors. Information about build-
ings, land use, ownership, tax status, and environment
are actually attribute variables for a parcel-based
graphic file. But conceptually they constitute layers in
the sense that a sequence of maps, viewed methodologi-
cally as layers, was produced to help screen parcels and
identify target parcels for redevelopment. While our ap-
proach was to utilize GIS to the greatest exient possible,
many, but not all, parts of our analysis are mechanical.
Human judgment was required at nearly all junctures in
our study, especially between steps (e.g., assuring that
maps were properly integrated).

Table 1 shows an example of the data for selected
parcels. Data included a unique lot number, owner
name and address, a land use code, lot frontage and
square footage, number of buildings and market value,
and tax delinquency status. These data are readily avail-
able from the computerized records maintained by the
Cuyahoga county auditor for tax assessment purposes.*

After the initial attribute database was compiled, we
had to build a base map with the appropriate layers and
conduct a series of structured queries to determine if the
parcels had the potential to be strategic. A relational
spatial and attribute database was required.

Constructing the Base Map

The county auditor and engineer jointly maintain com-
puterized parcel maps, but not as a continuous, seam-
less map. Nor are the map files integrated with the tax
assessment data. Therefore, we imported the auditor’s
parcel map files, i ina dxf format, into our relational GIS
software package.3 Merger of five dxf format maps was
required. Topological structure was added to the im-
ported dxf files by creating a uniquely named polygon
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for each of the 490 lots in the study area. Street names
were also added. Figure 2 shows the base map (for the
northern portion of the Bluffs area) after the five dxf
files were merged but before topology was enhanced.

Enhancing topology was not a frivial task. Problems
included:

» Merging “hooked” parcels. Historically, as adjacent parcels
are combined the original lot lines are kept on the tax maps
and their merger noted by a “Z” hook crossing the com-
mon lot line. Tax assessment and other parcel-based at-
tribute data are identified by current parcel definition.

* Eliminating extraneous information. Hooks, circles, el-
lipses, parcel identification codes, arrows, and other
graphic information on the dxf files constitute information
noise and were unnecessary for the project.

s Forcing parcel boundary lines to meet, creating a continu-
ous polygon boundary. The auditor’s graphic file does not
define parcels as polygons. Our real estate GIS required
that parcels be associated with attribute data and that the

attribute data could be used to create thematic parcel maps.

Because of the problems noted above, parcel bound-
ary polygons had to be created by “tracing” (on-screen
digitizing) the boundary lines. Our graduate students
were able to digitize about 30 parcels per hour.

FIGURE2. Merged DXF Map Before Clean Up
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Linking Tax Assessment Data to the Base Map

The next task was to merge the Auditor’s tax assess-
ment data with the cleaned and computerized base

map, merging on permanent parcel number (ppn). Two - - - - -

types of tax records, one for the land and building char-
acteristics (last updated in 1988) and another on prop-
erty tax status {vintage 1992}, had to be added to the
system. Unfortunately this task, too, was not as straight-
forward as hoped. The automated match between both
data sets and map polygons based on ppn was largely
successful (96 percent). The lack of match can be attrib-
uted to the use of “reference parcels” on the property
tax records, where a “lead” parcel contained all the at-
tribute data and adjacent parcels under the same owner-

ship were not on the database. However, the accuracyof

building attribute data from the 1988 tape was worse
(e.g., the number of buildings on the property) because
of demolitions and other changes that had occurred
during the intervening years. Thus, the data set con-
tained some internal inconsistencies which had to be re-
solved, usually by individual attention.

Land Use, Ownership and
Property Tax Delinquency Attributes

Our first layer on top of the base map included selected
tax assessment variables about buildings on site, lot
frontage and square footage. We also considered pay-
ment of property tax payment status, because tax delin-
quent properties could be obtained through the Land
Bank. We then queried parcels to exclude those with
buildings that were current on their property taxes.
These were considered to be part of the urban fabric
(hence, non-strategic). All other parcels, e.g., vacant or
tax delinquent or those already owned by the city, were
revealed by visual inspection of the map.

Environmental Factors

Additional data were included on environmental fac-
tors. We were looking to avoid environmental “sur-
prises “ which earlier redevelopment projects had en-
countered in the city Based on the history of the
neighborhood, we expected to find a few underground
storage tanks, indications of past commercial activity
(both heavy, such as chrome plating, or light, such as re-
tail), presence of automobile garages, and demolition
debris from tenement apartment houses. To incorporate
environmental factors, we conducted a systematic
analysis of original Sanborn insurance maps for 1887,
1912 and 1952. We also included updated Sanborn and
Hopkins maps for the 1930-1950 and 1960-1970 periods,
and a Titus, Simmons and Titus map for 1857. These



FIGURE3. Environmental Factors Map

FIGURE4. Field Verification Map

maps were key in identifying prior land uses with pos-
sible environmental problems. A comprehenstve list of
registered environmental sites from a private firm was
also obtained and findings incorporated onto an envi-
ronmental hazards map, shown in Figure 3.7 The envi-
ronmental factors map helped to identify residential
“brownfields” (e.g., properties that because of prior use,
require significant environmental clean-up in order to
be redeveloped).8 Our GIS application of environmental
redevelopment cost factors is similar to Tomaselli’s
(1991) use of fiscal cost factors on a small area basis.

Field Verification

We next sought to field verify all the data. Some changes
were expected, due to vintage of the data, elapsed time
between data collection and the current period, and dy-
namic aspects of redevelopment (e.g., fires and building
demolition). Field verification involved marking up a
hard-copy map while in the field so that corrections and
additions could be made to the computerized database
back at the office.” Figure 4 shows a portion of this map.
Itincluded preliminary strategic parcels.

Finalizing Strategic Parcels

At this point we exercised our decision criteria noted
above and finalized identification of the boundaries of
strategic parcels in our study area. Having already elim-
inated parcels with occupied structures current on prop-
erty taxes, we further excluded lots with potential envi-
ronmental problems, such as underground storage

tanks, past high-intensity commercial land uses involv-
ing industrial processes, or parcels with multiple poten-
tial for environmental problems.

The remaining lots were included in strategic groups,
often clustered around Land Bank lots. The number of
buildable new lots was determined by applying design
criteria appropriate for the neighborhood, while still re-
quiring off-street parking,

There were 176 existing parcels that met the criteria.
These parcels were combined into 38 strategic,

FIGURES5. The Cost of Developing New Lots
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developable parcel groups containing 138 new mar-
ketable developable lots. One hundred-one lots met the
higher-density criteria, usually in multiple lot clusters.
Thirty-seven new lower-density buildable lots were
available, each combined from at least two old parcels.
We generated a working map of these strategic parcels
very similar to the final product, only with different
strategic number identifiers.

Conducting the Cost-Minimizing Analysis

Once potentially developable lots were identified, we
shifted the analysis to estimating redevelopment costs
for all lots identified as part of a strategic lot assembly
group. Costs were broadly defined to include all addi-
tional expenses to complete the process of bringing lots
to market. Costs were calculated for individual items
such as demolition, legal /other, site preparation, prop-
erty maintenance, re-platting, alley infrastructure and
property acquisition. Environmental factors included
residential and commercial debris digging, hauling and
burial and soi} remediation. We developed expected
cost factors based on past e)f]perience of other commu-
nity development projects.!? The cost estimates assume
enforcement of recent regulations on disposal and han-
dling of friable asbestos. A summary of redevelopment
cost factors is shown in Table 2.

Study Results and Recommendations
To the City

Results

Strategic parcels were ranked from low to high, based
on least-expensive average redevelopment cost per lot.
Table 3 contains the results. Total and average redevel-
opment costs for each group and line item are shown.
The range of average lot redevelopment costs in

Tremont is estimated to be between $3,300 and $19,000.
The least expensive 30 lots (the cheapest to redevelop
and therefore the “most” strategic parcels) would aver-
age about $4,300, the next 30 lots would be 57,000 per
lot, with $8,200 for the third group of 30 lots, and an av-

erage redevelopment cost of $9,400 for the fourth group.

The costs also exclude all past expenses incurred by
government agencies such as demolition, maintenance,
and opportunity cost of foregoing back property taxes.
The total cumulative redevelopment cost for all 138 new
lots would be $1.1 million. Figure 5 provides a schedule
of the number of lots and total redevelopment cost.

For the entire group of strategic parcels in the
Tremont study area, the dominant cost components in-
clude property acquisition (27 percent), environmental
factors (debris haul, burial and soil remediation—38
percent combined), and alley infrastructure (20 percent).
These and other less expensive costs are shown in

TABLE2. Lot Redevelopment Cost Factors Used in Tremont Study

Cost Item Cost Per Lot Cost Item Cost Per Lot
Environmental Costs Other Costs

Debris Haul-single family residential $1,000 Legal/Miscellaneous 150
Debris Burial-s.f. residential 900 Site Preparation 350
Debris Haul-multi family residential 3,000 Lot Maintenance/ year 140
Debris Burial-m.f. residential 2,700 Replatting-simple/new lot 375
Debris Burial-commercial 3,000 Replatting-multiple/new lot 650
Soil remediation-auto garage 1,000 Alley Infrastructure-per linear foot of “backage” 70
Soil remediation-simple commercial* 2,100 Property Acquisition-old lot in land Bank 0
Soil remediation-complex commercial /industrial* 12,500 Property Acquisition-old Jot in Foreclosure 700
Soil remediation-simple underground storage tank 7,500 Property Acquisition-tax delinquency MV-TD*
Demolition-residential 2,000 Property Acquisition-vacant not tax delinquent MV
Demolition-commercial 10,000

Simple commercial includes bowling alley, upholstery, etc. where contamination is fikely to be light, Costs here include an enviranmental phase 1 study with a few

soil borings, assume to be negative. Complex commercial includes maching shops, paint storage, and businesses with @ production process. Here the assumption
was for multiple soil borings and some light soil remediation expense. These are subjective probabilities.

MV lot's current murket value according to the latest County Auditor data.

TD: lot’s outstanding property tax delinguency, according to the latest County Auditor data.
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FIGURE®6. Costs to Redevelop in the Tremont
Neighborhood

Demolition 1%

Property Acquisition 27% Alley Infrastr 20%

= Soil Remediation 1%
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Legal/Other 2% Dig/Haul Debris 21%

Figure 6. Note that the methodology used to select
strategic parcels deliberately sought to avoid incorporat-
ing environmentally sensitive lots in strategic parcels.

FIGURE?. Final Redevelopment Map

The final, comprehensive redevelopment map is
shown in Figure 7 (in black and white; the original map
is in color). The map is compact, containing over 20
variables. It can be used as a base map for marketing
clusters of lots to developers.

Recommendations

Recommendations from this study include using the re-
sults of this analysis for budgeting purposes by the
Community Development Department. Also, the de-
partment should replicate this redevelopment plan ap-
proach (subject to improvements noted in footnote 4) in
other neighborhoods of the city. But even more impor-
tantly, the city should be monitoring and managing its
land resources, in combination with its public works
infrastructure, using GIS technology. These tools are
proving their worth in the challenging atmosphere of
growth management: communities faced with “shrink-

age” management could also benefit from the same GIS
technology.
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TABLE 3. Cost Minimizing Analysis By Strategic Parcel Groups

Environmental Remediation

_ Residential Commercial

Multi-Family

#Orig. Density # Market Deling. Dig/

Garage Easy Worse Dig/ Dig/

Rank Parcels High Low Bldgs Value Tax Haul  Burial Tank  Soil Soil Soil Haul Haul Burial
1 7 6 0 0 $4300 $0  $7000 $5400

2 4 4 1 0 0 0 4,000 4500 $1,000

3 2 2 0 0 0 0 2000 1800

4 1 0 0 0 0 1,000 900

5 1 1 ¢ 0 0 0 1,000 900

6 6 6 0 O 1,914 0 6000 5400

7 1 1 0 0 0 0 1,000 900

8 i T 0 0 0 0 1,000 900

9 1 2 ¢ 0 2,514 0 0 900 $2700  $3,000
10 3 1 0 0 8114 935 3000 1,300

11 8 8 0 0 16970 506 6000 5400 5,400 6,000
12 2 1 0 @0 0 0 2,000 900

13 2 0 1 0 3914 2,023 2,000 900

14 3 0o 2 0 8914 2377 3000 1,800

15 5 0 3 0 7714 8757 5000 2,700

16 8 8 0 0 7,742 0 6,000 5400 $4,200 $4000 5400 6,000
17 6 3 1 0 8,370 931 6000 3,600

18 9 6 0 0 24382 373% 9000 5400

19 5 4 0 0 10656 836 4000 2,700 1,000 2,700 3,000
20 8 0 7 0 14,542 0 6000 4500 5400 6,000
2 6 7 0 0 17,570 0 5000 5400 2,700 3,000
2 1 T 0 0 0 0 0 0 2,700 3,000
3 1 1 0 0 0 0 0 0 2,700 3,000
24 6 6 0 0 11,570 0 2000 1,800 10,800 12,000
25 5 7 0 0 10,742 0 0 1800 13500 15000
26 9 10 0 1 20,598 331 6000 6300 4,200 4000 8100 9,000
i 2 ¢ 0 9,714 278 2000 1,800

28 5 4 0 0 5,200 364 5000 3600

29 21 0 7 0 30,596 593 21000 6300

30 5 1 2 0 3514 0 5000 2,700 2,100 2,000

31 3 ¢ 2 1 8,028 375 3000 1,800 1,000

R? 3 2 0 0 6942 9474 2,000 900 2,700 3,000
3 4 1 1 0 6428 16,565 4000 1,800

34 n 2 5 2 33370 3702 11,000 6,300

35 2 0 1 0 5800 1323 2,000 900

3 5 1 2 1 14228 1,695 5000 2,700

37 1 01 0 11314 0 0 0 1,000 2700 3,000
38 3 0 1 1 8914 1066 3,000 900

Totals 176 101 37 6 $151,000 $101,700  $0 $4000 $10500  $0  $10,000 $67,500  $75,000
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Bldg. Legal/ Site  Property Replat Infra-  Property  Total Cumulative New Cum.  Average

Demol.  Other Prep Maint. Complex  structure  Acquis. Cost Cost Parc. Total Cost
$0 $900 $2100 5840 $4300 520,540 $20,540 6 6 $3,423
0 830 1,750 560 $3,250 $2,310 0 18,220 38,760 5 11 3,644
0 300 700 280 3,500 0 8,580 47,340 2 13 4,290
0 150 350 140 1,750 0 4,290 51,630 1 14 4,290
¢ 150 350 140 1,750 o 4,290 55,920 1 15 4,290
0 900 2,100 340 10,500 1,914 27,654 83,574 6 21 4,609
0 150 350 140 2,310 0 4,850 88,424 1 2 4,850
0 150 350 140 . . . 2310 0 4850 . 93274 1 23 T 17 | ——————— Se—
0 300 350 140 375 1,750 2514 12,029 105,303 2 25 6,015
0 300 700 420 1,300 2,100 2,665 12,285 117,588 2 27 6,143
0 1140 2800 1,120 6,930 16,040 50,830 168,418 8 35 6,354
0 150 350 280 375 2,310 0 6,365 174,783 i 36 6,365
0 150 350 280 375 2,310 0 6,365 181,148 1 37 6,365
0 300 700 420 375 6537 13,132 194,280 2 39 6,566
0] 450 1,050 700 1,950 4,620 4,100 20,570 214,850 3 42 6,857
a 1,200 2,800 1,120 14,000 7,742 57,862 272,712 8 50 7,233
0 600 1400 840 2,600 6,930 7429 29,399 302,111 4 54 7,350
0 900 2100 1,260 3,900 2310 20,606 45,476 347,587 6 60 7,579
0 600 1,400 700 2,600 2310 9,820 30,830 378417 4 64 7,708
0 1050 2450 1,120 4,550 8,750 14,542 54,362 432,779 7 71 7,766
0 1,050 2,450 840 4,550 12,250 17,570 54,810 487,589 7 78 7,830
0 150 350 140 1,750 0 8,000 495,679 1 79 8,090
0 150 350 140 1,750 0 8,090 503,769 1 80 8,090
0 600 2,100 840 10,500 11,570 52,210 555,979 6 86 8,702
0 1050 2450 980 4,550 11,200 10,742 61,272 617,251 7 93 8,753
2,000 1,150 3500 1,290 6,500 17,500 20,267 89,807 707,058 10 103 8,981
2000 300 700 280 3,500 9,436 20,016 727,074 2 105 10,008
¢ 600 1,400 700 2,600 17,500 4836 36,236 763,310 4 109 9,059
0 1,050 2450 2,940 4,550 30,003 68,293 831,603 7 116 9,756
0 450 1,050 700 1,950 10,500 3,514 29,964 861,567 3 119 9,988
2,000 300 700 420 1,300 2310 7,753 20,583 882,150 2 121 10,292
0 300 700 420 1,300 6,530 2,700 20,950 903,100 2 123 10475
0 300 700 560 1,300 9,240 3,100 21,000 924,100 2 125 10,500
4,000 1,050 2450 1540 4,550 13,860 29,668 74418 998,518 7 132 10,631
0 150 350 280 375 2,310 4477 10,842 1,009,360 1 133 10,342
2,000 450 1,050 700 1,950 10,500 12,533 36,883 1,046,243 3 136 12,294
0 150 350 140 11,314 18654 1,064,897 1 137 18,654
2,000 150 350 420 650 4,620 7848 19938 1,084,835 1 138 19,938
$14,000 $20,000  $47950 $24,810 $57.775  $214970 3285540 $1,084,835 138
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Conclusions

There are several conclusions regarding use of real es-

tate GIS applications as decision support for local gov-
ernment.

General Advantages of Using GIS

There are several major advantages to using GIS in the
manner described above, First, the planning analyst has
access to an on-line database which combines graphic,
text, and statistical information about each parcel in the
study area. This saves time in data access, and compila-
tion, and facilitates ad-hoc queries.

Second, the SQL process can be extremely fast, and

 allows numerous attempts to access and visually pre-

sent (on screen) different combinations of crucial spatial
and attribute data about the study area. This provides
the analyst the ability to explore various aspects of the
problem, potentially providing a better final product.

Third, the database can be effectively and efficiently
maintained and updated. This advantage would be
maximized if the original map and attribute data were
maintained in a true GIS format, as opposed to strict use
of hard-copy maps and data. The city of Cleveland and
other communities are already taking steps toward this
end. GIS maps are generally attractive, detailed and
compact, and can be readily reproduced in different
sizes and scales to facilitate customized data access, data
sharing, and marketing of lands for redevelopment and
other applications.

Real Estate GIS and Decision Support
for Local Government

The advantages noted above speak to the general attrib-
utes of GIS for most if not all application areas. While
use of GIS in urban communities has largely focused on
public works and infrastructure management, planning
and community development departments frequently
use the technology to map and analyze demographic
patterns (for example, see Bossard and Zhang 1994).
Counties experiencing growth and development can
justify use of GIS to monitor and manage growth be-
cause infrastructure and service expansions require reli-
able information systems for planning, management,
and operations functions. Further, growth generates rev-
enue which helps pay for improving information man-
agement.

In other communities, however, those whose eco-
nomic and resource bases are not expanding but may be
declining, it is more difficult to allocate scarce resources
to information management systems at the expense of
basic service delivery. While cost reduction for map
maintenance and other operational activities may be
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valid reascns to automate, it is our contention that better
information management and analysis tools also help
these communities to maximize their land redevelop-
ment possibilities, particularly because they are compet-
ing with those communities that are using these ad-
vanced tools.

Finally, our application of GIS to residential redevel-
opment strategies confirms the assertions of Thrall and
Marks (1993) that:

Geographic information systems can improve the decu-
racy of and decrease the time required to perform real
estate research and analysis. . . . GIS allows the map-
ping of real estate data that, in turn, enables the re-
searcher and analyst to visualize the spatial interplay
between phenomena on the landscape. . .. GIS also per-
mits the evaluation of real estate data through the geog-
rapher’s matrix overlay techniques. All these features of
a GIS translate into an important paradigm shift for real
estate research and analysis. (pp. 59-60)

Our case study supports by example the efficacy of
Van Demark’s (1992) call for desktop GIS for planners,
and shows its usefulness as a decision-suppoert tool. Ina
broader context, our work is consistent with the conclu-
sions of Armstrong, Lolonis and Honey (1993) which il-
lustrate the potential of a greater role for GIS in decision
support for local government. Thus, the value of a real
estate GIS in a decision-support capacity for planners
and other local government agencies is emerging.

Notes

1. We would like to thank the City of Cleveland Department of
Community Development for financial support of this project.

2. It has been pointed out most recently by van Helden (1994)
that many planning organizations under-utilize GIS technol-
ogy and data because of the high cost of database develop-
ment and maintenance, but that reliance on multi-agency con-
sortia sharing data and applictions can significantly increase
use of the technology in such agencies.

3. This may seem counter-intuitive to current trends in urban de-
velopment to exclude alleys from new projects because they
may be associated with higher maintenance costs, difficulty in
accessing emergency equipment, and perceived resident secu-
rity issues. However, in this case, alleys are considered one of
the keys to maintaining the urban fabric of the area and allow
adequate off-street parking access, keeping distance between
houses small. Thus, they are featured in the study.

4. Several other potentially important variables were not in-
cluded in the GIS, including slope, soils, and drainage. Proper-
ties on the northern end of the neighborhood are particularly
affected by slope and subsequent database construction
should include these factors where appropriate.

5. “Digital exchange format” (dxf} is a commonly used spatial
data format and is therefore a de facto transfer standard for
graphic and spatial data. It was developed by AutoCAD (TM).



6. One redevelopment property turned up with approximately
$250,000 in unexpected lot clean up costs for four lots in a
twenty lot project.

7. The source for this customized data run, and for all Sanborn
maps was ERIIS, located in Alexandria, Virginia. The data run
included registered environmentally sensitive sites on 11 pub-
licly available lists and a computer map of listed locations
within a % mile radius of the study area.

8. A developer may be faced with a choice of developing a virgin
lot (“greenfield”) in an outer suburb or bearing the additional
costs and uncertainty of developing an inner-city, brownfield
parcel. Such choices may significantly limit inner-city redevel-
opment potential.

9. Hand-held systems make possible such changes more directly,
though this technology was not used in this study.

10. Interview with Glenn Smith of Cleveland C.D,, July 1993,
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Extending the Geographic Information Base into the

Third Dimension for Use in the Urban Environment -~

Tan D, Bishop, John W. Spring and Rohan Potter

Abstract: Geographic information systems are increasingly capable of working with data that extend above the
land surface. This paper describes how one urban center has made additional use of its spatial data for visual ap-
praisal of development profects. Elevation data have not been confitied to a digital terrain model but have been ex-
tended through photogrammetry to include the roof planes of all buildings within 2 km of the major commercial
and civic center. These data have been used, in conjunction with terrain models, aerial photographs and facade tex-

tres, to generate visual simulations and animations from both ground level and elevated view points. Additional
aftribute information—such as property values, height limit envelopes or date of construction—can be shown si-

multaneously with minor abstraction of the simulations. It is argued that GIS users will increasingly opt to extend
their data sets to include buildings and other above-ground infrastructure as three-dimensional elements,

defined as computer software for the collection,

storage, retrieval, transformation and display of
spatial data (Burrough 1986). Although no dimensional
restrictions are explicitly stated in such a definition, it is
generally understood that a GIS works with the type of
data that have historically been encoded as maps. That
is, data about the state of the earth’s surface. Specialized
software have been developed for working with below-
surface data, e.g., seismic records, groundwater model-
ing. Computer-aided design (CAD) software has been
widely used for modeling objects built above the sur-
face. Fractals, L-systems and other procedural tech-

Geographic information systems have long been

Tan Bishop is director of the Center for Geographic Informa-
tion Systems and Modeling at the University of Melbourne.
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dara in suburban Melbourne. He has worked in city planning
since 1970. He has a diploma in Building Surveying and is
current undertaking a graduate diploma in Geographic Infor-

mation Systems. He is a Fellow of the Royal Institute of Build- -

ing Surveyors, holder of Super Service status in the Victoria
Assocation of Photographic Societies and a keen skier.
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AAM Surveys Pty Ltd, a firm specializing in airborne pho-
togrammetry. He has 18 years experience in all aspects of
photogrammetry and cartography, both analogue and digital.
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niques have been applied to modeling of vegetation
and other natural phenomena. Now, users who work
with digital map data also frequently have concern for
underground or above-ground activity. Packages that
integrate GIS capability with the capacity to model and
visualize in the third and fourth dimensions are inin-
creasing demand.

This paper describes how data from the third dimen-
sion have been used in the urban environment to re-
view development proposals and to present data from a
different perspective. The data have been drawn from a
combination of GIS and engineering CAD sources and
used in commercial animation software. Pioneering
work that combines GIS, CAD, rendering and anima-
tion technologies on a single platform has been under-
taken by Danahy and Wright (1988). Lange (1994) has
used these developments in an environmental planning
context, Nevertheless, at this time, such work is fre-
quently dependent on data translators and the use of
multiple packages or platforms.

Camberwell Junction

Camberwell Junction, at a junction of three major roads
10 km east of Melbourne, is a “district center” offering
many shops and stores along the major north/south ar-
terial road. It is a strip shopping center that primarily
serves the municipalities of Camberwell and Hawthorn.
Forty-thousand commuter cars pass through the junc-
tion every day. Two tram lines, one train line and sev-
eral bus routes serve the Camberwell Junction center.
In the late 1950s, the Camberwell Council started
purchasing land at the rear of the center to provide off-
street parking,. Parts of these extensive purchases were



financed and acquired through the “Planning Permit”
conditions for redevelopment in the center. High car-
parking to retail floor-space ratios required either exten-
sive on-site car parking facilities or cash-in-lieu-of car-
parking payments. The success of this strategy from
1950 to 1970 helped the Junction shopping center be-
come a leading retail center with rental rates rivaling the
central business district and other major shopping
malls. However, by the late 1980s the Camberwell Junc-
tion customer base declined as regional shopping cen-
ters improved and expanded. The last large retail store
in the Junction was developed in the 1970s; since then
parking has increasingly fallen behind that offered at
other regional centers.

To help with planning decisions for the changing
Camberwell Junction, the Camberwell and Hawthorn
Councils carried out several joint studies from 1973 to
1992. Despite spending over $375,000 on independent
consultants in 1990, no great progress was made to-
wards a “Junction Strategy” that could be incorporated
into legislation as planning-scheme amendments. With
its existing holdings, the Camberwell Council has 28
percent of the non-residential land in this highly desir-
able and affluent part of the municipality. The council is
now working through a procedure for defining not only
economic and planning goals, but also actual site-spe-
cific development parameters.

Phase 1: Data for Structure Planning

To underpin the analysis of development options, coun-
cil officers proposed a pilot geographic land information
system employing existing Hewlett-Packard Apollo
workstations and a 3-D surface modeling interactive
graphics system (SMIGS). Objectives for the pilot project
included site-specific floor area limitations and overall
statements of strategic direction on development sites,
public transport, heritage and urban development
guidelines.

The Camberwell Council, with help from consul-
tants, developed map data sets for the Junction. The
mapped area is 1.7 km by 2.1 km and contains about
4500 buildings. It was important that they use a process
that could be used directly for any planning scheme
amendment while storing data for future use and refer-
ence was necessary. This had not been achieved by the
previous studies. They also envisioned that the process
would provide for more visible and graphic illustration
of the future structure of development in the junction
and hence be more readily understood so discussion
could concentrate on the ‘real’ issues and not extraneous
detail.

Digital cadastral data were purchased initially. These
had been digitized from old 1:2500 maps and were

found to be inaccurate, especially for the large number
of properties that were not generating rates. They sup-
plemented the data with photogrammetric interpreta-
tions of 1988 stereo photography. The photography had
been flown at 670 meters providing an acceptable 1:4500
scale reproduction with on-ground accuracy of plus or
minus 0.2m. Physical boundaries, basic contours and all
existing building footprints were digitized as 3-D coor-
dinate strings. Specifically the data set contained:

* Outline of all buildings in the study area taken at parapet
or eave location for X, Y and Z coordinates. A series of sim-
ple rules was used in digitizing the buildings which con-
centrated on the footprint and squared the roof at the eave
or parapet. Each building was classified as either residen-
tial, commercial or public/institutional.

¢ All existing fences and visible boundaries with one of three
“confidence” attributes:

1) excellent definition and location, or

2) partly obscured but reasonable confidence, or

3) difficult identification, questionable or obscure.
* Indicative contours at 5-meter intervals.

A base data set for the area was thus generated from
existing internal compiled maps and other sub-division
and building permit data plus two external data
sources. The project was commissioned in November
1991 and had a deadline for public advertising of a
“structure plan” in April/May 1992. The pilot GIS work
was on time and cost-effective. Over 4000 properties
were included in the data area. The total cost of data ac-
quisition and preparation was $82,000 (Australian).

A series of 12 AD sized plots was produced mapping
the recommendations for proposed planning scheme
amendments and control of development in the Junc-
tion. From this first phase, site-specific details would be
developed with actual building control envelopes and
other urban design guidelines.

Phase 2: Data for Urban Design Guidelines

The next stage was more complicated in requiring ac-
tual urban design alternatives to be developed, assessed
and tested financially. The normal role of the council as
simply a “statutory authority” has shifted dramatically
with Camberwell’s large ownership of the commercial
center. More than just “statutory” functions must be as-
sessed; a wrong development decision would have di-
rect economic and physical repercussions.

Visual simulation was proposed as a component of
this evaluation so that councilors, officers and the public
could feel more confident about the physical extremities
of proposed buildings and works in the real environ-
ment. The simulation models could also be used to test
major planning guidelines associated with building lim-
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itation envelopes, height restrictions, maintenance of
views and building bulk.

After some initial simulations using the Phase 1 data
sets, it became clear that additional contour data along
with street verandas and roof detail were necessary to
make the simulation models recognizable and believ-
able. While landscape simulations do not necessarily
need high-accuracy data to achieve their “effect,” the
city of Camberwell specified high-accuracy require-
ments because of the potential savings in answering
planning and building development questions directly
from simulations. This is especially the case where
height limitations or relative building bulk control is im-
portant. ‘

New aerial photography was taken on a non-busi-
ness day and at a time with appropriate shadow angles.
This was to provide as much on-the-ground and build-
ing detail as possible. Additional survey control was
also specified to enable the final digital results to be sur-
veyed on the ground for accuracy. Eventually 50mm ac-
curacy was achieved in the “central core” retail area.

Additional contours at 0.5-meter intervals plus spot
heights were provided along with roof planes and ve-
randas and other major roof equipment. Break line fea-
tures, involving embankments and retaining walls, were
given special attention so that the digital terrain model
(DTM) was as accurate and recognizable as possible.
The quantity of information in the core (non residential
area on the Camberwell side of the Junction only) was
enormous. It was greatly under-estimated because of
the traditional methods of quoting “aerial digitization”
on the basis of numbers of properties rather than num-
bers of roof planes.

The specification for 2-D and 3-D snapping of com-
plex roof shapes and features in X and Y plus X, Y and Z
coordinates was a challenge: especially as this was done
on-line at the time of data capture (Figure 1). Buildings
such as churches with polygon dome roof and turret be-
come quite expensive to digitize; in some cases three
times the traditional rectangular building digitizing
costs. The final data file in Intergraph “.dgn’ format held
five times the data volume of the Phase 1 files for the
same buildings and area.

The Simulation Process

The local photogrammetrically derived data sets were
combined with wider area terrain data and an existing
CBD model to form an overall simulation model, which
can be thought of as three concentric areas of decreasing
precision around the civic core.

The new, very precise data of Phase 2 replaced the
Phase 1 data in the inner zone, which included all the
civic and commercial area of Camberwell adjacent to the
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junction. The terrain model in this zone was based on
0.5meter contours. This area covered roughly 1200m by
300m with an elevation change of up to 30 meters. The
next zone included the adjacent commercial areas in
Hawthorn and residential areas in both municipalities
and a DTM based on 2-meter contours. This gave an
area modeled from photogrammetric data of approxi-
mately 1.7km by 2.1km.

The contours in these two zones were converted to a
triangular irregular network (TIN) model using Inter-
graph'’s terrain modeler (MSM). The TIN model and the
roof planes were converted from “.dgn’ to the “.obj’ for-
mat used by Wavefront Technologies’ Advanced Visual-
izer using in-house software. To create the buildings, the
roof planes were extruded downward to intersect the
ground plane. No obvious problems arose from using
this procedure, even with the domed church, but it
would be more problematic for complex curved build-
ings such as the Sydney Opera House.

FIGURE1. Anillustration of the roof, parapet and ve-
randa digitization process. Two- and three-di-
mensional snapping was done during data
capture to ensure that gaps and overlaps did
not develop.
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An aerial photograph of the Camberwell area was
scanned in Photoshop and rectified using Intergraph'’s
image analysis module using control points drawn from
the digital model. The image was converted to a 2048-
by 2048-resolution texture map in the Advanced Visual-
izer environment and draped over the terrain model.
This technique has been described in Bishop (1994).
while the use of Advanced Visualizer software in envi-
ronmental visualization is reviewed in Bishop (1994).

In order to expand the area of coverage and to avoid
the visual contradictions induced by a very obvious
hard edge to the data set, we added to the Camberwell
data sets a third outer zone. This included a terrain
model based on 20m contours for the surrounding
area—from the Melbourne CBD to the Dandenong,
ranges at the edge of the metropolitan area—and a CAD
model of the Melbourne CBD. Although the CBD model
was not current, it was sufficient to show the relation of
the junction area to the CDB and to establish the rela-

tionship between proposed development and views to
the city. The full data set gave effective simulations from
both oblique aerial (Figure 2) and ground-level view-
points. : :

To further enhance the ground-level views, pho-
tographs of building facades taken from street level
were texture mapped onto the corresponding building
walls. Street furniture and other details have been de-
signed using CAD software and added to the data set to
generate realistic images of the current environment and
the effects of development proposals (Figure 3).

Additional attribute information—such as property
values, height-limit envelopes or date of construction—
can be shown simultaneously with minor abstraction of
the simulations. An example is the 11-meter height limi-
tation proposed for alterations and additions to the ex-
isting (Burke Road) shopping strip buildings. This was
supposedly to protect the view of the Melbourne sky-
line. The simulation (Figure 4} proved that this 11-meter

FIGURE2. Oblique aerial view which shows the character of the data set. In the background is the outer data zone in-
cluding the central business district (CBD) of Melbourne and the edge of Port Phillip Bay. In the right fore-
ground and middle distance are the buildings of the second zone with flat roofs (single Z values). In the
center of the image the detailed modeling of the inner zone derived from full roof plane acquisition and ex-

trusion is clear.
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FIGURE3. Ground level view showing texture mapped shop facades, street furniture and traffic,

FIGURE4. A prominent location within the area currently enjoys a spectacular view back toward the CBD over the
low-rise local shops. The image shows that a proposed height envelope for redevelopment of those shops
would cut into the CDB view. Other proposed building masses are also shown.
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height restriction would not protect this view; conse-
quently this limitation is under review.
The simulations have proved a very effective means

of presenting block building forms as a planning-limita-

tions envelope. Levels and site lines to the CBD skyline
have been easily judged using the simulation along with
proposed planning scheme height-limitation controls.
Because of these simulation “experiences,” a number of
alternatives have been discarded or redeveloped to take
account of factors which have only become obvious
through the simulation.

Conclusion

The project has employed a number of graphical and -
landscape simulation techniques unique in local govern-
ment. The idea of collecting highly accurate data with
the aim of modeling the existing environment realisti-
cally, plus the ability to quickly introduce development
proposals for testing public reactions, has been a de-
manding exercise. A substantial amount of effort has
been placed on acquiring photogrammetry data of
buildings and land levels to enable site lines and view
presentations to be accurate, understandable and believ-
able. Presentations using dual projection with the simu-
lation and actual complementary slides have been very
successful in illustrating the urban design alternative
guidelines now being developed for council and public
consultation.

Aerial photography and photogrammetry have
proved to be a cost/time-effective technique in the
Camberwell Junction GIS Pilot Study and Landscape
Simulation Project and will continue to be used for the
remainder of the council’s GIS implementation.

. ipaﬁty_the dty Of Boroondara." . e

For the city of Camberwell, extension of their data
sets to include buildings and other above-ground infra-
structure as three-dimensional elements has had clear

_ advantages. It is hard to envision councils and other ur-

ban-oriented agencies adopting GIS without also dis-
covering the urge to undertake 3-D modeling of their
building information. This probability should enter into
their deliberations as they choose hardware and a GIS.

Note

Since this paper was prepared, the cities of Camberwell and
Hawthomn have merged with the city of Kew to form a single munic-
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Spatial Data Integration in Route-Level
Transit Demand Modeling

Zhongren Peng and Kenneth J. Dueker

Abstract: This study addresses the issue of data requirements, data structure and data integration for transit de-
mand modeling. Transit demand modeling requires the integration of transit ridership, transit service and socio-
economic and demographic data. These data are not stored in consistent geographic units that are required for
transit demand modeling. Two data integration issues are addressed: the spatial and attribute data allocation, and
the inter-route relationship. The accuracy of different methods to allocate demographic and socioeconomic data
from census areas to the service areas for transit routes are compared, using data from Portland, Oregon metropoli-
tan area. Spatial data integration is also used to analyze transit inter-roule relationships, the extent to which
routes are independent, complementary or competitive. Inter-route relationship analysis facilitates route-level rid-
ership modeling to estimate the ridership impacts of service changes not only on the route with the service change,

but also on other related routes.

tal map databases for a variety of applications for

public transportation systems are underway. The
Advanced Public Transportation (APTS) Map and Spa-
tial Database User Requirements Working Group (M5-
DWG) is addressing the issue of standardization of spa-
tial data entities for transit service (Okunieff 1994). The
MSDWG efforts focus on a broad range of potential ap-
plications, such as demand-responsive systems, fixed-
route operations and service planning, customer infor-
mation systems, and transit decision-support systems.
A common database requirement provides a basis for
defining and describing transit data elements in a con-
sistent and transferable form, so users can integrate dif-
ferent data with common definitions and common rela-
tionships among data sets.

This paper addresses the spatial data requirements

and integration for transit demand modeling based on

Several efforts to address the issue of common digi-
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work for the Tri-County Metropolitan Transportation
District of Oregon (Tri-Met), the regional transit agency
in the Portland, Oregon metropolitan area. Transit de-
mand modeling is data driven. Valid and accurate data
are needed for model specification, a key factor to gen-
erate an unbiased estimation. Invalid or inaccurate data
will result in biased and inefficient model estimation.
Geographic information systems (GIS) have an impor-
tant contribution to organize and integrate transit loca-
tion, ridership, service, and socioeconomic and demo-
graphic data for transit demand modeling,

Database Requirements of
Transit Demand Modeling

Different types of models have been developed to esti-
mate route-level transit ridership. They belong to two
basic approaches. One is a traditional urban transporta-
tion planning system (UTPS) approach, which treats
transit routes as a network system, and uses a four-step
modeling process (trip generation, trip distribution,
mode choice, and trip assignment) to derive and assign
ridership to individual transit routes. The other ap-
proach is direct demand modeling, It uses regression
models, regressing ridership at the individual route,
route segment, or bus stop level against the determin-
ing factors of transit ridership within the transit-route
service areas. These two approaches serve different pur-
poses and have different data requirements.

The UTPS-type model is a large-scale and long-range
transportation planning tool. It is capable of estimating
modal split at the zone-to-zone level or the household



level and assigning transit trips to individual routes, es-
pecially the recent development of the disaggregate
choice model and multipath assignment algorithm.
However, it is incapable of providing sufficiently accu-
rate estimates to guide short-term operational improve-
ments like transit frequency changes (Papacostas 1987),
nor is it very sensitive to transit service changes. The
UTPS-type approach focuses on travel origins and desti-
nations, traffic flows and equilibrium assignments to the
network. It requires data on traffic flows, trip origins
and destinaticns, as well as socioeconomic and demo-
graphic data at the traffic zone level. These data are usu-
ally travel behavior survey data that have travel origins
and destinations. It does not require transit ridership
data at the individual route level, but it does require -
zone-to-zone travel time for modal splits and a transit
network for assigning transit rides to individual routes.
Disaggregate choice model variants require more de-
tailed household-level travel and demographic data.

In contrast fo the UTPS-network approach, the direct
demand model is more sensitive to transit service
changes and therefore suitable for short-run what-if sce-
nario analyses. The direct demand models focus on
transit ridership and service on a specific route, or part
of route. They utilize the observed transit ridership and
regress it against transit service variables, and socioeco-
nomic and demographic characteristics in the transit-
route service area. They require very detailed data on
transit ridership, service, and socioeconomic and demo-
graphic data at the route, route segment, or transit stop
level. Thus, data on transit routes and stops consist of
both location and attribute components related to spe-
cific transit routes. Because of these data requirements, a
GIS is a useful tool for integrating spatial and attribute
data.

This paper will not address the data requirements
and database design for UTPS-type modeling and dis-
crete choice modeling. Rather, it addresses the database
requirements, design and integration issues for the di-
rect-demand modeling approach.

There are three major categories of models that use
the direct-demand approach: cross-sectional, time-se-
ries, and the combination of the cross-sectional and
time-series model. Each of these models requires differ-
ent data.

Cross-sectional models mainly deal with the spatial
data. They relate transit usage, transit service and so-
cloeconomic variables over space for a given point in
time. Time is not considered explicitly and indepen-
dently in the modeling process. Different models are de-
veloped for different time periods, such as models for
the peak, midday and night period using different data
set in different time period.

Time-series models are used to deal with long-range
temporal change. They are developed to estimate transit
demand changes on a spatial unit, usually for a whole
city or metropolitan region, as service and other vari-

ables change over time. To treat spatial variations, indi-
vidual models are developed for each spatial unit. Time-
series models primarily require longitudinal data.

Cross-sectional models capture variations of transit

ridership across different routes in space, and time se-
ries models capture variations of ridership over time. A
combination of cross-sectional models and time-series
models is used to capture variations of transit ridership
in time as well as in space. Therefore, it requires both
spatial and longitudinal data (Kyte et al. 1988).

- In addition to the spatial and temporal components

in the data requirements for transit demand modeling,
there is also a directional component. For example, in
the morning peak period, there is a large difference of
ridership between inbound and outbound direction. To
serve the purpose of route-level service planning, the
database design must address these spatial, temporal
and directional variations to satisfy the needs of transit
demand modeling.

Spatial and Temporal
Transit Database Design

Typical regression modeling requires at least three kinds
of data—ridership, transit service variables, and socioe-
conomic and demographic data.

Ridership data usually refer to boarding rides at a
spatial unit such as a bus stop, a route segment or a
whole route. Transit service data include service quan-
tity variables such as bus frequency, hours of service,
and route length of service; and quality variables such
as on-time performance. Transit service variables also
include the location, usage and capacity of park-and-
ride lots provided by transit agencies.

Demographic and socioeconomic characteristics at
the place of residence are used to estimate the potential -
transit users at trip origins, which include population
and age structure, household income, and auto owner-
ship. The demographic and socioeconomic variables at
the destination are used to represent the characteristics
of destinations of the transit trips, which include such
data as employment and high school enrollment.

Data from different sources may relate to different

‘spatial units. Some are related to transit stops like

boarding and alighting, some are related to transit
routes such as service frequency, and some are related to
areas such as population and employment. A regresston
model requires these variables to be measured in the
same geographic unit. In other words, all variables have
to be consistent in space and in time. To achieve this
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data consistency, these data have to be spatially related
and integrated.

To relate data spatially, each variable has to be related
to a common unit of observation. Geographic units of
observation are usually areal, such as traffic analysis
zone, census tracts, blocks or parcels. However, they
may be linear, such as street segments, routes, or rivers.
Or they can be points, such as accidents, bus stops.

A point is a basic unit of location. It can be repre-
sented by an (x,y) coordinate, or a milepoint along a
line. It has zero dimension. From the modeling point of
view, the transit stop, the starting and ending point of a
transit route, an intersection point of two transit lines, a
transit transfer center, and the centroid of a high school
or a park-and-ride lot can be treated as spatial points.

Alink is a line between two points. It has one dimen-
sion. The line between two bus stops is a spatial link. A
line between a bus stop and a rider’s home is another
example of a link.

In our model, a route segment is the piece of a transit
route, or a set of several links within a fare zone. And, a
route is a set of segments beginning from a starting
point (from-node} to the ending point (to-node) of a
transit line.

A polygon is an enclosed area bounded by three or
more links, such as a census block, block group, census
tract, fare zone or transit service area of transit stops or
routes.

Every spatial feature has associated attribute data.
Yor example, a bus stop is associated with the number
of boarding, alighting and transfers. A route segment
has associated characteristics such as transit fare struc-
ture. A transit route is assoctated with route typology
such as a radial, crosstown, feeder or express route. A
polygon has associated areal data such as aggregated
employment and population. A detailed list of spatial

features and associated transit attribute data is shown in
Table 1.

The relationship among spatial features can be estab-
lished by analysis of several types: point-on-line, point-

in-palygon, line-in-polygon, and polygon overlay. Sev-
eral are used in preparing data for analysis, such as
buffering route segment to generate transit areas of ser-
vice, and using point-in-polygon algorithms to allocate
population to route buffers. Similarly, polygon overlay
was used to allocate income data by block group to
route segment buffers.

To facilitate making relationships among bus stops,
bus stops to routes, and among transit routes, bus stops
and routes were related to TIGER lines and nodes, This

facilitates identification of transfer points between
routes. Similarly, it serves to identify bus stops that
serve several routes. Relating point and linear transit
data to the TIGER network enables integration and
avoids redundant geographic representation. This elimi-
nates the need to redigitize portions of each route that
might traverse a relocated street.

There is a temporal component at every spatial unit.
For each bus stop, for instance, there could be ridership
data for time of a day, season and year. The temporal
component can be for a time point and time period. The
time point is the basic unit of time, like 2:00 pm. Time-
point data are not necessary in most modeling applica-
tions, unless used in a real-time application. Time pe-
riod is a time unit that is longer than a time point. It
could be a subdivision of a day or a week, such as the
morning peak period, midday period, or the weekend.
It could also be for a longer duration, such as a season
or a year.

There is also a directional component of spatial data.
The directional component can be treated in two ways.
The first method is for a symmetric system, i.e,, the data

TABLE 1. Attribute Data and their Associated Spatial Features

Abstract

Spatial Data  Point Link Segment Route Polygon

Spatial features  Transit stop, starting and Piece of transit  Part of a transit An entire Census tract,
ending point, intersection,  route. .. routesegmented  transit block group,
transfer center, centroids by farezone. . . route. ... block, farezone,
of park-and-ride lot, service area. . .
high school locations. . .

Attribute Data  Boarders, alighting, Travel distance, Traveldistance,  Servicelength, ~ Employment,
transfers, on-time travel time, travel time, hours of service,  population, age
performance, park-and- bus speeds...  bus speeds, service frequency, structure, car
ride lot capacity, high transit fare. . . total seats in ownership,
school students. . . abus... income. ..

Source: Adapted from APTS Map Dutabase User Requirements (Okunieff 1994).
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are the same for both directions in a linear system. For
example, if two bus stops for inbound and outbound are
on the same two-way street, and are oppositely located
cross the road, these two bus stops can be considered as
one in a linear network system like a street centerline
file. Ridership data in either direction can be related by
the same bus stop but with different directions.

The second method is for a nonsymmetric system,
.., data points for two directions are not the same. The
directional data are related to different geographic loca-
tions. For example, on a one-way street, the bus stop for
inbound and outbound direction will have different lo-
cations, and must be treated as independent points.

The systematic GIS database design can aid transit

“service planners to query and display transit ridership,
service and socio-economic characteristics in the service
area by stops, route segments or the whole routes. By
displaying and linking these spatial data, it facilitates
the spatial analysis of transit service supply to deter-
mine places that have the most or least service. It can
also be used to target certain population groups, such as
low-income, disability or elderly groups, to determine if
these target groups get enough transit service. More im-
portantly, the systematic-designed GIS database pro-
vides a basis for efficient data analysis and transit de-
mand modeling.

Data Integration

For the purpose of transit demand modeling, separate
data must be related to common geographic units and
the modeler must select the level of detail—the bus stop,
a route segment, or the whole bus route. If the unit of
observation is at the bus stop level, all linear and poly-
gon data representing route service and population lo-
cations must be related fo the point data that represent
individual bus stops. That is, at each bus stop, there
must be a data set that describes the transit ridership,
transit service, population and employment within
walking distance of that stop. Similarly, if the basic ob-
servation is the bus route segment or a whole route
level, the point and polygon data have to be related to
the route segment or route level.

The ovetlay operation in GIS is often used to inte-
grate polygon data and point or linear data. Caution
must be exercised to determine whether the topological
and geometric relations represent the real relationship
among the polygon, point and linear data. In other
words, even though the population in a census tract can
be associated with a bus stop or a route segment by an
overlay and allocation operation in GIS, it is necessary
to determine whether that population contributes to the
transit ridership in that transit stop, or whether the tran-
sit service in that segment serves all or part of the popu-
lation in that census tract. The question remains as to

specifying or allocating population and the kind of pop-
ulation to specific transit stops, route segments, or the
whole routes.

To allocate polygon and point data to transit stops,
route segments, or the whole routes, the transit service
area has to be defined. Previous studies have shown
that walking distance is the most important determinant
of the transit service area (Horowitz and Metzger 1985;
Lam and Morrall 1982). Most people will not walk more
than a quarter-mile, or approximately five minutes, to
use public transit. Therefore, the transit service area is
usually defined as a one-quarter mile around the transit
lines, or more precisely, around transit stops. Some pre-
vious studies have used this service area concept in
transit demand modeling (Hunt ef al. 1986). -

Prior to using GIS for route-level modeling, this issue
of data consistency was not dealt with well. For exam-
ple, Kyte et al. (1988) relied on the county-level popula-
tion and employment to estimate their route-level mod-
els. If two routes run through the same counties, the
same population and employment will be used to esti-
mate the ridership on both routes. The more typical rela-
tionship used by modelers was to assign census tract
population to all routes that intersected the tracts (Sto-
pher 1992). This leads to double counting if more than
one route serves a tract. For a route-level transit rider-
ship estimation model, in which the population and em-
ployment are major determinants of transit demand,
this lack of consistency is the major source of inaccuracy
in estimating route-level demand models (Multisys-
tems, Inc. 1982).

The service area for each transit stop or route can be
delineated by either a geometric distance buffer or a
topological neighborhood search (Dueker and Vrana
1991). For a geographic buffering approach, bus stops
are buffered by a quarter-mile distance, because it is the
bus stops that determine the real walking distance. The
area inside the buffer is the service area for that particu-
lar transit stop. Because the distance between bus stops
is usually less than a quarter-mile, there is overlap
among bus stop buffers. Objects such as population in
those overlapped areas are allocated to the nearest bus
stop.

If the model is developed at the route segment or
route level, however, buffering bus stops and allocating
objects to bus stops may not be necessary. Bus routes,
rather than bus stops can be buffered for urban routes,
wherein the bus stops are less than a quarter-mile apart.
This can achieve sufficient accuracy and reduce the re-
dundancy of buffering individual bus stops on bus
routes.

The topological approach delineates the service areas
of a transit stop by searching for a quarter-mile distance
in the street network. This approach considers the actual
walk distance in the street network, so it is more accu-
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rate to define a transit service area. However, in the ur-
ban areas where the network is very dense, the geomet-
ric and topological approaches produce similar results.

In developing a transit demand model at the route-
segment level, we used the geometric buffering ap-
proach to buffer a quarter-mile distance around a transit
route segment to define the transit service areas, and al-
located the demographic and socioeconomic data to the
buffers. The demographic and socioeconomic data are
mainly from the 1990 U.S. population and housing cen-
sus, available at the geographic unit of census tract,
block group and census block. Since the boundaries of
these geographic units are not consistent with the
boundaries of the bus route buffers (Figure 1), data in

- those different geographic units (census tracts, block -
groups and blocks) have to be allocated to the route ser-
Vice areas.

Count and attribute data are allocated differently.
Count data, including the number of population, em-
ployment, high schoo! enrollment, and park-and-ride
facilities, are counts of spatially distributed subjects and
can be allocated to different geographic units by overlay
functions in GIS, i.e, spatial allocation. Attribute data
representing the characteristics of those count data, like
income, auto-ownership rate, population age structure,
cannot be allocated by the overlay functions in GIS, un-
less these data are at the individual person or household

FIGURE1. An Illustration of Spatial Data Allocation

level. They have to be allocated differently as discussed
later.

Count Data Allocation

Count data in an areal unit are the aggregate number of
thematic features. There are four basic methods of count
data allocation (Peng and Dueker 1993). They are:

all or nothing allocation,

allocation based on the uniform density assumption,
allocation based on land use types, and

allocation based on block centroids.

These four allocation methods are by no means ex-
haustive, but they are the most commonly used in spa-
tial data allocation.

All-or-nothing allocation allocates spatial count data
like population and employment of the whole census
tracts or block groups to the bus-route service area if the
transit line buffer overlays in part or whole with the
census tract or block group. The whole census tract or
block group is considered as being served by the bus
route as long as there is some common area between a
bus route buffer and the census tract or block group, re-
gardless of how large or how small the common area is.
If a census tract or block group is very large and a tran-
sit route runs on a major arterial, which is often the
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boundary of census tracts, the real walking distance for
some people living in the census tract is far more than a
quarter-mile (see Figure 1). Assuming that they all are
served by the transit route is unreasonable. Including
them in the route-level transit patronage model as deter-
minants of transit ridership introduces measurement
errors.

The uniform density allocation assumes that the pop-
ulation and employment in a census tract are uniformly
distributed, and the allocation of population and em-
ployment is based solely on the proportion of the area of
a census tract that is within the bus line buffer area. This
method will result in errors in tracts where population
is not uniformly distributed. It is especially inappropri-
ate for employment data, because employment is often -
clustered together rather than evenly distributed.

Allocation based on the type of land use relates pop-
ulation to residential land uses and relates employment
to non-residential land use. Population and employ-
ment can be allocated uniformly to residential and non-
residential land areas, or building floor areas. This is a
better alternative than the uniform density allocation
method. Still, it can introduce errors if population and
employment are concentrated and mixed, such as a mix
of single-family and multi-family housing, and a mix of
different commercial and industrial land uses.

Allocation based on census block centroids assumes
all the population in the census block is located at a sin-
gle point (block centroid). The whole block’s population
is allocated to the transit service area if the block cen-
troid is located inside the transit route buffer area.

In urban areas, a census block is the smallest geo-
graphic unit wherein census data are available. It is
small enough to be considered as a spatial point. This
study used 1990 census block data to allocate popula-
tion to the transit route service areas. The point cover-
age of census block centroid was first overlaid with the
transit route or stop buffers, the route-specific popula-
tion within the service areas was aggregated by sum-
ming population of block centroids inside the buffer. Al-
though this study does not prove that the population
allocated by the block centroid is the ground truth, it
can be reasonably argued that this method generates the
least error in urban high-density areas. This assumption,

however, cannot be applied to low-density suburban
and exurban areas.

To compare the accuracy of different data allocation
methods, the uniform density, all-or-nothing and the _
land-use allocation methods were used to allocate pop-
ulation to a transit-route buffer, using data in the Port-
land metropolitan area. The allocated results were com-
pared to that using the census block centroid method.

The allocation methods are compared by the percent-
age differences of allocated population using that of
block centroid method (BLOCK) as the basis. These dif-
ferences are calculated both at the block group and cen-
sus tract level, by the following formulas:

Average Percentage
Difference of AON;

Ej [AOsz - BLOCszl .

00 Q)
%, BLOCK;,

Average Percentage Ei [UDiZ‘BLOCK]'z] * 100

Difference of UD, % BLOCK @
Average Percentage 2 [LUp ~BLOCK;1 | 3)
Diffrence of LU, ~

):,i Blocky,

AON, UD and LU indicate all-or-nothing, uniform
density and land-use-based method. The geographic
area, j, on which the population allocation is based,
could be either the census tract (CT) or the block group
(BG) number. The allocated population are compared at
the route segment (fare zone) level, z. ZjBLOCKiZ is the
allocated population at the fare zone z based on the
population in the block centroid.

The difference of these three methods is shown in
Table 2. It shows the results of different methods of pop-
ulation allocation to the bus route buffer aggregated at
the route segment level. There are four segments seg-
mented by fare zones in this study area, zone0, 1,2 and
3, concentric with the downtown Portland central busi-
ness district (CBD).

Table 2 shows that, compared with the block centroid
method, the all-or-nothing method generates larger dif-
ference than the uniform density method, both at the
block group level and the census tract level. Because

TABLE2. Comparisons of Population Allocation Aggregated to the Transit Route Segments: Percentage Difference

from Allocation of Block Data.
Allocation Method Uniform Density All-or-Nothing Land Use
Geographic Unit Block Group Census Tract Block Group Census Tract Census Tract
Median difference 74% 13.0% 202.0% 327.9% 11.5%
Mean difference 44.6% 35.6 1057 9% 2762.4% 28.9%
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land use is not available at the block group level, popu-
lation was allocated based on land use at the census
tract level only. Land-use allocation produced better re-
sults than uniform density and all-or-nothing allocation
at the census tract level (Table 2). In terms of allocation
errors of the area type, allocation based on the block
group produces a better result than that based on the
census tract. There is a big difference between the mean
and the median, because the mean error includes larger
outliers.

The differences in Table 2 are aggregates at the route
segment level. Aggregation tends to reduce the variance
and errors. If the allocation difference of different meth-
ods is compared at the census tract level, the difference

_ is much larger. Peng and Dueker (1993) have a more de-
tailed analysis that shows the allocation to route seg-
ment buffers introduces less error than does allocation
to smaller geographic units like census tracts, It is inter-
esting to note that the mean difference of uniform den-
sity allocation using census tracts is less than that using
block groups at the route segment level. This may be
due to the balance of the over-allocation (positive differ-
ence) and under-allocation (negative difference) in the
process of aggregation; it does not necessarily indicate
the population allocation based on the proportion of
census tract areas is better than that based on the block
group areas.

Unlike population data, employment data are simply
not available at the census block level. The block cen-
troid allocation method used for population allocation
cannot be used to allocate employment data.

Employment data are only available at the census
tract level by industry in the Portland metropolitan area.
Metro, the regional planning organization for the Port-
land metropolitan area, geocodes state employment
data to census tracts. We have allocated these employ-
ment data to route-specific service areas based on land
use types, from Metro’s parcel-level Regional Land In-
formation System (RLIS). RLIS is used because it identi-
fies land use type at the individual parcel level. Every
land parcel in the RLIS database has a specific land use
type, i.e, residential single-family, residential multi-fam-
ily, industrial, commercial and farm lands.

Employment data at the census tract level are avail-
able by industry: manufacturing, commercial, govern-
ment, transportation, real estate, and agricultural. These
industrial categories are not consistent with the land use
categories. In order to relate employment data to land
use types, this study relates manufacturing employment
to industrial land use, agricultural employment to farm
lands, and all other employment to commercial land
uses. The employment allocation process is described as
follows:

First, each land parcel in the RLIS was converted to a
centroid point. Then the RLIS parcel point coverage was
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overlaid with the census tract polygon coverage. Parcel-
level floor area and land use area by different land use
types allocated to census tracts were aggregated, and
employment density (employment per unit of floor ar-
eas or land use areas) by employment type was calcu-
lated using Equation (4). For example, if census tract i
has 500 manufacturing employees and 250 acres of in-
dustrial land, its manufactural employment density is
two employees per acre.

Employment
Employment Densitypy = ik 4)

Land or Floor Areapk

Where the subscript p is employment typology: com-
mercial, industrial, and agricultural; k is the census tract
number. For commercial employment allocation, floor
area rather than the land area is a better measurement of
employment density.

Next, the transit buffer was intersected with the land
use point coverage from RLIS and the census tract poly-
gon coverage. If the centroid of a land parcel is located
inside the buffer, that parcel is counted as being served
by the transit route. Land and floor areas inside the
route buffer in each census tract by land use types were
aggregated, and were used to calculate the proportion
of these land and floor areas that are within the buffer
by land use typology.

Lastly, the specific employment in transit buffer areas
is the product of the employment density of an employ-
ment type and the proportion of the land area or floor
area inside the buffer as illustrated by Equation (5). The
employment in a census tract served by the transit is the
summation of employment of all employment types in
the census tract (Equation {6)). The total employment
served by a transit route segment is the summation of
employment served in all census tracts that the route
segment buffer goes through (Equation (7)).

Employmentizpi =
Employment Densityy, Land or Floor Areay;pi (3)
Land or Floor Areapy
Employmentiz = L, Employmentgy (®)
Employment;; = ZEmployment,y ¥4

Where the subscript i, z is the route buffer area of the
transit route i at fare zone z; the subscript p and k are
defined as in Equation (4).

Caution is needed to allocate employment data based
on the uniform-density land uses, especially for indus-
trial and agricultural land. It can only be used as a proxy
of the ground truth. It is nevertheless still an improve-






