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Estimating Economic and Development Impacts of 

Transit Investments 

W. T. WATTERSON 

ABSTRACT 

Although economic and development impacts are frequently included as positive 
objectives of major transit investments, the issues, methods, and results of 
actual impact analysis remain rather crude and are sometimes misleading. Re
ported in this paper is an empirical analysis of economic and development im
pacts from a study of major transit investment for the Seattle area, using 
state-of-the-art econometric and spatial interaction models. Economic impacts 
are found to be quite sensitive to assumptions on financing local shares of 
transit investment, although project financial planning and economic impact 
analysis have rarely been considered together. Development impacts, in terms of 
both job and household locations, are modest overall and are concentrated in 
the vicinity of the central business district that was to be the focus of the 
transit service, despite the magnitude of the investment involved. The research 
findings are somewhat tentative, but do suggest directions for applied research 
in quantitative analysis with operational models to the end of clarifying for 
policy purposes the potential impacts of major investment projects. 

Economic and development impacts are only indirect 
effects of major mass transit investments, but they 
are widely discussed and highly touted features of 
constructing or expanding a large-scale transit 
system. The American Public Transit Association has 
asserted that "it is clear ••• that transit invest
ments have important jobs-creation potential ••• and 
(are) highly beneficial to the local, regional, and 
national economy" <.!.>. On the development side, the 
U.S. Department of Transportation has in the past 
made intra-regional impacts an important transit ob
jective: "Rail transit can be a supportive tool of 
urban revitalization ••• rail investment can help 
rejuvenate declining core areas, increase the city's 
tax base, create a more attractive investment cli
mate, and promote a more efficient, livable urban 
environment" (~) • When guidelines for analysis and 
planning for transit investments are published, they 
invariably place economic and development impacts as 
important components (_~). 

Good intentions aside, many empirical questions 
have certainly arisen, and remain, on the rationales, 
issues, methods, and results of analysis of economic 
and development impacts of transit investments (4,5). 
There are questions as to whether these are impoit;nt 
matters to be investigated seriously (compared with 
benefits and costs of transportation), and even if 
they are, questions remain as to whether the methods 
and results to date show anything worthy of interest. 
Economic and development impacts usually rank low in 
any listing of transit project objectives (6), and 
the results of impact analysis for recent rail tran
sit projects have been rather predictable and un
exciting (l,~). 

In any major public investment project, the eco
nomic and development impact analysis ( if any) oc
cupies an ambiguous role. On the one hand, it is at 
the least essential information to bring to bear on 
the public decision-making process, and, as noted 
previously, may even be project objectives. But, on 
the other hand, such impacts are rarely the central 
issues in that process. Public investment decisions, 

and especially transit investment decisions, are 
made for a number of diverse reasons, not all of 
which are economic (or should be). But the economic 
impacts and implications of the decision alternatives 
should be clear and known, even if not in a con
sistent benefit-cost framework with other objectives. 

There are many economic and development issues 
related to major transit investment projects. For 
example, it is widely assumed that large public 
investments at least have significant economic bene
fits during the construction phase because of the 
outside grants involved, the multiplier effects of 
capital spending on the regional economy, and the 
sales and business tax revenues that accrue (1). But 
what about the local tax dollars that match the 
federal grants, and get spent for support and pe
ripheral purposes? It is naturally assumed that 
investment in heavily capitalized transportation 
facilities results in operating efficiencies and 
lower long run costs (_~). But do these necessarily 
produce economic benefits for the region? Finally, 
as indicted earlier, a major impetus for development 
of the transit projects is to ensure the continued 
growth and fiscal vitality of the urban cores, 
especially in light of suburbanization pressures and 
declines of central business districts (4). But what 
impact does transit development actually- have on the 
spatial structure of urban areas? Does it s ignif
icantly improve accessibility and transit ridership, 
and does it have an impact on locational decisions 
and patterns of jobs and households? 

These are the types of questions that were in
vestigated in the research reported in this paper. 
In this research, state-of-the-art econometric and 
spatial interaction models were used to explore 
economic and development impacts of several alterna
tive transit investments for the Seattle area. The 
research was carried out as well to develop quanti
tative analytic techniques that could address the 
economic and development impact issues more effec
tively than the methods previously used in comparable 
transit planning studies. Some reasonable results 
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were obtained, but they are far from definitive. In 
some respects, they raise more questions than they 
answer. 

In the next section of this paper the transit 
investment project is described along with its set
ting and its alternatives. The economic impact em
pirical work is presented, both for construction and 
operations and maintenance costs, along with pre
vious methods, the methods and data used in this 
research, and results under differing assumptions. 
Finally, the development impact empirical work, its 
models, methods, assumptions, and results, is 
described. 

PROJECT BACKGROUND 

The Puget Sound Council of Governments (PSCOG) and 
the Seattle Metro conducted a study of long-range 
trans~ortation investment alternatives for a corridor 
north from the Seattle central business district 
(CBD) to suburban Snohomish County. This corridor 
had previously been selected as the highest priority 
for study among several radiating outward from the 
Seattle CBD to rapidly growing suburban areas. Staffs 
and consultants analyzed in detail several alterna
tives for this corridor, funded to date primarily by 
the Urban Mass Transit Administration (UMTA), and 
overseen by a committee of elected officials from 
local government jurisdictions. 

Seattle is a medium-sized metropolitan area of 
about 2.4 million people that has been growing at 
moderate but uneven rates during the past two de
cades. It has a strong economy based in durable 
manufacturing (aerospace and others) and very rapidly 
expanding service sectors. The Seattle CBD has cap
tured a significant portion of this service growth 
and has been experiencing an unprecedented boom in 
office development. However, access to the Seattle 
CBD is constrained by bodies of water, hills, and a 
large industrial area, and is mainly served by two 
bridges and a single north-south freeway corridor. 
Forecasts of the long-term future of the region and 
the CBD show continuing growth in jobs, particularly 
the types of jobs usually associated with office 
building uses. The region has been projected to gain 
about 500,000 additional jobs between 1983 and 2000, 
of which some 70 percent are to be in private non
manufacturing, which includes mainly trade and ser
vices sectors. Jobs in the Seattle CBD are projected 
to increase by almost 50 percent, or 60,000, during 
the same period; virtually all of these jobs are to 
be in services sectors (!.Q.). 

Meanwhile, forecasts show the greatest residential 
growth in the region occurring in northern King 
County and southwestern Snohomish County. Therefore, 
the need for the transportation alternatives study 
was derived from the concomitant projected increases 
in automobile work trips in the north corridor over 
the next 10 to 20 years, which, in the absence of 
any major transportation improvement projects for 
the corridor that could accommodate the increased 
traffic loads, will lead to sharp rises in peak-hour 
automobile and transit travel times and decreased 
accessibility of the CBD and other large Seattle job 
centers. The focus of the study was on transit de
velopment alternatives that could increase transit 
ridership sufficiently to reduce projected peak-hour 
automobile traffic in the corridor to within capac
ities of existing facilities. In the study, a number 
of alternatives were evaluated, ranging from a 
do-nothing, No-Build alternative, to the already 
programmed transportation system management (TSM) 
package of minor improvements, to a set of major 
investment alternatives involving advanced technology 
buses or a full light rail transit system for the 
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corridor (both with a tunnel beneath downtown 
Seattle). 

For purposes of this research, the wide variety 
of alternatives were grouped into three major dis
tinct types: (a) No-Build, a no-major-investment 
alternative, which did, however, contain some costly 
additions and replacements while maintaining the 
existing bus system: (b) Advanced Technology Bus/ 
Tunnel (ATBus/Tunnel), which included the downtown 
Seattle tunnel, a set of new technology buses, and a 
package of already programmed TSM improvements and 
other bus system expansions: and (c) an 18-mi Light 

/ Rail Transit (LRT) system for the north corridor to 
Snohomish County, including the Seattle tunnel, the 
TSM improvements, and the other bus expansions. 

ECONOMIC IMPACT ANALYSIS 

The standard approach to transit project economic 
impact analysis in recent applied literature con
s is ts of defining capital and operating costs, spec
ifying those costs incurred within the region under 
study, and applying some relevant income and job 
multipliers to estimate total (direct plus indirect 
plus induced) impacts of expenditures, usually in 
comparison with some baseline alternative (No Build). 
Most major transit planning and evaluation work in 
recent years has followed this approach, with more 
or less care in defining regional expenditure shares, 
the multipliers to be used, the disaggregation of 
the affected industry or household sectors, and the 
fiscal implications for state and local governments. 
None of these has introduced local financing assump
tions or experience as a prior input into the esti
mation of economic impacts. 

The APTA demonstration report suggested methods 
for defining regional capital and operating expendi
tures and the use of RIMS II multipliers specific to 
the region under study (11), but assumed away the 
financing issue (!). The BART and Buffalo LRT studies 
made broad assumptions about regional expenditure 
shares and used their own regions' input-output 
model income and job multipliers. The BART study 
analyzed project financing impacts in detail, but 
did not introduce this into the economic impact 
analysis (12) • The Baltimore north corridor impact 
study used multipliers assumed from a cross section 
of other region analyses (7). 

In the sections that follow the empirical analy
sis carried out for the Seattle transit alternatives 
study is described, first for the regional economic 
impacts of project construction, and second for 
e conomic impacts of operations and maintenance costs. 
In each section, the cost data and their preparation 
are discussed, assumptions are described, the models 
used in analysis are introduced, and results of the 
empirical analysis are presented. In both cases, the 
analysis is conducted for the three alternatives 
defined previously. 

Construction Expenditures 

In this section the empirical analysis for the eco
nomic impact of the project construction phase is 
described. This analysis was assumed to begin in 
1984 and was assumed to contain some expenditures in 
all years up to 2000, though the bulk of the invest
ment would be completed by 1990. The objective of 
the analysis was to develop multipliers for the 
capital expenditures to be made in the metropolitan 
region, and thereby to estimate the total dollar and 
job impact of the construction phases of the various 
alternatives on the regional economy. 

The actual capital cost estimates for each of the 
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project's alternatives were developed and refined by 
the Seattle Metro staff and consultants (.!1). These 
were available for detailed expenditure categories 
within the three capital cost types: (a) major in
vestment (vehicles, guideway, stations, propulsion, 
etc.); (b) transportation system management projects 
(high-occupany vehicle lanes and ramps, signals); 
and (c) other capital costs (buses, bases, park-and
ride lots on other components of the transit sys
tem). The latter two varied among the different 
alternatives because of the differential impacts of 
the alternative investments on the nature and per
formance of the balance of the transit system. Capi
tal cost data for specific purposes within each of 
these types were available for each year from 1984 
and 2000. These capital costs were in constant 1983 
dollars and were intended to be inclusive of all 
capital costs for each alternative. 

The most important adjustment that needed to be 
made was to estimate the proportion of each capital 
expenditure category that would be incurred within 
the metropolitan region. This determination was made 
by Metro engineering consultants on the basis of 
actual experience in other metropolitan regions. The 
results are given in Table l. Obviously, the magni-

TABLE 1 Regional Allocation of Capital Cost Estimates 

Local 
Non-Local 

Labor Materials Materials 
Cost Category (%) (%) (%) 

Major investment 
Site modifications 40 30 30 
Guideway 60 40 0 
Stations 40 50 10 
Yards and shops 35 35 30 
Trackwork 50 0 50 
Power distribution 50 30 20 
Communications 50 0 50 
Fare collection 50 0 50 
Train control 50 0 50 
Vehicles 5 0 95 
Engineering and management 100 0 0 
Right of way• 
Other 60 40 0 

Transportation system 
Management projects 50 30 20 

Other capital costs 
Buses 5 0 95 
Bases 35 40 25 
Other 50 40 10 

3 Right-of-way costs not included in impact analysis. 

tudes of capital costs, particularly within the 
major investment category, vary tremendously across 
the various alternatives, ranging from zero major 
investment defined for the No-Build alternative, to 
very large costs for every detailed purpose for the 
ATBus/Tunnel and LRT alternatives (at least for the 
main construction years). 

The capital costs in each category as developed 
for the project were therefore modified by these 
percentages as an estimate of the actual capital 
expenditure that would be made in materials and 
labor within the metropolitan region. The regional 
capital costs, in constant 1983 dollars, were then 
summed for each year and transformed into constant 
1972 dollars using a state and local government 
transit deflater. 

These annual capital expenditures for each alter
native were then entered into the PSCOG STEP83 
regional econometric model as additional construc
tion output for each year. The STEP83 model is a 
long-term forecasting and simulation model of the 
Glickman (14) type for the Seattle-Tacoma-Everett 
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metropolitan area, developed and maintained by the 
PSCOG. It predicts output, jobs, income, and demo
graphic variables, with considerable disaggregation, 
on an annual basis to the year 2000, and is described 
in more detail in a technical documentation report 
(15). The STEP83 model calculated the jobs (or job
years) supported by the direct regional construction 
expenditures, based on output-per-job projections in 
the model, and estimated the total output gain, and 
total job-years gain, from each alternative's ex
penditures, on an annual basis over the future pe
riod. Summed over the 1984-2000 period, the total 
output gain and the total job-years gain divided by 
the direct capital expenditures and the direct job
years, respectively, provide an estimate of the 
construction cost multipliers, which along with the 
total impacts estimates, were the i terns of primary 
interest in this part of the analysis. 

The results of this impact analysis are given in 
Table 2. Direct expenditures are the expenditures 

TABLE 2 Regional Economic Impact of Capital Expenditures, No 
Local Share Assumption, 1984-2000 

Alternative 

No Build 
Advance Technology Bus/Tunnel 
Light Rail System 

~Million! of 1983 dollars. 
Thousands of job-years. 

Expenditures• 

Direct 
Regional 
($) 

159.4 
554 .2 
980.1 

Total 
Impact 
($) 

326.8 
1108.4 
1989.6 

Jobsb 

Direct Total 

1.9 5. l 
6.8 17.6 

11 .8 30.9 

for construction, labor, and materials that are 
expected to be made within the metropolitan region 
for each alternative. Direct jobs are defined as 
job-years, or one job (on average) for one year, and 
are based on labor productivity estimates and pro
jections for construction projects. Total expendi
tures is the total dollar output, and includes the 
direct expenditure, plus indirect sales resulting 
from purchases of contractors from other firms in 
the region, plus induced sales resulting from the 
respending of labor income. The expenditure multi
pliers calculated over the 1984-2000 period in the 
STEP83 model are in the 2.0 to 2.1 range, or roughly 
two total dollars (constant) for each dollar of 
direct investment in the project. Similarly, total 
jobs (job-years) include the direct jobs, plus jobs 
due to the indirect sales, plus jobs due to the 
induced sales. The job multipliers from this analy
sis are in the range of 2.6 to 2.7 total job-years 
for each direct job (including the direct job). 

All of these multipliers are dynamic multipliers 
derived from the STEP83 regional econometric model. 
The dynamic multipliers generally are somewhat higher 
than static input-output multipliers (16), the type 
estimated in most previous transit project studies. 
For the purpose of comparison, the same analysis was 
carried out on the capital costs using the Washing
ton Projection and Simulation Model, a large state
level input-output econometric model (]2). The same 
multipliers were calculated from the Washington 
Projection and Simulation Model (WPSM) and were 
considerably higher. The expenditure multipliers 
were in the 2.6 to 2.7 range, and the job multipliers 
were between 3.5 and 3.8. It should be noted that 
WPSM is estimated for the entire state of Washington, 
not just the central Puget Sound region (which con
tains about 60 percent of the state's economic 
activity) as for STEP83, and possesses a more com
pletely specified government sector, both of which 
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characteristics would tend to produce higher multi
pliers. 

But the analysis described to this point is only 
the first step. The total impacts and multipliers in 
Table 2 are based on the assumption that all of the 
capital costs to be expended within the region dur
ing these years would be new funds granted from 
outside. That is clearly not the case with the al
ternatives being analyzed here. Even under favorable 
assumptions, no more than about one-half of the 
total project costs would be covered by federal 
grants. The balance would have to be financed more 
or less locally, through the use of the transit 
sales tax or the issuance of debt. In general, capi
tal costs funded through local taxes (including 
costs for debt service) would have negative as well 
as positive economic impacts because personal income 
would have to be drawn to pay the local share. 

Therefore, the capital costs economic impacts 
were analyzed again with some assumptions concerning 
the financing arrangements for each of the alterna
tives. For the No-Build alternative, it was assumed 
that no federal grants would be available for the 
stream of capital costs projected for that alterna
tive. This is not altogether realistic because there 
have been substantial grants for the purchase of 
buses, a major capital cost for future years in that 
alternative, but it serves as a useful be nchmark for 
the analysis. For the Advanced Technology Bus/Tunnel 
and Light Rail Transit alternatives, it was assumed 
that 50 percent of the total capital costs would be 
covered by federal grants, and that the balance 
would have to be raised locally. This assumption was 
applied to the capital costs for each year, even 
though the federal grants might or might not be made 
in the amounts of each year's capital costs (the 
same would be true of local debt service payments 
compared with each year's capital expenditures). In 
addition, it was assumed that the capital expendi
tures for materials within the region would generate 
some tax revenue, amounting to 8 percent on an as
sumed 50 percent for materials. 

The income removed from the regional economy to 
finance the local shares of the project alternatives 
would be expected to lower by a considerable amount 
the positive economic impacts of capital expendi
tures that were presented earlier in this section. 
In general, this income "lost," or leaked, from the 
economy represents opportunity costs of funding this 
construction instead of regional consumption and 
investment. (This is in addition to the considerable 
leakage of regional personal income for non-project
related imports into the region, which is accounted 
for under both sets of assumptions.) Some of the 
income actually is lost, as the tax money pays for 
vehicles and other equipment manufactured outside 
the region. The effects of including this lost in
come in the analysis are given in Table 3. 

The No-Build alternative, which was assumed to be 
financed entirely from local sources, is now pro-
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jected to have a negative impact of almost $600 
million and 16,300 job-years, mostly because the 
preponderance of capital costs is for buses, which 
are essentially imported into the region. The ATBus/ 
Tunnel alternative shows a total economic impact of 
less than the direct regional investment, though 
still positive. The lost income financing out-of
region purchases offsets the indirect and induced 
effects of the actual transit capital expenditures 
in the region. Only the LRT alternative has total 
dollar impacts greater than the direct regional in
vestment, though greatly reduced by the local share 
financing. 

As shown in Table 3, the total investment even in 
the No-Build alternative is substantial, but only a 
small portion of the investment is incurred locally. 
Overall, some 35.2 percent of the No-Build expendi
tures are to be made within the region, versus 56.6 
percent of the ATBus/Tunnel, and 67.0 percent of the 
LRT investment. That part of the overall expenditure 
that is funded regionally but spent elsewhere is an 
opportunity cost that has a multiplier effect as 
foregone regional output. This effect is strongest 
for the No-Build alternative, but is significant in 
all three. 

As demonstrated by the results given in Table 3, 
the negative economic impact of removing income from 
the regional economy to finance capital costs in
curred out of region is very strong, and largely 
offsets the positive stimulus of the capital expend
itures within the region. In many cases the greatest 
economic impact is gained from putting (or leaving) 
money in consumers' pockets rather than in public 
investment projects. It is important to note, how
ever, that these results were obtained with one set 
of crude and generalized assumptions about financing 
the project alternatives. The economic impacts of 
the construction expenditures in the region appear 
to be very sensitive to the particular financing 
assumptions used i11 th~ anc1lysis. 

Operations and Maintenance Costs 

Estimating the comparative impacts of the operations 
and maintenance expenditures for each alternative 
over the future period presented a somewhat different 
problem. Estimates of the projected costs for each 
alternative were available from the Seattle Metro 
staff and consultants. But because of efficiencies 
gained through the greater capitalization of the 
so-called major investment alternatives (the advanced 
technology bus/tunnel and the light rail system) , 
their operations and maintenance costs were to be 
somewhat lower than for the No-Build alternatives, 
though not by much. The total annual operations and 
maintenance costs in the year 2000 are estimated to 
range from $67 .1 million for the No-Build alterna
tive to $64.6 million for the ATBus/Tunnel alterna
tive to $63.9 million for the full LRT system alter-

TABLE 3 Regional Economic Impact of Capital Expenditures with 100-50-50 
Local Share Assumption, 1984-2000 

Alternative 

No Build 
Advance Technology Bus/Tunnel 
Light Rail System 

fimuon• of 19 83 dnllurs. 
''rho111and, of Job•YO:A.fl within region. 

Expenditures• 

Everywhere 
($) 

452.7 
979.7 

1462.2 

Within 
Region 
($) 

159.4 
554.2 
980.1 

Total 
Impact 
($) 

583 .9 
397 .2 
996.6 

Direct 

1.9 
6.8 

11.8 

Total 

-16.3 
-0.4 

6.3 
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native. Consequently, the economic impacts derived 
from a typical analysis are likely to be (a) very 
small and (b) negatively related to the size of the 
capital expenditures. 

But, as with the capital cost analysis, there is 
a revenue side as well. In the absence of federal or 
state operating subsidies, the public transit costs 
for operations and maintenance are funded from the 
fare box and the transit shares of the local sales 
tax and the state motor vehicle excise tax. Lower 
costs, coupled with the higher levels of ridership 
on the more heavily capitalized transit alterna
tives, would tend to lower the transit operating 
deficit, which is largely financed from the taxes. 
Consequently, lower operating costs could be assumed 
to return to regional residents as higher disposable 
income. Much of this income would go into regional 
consumption and investment, the effects of which 
would offset at least some of the loss in incomes 
and sales resulting from lower transit expenditures 
and jobs. The question then is whether any differ
ences among the project alternatives would remain. 

Because the differences among the alternatives 
even in total annual operations and maintenance ex
penditures was not great to begin with, it was ex
pected that the offsetting effect described earlier 
would all but negate any economic impact. Neverthe
less, simulation analysis was attempted, this time 
using the WPSM. The advantage of using this state
level model was that it contains fully developed 
final demand sectors, including explicit consumption 
functions and local government expenditure equations. 

The results were as expected. using the No-Build 
alternative as a baseline case, the decrease in 
transit expenditures from alternative to alternative 
for any given year between 1990 and 2000 was almost 
entirely offset by the corresponding increase in 
disposable personal income. The total output impact 
averaged about $1 million (1972) lower, and the 
total job impact averaged about 300 jobs per year 
lower, between the No-Build and the LRT alterna
tives. The effect of the lower transit expenditures 
is slightly greater than that of the higher dispos
able income because a portion of the former is used 
for purchases of materials locally, which eventually 
multiplies into more total personal income available 
for cons umpt i on and saving. 

The analysis of the impact of the operations and 
maintenance expenditures is less subject to the 
assump t i ons app l ied than was the capital cost analy
sis. Withou t f ede ral transit operating subsidies, 
the entire expenditure amount for each alternative 
can safely be assumed to be funded from local 
sources. The results summarized earlier, therefore, 
strongly indicate that the differences among the 
alternatives in the impacts of operations and main
tenance costs are minimal and are of little conse
quence for decision making. 

DEVELOPMENT IMPACT ANALYSIS 

For purposes of this paper, development impacts of 
transit investment projects are macro-level, intra
regiona l l o cation shifts by households a nd businesses 
( in the aggregat e ) .i nduced by the i ntroduction of 
the t r a nsit facility . This defin i-tion t hen e xcludes 
station-area development effects and micro-behavioral 
changes. 

There is no apparent standard approach to devel
opment i mpact analy sis in transit project s t ud ies. 
Some planning stud ies have used qualitative assess
me n t only , others have applied vario us typ e s of 
urba n activ ity models for qua ntitative analysis. 
Ex-post studies have included attitude surveys, 
evaluation of new development activity, and land 
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price analysis. Urban activity models have never 
been applied on a widespread basis for transit impact 
assessment, perhaps because relatively few have been 
conveniently calibrated and available for use, per
haps because of suspicion concerning their nature 
and worth, and perhaps because the results from 
utilizing them have not been very striking. Models 
have been applied to analyze development impacts of 
Bay Area Rapid Transit (BART) (l!!_) and of the Buffalo 
LRT (19). 

Findings on development impacts of transit in
vestment projects have been mixed at best, regardless 
of method. A summary of earlier studies throughout 
North America and Europe indicated that major transit 
investments did tend to stimulate CBD development, 
but not necessarily under conditions of overall 
urban economic decline or disinvestment, and mostly 
when coordinated wi th other public investment (~) • 
The study also found that major transit projects had 
induced some development shifts beyond the CBD, but 
usually in cases where favorable local economic and 
public policy conditions existed. Development impact 
studies on BART have consistently found few shifts 
either between suburban and CBD office centers or 
among household areas, although the existence of 
BART was frequently cited by households in survey 
responses (21). Similar findings were obtained for 
the Lindenwold transit line in Philadelphia (2_). On 
the other hand, ex-post studies of the Washington 
Metro have indicated residential development shifts, 
particularly in the vicinity of stations, because of 
the transit line, but this effect could be mostly a 
relocation of new development within suburban sub
areas rather than significant intra-regional shifts 
(22). In any event, little e vidence has been produced 
to date that strongly endorses the objectives of 
transit investment as effective land use policy, 
other than in supporting the vitality of the CBD. 

Empir i cal Analys i s 

In this section th e application of an urban activity 
model system for analysis of development impact 
questions related to the Seattle transit investment 
alternatives study is described. The PSCOG maintains 
a set of urban activity models (DRAM/EMPAL) that are 
used for forecasting population, households, and 
employment in zones th roug hou t the metropolitan 
area, and for s i mu la tion a nalysis on transportation 
and land use issues. The DRAM and EMPAL models, 
which in various forms have been described elsewhere 
(El, have been significantly restructured by the 

PSCOG (24), but retain essentially the same trans
portation core. The models contain, among other 
data, zone-to-zone travel times (as impedances) that 
are calibrated as accessibility variables for each 
household type and job sector in the models. Changes 
in accessibility can be simulated for their impacts 
on the locations of household s and jobs in any and 
all zones. 

Travel forecasts had been prepared for each al
ternative under analysis in the s tudy, using pre
viously adopted (May 1982) PSCOG forecasts of house
holds and jobs by zone. The se forecasts had been 
made through the conventional set of transportation 
models. From the travel forecasts could be derived 
estimates of peak-hour, zone-to-zone travel times 
for both the transit vehicles under the va riou s 
alternatives and for the highways with various de
grees of congestion alleviated by the transit devel
opment, along with estimates of the work-trip mode 
splits f o r each alternative. These travel times 
associated with each alternative were then used to 
make adjustments in the baseline travel times in the 
DRAM and EMPAL models in orde r to approximate the 
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changes in overall accessibility that would be in
troduced by each alternative. The models could then 
make estimates of the household and job locational 
distribution that each level of accessibility would 
support, given adjustments for aggregate mode choice. 
Differences in distributions among t he various al
ternatives could then be quantified and some conclu
sions about their economic and fiscal impacts could 
be drawn. 

As discussed earlier, three types of alternatives 
were evaluated for such impacts: (a) No-Build, (bl 
ATBus/Tunnel, and (cl full LRT system. The ATBus/ 
Tunnel alternative, as considered here, is kind of a 
hybrid investment, consisting of the Seattle CBD 
tunnel, some newer technology buses, and the TSM 
improvement projects. A major problem in this intra
regional location analysis was that the tunnel, once 
constructed, is to serve buses (and thus work trips) 
not only f r om the nor t h c o r ridor under analys is, but 
a lso from the east and south of Seattle , ,ind all to 
i mportant a dvan tage . On the other hand , t he LRT 
alternative under analysis, would serve only the 
north corridor, and thus would pote nt ia l l y influence 
the locations of only a fraction of households from 
all t hree cor ridors to be a f fec ted by the ATBus/Tun
nel alternative. The anal ys i s , as a consequence, 
could not be expected to show as great a n impact for 
the LRT alternative as if it were to be developed in 
all corridors served by the tunnel. It should also 
be noted that the travel forecasts for the LRT al
ternative probably understate the demand because of 
an inability to include intang i ble variables, which 
from experience elsewhere, a r e believed to influence 
rail ridership. 

The point o f t i me at wh i ch the l ocation impact 
analysis was to be made was t he year 200 0 . Obvi ously, 
there wil l be more househo lds a nd j obs i n the north 
corridor (and elsewhere) in the year 2000 than there 
are currently: bu t the question was one of differ 
ences due to different types of transit systems in 
place and operating at that time. Certain expecta
tions on location impacts of the transit alternatives 
could be identified from urban economic theory. 
These are discussed next for various subareas of the 
region. 

Expected Impacts 

Improved access ibili t y from city and suburban areas, 
especially for peak- hour work tr ips , shoul d benefit 
the Seattle CBD job levels (and other economic and 
development activity) . Because of p rojec t ed growth 
in the r egion, the CBD is likely to r eac h effective 
limits on the number of vehic les that can access and 
move about it, regardless of highway and parking 
improvements, due to high levels of congestion and 
parking costs. Under the No-Build alternative sce
nario of no major investment in transit development, 
the growth in the CBD's economic activities--the 
destinations of vehicular trips--would likely taper 
off, and employment expansion would occur elsewhere 
in the region. Under the investment alternatives, 
transit improvements are implemented that make access 
to and mobility within the CBD better and quicker 
and allow higher capaci ty. The effect over the long 
run would be to permit more growth in CBD economic 
activities than otherwise would be the case. Similar 
reasoning would also apply to the activity areas 
adjacent to the CBD, which also are subject to ex
treme congestion and are within walking distance of 
the CBD. 

The balance of the north corridor, including 
southwestern Snohomish County, contains most of the 
corridor population and a substantial amount of 
economic activity, much of it concentrated in several 
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major activity centers. Except for the fringes of 
southwestern Snohomish County, this corridor is 
virtually fully developed already a nd protected by 
zoning so that population and hous ehol ds, and their 
high transit r i dership, will probably not change 
much in the long- t erm future under any transportation 
alternative scenario, including the No-Build alter
native. Conversely, in the rapidly growing Snohomish 
County fringes, considerable growth in population 
and households, with low transit ridership, is 
virtually certain, regardless of the magnitude of 
transit investments in the north corridor. 

As for job locations, growth in economic activity 
in all parts of the north corridor would be supported 
by the transit investment alternatives, though not 
necessarily in competition with the Seattle CBD. In 
other words, all of the corridor, city and suburbs, 
might benefit from increased accessibility to job 
locations within it. 

Other parts of the region would also be affected. 
Suburban Eastside King County is more directly com
petitive with Seattle CBD jobs, and it would stand 
to grow more if the Seattle CBD grew less as a re
sult of the No-Build alternative. Households, on the 
other hand, would have better accessibility to Seat
tle CBD jobs under the ATBus/Tunnel alternative, and 
thus the number of households could be highe r eve n 
with more Seattle jobs. For these other subareas, 
therefore, the expectations are more ambiguous. 

The location impacts of the various alternatives 
were analyzed by adjusting the zone-to-zone travel 
times within the DRAM and EMPAL models to approxi
mate the accessibility effects of the transit alter
natives over a 1990 to 2000-period simulation. The 
magnitudes of the adjustments were around 5 min less 
for the ATBus/Tunnel than the No-Build (out of about 
40 min peak-hour time from Snohomish County to the 
Seattle CBD), but only about 1 to 2 min were saved 
by the LRT system compared with the ATBus/Tunnel 
(which uses freeway express and HOV lanes) • Also, 
the ATBus/Tunnel time adjustments were made in all 
three major corridors, whereas the LRT applied only 
to the north corridor. 

Results 

A summary of the results of this analysis is given 
in Table 4, which shows the job and household dif
ferences for the ATBus/Tunnel and LRT alternatives 
compared with the year 2000 No-Build alternative as 
a baseline condition. The overall projected change 
in jobs and households for 1990 to 2000 for the 
various geographic subareas is also given. In gen"
eral, the results tend to conform to the expectations 
outlined previously. The magnitudes of the job and 
household differences among the alternatives are 
relatively small and are much greater between the 
ATBus/Tunnel and the No-Build alternatives than 
between the LRT and the ATBus/Tunnel alternatives. 
The only significant impacts are on the Seattle CBD 
and adjacent Central Seattle. Everywhere else, the 
locational impacts of the project alternatives are 2 
percent or less of the projected 1990 to 2000 growth. 
First, for the location of jobs in the region, 

1. The impact on job locations does appear to be 
significant in the Seattle CBD, at least for the 
ATBus/Tunnel. Almost 3,000 jobs, or close to 10 per
cent of the projected growth, would be added to the 
CBD by the full implementation of this alternative 
(other factors remaining the same). But, no further 
net addition of jobs would be associated with the 
rather small improvements in accessibility that the 
LRT system would supply on top of this bus/tunnel 
system. Although the Seattle CBD is the primary 
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TABLE 4 Location Impacts of Transportation Investments, Year 2000 

Total Change 
l 990-2000 
(No-Build) 

Total Jobs 
King County + 194,500 

Seattle +69,800 
Seattle CBD +3 l,600 
Central Seattle +8,800 
North Seattle +l 5,900 

Eastside +55,600 
Other King +69,100 

Snohomish County +38, 100 
Pierce County +50,100 

Total Households 
King County +151,500 

Seattle +13,600 
Seattle CBD +1,300 
Central Seattle +l,600 
North Seat tie +8,000 

Eastside +58,000 
Other King +79,900 

Snohomish County +5 l ,900 
Pierce County +53,400 

destination beneficiary of both investment alterna
tives, the additional accessibility resulting from 
the LRT system is concentrated in one corridor only, 
and the LRT occupies the downtown tunnel to the ex
clusion of buses from the other corridors. The posi
tive and negative effects appear to offset one 
another for the CBD. 

2. The Central Seattle zones also show a signif
icant increase in jobs from the ATBus/Tunnel alter
native, also around 10 percent of the projected 
growth. Closer examination indicates that all of 
this job impact occurs in the activity centers that 
are directly adjacent to the defined Seattle CBD. 
This impact thus can be construed as a spillover 
effect resulting from increased Seattle CBD accessi
bility, which once again shows no additional im
provement (actually slight decrease) due to the LRT 
alternative. 

3. As for the job impact on other subareas, the 
balance of Seattle, the rest of King County, and the 
adjacent counties of Snohomish and Pierce all have a 
zero or slightly negative impact (all less than 2 
percent of the 1990 to 2000 growth projection) on 
job locations due to the ATBus/Tunnel alternative. 
When the LRT system is added, North Seattle turns 
slightly positive, as expected from the concentra
tion of investment in the north corridor, and the 
other King, Snohomish, and Pierce areas are slightly 
more negative. It might be noted that most of the 
job location shifts indicated in this analysis are 
in retail trade and services sectors, which are the 
most sensitive sectors to household accessibility 
and concentrations of employment activity. 

On the residential side, the results of the anal
ysis are somewhat more mixed: 

1. Only the Seattle CBD and Central Seattle 
areas show significant impacts of the investment 
alternatives when compared with the projected 1990 
to 2000 growth magnitudes. The very large change in 
Central Seattle, which is entirely in the zones 
adjacent to the CBD, can be expla i ned £irst by the 
spillover effect from the CBD, and s e.cond by the 
high a ccessibility of these zo nes to the now in
creased number of jobs in the CBD and Central Seattle 
(as a result of the project alternatives). The 
household change is concentrated in low-income 
households, which are particularly sensitive to job 
accessibility (retail and services sector growth in 
the CBD) and to multifamily housing concentrations 

Com pared No-Build 
Impact with LRT 
No-Build ATBus/Tunnel System 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

+! ,700 +l,850 
+3,900 +4,300 
+2,900 +2,900 

+850 +800 
0 +400 

-900 -l,000 
-l ,250 -1,450 

-650 -750 
-750 -750 

+900 +l,100 
+l,600 +1,900 

+300 +300 
+1,100 +l,100 

+200 +550 
-250 -300 
-450 -500 
-300 -350 
-500 -550 

near the CBD. Once again, the LRT alternative has 
almost no additional impact on households, largely 
because it leads to no extra jobs in the CBD or 
adjacent areas. 

2. In other areas of the region, the residential 
location impacts of the investment alternatives are 
minimal. Suburban Eastside King County, the remainder 
of King County, and Snohomish County all show 
slightly negative impacts of the ATBus/Tunnel and 
the LRT, despite the expecta cion that increased 
accessibility to Seattle CBD jobs could cause some 
dispersal of households to those areas. Any such 
effect, however, is minimized by the factor observed 
earlier that Seattle residential areas are fully 
developed and will change only slightly no matter 
what, and that suburban areas will grow fast in any 
event (and have low transit ridership). In addition, 
those suburban areas show a decrease in jobs as a 
result of the ATBus/Tunnel and LRT alternatives, a 
change that has a negative influence to offset the 
increased accessibility to more distant job centers. 

3. Finally, once again, the North Seattle zones 
are positively affected by the LRT system al terna
tive, relative to the ATBus/Tunnel, because of the 
concentration of facility investment in that corridor 
under that alternative. 

The foregoing results should be viewed as some
what tentative and preliminary. The impact magni
tudes were in most cases very small, which may be a 
statement about the true effects of small savings in 
transit travel times, but it could also be reflect
ing deficiencies in the urban activity modeling 
system and data. The travel impedances applied to 
this analysis are based on solid projections from 
the alternatives project, but are nonetheless some
what artificial and arbitrary because they lack real 
transit and highway cost components. As noted ear
lier, the ATBus/Tunnel and LRT alternatives are not 
exactly comparable, and some important intangibles 
regarding the transit alternatives are not included. 
And the DRAM and EMPAL models may not be accurately 
measuring true shifts that would occur as a result 
of the transit investment alternatives. Despite 
numerous tests of transportation facility impacts on 
households and jobs using DRAM and EMPAL (25), Boyce 
(~) has argued that no currently operational activ
ity model can pick up the rather s ubtle effects on 
household s and firms that occur as accessibility and 
land pr ices cha nge . ( It s hould be noted, however, 
that other recent PSCOG applications of DRAM and 
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EMPAL for transportation accessibility or cost impact 
analysis have demonstrated the models to be sensitive 
to relatively modest input changes.) Finally, the 
development impact results were not iterated with 
the transportation models to find an equilibrium 
household-job and work-tr ip d i stribution. However, 
with the rather small impacts found, this step might 
not add much insight. 

But, on the other hand , it ma y be a true finding 
that the job and household location impacts of tran
sit facility investments are not very great, even 
for CBD areas. Congestion effects under the No-Build 
alternative may not be great enough to induce much 
change in the transit mode choice. Access ibility 
from the developing suburbs under the transit in
vestment alternatives changes little--less than 10 
percent--from the current levels (though somewhat 
more from the year 2000 No-Build). In other words, 
transit investments are essentially maintaining a 
constant level of accessibility to the Seattle CBD 
over time, while the No - Build scenario permits it to 
deteriorate somewhat. The largest gains in accessi
bility under the transit investment alternatives are 
from fully developed residential areas to the CBD 
and from all areas to the University District, which 
is projected to show little growth in jobs. Rela
tively small improvements in work trip times, intro
duced into rather small progressive deteriorations 
in accessibility over the years, may not in them
selves be sufficient to induce significant shifts in 
households and jobs. 

CONCLUSIONS 

In the preceding sections of this paper the results 
of three almost separate pieces of research on im
pacts of transit investment alternatives on the 
economy and loca tional structure cf th~ central 
Puget Sound r egion have been reported. The primary 
objective of t h is research was to use available 
economic and location models to assess in a quanti
tative manner the impacts of the various alterna
tives. The models and the techniques of analysis are 
not yet perfectly developed or adapted for this 
purpose, but their use in this research was intended 
to further this development. The PSCOG and Metro are 
embarking on additional study of the transit alter
natives, this time covering the north, east, and 
south corridor s together, and this economic impact 
research will serve as a point of departure for 
analyzing these wider impacts. 

Regional econometric and urban activity models 
have been in widespread use for forecasting purposes, 
and for some simulation applications, but have not 
received frequent application in transit investment 
analysis studies. The research reported here con
cludes rather optimistically on the potential for 
use of these types of models as part of the planning 
process. Economic impact analysis can benefit from 
regional econometric models if they are developed 
with fiscal components and are used along with the 
project financial planning. In other words, economic 
impact and project financing should be considered 
inseparable. Intra-regional development impacts ap
pear to be amenable to analysis with urban activity 
models, even when not fully integrated with trans
portation planning models. There may be limitations 
to the types of location shifts that can be measured 
by these models, but only through such models can 
the masses of data and complexity of relationships 
be organized sufficiently to assess development 
impacts at all in an ex-ante situation . 

If anything, this research suggests an agenda for 
applied research in analysis with operational models. 
Regional econometric and urban activity models can 
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be useful additions to transportation investment 
project analysis, but only if applied in conjunction 
with other planning analysis and with assumptions 
consistent with other project components. Further 
development or adaptation of models could be along 
the lines of (a) inclusion of explicit fiscal com
ponents, both at the regional and local levels; (b) 
integration of financial planning and economic impact 
analytic models, so that economic impacts could be 
reflected in financing plans, and financing alterna
tives could be directly evaluated for economic im
pact; and (c) integration of urban activity and 
transportation models, especially mode split and 
assignment models with fully consolidated highway 
and transit networks or composite cost impedances. 
Most important, this type of research needs to be 
carried out in project planning settings, where oper
ational and result imperatives require pragmatic 
adaptations and developments to existing analytic 
tools. 

The actual results obtained here must be viewed 
with some caution, particularly because of the rather 
arbitrary assumptions applied, for example, to the 
local share funding in the construction impacts. The 
results indicate that the economic impact of various 
alternatives is very sensitive to such assumptions, 
so that before finalized impact es t i ma t e s are made 
these assumptions should be much more closely speci
fied according to project financial analysis. Simi
larly, the transit travel times for the various 
alternatives in the location analysis should be more 
carefully developed and adapted for input into the 
activity models, which could affect the locational 
impact results obtained. 

But the results described appear in general to be 
reasonable, given the assumptions and inputs, which 
offers encouragement on this type of quantitative 
impact analysis. These tentative results also shed 
some i nteresting light on the nature of economic 
impacts of the transit development projects. The 
usual capital cost multiplier analysis and its total 
economic impacts was shown to be extremely sensitive 
to the local share funding assumption, whatever that 
might be. Negative regional economic impacts of 
transit investment are entirely possible. The best 
economic impact may be gained from putting money in 
consumers' pockets, not in public investment. The 
operations and maintenance cost efficiencie~ from 
the transit investment alternatives have negative 
economic impac ts tha t are just about o ffset by the 
increased disposable income thereby available to 
regional residents. And, finally, the effects of 
transit development on job and household locations 
within the region may be rather weak, with the pos
sible exception of downtown and central Seattle, 
despite the widespread belief in its long-term bene
fits (fiscal and otherwise) for the city. 
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Highway Investment as a 

Regional Development Policy Tool 

F. R. WILSON, G. M. GRAHAM, and MOHAMED ABOUL-ELA 

ABSTRACT 

A technique was developed to estimate the regional development effects of high
way investment. The study area was the Province of New Brunswick, Canada. A 
weak relationship between highway investment and regional development was found 
to exist. The results indicate that the hypothesis of saturation and shift may 
be occurring. As it becomes saturated, the highway network exhibits less of a 
developmental effect and begins to act as an agent to increase personal mobil
ity. The results of the models indicated that highway investment was related to 
increased mobility in one of the five test regions. No relationship was evident 
in the other four economic regions in the study area. The analysis also indi
cated that highway development in New Brunswick progresses through three phases. 
In the first phase the highway network is not developed to a level at which it 
is capable of encouraging regional development. In the second phase the network 
acts as an agent for regional development, whereas in the third phase it becomes 
an agent for personal mobility. 

It is generally believed that in order to reduce 
regional disparities, government action is required. 
In 1957 the Gordon Commission on Canada's Economic 
Prospects indicated that an improved highway network 
would encourage regional development. This argument 
has been prevalent in the justification of most, if 
not all, of the future federal-provincial agreements 
that provide federal funds to assist regional highway 
improvements in Canada. 

In recent years, the validity of this argument 
has come under question. It has been suggested that 
the construction of highway infrastructure does 
little to encourage regional development. 

The hypothesis that a transport system can be 
saturated to the point where there are diminishing 
benefits to a regional environment was outlined by 
Meier <.!.>. In general form the hypothesis states that 

The incidence of the transport system on the 
socio-economic development of regional en
vironments is becoming increasingly saturated 
at the present time and is shifting to other 
civilisatory and cultural aspects. 

The hypothesis was examined in western European 
industrialized nations in a comparison of the 
nations' own history and a simultaneous comparison 
with countries in Europe and the Third World that 
have a lesser developed economic structure. Meier 
(1) concluded that evidence from Switzerland sug
gests that the hypothesis is correct; in Switzer
land, transport systems were switching from a devel
opment asset to a mobility asset. 

Historically, it has been assumed that highways 
have an interregional effect. They serve as a means 
of transporting people to other regions. This func
tion is giving way to more local influences, provid
ing better access within the region. 

The level of effects is also changing. In the 
past, highways have had effects on the whole society. 
The hypothesis suggests that the effects of highways 
are changing so that it is the individual who is 
benefiting from highway construction. Thus transport 
facilities are losing their importance as a develop-

ment tool. However, they are increasing in importance 
as an agent of personal mobility. 

RESEARCH METHODS 

In order to test the hypothesis of saturation and 
shift from development functions, a model was devel
oped to identify the variance in a region's economy, 
which can be explained by investment in the region's 
highways. The model also estimates the magnitude of 
the effect of highway investment. 

For the purpose of this research, the basic 
observation unit is the economic region. Following 
world War II, Canada was divided into a series of 68 
economic regions. These regions were subprovincial 
units with similar characteristics that could be 
used for estimating the impact of changing economic 
conditions. 

The study area, the Province of New Brunswick, 
Canada, was divided into five economic regions, with 
the boundaries falling on county lines. Each region 
is identified by the major city in the region; 
namely, Saint John, Moncton, Fredericton, Edmundston, 
and Bathurst. Although most of the socioeconomic and 
highway data are recorded as a provincial total, 
some of the socioeconomic data and all of the high
way data can be disaggregated to the regional level. 
These disaggregated data will be used in the analy
sis. 

The model takes the form: Yt =a+ bXt + r 

where Yt is the economic indicator that measures 
the performance of a region's economy at time t, 
Xt is the highway development variable that is a 
measure of the investment i": a region's highways, 
and r is the residual. 

In this model, b represents the magnitude of the 
effect highway investment has on the economic indi
cator. To accurately estimate the effects of highway 
investment, the proper lag period between investment 
and economic development should be used when enter
ing the highway development variable into the model. 
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In this study the correct lag period will be deter
mined by altering the model to include a range of 
lags . 

A review of previous research on highway impact 
analysis revealed that employment within a region is 
primarily use d as the indicator of regional develop
ment. For this research the use of employment as the 
dependent variable is not possible. Neither the 
employment by industrial classification nor the 
total employment is available at the New Brunswick 
regional level throughout the study period. 

As a proxy for total regional employment, the per 
capita income from wages, salaries, and commissions 
will be used to indicate regional development. Sta
tistics Canada's all-i tern consumer pr ice index for 
Saint John was used to deflate the per capita wages, 
salaries, and commissions into 1971 dollars. 

Because highway investment is a regional factor, 
only that part of the dependent variable that is 
affected by regional factors should be entered into 
the model. Shift-share analysis was used to divide 
the change in socioeconomic activity into two com
ponents (2). The aggregate growth component measures 
the change in a region's socioeconomic activity as 
the rate of change in the analysis area (the pro
vince in this research). 

The second component, the competitive component, 
is actually a measure of the economic activity of a 
region based on changes particular to that region. 
If the region grows at the same rate as the province, 
the region's competitive component will be zero. 

The highway development variable will be repre
sented by monetary expenditure on highways that will 
provide many benefits not realized in other methods 
such as the use of dummy variables (3) or accessi
bility measures (4). The history of highway develop
ment in New Bruns;ick is characterized by continuous 
improvements to the existing infrastructure. Unlike 
other variables, expenditure on highway construction 
has the ability to determine the magnitude of these 
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continuous improvements. 
Construction Cost Index 
effects of inflation. 

The New Brunswick Highway 
was used to eliminate the 

HIGHWAY INVESTMENT IN NEW BRUNSWICK 

The total expenditure on highway construction in New 
Brunswick appears to be directly related to the 
amount of funding available from the government of 
Canada. Areas designated by federal assistance pro
grams received a relatively high proportion of the 
construction, whereas capital construction in other 
areas did not increase as rapidly. 

Since 1951 the Province of New Brunswick has en
tered into 23 federal cost-sharing agreements under 
8 programs. The programs under which these agree
ments operated are as follows: 

1. Trans-Canada highway agreements, 
2. Roads to resources programs, 
3. Atlantic Development Board (ADB) agreements, 
4 . Northeast New Brunswick federal-provincial 

rural development agreements, 
5. Department of Regional Economic Expansion 

(DREE) special areas and highways agreements, 
6. Community Improvement Corporation (CIC) 

agreements, 
7 . Department of Regional Economic Expansion 

General Development Agreements (GDA), and 
8. Canada-New Brunswick Highway Strengthening/ 

Improvement (MOT) agreement. 

The time frame of each of these agreements is shown 
in Figure 1. 

The fiscal year 1951-1952 was selected as the 
first year of the study mainly because the con
struction of the Trans-Canada Highway through New 
Brunswick was beginning at that time. 

I~- M.O.T._1 Agreewent 

l_--- ~G.D.A. ____ 1 
Agreements 

1
_CIC_

1 

1 __ D. R.E.E. Special~-! 
Areas and Highways 

J~~ A.D.B.~~J 
Agreements 

r~~Roads to Resources _ __ 
1 Program 

r--------~Trans-Canada Highway Agreements ______ _ 

I-I-I-I-I-I-I-I--I-I-I-I-I-I-I-I-t-I-I-I-I-I-I-I-I- I-I-I-I-I-I-I-I-
1950 1955 1960 1965 19 70 1975 1980 

Source: New Brunswick Department of Transportation 
* Federal-Provincial Rural Development Agreement 

FIGURE 1 Federal cost sharing programs. 
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DATA ANALYSIS 

The magnitude of highway investment for each year of 
the 31-year study period (1951-1982) was available 
for each region. The magnitude of the per capita 
wages, salaries, and commissions was not available 
for the entire study period. In 1957 the Department 
of National Revenue changed its publishing format to 
include more statistics. Before 1957, the value of 
per capita earnings is not published at the regional 
level. Because of a delay in the publishing process, 
the 1980 ca l enda r year is the mos t recent year for 
which statistics are available . Thus a va l ue for per 
capita wages , salaries , and commissions can onl y be 
determined for 24 years. 

With 23 years of economic data (1 year is lost in 
the shift-share analysis) and 31 years of highway 
investment, the maximum number of observations pos
sible in the time series is 23. 

The data in Table l present the calibrated 
regional development models. In these models the 
competitive component of the share of per capita 
earnings is denoted [SWS]. HILAG4 is the magnitude 

TABLE I Regional Development Models 

!-value of 
F-value Regression 

Regional Model 11 of model Coefficient r2 

Fredericton 
SWS = -50.8 + 14.1 (HILAG4 + 106) 2 1 6.03 2.45 0.24 

Moncton 
No significant model 

Saint John 
SWS = -24.8 + 8.9 (HILAG4 + 106) 21 5.02 2.24 0.21 

Edmundston 
No significant model 

Bathurst 
No significant model 

of highway investment 4 years before the increase in 
earnings, in constant 1971 dollars. 

As outlined in Table 1, models were developed for 
only two economic regions: Fredericton and Saint 
John. No significant model was developed for the 
Moncton, Edmundston, or Bathurst regions. 

The model developed for the Fredericton region 
indicates that an investment in highway construction 
has a positive effect on the regional economy 4 years 
later. The magnitude of this effect is that for every 
$1 million invested in Fredericton's highway network, 
there is an increase of $14.1 in Frederict on's share 
of per capita earnings. Thus as highway investment 
increases in the Fredericton region, the earnings of 
the region will rise relative to the provincial 
average. 

The model also indicates the influence of factors 
other than highway construction. If no money was 
invested in highways, the residents of the Frederic
ton region would incur a relative loss in earnings 
of $50.8 per person. Thus $3.6 million of investment 
are required to maintain the provincial average rate 
of increase of earnings. 

The results in the Saint John region are similar 
in concept but are different in magnitude. In Saint 
John, as in Fredericton, an investment in highways 
has an effect on the region's earnings 4 years later. 
For every $1 million invested in highway construc
tion in Saint John, there is a relative increase of 
$8.9 in per capita earnings. Due to the influence of 
other factors, an investment of $2.8 million is 
required to maintain the provincial average rate of 
increase of earnings. 
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These numbers should not be accepted as exact 
figures, but should be considered approximations. If 
more explanatory variables were available to be 
included in the model, the estimated magnitude of 
the effects of highway investment would change. 

No significant models would be developed for 
three regions. This may be the result of two possi
bilities. One possibility is that highway investment 
has no significant effect on the economic develop
ment of the regions. However, because the investment 
in highways has a significant effect on the economic 
development of two regions, this possibility does 
not appear valid. The second possibility is that 
highway investment does have a significant effect on 
highway development but this effect is not notice
able because of the absence of other explanatory 
variables. This possibility also appears to be in
valid because of the ability to develop models in 
two regions. This may indicate that the function of 
highways is changing within the study period. In the 
early portion of the study period, highways may have 
had a substantial effect on regional development. If 
the saturation point is reached in the latter portion 
of the study period, the overall development effect 
of highways would be diluted. 

SAI NT J OHN REGION 

Throughout the 1950s the magnitude of highway in
vestment in the Saint John region remained relatively 
small. In 1964 a major increase in construction 
occurred. The construction of the region's major 
arterial highway from St. Stephen to Sussex resulted 
in a substantial investment within the region until 
its completion in 1972. 

Subsequent to 1972, the magnitude of the invest
ment in regional highways declined while a major 
portion of the total investment financed the con
struction of the Saint John throughway. It could be 
argued that an investment in the construction of the 
Saint John throughway, which would serve primarily 
to increase the ease of traveling through the city 
of Saint John, would have a smaller development 
effect than an investment in the construction of a 
regional highway. It would thus appear that after 
1972 there was a decline in the construction of 
regional highways. 

If this decline in the investment in highway 
construction was due to the approximate completion 
of the highway network it could be assumed that the 
saturation point had been reached. To test whether 
the Saint John regional highway network became 
saturated in 1972, two models were used. The models 
were the same as those developed in the previous 
section except for the time frame. One model was 
developed using the investment in highway construc
tion before 1972 as the independent variable, and 
the second model was developed using the investment 
in highway construction subsequent to 1972 as the 
independent variable. 

The dependent variable for each of the models was 
Saint John's share of the total per capita wages, 
salaries, and commissions 4 years after the highway 
investment was made. If the coefficient representing 
the magnitude of the development effects of highway 
investment from the pre-1972 model is statistically 
greater than that of the all-year model, and if the 
the same coefficient for the post-1972 model is 
statistically lower than that of the all-year model, 
it could be concluded that the regional highway 
network became saturated in 1972. Therefore, sub
sequent to 1972, highway investment had smaller 
developmental effects and the secondary function of 
highways was changing. If the coefficients were not 
statistically different it would be concluded that 
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the saturation point of the highway infrastructure 
had not yet been reached and that investment in 
highway construction continues to provide a develop
mental function. 

A summary of the three models is given in Table 
2. In these models SWS represents the competitive 
component of the Saint John region's share of per 
capita earnings. All three models are statistically 
significant at a 10 percent level of significance. 

TABLE 2 Model Development for the Saint John Region 

F-value t-value of 
of Regression 

Model n Model Coefficieirt r2 

All-year 
SWS = -24.8 + 8.9 (HJLAG4.;. 106 ) 2t 5. 02 2.24 0.2 1 

Pre-1972 
SWS = -26.2 + 8.3 (HILAG4.;. 106 ) 17 3. 31 1.82 0.18 

Post-1972 
SWS = -15.0 + 9.8 (HILAG4.;. 106 ) 4 9.04 3.0 1 0.82 

A Student's t-test indicated that at a 10 percent 
level of significance there is no significant dif
ference between the change in the level of economic 
activity caused by events other than highway invest
ment (the "a" coefficients in the models) in each of 
the three models. The t-test also revealed that 
there is no significant difference between the 
magnitude of the development effect of highway in
vestment. The point of saturation of the highway 
network had therefore not been reached within the 
study period, and highway investment continued to 
play a small developmental role. 

FREDERICTON REGION 

In the Fredericton region, the increase in highway 
construction in the late 1950s was due to the con
struction of the early portion of the Trans-Canada 
Highway. The increase in cons truction in the late 
1960s resulted in the vir t ual completion of the 
Fredericton portion of the Trans-Canada Highway. The 
increase in construction at that time was a result 
of the federal contribution of 90 percent of the 
construction costs. 

Following the 1968 fiscal year there was a no
ticeable decrease in the money invested in the con
struction of highway infrastructure in the Frederic
ton region. Although the trend in construction 
subsequent to 1968 appeared to be generally increas
ing, this may not have been a result of the need for 
the investment. In every provincial election year 
since 1970 the investment in the construction of 
highways increased dramatically. This sugges t s that 
the h i ghway network may have become sa turated in 
1968, and the general increases in investment sub
sequent to that point were due to political rather 
than transport or development reasons. 

To test whether the saturation point was reached 
in the Fredericton region in 1968, two models were 
developed. One model examined the effects of highway 
investment on economic development before 1968, and 
the second model examined the relationship after 
1968. If the effects of highway investment after 
1968 are significantly lower than the effects when 
considering all years, it could be concluded that 
the Fredericton highway network became saturated in 
1968. 

A summary of the three models is given in Table 
3. In these models SWS denotes the component of the 
Fredericton region's share of per capita earnings. 
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TABLE 3 Model Development for the Fredericton Region 

F-value t-value of 
of Regression 

Model n Model Coefficient r2 

All-y¢ar 
SWS = -50.8 + I 4.1 (HILAG4.;. 106 ) 21 6.03 2.45 0.24 

Pre-1968 
SWS = -26.3 + 12.3 (HILAG4.;. 106 ) 15 3.77 1.94 0.22 

Post-1968 
SWS = -122.2 + 25.1 (HILAG4.;. 106 ) 8 3.43 1.85 0. 36 

The three models are statistically significant at a 
10 percent level of significance. 

A Student's t-test indicated that at a 10 percent 
level of significance there was no significant dif
ference in the level of economic activity caused by 
events other than highway investment in each of the 
three models. The t-test also indicated that there 
was no significant difference in the effects of 
highway investment on regional development in each 
of the time periods examined. This implies that the 
saturation point of the Fredericton regional highway 
network had not yet been reached. 

MONCTON, EDMUNDSTON, AND BATHURST REGIONS 

In the regions of Moncton, Edmundston, and Bathurst, 
no relationship between highway investment and eco
nomic deve lopment was evident. Bec a use a relation
ship was f ound in two regions, it appe a rs that high
way i nvestment could have an impact on regional 
development. This indicates that a relationship 
between highway investment and regional development 
may have existed before the study period or after 
the study period. 

The hypothesis of satura t i on sugges t s that after 
a certain level of investment , add i t i onal i nvestment 
will have no developmental effects but will affect 
individual mobility. If this level of investment was 
reached before the study period, a relationship 
between a measure of mobility and investment in 
highway infrastructurte should be evident. If no 
relationship was evident it would appear that the 
level of investment in highways has not yet reached 
a level at which it would cause economic development. 

To test whether highway investment is serving to 
increase personal mobility in any of the three 
regions, the model developed in the previous section 
was utilized. The investment in highway construction 
was used as the indicator of the development of 
highways. As outlined before, a variety of lead and 
lag periods was used to determine the proper delay 
between cause and effect. 

The ratio of the total retail sales within a 
region to the total income of the residents of that 
region was used to indicate the level of personal 
mobility. In the short run the average consumer was 
expecte d to spend a pproximately the same percentage 
of t otal income on r etail goods . Thus, an increase 
in the rat-iQ __ of retail sales to total income of a 
region would indicate that people were traveling t o 
this region to purchase retail goods. Similarly, a 
decrease in the ratio indicates that people were 
leaving the region to purchase retail goods. 

The results of the three models are given in 
Table 4. The competitive component of the ratio of 
total retail sales to total income (expressed as a 
percentage) of a region is denoted [RS/TI]. A signi
ficant relationship was evident in the Moncton re
gion whereas no significant relationship was evident 
in the Edmundston and Bathurst regions (at a 10 per
cent level of significance). 
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TABLE 4 Regional Saturation Models 

Regional Model 

Moncton 
RE/TI=-3.17 +0.51 (HILAG4 

-;. 106) 

Edmundston 
No significant model 

Bathurst 
No significant model 

n 

F-value 
of 
Model 

20 9.46 

!-value of 
Regression 
Coefficient r2 

3.08 0.34 

The mode l deve loped for the Moncton region indi
cated t hat t here was an increase in the ratio of 
retail sales to total inco me relative to the pro
vincial average of 0.51 pe r cent 4 years after an 
investment of $1 million in highways. Due to external 
influences, an investment of $6.2 million is required 
to maintain the average provincial growth. 

The statistical correlation between the invest
ment in highway infrastructure and the measure of 
personal mobility provides ev i dence tha t t he hy 
po thesis o f saturation a nd s hift f rom de ve lopment 
f unc tions is correct. IU ghway i nvestment did stimu
late economi c developmen t in two regions; however, 
mobility was related to investment in the Moncton 
region. Th i s provides evidence that h ighway invest
ment in Moncton pla yed a devel opmen t r o l e bef ore the 
study period. The v a l idity of t hese concl us ions 
cannot be determined due to the unavailability of 
statistics before the study period. 

A statistically significant model could not be 
developed for the Edmundston and the Bathurst 
regions. Bec a us e no r e l ations hip was eviden t between 
highway i nvestment a nd r eg i ona l de ve lopment or per
sonal mobility , it appears that the level of. invest
ment in highways had not yet reached a level at 
which it would cause development. In time, continued 
highway investment in these two regions should be 
correlated with increased regional development. 

DISCUSSION AND CONCLUSIONS 

The results presented in this paper provide some 
evidence to support the hypothesis of saturation and 

. shift, and indicate that it is applicable to the 
study area in New Brunswick. It appears that the 
highway networks are developed to different levels: 
the highway network in the Moncton region developed 
before the study period, the highway network in the 
Fredericton and Saint John regions were developing 
to their ful l potential throughout the study period, 
and the highway network in the Edmundston and 
Bathurst regions had not yet reached a significant 
level of development. 

After calibrating models for each of the five 
economic regions and examining the hypothesis of 
saturation and shift, several observations on the 
secondary function of highways can be made. Trans
portation improvements provide the opportunity for 
economic development; however, because of their 
individual characteristics, each economic region may 
react to the opportunity at different times. Some 
regions may react quickly, whereas there may be a 
considerable lag time between cause and effect in 
other regions. In New Brunswick the lag time between 
investment in highway infrastructure and the result
ing effect appears to be 4 to 5 years. 

The secondary effects of investment in highways 
appears to go through three phases. The first phase 
is the preliminary development of the regional high
way network. At this stage limited development of 
the highway network has been completed. Although the 
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highway network may adequately serve its primary 
function, new construction and upgrading does not 
have the potential to encourage development. 

The second phase occurs after the regional high
way network has been developed to a certain level. 
Wi h a sufficient highway network in place, addi
tiona l highway inves tmen t has the ability to encour
age economic development. 

As the investment in the highway network con
tinues , the region becomes saturated wi th highways. 
A poi nt is reached at which any addi t i on to this 
network does not encourage further economic develop
ment. This is the third phase. Investment in the 
highway network no longer encourages economic devel
opment, but serves to increase the mobility of the 
residents. 

The analysis indicated that the Edmundston and 
Bathurst reg i ons were in the first phase throughout 
the study per i od. These regions of the prov i nce had 
been the last to receive a developed highway network, 
and the investment in highways in these regions was 
generally lower than in the other regions. With 
increased f ederal funding, especially in the Bathurst 
region, increased highway investment should begin to 
have a development effect. 

The Fr edericton and Saint J ohn regions appea red 
to be i n t he second phase thr oughout the s tudy pe 
r iocl. Because Frederic t on is the prov i nci a l capital 
and Sain t J ohn i s New Br uns wi ck' s majo r port and 
largest city, these regions received r ela tively 
devel oped highway networks at an earlier t ime than 
the rest of the Province . By 1950 the highway net
work developed to the point that it could encourage 
economic development within the region . Throughout 
the s tudy period , continued inves t men t in highways 
encouraged further economic development. 

Throughout the study per i od, the Moncton region 
was in the third phase of deve lopment as highways 
encouraged an increase in personal mob i lity . 
Throughout the history of New Brunswick, Moncton has 
been called the "Hub of the Mari times." This is a 
result of the increased trans port service activity 
of the area, as it is mainly a d is tribution center. 
Because of Moncton's advanced level of economic 
development, it would follow that the developmental 
stage of highwa ys would arrive and depart r elati vely 
quickly. By 1950 h ighway investment had c eased en
couraging economic development and had begun to act 
as an instrument to encourage personal mobility • 
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Abridgment 

Transportation Planning for 

Enterprise Development Areas 

RONALD J. ROGGENBURK and RASIN K. MUFTI 

ABSTRACT 

Several states have now passed legislation creating an enterprise development 
area (EDA) or enterprise zone. Several more are now considering such legisla
tion. Pennsylvania's EDA program has among its features a transportation com
ponent targeted to improved access to EDAs through highway improvements. The 
Pennsylvania Department of Transportation asked the Delaware Valley Regional 
Planning Commission (DVRPC) to undertake this component, including surveying 
transportation problems in the two EDAs within its jurisdiction and recommend
ing actions leading to resolution of the problems. The commission's study of 
the EDA in Chester City and Chester Township in Delaware County is summarized 
in this paper. The study consisted of a practical application of problem 
identification and solution development. The centerpiece of the study was an 
extensive series of interviews with the managers of private firms now operating 
in the EDA. The recommendations made by DVRPC included permanent, long-term 
solutions and interim solutions that could be implemented in the short term. 
How effective these might be and the kinds of reactions that might be expected 
from shippers and local elected officials are suggested in this paper. 

The enterprise zone concept is founded on the premise 
that relief from taxes, regulations, and other 
government burdens will spur the formation of new 
business activity, which will then create employment 
opportunities. The lifting of these restrictions 
would be limited to designated distressed areas and 
would offer advantages to employers not available 
elsewhere. Through this cooperative effort of the 
public and pr iv ate sectors, an environment will be 
created in which investment in distressed areas will 
be rewarded. Als~, traditional forms of economic 
development assistance will be made more effective 
through promises of matching investment by local 
government and private firms. 

BACKGROUND OF ENTERPRISE DEVELOPMENT AREAS 

The Pennsylvania Program 

State programs, including one in Pennsylvania, have 
come into being while efforts at the national level 
to pass a law have floundered. The concept of a 
Pennsylvania enterprise development area program was 
initiated in 1982. Central to awarding enterprise 
development grants was the communities' desire and 
commitment to reverse the downward economic spiral. 
A strong emphasis was placed on discovering the 
answers through innovative projects. According to a 
recent state publication, enterprise development 
initiatives "recognize that the ultimate solution to 
the problems of distressed areas rests in the joint 
ability of the public and private sectors to create 
environments which increase the rewards for invest
ment, production, and employment ••• targeted on 
selected areas." 

The state's commitment consists largely of a 
promise to focus existing programs into the Enter
prise Development Area (EDA). Examples cited in a 
recent state publication include aid to airports, a 
program of bridge replacements, and highway mainte
nance. As a part of the state commitment to revita-

lize the area, the Pennsylvania Department of Trans
portation agreed to award grants to transportation 
planning agencies, such as the Delaware Valley 
Regional Planning Commission (DVRPC), to analyze 
transportation problems in EDAs and to recommend 
actions. 

The objective of this study was to determine the 
transportation problems that hinder the development 
of industry and to make recommendations for improve
ments that will increase the attractiveness of 
Enterprise Development Areas located in Chester City 
and Chester Township. The study focused on the 
Chester waterfront and the I-95 Industrial Park and 
sought to provide a more effective connection between 
these areas and landside rail and road networks. 
Through these improvements (and other nontransporta
tion improvements and incentives) it is hoped that 
private investments will be made in industrial and 
commercial operations, providing jobs for local 
residents. 

The Chester Ente.x:prise Area 

Governor Richard Thornburgh announced on August 3, 
1983, the first communities to be designated as 
Enterprise Development Areas. A portion of Chester 
City and Chester Township in Delaware County, Penn
sylvania, was so designated . 

This EDA is well-qualified as a distressed area. 
The population has declined in recent years from 
76,000 to 44,000. The central business district, 
once strong, has been decimated by the construction 
of four major shopping centers within a 15-min drive. 
Several large employers within the EDA and several 
more in adjacent communities have closed their facil
ities in recent years. Eighty percent of the resi
dents receive some form of public assistance and 20 
percent are unemployed. Although the crime rate is 
high, Chester laid off a quarter of its police force 
for lack of municipal funds. 

The Chester waterfront has long been an active 
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industrial area. At least two companies have been 
located on the Chester waterfront for more than 80 
years. Considerable truck traffic is generated by 
these firms, most of which ship their products using 
heavy (four- or five-axle) trucks. Several companies 
now plan to use twin trailers, which are currently 
not well accommodated by the old street system. The 
waterfront of the Delaware River lies parallel to 
I-95, the major access route to Chester, but is 
separated by about a mile of residential and com
mercial neighborhoods. 

A second focus of the study was a recently devel
oped industrial park in Chester Township. The oldest 
companies located in the I-95 Industrial Park have 
only been there since 1977 when the park was opened. 
The park's proximity to I-95 and East Coast markets 
is attractive to firms, and growth has been steady. 
About 50 large trucks arrive and depart the indus
trial park each day. 

Frequent contact was maintained with local of
ficials of Delaware County, Chester City, and Chester 
Township. These local officials contributed much 
time in detailing area problems, in providing data 
and maps, and in carefully considering the alterna
tives that were studied. 

PLANNING APPROACH 

Overview of the DVRPC Approach 

Consistent with staff discussions with county and 
municipal officials, DVRPC proposed the following 
major steps for the study: 

1. View the identified Enterprise Development 
Areas and investigate the routes that truckers cur
rently use; 

2. On the basis of field view and subsequent 
analysis, propose alternative truck routes or new 
roads, or both; 

3. Interview corporate executives to determine 
their specific transportation problems and the 
advantages and disadvantages of proposals in item 2; 

4. Formulate permanent and interim strategies to 
address transportation problems; and 

5. Propose further work to be performed next 
year. 

Based on discussions with municipal and county 
officials, three major access problems were identi
fied as critical to serving the targeted areas with
in the EDA. To conserve limited funds for the study, 
it was decided to omit all less important problems. 

Development of Alternative Sol u tions 

The site visits mentioned ear lier as the firs t step 
in the process i den ti fied poi nts of conges tion, 
currently used t r uck route s, and opportunities for 
designating alternative rou t e s, building new facil
ities, and improving existing ones. 

Four alternatives were proposed to solve each of 
the access probiems. Two of these alternatives could 
be implemented in the short-range future and one 
required enough lead time to be termed long range. A 
do-nothing alternative was also included, against 
which each of the others could be compared. It was 
assumed that if the long-range solution were to be 
selected, one of the short-range solutions or the 
do-nothing alternative would also be selected as an 
interim measure. 

Surve y o f Cur r ent Hi ghway Users 

The central activity in this analysis was a series 
of extended interviews with officials of several of 
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the companies that now operate trucks within the 
EDA. At each interview, two staff members spoke with 
one or more company representatives. Requests were 
made to meet with the highest ranking manager who 
deals with transportation problems at the subject 
facility on a day=tc=day basis. The discussions were 
open-ended, encouraging candor, but prompted by a 
list of 33 questions. The results of these interviews 
are discussed later in this paper. 

The survey included questions in the following 
four categories: growth of truck traffic, currently 
used routes, problems on the road, and acceptability 
of the proposed solutions. Responses to these topics 
are summarized in the following paragraphs. 

Growth of Truck Traffic 

In interviews, some of the firms stated their plans 
to expand. If two major projects revealed by the 
interviews are carried out, the number of heavy 
trucks on Chester streets would be multiplied several 
times and the problems cited made much worse. The 
solutions proposed were designed to be able to meet 
the eventuality of both of the new facilities coming 
into being. 

Currently Used Routes 

Most of the persons interviewed had only sketchy 
knowledge of the routes used by truckers . This in
formation was supplemented by earlier observations 
of truck movements. Interviewers learned that truck 
drivers, generally, are not vocal about the problems 
they face on the road and circumvent obstacles with 
alacrity and ingenuity. 

Problems on the Road 

Access to the waterfront from I-95 suffers from 
several problems, foremost of which is the lack of 
clear signing. Much of Chester between 1-95 and the 
waterfront is residential. On-street parking is 
permitted on most streets in such neighborhoods and 
restricts capacity. Railroad underpasses of the 
Amtrak main line, which lies between I-95 and the 
waterfront, are another major restricting factor. Few 
streets pass under the railroad with clearances over 
14 ft and some are as low as 12 ft. Signs well in 
advance of encountering these low clearances are not 
posted, contributing to unnecessary truck movements. 
Many streets are in need of resurfacing and new 
traffic signals . 

The major access problem between the industrial 
park and I-95 is the lack of a direct route. The 
roadway used includes a narrow, heavily traveled 
residential street with parking allowed on one side. 
Trucks must also maneuver a 135-degree turn with a 
small turning radius. 

Acceptability of the Proposed Solutions 

Responses to most of the proposed solutions were 
positive. Each respondent chose from among the sug
gestions those that were most advantageous to the 
operations of his firm. 

Analysis and Results 

Following the interviews, the staff made draft 
recommendations for the consideration of local 
elected officials. In two of the three cases, the 
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permanent solutions involved long-range capital 
improvements. These were readily embraced by the 
officials, for they greatly relieved traffic on 
existing streets and involved very little condemna
tion. In the third case, the problem was readily 
eliminated through rerouting of truck traffic away 
from residences and through an industrial area, with 
only small increases in travel times. 

The interim solutions, however, were far more 
problematic. Local officials resisted these changes 
to the status quo because it would cause an adverse 
impact, although less than the current impact, on a 
different group of residents who could be expected 
to fight the changes. 

Specific recommendations can be found in the 
report "Chester City/Chester Township Enterprise 
Development Area Transportation Survey," published 
by the Delaware Valley Regional Planning Commission 
in July 1984. Copies may be ordered through the 
commission. 

RECOMMENDATION AND CONCLUSIONS 

DVRPC's final report recommended only those permanent 
solutions in which support could be found in all 
quarters. The interim solutions could not be recom
mended, although a few areas where significant 
hazards now exist have been recommended for study. 

Role of Transportation Improvements in EDAs 

Transportation improvement is one of many ways public 
entities can invest in EDAs to make them more at
tractive as employment locations. Other programs can 
focus on assembling land into packages large enough 
to accommodate large industrial operations or to be 
developed into office or industrial parks; improve
ments in utility infrastructure, particularly water 
and sewerage systems, or in other public services 
such as improved security or technical assistance to 
new businesses; direct financial assistance or low
interest loan programs for employers who locate in 
the zone; or acquisition of land and demolition of 
buildings to make reuse more attractive to developers 
and to enhance the visual environment, 

Are highway improvements more important than any 
one of these alternatives? It is, of course, a sub
jective judgment as to which ranks highest. However, 
in many cases, transportation improvements are very 
important and the authors believe that this may be 
the case in Chester City and Township. Our conclu
sions were reinforced by the firm officers, who 
could not identify more pressing obstacles to doing 
business in the EDA, 

Both municipalities have large parcels available 
for development with access to rail and water facil
ities. Today, however, the link to the Interstate 
highway system is critical for most industries whose 
flow of materials and products is significant. Al
though both subject areas are located within a mile 
of I-95, the impedance presented by the existing 
street network reduces this advantage greatly. 

Importance of Signs 

In the case of two access problems studied, per
manent, major capital improvements were advisable. 
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The interim solutions that the DVRPC staff believed 
were needed, however, would have improved the at
tractiveness of the area for firms and the shipping 
companies with whom they contract. The interim solu
tions would have designated a truck route and would 
have recommended signs located on I-95 and the route 
leading trucks to the frontage roads of all the 
major firms. Such signs are almost totally lacking 
on the routes that truckers use today. The only 
signs meant for truckers are those that prohibit 
trucks. These are located on streets where the resi
dents have been successful in having the municipal
ities ban commercial vehicles. 

Truck routes with signs that indicate "Chester 
Waterfront Industrial Area" or "I-95 Industrial 
Park" would eliminate residents' problems with stray 
trucks and save time and money for shippers and 
truckers. But perhaps more important, they would 
serve to advertise the existence of industrial land 
accessible from I-95. Combined with promotion of the 
area, the option of locating there would be kept 
alive in the minds of entrepreneurs and other firm 
executives responsible for plant location. 

Resolution of Land Use Conflicts 

Many of the residential neighborhoods in the EDA 
through which trucks must pass are badly deter io
rated. It is typical for declining residential areas 
and industrial areas to be adjacent. The problems of 
one appear to create problems for the other. For 
example, a deteriorated neighborhood is often 
threatening to commuters; it may also be offensive 
to the company's image of itself. On the other hand, 
the existence of nearby vacant industrial buildings 
and derelict land may be a deterrent to maintaining 
residences. Homeowners may deter maintenance, pre
ferring to save for a new home away from the noisy 
and hazardous trucks, Emphasis, therefore, was placed 
on separation of plant-bound traffic from residential 
areas. In this way, both the industries in the EDA 
and the residents will benefit. 

Summary 

Major capital improvements were found to be necessary 
to remove the isolation of the waterfront area that 
was created when I-95 was built on the far side of a 
residential area and further restricted by low rail
road underpasses. An expensive solution was also 
found to be necessary to remove the adverse impact 
of truck traffic generated by an industrial park. 
The park had been built to attract I-95 users, but 
on land that could be reached only by narrow resi
dential streets. Interim solutions, which would ease 
the situation, were resisted by local officials, 
thereby applying pressure to execute the permanent 
improvements quickly. The improvements recommended 
were judged by DVRPC staff to be essential to making 
the Enterprise Development Area attractive to poten
tial employers. 

Publication of this paper sponsored by Committee on 
Transportation and Land Development. 
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Transportation Planning for a High Technology 

Corridor in Suburban Philadelphia 

DONALD S. SHANIS, RONALD J. ROGGENBURK, and RASIN K. MUFTI 

ABSTRACT 

A study of the new and growing high technology firms in the corridor between 
West Chester and Willow Grove, Pennsylvania, was conducted to develop an under
standing of the locational criteria of these firms and to recommend short-range 
transportation improvements. Through these improvements, "high technology" firms 
will be encouraged to remain and expand at their current sites and the area 
will continue to appear attractive to new or existing firms seeking sites. The 
study recommendations were based on a survey of high technology and nonhigh 
technology firms in the corridor, and on field observations of highway problem 
areas identified by survey respondents. Among the findings of the survey: (a) 
few firms considered Center City Philadelphia as a possible location; most re
stricted their search to suburban sites; (bl ownership (or rental) costs, 
existing residence of the professional/managerial staff and the physical en
vironment are the most important criteria for locating in the corridor; (c) 
access to Philadelphia International Airport is much more important to high 
technology firms than others and therefore interest in the completion of the 
rehabilitation of major access facilities is keen; and (d) the quality of air
port limousine service is a concern, and many want mass transit and special 
transportation services improved. In a strategic plan for transportation, 12 
policies have been developed that emphasize the need for increased maintenance 
of the transportation system, additional low cost roadway improvements, improved 
transit and paratransit services, and better accessibility to airports. 

The Delaware Valley has long enjoyed a reputation 
for having outstanding centers of higher education, 
a well-educated and trained work force, and a pleas
ant quality of life. These characteristics have con
tributed to the startup of many technology-oriented, 
industrial, and business activities in the region. 
The emergence and special needs of those technology
based firms along US-202 and the Pennslyvania Turn
pike in Chester and Montgomery counties were the 
subject of a special study conducted by the Delaware 
Valley Regional Planning Commission (DVRPC). The 
recommendations were intended to advance high tech
nology business within this corridor and thus pro
vide greater employment opportunities in the region. 
The corridor is located within the Delaware Valley 
region shown in Figure 1. 

DEFINITION 

Technology-oriented, technology-based, advanced 
technology, or high technology firms are those that 
have a high rate of change in processes and products 
and a research and development orientation. Indus
tries such as computers, laser electronics, robotics, 
and biomedical equipment are examples. These firms 
may be characterized by their systematic use of re
cent scientific discoveries and knowledge and their 
output of high-value products. Transportation costs 
are typically a small portion of total production 
costs. The rationale for their locational decisions 
has not been well documented. 

For analytical purposes of this study, technolo
gy-based firms have been defined by a series of 
Standard Industrial Code (SIC) categories. This 
classification is currently used by the Pennsylvania 
Department of Commerce. 

STUDY OBJECTIVES 

The literature has suggested that high technology 
firms require specialized transportation services 
and infrastructure, and value accessibility to resi
dential areas and amenities attractive to a highly 
trained work force. These firms also may be able to 
substitute telecommunication systems for travel needs 
and improve communications. Because technology-based 
industries appear to be different from traditional 
firms, an understanding of the firms' operations and 
goals was a prerequisite for proposing modifications 
to the transportation system. Because a primary 
emphasis of this study was to identify existing and 
future deficiencies in the highway and transit sys
tem, it was recognized that transportation require
ments must be put into perspective. Therefore, ob
jectives of the study included obtaining a better 
understanding of (a) the location criteria of high 
technology firms in the corr idori (b) the advantages 
and disadvantages of the corridor as a location for 
high technology firms; (c) perceived problems and 
obstacles for future expansion of business activities 
and economic growth within the corridor; and (d) 
differences between high technology and other firms, 
especially with regard to transportation needs. 

The transportation improvement recommendations 
that resulted from this study were to the ultimate 
purpose of stimulating the growth of jobs in the 
corridor through the retention of present firms and 
the attraction of new firms. It is in the region's 
best interest to develop advanced technology in the 
region. Not only are jobs created by the expanding 
high technology firms, but productivity will be im
proved in the region's industries that buy high
technology products, improving their ability to com
pete and protecting the jobs of those in nonhigh 
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FIG URE 1 Study area within region. 

technology industries. There is, in other words, a 
multiplier effect of establishing high technology 
jobs. In this way, the firms now sprouting in the 
US-202/Turnpike corridor can help to slow the decline 
of traditional manufacturing in the older areas of 
the region. 

STUDY AREA 

In cooperation with planning officials in Chester 
and Montgomery counties, the limits of the study 
area were defined. Figure 2 shows those municipal
ities that were included. The corridor is broader in 
Montgomery County because of the greater number of 
firms and their tendency to locate along both US-202 
and the Pennsylvania Turnpike, which diverge east of 
King of Prussia. The firms in the corridor in Chester 
County are fewer and tend to be located near US-202 
only. 

The s tudy area was composed of 24 municipalities 
that included 213 mi• lying between 10 and 25 mi 
from City Hall in Philadelphia. The total population 
of these minor civil divisions was 327,000 in the 
1980 Census. Preliminary projections for the study 
area indicate the year 2000 population will be about 
350,000 , about 7 per cen t more than 1980. 

In summa ry , the s t udy ar ea is a l a rge , partly 
developed and affluen t section of t he r egion, which 
by plan and by trend should continue to grow between 
now and the end of the century. 
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HIGH TECHNOLOGY IN PERSPECTIVE 

According to a study by the Massachusetts Division 
of Employment Security (1), there were 208,000 jobs 
in high technology firms in early 1981 throughout 
the Commonwealth of Pennsylvania. This amounted to 
about 4 percent of the estimated 5,500,000 jobs in 
all fields. DVRPC estimates that 43,000 of the cur
rent 210,000 jobs in the study area are with high 
technology firms, about 20 percent. So the "density" 
of high technology jobs is five times greater in the 
corridor than in the state as a whole. Also, one out 
of five high technology jobs in Pennsylvania is lo
cated in the corridor. No attempt was made to deter
mine if other high concentrations of high technology 
jobs exist within the Pennsylvania portion of the 
region. 

An economist with the Federal Reserve Bank in 
Philadelphia suggested that growth in jobs with high 
technology firms in the 1980s may not be more than 1 
million nationwide (~). If Pennsylvania succeeds in 
keeping up with the national rate, about 40,000 of 
those jobs would be located in the Commonwealth, and 
if the corridor maintains its share of state jobs, 
8,000 would be located in the study area. 

STUDY APPROACH 

A three-phased approach was used to accomplish the 
study objectives. In the first phase of the project, 
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us 

FIGURE 2 Municipalities within the study area. 

staff interviews were conducted with selected execu
tive officers, developers, and other interests in 
the corridor. A mail-back questionnaire was used to 
obtain information on location and transportation 
from all other technology firms that were identified 
in the corridor. In addition, the questionnaire was 
mailed to a selected sample of nonhigh technology 
firms for comparison. 

The second phase of the study included field views 
and analysis of the corridor and locations with 
transportation problems; a review of existing 
studies, plans, and programs; and a general litera
ture review. The field views included site visits 
and classification of the problems (or problem symp
toms) that were identified during the survey and the 
review of past planning studies. Data about the cor
ridor were collected in this phase to supplement the 
survey and to verify its findings. 

The study recommendations were prepared during 
the final phase and are based on the results of 
Phases I and II. This action plan consists of a 
policy statement, transportation improvements, and 
proposed future studies. 

Survey Des ign and Sample 

The objective was to tailor the recommendations of 
the study to the needs and desires of the users of 
the transportation system--in this case the tech
nology-oriented firms in the corridor. In this way, 
the corridor would continue to be an attractive lo-

Transportation Research Record 1046 

MONTGOMERY COUNTY 

cation and would stimulate the development of this 
sector of the local economy. To learn the improve
men ts that are desired by the client, it became 
necessary to conduct a survey. 

Having identified 167 firms as meeting the study 
er i ter ia of being high technology, it appeared rea
sonable to offer each the opportunity to respond to 
the survey. Inasmuch as it is also desirable to serve 
the needs of all firms in the region, it was deter
mined that a sample of nonhigh technology firms also 
be surveyed. To assure adequate representation, 
surveys that had 12 questions about location and 14 
about transportation were sent to 100 nonhigh tech
nology firms with representation from each geographic 
subarea. 

Executive officers from 25 of the high technology 
firms were asked to be interviewed. These interviews 
were designed to last about l hr and cover topics 
relating to location, transportation, and other is
sues defined by the person being interviewed. The 
executive officers interviewed were selected on the 
basis of achieving a representative sample of the 
size and geographic location of firms. 

The 167 high technology firms employed more than 
44,000 persons, accounting for approximately 20 per
cent of the estimated 210,000 jobs located in the 
study area in 1980. figure 3 shows where the firms 
are located by four categories of size. The map also 
demonstrates that the high technology corridor con
tains several clusters of firms, which are circum
scribed. 
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FIGURE 3 Location of high technology firms. 

Trans porta tion Probl em Ar e a s a nd Field Investiga t i on s 

An object i ve of the study was to recommend transpor
tation i mprovements that will support economic 
development and solve existing transportation prob
lems. For this purpose, responses to a survey ques
tion were plotted on a map of the corridor to display 
locations with severe traffic problems. Because these 
responses represented perce i ved problems and often 
were only symptoms of the real problems, additional 
analysis was performed. 

Those mapped l oc a tions that were cited more than 
once in the survey were aggregated into transporta
tion problem areas based on their proximity and 
interrelationship to each other. The individual 
problem areas were then discussed with staff members 
of the Chester County and Montgomery County Planning 
Conunissions to determine which areas should be ad
dressed further in this study. Certain areas that 
may experience future transportation problems if 
development plans are implemented and problem areas 
outside of the corridor were not given further 
treatment. 

To collect data on the physical and operational 
aspects of the transportation system in the problem 
areas and to determine the cause of problems, field 
investigations were conducted by a team of DVRPC 
staff. Data analysis, field reviews, and strategy 
assessments resulted in a number of improvement 
recommendations for each location or subcorridor. 
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HIGH TECH FIRMS 

LEGEND 

1-5 EMPLOYEES 

6-50 EMPLOYEES .. 
51-500 EMPLOYEES 

I~ 
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These recommendations include traffic flow, signing, 
and safety improvements. 

THE SURVEY 

A total of 102 firms responded out of 167 to whom 
the survey was distributed, about 6 out of every 10. 
Fifty- five out of 100 questionnaires wer e returned 
from nonhi gh technology firms. No pat t ern was dis
cerned in the characteristics of the firms that chose 
to respond, and it wa s assumed that the responsive
ness of the person receiv i ng the survey was the only 
factor at work. 

Two types of high technology firms are known to 
be thriv ing i n th is reg i on: pharma ceutica l s a nd com
puter software developer s . It was , therefo re , deemed 
useful t o separate responses from these fi r ms from 
those of all others. SIC 283, including biological 
products, medicinals and bo t anicals, and pharmaceu
tical preparations were include d in pharmaceuticalsi 
SIC 737, including computer programming and other 
software services, data processing, and other com
puter services were i ncluded in computer, s ervices. 
Seven responses wer e rec e i ved fr om pharmaceutical 
firms and 32 we re r eceived from computer service 
firms, A complete profile of responding firms is 
provided in Table l. 

Each of the newly located or newly founded firms 
was asked if transportation facilities played an 
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TABLE 1 High Technology Firms-Profile of Respondents 

Standard Industrial Classification 

283 Pharmaceuticals 
737 Computer services and software 
357 Computer and calculating equipment 
366 Communications equipment 
367 Electronic parts including semiconductors 
376 Spacecraft 
381 Scientific instruments 
382 Process instruments 
383 Optical instruments 
384 Medical instruments 
386 Photographic equipment 
739 Research and development labs 
807 Medical labs 
892 Noncommercial educational and scientific organizations 
Size of firm 

I to 5 employees 
6 to 50 employees 
51 to 500 employees 
50 I to 5,000 employees 

Number 

7 
32 

7 
5 

11 
I 
2 

12 
2 
7 
2 
9 
3 
3 

IO 
38 
33 
16 

important role in their location decision. Slightly 
more than 50 percent of the high technology firms 
answered yes but slightly more than 80 percent of 
the other firms agreed. This response can be traced 
to the fact that high technology firms are, for the 
most par t , free of t he bur den of moving l arge quan
tities o f r aw mater i a l s to t heir s i t e and moving 
high-volume products t o market. Indeed, i n the case 
of computer service firms, input and output may occur 
through telecommunications. 

Location of Firm 

Each respondent was asked if the firm had been lo
cated at its present cite less than 10 years. If so, 
the respondent was asked to answer the next three 
questions pertaining to the firm's choice of loca
tion. Slightly more than one-half of the high tech
nology firms were new and slightly less than one-half 
of the nonhigh technology firms were old. As ex
pected, the pharmaceutical firms were well-estab
lished and the computer service firms were the 
youngest. 

Respondents i ndic a t ed the alternative sites they 
considered when selecti ng a location. Very few firms 
considered Center City as a possible location. In 
interviews, the f irm official was asked: "Do you 
think that Center City Philadelphia is a suitable 
location for your firm?" In most cases, the opera
tion could have been located in Center City, but 
most persons were quick t o vo lunteer why locating 
there was not considered . The most often heard 
responses were (a) the existence of the (high) wage 
tax, and (bl the perception that the firm or its 
employees would be more likely to be victimized by 
crime. 

Firm officers were asked if each of the following 
seven criteria were very important, important, some
what important, or not important in choosing their 
location: 

1. 
staff, 

2. 
3. 
4. 
5. 
6. 
7. 

Existing residence of professional/managerial 

Ownership or rental costs, 
Physical environment, 
Highway facilities, 
Availability of trained labor force, 
Local taxes, and 
Local government attitude or incentives. 

This is presented in the rank order of importance 
expressed by high technology firms. Scores were very 
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close for l and 2 and for 3 and 4; together these 
four criteria scored well above the last three. Both 
high technology and nonhigh technology firms rated 
most criteria similarly, including highway facil
ities. The most remarkable divergence was on existing 
i:esidences , which were very important or important 
to 79 percent of the high technology respondents, but 
important to only 53 percent of nonhigh technology 
respondents. This confirms the popular notion that 
executives of high technology firms value accessi
bility to residential areas. It suggests to economic 
developers that the best sites to promote for high 
technology firms are those that are close to good 
housing stock. 

Almost one-third found the physical environment 
very important among high technology firms and almost 
as many nonhigh technology firms. 

Municipalities (or any other government entities) 
that are attempting to attract high technology in
dustries should carefully monitor development of 
their communities so that they are assured that the 
visual surroundings are not degraded by development. 
It also means that public facilities, and particu
larly streets and highways, be built and maintained 
to high standards. Greater attention should be given 
to landscaping, highway fixtures, vistas, visual 
barriers , and so f or t h, if the corridor is to compete 
mor e effect ively f or new i ndus t ry. Cooperative ef
forts by municipalities a nd c ounty planni ng agencies 
to upgrade land devel opmen t des ign s t anda rds are 
therefore encouraged. 

Attributes of Re.gion 

Respondents we.re asked to compare the Delaware Valley 
Region with o t he r metropolitan areas of the North
eastern United States and to judge a series of 14 
attributes to be either assets or l iabilities . 
Respondents c oulU also answer ;;uncertain.'' The fol
lowing list classifies the attributes. (The score is 
computed by subtracting the pe rcent j udging the at
tribute a liability from the percent judging it an 
asset.) 

Clearly assets: 
Universities/ technical graduates 85 
Cultural and recreational opportunities 74 
Size and skills of labor force 69 
Housing costs 59 
Energy reliability 55 
Climate 28 
Attitudes toward business 24 

Neither an asset nor a liability: 
Transportation 9 
Labor costs 6 
Venture capital availability 4 
Financial incentives -6 
Energy cost -10 

Clearly liabilities 
Local taxes (individual and corporated) -18 
State taxes (individual and corporate) -36 

The preceding results indicate that there is a 
positive attitude about the Philadelphia Region among 
the officers of technology-oriented companies. At
tributes that scored highly are among those that are 
thought to be valued by high technology firms. 

The negative scores that indicate a net liability 
are all fiscal attributes and one wonders if re
spondents may be exercising an automatic negative 
response, especially in the case of taxes. But note 
that two other fiscal attr ibutes--labor costs, and 
especially housing costs--are considered assets to 
the region. 
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The most outstanding attribute of the Philadelphia 
reg i on, according to the executives who completed 
DVRPC's s ur vey, was its universities and their tech
nical graduates, Not only did the largest number 
judge this attr i bute an asset but t he fewest number 
judged it a l i ability; the fewest number were also 
uncertain. 

In a study conducted recently by the Institute of 
Public Administration (IPA) of Pennsylvania State 
University and the Pennsylvania MILRITE Council, 
however, only l of the 31 firms surveyed in the cor
ridor listed proximity to universities as important 
in its location decision, and in that case it was 
the fifth most important (3). No firm included 
closeness to universities as i;;;portant in determining 
whether to expand in the region. 

It appears, then, that high technology firms are 
happy to have access to many well-educated graduates, 
and to have universities nearby for continuing edu
cation. These advantages are not so important, how
ever, to draw firms away from the benefits they find 
in the suburbs. Continuing education will become 
more important in the future as the half-life of a 
college degree decreases while the complexity of a 
technological world increases. 

More than two-thirds of the high technology firms 
reported that they have no problem hiring profes
sionals or persons with the skills they require. 
About two-thirds of the nonhigh technology firms 
also reported no problems. These percentages look 
favorable, although no comparisons with other metro
politan areas are available. 

Future of the Corridor 

Four questions addressed the attitude of the firm 
toward further growth of the corridor and its role 
in it. The responses from high technology firms are 
summarized as follows: 

1. Almost one-half stated that it is an advantage 
to be located among other firms whose products or 
services, or labor requirements, are simil a r to their 
own. (Only one-third of the nonhigh t e chnology firms 
considered proximity an advantage.) Only 8 percent 
considered it a disadvantage. 

2. Seven out of every eight respondents believed 
that continued growth of the corridor would be good 
for their firm. 

3 . For t y-six percent asser t ed t hat they plan to 
expand the ir opera tions a t t heir present l ocation; 
another 13 percent prefe rr ed not to div ul ge this 
information. 

4. Only seven firms indicated plans to relocate. 
It may be significant tha t three of these firms are 
located in King of Prussia. An officer of one such 
firm stated in an interview that his firm would re
locate farther west on US-202 because of the almost 
paralyzing congestion experienced on highways in the 
vicinity of US-202 and the Schuylkill Expressway. 
Note, however, that relocation does not imply that 
the firms will leave the corridor. 

The conclusion that must be drawn from these four 
points is that, g i ven a strong economy, the corridor 
will continue to g r ow and prosper , requiring addi
tional transportation improvements to handle the 
attendant traffic. 

Company Practices that Affect Traffic Conditions 

Almost one-half of all firms have considered the use 
of flexible work schedules. Apparently such schedules 
have been more successful at high technology firms, 
where one of every five respondents report their 
normal work hours as variable, a rate three times 
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greater than nonhigh technology firms. Furthermore, 
one-half of the respondents indicated that their 
firm would be willing to modify their work schedule 
as part of a plan to decrease traffic congestion in 
the area. 

Only 7 of the 102 firms surveyed have a shared
ride program. In interviews, several firm officers 
spoke skeptically of the concept of carpooling and 
vanpooling. Many high technology firms prefer to 
think of their employees as highly motivated people 
who leave their jobs when their work is completed 
and not in time to meet shared-ride schedules. 

As noted earlier, these firms prefer to be located 
near the homes of their employees so that the em
ployee can travel to and from his or her job easily-
in the evening or on weekends as well. Such a loca
tion makes carpooling unnecessary and sometimes 
counterproductive in the eyes of company executives. 

Transportati on Needs of the Firms: Non-Highway 

The survey asks the executive if his location is 
served by public transportation. Respons es ranged 
from one out of three to two out of t hree answering 
yes in d ifferen t par t s of t he corridor . The results 
appear to i nd icate that people have d i ffer e n t ideas 
about what being "served " is , but also, no doubt, 
that many people do not know if they are served. The 
interviews support this contention. Public transit 
is not even considered an alternative to many persons 
working in the study area, and so there is little 
knowledge about routes, stops, frequencies, and 
destinations_. 

Those who stated that they are served by transit 
were asked to indicate which attributes of the ser
vice are most in need of improvement. Most often 
cited was frequency. Reliability was mentioned next 
most often, but only about one-half as many times. 
It is not known if reliability is really in need of 
attention in the corridor, or if it was mentioned 
often because it tends to be an automatic response. 
People appear not to eas ily f o r g.et a n unhappy ex
perienc e in using transit . I n third place is i nfor
mation, whic h c an be relatively i ne xpensive to 
improve. 

During the testing of the draft survey, it became 
apparent that s ome dissa t isfac tion is felt with 
paratransi t services- - par ticular.ly taxicabs and air
port limousine service--and so two questions were 
added. The first question elicited that only 4 out 
of 10 respondents were satisfied with the service 
offered in Upper Merion, but in other areas 6 out 10 
respondents found the service adequa te. 

Attr ibutes of taxicab and limous ine service in 
need of improvement are reliability (showing up when 
promis ed), destina tion s ser ved (being too limited ), 
and vehicle qualit ies . This last att ribu te received 
a lot o f attention i n i nter views, a long with drivers ' 
attitudes. At least one executive mentioned that he 
felt embarrassed when customers and business asso
ciates used the limousine service to the airport. 
Inasmuch as the survey results demonstrate that fare 
is not a concern to many respondents, it may be that 
higher fares that pay for improved service may be 
welcomed. 

Compared to 90 percent who believe that more pub
lic funds should be spent on highway improvements, 70 
percent of the respondents believed that more money 
should be spent on mass transportation. Less than 30 
percent believed, however, that more funds should be 
expended for bicycle and pedestrian facilities. 

Tr an sportation Needs of the Firms : Hi ghwa y s 

Firm officers were given six destinations and asked 
to indicate their relative importance to their com-
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pany as high, medium, low, or none. The results point 
to some differences between high technology firms 
and other firms. The most striking of these is in 
access to air travel. Philadelphia International 
Airport was cited as a highly important destination 
by 60 percent of high technology firms, and of no 
importance to only 4 percent. For nonh igh technology 
firms, it was highly important to only 30 percent 
and not important to 20 percent. 

Interviews confirmed the significance of airport 
access to high technology firms . The market for many 
technological products is nationwide and sometimes 
worldwide, which means a higher than ordinary rate 
of air travel for the executives of such firms. Per
haps even more important, these firms often produce 
small, high-value products (or paper) for which the 
cost of air freight is small relative to its value. 
High technology firms are freq uent users of private 
air express services . It is interesting to note that 
the airport is less important to computer service 
and software firms than to other technology-oriented 
firms, perhaps because so much of their input and 
output is moved through telecommunications. Access 
to local. airports and heliport$ is also important to 
higb technology f ir.ms , more so than witb nonhigh 
technology fi.rms, but not by s uch wide margins as 
travel to and fr om Philadelphia International Air
port. 

Center City 
being of med i um 
high technology 

us 

remains an importan t destination, 
or high importance to 65 percent of 
firms and 54 percent of others. In 

F1GURE 4 Transportation problem areas. 
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addition to using services located in Center City-
legal and financial, primarily--firms also find many 
of their clients in Center City. 

The survey asked the executive to locate severe 
traffic problems in the vicinity of his firm. In 
each of the subareas, a majority of the respondents 
reported severe problems. These citations were found 
to be clustered into 14 problem areas with the study 
boundaries shown in Figure 4. Recommendations in the 
study primarily addressed solving problems in these 
areas. About 90 percent of the questionnaires re
turned indicated that the chief executive officers 
and others who completed the forms believed that 
more public funds should be spent on highway im
provements. 

Finally , the questionnaire lis ted six major pro
grammed capi t al improvements either i n or affecting 
the study area and asked the respondent to state 
which are important to the operation of his firm. 

To firms in the eastern, central, and western 
part of the corridor, the Schuylkill rehabilitation 
is the most important project. The expressway forms 
a tether to Philadelphia, and its free flow is im
portant to permitting Philadelphia to remain the 
focus of services to the corridor. As an example, 
some executives of high technology firms are finding 
Trenton and Wilmington rail stations more convenient 
than 30th Street, even though the over-the-road dis
tance is greater. 

The second most important project to each group 
is the Mid-County Expressway . 'fhis selection reflects 

MONTGOMERY COUNTY 
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the importance of access to Philadelphia Interna
tional Airport. Several executives were critical of 
the transportation bureaucracy for failing to sur
mount the obstacles to completion of the project. 
They stated that their investment in the corridor was 
in part predicated as the concept of a fast, direct 
route to the airport . After these two priority proj
ects, the areas differed in their responses. 

STRATEGIC PLAN FOR TRANSPORTATION 

This section of the paper contains a sununary of the 
study recommendations and proposed strategies for 
action. These recommendations were based on an eval
uation of the office interviews and mailback surveys 
of the existing firms in the US-202/Pennsylvania 
Turnpike Corridor. Field views of locations with 
transportation problems, other studies, planned 
projects, and funding constraints, have been con
sidered in this action plan. The action plan con
sisted of three elements: 

1. Statements of policy. 
2. Recommended transportation improvements. 
3. Proposed studies and outstanding issues. 

The policies, transportation improvements, and pro
posed studies contained in the plan have been co
ordinated with the current plans of the member 
governments, the transportation operators, and local 
businesses. Simultaneous and continuing action by 
the municipalities, counties, state, and the private 
sector is require.d to maximize the effectiveness of 
these concepts and proposals. 

To foster economic growth and the location of tech
nology-oriented firms in the corridor, the existing 
and future needs of business must be satisfied. These 
needs are complex, changing, and require continuous 
attention. Generally, this broad-based effort must 
involve the maintenance and upgrading of a total 
environment and many quality-of-life considerations. 

The policies discussed below address the most 
important areas of concern expressed during the cor
ridor study . As a guideline for decision makers, 
these transportation policies should provide overall 
direction for planning activities. 

1. Support the increased use of taxicabs, limou
sines, and other private transportation se·rvices to 
assist in meeting the corridor's travel demand and 
the special needs of the technology-oriented firms. 

2. Preserve rail corridors within the corridor 
for possible transportation uses in the future. 

3. Provide for convenient and safe local airport 
and heliport facilities to meet the increasing air 
transportation needs of the corridor. 

4. Pursue transportation improvements that in
crease accessibility to the Philadelphia Interna
tional Airport. 

5. Support the advancement of telecommunication 
services to augment transportation facility improve
ments. 

6. Gradually convert transit vehicles to the 
most appropriate sizes and types to better meet the 
needs of the corridor. 

In addition, six additional policies, which apply 
throughout the region, were reconunended to receive 
special attention in the corridor. The policies 
focused on increasing maintenance on the existing 
network, spreading the peak periods, staging imple-
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mentation plans, environmental quality, minimizing 
travel requirements, and encouraging transit. 

Transportation Improvements 

Transportation improvements recommended for comple
tion during the next 5 years were outlined. Each set 
of improvements was based on a description of the 
problem area and the transportation deficiencies 
that were observed. As shown in Figure 5, a schematic 
of the street system indicating the location of 
problems, proposed improvements, and cost estimates 
for planning purposes was prepared. 

The recommended improvements primarily addressed 
deficiencies and problems cited in the survey of 
firms in the corridor and the followup field in
vestiga·tions. The reg ion's Transportation Improve
ment Program , Year 2000 Transportation Plan , Trans
portation System Management Plan, and the ongoing 
planning efforts of local governments were con
sidered in the development of these recommendations. 

The proposed transportation improvements did not 
represent a complete response to all problems that 
exist or that will occur in the corridor. Other 
traffic studies should be integrated into these 
reconunendations. Continuous monitoring of corridor 
growth and traffic was also encouraged to enhance 
and modify the set of projects. Additional evalua
tion may be needed to assign a priority to improve
ments and to stage implementation activities. 

Transportation improvements in other parts of the 
region are also required. For purposes of improving 
the attractiveness of the corridor to advanced tech
nology, the projects should focus on improving ac
cessibility to critical destinations of technology
oriented business. Included among these important 
locations are the Philadelphia Central Business 
District, the Philadelphia International Airport, 
cultural and recreational areas in the region, and 
suburban residential locations. 

Outstanding Issues 

This study recognized that many ii.sues and trans
portation problems could not be adequately addressed . 
Implementation of transportation policies and facil
ities require detailed project studies. A commitment 
to investigate problems and undertake such studies 
was , therefore , an important part of the plan. 

IMPLEMENTATION 

Implementation of the study recommendations is the 
most important phase in the planning process because 
it results in the construction of new and improved 
facilities and better transportation service. Suc
cessful implementation, however, requires coordina
tion and depends on many considerations and decisions 
by a number of individuals and groups. 

Agencies' Responsibilities 

To implement the recommended transportation improve
ments, agencies at the local , county, regional, and 
state levels were advised t.hat they must do their 
part in the planning, capital programming, design, 
and construction process. It was important that all 
parties agree to the policy guidelines and work co
operatively. 

Municipalities 

The municipalities in the study corridor were asked 
to concur with the proposed improvements. After con-
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Tredyffrin Twp. 
(Chester County) 

Transportation Research Record 1046 

Upper Merion Twp. 
(Montgomery County) 

A 

RECOMMENDED IMPROVEMENTS (Approximate Total Cost = $250,000) 

A Erect Overhead Sign, Construct Improved T roffic Island 

B Point Poscrnent Lines, Cutback Northbound Swedesford Rood Curb, Remove 
Vegetoti011, Install lmprosed Stop Signs 

C Remove Vegetation 

D Rcrnove Treadle Pad on Wes tbound Old Eagle School Rood Approoch, Widen 
Eos rbound Approach to Provide 2 Lanes, Restripe Northbound Approach 

E Provide Shouluer s on West Side of Swedes ford Rood* 

F Restrict Northbound Swedesford Rood Left Turns During Peaks 

G Install Directiona l Informational Signing 

*Future Deve lopers should provide shoulders on West Side of Rood. 

FIGURE 5 Problem area schematic: Swedesford Road between north Warner Road 
and Valley Road. 

currence on the scope of the proposed improvements, 
each municipality, with the assistance of Montgomery 
or Chester counties, must follow through in the 
implementation of the traffic improvements for the 
problem areas. Assistance in implementation, which 
includes local financing, engineering, land acquisi
tion, and construction should also be sought from 
appropriate developers and businesses. 

Counties 

The function of the Cheste r County Planning Commis
sion a nd the Montgomery County Planning Commission 
is to develop projects and priorities for capital 
programming by the county and region and to coordi
nate with Minor Civil Divisions (MCDs) on traffic 
studies. In addition, the planning commissions 
coordinate with the municipalities, DVRPC, and the 
Pennsylvania Department of Transportation (PennDOT) 
in the process. Because of funding constraints, a 
high priority was assigned to improvements in the 
corridor so that they would advance in the implemen
tation process. 

Delaware Valley Regional Planning Commission 

Toward the implementat ion of transportation improve
men t s in the high technology corridor, DVRPC's pri
mary responsibili t ies are to evaluate the technical 
merits of projects, establish priorities, and to 
program projects. Before programming, the commission 
staff must evaluate projects based on criteria 
established by PennOOT and the U.S. Department of 
Transportation. In addition, the recommended im
provements may be potential candidates for special 
state programs. 

Pennsylvania Department of Transportation 

PennDOT's responsibility is to support local, county, 
and regional initiatives by programming transporta
tion improvements at the s tate level. After program
ming, it is charged with the tasks of engineer ing, 
acquiring a ny needed land, obtain i ng federal and 
state funds, and constructing the improvements. Local 
acceptance and cooperation will assist PennOOT in 
implementing high technology corridor improvements. 
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Southeastern Pennsylvania Transportation Authority 
(SEPTA) 

Public transportation recommendations are usually 
the responsibility of SEPTA, the primary transit 
operator in Southeastern Pennsylvania. Working co
operatively with governments and the residential and 
business communities in the corridor, SEPTA must 
seek to provide improved transit service. Several 
issues concerning new local, express, and shuttle 
bus services raised during the study are currently 
being addressed. 

Other Agencies 

Because this study had the indirect goal of assist
ing in the economic development of the region by 
improving transportation service, many other local 
and state agencies have a role. Organiza t i ons , such 
as those responsible for paratransit services, taxi
cabs and limousines, and airport planning, must be 
a war e of the o pportun i ties a nd the po tenti al o f the 
h igh technology corridor for development. The special 
needs of the techno logy-oriented firms must be ad
dressed on a continuing basis. 

The findings of the study were shared with the 
Chester County Consortium for Economic Development, 
the Mon t gomery County Commerce Department , and other 
agenci e s , to provide a basis fo r s uppor ting the 
t rans portat i on r ecommenda t i ons a nd adva nc ing their 
own planning efforts. Overall promotion of the cor
ridor for industrial development will be the re
sponsibility of these agencies. 

Pr i va te- Public Partne .r sh ip (Creative F i nancing) 

The benefits from constructing transportation proj
ects in the corridor will accrue to employers, 
developers, and others who use the improvements or 
who are better-off by increased economic development. 
It is in the interest of these firms and groups to 
participate in the p lanning and fi na ncing of the 
projects if the bene f its to each exceed their share 
of the costs, particularly if governments or trans
portation operators would not implement the improve
ments without this private support. It is in the 
interest of governments and transportation operators 
to develop and support improvements that have iden
tifiable benefits to businesses and developers, 
especially when public f unds are s carce and t he 
transportat i on improve ments wou l d benefi·t th e r egion. 

Private-public partne r ships and c reative financing 
arrangements should be developed and built on this 
economic principle. It is most effectively accom
plished by including the public and private sectors 
from the early stages of planning to the final 
implementation stages of programmed projects. The 
formation of special transportation task forces for 
specific project locations were recommended to as
sure active participation of the interested parties. 

Transportation task forces have been or are cur
rently working in various locations in the corridor, 
including the US-29 area, Upper Mer ion Townsh ip , and 
the Dresher area. The task forces provide a forum to 
discuss issues, establish goals, undertake studies, 
define alternatives, make recommendations, and de
sign implementation strategies. 

CONTINUING PLANNING 

Transportation service in the corridor is related to 
many technological and socioeconomic factors that 
are changing. For example, there are many possibil
ities for substituting telecommunication for personal 
travel. Special television systems may provide a 
means for business meetings, education, and the con
veyance of papers. Also, the magnitude and type of 
future development or changes in travel behavior 
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because of special situations such as fuel shortages 
are difficult to predict. Therefore, priori ties may 
change in the context of new funding constraints and 
political f o r ces. 

Transpor tation policies and recommended improve
ments for the high technology corridor should be 
reviewed in several years to confirm or modify these 
guidelines for decisionmakers. During the interim 
period e ffor ts should be made to res o l v e outstanding 
issues. Smal l traffic studie s to s upport, revise, 
and augment recommendations should be advanced. 

CONCLUSION 

Though the transportation needs of high technology 
firms are not significantly different from those of 
other industries, high technology executive s and 
employees are accustomed to working with state-of
the-art products and systems. Therefore, they have a 
limited tolerance for traffic congestion and poor 
public transportation. In determining location sites 
for their industries, technology-oriented executives 
value highly the quality of transportation service 
that includes adequate maintenance of existing 
streets and highways. 

As shown in this study, technology-oriented in
dustries are often small (fewer than 50 employees) 
and they often research and produce products that 
have national and international markets. Access to 
these markets requires air travel that is frequent 
and dependable with a range of destination options. 
In addition, products and key employees must be 
transported to the international airport with mini
mum delay and maximum conve n ience. 

The search for excelle nce associated with high 
technology translates into a desire to improve qual
ity of life. In terms of transpor tation , this means 
fast and comfortable access to resident ia l neighbor
hoods, shopping and restaurants, other regional 
amenities, educational institutions, and interna
tional airport facilities. The amount of new high 
technology that may be anticipated may be directly 
related to the extent that the corridor can offer or 
has access to these opportunities. 

Therefore, the preparation and local acceptance 
of a strategic plan (providing recommended improve
ments, policy, and implementation strategies) ad
dressing transportation and other environmental con
cerns and infrastructure, is an appropriate step 
toward planning for high technology. 
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The Downtown Hartford Transportation Project: 
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ABSTRACT 

The implementation of innovative approaches to managing transportation resources 
in downtown areas has frequently proven difficult. In addition, traffic, tran
sit, parking, pedestrian, goods delivery, urban design, and economic development 
concerns typically are addressed in isolation rather than as part of an inte
grated program. The Downtown Hartford Transportation Project (DHTP) was a col
l aborative effor t by public and private sector organizations to plan and im
plement a broad range of actions in anticipation of unprecedented levels of 
building and employment growth in the downtown, The DHTP represents a unique 
model of a transportation planning process--it is mult imodal in scope , involves 
both physical a nd management-oriented improvements, and features a process of 
consensus building about solutions that served to smooth the transition between 
planning and implementation. The key features that make the Downtown Hartford 
Transportation Project unique and contributed to its success are described. 
These features include the type and level of public and priva t e sector partici
pation, the definition of the project's scope, the process of achieving con
sensus on solutions, and the use of information and technical analysis to guide 
decisions. Based on the experience of the DHTP, a set of guidelines is presented 
for following the Hartford example. It is concluded that although unique condi
tions in Hartford precipitated the DHTP, many features of the DHTP could be 
successfully adapted in other locales that want to better manage their trans
portation resources. 

Hartford, the capital o f Connecticut, has a popula
tion of 135,000 and is located at the junction of 
two interstate highways (I-91 a nd I-84) in the cen
tral portion of the state. Hartford is the home of 
several large insurance companies , including Aetna 
(mor e than 13,000 employees ) and Travelers (9,000 
employees) . Hartford's business community has long 
been active in downtown transportation issues--due 
both to a concern for employee benefi ts in a highly 
competitive environment, and to a recognition of the 
importance of good access and a pleasant downtown to 
maintaining retail vital ity. Aetna's vanpool program, 
initiated in 1977, now operates 135 vans and is one 
of the largest employer vanpool programs in the 
country. In 1980 the Greater Hartford Ridesharing 
Corporati on was formed. Supported by publ ic and pri
vate sector funds, it has a membership of more than 
4 O companies in the Hartford area. The b istory of 
public-private cooperation in Hartford laid the 
groundwork for the Downtown Hartford Transportation 
Project. 

PROJECT OVERVIEW 

The Downtown Hartford Transportation Project (DHTP) 
was organized to examine the likely impacts of un
precedented downtown growth on traffic congestion, 
parking availability, and the street environment in 
an era of decreasing availability of transportation 
funding. Jointly spo·nsored by major employers and 
the city of Hartford, the project's purpose was to 
develop and trigger implementation of a comprehensive 
program of actions to address Hartford's anticipated 

downtown transportation problems and to better manage 
the overall transportation system throughout the 
1980s. 

The DHTP was unique in many respects. Unlike more 
conventional, single mode transportation planning 
efforts, it examined all components of downtown 
transportation as an interactive system : traffic, 
parking, transit, pedestrian flow, and goods deliv
ery. The implementation program that has been devel
oped is comprehensive as well, including physical 
projects, such as crosswalk striping and traffic 
signal synchror1b:ation1 management actions, such as 
peak-hour parking restrictions and work schedule 
changes; ongoing policy tools, such as requirements 
for transportation access plans for new developments; 
and organ izational changes, such as the establishment 
of a Transportat ion Management Organization to co
ordinate private sector transport.ation actions. Most 
important, the DHTP has been conducted with a special 
concern for producing a widely accepted and imple
mentable plan of actions. 

Impetus 

With more than 4 million ft' of scheduled new 
downtown development, both the city and the corporate 
community were concerned that Hartford's existing 
transportation facilities were i nadequate to com
fortably serve this much additional activity. Without 
improvements to the transport<1tion system, downtown 
growth was likely to result in increased traffic 
congestion and air pollution, a worsening of an al
ready tight parking situation, and a hoatile pedes-
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trian environment--all of which could make Hartford 
a less desirable place to work and shop. In fact, a 
major downtown department store announced plans to 
relocate to the suburbs, citing inadequacy of the 
transportation system as a major reason. 

It was clear that there were no simple solutions 
to this dilemma--the shrinking availability of 
federal funds for major investments in street and 
transit facility expansion precluded relying on "big 
fixes." Although a number of efforts were underway 
in both the public and pr iv ate sectors to manage 
more efficiently the use of existing transportation 
capacity (for example, carpool and vanpool programs 
and traffic engineering techniques), these efforts 
were not sufficiently aggressive or coordinated to 
produce the kind of results needed to make a dent in 
traffic or parking problems. Further, there was a 
sense of frustration in both public and private 
sectors that past transportation planning efforts 
were not producing results in a reasonable time 
frame, due both to a lack of general consensus about 
what should be done, and to the cumbersome bureau
cratic process necessary for getting projects off 
the shelf, 

In the summer of 1981, members of the corporate 
community acted on these concerns and initiated dis
cussions with the city about conducting a comprehen
sive downtown transportation project, under joint 
public-private direction. The project was to develop 
a coordinated set of downtown transportation pol
icies, an action plan of downtown traffic, parking, 
transit, pedestrian, and goods movement improvements, 
and an improved system of transportation project 
management. By January 1982, the project was under
way, supported by $150,000 in private sector funds, 
and in-kind contributions from the city and other 
public agencies. 
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Accomplishments 

The Downtown Hartford Transportation Project pro
duced a set of goals, policies, and actions that the 
city and the corporate community have endorsed and 
that currently are being implemented. Clear roles 
and responsibilities for implementing each recom
mended action have been set forth and are forming 
the basis for currently ongoing activities. Perhaps 
most important, the project has established working 
relationships between the public and private sectors 
that are proving to be crucial not only for imple
mentation of the action plan, but for future coordi
nated transportation planning and decision making in 
Hartford. 

Implementation of the agreed-on policies and 
actions (see Table 1) was projected to enable the 
planned growth in downtown employment to be accom
modated without a corresponding amount of growth in 
vehicle trips to the downtown. Because there is 
relatively little potential to increase the street 
capacity in Hartford through either construction or 
operational changes, emphasis instead was placed on 
management of the existing downtown transportation 
system, including actions to limit the increase in 
single occupant commuter trips and to encourage a 
wide range of more efficient travel choices. The 
goals of these actions is to increase central busi
ness district (CBD) work trips by transit and ride
sharing modes from the present 52 percent to 61 per
cent over a 3-year period (see Figure 1). If this is 
achieved, a traffic analysis indicates that there 
will be no increase in the number of intersections 
experiencing serious delays. In the absence of the 
recommended actions, traffic at virtually every 
downtown intersection is projected to move more 
slowly than today, with almost twice as many inter-

TABLE 1 The Downtown Hartford Transportation Action Plan 

Recommended Actions to be 
Implemented within a Year 

Public Sector 
Peak hour parking prohibitions 

Improved enforcement of bus stops 

Peak hour delivery prohibition 

Bus stop consolidation 

Uniform Signing 

Designate streets pedestrian. vehicular. both 

Restrict turns 

Transit fore-free zone 

Increase on-street meter rotes 

Restructure city po,king fociuty rotes 

Zebra-stripe cross-walks of major intersections 

Designate City Responsibility Center 

Private Sector 
Restructure privofe parking facility roles 

Strengthen Downtown Council 

Joint Public/Private 
Develop off-street delivery/pickup areas 

Develop off-street CO!pocl staging areas 

Flextime/Staggered hours 

Establish target modal shares 

Main/Stole/Asylum pedestrian/transit improvements 

Adopt streetscope design guidelines 

Develop Main Street between Peon and Gold as a 
streetscope prototype 

Develop Transportation Management Organization 

Recommended Actions to be 
Implemented by End of 1984 

Public Sector 
Signal interconnection 

Time of day signal phasing 

Eliminate selected exclusive pedestrian phases 

Classify streets for parking uses 

Require site access pion for zoning approval 

Improve on-street parking enforcement (increased 
tickets) 

Private Sector 
Begin phase-out of employee parking subsidy 

Begin phase-in of travel incentives 

Joint Public/Private 
Strengthen multi-passenger olterncnives 

Hartford Federal block pedestrian improvements 

Implement target modal shore program 

Recommended Actions to be 
Implemented In 2·5 Years 

Public Sector 
Computerized signal system 

Priority bus lanes 

Joint Public/Private 
Develop remote po,king facility 

Main Street streetscope improvements 

Civic Center/Allyn St. connector 

Bushnell Pork gateways 
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sections causing serious delays during the afternoon 
peak, Implementation of the action plan would pro
vide 4,000 short-term parking spaces in the downtown, 
and at the same time continue to provide for adequate 
commuter parking (Figure 2). Currently, all but 2,000 
of the 18,000 off-street parking spaces are ~ull by 
10 a.m. and only a handfu l are available at noon, 

Implementation of the action plan will contribute 
to othei: important city, 1,tate, and federal objec
tives, in addition to economic growth. For e,cample, 
although the project was not directly aimed at im
proving Hartford's air quality, the recommended 
actions were e stimated to reduce downtown work-trip
related carbon mono11ide and hydrocarbon emissions by 
14 percent relative to what otherwise would occur in 
1985, as well as contribute to decreased fuel con
sumption. 

Of course, the individual recommendations that 
were adopted during the course of the DHTP were by 
no means new or unique, Many cities have instituted 
some form of access planning for new development-
particularly in relation to granting reductions in 
minimum parking requirements in exchange for Trans
portation System Management (TSM) commitments (!.l. 
Groups of employers or nonprofit organizations rep
resenting the private sector have become increasingly 
involved in transportation issues during the past 5 
years (£), Traffic and parking management techniques 
have long been applied in downtown areas. The notable 
aspect of the DHTP is not the individual projects 
that were recommended, but the nature of the planning 
process that occurred and that permitted a coordi-

18,000 Spaces 

1981 
FIGURE 2 Target parking supply and use. 
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nated program of these individual actions to be 
adopted. 

The DHTP provides an important model of a down
town transportation planning process that is collab
orative and action-oriented, Kev aspects of the 
DHTP--the type of public and private sector partici
pation in the project, its scope of work, the pro
cess of "consensus-building" about actions that 
occurred, and the kinds of information and technical 
analysis used--are applicable to most downtown areas 
where significant new economic activity is occurring, 

KEY FEATURES OF THE DOWNTOWN HARTFORD 
TRANSPORTATION PROJECT 

Participation 

There have been three types of "core" participants 
in the DH'.l'P: representatives of Hartford businesses, 
public agency personnel, and consultants (Table 2). 

Although the project was initiated and primarily 
funded by the pr iv ate sector, funding was adminis
tered by the city, and responsibility for project 
management was assigned to the city Public Works 
Department. The city's project manager, however, 
worked out of a neutral territory--a special project 
office provided by one of the participating com
panies. 

Because past transportation planning efforts had 
suffered from a lack of consensus about recommended 
actions and from a lack of emphasis on implementa
tion, the project was set up from the beginning to 
involve those agencies and organizations whose co
operation, support (either technical or political), 
or resources might be needed for implementation of 
the recommended action plan. Within the private sec
tor, the Chamber of Commerce, the Downtown Council 
(a chamber-sponsored group focusing specifically on 
the downtown) , and the Greater Hartford Rideshar ing 
Corporation were and are key participants. These 
organizations were responsible for coord inating the 
input from the many busines ses and groups that 
actively participated in the project. Within the 
public sector, participants included the city man
ager, the city council, and key department heads 
within the city of Hartford, the Greater Hartford 
Transit District, the Connecticut Department of 
Transportation, and the Capital Region Council of 
Governments. 

A team of five consulting firms was assembled to 
perform the technical work with collective e11pertise 
and e11perience in transportation planning, traffic 

20,800 Spaces 

1984 
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TABLE 2 Major Participants in Hartford Transportation Decisions 

City 
Court of Common Council 
City Manager 
Public Works Director 

City Ergineer 
Transportation Services 
Engineering Services 
Management Services 
Operating Services 

Planning Director 
Transportation Planner 

Finance Director 
Purchases & Insurance 
Accountirg & Control 
Pre-Audit 
Financial Management 

Office of Management & Budget 
Pciice Department 

Traffic Division 

Fire Department 

Traffic Signal Maintenance 

Development Commission 
Parks and Recreation 
Human Relations Commission 
Redevelopment Agency 
Corporation Counsel 
Division on Aging 
Grants Administration 

State 
Governor 
Office of Policy & Management 
Bond Commission 
Legislature 
Attorney General 
Department of Transportation 

Commissioner 
Bureau ot Planning & Research 
Bureau of Public Transportation 
Bureau of Highways 

Municipal Systems 
Bureau of AdministraNon 
Consultant Negotiation Board 

State Traffic Commission 
Public Transit Authority 

Regional 
Capitci Regional Council of Governments 
(CRCOG) 

Policy Boord 
Transportation Committee 
Staff 

Greater Hartford Transit District 

Boord 
Stoff 

Federal 
Federal Highway Administration 

();vision Office 
Regional Office 

Urban Moss Transpo<tatton Administration 
(UMTA) 

Regional Office 

Environmental Protection Agency 

Public/Private Partnership 

The Greater Hartford Ridesharing 
Corporation 

Downtown Council 
Board of Directors 

Stoff 

Chamber of Commerce 
Board of Directors 
Executive Committee 
President-Staff 
Transportation Committee 

Highway Subcommittee 
Employer lritiatives Subcommittee 
Transit Subcommittee 

Downtown Mobility Task Force 

Retailers 

Employers 

engineering, transit planning, goads movement, park
ing management and enforcement, and urban design. 
Two of the consultants were former transportation 
officials from other cities; all of the firms had 
prior experience with transportation projects re
quiring public-private cooperation. 

The scope of the DHTP was determined by the nature 
of the project sponsors' concerns, which were: (a) 
what can be done to maintain access to and circula
tion within the downtown given planned new develop
ments; and (b) how to make sure that necessary 
transportation improvements are implemented given 
funding constraints and the slowness of project ap
proval processes. These concerns dictated a very 
focused scope in terms of the geographic area, the 
time frame of concern, and the specificity of the 
solutions to be recommended, yet a rather open and 
comprehensive approach both to identifying potential 
problems affecting all components of the downtown 
transportation system and to devising types of solu
tions for addressing these problems. 

Geographically, the DHTP is focused on the Hart
ford CBD, a SO-block area with a workforce of 42,000. 
(See Figure 3 for study area map.) The compactness 
of the study area allowed the kind of fine-grained 
data collection and detailed problem focus necessary 
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to produce a well-defined plan of action. Moreover, 
it allowed for substantive input from the area mer
chants and employers, which was important to the 
development of a consensus about the action plan. In 
contrast to more commonplace corridor-level and 
regionwide transportation studies, which often in
clude the downtown only as one component, the DHTP 
has been able to involve both important constituents 
for actions and key implementors of these actions. 
The result has been a transportation project equip
ped to develop realistic transportation policies and 
to put into practice management-oriented as opposed 
to capacity-expansion strategies for coping with 
downtown growth. 

The DHTP is multimodal in scope because the ex
pected increase in downtown activity will have 
impacts on all components of the downtown transpor
tation system--parking, traffic, transit use, pedes
trian activity, and goods delivery needs will all 
increase. Because these subsystems are so closely 
interrelated in a compact downtown area, addressing 
the expansion needs of one will have impacts on the 
others. For example, long-standing recommendations 
to improve pedestrian conditions on two major retail 
streets--Main and Asylum--would reduce traffic flow 
and transit capacity, while the potentially most 
effective signal rephasing improvement would have 
negative impacts on pedestrian movement. Development 
of an integrated plan of improvements and management 
strategies for all transportation system components 
allows potential conflicts among different users of 
street and sidewalk space to be addressed explicitly 
and provides an opportunity to develop coordinated 
and mutually reinforcing improvement strategies. The 
DHTP recommended an integrated street classification 
system that accommodates both traffic and pedestrian 
goals, allowing measures to increase capacity on 
certain streets, while restricting traffic and park
ing during peak hours on streets with heavy pedes
trian activity (Figure 4). 

Another important aspect of the DHTP's multimodal 
approach is that it includes policies for managing 
future growth in trips by encouraging use of the 
most efficient transportation modes, rather than 
merely planning around projections of unconstrained 
demand for each individual mode. For example, setting 
target modal shares (the relative split of trips by 
automobile and transit), reducing the amount of 
subsidized employee parking downtown, and expanding 
employer ridesharing and transit incentive programs 
are DHTP recommendations aimed at keeping traffic 
congestion in check by encouraging use of multioc
cupant travel modes. 

The types of actions considered and recommended 
range from conventional, "tried and true" traffic 
engineering techniques to zoning code changes and 
employer-based transportation management practices. 
In contrast to more conventional transportation 
planning efforts that often focus on what one par
ticular agency should do, the Hartford Action Plan 
was developed by and depends on the participation of 
many implementers, both public and private sectors, 
either working together or in sequence. For example, 
the integrated urban design component of the project 
provided a context for transportation planning, re
quiring that actions designed to improve transpor
tation in the downtown contribute as well to the 
development of a more coherent city plan and a 
livelier streetscape. 

In general, the action plan (1) features measures 
aimed at managing the use of existing transportation 
facilities through techniques such as: 

• Improving facilities so they operate more 
efficiently, 
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• Improving the downtown streetscape and ease 
of circulation for pedestrians, and 

• Providing Hartford with ongoing policy tools 
for managing future growth, 

Assembling varied types of measures into an inte
grated package allows each measure to be vie wed as 
part of an overall policy framework, the reby 
strengthening the implementation pros pects for 
individual components of the plan. Ano t her important 
aspect of packaging measures together was that in
clusion of revenue generating actions (such as 
stepped-up enforcement of on-street parking regula
tions and institution of employer parking charges) 
tended to make the package as a whole more palatable 
from a financial perspective. 

The final aspect of the DHTP's scope that is 
unique was the inclusion of an organizational analy
sis of the existing transportation project implemen
tation process (4). Th is invol ved tracing the process 
by which city trans portat ion improvement projects 
move from conception and initial design through the 
various stage s of approvals, and finally to procure
ment of nec e ssary materials and s erv i c e s for their 
implementation. Because the r ecommend e d plan of 
action was sufficiently ambi t i o us that it would 
severely strain the existing project management and 
implementation process in the city, it was essential 
to identify the major sources of delay and take steps 
to create streamlined procedures. It was also neces
sary to establish an ongoing institutional mechanism 
for the public and private sectors to continue work
ing together to successfully implement the developed 
transportation improvements. Thus, a system of two 
paralle l responsibi l ity centers was recommended, 
designa·ting the city 's De p artment of Publ ic Wo rks 
and t he Gr eater Har tford Ri desh a ring corporation as 
lead project management agencies in the public and 
private sectors, respectively (Figure 5). 

Process 

The DHTP can be characterized as a process of con
sensus-building which involved 

1, Identification of, and agreement on, the most 
pressing downtown problems and needs to be addre s sed, 

2, Agreement on a general approach to solving 
the identified problems, and 

3. An ~terative process of developing and screen
ing successively more detailed policies and actions 
to be taken . 
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The problem identification phase of the project 
was organized around five subelements of the trans
portation system: traffic, parking, transit, pedes
trian movement and urban design, and goods movement. 
The problems as per ceived by the participants formed 
the initial nucleus. Site observation, interviews, 
field data collection, and projection of the impacts 
of new development were conducted for each of the 
five subelements, and existing and potential future 
deficiencies were summarized and presented to the 
DHTP participants. In some instances, the technical 
analysis confirmed the perceived problems (e.g., 
most off-street parking really was full at midday): 
in other instances, project participants learned 
that perceived problems, when measured objectively, 
were not as intense as initially thought (e.g . , 
traffic congestion really was not very bad yet), In 
all cases, the technical work was presented in 
enough detail to assure its credibility. For example, 
questions about the number of additional employee 
trips that would be generated by new construction 
were answered at some length, with background infor
mation provided on the actual experiences with recent 
development in Hartford and other cities. 

As a result of this explicit process of problem 
identification, general agreement was reached among 
project participants that future development could 
push Hartford's parking and traffic problems to 
levels they considered intolerable, and that some
thing had to be done. Both public and private sector 
participants recognized that it would be both cost
prohibitive and damaging to the downtown environment 
to address these problems only by widening streets 
and building more parking facilities. From the be
ginning, there was a desire to determine what could 
be done to supplement construction improvements by 
managing the transportation system's use and growth, 
and participants made it clear that they were open 
to considering a wide variety of management strat
egies. 

Four goals for the action plan e volved out of the 
assessment of problems and constituted the agreed-on 
general approach for solving the identified problems: 

• Reducing the inconvenience of congestion, 
• Managing the parking supply, 

Improving the s treet environment, and 
Improving public and private sector capabil

ity to manage the transportation system. 

As the next step, an initial list of more than 30 
policy options was drawn up that served as the basis 
for a more detailed, iterative design process. As 
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with the problem identification phase, special care 
was taken to include both new ideas and pending 
proposals developed by the participants. This origi
nal list of pelicy options was exclusive as well as 
inclusive, reflecting a deep skepticism about the 
feasibility of both transit expansion and "big build" 
solutions. The design process also involved a large 
number of off-the-record briefings and discussions 
to explain the rationale behind particular strategies 
and to discover and resolve disagreements about what 
should be done before formal presentation at a public 
meeting. In many cases, recommendations were modified 
to reflect concerns presented. It was during this 
period, for example, that a remote parking facility 
recommendation was clarified and an e·mployee parking 
charge recommendation was st.rengthened and comple
mented with a range of other employee benefit op
tions. Other concepts , such as identification of 
target modal shares and a target number of short-term 
parking spaces for the downtown, were developed into 
s pecific numerical recommendations during this pe
riod. 

Some participants had concerns not about the in
tent of proposed actions, but rather about their 
associated costsi how they would be implemented, and 
how effective they would be. As a result of these 
kinds of concerns, further detail could be developed 
to put certain of the proposed actions on a firmer 
footing. Thus, the design process addressed both 
technical issues and potential implementation prob
lems. Because low priority, high controversy actions 
were screened out, proj ect resources were not unduly 
spent on analyzing measures that did not have a good 
chance of being implemented. These resources could 
be focused instead on working out necessary details 
for high-potential measures, which in turn helped 
project participants become comfortable with the 
evolving project recommendations. 

There were five formal meetings of the project 
participants during the 11 months that the action 
plan was being developed. At each of these meetings 
(with the exception of the first, which was an in
troductory session) an endorsement or "yes" vote was 
given by the project participants for some major 
project milestone: agreement on the major problems, 
commitment to a set of general goals for addressing 
these problems , selection of policies to be analyzed 
for each goal, and finally, commitment to pursuing a 
specific set of actions. This process of obtaining 
periodic endorsements was facilitated by anticipat
i ng and responding to specific criticisms before 
recommendations were presented. The more informal, 
continuing discussions were a critical component of 
this overall process and constituted an extremely 
effective strategy for building a consensus. Most 
important, a central group of visible, respected 
individuals who had helped to initiate the project 
stayed deeply involved, taking the time to fully 
understand the technical work during each phase and 
then leading and focusing public discussion toward 
consensus on the most important issues. 

Information and Technical Analysis 

Information about existing downtown Hartford trans
portation conditions, and technical analysis to pre
dict future conditions and the potential impacts of 
i mprovement measures played a key role in the DHTP, 
1\ solid, objective picture of transportation prob
lems was essential for conununicating a sense of 
priority to project participants and for laying the 
groundwork for develop~ng policies . It was very 
irnpor tant t:.hat he informa tion collected be timely 
and credible--any suspicion about the quality or 
accuracy of the data could discredit the project 
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from the start. Data collected for the project in
cluded traffic counts at all downtown intersections, 
morning and midday occupancy checks at all public 
off-street parking facilities, and turnover studies 
for a sample of on-street spaces. In addition, up
to-datc information o 1:can,;it ridership was ana
lyzed, and subjective assessments of problems related 
to pedestrian movement, urban design, goods movement, 
as well as parking, traffic, and transit were made 
on the basis of site observation. Projections of 
trips to be generated by new development in 3 and 10 
years were made and allocated to travel modes ac
cording to current shares. From the trip projec
tions, estimates of future parking deficits and in
tersection level of service were derived. 

It was also important to translate the technical 
analysis into nontechnical language and to use exam
ples that participants could understand and easily 
relate to. For example, current and projected level
of-service rankings for intersections were displayed 
on maps and were discussed in terms of the length of 
delays a driver would experience. Parking conditions 
were described in terms of both the percent and ac
tual number of spaces available at different times 
of day, and compared to conditions in other cities 
(~). 

Because the action plan was to be comprisecl of 
very specific targeted measures, the data collected 
not only had to provide a good picture of what the 
problems were , but it also had to provide insights 
into both the causes of the identified problems and 
the policy initiatives that might effectively address 
them. For example, localized congestion problems 
were analyzed on a block-by-block basis to pinpoint 
causes, which included illegal parking, peak-hour 
deliveries, and passenger. pick-ups. 'l'he shortage of 
midday parking in the downtown was ti:aced, in part, 
to t he fact that many Hartford employers subsidize 
pa-r.king for their employees, ther eby encouraging 
them to drive alone into the downtown. 

Experience at the Hartford Steam Boiler Inspec
tion and Insurance Company i.ndicates the impacts of 
decreasing employee parking subsidies and increasing 
transit subsidies (Hartford Steam Boiler, unpublished 
report) . In 1982 the company provided a 40 percent 
transit subsidy and charged employees an average of 
$24 a month for parking (a 46 percent subsidy). In 
1983 the transit subsidy was increased to 50 per
cent, and the average parking charge was increased 
to $44 a month (a 35 percent subsidy for solo drivers 
and a 50 percent subsidy for car pools). The result 
was an increase in bus use from 35 to 39 percent and 
a decrease in employee parking from 61 to 46 percent. 

Putting the observed conditions into perspective 
by comparing them to other cities ,was useful through
out the project for distinguishing between real and 
perceived problems. For example, although congestion 
was perceived as being severe by many project par
ticipants, field observation showed that congestion 
was quite mild compared to other cities. Similar 
kinds of comparisons, such as the relative split 
between transit commuters and drivers in different 
cities, provided participants a basis for setting 
reasonable future goals for keeping congestion down 
by encouraging non-drive-alone modes. 

Analysis of specific improvement measures focused 
on an assessment of what each action could accomplish 
toward achieving the agreed-on goals (Table 3)'. In 
addition, considerable emphasis was given to devel
oping realistic cost and revenue projections, re
flecting the implementation focus of the project . 
Estimates of implementation costs were developed, 
revenue sources were identified, and implementation 
responsibilities were assigned. Estimates of impacts 
were used to guide the technical design process and 
to illustrate how a comprehensive package of small-
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TABLE 3 Estimated Traffic Volume Impacts of Recommended 
Program 

Action 
1981 Base 
1984 Increase 

Eliminate Employer Parking Subsidy 

Employer Program to Increase Transit/ 
RideshOre Use to 62% of Work Trips 

Flextime to l Hour 

Convert 2.000 Additional Spaces 
to Short-Term Use ( - 750 and + 500) 

Restrict Peak Hour On-Street Parking 

1984 With Recommended Action Plan 

Effect on Peak 
Hour Traffic Volume 

11,000 vehicles 

+ 2,500 ( + 23%) 

- 750 ( - 7%) 

-500 ( - 4.5%) 

- 380 ( - 3.5%) 

- 250 ( - 2%) 

- 112 ( - 1%) 

11,508 ( +5%) 

scale improvements could have a noticeable impact on 
congestion. While some parts of this analysis were 
modeled in detail, an appropriate mix of "back-of
the-envelope" techniques and experience with similar 
measures in other cities also were used in order to 
provide the participants an understanding of the 
likely impacts of a policy. 

Implementation Focus 

The developed action plan was designed to focus on 
those actions having a high probability of effective 
implementation and to provide project participants a 
clear understanding of their specific responsibil
ities for implementing the agreed-on recommendations. 
This includes an estimated budget for each action and 
a 1-, 2-, and 3- to 5-year timetable. The assignment 
of responsibility was an effort, at the request of 
both the public and private sector participants, to 
put project participants on the spot. 

Overall, this approach is proving to be success
ful. At this time, the private sector is well under
way with implementation of the initiatives for which 
they have either exclusive responsibility or share 
implementation responsibility with the public sector. 
This includes a major funding commitment to the Down
town Council and a substantial effort, coordinated 
by the Greater Hartford Rideshar ing Corporation in 
its expanded capacity as the downtown Transportation 
Management Organization, to develop policy consensus 
among major employers. The public sector, assigned 
prime responsibility for 12 actions as well as 
shared responsibility with the private sector for 
other actions, has also taken important implementa
tion initiatives, though at a slower pace than the 
private sector. 

The city council directed the city manager to 
centralize transportation responsibilities in the 
city, as recommended, and has recently approved the 
closing of one block of State Street to facilitate 
development of an improved pedestrian space in the 
vicinity of the Old State House. Funding for other 
measures has been secured and the city has initiated 
detailed engineering design for the designated street 
improvements related to pedestrian and transit move
ment. 

FOLLOWING THE HARTFORD EXAMPLE 

Transferability 

In Hartford, there were unique conditions that pre
cipita t ed the DHTP. The business community had long 
been i nvolved in transportation issues and was will
ing and able to commit resources toward transporta-
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tion improvements. The Downtown Council in associa
tion with the Greater Hartford Chamber of Commerce 
had sponsored several studies, which provided many 
ideas for consideration by the DHTP, and both groups 
had been involved in raising funds for and setting 
up the Greater Hartford Ridesharing Corporation 1 
year before the DHTP began. These activities, com
bined with the substantial commitment on the part of 
a number of Hartford employers to vanpool programs, 
paved the way for the type of public-private cooper
ation that characterized the DHTP. 

Although every city has its own unique character
isti cs, history, politics, and problems, subsequent 
experience in San Antonio (6) and elsewhere indicates 
that certain features of the DHTP can be successfully 
adapted in other locales that want to better manage 
their transportation resources. 

The sources of impetus for the DHTP--major down
town development plans, a s hortage of parking, grow
ing traffic congestion, tight transportation funding, 
major downtown employers ser iously considering an 
exodus to the suburbs--can provide the necessary 
basis for a DHTP-like project, even in downtowns 
where public-private collaboration on transportation 
problems has been limited or nonexistent. 

The following general guidelines can be used by 
cities that want to pursue a similar approach to 
that taken by Hartford in developing and implement
ing transportation improvements. 

Organizing a Public-Private Collaborative Effort 

The following steps should be taken to organize a 
public-private collaborative effort: 

1. Find the right people to direct the project. 
The involvement of effective leadership from both 
the private and public sectors is central to a proj
ect of this nature, which involves considerable 
lobbying, support-building, and opening of new com
munication channels . Having the right people from 
the start can be critical to assembling the critical 
mass necessary for a successful project. People with 
leader ship experience and contacts in both sectors 
can be especially valuable. 

2. Share sponsorship and direction of the project 
between public and private sectors. Public-private 
collaboration can be initiated by either the public 
or private sector, as long as both public and private 
sectors invest in the project and have shared re
sponsibility to direct it and ensure that it is re
sponsive to the concerns of both. This will increase 
the likelihood that the proj.ect will produce a uni
fied plan of action to which both public and private 
sectors are strongly committed. 

3. Involve all parties having potential resources 
or responsibilities f or project implementation . To 
ensure that the project will produce a·ctions that 
are practical and implementable, it is important to 
obtain the involvement of all potential implementers 
of the proposed actions. Although it may not be pro
ductive to have everyone involved in a formal and 
substantive way, an effort should be made to period
ically touch base with all relevant parties to 
eliminate unanticipated barriers. 

4. Take advantage of "neutral experts." People 
with expertise in design and implementation of 
transportation management measures can play a criti
cal role in the project not only by contributing 
technical expertise and knowledge about how similar 
measures have worked in other c ities, but by serving 
as neutral mediators among involved parties. 

Dehning the Scop-e of Work 

To define the scope of work: 
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1. Address the pressing concerns of downtown 
employers and of public agencies responsible for 
downtown transportation system planning and opera
tion. Framing the project in terms of the "hot is
sues" on everybody's agenda (in Hartford, the park
ing shortage was an issue) will ~ttr;:ict the inter-i:st 
and involvement necessary to make the project more 
than just a "paper study." 

2. Be comprehensive enough to account explicitly 
for the interrelationship among transportation sys
tem components. The key to successful downtown 
transportation system management is recognizing and 
addressing conflicts among different users (pedes
trians, cars, buses, parkers) and maximizing the 
people-moving capacity of the system. Failure to 
address the problems and capabilities of any of the 
system components may close key opportunities to 
solve problems of another related component. 

3. Pay attention not only to "one-shot" actions, 
but also to continuing policies and institutional 
mechanisms required for effective ongoing management 
of the transportation system. It is important that 
the project result in a set of commitments to imple
ment a specific set of actions in order to demon
strate that the public-private partnership is indeed 
an effective mechanism for getting things done. 
Management of a downtown transportation system, how
ever, is an ongoing process that must continually be 
adjusted to respond to changing downtown conditions, 
particularly as downtown development occurs. There
fore, it is important to establish a policy framework 
for future transportation decision making along with 
corresponding institutional mechanisms in both the 
public and private sectors to carry out the agreed
on polices. 

Assembling the Necessary Information 

In order to assemble the information needed 

l . Ose high-quality , up-to-date data . Good qual
ity information on transportation conditions is es
sential for both developing appropriate management 
s'trategies and for developing the necessary support 
for implementing strategies . Thus , using out-of-date 
information , data collected in previous studies that 
have been challenged on technical gi:ounds , or col
lecting only limited information when "the whole pic
ture is needed (e.g. , counting the cars in only a 
small sample of parking facilities) may cut costs 
but can seriously impair the project's credibility 
and ability to achieve a consensus about actions to 
be taken . Although existing data may be available 
and useful, selective and care£ully designed new 
data col lection will almost always be necessary . 

2 . Assemble information that is relevant to 
policies and management strategies that may be 
considered . While data collection is traditionally 
conducted before policies and other potential solu
tions start to be developed, anticipating the kinds 
of policies and transportation management measures 
that may be appropriate allows a data colJ.ection 
effort to be structured to provide polic_y-sensi tive 
information. For example, if traffic signal. synchro
nization appears to be needed, an effort might be 
made during data collection to quantify the range of 
delay that could be avoided through ins ti tut ion of 
this type of maasure. If on-street parking enforce
ment is perceived as a problem, violation rates could 
be observed and the potential benefits of stepped-up 
enforcement (greater turnover, increased parking 
avai l ability for shoppers ) could be quantified . 

3, Make relevant information from other cities 
available. Information about how other cities are 
coping with similar transportation problems is in-

Transportation Research Record 1046 

valuable for fueling the project with ideas, and for 
reducing the uncertainty and natural hesitancy about 
implementing new kinds of strategies. 

Building a Consensus 

In building a consensus, \tis necessary to 

1. Employ a phased strategy of consensus build
ing, starting with general agreement on what the 
problems are , and moving toward agreement on specific 
actions. The set of actions ultimately agreed on 
should evolve inexorably from agreement on ·the major 
problems to be addLessed, the general approach to be 
taken to addressing them, and the policy framework 
to be adopted . This sequence involves project par
ticipants in an important learning process beginning 
with a clear understanding of the problems, an ex
ploration of alternative soluti 1)$ 1 elaboration of 
the strengths and weaknesses of eaoh proposal, and 
the building of confidence that the final recommen
dntions are the result of a careful and systematic 
assessment of opportunities. 

2. Encourage extens ive informal discussions among 
participants. Formal meetings of project participants 
serve an impoi:tant function, but the real work of 
eliciting honest opinions and resolving concerns, 
for a variety of reasons, is best done "behind the 
scenes." Project participants can use informal, small 
group discussions to be more specific about interests 
and concerns, and project staff have the time in 
this setting to provide a detailed discussion of a 
particular point. Building an effective consensus 
involves marshaling a great deal of technical analy
sis to address problems that have many sma:11 compo
nents . Discussing each aspect in enough detail to 
satisfy the legitimate concerns of each individual 
participant i n a large, foi.mal meeting is likely to 
be extremely tedious for most participants during 
those portions of the meeting when their own personal 
interests are not being addressed. The result is an 
obscuring of the larger, more important issues. 
Smaller meetings are an ideal forum for this type of 
detailed discussion. 

3. Use a screening process to eliminate low
priority or unpopular actions from consideration. 
Although it is important to start off with a wide 
range of alternatives for consideration, it is 
wasteful of project resources and damaging to the 
project ' s credibility and support to prolong con
sideration of alternatives that would be inei:fective , 
i n feasible , or the target of Lnsurmountable opposi
tion. This does not mean , hqwever, that all alterna
tives that may be controversial should be eliminated . 
For example, in Hartford , the recommended phasing-in 
of employer parking charges has been extremely con
troversial but was nevertheless included as a recom
mendation not only because project participants 
agreed that it would be an extremely effective strat
egy , but also because major employers were ready to 
explore alternatives to continued employer-provided 
parking subsidies . 

4 . Include strategies with revenue generating 
potential to offset costs of other strategies in the 
recommended package . Parking fees are becoming an 
increasingly importan t transportation revenue source 
in cities and can be used both to adequately pr ice 
the use of scarce downtown land resources a nd to 
support other strategies aimed at improving the 
pedestrian environment or encouraging use of alter
native travel modes to the downtown. Inclusion of 
revenue-generating measures in a comprehensive down
town transportation action plan can significantly 
add to the implementation potential of the package 
as a whole, 
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Using these guidelines, the Hartford experience 
can serve as a useful model for approaching similar 
transportation problems in other cities. 
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Urban Development Models for the San Francisco Region: 

From PLUM to POLIS 

POULICOS PRAST ACOS 

ABSTRACT 

Most of the operational urban development models were designed 15 years ago and 
do not reflect the planning concerns of the 1980s. PLUM (Projective Land Use 
Model), the land use system developed for the Bay Area in 1970, suffers from 
conceptual and operational limitations that hinder its use. A new model, which 
is structurally and behaviorally different from the traditional Lowry models, 
was designed at the Association of Bay Area Governments. The new model, 
referred to as POLIS (Projective Optimization Land Use Information System), is 
based on microeconomic behavioral principles, it is formulated as a mathematical 
programming problem and considers job location, housing selection, and trip 
making in an integrated fashion. 

Urban modeling is the science that attempts to rep
resent in mathematical terms the location and inter
actions of activities within a metropolitan urban 
environment. The origins of the field can be traced 
back to the early 1960s when the growing problems of 
cities and the widespread use of automobiles in 
every aspect of everyday life necessitated the de
velopment of analytical tools that could assist 

planners in evaluating policy alternatives and 
predict and prescribe the future. 

A transportation planning process that focused on 
comprehensive planning and long-range capital in
vestments for transportation facilities, coupled 
with a massive increase in federal assistance to 
state and local governments, led to the design of 
urban development models for several metropolitan 
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areas during the period 1960-1975. The vast majority 
of these models were developed in planning agencies 
rather than academic environments and had ambitious 
goals. It was widely believed that models could be 
used for comparing the effects of alternative trans
P"' ....... ~ ... ~........ .. .._ tn ......... h.,;:J, foL controlling and u.i.cecL.1.ng 
urban growth: and for analyzing urban redevelopment 
plans, the existence of racial ghettos, and problems 
of poverty and housing deterioration (1,2). 

The failure of the models to me~ - the initial 
grandiose goals resulted in a backlash for urban 
modeling. As planners gained experience, they 
realized that models could not solve the urban prob
lems and became er i tical of the use of models in 
planning. Lee (1) proclaimed that large-scale models 
are dead, whereas the empirical work of Boyce (4) 
and Pack (.!_), who studied the actual experience ;f 
planning agencies, showed that urban models had 
minimal impact on policy and decision making. 

Critics of urban modeling were correr,t in pin
pointing the limitations of the early models, but 
failed to notice that most of these arose from either 
the overambitious expectations about the role of 
models in planning or the general lack of knowledge 
about the state of the art and the capability to 
implement successfully 00mplex mathematical equa
tions. They d i d not provide an alternative method
ology that could address some of the more modest 
goals and potential applications of large-scale 
models (consistent set of forecasts, evaluation of 
alternative transportation improvements). 

As a result of the reversal of attitude toward 
models, few, if any, models have been developed for 
metropolitan areas in the last decade. Urban modeling 
research has been carried on at the universities, 
often at a theoretical level, or abroad, mainly in 
England, while planning agencies continued using the 
models of the 1960s without any improvement or modi
fication. However, local goveLn111ents and planning 
agencies are still faced with the issues that led to 
the massive application of models before 1975. There 
is still a need to disaggregate regional population 
and employment totals among smaller spatial uni ts: 
there is still a need for a consistent set of fore
casts that could permit a local government to plan 
for capital improvements and a regional agency to 
carry out evaluation of new projects (A-95 review). 
Finally, because of the limited availability of 
capital, there is a greater need now to analyze 
thorough l y the impact of alternative transportation 
improvements. 

Today, planning agencies are attempting to answer 
these questions with models that are 20 years old. 
Most of the operational models are descendents of 
the work of Lowry <.~) in 1964 and the 1965 early 
version of EMPIRIC (.§_) • These models represent the 
planning concerns of their time, concerns that were 
different in scale and scope from today's problems. 
They describe an urban environment with a population 
composition, economic structure, and geographic 
distribution significantly different from the one 
that exists today. Accordingly, they cannot be used 
to answer the problems of today. The mere recalibra
tion of these models with recent data is not enough 
because they are based on socioeconomic assumptions 
that are no longer valid. Planning needs of the 
1980s must be addressed by procedures that recognize 
the key behavioral and economic issues that influ
ence the location of households and firms. 

Reported in this study is the experience of the 
Association of Bay Area Governments (ABAG), the 
planning agency of the San Francisco region, with 
the implementation of POLIS (Projective Optimization 
Land Use Information System), a land use and trans
portation model that is behaviorally and structurally 
different from the models used in the past. PLUM 
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(Projective Land Use Model) , the ABAG land use mod
eling system in the 1970s, is reviewed along with 
its limitations. The rationale behind the new model 
and its mathematical structure are discussed and the 
potential applications of the model for planning are 
outlined. 

THE ABAG MODELING SYSTEM IN THE 1970s 

The history of land use models in ABAG goes back to 
the early 1970s when the Series 1 projections for 
the Bay Area were developed based on the PLUM model. 
The PLUM model, one of the most widely known variants 
of the Lowry model, was first developed in 1968 at 
the Institute of Transportation and Traffic Engi
neering of the University of California by a research 
team led by William Goldner (!) • It was adopted by 
ABAG and through time became synonymous with the 
ABAG modeling system. During the period 1970-1978 it 
was calibrated for several metropolitan areas and 
underwent a series of changes at ABAG and the San 
Diego Comprehensive Planning Organization. Most of 
the changes altered the outputs of the model but not 
its internal structure. 

The PLUM modeling system consists of two major 
models that operate in sequence, BEMOD (Base Employ
ment Model) and PLUM. The former provides an alloca
tion of basic employment to place-of-work zones. The 
employment allocations from BEMOD are then used to 
"drive" PLUM, which locates population, housing, and 
local serving employment and accounts for the land 
abs orbed and the land use constraints . In addition 
to these two models the system contains a myriad of 
utility models that prepare the inputs and disaggre
gate the outputs of PLUM by income, housing struc
ture, type, and so forth. 

, The most recent implementation of BEMOD in the 
Bay Area recognizes 14 industrial groups. Through a 
modified shift- ~h~re process, regional totals for 
these sectors are partitioned among the four Stan
dard Metropolitan Statistical Areas (SMSAs). Within 
SMSA, zonal employment allocations are made on the 
basis of regression equations developed from a 
cross-sectional analysis of 1964 data. The indepen
dent variables include the size of vacant industrial 
area, the amount of developed basic land, the zonal 
share of county employment in the base year, and 
physical characteristics such as mean elevation, 
presence of water frontage, and so forth. When ap
plying t he model t o project future employment levels 
the coefficients of the regressions are held con
stant. 

The spatial allocation of households and local 
serving employment in PLUM involves a three-step 
process. First, the changes in basic employment 
derived from BEMOD are allocated to residential 
locations by a probability function describing the 
willingness to commute. Then, based on these resi
dential allocations and the location of basic em
ployment, demand for population serving employment 
is estimated. Home-to-shop and work-to-shop prob
ability functions are used for that purpose. The 
third stage of PLUM checks for violation of any land 
use constraints. Any zonal residential demand ex
ceeding land supply is reallocated to the nearest 
zone with available land. 

The PLUM modeling system has several shortcomings 
that limit its usefulness for the planning needs 
faced today in the San Francisco Bay Area. There are 
serious conceptual limitations that arise from the 
assumptions embedded in the system. The most signif
icant of these are described next. 

1. The model disregards to a great extent the 
interaction between jobs and housing. It assumes 
that changes in housing location patterns do not 
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affect the location of industries. This might be 
true for the traditional heavy manufacturing sectors 
but does not apply to "footloose" industries. Intra
urban locational decisions of these firms are in
fluenced by the availability of a qualified labor 
force and the presence of agglomeration economies 
rather than the amount of capital invested in the 
past, the magnitude of transport costs, and environ
mental concerns. The electronics, research and devel
opment, finance, insurance, and real estate (FIRE) , 
and business services sectors, which constitute the 
most prominent, and fastest growing segment of the 
Bay Area economy, are typical examples of footloose 
industries. 

2. The model overemphasizes the importance of 
the traditional basic sectors (agriculture, mining, 
manufacturing transportation) in the economy. Em
ployment in these sectors is allocated first and 
assumed to be the dynamic element in the economy. 
However, with the rapid transformation of the economy 
from one centered in heavy manufacturing to one 
driven by industries with high technology and fi
nancial products, the basic/nonbasic partitioning 
does not fully describe the dynamics of the different 
sectors. In the Bay Area, high-technology-related 
jobs are expected to double in the next 20 years, 
FIRE employment is expected to increase by almost 50 
percent, while traditional manufacturing (SIC 20-34, 
37) will experience a growth of only 20 percent in 
the same period. 

3. The PLUM system as formulated lacks a be
havioral interpretation. It describes the urban 
system as it exists in the base year without at
tempting to explain the decision making at the micro 
level. Residential choice is simulated by a function 
that replicates aggregate trends, but does not ad
dress the decisions of the individual household 
searching for a house. The allocation algorithm for 
the industries is based on established patterns and 
not on some economic concept such as profit maximi
zation. This approach disregards the behavioral 
aspects of every locational and trip-making decision 
and can be of limited use in environments undergoing 
changes in the sectoral composition of employment, 
household size, labor force participation rates, and 
the amount of land available for development. 

4. The model represents the transportation sys
tem in simplistic terms. There is only one mode, and 
generalized travel costs are defined to be equal to 
travel time. None of the behavioral techniques for 
modeling the travel to work or the travel to shop 
behavior is utilized. 

5. The model cannot easily handle planning and 
zoning constraints. The allocation algorithm for 
housing and local serving jobs operates sequentially 
through the zones in zone-number order. Land con
straints are addressed at the end of each iteration, 
at which point overflows are reallocated in the next 
iteration. This procedure often distorts the results 
of the model because overflows are allocated to 
distant zones because all the nearby zones are 
filled (ll. 

In addition to the conceptual limitations, the 
San Francisco version of PLUM suffers from several 
operational problems that hinder its use. The zonal 
system (440 zones) is not homogeneous and zones vary 
substantially in size, population, and housing 
characteristics. The 440 zone system, which was 
initially specified to facilitate detailed traffic 
analysis, is very disaggregate for 20 years• pro
jections. At this level of detail the model's output 
is so large that the planner cannot properly evaluate 
it, and the modeling process is a number-crunching 
nightmare. 

The other major operational problem with PLUM is 
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the sheer size of the computer code. PLUM was origi
nally written in 1968-1970 and has never undergone a 
complete revision. Over the years different users 
have made changes and modifications on an ad hoc 
basis, most of which are not documented. The original 
code has more than tripled and is now unmanageable. 
The procedure for running the different programs is 
so cumbersome that it can take 2 to 3 weeks to com
plete a full run of the model. 

FRAMEWORK FOR A NEW MODEL 

The PLUM system was used during the 1970-1980 period 
to generate three sets of projections (Projections 
1, Series II, and Projections '79). When preparing 
for the next round of projections in 1982, it became 
obvious that the shortcomings of PLUM were too 
serious and could not be corrected. PLUM had grown 
to be a dinosaur and contained assumptions that were 
outdated. The experience with the latest set of 
projections in 1979 had also indicated that some of 
the zonal forecasts of PLUM were often inaccurate. 
It was then decided to abandon the complete PLUM 
system and construct a new model that could be use
ful in conducting strategic planning for the 1980s. 

As a first step in developing a new system, a 
thorough analysis of the objectives and constraints 
of the modeling process was carried out. In order to 
avoid the disillusionments of the early land use 
models, it should be clear from the beginning what 
the model is expected to perform and the constraints 
that are imposed by limited resources and our knowl
edge of the state of art. To accomplish the former, 
the Bay Area economy was studied to pinpoint the 
planning concerns of the next 20 years and to define 
the important variables and interactions that the 
model must consider. This analysis led to the fol
lowing conclusions that guided the overall modeling 
process. 

1. The model should simulate the interaction 
between jobs, housing, and regional transportation 
systems and should provide a consistent description 
of the future patterns of development. 

2. The primary use of the model will be for 
prescriptive purposes i that is, to produce projec
tions, reconcile forecasts with local jurisdiction's 
constraints, and to balance jobs and housing. 

3. Because the model could at some time in the 
future be used for policy impact analysis, it should 
be sensitive to the variables that are affected by 
changes in policy, namely, provision of housing, 
location of large development projects, and con
struction of new transportation facilities. 

4. The model must have a behavioral interpreta
tion and must be based on economic concepts (utility 
maximization, profits). 

5. Local planning and zoning constraints are 
very significant in the development process and 
should be explicitly considered by the model. 

Because our efforts were not supported by a research 
grant, two resource constraints were imposed: (a) 
the new modeling system must be developed in-house 
and should be operational in less than 12 months, 
(bl the data required for calibration should be 
readily available from the 1980 Census, or from 
ABAG's data base. These two constraints played a 
crucial role in the design of the new model, and the 
final form and structure of the model is an attempt 
to meet the guidelines and objectives under the 
resource constraints. 

The outcome of the modeling effort was the design 
and calibration of POLIS for the Bay Area. POLIS is 
a land use-transportation model that allocates em-
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ployment and housing at the subregional level and 
estimates commuting flows and shopping trips. It is 
different from the t .radi tional, Lowry-type land use 
models in three key respects: (a) it is based on 
microeconomic behavior al principles; (b) it is for
mulated ""' a mathematical programming problem; and 
(c) it considers job location, basic and nonbasic 
employment, residence selection, and trip making in 
an integrated fashion . 

STRUCTURE OF THE MODEL 

The allocation process in POLIS is based on several 
er i ter ia, some reflecting the behavior of the 
locators and some descr ibing the physical and plan
ning constraints i mposed on a growing urban region. 
Residential choice is determined by the travel-to
work and shopping behavior, the availab ility and 
inherent attractivenesc of housing, and the exis
tence of nearby employment opportunities. Retail 
activity is located in proximity to popu1-ation cen
ters to maximize sales revenue . The profit maximiza
tion and cost minimization objectilie of the diff erent 
indus tries is translated into locational patterns 
influenced .by t he accessibility to .labor supply, the 
existence of agglomeration economies, and the inter 
industry relationships. 

In a drastic departur:e from the long history of 
operational land use models, which are formulated as 
a system of equations whose solution can be carried 
out only through an iterative procedure, POLIS is 
cast within the framewock of mathematical program
ming. In this framewock, decision variables are 
optimized with respect to prespecified goals while 
satisfying the planning constraints. The use of 
mathematical programming to describe the urban sys
tem has advantages and disadvantages. The major 
diBa.dvantage is that it r e au.lto in a c oH,plex mathe
matical notation and solution procedure; the major 
advantage is that residences , employment, and trip 
flow patte.r ns are estimated in a single iteration 
and are consistent with each other and the land use 
constraints. There are no overflows of activity to 
be reallocated, and the final solution is not sensi
tive to the sequence in which zones have been 
numbered. 

The main difficulty in designing an optimization 
land use model i s the specitication of the objective 
function. Because the results of the model must 
describe the most probable land use configuration at 
some future time, the objective function must reflect 
goals that are widely accepted to govern the forma
tion of cities. rn a free economy system the plu
rality of decision making makes it difficul t to 
define a unique objective. Earlier attempts to build 
normative models failed because they used objective 
functions which , at best, could be considered as 
partial representations of reality. For example, the 
objectives of cost minimization and overall ef
ficiency in the works of Schlager (J!) and Mills (2_) 

a re not real istic because they presuppose the exis
tence of some authority regulating all growth 
activity . 

In the proposed model the objective function is 
defined by invoking the framework provided by random 
utility theory CJ:Q.,!l). The fundamental premise o f 
random utility theory is that an individual faced 
with a set of alternatives will choose the one that 
maximizes his or her utility or surplus. hccordingly, 
the appropriate objective for an urban growth model 
is the maximization of the total locational surplus. 
The surplus can be interpreted as the total net 
benefits arising from a specific plan or policy, and 
its maximization reproduces the individual behavior 
at an aggregate level. 
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The functional form of the locational surplus can 
be obtained by analyzing the cho'ioe mechanisms the 
model is expected to simulate. In POLIS, activity 
patterns are affected by locational decisions of two 
decision makers: individual selecting a job and a 
nearby house to live in, and firms choosing the site 
to locate new employment opportunities. The job
housing choice is reduced to a simple residential 
choice because intraregional wage differential for 
the same type of job is often insignificant. Resi
dential choice is assumed to be influenced by (a) 
the location of workplace, or more correctly, the 
duration of the travel to work trip; (b) the mode of 
travel to work; and (c) the shopping behavior of the 
individual. Invoking the formalism of random uti l ity 
theory (12), it can be shown (13 ) that in this case 
total locational surplus or benefits are given by 

Z(Tijm, Sij) = l-(1 //lw) ifm T;jm [in % Tijm/Wi -1] t 
+ {-(1/X) -~ Tijm [In T1jm - I] - ,; Tijm cum} 

where 

um 1Jm 

+ {-(1//3') ~ Su [(In Sii/W1)- I] - ~ Sii cfi} 
IJ ij 

(I) 

CW 
ijm 

w~ 
J 

number of work trips from i to j by 
modem, 

travel cost of the work trips from i 

to j by modem, 
number of shopping trips 
from i to j, 

travel cost from i to shopping 

activities at j, 
nonlinear transformation of the 
utilities interpreted as an indicator 
of the attractiveness of zone i for 
residential choice, 

nonlinear transformation of the 

utilities interpreted as an indicator 
of the attractiveness of zone j for 
shopping, and 
parameters converting the utility 
associated with trip making into 
monetary units compatible with the 
transportation costs incurred. 

The first two components of Z define the locational 
surplus attached to residential choice when con
sidering only work trips; the multiple dimension of 
the decision process associated with work trips 
results in two surplus functions: one for destina
tion and one for modal choice. The last component 
depicts the contribution of the shopping behavior in 
the total surplus. 

The maximization of the locational surplus Z, in 
addition to describing individual trip making and 
house -seeking behavior, results in location patterns 
for retail activit ies that are consistent with the 
profit maximization principle. By max1m1z1ng the 
accessibility of consumers to shopping establish
ments, the accessibility of shops to potential cus
tomers and therefore the expected revenues are also 
maximized. 

The location of nonretail industries is inte
grated in the mathematical framework by adding to 
the objective function the factors influencing their 
locational decisions. For the sectors dominating the 
Bay Area economy (electronics, research and develop
ment, finance, and services), it is assumed that the 
two most important factors are access to qualified 
labor and existence of agglomeration economies. The 
first factor is already part of Z; the surplus func-
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tion represents the locational benefits of the em
ployees with r espect to their travel-to-work be
havior; hence, it maximizes the accessibility and 
interaction between labor supply and labor demand. 

Agglomeration economies arise from the propensity 
of firms to locate adjacent to each other in order 
to take advantage of some common resources. When 
several firms locate in the same area, they cumula
tively create an environment that induces growth and 
facilitates business. Access to sources of capital, 
labor market economies, proximity to suppliers and 
competitors, access to specialized business services, 
and superior training facilities are some of the 
components that are referred to as agglomeration 
economies. 

Because these economies cannot be easily quanti
fied or estimat~d, the proposed model uses surrogate 
variables to simulate their impact. Two types of 
agglomeration economies can be d iscerned: those 
occurring at the zonal level and those exhibited at 
the macro (county) level. The former stem from the 
inherent attractiveness of small areal units and are 
directly related to zonal character is tics such as 
relative cost of land and accessibility to other 
employment centers. The latter consist of the causal 
relationships that link activities to each other and 
represent comparative advantages and profitabilities 
arising from the existing structure of production. 
The intersectoral relationships shown by the input
output table and the t endency of certain industries 
to locate in specific counties are the most signif
icant ones. 

Zonal economies are incorporated in the objective 
functions by adding the component 

E f \ ·) E~ 
i,k J l 

(2) 

in z, where f~ (•) is a function of some zonal char-
1. 

acter is tics and represents the agg l omeration poten-
tial of zone i for s ector k and E~ is employment of 

l. 
the same zone and s ector . Macro economies a r e inte-
grated in the mode l by adding equa t ions i n the con
straint set , wh ich show the spatial sectoral rela
tionships for each count y a nd sec t or. These equations 
take the form 

E~0 = a + b E~0 , t- 1 + E cq E~ 
q< Q 

(3) 

where subscripts co and t-1 denote, respectively, 
county and lagged variables E~ is total regional em
ployment in sector q to be allocated among the dif
ferent counties, and Q is the set of sectors with 
which industry i has strong economic relationships. 

The objecti ve fu nction repr esents the joint s ur
pl us o f t he i ndi viduals seeking homes and fi rms 
l ocating new employment . I t does no t include any 
compone nt related t o t he limi t ed availabi l i ty of 
land bec a use land r estrictions a r e no t part of an 
individual's behavior. In an environment that has 
unlimited development potential, locators locate so 
that their surplus is maximized. If, however, land 
constraints do exist, then locators might be forced 
to select second best choices. In the POLIS frame
work, the issue of limited availability of vacant 
land is handl ed easily by specify ing constraints 
that limit the development in certain zones. 

POLIS simulates the changes between two states. At 
e ach time period only the new increase i n empl oyment 
oppor tunitie s a nd households is allocated, and relo
cation o f bas e - year j obs is handled by appr opr iately 
increasing the number of jobs to be distributed. The 
tot a l number of j obs and hous ing to be allocated is 
given exogenously and is derived from regional eco
nomic models. 
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The complete mathematical representation for 
POLIS is as follows: 

max Z (TiJm , S5, t:.Ef, l:iHi) = (-1/~w) E Tijm f1n/E Tijm/Wi) 
ij L , m 

J-(1/X) _E TiJm[lnTii m-1] J ljffl 

- E Tiim CJJm - E (1/~~) 
ijm ke K 

+ E Cti'r t:.Ef 
i,nEK 

(4) 

subject to 

1. Origin-destination constra ints for work trips 
Tijm• Work trips out of a zone are related to the 
number of households through a trip generation rate 
ai 

E Tiim - ai (ff;' + t:.Hi) = 0 
j m 

(5) 

Work trips in a zone are related to employment 
through a trip attraction rate b~ 

J 

E Tii m - E bf (E1° + t:.El') = 0 
im n 

(6) 

2. Origin-destination constraints for shopping 
trips s~ .• Shopping trips out of a zone are related 

l.J 
to the number of households through a trip generation 
rate e~ 

l. 

E sh - et (ff; + l'ili;) = o 
j 

(7) 

Shopping trips in a zone are related to retail em

ployment through a trip attraction rate h~ 
J 

(8) 

3. Land use density constraints for employment 
and housing. Available land limits the number of 
jobs and households to be allocated in a zone 

(9) 

(10) 

4. Allocation of all employment and housing. All 
regional employment and housing units must be allo
cated 

E t:.Ef - ~ = 0 
j 

(1 1) 

(12) 

5. Spatial-sectoral constraints for county em
ployment. Employment in one sector is related to 
employment in other sectors 

. E t:.Ef - E E cq t:.E)' - yg = 0 
Je Pc qcQ je Pc 

(13) 

6. Exogenous location of employment and housing 
(policy constraints). A priori allocate a certain 
number of jobs and housing units in some zones 

(14) 
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where 

(15) 

(16) 

s~. 
1] 

number of shopping trips from zone i to 

service activities of sector kin zone j, 
= number of new jobs for sector n in zone 
i, 
number of new housing units (households) 
in zone i, 

area of land available for employment 
growth in zone j, and 

Vi vacant residential land in zone i. 

Most of the constraints are self-expl anatory , With 

the coefficients e~ denoting mean expenditures per 
1 

per household, the flow variables s~. can be inter-
1J 

preted as volume of sales. The two land use con-
straints (9,10) can be combined if there are no 
restriction~ on the type of development that can 
occur in an area. Finally , the constraints (Equations 
14-15) have been added t o handle the exogenous loca
tion of l arge development project s. By appropr i ately 
specifying the lower .bounds , the model c an be used 
to evaluate the systemwide effects of these projects. 

The number of trips can be obtained by consider
ing the Lagrangian function. It can be shown (Equa
tion 13) that at optimality trip flows are equal to 

Tiim = Af H;BjEi exp(-/3' cij) 

[exp(- ;\ Cijm)/~ exp(- A Cijm)J (17) 

(18) 

wher e At , Bj , Ar , and Bj are the balancing factors, 
B' i s a t r ansformation of 8 , and A and Ci · is the 
compos ite travel cos t be tween i and j g iven 6y 

c 1; =(!/;\)In r exp(-;\ c;;m) (19) 
m 

The expression for the t r ip flows is the well-known 
nested legit model similar to the one derived from a 
behavioral analysis at the micro level. This is 
another indication that, although POLIS is formulated 
at t he aggregate (macro) level , results in spatial 
inte ract ion patterns are cons i s tent with individual 
behavior. 

POLIS can be estima t ed in two differen t way s . The 
fi rst approach is t o use a s t a nda rd nonlinear pro
gr amming algorithm t o estima t e the dual problem of 
Equa tions 4-16. It i s easier t o s olve the dual. in
stead of the primal because the former has a signif
icantly smaller number of variables and constraints. 
The second approach is to exploit the structure of 
the primal a nd solve the model by applying the 
Bender's Par tition ing Algorithm. Although the direct 
solution is preferable, the current version of POLIS 
employs the partitioning solution method because the 
author did not have access to a nonli near program
ming al gorithm at the time the mode l was first 
designed, 

ESTIMATION AND CALIBRATION OF POLIS 

The complete land use transportation model was cali
brated for the San Francisco Bay Region using data 
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from two different time periods, 1975 and 1980. The 
empirical estimation relied only on already avail
able data; no major data collection effort, such as 
a household survey or a special tabulation of census 
data, was undertaken. Different sources of informa
tion were used, and as a result, the data were often 
inconsistent. The major sets of data used were: 

l, 1975 distribution of jobs and housing and 
complete land inventory (available at ABAG); 

2. 1980 distribution of jobs and housing (avail
able from the 1980 Census); 

3. 1975 detai l ed (440 zone s) travel-to-work trip 
tables by mode and level of s e r v i ce characteristics-
travel time, distance, value of time (available from 
the Metropolitan Transportation Conunission); 

4. 1980 aggregate (30 zones) shopping trips 
table; 

5. 1975-1980 development activity and 1980 devel
opment potent i al for every zone; 

6. 1980 household soicoeconomic characteristics 
(available from the census), 

For the purpose of the model the 9 counties of the 
Bay Area were divided into 107 zones , each repre
s enti ng a n aggregation o f c e nsus trac t s . Two modes, 
automobile and transit, and f our employmen t sectors 
were recognized. The four sectors were: 

1, Manufacturing; 
2. Transportation, Finance-Insurance-Real Estate; 
3, Retail Tr ade; and 
4. Services 

The implementation of the mode l in the Bay area 
consis ted of t hr ee major t asks : estimation of the 
attractiveness weights and agglomeration economies 
function, specification of the spatial sectoral 
equations (Equation 13) and complete calibration of 
the model to determine the values of aw, as, A, and 
on, Because POLIS has a complex structure and because 
there was no inf ormation on 1 980 travel- t o-work trip 
f lows, the seven parameters coulc not be calibrated 
s i multaneously. An al terna tive procedur e was devised 
and the model was calibratec in three stages. A 
complete discussion of the calibration process can 
be found in The Land Use I nfo rmat i on a nd Transporta
tion System for the San Fra nc isco Bay Region (13). 

To evaluate the ability of the model to forecast 
accurately, the calibrated model was used to fore
cast the 1980 location of housing and jobs; 1975 was 
the base year. The goodness-of-fit statistics of 
these forecasts with the actual 1980 data are tabu
lated in Table 1. The goodness-of-fit of both the 
total values and the incremental 1975-1980 changes 
are reported. 

Overall the statis t ics depict a fairly good fit. 
The R2 for total housing and for each of the em
ployment sectors are all between • 85 and • 91. The 
figures for total employment and housing, .89 and 
.90, respectively, indicate an almost perfect fit. 
These high values might arise from the fact that the 
model allocates onl y the total reg i ona l change, 
which, for the 197 5- 1980 period, does not excee d 35 
percent of the employment and 20 percent of the 
in-place housing. 

The fi t of t he model when compar i ng the forecasts 
with the actua l 197 5- 1980 change was also accept able. 
The R2 f or hous i ng and empl oyment drops to .74 and 
• 78. There is a wide variation in the fit of the 
different sectors. Retail Trade is the sector with 
the best fit (. 82), whereas transportation and FIRE 
exhibits the worst fit (.64). The fit of the basic 
sectors is on the average less successful than that 
of the retail and serv i ce sectors. Th is may be at
tributed to s everal f actors; for e xample, it is 
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TABLE 1 Results of the Calibration Goodness
of-Fit of Predictions With Actual 1980 Data 

Housing units 
Total 
1975-1980 change 

Total employment 
All sectors 
Manufac turing 
Transpor ta t ion, F!RE 
Retail t rade 
Services 

I 97 5-1980 employment change 
All sectors 
Manu facturing 
Transportation, F IRE 
Retail trade 
Services 

Trips to work ( 197 5) 
Total 
Auto mobile 
Transit 

.90 

.74 

.89 

.90 

.84 

.9f 

.85 

.78 

.75 

.64 

.82 

.74 

.79 

.81 

.69 

possible that the zonal agglomeration functions were 
not def ined or calibrated correctly, or that some of 
the factors influencing locational decisions of 
basic industries were ignored. Additionally, some 
errors are introduced by the way some sectors are 
defined; the sector of trans·portation and FIRE in
cludes employment groups that do not have the same 
locational characteristics. The fit of total employ
ment is superior to that of most of the individual 
sectors, a sign that the model captures the aggregate 
locational patterns. 

An interesting aspect revealed by the goodness of 
fit statistics is that the model is more successful 
in predicting total employment than housing, Housing 
that was not disaggregated by ownership type or 
quality characteristics--price range, age, number of 
units in structure~has a fit that is not as good as 
the one for total employment. These results indicate 
that extensions in the model should be in the area 
of disaggregating housing by type and introducing 
s upply equations linking supply and demand. 

Only the fit of the travel-to-work trips is re
ported because there was not a detailed trip table 
for shopping trips. The fit of the work trips is not 
as good as expected. In aggregate transport studies, 
R2 in the range of .85 to .95 are not uncommon. 
However, it should be kept in mind that the model 
was calibrated to reproduce the 1980 distribution of 
housing and employment and not necessarily the trip 
table for 1975. The R1 obtained after the f irst 
stage of the calibration process, when the param
eters were calibrated to reproduce the 1975 trip 
tables, were close to .90, Fi.nally, the generalized 
costs and values of time were take.n from another 
study and might not be the appropriate ones for the 
proposed model. 

POTENTIAL PLANNING APPLICATIONS OF THE MODEL 

A major reason for building a new land use informa
tion system for the San Francisco area was the need 
to provide a tool that could be useful in strategic 
planning. The Bay Area economy is undergoing a series 
of structural changes that will have significant 
repercussions on the utilization of the transporta
tion network, the differential growth of various 
cormnuni ties, and the adoption of zoning policies. 
Some of t.he issues that can be addressed by POLIS 
include: 
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• The impact of changes in local policies re
garding land development; 

• The impact of accelerated shifts in regional 
employment from manufacturing to research and devel
opment, finance, and services industries; and 

• The impact of investments in the transit 
system, such as the proposed extension of BART, on 
the location of housing and employment. 

The first issue is related to the development 
policies of the different cities and counties of the 
Bay Area. A community's development policies include 
general and specific plans and other programs to 
either encourage or discourage development activity 
in an area, Local zoning regulations for the type 
and density of new developments, capital improvement 
schedules, and building permit allocation are some 
of the methods used to manage the rate of growth. 

The different land use policies of local govern
ment can be used to define the supply of land 
available for accommodating future households and 
employment activities. Their impact can be. easily 
simulated by POLIS because land constraints are 
explicitly considered in the model. Policies impos
ing lower densities for new residential units can 
be directly translated into number of acres avail
able for development or potential housing units, and 
their citywide and regionwide impacts on housing lo
cation can be tested. More important, because the 
model addresses the issues of housing supply and 
employment location in a systematic fashion, the 
impact of the policies restricting housing growth or 
the number of jobs attracted in the affected areas 
can also be simulated. 

The second issue, change in the sectoral composi
tion of employment, can have profound effects on the 
character of the Bay Area, The new industries have 
locational patterns and labor force requirements 
that are in several aspects different from those of 
traditional manufacturing. They are characterized by 
an increasing emphasis on decentralization and prod
uct specialization, reliance on the availability of 
a well-educated labor force, and diminishing re
quirements for large initial capital outlays, All of 
these might result in considerable shifts in popula
tion and employment. Employment in areas that tradi
tionally have been considered to be "dormitory towns " 
are suddenly swelling because of the rapid increase 
in the number of self-employed individuals and the 
formation of many small companies with specialized 
products, computer software, for example. 

The emerging tendency in some industries to locate 
the office close to the homes of the employees might 
lead to a substantial divergence in the growth rates 
of the current central business districts (CBDs) and 
the peripheral areas; eventually, this will have 
important repercussions on the transport network 
utilization. Traffic volume on the CBD-bound high
ways and transit systems might remain steady or even 
decline. In the peripheral areas--Central Contra 
Costa, Solano, and Sonoma counties--where the auto
mobile is often the only available mode of transpor
tation, the congestion on the highways might lead to 
chaotic situations. 

POLIS has the capability to simulate the impact 
that changes in the composition of regional employ
ment will have at the local level and can assist in 
the evaluation of the various policy alternatives, 
Employment is disaggregated in four sectors and can 
be further disaggregated should the need for a more 
detailed analysis arise, Transportation is integrated 
in the framework, and trip-flow matrices for differ
ent growth scenarios can be computed and policy 
implications can be derived. 

Finally ·the last issue, evaluation of investments 
in transportation inf rastructure, is the issue for 
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which the majority of the land use models have tradi
tionally been designed. Investments in the trans
portation infrastructure alter the accessibility of 
certain areas, which, in turn, induce locational 
shifts . Additionally , as noted earlier, the change 
in the locational patterns might lead to an increased 
demand for transport in areas where the infrastruc
ture is inadequate. It must be acknowledged that 
because of the relatively high level of aggregation 
of the transport network, the model does not lend 
itself to the simulation of minor transportation 
investments , for example , highway interchanges, 
rather it lends itself only to major additions to 
the system. The proposed extensions of the BART 
system and the provision of improved transit ser
vices in the high growth areas are examples of in
vestments whose impacts could be tested by POLIS. 

CONCLUSION 

In the last 10 years the field of operational urban 
models has been in a stagnant state . Disillusionment 
with the early applications of the Lowry model has 
led most public agencies to abandon efforts to build 
urban development models. To this author ' s knowledge, 
POLIS is the only comprehensive land use-transporta
tion model implemented for a metropolitan area of 
the Onited States in the last 10 years. The calibra
tion of the model f or the Bay Area points out that 
meaningful models can be calibrated despite data 
availability and limited resources constraints. 
Finally, the successful use of POLIS for producing 
long-range subregional forecasts for the Bay Area is 
an indication that large models can be useful for 
planning purposes if cast in the appropriate frame
work. 
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Development of a Simulation Model to Study the 
Impacts of Rapid Urban Growth on the 
Transportation Sector-The Case of 
Charlotte, North Carolina 

G. BUDHU and D. GRISSOM 

ABSTRACT 

To successfully plan for the development of a region, it is necessary to under
stand the possible causal relationships, feedbacks, and interactions between the 
different sectors of the region, including the transportation sector. In this 
paper a conceptual framework is presented along with a mathematical model for 
studying the problems of urbanized regions using system dynamics and simulation 
techniques developed by J.W. Forrester. The conceptual view of the approach is 
presented by causal submodels of the eight main sectors of the economy: popula
tion, housing, business, heavy manufacturing, light manufacturing, government, 
agriculture, and transportation. The mathematical model, which is represented 
by 96 differential difference equations, was used to evaluate the impacts of 
three urban policies on the transportation sector: (a) heavy manufacturing, (bl 
light manufacturing, and (c) downtown development. Policy c provided the least 
negative impacts on the transportation sector; that is, with a level of service 
of 0.6 for freeways and 0.4 for primary arterials, and even more significant, 
only 0.3 of the urban land fraction occupied by 1990. The strength of the pro
posed modeling technique presented here is not so much in the absolute values 
of the output of the three investment strategies, but, rather, in the use of 
the model as a planning tool to understand and study the direction in which the 
economy is likely to go and especially the impacts of a given urbanization pol
icy on the transportation sector. 

Urban growth or decline involves a complex interac
tion and feedback phenomenon among the various socio
economic sectors and main growth shapers in a region, 
such as transportation , utilities, open space and 
major activity centers. As such it should be analyzed 
with its main socioeconomic and growth shapers ex
plicitly incorporated in the planning model. Past 
planning models based on the analysis of a single 
sector or component of an urban system have not been 
able to deal with some of the significant long-term 
induced problems, such as traffic jams, in-and-out 
migration, and urban sprawl. This may be because (a) 
the nature of the problem has not been fully under
stood, and (b) the current methodologies cannot 
explicitly incorporate and trace the key variables 
that create and sustain the problem of the urban 
system over time. 

PURPOSE AND OBJECTIVES 

Essentially transportation in terms of economic 
development is a derived demand and is dependent on 
the development plans of the other sectors of the 
economy. The correct task of transportation planning, 
therefore , consists of the accomplishments of all 
necessary movements of people and goods at a minimum 
overall cost to the economy (1). The overakl purpose 
of the paper, then, is to analyze and evaluate the 
causal forces and feedback phenomena that under lie 
growth or changes in an urbanized region and the 
effect of such growth on the transportation sector. 
The specific objectives of the paper are to 

1, Collect data in order to define urban var i
ables and their relationships. 

2. Develop both the causal model and calibrate 
the mathematical model that explains urban growth or 
change. 

3. Apply the developed model as a tool to deter
mine the strategic or long-term transportation needs 
for different urban investment plans; that is, manu
facturing, and business. 

Concept of the Model Development 

The model development is based on the fact of the 
interdependence of the main sectors of the economy. 
A simple block diagram can portray the interrelated
ness or interdependence of the urban economy. Figure 
1 shows that any financial allocation in any of the 
key sectors affects the other sectors and feeds back 
eventually on itself. Figure 1 also shows that if 
nothing else, urban land availability will eventually 
constrain urban growth or that continued growth in 
one sector will be at the expense of the other sec
tors in terms of land occupancy. 

Several variables must of necessity be required 
to explain these complex interaction and feedback 
phenomena of the different sectors. Figure 2 shows a 
conceptual framework of the socioeconomic sector as 
an example for the causal and mathematical models. 
Consider a policy that favors downtown business ex
pansion. Such a policy can be represented by the 
following variables and their associated impacts. 
Business Construction increases Business Structure 
(as indicated by the plus sign at the end of the 
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FIGURE 1 Transportation within the urban system (2). 

arrow in Figure 2), Business Structure, in turn, 
increases the number of Employment Opportunities, 
which positively affects Population; an increase in 
Population stimulates Land Development, and an in
crease in Land Development in turn increases Land 
Availability, which feeds back to Business Construc
tion, thus encouraging furtber growth. However, a 
reduction in free land or Land Availability sup
presses or negatively affects further business ex
pansion. From this loop, the effect on the transpor
tation sector can be felt through the Population and 
Employment Opportunities variables; that is, popula
tion and jobs are the key variables in most trani:i
portation trip generation models. 

it is a powerful tool in understanding the complex 
interrelationships involved, is of little use in 
addressing the quantitati ve needs and resulting im
pacts in an urban region for any g i ven policy. These 
relationships must be conve r t ed t o mathematical forms 
if meaningful planning is to be done. Both the causal 
models and the mathematical relationships are devel
oped after Forrester's (2.) System Dynamics Methodol
ogy. Differential differenc e equations are developed 
f or each var iable i n the model; as a n example of a 
formulation, the lllathematical equation for highway 
construction is presented. 

The causal model depicted in Figure 2, even though 
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I . 
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+ E:MPLOYMENT --------- POPULATION ____ +-'----- HOUSING + 
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FIGURE 2 Socioeconomic sector. 
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where 

RCflt+l road construction rate (mile/year) at 
time t+l; 
minimum of the function; 
demand for road at time t; 

Min 
DFRt 
RCBt 
CCPM 

road construction budget at time t; 
construction cost per representative mile 
of road in the network; 

URLAMt 

RCT 

urban road land availability multiplier, 
which represents the availability of 
urban land for road construction; and 
road construction delay time; that is, 
the time required for road construction 
from planning to operation. 

Procedure 

Each sector of the urban economy presented in Figure 
1 was examined and modeled independently to deter
mine the intrasectoral variables, causality, and 
feedbacks. The key points (variables) of linkages 
were then identified and the individual sectoral 
submodels were linked at these key points (variables) 
to form a single mathematical model f or the urban 
region.. Solution of the single mathematical model 
then provided directions in which the economy is 
going and the demand for usable highway miles in the 
simulation period for a given urban development 
strategy, manufacturing , business, and so for th. The 
developed model was calibrated with r eal-world data; 
in this study, the da ta base of Charlotte, North 
Carolina, was used. 

CASE STUDY OF CHARLOTTE, NORTH CAROLINA 

The city of Charlotte is approximately midway between 
Atlanta, Georgia, and Washington, D.C., at the in
tersection of I-77 and I-85. It is the hub of a 12-
county region known as metrolina. Its favor able 
climate; that is, mild winters and summers , and its 
sparsely populated counties, together with fa irly 
good transportation and proximity to the Atlantic 
Ocean and the mou.ntains has moved Charlotte into one 
of the high growth southern Sun Belt cities. The 
accelerated economic growth has begun to show its 
impacts on the city r oad network. Level of service 
on the main arterials are E to Fin the peak. More
over, the current growth is likely to continue in 
the foreseeable future. The authors believe that the 
city pres ents a good example for an integcated s ystem 
approach to determine strategic transportation needs 
under various manufacturing and business investment 
policies. The basic socioeconomic data for the city 
is given in Table 1. 

Mode l Ca1ibration 

With a model this large 
population; (b) housing; 

[i.e., eight sectors: (a) 
(c) business; (d) heavy 

TABLE 1 Basic Socioeconomic Data of Charlotte 

Basic Data 

Population 
Housing units 
Business 
Heavy Manufacturing 
Light manufacturing 
Agriculture establishment 
Transportation network (miles) 
Government establishment 
Land area (square miles) 

1970 

354,656 
114,974 

1,645 
652 

1,335 
46 

912 
1,000 

1980 

404,270 
156,134 

2,270 
827 

1,987 
Ill 

1,01 2 
1,600 

138 

Note : Data collected from various reports on the socieconomic data base 
for Charlotte, North Carolina. 
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manufacturing; (e) light manufacturing; (f) govern
ment; (g) agriculture; and (h) transporta·tion] whose 
formulation is based on observed data, assumptions, 
and concepts drawn from demography, economics, 
agriculture, ti; anspor ta tion, and technology, it is 
particularly important to test its predic tive ability 
over a period of time. 

Calibration was attempted as follows: a set of 
variables (over a 10-year period) whose characteris
tics more or less determine the regional behavior 
was compared with the model (or simulation) output 
for the same period. Table 2 gives the comparison 
between the model values and the observed values 
(data) for population, housing, heavy manufacturing, 
business , and highway miles. A dif f erence of less 
than 10 percent between the predicted model and the 
observed data was acceptable as an adequate calibra
tion. 

TABLE 2 Predicted and Observed Values 

Variables 

Population 
Model 
Observed 
Percent difference 

Heavy manufacturing 
Model 
Observed 
Percent difference 

Transportation 
Model 
Observed 
Percent difference 

3 Beginning of simulation. 

Development Policies 

Time (year) 

1970 

354,65 6 
354,656 

o.oo• 

652 
652 

o.oo• 

912 
912 

o.oo• 

1980 

400,7 10 
404,270 

0.88 

886 
827 

6.66 

1,033 
1,0 12 
2.03 

Most cities' growth can be ascribed to a combination 
of planned growth through zoning, ad hoc decision 
mak ing , or piecemeal acquisi tion and conversion of 
land to different use. Irrespective of the develop
mental process, today's city transportation engineer 
is expected to provide, or at least recommend, a 
plan that would provide viable mobility in the city, 
As such , the engineer may react to growth or, a s 
suggested i.n this paper i .n the case of Charlotte, 
assume a certain direction of growth for a given 
planning period and thus identify the probable 
transportation needs for a given investment direc
tion. The model will be used to simulate the follow
ing policies for the city: 

1. 
2. 
3. 

Emphasis on heavy manufacturing, 
Emphasis on light manufacturing, and 
Emphasis on downtown business development. 

The impact of each one of these policies on the 
highway network will be analyzed in terms of lane
miles of road needs and peak-hour level of service 
provided for (a) f reeways, (b) primary arterials, 
(c) minor a.rterials, and (di local roads, under the 
assumption that the rate of highway construction 
continues as it i s currently being planned and as it 
is at present. 

Policies in the system dynamics methodology are 
incorporated in the model through the rate variables. 
Recall from Figure 2 (the causal model of the socio
economic sector) that Business Structure has a posi
tive impact on both Population and Employment Oppor
tunities and that the population and jobs variables 
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---- - - -------------- --........ 
/ ~ 

/ BUSINESS + BUSINESS + URBAN \ 
I CONSTRUCTION STRUCTURES JOBS I 
I RATE j I 
I BUSINESS I 

SECTORS 

I URBAN + URBAN + I 
\ POPULATION MlCRATION / "----------1 + __________ / 

.-----------URBAN PEAK 

l . - "°"" ":"" 
TRAFFIC~------- URBAN ........ -------- URBAN 

VOLUME TO HIGHWAY HIGHWAY 
CAPACITY RATIO CAPACITY + 

L TRANSPORTATION 
SECTOR 

HIGHWAY + URBAN 
LEVEL OF _______ ~ HIGHWAY -----------
SERVICE CONSTRUCTION 

FIGURE 3 Linkage between the business sector and the transportation sector. 

are generally the key variables in transportation 
tcip production modeling. A simplified oausal. model 
showing the linkage between the socioeconimic sector 
and the transportation sector is shown in Figure J . 

Figure 3 a lso shows how the impacts of Policy 3, 
emphasis on downtown business development, determines 
Urban Peak Traffic and Traffic Volume-to-capacity 
Ratio for the urban highway network. The rate vari
able Business construction Rate is used to incorpo
rate various policy decisions on downtown develop
ment . 

Analyses and Impacts of Different Urban Pol icies 

Table 3 gives a summary of the information on the 
main socioeconomic indicators for the city at dif
ferent points in time. A close examination of Table 
3 reveals the following impacts: 

l. Population: Within 10 years Policies l and 2 
show an increase in population from 404,270 to 
510,520 and from 404,270 to 605,040, respectively, 
whereas Policy 3 shows a change of 16. 5 percent in 
10 years. 

2 • Roads: The demand for new r cads; that is, 
lane miles is most crucial for Policy 2, a change 
from 1,033 to 2,010. 

3. Level of service: Policy 3 will reduce the 
highway system to a level of service C in 20 yea.rs. 

4. Land fraction occupied: Policy 2 is the most 
demanding on land development rate: 60 percent oc
cupied within 10 years. 

Figure 4 shows a typical time series plot for 
total highway needs for the city. 

CONCLUSIONS AND RECOMMENDATIONS 

In dealing with a complex system, the structure of 
the solution process sometimes appears more important 
than the solutions themselves because the lack of 
definition of the right problem is much more crucial 
than finding a sound a nswer to the wrong problem. 
System Dynamics, through the use of feedbacks and 
simul;:it.ion allows constanl.: evaluation o f the approach 
to the problem because a trace of the behavior of a 
given policy is provided instead of a projection to 
a given point in time. 

TABLE 3 State of the Economy Under Different Urban Policies 

Indicators 

Time (years) 
Population 
Roads 

Freeway (miles) 
Primary arterials 

Level of service 
Freeways 

Volume-to-capacity ratio 
Primary arterials 

Volume-to-capacity ratio 
Land fraction occupied 

3Beginni.ng of simulation, 1970, 

Policies 

No. I 

1990 or in 20 years• 
510,520 

118 
426.7 

C 
0.6 
C 
0.7 
0.4 

No. 2 

1990 or in 20 years• 
605,040 

130 
460 

C 
0.7 
B 
0.5 
0.6 

No. 3 

l 990 or in 20 years" 
470,860 

128 
430 

C 
0.6 
B 
0.4 
0.3 
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The Effect of Future Trends on Trip Patterns, 

Urban Commercial Structure, and Land Use 

J. H. SHORTREED, P. MAY, and E. DUST 

ABSTRACT 

The "Third Wave" or the information society is changing our society. The major 
effects are: (a) reductions in traditional labor activities such as manufactur
ing and data gathering; (b) growth in jobs that deal mainly with information; 
such jobs can be located almost anywhere, including the home; and (c) growth in 
available leisure time, and an increase in the potential for achieving living 
style objectives. One possible outcome of these major effects is a dramatic 
restructuring of urban areas including the decentralization of urban nodes over 
a whole region. This is in direct contrast to the industrial society in which 
the urban structure has a highly centralized, hierarchical form focusing on the 
regional or metropolitan city as aptly described by central place theory. This 
growth pattern reversal dramatically changes the requirements for transporta
tion facilities from those contained in existing transport facility plans. The 
effect of the third wave may result in the placement of many existing plans at 
risk in that the projected transport demands may not materialize. In this paper 
an approach to evaluating the risks to transport investment in southern Ontario 
is described. A series of exploratory models is being developed to implement 
the concepts presented in the paper. By incorporating other dimensions of the 
locational behavior of individuals, these models are extensions of economic 
base theory and the Lowry model. 

The "Third wave," or the information society, is 
predicted to sweep across our society in the next 
few years (1). .Many changes are expected to take 
place in its-wake. The objective of this paper is to 
assess the impact of these changes on urban struc
ture and transportation. In particular, an approach 
is proposed to estimate the changes in the southern 
Ontario region, which is centered on Toronto. 

The term "wave" implies a washing effect of all
encompassing change, which will characterize the 
Third Wave. It is based on the widespread applica
tion of computers in all aspects of life and an 
order of magnitude advance in conununication systems. 
So many changes are expected to occur in so many 
sectors so quickly that modeling them with certainty 
would be an impossible task, yet it is believed that 
the impacts of these changes a re too important to 
ignore. By identifying the major trends , it may be 
possible to estimate the direction and the likely 
magnitude of changes in both population and employ
ment and their impact on the requirements for new 
capital investment in transport. 

The changes become clearer if the current urban 
structure is examined. With the industrial revolu
tion and the development and maturation of the in
dustrial society , there was a continual growth in 
cities within a region. This growth was focused in a 
hierarchical way on the central city in the region; 
for example, reference is made to the New York 
region, the Chicago region, and the ~·oronto reg i on. 
Around tbe central city were a number of subregional 
cities and a number of local cities as described in 
the c.lassical centca.l place theory. The driving 
forces were the economies of scale from mass produc
t ion and the advantages of locating firms near the 
market and near a large skilled labor pool. These 
forces continued unabated until about the 1950s when 
a few of the world's largest cities began to de
cline. People from rural areas were attracted to the 

growing hierarchical cities by better jobs and a 
higher standard of living. 

The driving forces behind the industrial society 
are accurately represented by the Lowry model. The 
Lowry model uses basic employment as the driving 
force behind the location of land use. Around this 
basic employment the population and labor force is 
located within conunuting distance, then the service 
employment and its associated population and labor 
force is added. Today, however, basic employment is 
declining because of increased mechanization, re
placement of office functions by computers, and so 
forth . Therefore t'he use of the Lowry model to pre
dict future land use will no longer be valid because 
the driving forces of the industrial society are 
changing. 

The information society has been appropriately 
conceptualized by Toffler (1) and its progress has 
been monitored by Naiabitt (~). It is estimated that 
as much as 75 percent of the current labor force 
deals only with data and information. There is no 
longer the necessity to be at a particular physical 
location because data and information can now be 
communicated and processed anywhere. Moreover, the 
large mass production, industrial, and manufacturing 
plants that were the root cause of the location and 
growth of regions of cities were the first to be 
computerized and automated. They had many repeti
tive, low skilled, high-wage jobs that had the best 
return on computerization. 

Figure 1 shows the impact of the decline in manu
facturing on population and transport volumes in 
London, England. (Personal conununication with D. 
Bayliss, London Regional Transport.) The data are 
for Greater London and illustrate the decline in 
manufacturing and employment and the growth in the 
service sector. The growth in employment in finance, 
business, and public service is also subject to 
reduction through computerization, and the first 
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FIGURE 4 Time series plot for highway miles: policy no. 2. 

Further, the methodology or modeling technique 
can be used to communicate and incorporate the views 
and opinions of groups not involved in the building 
of the model. By experimenting with changes in pol
icies and model parameters and observing the effects 
of these changes on behavior, these groups can help 
or be helped to better understand the dynamic forces 
at work in the real world. 

At first glance, the size (eight sectors) and 
"seeming complexity" of the model (feedbacks and 
differential difference equations) might be ques
tioned for its usefulness for transportation plan
ning. However, the allocation of large sums of money 
in transportation and related economic infrastructure 
that affect the lives of present and future genera
tions must of necessity be carefully analyzed if 
negative impacts are to be minimized. 

A planning model that affects growth should pro
vide insights into where the economy i s likely to go 
for a given urban investment policy. The output from 
the model for a given policy is not significant in 
terms of its absolute value but rather should be used 
as information indicating the direction in which the 
city is likely to evolve in the forseeable future for 
a given urban policy. 

Further, because the output from th.e model is a 
trace uf tlil:! performance of the economy through time, 
the model can be used to study post-project (deci-

sion) performances. If forecasted values are not 
realized, timely adjustments could be made to key 
resources (inputs) in the city to correct unwanted 
impacts. 

Policy 3 for a simplified macroscopic approach to 
the Charlotte scenario provides the best (i.e., posi
tive) impacts on highway miles and level of surface 
and should be further investigated, that is, more 
adeptly calibrated and simulated for a given horizon 
or planning period. 
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FIGURE 1 Trends in Greater London at the onset of the information 
society. 

sign of this was seen in the late 1970s. The decline 
in employment and population in Greater London has 
an associated growth in population in the i:est of 
the London region as the population has decentral
ized to other urban areas in the region. 

As shown in Figure 1 , there is a significant de
cline in the use of the total transit system while 
the traffic volumes continued to grow and now appear 
to be stabilizing . Rail passenger miles that mainly 
serve the central ar.ea have maintained their level 
primarily because of increasing journey length from 
an average of 4.45 mi in 1965 to 4.80 mi in 1983. 

The impacts in terms of investment requi_rements 
in transport facilities show an interesting shift 
from expansion of capacity to a focus on quality of 
service and efficiency. 

( In) the 1960s it was anticipated that in
vestment (in London's public transportation 
system) would be needed to increase capacity 
by the expansion of signalling sections on 
key sections of the railways, increase train 
lengths and building new underground lines 
to provide relief to the worst overcrowding. 
Most of these capacity expansion schemes 
have been abandoned with the exception of 
resignalling the busier main line termini 
approaches . Even this is designed to improve 
quality of service as much as capacity. The 
emphasis currently is to invest to improve 
productivity in order to sustain the net
work, to improve interchange to increase its 
appeal and to expand coverage to complement 
and assist new development. (Bayliss, per
sonal conununication, 1985.) 

It is expected that as the information society 
gains momentum it will increasingly affect the re
gional distribution of population and employment and 
thus the resulting requirements for transport invest
ment. It is the authors' view that these requirements 
may represent a complete about face in the charac
teristics of transport investment. For these reasons 
a study was undertaken of the Toronto-centered region 
in order to understand the potential impact of the 
Third Wave and to evaluate the associated risk for 
transport capital investments. 

The approach taken has been to 

1. Review the trends of the information society; 
2. Conceptualize the variables and the process 

that will adequately describe the impacts on trans
portation; 

3. Create exploratory models of (a) interurban 
location of population and employment, and (b) the 
location of service employment; and 

4. Test a number of future scenarios to define 
the elements of a more definitive study to evaluate 
the risk. 

•rhe first three approaches are described here. 
The study area is shown in Figure 2. It consists of 
the whole of southern Ontario , bounded by the Great 
Lakes and focusing on Toronto, the regional city. 
Toronto is a classical industrial society city. rt 
was located at a break in the transportation system 
for the preindustrial fur trade and bas developed as 
a center of finance, government, industry, popula
tion , and service w,ithin a hierarchical region of 
supporting cities. 

INFORMATION SOCIETY TRENDS 

A number of observable trends, representative of the 
Third Wave, will increasingly have an important 
effect on society. 

Computers 

The information society is mainly driven by develop
ments in computing . The trends toward faster , 
cheaper, higher capacity, more available computing 
power is so well known that it need not be dis
cussed . This trend is expected to continue, and 
withih the next decade the average dwelling and its 
occupants will hav.e as many computers as those today 
have electric motors. This trend will be pervasive 
and will forever change the way things are done and, 
thus, will change our lives. 

The Declinl.ng Workweek 

The average workweek d.ecreased -from about 67 hr in 
1860 to about 42 hr in 1952 (3). In the 30 years 
f ollowing the average workweek has remained approxi
mately constant as shown in Figui:e 3, which is 
partly the reason fo r the curi:ent high unemployment 
situation. Technological changes have i ncreased 
worker productivity but there has not been a corre
sponding decrease in the length of the workweek. 
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l - Brant 
2 - Bruce 
3 - D.lfferin 
4 - Dundas 
5 - D.Jrham 
6 - Elgin 
7 - Essex 
8 - Frontenac 
9 - Glengarry 

10 - Grenville 
11 - Grey 
12 - llaldinand-Norfolk 
13 - Haliburton 
14 - Haltai 
15 - Hastings 

16 - Huron 
17 - Kent 
18 - Lant,ta) 
19 - Lanark 
20 - Leeds 
21 - Lennox 
22 - Middlesex 
2 3 - M.lskoka 
24 - Niagara 
25 - Nipissing 
26 - Northunberland 
27 - Ottawa 
28 - Oxford 
29 - Parry Saro 
30 - Peel 

FIGURE 2 The southern Ontario/Toronto study area. 
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31 - Perth 
32 - Peterborough 
33 - Prescott 
34 - Prince Fnward 
35 - Fenfrew 
36 - Russell 
37 - Si.mooe 
38 - Stornont 
39 - Su:lbUty 
40 - Toronto 
41 - Victoria 
42 - Waterloo 
43 - Wellington 
44 - Wentl,/Orth 
45 - York 

In order to keep pace with the technological 
advances the average workweek will have to decline. 
Acros s the entire .labor force , this may take various 
forms; for example, the average day or the average 
week may decrease or the worker may take longer 
vacations or retire earlier. These changes may be 
accompanied by increases in job- oharing, P~•ttime 
work, or high levels of unemployment. In any event 

the available leisure time or "nonwork" time will 
steadily increase. 

Flexibility in the Workplace 

With the arrival of the information society, many 
jobs have become increasingly location-free. People 
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FIGURE 3 Average workweek in manufacturing industries in the 
United States. 
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can, or will be able to work wherever they choose 
and merely send or receive products along informa
tion channels. The cost of sending information is 
distance insensitive, meaning that it costs no more 
to send the same information across the country than 
it does to send it across the city. Many workers 
will be able to work wherever they choose , which 
will often be at borne or at a local office, rather 
than at the firm's main location . 

The office as it is currently known may never be 
the same . some of the large, centraJ.ly located of
fices will become obsolete . They may be replaced by 
small, local offices that workers can easily get to 
from their residences. Therefore, there may be an 
increase in "rent-an-office," which a company will 
be able to rent and use for a few days or for several 
years . It is necessary to distinguish between work
place, whe.re a person actually works , and work base, 
which is the location of the work control function . 
Traditionally , these have been at the same physical 
location but this is no longer necessary . 

It is noted that not all workplaces will become 
location-free, but the number will cont;i.nually in
crease over the next 20 yea.rs and will become a 
significant proportion of the employment sector. A 
large number of workplaces will exist in part a·t 
home and in part at the office. The personal meeting 
between two people cannot easily be replaced by 
communications between two spatialiy separated 
points. The.re fore , many workers may still travel to 
a central office , but only for l or 2 days a week. 

Manufacturing 

One of the most important changes will be the con
tinuing decrease in employment in the manufacturing 
sector. Employment in manufacturing currently ac
counts for about 28 percent of total employment in 
Ontario. It has been predicted that this figure will 
decrease to as low as 6 percent by the year 2000 
because of the increase of automation in manufactur
ing. Robots are increasingly being used in manu
facturing processes, especially in countries such as 
Japan. 

Within the manufacturing sector itself, factories 
will become smaller and more efficient, and as a 
result, more easily relocatable from their tradi
tional big city locations. More efficient use will 
be made of available factory space as robots will be 
able to work 24 hr a day, 365 days a year. Large 
companies will decline and smaller companies will 
increase as information, design capability, manu
facturing technology, and marketing services become 
available on a wider basis and not just to companies 
with large personnel and financial resources. Mass 
production will decline as factories become smaller 
in size. Small production runs of a few hundred 
units will become commercially viable because of 
computer-aided manufacturing systems. 

The structur.e of the office wil.l also continue to 
change . A completely computerized office is now a 
reality. As more office workers begin to work at 
home, and job sharing increases , the need for office 
space will decline. Computer-aided design, drafting , 
accounting , inventory control and ordering, filing, 
and word processing will all aid in the decline of 
the large centrally located office. In the extreme 
case in which an office only processes information, 
it ma_y disappear completely. This, for example, has 
happened to many individual m.iddle management posi
tions whereby the availability of computerized data 
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has completely replaced the need for middle managers 
while also improving the quality of the information 
available for decision making. 

Information Employment 

The decrease in the manufacturing sector must be met 
by an increase in another sector of employment . The 
development of the information society is triggering 
an increase in the sectors of employment related to 
information. The sale, distribution , and availabil
ity of information is increasing and becoming a 
major sector of the economy . The longer term future 
of this sector of the econom_y is very uncertain 
because by definition it will ultimately make itself 
obsolete . In the recent past this has been observed 
with the decline in computer analysts as computers 
were made more user friendly. 

Corresponding to this increase in the information 
sector is a dramatic change in the workplace , both 
in its location and its size. During -the industrial 
society, factories had to be made large in order to 
take advantage o.f economies of scale, and they also 
had to be located in large cities to be close to 
their labor pool. Now, however, any person employed 
in an information-related job can work anywhere 
where there is a computer terminal and a telephone. 
Factories now need fewer employees and the factory 
is no longer tied to the larg_e city. The expected 
decentralization of employment on a regional scale 
may also lead to a significant change in the struc
ture of employment. 

Demographic Changes 

The composition of the family is also changing. 
Birth rates have declined; the incidence of divorce 
and family splits is on the increase. People are 
leaving home earliec but deciding to marry later. 
These changes have led to an increase in the number 
of people living on their own or in smaller family 
uni ts. 

The composition of the work force is also chang
ing. As the baby boom generation gets older the 
average working age will increase . An increasing 
number of women are entering the work force. How
ever, the work force is no ionger growing as fast as 
it previously did . In the 1970s the work force in
creased by an average of 2 . 7 percent, whereas in the 
1980s it wHl probably only increase by about 1.5 
percent (4). As the workers of the baby boom genera
tion begin to retire, the work force may actually 
start to decline . 

In Canada for the years 1981-2001, the most 
significant population increases are in the over 45 
age groups whereas the O to 45 age groups will 
actually decline. The median age will increase from 
26 . 3 in 1961 to 35 . 7 in the year 2001. 

An important demographic change is the increasing 
education and level of knowledge of the population 
and the increase in employment positions. For exam
ple, in Ontario from 1.971 to 1981 emi;>loyment grew 
110 percent in management positions, 65 percent in 
professional and middle management positions, and 
only 33 percent in semiskilled and unskilled posi
tions (2_). 

Communications 

The large-scale development of the computer has led 
to an increase in the availability of information 
that will increasingly intiuence our lives . The 
development of communication networks such as TELIDON 
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will dramatically increase the ease of access to 
information. For example, Northern Telecom predicts 
that in 1985 products will be available that allow a 
300-page book to be transmitted in 5 sec over twisted 
wire telephone lines. 

The option of shopping at home may soon become a 
reality as people will be able to examine and pur
chase goods through their television screens. Infor
mation on almost any topic will become easily avail
able. For example, choosing from recreation and 
entertainment possibilities will be easier with 
informatien available at the touch of a button. 
Planning a holiday can occur without the tLavel 
agent from the comfort of one's home by accessing 
files on prices and flight Lirne11 . 

Improvements in communications are expected to 
lead to many other changes . separation of workplace 
and work base will become cheaper. There will be an 
incentive to develop e xtens i ve on-line data bases as 
the feasibility of marketing them increases. Distance 
education may become the norm in the next century. 
The impacts of communication. may eventually be more 
sig·nificant than the computer. 

Diversity and Prosuming 

At the start of the indus trial revolution almost all 
occupations could be listed in a nursery rhyme, "the 
butcher, the baker and the candlestick maker ••• " 
Moreover, knowing a person's occupation revealed how 
they spent most of- their ti.me, where they lived, 
their income, their religion, their pastimes , and so 
forth. However, today there are at least 200 dif
ferent types of engineers and perhaps 1,000 common 
occupations. Knowing a person's occupation today 
indicates a little about their life style but not 
much. 

This increase in diversity is expected to con
tinue as work requiremen R decrease and nonwork time 
increases. One way to describe th e Third Wave is : 
"Pcodu tion is indepe ndent of labor." That i s, the 
production of many goods and services within the 
traditional production units will no longer have a 
significant input of labor. The information, tech
nology, ene rgy, capital, and land inputs will pre
dominate. This is, of course, the reason for the 
expectation of both increasing affluence and in
creasing nonwork or l eisure time. It also explains 
the current discussion on the implications of the 
decline of the work ethic, which was the cornerstone 
of industrial society. 

It is a truism that cemputers cannot hP ~ate n, 
a nd e xcept for game s and entertainment, they are 
pretty well useless as direct consumer products . 
Thus, it becomes clear that computer s will not be an 
activity that uses the increased nonwork time. More
over, it appears that people have an inherent need 
to do s omething productive with at least part of 
their nonwork. time. This leads to the suggestion by 
Toffler <.!.l that prosuming will continue to grow. 
Presuming is the integration within the household 
unit of both the production and consumption of goods 
and services. The increase in crafts, cottage build
ing, gardening, and so forth, all attest to this 
trend. There is, for example , currently a rapid 
increase in specialized publications on all aspects 
of living and presuming. These ·publics tions are 
c haracterized by small circulations over wide geo
graphical areas. Prosuming may become an importa_nt 
element in determining the locations selected by 
people as they are able to separate the workplace 
from thP work base. 

It appear s that there will be a continuing in
crease in the diversity of the occupations and living 
styles of the population as a result of the informa-
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tion society, and, in turn, this may become the 
hallmark trend of the Third Wave society. 

Uncertainty 

One of the unanswered questions of the information 
society is what jobs will replace those lost in 
manufactu.r ing and offices. The growing sectors of 
in formation, heal th, recreation, education , enter
ta.inment , and so forth, are not adequate to provide 
jobs for everyone as attested to by the present and 
future unempleyment prospects. 

In the industrial revolution when more than one
half of the laboc force lost their jobs, it was 
clear that the new jobs would be created first in 
the manufacturing and then in the service sector. In 
the Thhd Wave the character of the new jobs is 
unclear. The expectation for increased diversity 
along with the implicat.ions of regional decentrali
zation of employment suggests that it may not be 
possible to make accurate manpower forecasts. If 
future employment characteristics are unable to be 
predicted, then the prediction of future locations 
of population and employment also become increasingly 
difficult and uncertain. 

Finally, it must be noted that the whol e future 
o.f society is also uncertain. 'l'he social structure 
of the industrial. society is vastly different from 
that of the agricultural society. The transition to 
the industrial society spanned 10 generations. The 
transition to the information society is expected to 
s pan only one or two generations. The rate of change 
may be too rapid and this, in itsel.f, introduces 
tremendous uncertainty in predicting the future. 

EVALUATING TRANSPORT IMPACTS OF THE 
INFORMATION SOCIETY 

The Lowry and other urban land use models were 
developed in the 1960s in order to try to predict 
future urban land uses. They were developed in a 
time of extensive economic growth. The manufacturing 
sector was rapidly increasing as well as most other 
sectors of employment . These models were successful 
in sketching the development of cities. Their main 
variables were the given location of basic employ
ment and the estimates of population and service 
employment to complement the basic employment. They 
also used daily commuting accessibility over a con
gested transport system as the main determinant of 
spatial strncture. 

As indicated the "basic" employment of the Lowry 
model is now rapidly declining as is the need for 
daily commuting, and even a decline in transport 
congestion may not be far behind. Moreover, existing 
land use models focused on the urban rather than the 
regional level. For these reasons they are no longer 
useful. 

In the transition to the information society 
there are a number of additional variables besides 
employment and travel time that must be included to 
forecast the structure of regions. The following 
variables have been identified: living style, 
environment, cultural heritage, and quality. 

Living Style 

It was necessary to eliminate the artificial separa
tion of population and employment. Living style is a 
classificati on that includes both a person's resi
dential activities and his nonwork activities. The 
l i ving s tyl e variable ranges between an industrial 
soc i ety living s tyle and an information society 
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living style. The main determinant is the degree of 
locational freedom of residence and workplace and 
the extent to which the locational choice recognizes 
both nonwork objectives and also personaJ. satisfac
tion in the work activity. At one extreme there is 
an individual who travels during peak hours, 5 days 
a week, to work at a large industrial plant and has 
residential choices limited by the large size of the 
city. At the other extreme is an individual whos-e 
workplace has been move_d to a smaller city in the 
region to take advantage of the local beach and 
skiing opportunities, who travels only 10 min to 
work and whose work base is in the region's central 
city. 

In the absence of any appropriate and available 
data to classify the study area population by living 
style, the standard census occupation and industrial 
classifications were examined and a subjective clas
sification made at five levels of living style. The 
classifications of both the occupation data and the 
industrial data were coordinated so that there was 
the same number of people in each class. Cotnpar ison 
of the data over the period 1961 to 1981 indicated 
that there was good agreement between the two dis
tributions, Figure 4 shows the historical and fore
cast living styles for all of Canada based on the 
Standard Industrial Classification. The growth of 
the informatiori society and the decline of the in
dustrial society can be clearly seen. 

Environment 

This variable is a measure of the attractiveness of 
an urban area in terms of natural landscape; housing 
quality, cost, and availability; education, health, 
and cultural acHvities; population density, and 
other quality of community life variables. This 
variable represents the attractiveness of a community 
for living. It is being measured by assembling all 
of the available data and then using a factor analy
sis to reduce the variables to a manageable number .• 
In the preliminary analysis the important factors 
include education and income of the resident popula
tion, population density, climate, local tax base, 
and retail sales. 

Cultural Heritage 

This variable is a special quality-of-life variable 
that identifies the historical and cultural ties of 
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a particular urban area or region. For example, in 
Canada, for many years the population of the Mari
time provinces had to leave in order to find employ
ment. In recent years, with the possibility of local 
employment, many people have returned home to work 
or to start new businesses. This variable is cur
rently measured by the population of the area in 
1950. Although conceptually it is believed to be 
important, there is not yet any evidence to suggest 
that it requires separate treatment. 

Quality 

This var !able relates entirely to the transport 
system, It is believed that the 'l'hird Wave will 
place an increasing emphasis on the quality of life, 
and thus within the transport S!!ctor, the operative 
variable should be the quality of transport, which 
will include reliability, comfort, and convenience, 
as well as the traditional travel time variables. It 
is expected that as the frequency 0f journeys de
creases and the lengths increase (especially to the 
work base), the quality of transport will become 
very important. 

ln the authors' opinion these types of variables 
that are not represented in existing land use models 
are critical to for:ecasting the changes that will 
occur in urban regions. ln the remainder of this 
paper two models that are being used in the study 
area to explore the possible future impacts of the 
information society on urban regions are described. 
•rhe first model forecasts the expected migrations of 
population from one area to another in the region. 
Pre.liminary results have explained 60 percent of the 
population changes that occurred between 1971 and 
1981 in the ·45 zon·es of the study region. The second 
model is concerned with the location of the consumer 
service sector. 

Figure 5 shows the expected changes in locational 
forces that will occur during the transition from a 
second wave to a third wave society. The industrial 
society is characterized by a strong tie between the 
home and both the place of work and services. There 
are also fairly strong ties between the work base 
and the labor pool, market, geography, and so forth. 
This resulted in a concentration of basic employment 
in the region's central city core area with the rest 
of the central city and surrounding region focused 
on and supporting this concentration. 
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FIGURE 4 Living style trends in Canada for five classes based on a 
subjective allocation of available data by the standard industrial code. 
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FIGURE 5 Changes in the location forces from the second wave to the 
Third Wave in a regional setting. 

The purely Third Wave or information society as 
shown in Figure 5 (b) will be characteriz.ed by much 
weaker links between the work base , market, labor 
pool, geography , and the home and/or workplace . The 
home will have much stronger ties with the environ
ment , setvices., cultural heritage, and so forth . As 
people and employers become more location- free, 
other reasons such as the environment and quality of 
life will become more important in detetmining the 
living style and thus the choice of location. The 
information society will tend to break up the exist
ing regional structure, as small packets of basio 
and sec-vice employment bteak off from the centtal 
city and locate elsewhere in order to satisfy living 
style objectives. There will no longer be the large 
concentrations of employment in the central business 
district (CBD) and other areas of the central re
gional city. 

The weaker links between the residence and the 
work base are created in two ways. As the workweek 
continues to decline and an increasing number of 
people can, for at least some of the time, work away 
from the work base, the importance of the travel 
linkages between home and work will decline. People 
will make fewer jou.rneys to work, and in some cases 
work will become location-free. Therefore , people 
will not be constrained to live close to their place 
of employment . Even if people have to make one or 
two journeys to work per week, they will be willing 
to make a longer trip if it means that they can live 
in a prefer-red location. For example , instead of 
working 5 days a week and traveling to the cottage 
on weekends, people may live at their cottage and 
jou"rney to work only when necessary. This may result 
in large cities becoming increasingly decentralized. 
liowever, many people will prefer a highly urban 
environment that will lead to a counterbalancing 
centralizing force (§.l. 

Firms are becoming location-free as they become 
smaller and more information oriented. Although 
employees of these firms may still have to travel to 

work every day, the firm and its employees will move 
together to a preferred location and this also will 
lead to a decentralization of population. 

Modeling Intraregional Population Shilts 

The proposed model allocates population and employ
ment together as the living style variable. The 
basic model hypothesis is that as society moves from 
the industrial to the information society, people 
will have increased freedom of location. The loca
tional choice will be based on such factors as the 
environment or amenity of the zone, accessibility to 
employment, and the distance from the zone of origin. 
These factors will have varying importance depending 
on the living style classification being considered, 

'T'hP model. is cimilar to a ,;ingly constrained 
gravity model. Five-year time increments are used in 
the model with the allocation process performed at 
the end of each time period. At the end of each 
5-year time period, the population of each zone is 
increased by the predicted average population in
crease for the entire study area. The increases and 
decreases in each of the living style categories are 
determined for each zone, based on those predicted 
for the total study area from trend projections such 
as those shown in Figure 4. Living styles 4 and 5 
are closest to the industrial society and are in 
decline. The associated population is then allocated 
to the predicted increases in the information society 
living styles 1, 2, and 3, The basic allocation 
equation is: 

where 

Mij.= the movers from zone i to zone j; 
0 1 decreases in zone i in living styles 4 or 

5: 
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increases in zone j in living styles 1, 
2, or 3; 
balancing factor for the origin zone, 
1/(Dj Iq ffi')I 
interaCtlons Getween zone i and zone j, 
a* (ENV1/ENVj) + b * (ENV1/ENVj) 
+ c ~ • .• where a, b, care calibrated 
weights; and 
friction factor between zone i and zone 
j, n 
1/Distij with n = calibration con-

stant. 

The interaction term includes the environment, 
cultural heritage variables, as well as a measure of 
accessibility to other population in the region. The 
interaction term is in a comparative ratio form to 
reflect the comparison of conditions in one zone 
with those in another. The model will be calibrated 
using maximum likelihood for both the coefficients 
of the interaction term and the distance exponent. 

After the 5-year allocation process each zone is 
checked to determine if it has grown more than the 
zone cap1;1city allows. If any zone has a population 
greater than this maximum, that particular zonal 
population is set to the maximum and the excess 
population is allocated to the adjacent zones. The 
excess is allocated in the same proportions as the 
predicted increase for the adjacent zones in the 
last 5-year time increment. A check is made to re
strict any increase or decrease in population to a 
maximum 5-year rate of change determined from ob
served maximum historical changes. This is to repre
sent the inertia of the city. 

The model outputs will be analyzed to determine 
if they are reasonable estimates of what might happen 
in the future. A sensitivity analysis can also be 
performed to determine how much the model is affected 
by its inputs. This will result in a range of possi
ble outputs and provide information for more realis
tic specification of the allocation model. It should 
be noted that data are very scarce, especially for 
some of the environmental and living style variables, 

Location of the Consumer Service Sector 

It is expected that the Third Wave trends will re
shape the urban structure of Ontario including the 
service sector. In fact, the service sector will 
become increasingly important as manufacturing de
clines. Moreover, as the population of the region 
decentralizes, there are expected to be significant 
impacts on the location of the consumer service 
sector. 

Consumer-service firms abound in the modern 
city--almost on every corner there is a restaurant, 
gasoline station, or corner store. Most of these 
firms will not be visibly shaken by the Third Wave. 
Some, however, will have a sizable portion of their 

"reason d';tre" (their market) removed. Some of this 
market deterioration will be due to a shift in the 
"drop-in" or link-trip trade, which has been pre
viously ignored in traditional consumer-service 
location models, such as the Lowry model. 

Link trips involve the subordination of certain 
secondary trip purposes to other primary purposes in 
an attempt by trip makers to conserve time, effort, 
and, hence, energy. By making a less important stop 
on the way to a more important destination, the trip 
maker fulfills his need for a certain good or ser
vice without having to make a special trip at another 
time. Both the existence of trip linking by consumers 
and link-trip orientation by consumer-service firms 
has been documented in recent research, but little 
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effort has been applied to the connection between 
consumer and firm behavior over urban space . On the 
consumer, or demand side of the relationship, Ranson 
11) found in Uppsala, Sweden , that many urban trip 
linkages involve either home or work as primary 
activities . In the Thi.rd Wave , the home-work-home 
pattern will be dramatically altered, and with it 
the link-trip patterns that have shaped the existing 
urban consumer-service land use pattern . Resea.rch on 
the supply side clearly shows that firms are oriented 
to different combinations of the surrounding resi
dential and passing traffic markets, reflecting 
u.nderlying operating strategies (.!!_-!!). Through 
quantifying these operati.ng strategies by type of 
consumer-service firm , we hope to be able to predict 
the firm's orientation to the "linear hinterland." 

Figure 6 shows the basic approach to the consumer 
se.rvice location model. The demand for services is 
separated from the supply of services. Link trips 
for consumer services are secondaLy to pc.imary trips, 
such as work trips, and distinct from other primary 
trips for consumer services that go directly from 
home to the service and return. The model considers 
demands from linked or secondary tLips separate from 
primary demands for consumer services . Also , the 
relative demands aLe expected to vary over time as 
living styles change. For example, the Ontario data 
on secondary trips indicated that executive/manager 
employees made 41 percent secondary trips whei;eas 
clerical/sales employees made only 25 percent sec
ondary trips . There was a direct relationship between 
socioeconomic status and the percentage of seconda.ry 
trips. Thus the expectation is that the percentage 
o f linked trips wiU increase' in the tutu.re . 

As shown in Figur e 6 the supply side will be 
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FIGURE 6 Flowchart of proposed consumer service 
location model. 



58 

considered to respond to both secondary and primary 
consumer trips. The supply of link trips is the 
provision of locations at which consumers may stop 
while traveling from one primary activity to another. 
It is the decision by an operator of a firm in the 
consumer-serv;J.ce sector to capture this link trip 
potential flowing through the urban transportation 
network, The network is represented in the model 
simpl y by the major nodes in the transport network, 
as these points already have maximum accessibility 
to link trips. 

The secondary trips are assigned to the nodes 
according to the minimum path of the primary trips 
on which they depend . The potential market available 
to each n<:>de is the summation of these secondai:y 
trips for the primary trips passing through the 
node, plus the potential primary service tdps dis
tributed to that node in the preceding step. 

The supply of consumer service centers will be 
determined in an iterative fashion by 5-year time 
periods. At the beginning of a time period, all 
nodes in the network receive a service center. The 
node with the lowest potential is tested stochasti
cally for .remova,l. The stochastic element si111ulates 
business risk and the required threshold potential, 
After a cent r bas been removed, the potential i $ 
reallocated to other nodes. Equilibrium would be 
reached when ~here are no further reductions in 
supply points . 

It is expected that the results of the consumer 
service location model will be able to reproduce the 
observed trends toward ever larger commercial com
plexes at more decentralized network nodes. It is 
also expected th~t when applied at a regional level, 
the model wil l be able to predict the obse.rved trends 
for intercity locations for some fairly large and 
specialized commercial activity centers , 

SUMMARY 

The objective of this paper was to present some 
ideas on the impacts of the Third Wave or infor
mation society on transport. Research to date re
vealed that (a) there are no data, (b) there are no 
theories, and (c) there is no experience. The intent 
was to develop a fairly comprehensive model that 
would keep track of individuals, estimate the 
transitions between living styles, and so forth. It 
became clear that the transition to the Third Wave 
would be over before this research was finished. 

The impacts of the Third Wave are believed to be 
revolutionary. The regional centralizing forces of 
the past 200 years are expected to reverse, and 
regions will experience a series of very strong 
decentralizing forces as the importance of manu
facturing and daily commuting decline. The Toronto
centered region is currently being studied in an 
attempt, even in a preliminary way, to assess the 
risk associated with proposed investments in trans
port facilities. 

The approach taken is one of conceptualizing the 
operative variables, mainly (a) living style, (b) 
environment, (cl cultural heritage, and (d) quality 
of transport, and obtaining crude measures of these 
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variables from available data for the study area. 
The model is proposed to allocate population by 
living style , between urban areas , at a regional 
level of analysis. The model is driven by trend 
forecasts of the population in each living style 
class. The objective of this initial modeling activ
ity is to use it to explore the ways in which the 
Third Wave will affect our cities and through this 
process define more sp_ecific future research objec
tives . 

The main conclusion is that the impacts of the 
Third Wave demand a complete reexamination of trans
portation requirements as embodied in existing plans. 
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Abridgment 

A Methodology for Forecasting Beltroute Corridor 

Land Use Impacts 

JASON C. YU and JAMES L. ALLISON 

ABSTRACT 

Forecasting land uses represents the first step toward ensuring compliance with 
land use plans and preventing inadequate transportation routes. This study was 
intended to develop a methodology for forecasting land use impacts within the 
corridor through which a beltroute is aligned. The methodology consists of 
assig.ning land uses to portions of the corridor, based on the potential those 
portions have for accommodating the requirements of the land uses. A planned 
requirements approach is used to assign land uses to tracts of land within the 
corridor. This approach of aggregating land uses at potential sites is advanta
geous in revealing the pressures that will bear on the goals and objectives of 
land use and tx:anspor-tation agencies. A computer aid based on the developed 
methodology has been implemented on a microcomputer .and used in a real-world 
case. The methodology shows promise for assisting land use and transportation 
agencies in forecasting land uses in a beltroute corridor. 

Belt.routes are limited access highways that com
pletely or partly encircle an urban area. Such routes 
are particularly capable of altering, on a large 
scale, the attitude potential land users have for 
land within the region through which the route will 
be located, as well as for land within a reasonable 
distance of the beltroute. A tract of land that is 
considered undesirable because of a lack of acces
sibility may become very desi.rable for a number of 
different types of potential land users with the 
proposal to build a belt.route in the vicinity. 

The land use-transportation relationship ca.n be 
more concisely stated when considered in the context 
of beltroutes than if considered in the broader 
terms of transportat'ion in urban areas. Three aspects 
of beltroutes contribute to the unique set of char
acteristics that affect adjacent land use develop
ments. First, beltroutes tend to serve large amounts 
of local traffic. The type of traffic that a route 
serves consequently contdbutes to the land uses 
that locate within the corridor. Second, within the 
urban setting, uncongested beltroutes represent the 
ultimate in l.inking lax:ge sectors of the urban en
vironment. Third, because a bel.troute partly or 
completely encircles an urban area, a single belt.
route could pass through as many types of land use 
as are existent in any one community. The implica
tion this bas for the land use-transportation rela
tionship will depend on the particular urban area 
with its specific terrain, antecedent land uses, and 
goals. 

Because a beltroute can facilitate and even pre
cipitate new land uses within the urban area, it 
becomes incumbent on those responsible to anticipate 
and plan for the effects of the beltroute (1,2). 
Efforts can be made to capitalize on the ch'iinges 
wrought as a result of a beltroute. Further, prob
lems of an inadequate or inappropriate design of the 
beltroute can result as a consequence of plans made 
without anticipation for future land u.ses. Because 
some types of land use projects will locate in an
ticipation of a beltroute, planning for the land use 
demands must be ongoing and must begin with concep
tion of the particular project (3,'4). 

To date, a number of beltroutes have been com-

pleted or are being planned across the nation. Owing 
to the large impact such routes have, numerous 
studies have been undertaken to address the impacts 
these routes have had on land use. However, no uni
versally applicable methodology has been developed to 
forecast likely land use within a beltroute corridor. 

The objective of this study was to develop a 
methodology for forecasting land uses within a belt
route corridor. In order to demonstrate its useful
ness and applicability, the developed methodology 
was then applied to the real-world case of I-215 
located in tbe Salt Lake Metropolitan Area in Utah. 
However, the case study wil.l not be presented in 
this paper due to space limitations. It is expected 
that the methodology will not only assist planners 
and decision makers in anticipating beltroute land 
use impacts, but it will also aid public and private 
sectors in capitalizing on the opportunities belt
routes offer. 

DEVELOPMENT OF THE METHODOLOGY 

The developed methodology has as its basis the 
planned requirements approach (5), which relies on 
locating sites within the corridor suitabl.e to land 
uses projected to develop in the metropolit.an area 
under .study. There are 13 interrelated tasks in
volved in the methodology. Figure l shows the inter
relationships of these tasks. 

Task 1: Development of the Corridor Land Use 
Requirements Table 

The history of land uses along representative belt
routes in the United States are examined to reveal 
the change or lack of change in land use under "be
fore and after" conditions. A land use requirements 
table (LURT) for the beltroute corridor can be 
developed to show definite correlations between 
potent.ial land uses and certain sets of original 
conditions. 
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FIGURE 1 Melhodological procedures for forecasting land use 
impacts in bcltroute corridor. 

Task 2: Identification of Future Regional Land Uses 

The likely future land uses that will seek sites 
within the entire urban area where a beltr'oute is 
located are identified . It cannot blindly be assumed 
that the demands for types of land uses in one urban 
area will be the same as in ~nother. This is obvious 
by noting the differences in industries and, hence , 
land uses when considering two gr_ossly different 
regions. 

Task 3: Forecasts of Future Land Use Demands 
within the Corridor 

This task is to estimate the future growth of the 
urban area and the proportion of that growth that 
will be located within the corridor. Typically, a 
future point in time must be chosen for which pro
jections are calculated. Supporting data such as 
population projections, housing demand, industrial 
growth, income level, and land cosls am] availability 
can be used to forecast the growth of various land 
uses within the urban area or the beltroute corridor. 
One way to allocate growth to the corridor would be 
by examining those land uses for which there is a 
projected growth. Attendant with each land use would 
be the prime characteristics required of a potential 
site. A survey of the corridor would then reveal how 
much land is available within the corridor that 
would be acceptable to the individual land uses. 

Tas k 4: Identification of Prime Considerations 
Sought by Land Users 

Characteristics that the industries or other land 
us ers will seek when selecting a site for develop
ment are identified by this task. Each land use 
identified wi ll have one or more characteristics 
that are considered vital for a potential site. That 
a particular land use will contribute one charac
teristic, whereas another may contribute five or six 
is of no consequence. 
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Task 5 : Formulation of Characteristics Versus 
Land Use Matrix 

This tas·k is to for m an m by n matrix, where n i s 
the number of characteristics from Task 4 and Iii is 
the number of land uses identified in Task 2. If a 
desired characteristic holds for a particular land 
use, a ·ssign the digit one to the intersection of 
that row and column, otherwise assign a zero. This 
matrix i s called the characteristics matrix (CM) for 
a particular bel troute corridor. 

Task 6: Adjustment of the Land Use Requirements Table 

It is possible that the LURT and the CM may have a 
different set of land use characteristics listed 
vertically and each may have a different set of land 
uses listed horizontally. This task will adjust the 
LURT based on the CM so that the resulting LURT 
reflects the characteristics future locators of land 
use activities will consider as being of prime im
portance when considering sites within the particular 
beltroute corridor. 

Task 7: Survey of 'Bel.tro1.1te Corridor Characte,; !sties 
by Segment 

Homogeneous portions within a beltroute corridor are 
called segments. Each segment of the bel trou te cor -
r idor is surveyed for the character is tics listed in 
the original LURT. If the LURT has been adjusted, 
then the revised version is used. 

Task 8: Alignment of Land Uses and Zoning Ordinances 

The set of zones from the local zoning ordinances 
should be aligned, as nearly as possible, into a 
qroup having the same d1;1scription as the list or 
land uses from the LURT. The purpose of this task is 
to condense a number of different zones into the 
broad land uses of the LURT based on 

1. What currently is in existence within the 
zone; that is, is it already developed to some ex
tent or zoned? 

2. '])he latitude that is allowed in development 
by what has already been constructed and what the 
zone is currently. 

Task 9: Rankings for Assi9n i119 competing Land uses 

This tas k will establish one or more ranks by which 
individual land uses are considered for final as 
s ignment to segments within the corridor. The rank
in9 system is established on the basis of special 
considerations of the study be ltroute corridor. 
There are basic components of the ranking that will 
be £airly constant. Other considerations being equal , 
if two activities seek to locate at a given site, 
the one with the higher ranking will be allowed to 
locate at the si·te and others may be forced to locate 
elsewhere . Also included in this task is the formu
lation of a land use compatibility table (LUCT). 
Such a table would indicate which combinations of 
land uses are not to share a segment or are to occupy 
adjacent segments. 

Task 10: Assignment of Potential Lana Uses to 
Inter changes 

Within this task and Task 11, a planned requirements 
approach becomes apparent. The a s s ignme nt is accom-
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plii;hed by examining each segment in tu.rn, and on a 
tentative basis assigning as many land uses to the 
interchange segment as will have their prime con
sideration factors satisfied there . The prime con
sideration factors for a particular land use are 
recorded in the LURT . Whether or not a land use 
qualilies for a segment is dete-rmined by referring 
to the column below that. land use in the LURT . Each 
interchange will have a list of characteristics . 
These characteristics are previously gathered in 
Task 7 . 

Task 11: Elimination of Land Uses from Interchanges 

Each interchange segment is individually considered 
in combination with adjacent interchanges that are 
not separated by an intermediate zone. As many land 
uses as possible should be eliminated from each 
interchange segment based on land use compatibility, 
zoning considerations , and region versus local serv
ing priority . The elimination process is conducted 
by considering the rankings established in Task 9. 
The recommended order for applying the rankings is 
application of the LUCT followed by those aspects of 
the zoning ordinances with which a unanimity of 
opinion exists. 

Task 12 : Assignment of Potential Land Uses to 
Noninterchange Segments 

One method is to begin by attempting to assign all 
qualifying land uses to unfilled segments closest to 
the interchanges. Each interchange is taken in turn. 
This is continued until the supply of assignable 
land uses is exhausted. The second possibility is to 
assign all segments between an adjacent interchange 
pair before moving to the next noninterchange seg
ment. Which method is used will depend on the pol
icies in a particular reach of the beltroute. Where 
a policy of filling in of vacant land before allow
ing development elsewhere exists, the second method 
should be used. If the policy is not to constrain 
development with an infill policy, then the first 
method should be used. 

Task 13: Elimination of Land Uses from 
Noninterchange Segments 

After each segment between the interchanges is as
signed a set of tentative land uses, attempts are 
made to eliminate land uses from the assigned sets 
based on compatible zones, ranking criteria, and 
land use compatibility. 

COMPUTER AID 

The developed methodology is pru:tly computerized for 
facilitating its use . 'rhe dashed rectangle around 
'l.'a'sks 10 through 13 in Figure l encloses the com
puterized portion of the. methodology. It is the 
computer model that. maintains accounting information 
on land use character is tics resulting from changes 
in policy , prompts the analyst for input data, and 
displays warning information about land use con
flicts and overly restrictive policy. 

Aside from the relative interactions shown in 
Figure 1, other important aspects are the .feedback 
loops from the computer model. These loops are des
ignated A and B. The loops imply input or a decision 
from the decision makers who are questioned as to 
the desire to alter land use policy. Policy is de
fined as those actions a governing body can take to 
direct land use. 
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The developed methodology requires a considerable 
amount of manipulation of the small amount of data 
that it uses. For a belt.route corridor that has a 
large number of segments, as well as many charac
teristics a.nd land uses, the methodology is prohibi
tively tedious . To assist users of the methodology, 
an interactive computer program has been developed , 
Through the interactive framework, the analyst is 
confronted with options to alter the data sets used 
by the program. 

DATA PREPARATION 

The data preparation process for the methodology can 
begin only after the land uses that will .likely 
locate within the corridor have been determined . 
Once the land uses are known , they subsequently 
define one dimension of the LORT . The list of char
acter is tics that describe the land uses dictate the 
second dimension of the LORT and the data that are 
to be collected from the corridor. 

The first stage in data preparation , after all 
possible land uses have been determined, is that of 
characterizing the land use . If the LORT can be 
accepted as it appears, no further preparations are 
needed before starting stage two. Altering the LURT 
is possible by adding a row for each new charac
teristic and a column for each new land use . Next, a 
one is placed in the columns considered to be of 
prime importance to the added land use . By similar 
reasoning a land use could be removed . As a final 
step in the first stage, a zero is placed in boxes 
of the LURT not having a one . The LURT is now ready 
to enter into the computerized process . 

The second stage of data preparation involves 
describing the belt.route corridor in the same terms 
as those used to characterize the various land uses . 
More specifically, the belt.route corridor segme.nt.s 
should be described in the same terms as the list of 
characteristics in the original LURT. 

CONCLUSIONS 

Belt.routes encircling urban areas have definite 
effects on adjacent land use and urban development 
patterns. Both transportation and land use planners 
should realize these consequences of the bel troute 
and plan accordingly . Through coordina.ted t.ranspor
tation and land use planning, the belt.route can 
become a positive form-giving element in the metro
politan area . 

A methodology for forecasting land use impacts 
within the beltroute corridor has been presented in 
this paper. Strengths of this methodology a-re the 
speed .with which alternative land use policies can 
be e.xami"ned and the minimal a.mount of data required. 
In the application of the methodology and computer 
aid to a real-world case (I-215 in Utah), it is 
apparent that the methodology is very useful for 
forecasting and moni toeing land use development 
within a beltroute corridor . Of equal significance 
i s the potential this metbodology has for being 
useful in the design phases of a beltroute by af
fording an integrated design involving both the 
physical aspects of the route and the policies that 
affect land uses within the beltroute corridor . 
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Effects of Freeway Stage Construction on Near by 

Land Uses and Vehicle User Costs 
JESSE L. BUFFINGTON, MARGARET K. CHUI, and JEFFERY L. MEMMOTT 

ABSTRACT 

Because of the huge costs involved, most freeways are commonly constructed in 
lateral or longitudinal stages. 1:n the case of lateral stage construction, 
service roads are constructed and opened to traffic before the main lanes. In 
the case of longitudinal stage construction, the service roads or main lanes 
are constructed on a fr:eeway section-by-section. Impacts of stage construction 
include adj~cent a1«a land use development, user travel time coats, vehicle 
running and speed change c0sts, and accident costs. This paper c ntains the 
findings of a study of stage construction impacts on two freeways located in 
Houston, Texas: (a) one completely stage constructed and (b) the other. partly 
stage constructed. Although authorization was given to purchase right-of-way 
for both freeways within 2 years of each other, the second freeway to receive 
authorization was completed at least 6 years before the first. During the "be
fore" Const.ruction period, the socioeconomic characteristics of the areas ad
jacent to the two freeways are shown to be generally similar. Our ing the con
struction and "after" periods these characteristics are shown to be dissimilar, 
partly because of differences in the construction schedules of the two free
ways. A regression analysis of historical land use changes reveals that certain 
land uses are sensitive to nonstaged freeway construction. Other variables such 
as abutting und nonnbuLLiny, freeway location differences, capacity changes, 
and average daily traffic volumes are included in the analysis. A user analysis 
reveals that s t:aging a freeway costs more in vehicle user costs than benefits 
gained from delaying construction expenditures. 

It is recognized that a major thoroughfare, such as 
a freeway, attracts not only traffic but also af
fects nearby land uses. The presence of a major 
thoroughfare can obviously set off a chain reaction 
among land uses with one land use affecting other 
land uses. Accessibility resul t.ing from the exis
tence of the thoroughfare is a major contributing 
factor . People are more willing to live farther from 
the city or farther from other currently well-devel
oped areas if they can count on a quicker way to get 
to and from work. Industries are less reluctant to 
rule out the possibility of locating their firms in 
rural areas if they are certain of good accessibility 
for their workers and for their goods and s upplies. 

Besides the mere presence of a freeway, it is 
believed that the method of constructing a freeway 

can influence how land is used. Because of the huge 
costs involved, most freeways are commonly built in 
longitudinal or lateral stages. In longitudinal 
staging, one segment of the freeway is built and 
opened before the next segment is started. In lateral 
staging, the service roads, if any, or part of the 
main lanes are built first. Later, all of the re
maining main lanes are c0nstructed. 

It is also believed that staging of freeways 
affects user costs. A freeway does not reach maximum 
efficiency in carrying traffic until all the main 
lanes and service roads are constructed and opened 
for use. Until this is accomplished, part of the 
traffic that would normally use the freeway will 
have to choose an alternate route in the corridor 
that may require more travel time, incur higher 
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vehicle operating costs, and be more hazardous from 
an accident standpoint. 

The land use and user effects of freeway stage 
construction are not documented in the literature. A 
study just completed by Chui, Memmott, and Buffing
ton reveals some of the economic ef£ects of staging 
two freeways in Bouston, Texas <1). The results of 
that study a.re summarized in this paper. Ideally, 
one of the freeways should have been staged and the 
other nonstaged with the latter considered as a 
control for the pu_rpose of studying the staging 
effects of a freeway. Howeve_r, a survey of the con
struction histor.ies of freeways over the state re
vealed the absence of an ideal pair of freeways for 
study. Efforts were then diverted to searching for 
two staged freeways that had different amounts of 
lateral stage construction. For example, one of the 
freeways had to have at least one section nonstaged 
laterally and the other sections staged over a longer 
period of time than the other freeway. 

Using the preceding guidelines, the Northwest 
(NW) freeway or US-290 was selected to be the study 
facility and the Southwest (SW) freeway or US-59 was 
selected to be the control facility. All of the 
study sections of the NW freeway were constructed in 
lateral and longitudinal stages. All but Section l 
of the SW freeway were constructed in lateral stages. 
Figure l shows the location of the two freeways and 
the study sections. The first section of the SW 
freeway (SWl) had both its service roads and its 
main lanes opened at the same time, and the other 
three sections were staged over a much shorter period 
of time than those of the NW freeway. Even the lon
gitudinal staging of the SW free~ay was different 
from that of the NW freeway. The service roads were 
not staged longitudinally on the SW freeway, whereas 
both the service roads and the main lanes were staged 
longitudinally on the NW freeway. 

This paper cont-sins a comparison of staging as 
opposed to nonstaging of freeway construction by 
studying various sections of the NW and SW freeways. 
The various historical characteristics of the two 
f.reeways and the surrounding areas are compared to 
determine major before and after const.ruction a if-
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ferences. Al\long the characteristics analyzed are the 
foliowing: (a) construction schedule, travel volume, 
and cost character is tics of the study freeways: and 
(b) socioeconomic characteristics of the study areas. 

The impact of stage construction of the study 
freeways is determined by measuring changes in abut
ting or nearby land use and vehicle user costs. The 
land use impact of stage construction is determined 
by evaluating historical land use data with two 
simultaneous equation estimation techniques, and the 
vehicle user cost impact is determined by inputting 
historical traffic data into the Texas Highway Eco
nomic Evaluation Model (HEEM) (~) • 

Finally, this paper contains conclusions and 
recommendations that are based on the findings of 
the user cost and land use analyses. 

CHARACTERISTICS OF THE STUDY FREEWAYS AND AREAS 

Based on definitions given earlier on staging and 
nonstaging freeway construction, Section l of the SW 
freeway (Figure l) is nonstaged because bot.h the 
sei;vice road and the main lanes were built simul
taneously and opened for use in 1962, whereas the 
other sections of the SW fi:eeway and all sections of 
the NW freeway are staged. 

In this section of the paper, various charac
ter is tics of these two freeways and the areas along 
them are discussed separately. 

Construction, Traffic Vo1urne, and Cost 
Characteristics of Study Freeways 

Table l gives the section lengths, opening dates, 
and time lapse from the date of authorization to 
purchase of right-of-way (ROW) until the date of 
opening the service roads and main lanes, for each 
section of the freeways under study. Figure l shows 
the location of the two study freeways in relation 
to the Houston met.ropoli tan area. All sections of 
the two freeways are of adequate length for study. 
The total lengths of the study portions of the t .wo 

FIGURE 1 Location of the NW and SW freeways and study sections in Houston, Texas. 
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TABLE I e lion Lengths, Opening Dat s, 11ml Time Lapse from 
Dato of Authorization to Purchase of Right-of-Way Until Dale of 
Opening Service Roads and Main Lanes of Study Freeways 

Opening Dates 
Section 

Time L"psc Since ROW 
Authorlza l lonb 

Length Service Main Opening of Opening of 
Freeway Section (miles)" Roads Lanes Service Roads Main Lanes 

SW I 2.1 1962 1962 4 4 
SW 2 2.5 1962 1965 4 7 
SW 3 1.4 1962 1969 4 11 
SW 4 2_5 1962 1974 4 16 

NW I 0.8 1970 1975 JO 15 
NW 2 1.4 1970 1979 10 19 
NW 3 1.4 1975 1981 15 21 
NW 4 2.5 1975 Not 15 Not 

open open 

3The combined length of the four study sections is 8.5 mi for the SW freeway and 6.1 mi 
for th e NW fte!t!W3Y, 

bTime lapse .:hn•o year when authorization was given to purchase th e right-of-wa y for o~ch 
freeway . The authof"lzation date Ii 1958 for the SW freeway and 1960 for the NW trac, 
way. 

freeways are comparable , with 8 . 5 mi of the SW free
way and 6 . 1 mi of the NW f reeway. 

The authorization date to purchase the right-of
way is 1958 for the SW freeway and 1960 for the NW 
freeway, As indicated in '!'able l , there ar e con
siderable lateral stage construction time lapses 
from the right-of-way authorization until the open
ing of the service roads and main lanes . Only in the 
case of Section 1 of the SW freeway is there no time 
lapse between opening the service roads and the main 
lanes. For Section 1 of the NW freeway, the time 
between opening the s ervice roads and the main lanes 
is 5 years . 

Also, there are considerable longitudinal con
struction time lapses between opening one section of 
service roads oi: main lanes until opening another 
s ection of servicP roads or main l,:mes on bolh (ree
ways, such time lapses are smaller for the sw free
way than for the l'lW freeway . Again, there is no time 
lapse be tween opening each section 0£ service roads 
on the SW fr eeway. In the case of the NW freeway, 
there is a 5-year time lapse between the 1970 open
ing of Sections l and 2, and the 1975 opening of 
Sections 3 and 4 . 

Design and Traffic Volumes of the Study Freeways and 
Alternate Routes 

The designs of the study Freeways and the alternate 
routes that they replace are similar. Both freeways 
have six to eight main lanes and four- to six-lane 
service roads serving each section . The alternate 
routes for each of the study freeways have f our un
divided lanes. As shown in Figure 1, Hempstead Road 
i s the alternate route for the NW freeway and South 
Main is the alternate route for the SW freeway. 

Table 2 gives the average daily traffic (AD'l') 
volumes on the study freeways and alternate routes 
according to freeway right-of-wa.y purchase and con
struction stage. The ADT on alternate routes is near 
the same level at the time of authorization to pur
chase the .right-of-way for the two freeways . With 
such a small difference in AOT on the alternate 
routes at that time, and with other things being 
equal, it would be expected that both freeways would 
be built on about the same time schedule, As indi
cated in Table 1 , the completion date for a.11 four 
sections of the SW freeway is 6 years before the 
completion date for three sections of the NW f reeway, 

Table 2 gives the effects of delayed construction 
of the NW freeway on its AOT as well as the ADT of 
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TABLE 2 Av rage Daily 'frnff.ic Volumee on Study Freeways 
and Altemnte Routes, by Freeway flight-of-Way Purchas and 
Construction St:ii;e 

Alternate Routes 
Freeway Right-of-Way Study Freeways 
Purchase and South Hempstead 
Construction Stage SW NW Main Road 

Right-of-way purchase 
authorized• 13,705 12,205 

Service roads openb 
Section 1 9,700 12,400 14,330 22,280 
Section 2 9,700 12,400 14,330 22,280 
Section 3 9,700 27,915 14,330 17,526 
Section 4 9,700 

Main 'lanes openb 
27,915 14,330 17,526 

Section I 9,700 27,915 14,330 17,526 
-Section 2 12,060 48,000 13,880 17,526 
Section 3 66,450 Not obtained 16,420 20,714 
Section 4 111,495 Not open 21,060 Not obtained 

Note: Dash= not al pplicable. 

3 Year tll ut authorh:a.don wn'l" ,tven to purchase right-of.way for freeways, which is 
19S8 fur the !-,''W rr(lewriy a11d 1960 for the NW freeway. 

bYear 11Rcr opening senict1 roads or main la-nes. 

its alternate route at the same consti:uction stage 
of the SW freeway. As can be seen, the ADT on the NW 
freeway and its alternate route is higher than the 
ADT on the SW freeway and its alternate route at any 
comparable stage of construction. 

Right-of-Way and Construction Costs 

'l'able 3 gives the right-of-way costs for the two 
freeways , as measured in 1 962 dollars , using the 
o.s . Consumer Price 1ndex (CPI), A compa.rison of the 
cost per mi le reveals that the right-of-way cost for 
the SW freeway is about 28 percent lower than that 
for the NW freeway . Part of this difference can he 
explained by the fa.ct that some of the right-of-way 
for the SW freeway was dona ed by one or more land
owners. Stage construction allowed more time for 
purchasing the right-of-way, but this time delay 
resulted in higher right-of-way costs, in real terms, 
for the NW fi:eeway. 

Table 3 also gives the construction costs , mea
sured in l.962 dollars , of the study portions of the 
two freeway·s. These costs include traffic signal and 
lighting, costs. The construction cost per mile foe 
the NW freeway is 2 .• 2 times tha t for the SW freeway. 
Most of the extra construction cost incurred on the 
NW freeway is a result of the delay in construction 

T BL• 3 Rjght-of-Way and Construction 
oat of the Study Portions of NW and SW 

Freeways in Constant 1962 Dollars 

Freeway and Freeway 'o t per Total Cost• 
Element Miln• ($) ($) 

NW freeway 
Rlght-Qf-way 110,469 673,860 

onslructionb 3,694,590 22,537,000 

Total 3,805,059 23,210,860 

SW freeway 
Right·Of•way 79,983 679,854 
Con~tructionb l,716,J J8 14,587,000 

Total 1,796,101 15,266,854 

Source: Texas State Department of Highways and Public 
Transportation. 

8 Co:u of 1hc four _s tudy scctiori• «t iaacl1 frciew,1y. c,u•c,rln g a 
101al df~fnnc • o 6, I mi for the: NW frtOWQ)l t111Li 8.S ml tor 
1ho SW rrcc,vr.y. T he U.S. Consumer Vdcci lndci;I( Li I.IJC:d lo 
~c.nu1c: these cosrs. 

blnt.:htdc:.,. lr.irflc s 11,nQI and I ghtin.& conJ.. 
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of the main lanes and the rise in construction costs 
in excess of prices in general. 

Socioeconomic Characteristics of Study Areas 

The study areas defined in this s tudy include a 
one-h.alf mile strip of land on each side of the 
study freeways. It is believed that an investigation 
of the changes in population, housing units, housing 
costs, and family income in the study a rea should 
reveal some of the social and economic characteris
tics of the general areas where the freeway facil
ities are located. Census tract data collected by 
the U.S. Bureau of Census are used to analyze these 
characteristics in e ach study area. 

Table 4 gives the socioeconomic character is tics 
of the study areas in the before period (1950-1960) 
and in the during and a fter period (1960-1970). ln 
1950 and 1960, the socioeconomic characteristics of 
the two ar.eas were generally similar. By 1970 the 
socioeconomic characteristics of the two areas became 
dissimilar. By that time the cc,mstruc.tion schedules 
of the two freeways were quite diffe rent, thus en
couraging faster settlement and development along 
the SW freeway than along the NW freeway. 

IMPACT OF STAGE CONSTRUCTION OF STUDY FREEWAYS 

Even though lateral and longitudinal stage construc
t ion occur r ed on both of the study f reeways, the 
primary emphasis of the ana lysis presented here i s 
on determining the economic impact of lateral stage 
construction. The SW freeway, which has one section 
(Section 1) that was not constructed in l ateral 
stages, i s regarded as the control freeway in the 
land use analysis presen t ed in the next section. 
Because construction of the service road s and main 
lanes of the NW freeway occurred over a much longer 
period of time than in the case of th·e SW freeway, 
the effects of long-term staging can be determined. 
The extent of land use and vehicle user impacts o ·f 
freeway stage construction are presented under 
separate headings. 

Land Use I mpact 

The land use impact evaluation of f reeway s tage 
cons truction is based on the historical land use 
d ata obtained from· the records of the Houston City 
Pl anning Oep;;ir tment and f rom aerial photographs of 
the U.S. Department of Agriculture. 

The land use data represent one-half mile strips 
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on each s.ide of the SW and the NW freeways for the 
following 6 years: 1953, 1957, 1962, 1970, 1975, and 
1980. The yea r closest to the opening date of a 
certain facility is used to represent the opening 
date of that facility because most o f the actual 
opening dates do not fall exactly on any of these 6 
year s but rather fall i n between, 

The one-half mile study strip on either side of 
each freeway i s divided into two parts: the abutt i ng 
portion, which is 10·0 ft wide next to the freeway 
and the nonabutting portion, which encompasses the 
remainder of the s tudy s trip. Therefore, the 4 sec
tions of each of the 2 study fzeeways are multiplied 
into 8 subsections, yielding a total of 16 subsec
tions for both freeways. With 6 years o f land use 
data on each of these subsections, a total o f 96 
observations or data points can be used in the 
regression analysis presented next. 

A regression model is formulated in order to 
relate each land use to the lateral staging effects 
of freeway construction by use of a set o f binary 
variables. The staging effect is divided into two 
phases, the first phase denoting completed service 
roads, witb no main lanes, and the second phase 
denoting the completed freeway main lanes, along 
with the service roads. Besi des the staging effects, 
other eff ects such as abutting versus nonabutting, 
freeway location differences, capacity changes, and 
average daily traffic volumes are also investigated. 
Out of the many types of land use, five of the more 
dominant ones a.re chosen for the s tudy. They include 
single residential, multiple residential, commercial, 
ind us t r ial, and undeveloped lane uses. The dependent 
variables (DV) in the model are represented by these 
five lane uses and are defined as follows: 

1. SHP = percen t age of single residential acre
age to total acreage in each study subsect i on. 

2. MHP percentage o f multiple residential 
acreage to total acreage in each s tudy s ubsection. 

3. COMP = percentage of commercial acreage to 
total acr eage in each study subsection, 

4. INDP = percentage of industrial acreage to 
total acreage in each study subsection. 

5. UDEVP = percentage of undeveloped acreage to 
total acreage in each study subsection. 

The effects tes ted are the explanatory variables 
(EV), which include six sets of binary (qual i tative) 
variables and one continuous var i able defined as 
follows. 

1. Binary variable for abutting effect: DA = 1 
if land is abutting study f r eeway section, DA = O 
otherwisei 

TADLE 4 Socioeconomic Clmrnctcri tics of the Study Areas in the Before Period (1950-1960) 
and tJ1c During and ftcr Periods (1960-1970) 

Family No. No . Single Medium Medium 
Income Dwelling Dwelling House Gross 

Year Area Population ($) Unit Unit Price($) Rent($) 

1950 NW 11,097 3,308 3,438 2,954 6,432 29.00 
SW 5,463 3,054 1,830 1,736 8,971 29.20 

1960 NW 27 ,938 6,377 8,787 7,403 12,200 59 .00 
SW 21,665 7,822 6,213 6,191 15,333 79.00 

1970 NW 41,203 10,585 13,249 10,953 17,000 110.00 
SW 58,783 13,100 20,493 12,409 23 ,640 167.00 

Change in the before NW 16,841 3,069 5,349 4,449 5,768 30.00 
period (1950-1960), % 151.8 92.8 155.6 150 .6 89.7 103.4 

SW 16,202 4,756 4,383 4,455 6,362 50.00 
296.6 156.1 239.5 256.6 70.9 171.2 

Change in the during and NW 13,265 4,208 4,462 3,550 4,800 51.00 
after period ( 1960-1970), % 47.5 66.0 50.8 48 .0 39.4 86.4 

SW 37, 118 5,278 14,280 6,218 8,307 88.00 
171.3 67 .5 229.8 100.4 54.2 11 l.3 
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2. Binary var i able for fre eway locat i on differ
ences: LC = 1 i f land is a l ong the Southwes t Free
way, LC= 0 otherwise; 

3. Binary variable for the first phase of free
way construction staging where only service roads 
h ave been built: SR = 1 if freeway section i s staged 
with j ust the fi rst phase completed , SR = O other
wi se; 

4. Binary variable for the second phase of free
way c onstJ:uction stag i ng where both the serv i ce 
r oads and main lanes have been built: SFS = 1 if 
f reeway sec tion is s taged, with the s econd phase 
c omple ted , SFS = 0 otherwise ; 

5 , Binary variable f o r freeway c onstruction type 
whe.re f r ee.way section has not been staged, main 
lanes and service roads were built together: SFN., l 
if freeway section is nonstaged , SFN = 0 othe rwise ; 

6 . Binary variable for capac ity change: CP l 
if number of freeway main lanes changes, CP = 0 
otherwise; and 

7. Continuous variable for average daily traffic 
volume, ADT. 

Because it i.s believed that interaction among 
land uses is highly probable , the model is , there
fore, expressed in a set of; simultaneous equations . 
Eac h of the dependent variables is expressed as a 
function of other dependent variable (s) and some 
combination of explanatory variables (l_J. In f unc
tional form it is shown as follows : 

DVi = 0 i + i Sij + DVj + l Yik EVk for i "I j 
j k 

where 

i 
j 

t ype of land use, where i = 1, •• • , 5; 
type of land use, which is differ ent 
from i; 

k number of explanatory v a ria bles, where 
k = 1, ... , 71 ~nd 

o , S, y esti mated coefficients. 

Because the staging effect is the most relevant 
effect investigated in this s tudy, t he three sets of 
b i nary variables , SR , SFS , and SFN , attempting to 
capture this effect , are included in all the equa
tions . 

The simul t aneous equation model is 
f irst by two stage least squares (2SLS J 
c onsis tent a nd unbiased estimated o f the 

e stimated 
t o give 
coeffi-

c ien ts. Because it is likely tha t ther e are interac -

TABLE 5 Estimated Coefficients Using Two Stage Least Squares 

Dependent 
Variable 

SHP 
Coefficient 
!-statistic 

MPH 
Coefficient 
I-statistic 

COMP 
Coefficient 
t-sta tistic 

INDP 
Coefficient 
t-sta tistic 

UNDEVP 
Coefficient 
!-statistic 

Constant 

J5.943J D 

6.09 

1.74408 

1.77 

3.4274' 
1.89 

1.67343 

2.64 

I 02.4407a 
50.02 

a Significant at 5 pCrc«mt 
bSignificant at 10 parcient. 

Independent Variable 

Exogenous Variable 

DA 

-5.3771 8 

-2.03 

-4.08593 

-3.22 

.9463 

.51 

LC 

-I 0.2050' 
-3 .37 

- 2.9449' 
- 3.34 

SR SFS 

8.5989' 15.7813 8 

2.64 4.08 

1.5 131 -3.7463b 
1.10 -1.55 

3 .10 153 8.2992' 
1.40 2.67 

.67 17 4. 19508 

.7 1 3.75 

1.8683 4.0655 
.94 1.20 
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tions among disturbances across equations, th i rd 
stage least s quares (3SLS) is also use d to reesti
mate the model in order to improve the efficiency of 
the estimated coefficients. 

Tables 5 and 6 g i ve the estimated results of the 
reg.ces sion model using 2SLS and 3SLS , respectively . 
Among the large number of e xplanatory variables , 
some a re found to have li t t le signific a n t influence 
on one type of land use but a significant influence 
on another type , and some are found to have no sig
nificant i nfluence on any type of land use. The 
capacity change is found to be in the latte r cate
gory and , therefore, is eliminated completel y in the 
final model formulated . The resulting model consists 
of a set of simultanl:!ous equations , with each equa
tion relating one type of land use acreage , in per
centage of the total acreage , to one or two infl ue.n
tial endogenous variables together with various 
combinations of mostly significant binary variables . 

An examination of the estimated coefficients in 
Tables 5 and 6 shows that the two statistical methods 
(2SLS and 3SLS) have similar impacts on all vari
ables , e xcept that two of the estimated coefficients 
dif.fer in levels of signHicance and in magnitudes. 
The estimated coefficient of SR in the equation for 
commercial land use , COMP , is significant stat i sti
cally at the 10 percent .Level when 2SLS is used but 
narrowly misses that level of significance when 3SLS 
is adopted. The reverse is found to be true for the 
estimated coefficien t of; SFS in t he equation for 
undeveloped land use , UOEVP . 

R' for the 2SLS set of estimated equations 
ranges fr om O. 26 20 to O. 9343 , whereas the set using 
3SLS , R' is 0 . 6032. The effects of the three binary 
variables most closely related to freeway stage c on
struction (SR , SFS, and SFN) on l and use changes , 
using the results for 3SLS , are summarized i n the 
following paragraphs . 

Single Reside ntial Acreage 

Single residential acreage is significantly and 
positively influenced by all three types of freeway 
c onstruction : (a) first phase o f the staged freeway 
segment (SR), (bl second phase of the staged freeway 
segme nt (SFS), a·nd (OJ the nonstage.d freeway segment 
(SFN) . Among the three , the nonsta.ged freeway seg
ment construction has the greatest influence on 
single residential acreage , which is estimat ed t o be 
16 . 4 percentage po ints higher tha n would have oc
c urred with no freeway c onstr.uct ion. As e xpected , a 

SFN ADTXI0-4 

16.6607' 
2.21 

4.0612b 
1.38 

7.26053 2.4648' 
1.85 6.44 

5.09178 

2.36 

2.5595 
.71 

Endogenous Variable 

SHP MHP 

.2138 
-.53 

-.2006b -1.0980' 
-1.29 -2.83 

.3 183 
2.78 

COMP 

.39638 

3.86 

F Ratio 

.2620 5.27 

.3750 10.81 

.7100 36.32 

.4248 13.29 

-1.35103 -1.1675 8 -1.25523 .9343 178 .80 
-9.33 -4.57 -8.12 
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TABLE 6 Estimated Coefficients Using Third Stage Least Squares 

Independent Variable 

Exogenous Variable Endogenous Variable 

LC SR COMP 
Dependent 
Variable Constant DA SFS ADTX10"4 SHP MHP SFN 

SHP 
Coefficient 16.5488 -7.7758" -8.3099° 8.7963 8 15.35438 16.4194" - .2959 
!·statistic 6.34 -3.08 -2.79 2.70 3.98 2.18 -.73 

MHP 
Coefficient 1.3085b -3.16908 1.5232 -3 .511 lb 4.3018b .3843" 
!-statistic 1.34 -2.56 1.10 -1.45 1.47 3.7 5 

COMP 
Coefficient 3.5886 8 2.64738 8.9043 8 5.1946b 2.1622° -.2283b -.62798 

!·statistic 2.04 1.21 3.01 1.33 6.20 -l.55 -1.77 
INDP 

Coefficient 1.7732° -3.22348 .6724 4.32298 5.3207 8 .3143 
!-statistic 2.80 -3.68 .71 3.87 2.47 2.74 

UDEVP 
Coefficient l 03.8327 8 -.9895 2.1558 3.2552b .7807 -1.4109' -1.07468 -1.2002• 
!·statistic 56 .68 -.88 1.12 1.48 

Note: R 2 
:::: .6032. 

aSignificant at 5 percent. 
bSlgnificant at 1 O percent. 

freeway witb main lane-s and service roads con
structed by either the staging or nonstaging method 
influences the percentage of single residential 
acreage more than by construction in the first phase 
of staging, with only service roads completed. 

Multiple Residential Acreage 

The first phase of staged freeway oonstruc,tion with 
only service roads opened has no significant in
fluence on this land use category . A freeway with 
both main lanes and service roads built by the 
staging metbod has a negative and significant in
fluence on MliP land use. The nonstaged freeway con
struction method is positively and significantly 
related to MRP . 'l'herefore, among the three types of 
freeway construction, only the nonstaged type has a 
positive influence on t.his land use category and 
that effect is relatively small with only a 4. 3 
point increase in the percent of MHP land use com
pared to areas with no freeway construction. 

Commercial Acreage 

Freeway construction wit.h only service roads opened 
is found to be positively related to COMP but barely 
below the 10 percent level of significance, whereas 
the other two freeway construction types are found 
to positively and significantly influence COMP. In 
comparing the second phase staged and nonstaged 
freeway construction, it is found that the former 
type exerts greater influence on COMP than the latter 
type . This fin.ding is not consistent with what had 
been expected. However, commercial development is 
likely to be greatly stimulated along a freeway 
where the service roads have been built in antici
pation of the main lane construction. Together the 
staged and nonstag·ed main lanes and service roads 
increase commercial acreage by about 14.l percentage 
points compared to areas with no freeway con
struction. 

Industrial Acreage 

Among the three dummy variables for freeway con
struction types, the coefficient of SR is found to 
be statistically insignificant whereas those of both 
SFS and SFN are found to be positive and significant. 

.23 -10.99 -5.77 -18.89 

The estimated coefficient of SFN is larger than that 
of SFS, implying that the nonstagecl freeway con
struction is more influential on tbe mean !NOP than 
the staged freeway construction . The two influences 
combined increase industrial land use by about 9 . 6 
percentage points compared to areas with no freeway 
construction. 

Undeveloped Acreage 

The only type of freeway construction that is sig
nificant at the 10 percent level in relating to 
UDEVP is the second phase, staged construction type . 
The positive estimated coefficient of SFS is sur
prising because it is expected that any type of 
freeway construction should have a negative effect 
on UDEVP (a positive effect on development) . In this 
ca.se tbe coefficient is not significant at the 5 
percent level and the sign appears to be dominated 
by the highly significant endogenous variables. 
These variables appear to be, in effect, overcom
pensating for the staging effect on overall devel
opment , thus, causing the surprising sign of the 
coefficient SFS in the ~quation . This could also be 
the result of losses of existing land use develop
ment when the right-of-way was purchased. 

VEHICLE USER IMPACT 

The decision to stage a new freeway construction 
rather than build the entire facility at once should 
include the additional user costs that would result 
if access to the facility is delayed for a period of 
time as the staging progresses . 

Obviously, there a.re benefits to staging, mainly 
from the delay in expenditures for highway construc
tion. However, those benefits shou.lcl be compared to 
t he costs to users of the delayed facility in order 
to deter-mine the overall direct effects of staging a 
highway facility. 

Calculation of User Costs 

The additiona.l user- costs of staging for a particular 
highway section can be defined as the difference in 
user costs bet1:1een the costs generated while the 
facility was not open and t he costs if the facility 
had not been staged. In mathematical terms, 
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AUC 

where 

n 
I UCAi-UCEi/(l+r)i 

i =l 

AUC present value of additional user costs 
resulting from staging, 

(1) 

actual corridor user costs in year i, 
expected corridor user costs in year i if 
facility had been open, 

n = number of years staging delayed opening of 
facility, and 

r = discount rate (assumed B percent). 

Vehicle user cos ts consist of four major compo
nents: time cos ts, vehicle running cos ts, speed
change cycling cost s, a nd accident costs. An improved 
version of the Highway Economic Evaluation Model 
(HEEM), which uses a more realis tic corridor traffic 
allocation procedure, provides equations and param
eters to calculate each one of these user costs 
components in a simple and consistent manner (,!). 
Therefore, these equations are used to calculate the 
user costs as a result of staging for the two Houston 
freeways examined in this paper, the NW freeway, US-
290, and the SW freeway, US-59. Three sections of 
each freeway are included in the analysis. The first 
section (NWl) of the NW freeway is deleted from the 
analysis because of the lack of traffic count station 
data for the corresponding section on Hempstead Road. 
The first section (SWl) of the SW freeway was not 
staged. 

There is evidence that improved capacity induces 
additional vehicles to use a particular facility 
Ci). However, because induced traffic could not be 
handled with any degree of precision, it is not 
included in this analysis. Therefore, the additional 
user cost numbers reported here should be regarded 
as a minimum value because the true value would be 
l,lgher if induced traffic were included. 

Calculation of Constt:uction Costs 

Construction cos t savings from staging are handled 
i n a similar fashion as user costs. Only consttuc
t i on costs attributable to staging the service roads 
or main lanes are included in this analysis. The 
costs of right-of-way, utility adjus tments, s torm 
sewers, and preparation of right-of -way are not 
included. Because it would be diffi cult, if not 
impossible, to identify the projects that would have 
been def erred i. n Texas if these fr e ewttys had not 
been staged, direc t motorist benefits cannot be 
calcula ted a nd are, therefore, calculated indirectly 
by us ing the cos t of capita l (or d iscoun t rate) as a 
proxy for those benef its. 

n 
BDC = I ci (l-(l+r)-il 

i c l 

where 

BOC benefits of delayed construction 
highway segment, 

Ci construction cost in year i, 
n = number of years staging delayed 

facility, and 

for a 

opening 

r = discount rate (assumed B percent). 

Effects of Staging on Costs 

(2) 

given 

of 

The changes in user costs and construction costs for 
each freeway as a result of staging are given in 
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Table 7. The net cost of staging, which represents 
the difference between the additional user costs and 
the benefits of delayed construction, is also given. 

For each of the highway segments, the net cost of 
staging is positive. This indicates that the costs 
to users of staging are greater than the benefits of 
delayi ng construct i on expenditures. There is also a 
s ignificant difference in the ~ffects of staging 
service roads compared to staging the main lanes . On 
both secti ons of the NW freeway, the net staging 
costs for the service roa.ds are substantially less 
than the comparable net staging costs for the main 
lanes. 

TABLE 7 Additional Costs as a Result of Staging of NW and 
SW Freeways 

Thousands of 1962. Dollars 

Freeway Section Benefits of 
and Design Additional Delayed Net Cost 
Element Years User Costs• Construction of Staging 

Northwest Freeway 
Section 2 

Service road 1962-1969 1,085.9 457.5 628.4 
Freeway l 962-1978 4,652 .7 1,714.7 2,938.0 

Sections 3 and 4 
Service road 1962- 1974 3,307 .8 2,2 16.1 1,092.6 
Freeway 1962- 1980 13,390.5 8,049.6 5,340.9 

Southwest Freeway 
Section 2 

Freeway 1962-1965 1,060.6 79.0 981.6 
Section 3 

Freeway 1962-1969 1,664.3 274.7 1,389.6 
Section 4 

Freeway 1962-1974 4,303.6 2,420.8 1,882.8 

a Assumes 8 perce nt tr ucks , va lue o f ti me. fo r cars of 9 cents per vehicle minute, and a 
value of t im ,:, for trucks of J 8 cent s per vchkle minu te. 

·rhe JHference between the costs of service road 
staging and main lane staging is due, in part, o 
the J.onger delay i n bu.ilding the main lanes. The 
service roads were opened s oone r and avoided the 
accumulation of use r costs as corridor traf fic volume 
increased in recent years. But there i s a signi ficant 
difference in user costs between the service road s 
and main lane freeway even in the earlier years. It 
i s, therefore, reasonable to infer that the delay o f 
main lane freeway construction has a greater impact 
on user costs than delay of service road construc
tion. This implies that the current practice o f 
first opening the service roads , then the main lanes, 
may not be the opL.l.mal strategy, especially in a 
rapidly growing area such as Houston. 

Additional costs as a resul t of s taging are higher 
for the NW freeway than for the SW freeway (Table 
7). In the case of the NW freeway, all sections were 
staged and the cons truction of each stage has been 
s pread out over a much longer period o'f time than 
was the c;:is e of the SW freeway . 'l'he results indicate 
staging decisions s hould be carefully evaluated, 
incorporating both user and nonuser impacts, and 
should not be made exclus ively on the basis of bud
get constraints. 

CONCLUSIONS 

The economic effects of stage construction of a 
freeway on users and nonusers is investigated in 
this study. The effects on users are limited to time 
costs, vehicle operati ng costs, and accident costs, 
and the effects on nonusers include a compa rison of 
land use changes on property adjacent to or near the 
freeways under study. The following conclusions can 
be drawn as a result of the study: 
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1. The designs of the two study freeways and the 
"before" construction characteristics of the alter
nate routes and the surrounding areas are very simi
la.r. Rowever, the construction schedules of the two 
freeways are considerably different. Therefore, 
significant differences in land use changes and user 
costs for the two freeways can be partially attrib
uted to differences in their service road and/or main 
lane construction s chedules. 

2 . The analysis of actual land use changes re
veals that single and multiple residential uses, a.s 
well as industrial uses, are sensitive to staging 
freeway construction. Residential land use is by far 
the most sensitive to freeway construction, with 
main lanes having a greater impact than service 
roads. overall, residential development is 40.6 
percentage points higher in areas that have freeway 
access compared to areas that have no freeway stages 
completed, The impacts are similar for both conuner
cial and industrial development but with lower 
magnitudes, 16. 7 and 10. 3 percentage point in
creases , respectively, The impact of .freeway con
struction on mul.tiple residential land use is much 
smaller and less statistically significant with an 
overall increase of only 2. 3 percentage points com
pared to areas with no freeway construction stage 
completed. 

3, The results obtained indicate that stage 
constructing a fre eway costs more in vehicle user 
costs toan in benefits gained from delaying con
struction expenditures. Also, the delay of main lane 
freeway construction has a greater impact on user 
costs than delaying service road construction. 

4. Freeway staging decisions should not be made 
exclusively on the basis of budget constraints. 
Other factors, such as land use impacts and vehicle 
user impacts, need to be considered. This type of 
information and trade-off should be explicitly in
corporated into the decision-making process of proj
ect selection and construction timetable. 
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The Work-Based Retail Activity Model: 

A Tool for 

Downtown Development Planning 
WILLIAM R. LOUDON and MATTHEW A. COOGAN 

ABSTRACT 

The major findings of research on the work-based shopping behavior of central 
business district (CBD) employees are described. Using survey data collected in 
Boston, Massachusetts, a system of econometric m.odels was developed to test 
hypotheses about work-based shopping behavior and to provide a tool for eval
uating the retail impacts of new downtown development. The research demonstrates 
the importance of employee shopping trips to the downtown economy; the average 
employee expenditure in 1982 doliars was $1,540, and the total employee contri
bution in downtown Boston was roughly $546 million per year. The model system 
provides a useful tool for forecasting the CBD retail sales that will be gener
ated by employees. in proposed new developments. Model estimation has also re
vealed that shopping behavior is sensitive to the number and location of shop
ping and lunch opportunities available and the models have been used to forecast 
the effect on retai l sales of proposed new retail development. Characteristics 
of the employee, sex, income, and occupation can also explain differences in 
trip rates and expenditure amounts. This is o f particular importance because of 
changes that are occurring in the composition of the CBD work force. The ap
plicability of the model system for analysis of development impacts is demon
strated by example applications. The paper concludes with a discussion of the 
strengths, weaknesses, and general capabilities of the model system in the 
context of planning and policy analysis. 

The decade of the 1960s saw an unprecedented dete
rioration of the retail economy in the nation's 
central business districts (CBDs). Urban h ighway 
development, suburbanization of metropolitan areas, 
and the development of regional shopping centers 
left the stores and restaurants in the CBD at a 
competitive disadvantage, resulting in a decline in 
sales (in constant dollars) in almost every major 
city. 

A resurgence in the 1970s and 1980a of the CBD as 
a ma jor center for new office development has brought 
new hope to downtown retailers. An annual growth 
rate of CBD office employment of 3 to 5 perc.ent is 
not unconunon in the larger O.S. cities (! ). Although 
this growth has generally been viewed favorably by 
retailers, the actual impact on sales has not been 
clearly understood, 

In this paper a comprehensive profile of employee 
shopping activity in Boston, Massachusetts, is pre
sented and a model system that was developed to pre
dict the sales impact of future downtown development 
is described. The profile and the model system are 
based on more than 10 ,000 surveys of downtown worker s 
conducted in 1978 and 1980 (2). The research was 
conducted for the Bos ton Redevelopment Authority and 
is documented in greater detail in the report "Down
town Crossing: An 'Economic Strategy Plan" (3). 

The primary motivation for the development of the 
work-based retail activity model (WRAM) was the need 
to assess the potential retail sales volume that 
might be generated in downtown Boston, by new em
ployees ln proposed development projects in the CBO . 
The development and application of the WRAM system 
was oniy one part of a larger economic analysis of 
the impact of new developments and the potential for· 
increasing retail sales in the Boston CBD conducted 

fo r the Boston Redevelopment Authority. The specific 
f ocus of this element was on the daytime shopping 
activities of employees who work sufficiently close 
to the CBD to either shop or eat a meai t.here on a 
work-based trip. 

One of the main objectives of the analysis was to 
provide a clear and comprehensive profile of the 
daytime shopping a.ctivities of CBD employees. This 
profile was produced using a combination of simple 
tabulation of survey results and model simulation. 
The purpose of the model was to represent the deci
sion making of downtown employees in a way that 
would allow t-he analyst to approximate the choice v .C 
downtown employees in the presence of retail oppor
tunities different from those faced by the employees 
included in the survey or as defined by alternative 
policy scenarios. 

A sununary of the characteristics and capabilities 
of the WAAM system is presented in this paper. The 
model structure and specification are described and, 
through exampl.e applications, an indication of the 
model sensitivity is provided. Also provided is a 
profile of employee shopping behavior produced by 
the model system . The paper concludes with a discus
sion of model system capabilities and limitations. 

THE WORK-BASED RETAIL ACTIVITY MODEL (WRAM) 

Model Structure 

The WRAM system represents decisions about four 
types of trips: 

1. Midday trips for lunch, 
2. Midday trips to shop, 
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3. Evening trips for dinner, and 
4. Evening trips to shop. 

Within each of the four trip types, four decisions 
are represented in the modeling system: 

1. Whether to make a trip, 
2. Where to make the trip, 
3. Whether to purchase something, and 
4. How much to spend. 

An illustration of the structure of the modeling 
system is provided in Figure 1. 

Models of the first type are referred to as trip 
generation models. In the case of the WRAM system, 
the models predict the probability that an employee 
will make a trip of the type designated. The aggre
gate number of trips in a forecast is found by sum
ming the probabilities of individual employees . 

The sec0nd type of decision determines the dis
tribution of trips. The WRJ\M system does not dis
tribute trips of individual employees to specific 
stores or restaurants, but sums the number of trips 
in each zone of a 40-zone system and then distributes 
the trips in the zone among the 40 zones. 

The last two decisions are combined and are rep
resented in WRAM by a single average purchase value 
per trip for each trip type. This average purchase 
value reflects the decision on the part of some trip 
makers not to make a purchase, Their trips are, in 
effect, averaged in with a purchase value of $0.00. 
The purchase values used in the model (in 1979 dol
lars) are: 

Trip 
Lunch 
Midday shopping (when combined with a 

lunch trip) 
Midday shopping (when no lunch trip is 

made) 
Dinner 
Evening shopping 

Purchase 
Value ($) 

3,74 

10.48 

15, 72 
7.48 

15.72 

All sales values or expenditure levels expressed 
in other parts of the paper is dollars other than 
1979 dollars imply certain assumptions about the 
inflation in retail prices since 1979. 

Model Formulation and Estimation 

Each of the models in the package was estimated by 
using what is referred to as a "logit" formulation. 
The name is derived from the logistic curve; an 
s-shaped curve that represents the probability that 
an individual will make a particular choice over all 
other choices for differ.ent levels of relative util
ity of the choices. 

The logit model is based on the assumption that a 
decision make·r associates with each choice alterna
tive a particular utility and will choose the alter
native with the highest utility. Utilities cannot be 
measured directly, but if assumed to be linear fu.nc
tions of certain measurable attributes , the functions 
can be estimated by using maximum likelihood esti
mation. 

The probability of a particular choice i is re
lated to the utilities of each of the choices avail
able according to the relationship: 

p(i) = exp (Ui) r exp(Uk) 
all k 

where 

P(i) the probability of choosing alternative i, 

the utility associated with alternative 
i, and 
the utility associated with alternative 
k. 
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Estimation of the model coe.fficients was per
formed by using a s.tandard estimation package that 
selects the set of coefficients that have the maxi
mum likelihood of proaucting the observed choices . 
For more information on maximum likelihood estima
tion, the reader is referred to a standard econo
m.etrics text (4) or a text on choice modeling (5). 

In the case of the trip gene.ration models, the 
choice is a binary one: between making a trip a.nd 
not making a trip . In the case of a binary choice 
model, all exogeneous variables can enter into the 
utility formulation for one option. The coefficients 
or weights that are estimated by the estimation 
package may be either positive or negative reflect
ing either a positive or negative effect on the 
utility associated with the choice. 

In the case of the trip distribution models , the 
utility associated with a particular zone is repre
sented as a combination of the amount of retailing 
in the zone, the distance to the zone, and certain 
nonquantifiable characteristics. The nonquantifiable 
character is tics may include such attributes as 
safety, cleanl.iness, variety, or price. The effect 
of these no.nquantifiable characteristics is captured 
in a constant term in the utility function for groups 
of zones. The utility associated with a zone could 
thus be written as follows: 

where 

the utility that individual i 
associates with destination, 
the retail employment in zone j, 
the distance between individual i 
zone j, 
an error term, and 
model estimated coefficients. 

Model Specification 

Trip Generation 

and 

There are three types of characteristics that could 
influence an employee's decision to make one of the 
four types of work-based trips under consideration: 

l. Characteristics of the retail opportunities 
available to the employee, 

2. Character is tics of the building in which the 
employee works, and 

3. Characteristics of the employee. 

The importance of the first type of characteris
tic is rather obvious. If there are no places where 
an employee can purchase a lunch within a reasonable 
travel time, the employee is not likely to decide to 
leave bis or her building for lunch . Likewise, the 
greater the opportunities available for lunch or the 
closer the opportunities , the more likely the em
ployee is to decide to leave the building for lunch . 
A similar argument could be made for the relation
ship between the availability of non-food retail 
opportunities a·nd work-based shopping trips . The key 
to selecting appropriate variables to capture the 
essence of this availability is finding a measure 
that includes both the size of each opportunity and 
the location of each opportunity with respect to the 
employees's workplace, 
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LUNCH TRIP 
GENERATIOO M'.lDEL 

No lunch trip 

SHOPPING TRIP 
GENERATION MJDEL 

(Given no lunch trip 
is made) 

lunch trip 

SHOPPING TRIP 
GENERATION M'.lDEL 

(Given a lunch trip 
is made) 

No shopping Shopping Shopping No shopping 

SOOPPING TRIP 
DISTRIBl1l'IOO M'.lDEL 

LUNCH TRIP 
DISI'RIBl1l'ION M'.JDEL 

Tranoportation Re11ec1u.:h Rtword 1046 

EVENING SHOPPING TRIP 
TRIP GENERATIOO 
M'.lDEL 

Shopping No evening 
shopping 

El/l;NING SHOPPING TRIP 
DISTRIBUI'IOO M'.lDEL 

DINNER TRIP 
GENERATIOO M'.lDEL 

Dinner No dinner 

LUNCH TRIP 
DISTRIBl1l'ION MJDEL 

PURCHASE VALUE M'.lDEL 

FlGURE 1 Structure of model system. 

Two alternative functional forms were tested by 
calculating the measures 

A· = l Si/di. and A·= l Si/(dijl' 
J all i J J all i 

where Si is the retail employment in block i and 
dij is the distance between employment location j 
and block i. 

The measure using dij provided more explanatory 
power both in a direct c:omparison with trip rates 
and in actual multivariate modeling in which other 
variables were included. 

Character is tics of the second type, those of the 
building in which the employee works, were not in
corporated into the model because of the difficulty 
of co:Llecting this type of data for forecasting. By 
not including these character is tics in the models, 
forecasts assume that future buildings are similar 
to those in the estimation data set. 

One characteristic that was hypothesized to be an 
influencing factor and that proved to be so in 
preliminary tests was the availability of food ser
vices in an employee's building. The availability of 
food services in a building should satisfy the lunch 
needs of some employees without a trip out of the 
building. This should then reduce the employee's 
probability of making a trip out of the building for 
lunch and, because of the linkage between lunch and 
midday shopping trips, should also reduce the prob
ability of a midday shopping trip. Some exploratory 
model estimation indicated that the effect did exist, 
generally reducing the number of lunch trips by 
about 10 percent and the number of shopping trips by 
about 7 percent. 

Employee characteristics were the third type. The 

importance of these characteristics is most clearly 
demonstrated by the difference in shopping rates for 
men (26 per 100} and women (36 per 100). The differ
ence in trip rates is reflected both in the strati
fication by sex and in a stratification by occupation 
primarily because of a high correlation between sex 
and occupation (84.4 percent of office clerical 
workers are women and 64.9 percent of executive or 
professional o£fice workers are men). 

Income was included as a variable in the trip 
generation models primarily on the basis of the 
hypothesis that a higher income indicates a greater 
purr.hasin<J power and, therefore, a y,:t!ater financial 
ability to shop . Other justifications for its inclu
sion are also possible, however. I t might be argued 
that the CBD prov ides better opportunities for the 
purchase of expensive or high quality goods than 
alternative shopping areas . Employees with higher 
incomes would then be more likely to shop downtown 
than would be explained solely on the basis of their 
purchasing power. 

Reasons for including occupation in the trip 
generation models are not as obvious, particularly 
when one has controlled for differences in sex and 
i ncome. The main justification for its inclusion 
would be that certain occupation types are more 
restrictive than others in the amount of time allowed 
f or midday shopping or lunch trips. It might be 
argued that clerical positions tend to be less flex
ible in work hours, which restricts the employee's 
ability to shop during working hours. It might be 
expected that a gxeater proportion of work-based 
shopping trips may be made by clerical employees 
after rather than during working hours. 

Information on the age of an employee proved to 
be of little value in either a theoretical or empir-
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ical way in explaining differences in lunch or shop
ping trip rates. There was some indication that the 
lunch trip f.requency was highest among the youngest 
(under 25) and oldest (65 or over) employees b~t age 

was not included in the models. 
Tbe results of the model estimation f or trip 

generation are given in Table l. Included below each 
coefficient estimate is the t-statistic for the 
coefficient. The t-statistic provides an indication 
of the significance of the variable i.n the model. A 
value of l. 7 or more generally indicates that the 
estimated coefficient provides a significant im
prove~ent in the explanatory power o f the model 
( reflecting a 90 percent level of confidence that 
the coefficient is significantly different from 
zero). 

The two accessibility variables EACC and NACC 
were significant and of the appropriate sign for the 
midday models. It should be noted , however, that the 
accessibility variables provide little improvement 
to tbe evening models. Early estimation of the dinner 
model that included the variable EACC produced a 
negative coefficient that is counterintuitive. Sub
sequently, estimations were therefore made without 
an accessibility variable, 

Each of the socioeconomic variables added explan
atory power in at least one of the models but the 
effect of each variable differs dramatically from 
model to model. Income (RINC) and occupation (OCC) , 
for example, are far more significant in the s hop
ping models than in the lunch model. The variable 
SEX, which has a value of l if the employee is fe
male , is positive and highly significant in each 
model , indicating that female employees shop and 
make lunch trips more frequently than male employees, 
all else being equal. 

Trip Distribution 

The trip distribution models contain only three 
types of variables. 

1. The retail employment in a zone (EMP), 
2, The distance from the employee's workplace to 

the zone (DIST), and 
3. A constant term for each major area to reflect 

nonquantified elements of attractiveness. 

Both the employment and distance variables are 
included in the model as the natural log of the 
variable: log(EMP) and log(DIST). This specification 
was chosen primarily because it provided a better 
fit to the data than other alternatives. The lunch 
and midday shopping trip d istribution models include 
two employment terms: one representing food-oriented 
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employment (FDR) and one representing nonfood em
ployment (NFR) . The models include both terms be
cause of the linkage between lunch and shopping 
trips and because inclusion of both terms improved 
the explanatory power of the model. 

The e11ening shopping trip model yielded the best 
result when a single employment term for all retail 
employment (TLR) \olas included ra,ther than either a 
nonfood employment term alone or both the food and 
nonfood employment terms included separately. Evening 
dinner trip distribution could not be modeled di
rectly because of an insuffic ient number o f observa
tions. To compensate, th.e dinner trip distt-ibution 
has been represented by a d.istribution model esti
mated on the basis of trips for lunch only. I n the 
model, only a food-oriented employment variable 
(FDR) was included. Because o f differences in the 
types of food-oriented establishments in the various 
zones, a s omewhat different distribution of lunch 
and dinner trips might be expected. Unfortunately, 
sufficient data were not available to produce a 
better distribution. 

Eleven area-specific constant terms were esti
mated: three representing the main department s tores 
a nd eight represen ting the main districts in down
town Boston. One additional area-specific constant, 
DTC (2) , was i ncluded to represent attraction to the 
Downtown Crossing, the heart of the shopping dis
trict, for employees more than 20 min away. Becaus e 
the Boston Employee Survey underrepresented employees 
in the areas more than 20 min from the Downtown 
Cross ing, this variable is designed to reduce any 
b ias in the ·model by controlling for it directly. 

The results of the model estimation for trip 
d istribution are given in Table 2. The t-statistics 
indica te that size and distance are important vari
ables in the models but a significant amount of the 
var-iation is .also explained by the area-specific 
constants. 

Sensitivity Analysis 

The sensitivity of e xpend itures for lunch and shop
ping trip purposes to changes in characteristics of 
the retail opportunities available and to changes in 
the composition of the employment can be illustrated 
by applying the model system for a hypothetical 
building in the downtown area, The building in the 
example has an employment of 1,000 , all of whom are 
nongovernmental office employees . The sensitivity of 
shopping activity is illustrated by examin i ng the 
effects of seven sample changes, 

l. Addition of 50,000 ft' of new food-oriented 
retail floor space at a distance of 1,000 ft from 
the building. 

TABLE 1 Estimated Trip Generation Model Coefficients 

Constant 
Trip Type Term EACC NACC SEX HINC occ 

Lunch -0.57 0. I 7xI0° NA 0.58xl0- 1 0.48x 10- 1 -0.52x10- 1 

Coefficient (t-statistic) 2.7 5.5 8.3 0.7 0.7 
Midday shopping 

With lunch -0.70 NA 0.33xl0- 1 0.61 0.92x l 0- 1 0. 14 
Coefficient (t-stalistic) 3.8 1.7 7.1 1.1 l.6 

Without lunch -1.62 NA 0.45xl 0- 1 0.48 0.23 0.29 
Coefficient (I-statistic) 6.4 1.7 3.9 2.0 2.3 

Dinner -3.04 - a NA 0. 13 0.19 -0.45 
Coefficient (!-statistic) 2. l 0.8 l.2 2.6 

Evening shopping -2.50 NA O. llxI0- 1 0.86 -0.46 -0.17 
Coefficient (!-statistic) 10.4 0.4 7.2 4.2 1.6 

~ote: Variable dc~nitions: EAC.= I:(food-ori~n1ed e~pto)·m-:ul)j/diji N,\CC= l:(!1onfoo .. d
1

empl_oyment)j/dij; SEX= I if employee 
ts female, 0 otherwue ; HTNC = I 1f household mc()me 1s $30,UQO or more, 0 0 1herw1se; O = L 1f employee's occupation is clerical, O 
otherwise. NA = not applicable. 

a Efforts to estimate o coefficient for this variable <lid not produce satisfactory results. 
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TABLE2 Estimated Trip Distribution Model Coefficients 

Trip Store Store Store Back Prudential Quincy Tremont 
Type I 2 3 Bay Center Market Street 

Lunch 1.06 1.74 0.73 -0.20 0.68 2.41 1.40 
7.0 12.2 5.2 8.8 3.1 19.9 11.1 

Midday 1.40 1.88 1.00 2.77 1.00 2.16 1.54 
shopping 8.8 12.4 6.8 1.0 3.7 13.7 9.6 

Evening 0.95 1.78 0.36 0.43 1.19 2.64 1.42 
dinner 3.4 8.1 1.3 1.4 4.3 16.5 8.1 

Evening 1.35 1.70 1.56 1.30 1.21 2.35 1.15 
shopping 3.7 5.3 3.9 0.3 3.1 7.8 2.3 

Note; NA - not opp1icable. 

2. Addition of 50,000 ft 2 of new food-oriented 
retail floor space at a distance of 500 ft; 

3. Addition of 100,000 ft 2 of nonfood retail 
floor space at a distance of 1,000 ft. 

4. Addition of 100,000 ft 2 of nonfood retail 
floor space at a distance of 500 ft. 

5. A 10 percent increase in the proportion of 
female employees in the building. 

6. A 10 percent increase in the proportion of 
clerical employment i n t he building. 

7. A 10 percent i ncrease in the proportion of 
employees in the building with household incomes of 
$30,000 or more (1980 dollars). 

The base distribution of employees by person type 
is assumed to be the same as the overall average for 
the Bos ton CBD office employment. 

Female 
Clerical 
Upper income 

.! 
57.3 
43.1 
40.4 

The results of the analysis are given in Table 3. 
Two important points emerge £rom the analysis. First, 
l unch trips are more sens itive to changes i n access
ibil i ty to f ood-oriented floor space than shopping 
trips are to nonfood floor space. Second, amc,ng the 
characteristics of the employees , the sales volumes 
are most sensitive to the proportion of female em
ployees. This result is significant in light of 
nationwide employment statistics that indicate that 
by 1990 the proportion of females among CBD employees 
may increase by 5 percent age points. According to 
the WRAM forecasts this change would produce an 
increase i n downtown sales in Boston of 2 to 3 per
cent o r ab u L $10 million to $!!> mill i on pe r year 
( i n 1982 dolla rs) -

TABLE 3 Sensitivity Analysis: Change in Retail Sales 

Policy or Change 

Add 50,000 ft 2 of food retail at 500 fl 
Add 50,000 ft 2 of food retail at 1,000 ft 
Add 50,000 ft 2 of nonfood retail al 500 ft 
Add 50,000 ft 2 of nonfood retail al 1,000 

ft 
Increase in the proportion of fem ale 
employees of 10 percent 

Increase in the proportion of clerical 
employees of 10 percent 

Increase in the proportion of high income 
employees of IO percent 

Changes in Annual 
Expenditure 
(1982 dollars) 

Daytime 
Lunch Shopping 

164,000 20,000 
82,000 10,000 

0 36,000 

0 18,000 

2,000 36,000 

- 2,000 10,000 

2,000 8,000 

Note: Changes are for a hypothetical office building with an empJoyment 
of 1,000. 

Tran11portatio11 R1e»1ec1rch Record !U4b 

Govern-
Downtown ment Park DTC Log Log Log Log 
Crossing Center Square (2) (FDR) (NFR) (TLR) (DST) 

0.32 0 .98 -3.32 -1.12 0.09 0.21 NA -1.22 
4.3 7.8 3.3 3.1 5._5 7.7 23.6 

0.69 0.98 -2.55 -1.08 0.06 0.21 NA -1.31 
7.7 5.6 2.5 2.8 3.0 6.8 20.0 

0.17 0.91 -2.82 -0.99 0.19 NA NA -1.16 
1.7 5.4 2.8 1.7 8.0 16.4 

-0.07 1.52 0.38 NA NA NA 0.49 -0.55 
0.3 3.8 0.6 5.2 4.2 

In the analysis for the Boston Redevelopment 
Authority, the WRAM was used to provide sales fore
casts for 1985 and for a number of 1990 development 
scenarios for downtown Boston. The 1985 forecasts 
indicated that the added employment from development 
in progress would add $131 million (in 1982 dollars) 
over the 1982 level of sales--a 24 percent increase. 
Roughly 30 percent of that increase will be in food 
sales and 70 percent in nonfood sales. 

In the examination of future development sce
narios, eight possible combinations of office and 
retail development were examined in the CBD. The 
alternatives represented different locations for 
development and different levels of development 
(low, medium, and high) for both the retail and 
office components. The analysis indicated that the 
volume of sales generated (from employees) per square 
foot of new retail added varied significantly from a 
low of $188 per square foot for the "high office-high 
retail" alternative to a high of $815 per square 
foot for the "high office-low retail" option. The 
analysis clearly demonstrated the importance of the 
employee markel lu the success of new retail floor 
space added. 

PROFILE OF EMPLOYEE RETAIL ACTIVITY 

Average Annual Tr i p Rates 

The Boston Employee Survey and the WRAM system out
put have revealed a suprisingly high frequency of 
trip making . The analys is indicated that on an aver
age day, 43 percent of CBD employees make a trip out 
o f the building for lunch. Shopping tdps are made 
hy 3.1 percent, and in all SJ perce 11L l~ave the 
b uilding f or either lunch or s hopping or both. Fur 
thermore, an additional 6 percent leave the building 
f or purposes other than lunc h or shoppi ng. Rates are 
provided f o r a number of s trati f ications of the 
survey sample as illustrated by the data in Table 4. 

Purchase Type and Expenditures 

The r e a c- e cons iderab l e d i f f erences i n expenditures 
between g r oups when the survey sample i s s trati fied. 
according to the employee characte ristics included 
in the mode l. Table 4 gives the average expendi tuc-e 
per trip (including some trips for which no purchase 
is made) for dif ferent s ubsamples s egmented according 
to occupation, sex, income, and employment location. 

An analysis using the WRAM system suggests that 
in 1982, employees in downtown Boston contributed 
$ 546 mi ll i on in reta il sales. As i l lu s trated by the 
data i n 'l'able 5 , t he ave.r age a nnua l expend i ture pe r 
e mployee was $1 ,540. Of this amount, roughly 27 
percent was for f ood or drink and 73 perce nt was for 
nonfood goods. The d iff erence t hat re t ail accessi-
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TABLE 4 Trip Frequency and Expenditure Profile 
(Office and Government Employees) 

Trips per I 00 Average 
Employees• Expcndltureb 

Survey Sample Shop Lunch Shop Lunch 

Total sample 31.3 43.1 16.40 4.90 

Sex 
Male 25.6 42.7 19.40 5.10 
Female 35.7 43.9 16.20 4.40 

Occupation 
Clerical 34.5 43.3 14.00 4.00 
Executive/Professional 29.3 43.1 19.20 5.60 
Sales and other 25.7 42.7 25.30 5.60 

Income 
Less t han $30,000 31.9 42.8 15.90 4.30 
$30,000 or more 30.7 43.4 20.20 5.60 

Employment location 
Financial district 32.0 44.5 17.50 4.60 
Back Bay/Prudential 26.9 34.7 13.00 5.40 

8Trlp ri,tt::1 m11y rantct mulltl pl(I ( rips by an Int.llvldual In II sin~lo dct)". 
bThc nwngo. ox pondiuuc lncludu t1 lps for which no purch 80. i.t m11do. Such 

1rlp1 ort1 enH:Tctl u ,1 va lue of $0.00, IZ.Jcv,eud Uur i:s arc l.n J 981 dolfar.s nnd 
l1S$Umo on a,\'t:! fD ICI t1 nnu11 I inOulton or 7 pe.r«.nt between 1979 nnd 1982 nnd an 
11vcrogo 1;nnu1d ln".r-~a~c In real ini:ome-(aftio.t ht~l lcn) or J P<irte11 1. 

bility and employee characteristics can produce is 
illustrated in Table 5 by the expenditure profile 
for employees of the financial dist.c ict, the employ
ment area with the greatest access to stores and 
restaurants. The total average of $1,770 is almost 
15 percent greater than the average for downtown 
Boston. 

With respect to occupation, clerica1 workers 
consistenUy have lower average purchase value than 
other employees. This migh't well be explained on the 
basis of income, h.owe.ver, because clerical workers 
have a significantly lower average income than other 
occupations. Women also have a lower average pur
chase value than men, which might also be a reflec
tion of differences in i ncome . After accounting for 
differences in trip rates, however, women office 
employees in the sample had an average annual ex
penditure roughly 10 percent higher than men. 

As has been implied in the previous paragraphs, 
the largest difference in expenditure arises when 
the sample is divided according to income. Although 
there is a slightly higher overall trip rate among 
those with incomes under $30,000, the differences in 
purchase value (which are significant) result in a 
much higher annual expenditure from those with in
comes of $30,000 or more. The result is roughly a 25 
percent higher contribution from the higher income 
group. 

Purchase Type 

The data in Table 6 illustrate the distribution of 
purchases and the distribution of sales for a de
tailed enumeration of goods. Several interesting 
facts are apparent from the table. First, although 
food cons ti tut.es 56 percent of all purchases, it 
represents only 26 percent of total sales volume. In 
contrast, comparison goods (which excludes food, 
drugs, and toiletries) constitute 37 percent of all 
purchases but 72 percent of all sales volume. What 
makes this particularly interesting is that the 
major growth in sales in the Boston CBD over the 
past 20 years has been in the areas of food and 
convenience goods. 

SUMMARY CAPABILITIES AND LIMITATIONS 

The WRAM system provides a powerful tool for analyz
ing the retail impacts of many types of CBD develop-

TABLE 5 Profile of Average Annual Employee 
Expenditures (1982 dollars) 

Financial District All Boston Proper 
Purchase Type Employees($) Employees($) 

Lunch 420 360 
Dinner 60 60 

Total food 480 420 

Daytime 975 840 
Evening 315 280 

Total nonfood 1,290 1,120 

Total 1,770 1,540 

Note: Anu,nc5 2SO ,...,.orklng; d~vs per year, an 1ve.ra1,c anuual oOM ion 
of ? porco.n l botw(lon 19?9 and 1982 11nd an avcr.111,e nnnu11I incrc.MO in 
ro:d lnC?Umu (after in Oat Ion) of) pe:rccmt. 

TABLE 6 Distribution of Employee Expenditures by Type 

Percentage Average Percentage 
of all Valueb of of Dollars 
Purchases' Purchase Spent 

Purchase Type (%) ($) (%) 

Meal (sit down) 26.6 5.84 15.9 
Meal (take out) 18.9 3.53 6.9 
Food (other than meal) 10.5 2.98 3.2 
Clothing 14.0 23.63 33.9 
Books/magazines 8.0 5.79 4.8 
Jewelry 1.6 41.28 6.8 
Shoes 1.7 26.37 4.6 
Housewares 3.3 21.67 7.3 
Furniture 0.2 49.24 1.0 
Drugs or toiletries 7.3 2.66 2.0 
Other (comparison) 7.9 16.77 13.6 

Total 100.0 100.0 

3 Ba11ed on responses to both first trip and second trip purchases. 
bBased on value of purchases on first trip only. 
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ment policies. There are, however, particular 
strengths and weaknesses that should be discussed 
and caveats given with the model's use. The model 
system is designed for analysis of three main types 
of changes: 

1. Changes in the amount or location of office 
floor space; 

2. Chan.ges in the amount, location, or type 
(food or nonfood) o f retail floor space; and 

3. Changes in the characteristics of downtown 
employment (sex, occupation, income). 

The model system is not designed to test physical 
changes in the shopping e nvironment (such as automo
bile-free zones, or sidewalk bricking) or management 
polici es (such as increased maintenance, added secu
rity, or increased marketing). The modeling system 
is also not desig·ned to differentiate between types 
of floor space on the basis of gualitative differ
ences. Floor space devoted to the sale of high qual
ity merchandise is represented in the same manner as 
floor space devoted to the sale of discou.nt merchan
dise except to the extent that difference can be 
represented by different employees-to-floor space 
ratios. 

Within the limits of analyses for which the models 
are intended, the WRAM system has the following 
distinct attributes: 

1. .It provides the only mechanism for incorpo
rating the effects of both size and distance from 
employment when e valuating the trip-generating ef
fect of retail floor space . In addition, all retail 
opportunities are considered simultaneously, not 
each opportunity in isolation. 
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2, :u allows for analysis of projects that are 
located outside of the original Boston Employee 
Survey area, The relationships developed on the 
basis of the survey responses can be extrapolated to 
test the impact of pr ojects in outlying areas. 

3. It requires little new data for the evalua
tion of a proposed project, and the model inputs are 
easily prepared, 

4. The results are summarized at a level of 
detail that is useful for general policy analysis. 

The advantages make the WRAM system an appropriate 
planning tool in a variety of settings. 
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Implementation of Downtown Automobile-Use 

Management Projects 

PHILIPPOS J. LOlJKISSAS and STUART H. MANN 

ABSTRACT 

Most capital improvement studies deal with feasibility analysis or evaluation 
of successfully completed projects. Relatively little is known about the many 
cases in which projects have been attempted but have not been successfully 
completed . Reported in this paper are the findings of a study that investigated 
the implementation process of downtown automobile-use management projects. This 
implementation process was compared with the process encountered in alternative 
central business district (CBD) rPvitalization efforts, Information was solic
ited through mail surveys of city planners in 67 cities about approx i mately 200 
CBO revitalization projects, including 38 automobile-restrioted zones that have 
been considered, initiated, or completed during the past. 8 years. Implementa
tion problems were perceived to be related to certain project attributes and 
the stage that the project had reached, The latter poses interesting questions 
about the identification and measurement of implementation problems in future 
research. The study reconfirmed an emerging role for city planners that empha
sizes managing, negotiating, and coordinating projects that require public-pri
vate partnerships. 

Cities are expanding their role of strictly provid
ing services or regulating business. They have 
shifted away from the expensive urban renewal prac
tices of the 19.60s, which involved clearance or 
capital improvement projects without a firm conunit
ment from the pr iv ate sector. Their new orientation 
is toward policies that include ways to influence 
their economies through the creation o f jobs, the 
coordination of private sector roles, and the fa
cilitation of private development (1), 

Central business district (CBD) revitalization 
has been the dominant strategy for urban economic 
development, Transportation improvements and automo
bile-use management projects have been used as means 
of improving the economic vitality of urban centers. 
Automobile-us e management is the new term used to 
describe broader transportation policies that manage 
veh i cle use in a lar ge geographic area. Automobile 
restriction is such a form of management that goes 
beyond the scope of traditional linear pedestrian 
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malls and includes supplementary transit services 
(l). In addition to economic goals, automobile-re
stricted zones (ARZs) seek to accomplish several 
other objectives such as improving traffic condi
tions, encouraging public transit and non-automobile 
modes of travel, creating a more relaxed and pleas
ant atmosphere for pedestrians, improving environ
mental quality, and increasing safety (3,4). 

Despite the success of a few malls - in the early 
1960s, attempts at implementation of automobile-re
str icted projects have been limited, very modest in 
scale, and generally confined to a single street and 
no more than a couple of blocks long (4). According 
to Knack (5), there are 150 malls constructed in 
U.S. cities: Although most of them have not failed 
outright, few have lived up to expectations. During 
the 1970s the average number of ARZ projects per 
year doubled, and several major cities such as 
Baltimore, Boston, Chicago, and Philadelphia imple
mented large automobile-restricted zone projects. 

Evaluation of UMTA's experience with the ARZ 
demonstration program (6,7), has led to the belief 
that the technical skills- necessary to plan an ef
fective ARZ project are insufficient to successfully 
undertake and complete the project. The political 
and managerial problems associated with the coordi
nation of both public and private interests during 
the process of adopting an agreeable ARZ plan have 
emerged as formidable. Apparently, unexpected ob
stacles along the project's "institutional trial" 
are frequent and, even when circumvented, cause 
delays that are costly in terms of dollars, momentum, 
and support (~). 

DEFINITION OF IMPLEMENTATION 

Plan implementation has been a relatively recent 
field of investigation. According to Alterman (1) 
and Alexander (]), there are two basic approaches to 
defining implementation. The traditional view of 
putting programs into action (9) has been criticized 
as not very helpful in understanding the process. 
The second approach views implementation as a dynamic 
circular process. According to Barrett and Fudge 
(10), policy and implementation cannot be divorced 
from each othe.r , but must be analyzed as one con
tinuous , adaptive policy-action relationship. They 
suggest a perspective similar to Susskind • s (ill , 
that of viewing implementation as a- negotiating 
process. 

There is little distinction in the theoretical 
literature between implementation of policies, pro
grams, and capital projects (12). Most of the case 
studies in the literature addre";s the implementation 
of social policy such as education and welfare pro
grams. The discussions of implementing capital im
provement projects are limited to only a few cases 
(13). such major projects usually take a long time 
to develop and during this time circumstances change, 
which implies a need for continuous project redefi
nition. The definition o f implementation success 
also appears to be unclear. There appears to be 
confusion in distinguishing between achievement of 
project goals versus the means by which the goals 
are achieved (14). 

'.L'he literature does not provide a ready-to-use, 
unified conceptual framework of the implementation 
process; however, it does suggest a set of general 
categories of variables that influence the outcome 
of tbe process . These include characteristics of the 
community environment, project characteristics, 
attributes of organization and interorganization 
relations , and the role that individuals play in 
influencing events (_!!-16). 
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STUDY DESIGN 

Most ARZ policy planning studies deal with feasibil
ity analysis or impact evaluation of successfully 
implemented cases (!,17,18) and pay little attention 
to the implementation process. There is another body 
of literature on ARZs that is characterized by its 
preoccupation with attention to describing physical 
design features (3,19). Very little is known about 
the many cities that have a·ttempted to institute 
ARZs but have not been successful in bringing them 
to fruition. The findings of a study funded by UMTA 
to investigate the implementation process for ARZ 
projects in communities are reported in this paper. 

The main goal of the study was to learn more 
about the implementation process of the ARZ demon
stration program. To accomplish this goal it was 
decided that other CBD revitalization projects should 
be used as a basis for comparison. It was also de
cided that not only should successful completed 
projects be studied but other projects should be 
studied as well, in different stages of implemen
tation, 

The study also sought answers to questions such 
as: What are the critical socio-political and en
vironmental factors responsible for the success or 
failure of ARZ and urban development projects in 
general? What is the role of personal and organiza
tional motives, the timing of decisions, the e xternal 
factors , preconditions in the environment, and com
munity needs in fostering acceptance and endorsement 
of automobile-restriction projects? 

The dependent variable that was to be explained 
was called "implementation problems." ln building a 
conceptual understanding of implementation problems, 
project type was assumed to be a key variable. The 
project's organizational characteristics were sug
gested .in the organizational be.havior literature as 
explanatory variables as well. Successful implemen
tation is generally viewed as dependent on the 
structure of organizations responsible for imple
menting the project, the strength of the mandate for 
the project, the specificity with which the goals 
are stated , and the personalities of the individuals 
involved. Finally , the city character is tics were 
considered to be the third predictor. The first 
three variables discussed were project level, where
as the latter is a city level variable. In the second 
phase of the study , the impact of a variable that 
related to various events influencing the successful 
completion of the ARZ projects was analyzed , 

The study followed a multi-method approach to 
information collection that consisted of a combina
tion of survey research, case studies, a nd the use 
of secondary sources in three sequentially dependent 
phases. In the absence of a clear definition of 
implementation success and with the limited examples 
afforded in the literature, ·this study had to adopt 
a descriptive and exploratory approach and had to 
rely to a great extent on unstructured, open-ended 
questionnaires in the d.esign of the surveys. 

In the fi-rst phase, information was solicited 
from city planning department directors through a 
mail survey about CBD projects in major U.S. cities 
during the past 7 to 8 years. One hundred twelve 
cities within 99 standard metropolitan statistical 
areas (SMSAs) were sampled . 'l'he sample , though not a 
random one, is representative of the U.S. population 
of SMSAs in terms of size and location. Respondents 
were asked to describe three projects from each 
city. A total of 67 cities responded (60 percent 
response rate) t o the survey and 176 projects were 
described. Ten projects were dropped because they 
were planning studies rather than capital projects 
leaving 166 projects in the s tudy sample. 

In the second phase, the study focused on ARZ 
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projects. It investigated whether specific problems 
or events that occurred during the implementation 
process of an ARZ project might have influenced its 
success. Two rounds of questionnaires were sent to 
the 51 cities that, according to information from 
the first phase, had proposed or constructed down
town ARZs during the past 7 to 8 years . on·e hundred 
sixteen individuals, who had been involved in the 
implementation of th ARZ projects, were contacted 
in those cities. The return rate was 38 percent for 
individuals and 58 percent for cities. 13ecause of 
the low rate of return, only the response from one 
individual (the city planning director, when pos
sible) f r om eaoh city was used in the analysis. 

In the last phase of the project, a more in-depth 
case study type of analysis was conducted for the 
six cities selected by UMTA as ARZ demonstration 
s i tea, The i nforma t.ion focused on the roles played 
by organizations and individuals that influenced 
project development. Results from that phase are 
described elsewhere (20). 

DESCRIPTION OF RESULTS 

The values and the classification procedures used in 
defining the variables are described first and rela
tions between implementation problems and the three 
predictor variables are subsequently discussed. 

City Characteristics 

Of the 67 cities responding, 14 are in the north
east , 13 are north central, 25 are in the south, and 
15 are in the west . The locational distribution of 
responding cities does not diffP.r ,aiqnifica.ntly from 
the distribution of contacted cities . Socioeconomic 
census data for 1960-1980 were collected for 17 
original variables and were summarized into 9 in
dices. These indices were used to group cities into 
three clusters using a principal components analysis . 
The t.hr Pe clus ters were named (a) camtralized and 
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decaying, (b) decentralized and growing, and (c) 
small. Of the 67 ci tics, 29 were clas1:1ified as cen
tralized and decaying, 16 were classified as decen
tralized and growing, and the remaining 22 were 
classified as small . 

Types of Projects 

A perusal of the 166 CBD revitalization projects in 
67 cit.ies led to the identification of 22 different 
project elements. More than one-four th of the proj
ects in t he sample included an office element, about 
one-fourth included a retail element, and more than 
one-eighth included both elements. Approximately 20 
percent of the projects included at least one of the 
following elements: hotel, parking garage, and 
pedestrian amenities. It is noteworthy that 22 
projects had a historic preservation component . 

The physical elements and information on funding 
sc.:.:c.;;;; 1o,.,. ., considered in order 1:0 classify proj
ects into eight general project types. the highest 
frequency of projects is associated with the mixed 
projects type, which include more than one element 
£rom private and public devel O'(lments. Figure l shows 
the distribution of projects by the eight types. 

For the purposes of analyzing the data , the eight 
categories of project types were further reduced to 
three categories. The four public improvement types, 
including street improvements, pedestrian amenities, 
open space , a.nd ARZ projects were combined account
ing for one-half of the projects reported. Such 
projects pl,ay an important role in the overall 
strategies for downtown development by facilitating 
private investment. ARZs accounted for 10 percent of 
all reported projects. Slightly more than one-fifth 
or the projects included only pr iv ate development 
elements, whereas the remaining mixed projects (28 
percent) contained both private and public develop
ment elements . In general, development projects were 
planned, funded, and implemented by the private 
sector, whereas the mixed project..« were the result 
of public-private collaborations, and the public 
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FIGURE 1 Frequency distribution of projects by type. 
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development projects were either planned, funded , 
and imp.lemented primarily by the public sector. 

Cost, duration, and organization were examined as 
CBD project characteristics. The average project 
cost was $42.5 million, ranging from $50,000 to $1.5 
billion, with public improvements being the least 
expensive type of project, averaging about $4.9 
million. The average duration of a project before 
completion was 5.4 years. This length of time was 
found to be independent of project cost and type. 
Forty-five percent of the reported projects were 
completed at the time of the survey. Similar rates 
were reported in the other phases of the study. 

In the second phase, the average cost of ARZ 
projects was found to be $9.l million. There were no 
significant differences in the average cost of com
pleted versus non-completed ARZ projects. In com
pleted ARZ projects for which there were cost over
runs (36 percent of completed projects), the overruns 
were between about 17 and 29 percent of the cost of 
the project. Although overruns did not occur in the 
majority of the completed projects, in more than 
one-third of the projects these overruns had a sig
nificant impact on the cost of the project. Sixty
nine percent of the ARZ-completed projects took 
longer than anticipated; the average time overrun 
was estimated to be 1. 75 t imes longer than planned. 
About one-half of the reported projects included a 
transit component. 

Cities in different census groups did not system
atically report different project types. An inter
esting relationship was observed between the project 
type and the project status variable; mixed projects 
were less likely to have been completed. 

The organizational characteristics of CBD proj
ects were approximated by three variables: respon
sibility for funding, planning, and implementation. 
Th'e main funding source was a combination of federal 
and local public funds, which accounted for 22 per
cent of the repoi: ted projects. Projects funded pi: i
m·ar ily by the private sector comprised 6 percent of 
the total. There was some federal contribution in 65 
percent of all projects. It is interesting to note 
that there were no reported cases for which th'e 
federal government paid more than one-half of the 
project cost while the private sector paid for the 
remaining cost. The project type variab.le and the 
organization variable were found to be strongly 
related. I n ARZ-type projects, federal participation 
(an average of 50 percent) appeared to have little 
impact on whether the project was completed. Although 
not statistically significant , completed projects 
that had local participation in funding were almost 
twice as frequent as proj·ects with local participa
tion that were not completed. 

City departments were most frequently responsible 
both for planning and for implementing projects. 
Seventeen percent of the CBD projects were planned 
by city departments and more than 25 percent were 
implemented by them. Forty-two percent of the cases 
reported that the same agencies planned and imple
mented the project. Sixteen percent of the projects 
were planned by the public and private sector and 
mote than 12 percent were implemented by the same 
type of cooperative effort. Finally, 9 percent were 
privately planned and 11 percent were privately 
implemented. 

Implementation Problems 

Fifteen elements of implementation problems were 
identified in the first phase of the study. More 
than 70 percent of the CBD projects described in the 
sample included an implementation problem. The most 
frequently mentioned element was raising funds, 
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cited in almost one-fifth of the projects. Around 10 
percent of the reported implementation problems 
included at least one of the following elements: (a) 
acquiring land, (bl agreeing on the pJ.an, (c) co
ordinating participants, and (d) anticipating eco
nomic changes. Frequently occurring combinations of 
elements were identified to yield seven implementa
tion problems, which were named according to the 
most frequently occurring element. In addition to 
the five elements named earlier, categories also 
centered around the following elements: solving 
construction problems, minimizing impact of con
struction, and instigating support. Figure 2 shows 
the distribution of the implementation problems. 

These seven categories of implement_ation pr_oblems 
were reduced to three on the basis of their struc
tural similarities. Raising funds and acquiring land 
were combined to form a category believed to repre
sent acquisition problems. Agreeing on the plan and 
solving construction problems were combined into a 
category of problems related to the plan, and the 
remaining three problems--anticipating economic 
changes, coordinating participants, and instigating 
support--were combined into a category representing 
support problems. There were more support problems 
than either acquisition or plan p:coblems. The inter
p:cetation of the term support here is general and 
refers to poll tical, managerial, and technical sup
port functions. 

ANALYSIS OF RESULTS 

In this section relationships among the variables 
that may influence implementation problems of CBD 
revitalization projects in general are described 
first, followed by the results from the analysis in 
the second phase of the study, which deals with ARZ 
projects in particular. The influence of specific 
events in the implementation success of AilZ projects 
is analyzed last. 

Implementation Problems of CBO Projects 

A significant relationship was identified between 
CBD project types and implementation problems. Pub-
1-ic improvement projects are less likely to report 
problems than other type projects. The problems on 
these projects are generally associated with the 
plan. Mixed development programs are more likely to 
report support and acquisition problems. When the 
relationship was conditioned on the city type, it 
was found that the re1.ationship was no longer sta
tistically significant, That is, data do not indi
cate that cities in different census groups experi
ence different types of implementation problems. 

When the variable of completion status was added 
to the relationship of project type and implementa
tion problems, significant three-way interaction 
effects were found with project type, implementation 
problem, and completion status . In general, this 
result suggests that the perception of implementa
tion problems depends on the stage that the p:coject 
is in. Th_a t is to say, some phenomena may appear as 
problems at or near the time they occu.r I however, 
with the passa9e of time, they are not remembered as 
problems. This is reflected in the data by the higher 
probability of "no problem" for completed 1;>rojects 
than for incomplete CBD projects. 

Comparing the problems reported for completed and 
incomplete CBD projects, the incomplete projects are 
about twice as likely to be viewed as having support 
problems as are completed ones. This may mean that 
support problems appear as being major when they are 
occurring, but on their presumed resolution, they 
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are not recal.J.ed as having been major probJ.ems. It 
may also be that support prob le.ms , when they have 
occurred, are always recalled as major problems but 
when they are not resolved, the proiect is droppPn. 
Only one dropped project was reported and it was not 
included in the sample. It is possible that some of 
the incomplete projects will never be completed. 

completed projects are about twice as likely to 
be viewed as having had plan problems as are incom
plete ones. To some e xtPnt, this latter rcoult is an 
artifact of the definition of plan problems, which 
include construction problems. Most of the incom
plete projects have not yet entered the construction 
phase. Thus , it is impossible for them to have as
sociated construction probl.ems. 

Differences between the project types without 
regard to completion status are few. Public improve
ment projects are less l i kely to have acquisition 
problems and are more likely to have plan problems 
than are either development or mixed projects. How
e ver:, there are several differences within and be
tween the projec·t type and implementation problems 
for both completed and i ncomplete projects as shown 
in Figure 3. 

The frequency distribution of implementation 
problems for complete and incomplete public improve
ment or mixed projects are not different from each 
other. However, completed development projects are 
reported to have had no problems, whereas incomplete 
projects are reported to have support problems. 

Organizational variables were not foand to be as 
highly related to implementation problems as might 
be suspected from reviewing the literature. Projects 
implemented by public agencies, however, were more 
likely to experience problems with the agreeing-on
the-plan problem or solving-construction problem,, 
than projects implemented through a joint public
private effort. 'l'here was a tendency for projects 
planned and implemented by the same l!gency to be 
less likely to ,:eport a problem and less likely to 
have a problem with support. 

The duration of a project was not related to 
implementation problems in a statistically signifi-
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cant way, although such a relationship existed with 
cost . Smaller projects had a tendency to experience 
more agreement on plan problems than did larger 
projects . Smaller projects were also more likely to 
be public improvement projects. Finally, about one
half of the respondents rated the projects as suc
cessful, only 5 percent adrni t ted failure , while 
about one-third responded that it was too early to 
evaluate the project. 

Implementation Problems of ARZ Projects 

ThuB far , ARZ projects have been examined as another 
type of public improvement project. In th is section 
the influence of 33 types of implementation problems 
on the success of ARZ projects will be analyzed. The 
second phase of the study found that 4 out of 33 
problems yielded a response that indicated the prob
lem was moderate or more severe in more than 50 
percent of the sampled cities for responses other 
tha.n the not app1.icable or not a problem variety. 
.Raising funds was the only problem to occur in both 
cases for completed and incomplete projects . However, 
there were very definite differences between imple
mentation problems occurring at different stages of 
projects . For completed projects, additional problems 
included underestimating costs, changing local gov
ernment , and the project's impact on CBD activity . 
For incomplete projects, problems involved the 
organizational aspects of starting the project, the 
length of time to secure funds, and construction 
difficulties . 

After combining the problems into the seven types 
similar (but not identical) to the ones defined in 
the previous section for CBD problems , no significant 
relationship was found between ARZ problem type and 
project completion status . It was found that for 
most problem types the majority of the responses 
were either not a problem or not applicable. More 
than 30 percent of the responses indicated that 
there were moderate or more severe problems with 
raising funds , solving construction problems, and 
acquiring land. 

For completed projects , all but one problem type 
(agree on plan elements) elicited more than 25 per
cent .cesponses. For incomplete projects, only two 
problem types (anticipating economic changes and 
coordina.ting participants) yie.lded less than 25 
percent of the responses. The analysis revealed that 
small cities were more likely to have problems such 
as agreeing on plan elements, coordinating partic
ipants , and instigating support , if the project had 
been completed, but centralized and decaying cities 
had such problems if their project had not been 
completed. 

Another variable analyzed for its relationship to 
the impact of problems on the success of the project 
was the existence of a transit component. It was 
found that completed projects without a transit 
component were more likely to have encountered prob
lems. 

Influence of Events in the Implementation o f 
ARZ Projects 

An important finding in the first round of question
ing was that the step-wise process of planning an 
ARZ project was very much the same across most 
cities. This finding led to the conclusion that it 
was certain events that occurred during the process 
that were attributed to the successfu l implementa
tion of projects and not the planning process itsel f . 

In the second round of questioning, respondents 
were asked to assess the impact of 17 events on the 
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successful comple·tion of ARZ projects. Input to the 
·development of a list of events was provided from 
the first two questionnaires. Most cities responded 
that 14 of 17 events, if they occurred , had a posi
tive effect on the success of the project. Three 
events did not have a positive or negative effect on 
success . These were related to changes in government 
policies , officials, and exogenous events . An inter
esting result involving the event of having a n,ayor 
or a local business association involved in the 
project is that when this occurred, it had a 20 to 
25 percent more positive impact on the success of 
the completed project than on incomplete projects. 
This result is similar to that of local participa
tion in the funding of an l\RZ project . 

After combining the 17 events into 4 general 
categories, it was found that involvement of indi
viduals, groups , or agencies , and changes occurring 
during the project yielded a more positive impact 
for completed ARZs but a more negative impact for 
ARZs not completed . Organizational or interorganiza
tional events were considered highly positive by 
most cities regardless of the completion status of 
the project. A reversal occurs with public relations 
and exogenous events . For incomplete ARZs, the re
sponses are often more positive than for completed 
ARZs. In the case of completed ARZ projects in small , 
cities, the influence of individuals and organiza
tions and the conuni tment of funds had a significantly 
stronger than expected positive influence on success 
than for other city types. 

In analyzing the effects of the existence of a 
transit component in an ARZ, findings indicate that 
involvement of individuals and groups has a positive 
impact on the success of a project if that completed 
project does not have a transit component. Thus , it 
follows that projects that have transit components 
are less likely to find that e vents of this type 
have a positive influence on the project 's success . 
This does not imply , however, that the absence of a 
transit component would have a negative influence. 

DISCUSSION AND CONCLUSIONS 

This study has contdbuted to the development of a 
classification of implementation problems of CBD 
revita:lization projects and the measurement of the 
intensity of such problems for ARZ projects specifi
cally. It has also demonstrated how such problems 
are related to various project attributes and city 
characteristics . This study has brought to light the 
need for g.reater understanding of the implementation 
process. It has established the .importance of im
proving and expanding research in this area and has 
provided some information that planners may find 
useful in coping with a changing environment. 

Other study contributions included information 
about the types of CBD revitalization projects that 
have occurred during the past 7 or 8 years, the 
descrJ.ption of ARZ projects, and the comparison of 
ARZ projects with other CBD revitalization projects . 
It wa.s found that, since 1975, ARZ projects have 
received serious consideration as a strategy for 
downtown revttalization . Three-fourths of the re
sponding cities in the first survey had considered 
ARZ projects and 27 percent had implemented one. ln 
comparison , 13 percent of all U.S . cities with a 
population of more than 50 ,000 had implemen·ted malls 
before 1977 (19) • Public projects that include street 
improvements ,pedestrian amenities, open space, and 
ARZs accounted for one-half of all reported projects 
in the first survey. ARZs accounted for 10 percent 
of all reported projects . An emphasis on reported 
improvements of urban amenities was noticed, includ
i ng rehabilitation of historic structures , provision 
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of cultural facilities, and increased attention to 
pedestdan needs. One-fifth of all the reported 
projects included private developments such as of
f ices, retail , hotel, and mixed-use types of devel
opments. The rest were projects resulting from joint 
public and private collaboration. The average pub.Lie 
project costs less than the private developments. 
Ther~ was no evidence of geographic concentration by 
type of project. 

Implementation Problems 

Raising funds was the most frequently mentioned 
problem for CBD revitalization projects. On the 
other hand, it was interesting to note the number of 
creative approaches that have been established for 
financing development. Some of these approaches were 
tax increment financing, or the application of Com
munity Development Block Geant (CDBG) and Urban 
Development Action Grant (UDAG) funds as guarantees 
for loans issued by commer · a 1 banke and as leverage 
for private capital. Implementation problems were 
found to be related to the type of project. Public 
improvement projects are less likely to have reported 
problems than the other two project types. Those 
problems that are reported are generally associated 
with agreeing on a plan. 

One of the more interesting findings was that the 
completion status of the project had an effect on 
the type of problem that respondents perceived. 
Incomplete projects tended to have support problems, 
whereas completed projects reported disagreement on 
plans. One possible interpretation of this result is 
that planners tend to be more successful in gaining 
agreement on plans and solving construction problems 
( "plans" type of problems) on projects that reached 
the c,ompletion stage. These ai:e the types of problems 
that are considered within the realm of traditional 
planning. On the other hand, planners tend to be 
less successful in instigating support, coordinating 
participants, and anticipating economic changes 
("support" type of problems), if projects remained 
incomplete. The latter type of problems are con
sidered within the scope of the emerging direction 
of planning. 

It was reported that the frequency distribution 
of implementation problems for private development 
projects are different with respect to project com
pletion status. Completed private development proj
ects are reported to have had no problems, whereas 
incomplete ones are reported to have support prob
lems. This finding, consistent in other phases of 
the study, suggests that the perception of implemen
tation problems depends on the stage that the project 
is in and poses some interesting questions regarding 
the definition, identification, and management of 
implementation problems to be addressed in future 
research efforts. Here, it may be that development 
projects that suffer from support problems wind up 
being dropped. Another explanation is possible. 
Respondents, who are all members of public planning 
agencies, probably do not have adequate insight into 
development projects and there may have been a ten
dency for them to assume that there were no problems 
associated with the completed development projects. 
At the same time, there may have been a tendency for 
them to report ongoing development projects if they 
were hotly contested. 

. In the second survey, respondents were asked to 
evaluate ARZ implementations. The majority of the 
cities indicated "no" problems and only problems 
related to securing funds and lack of support from 
the pr iv ate sector were of any significance. The 
involvement of the mayor or a local business as
sociation in the project had a much more positive 
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impact on the success of completed projects than on 
projects not completed. 

The type of city was found to have an impoc tant 
impact, In small cities the involvement of indi
viduals and groups or exogenous even ts made a di f
ference in the success of the project. Because of 
the small subi, mple gizes within each ceusus group, 
this relationship should be further tested . It i s 
advisable that subsequent research on implementation 
problems be either limited to a single census group 
or conducted on a large enough scale. 

Finally , in completed projects without a transit 
component it was more likely hat events such as 
invo vement of individuals and groups had a more 
positive influence on the project success than proj
ects with a transit component. One possible inter
pretation of this finding may be that ARZ projects 
with transit components ace more difficult to finance 
and the involvement of individuals and organizations 
becomes more critical if they are to succee·d . 

Study Limitations 

This study has been exploratory in many ways. It 
involved extensive surveys and the development of 
instruments in a field that has limited examples to 
offer as guidelines. Investigators had to cely to a 
great extent on intuition and unstructured, open
ended questionnaires in the design of surveys. Al
though pi:-ecautions were taken to avoid the typicc1l 
shortcomings inherent in survey research. and case 
studies, it is important to acknowledge some of the 
limitations here and to suggest that the study re
sults be interpreted with caution. The response rate 
in the first survey was considered very good. Sub
sequent surveys, although yielding similar: responoca 
at the city level, had lower rates o ·f return at the 
individual level, making averaging of multiple views 
per city and mull:lvariate analysis difficult . Results 
between the different data collection efforts are 
not d.irectly comparable because different procedu.res 
we re used in the data collection. 'l'he f indings from 
the surveys can be generalized to opinions of city 
planners in other SMSAs. 

In the question requesting that three CBD revi
talization projects be described in each city, re
spondents were not given specific instructions on 
what types of projects to describe , However, there 
is no reason to believe that the list of projects 
obtained in th · s way is not representative for the 
purposes of this project. Because of the format of 
open-ended questionnaire and the subjective nature 
of the responses, statements of problems are expres
sions of perceptions colored by personal and organi
zational expectations , situational circumstances, 
and status o f project completion. 

There was an uneven quality of responses in terms 
of conceptualizing problems, articulating experi
ences, and the ability· to draw lessons. The respon
dents' understanding of planning and implementation 
issues was variable . A review and comparison of 
multiple responses from the same cities indicated a 
25 percent rate of agreement among two t"espondents 
regarding the importance of even t.s or severity of 
problems in the same city and project. This leaves 
the study open to criticism as to whether some of 
the results may be artifacts resulting from the type 
o,f survey, the sampling procedure , and the respon
dents' biases. City planning directors or planning 
staff in charge of CBD planning were considered by 
the authors to be the most appropriate and informed 
individuals to provide the needed information. Plan
ners by training and job definition should be able 
to bridge the gap between the decision makers/ad
ministrators and engineers and contractors. 
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Role of Planners in the Implementation Process 

This study reconfirms an emerging role for planners 
that requires skills beyond those of preparing plans 
and emphasizes management of support-type problems 
and plan implementation. Capital improvement projects 
are not simply decided, drawn up, and implemented, 
but are continually adapted th.cough a negotiating 
p.cocess . It is difficult to distinguish when project 
planning ends and action begins or when the project 
has changed so drastically that it must be considered 
a new project. The implementation process as a pol
icy-action relationship as defined by 'Barrett and 
Fudge (10) proved to be a much more meaningful con
cept. 

The skills of negotiation and coordination become 
essential when dealing with the private sector. 
Urban projects increasingly require a higher degree 
of public and pr ivate cooperation, and a redefinition 
of the role of the public sector is in order. In the 
past planners rarely played a continuing role 
throughout implementation . It is during that phase 
t .hat dissatisfied segments of the conununi ty often 
create obstacles to a project's completion. This is 
a crucial phase and the planner can play an important 
role as a mediator in building and maintaining a 
durable consensus and in resolving disagreements 
that threaten to impede implementation (!,1!.>• 

According to Barrett and Fudge (10) , there has 
been a tendency in the implementationlitei:ature to 
de-politicize the policy-action relationship. The 
results of the case studies in the last phase of 
this work confirmed the importance of political and 
institutional factors in explaining implementation 
success and problems (20). The influence of local 
actors, roles, sk.ills, interests and motivation, and 
determination is paramount in getting things done. 
As Barrett and Fudge point out, informal organiza
tions may play a more crucial role than traditional 
structures. 

Policy subject matter has been suggested in the 
literature (10,14) to have an influence on the out
come of the policy-action relationship. This study 
provides further evidence in support of this view. 
Automobile-use management and automobile restriction 
in particular has been an innova tive policy that 
entails trade-offs among categories of users and 
even discriminates in terms of inconvenience in 
favor of pedestrians and transit. Altshuler (21) 
states that "change sti:ategies will vary in political 
acceptability in accordance with the degree to which 
they inconvenience powerful institutions and lai:ge 
or well-organized blocks of voters.• 

The downtown business community is usually a 
well-oi;ganized body that has traditionally regarded 
automobile restriction as a thtea.t to its livelihood, 
even though a close look at such experiences has 
shown that the majority of businesses would not 
necessarily have been adversely affected and indeed 
would have benefited from the measure (18, 22). Mer
chants and other members of the business conununity 
have been socialized to accept professional and 
organizational values and .behavior, even if such 
values and behavior do not pertain to particular 
ciJ:cumstances. The same accusation can be leveled at 
profes sional p1.anners for whom separation of pedes
tr ians from vehicle movements is traditionally as
sociated with good design principles. The last and 
most important group in the implementation process 
is the politician whose leadership and commitment is 
the key if things are to start happening. In most of 
the cases the study findings indicated that if there 
is strong local support for a project it has a 
greater chance of being completed. In cases where 
there was a lack of evident support from the busi-
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ness community, the political leadership delayed 
taking the necessary action. 

Although it was found that federa.l par ticipation 
appeared to have little impact on project success, 
results from previous research indicate that UMTA's 
Service and Methods Demonstration program has made a 
significant contribution to the promotion of experi
mentation and scientific evaluation of i nnovative 
programs and deserves credit, but it only represents 
a beginning (I,ll). It is essential that such efforts 
involving initia.l support, systematic monitoring and 
evaluat ion, and dissemination of results of experi
mental projects continue if our understanding is to 
be improved and generalizable conclusions are to be 
drawn. 
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Internal Circulation Within Major Activity Centers: 
Issues and Problems 
DARWIN G. STUART 

ABSTRACT 

Several different issue or problem categories are outlined in this paper fol
lowecl by a review of three· examples of internal circulation planning for major 
activity centers. The issue and problem categories include size and geographic 
dimensions, internal travel volumes , congestion levels, and special-purpose 
travel features. The examples include Post Oak Center in Houston , Woodlands 
Metro Center north of Houston, and La s Colinas in Irving, Texas. Potential 
negative impacts associated with internal circulation needs are described in 
association with (a) discontinuous or poorly designed facilities for pedestrian 
flow, and (bl excessive levels of internal automobile traffic. Remedies or 
solutions for these problems, as advanced in the three case studies, are eval
uated; these remedies cover pedestrian improvements, automobile access and 
parking improvements, surface transit, and automated _guideway transit. 

IDENTIFICATION OF ISSUES AND PROBLEMS 

Four major issues involving internal circulation 
within major activity centers can readily be identi
fied. These issues reflect the basic land use con
figuration and geographic dimensions of activity 
centers themselves, as well as their functional role 
within an urban area. {Central business districts 
(CBDs) have not been included , in order to allow 
more attention to be devoted to the emerging majot 
divetsified center (MDC;), as well as other types of 
majot activity centers (MAC) in outlying and sub-

urban areas.] The general sequence of issue and 
problem categories in priority order includes size 
and geographic dimensions, internal travel volumes, 
congestion levels, and special-purpose travel fea
tures. 

Size, Land Use Mix, and Geographic Dimensions 

Major activity centers have been defined as con
centrations of office, retail, hotel, entertainment, 
and related land uses that generate daytime popula-
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tions of 25,000 persons or more <!,ll. Major diver
sified centers, s.uch as a large-scale type of major 
activity center, may be expected to have daytime 
populations of 100,000 or more. The sheer size of 
major activity centers is certainly a primary deter
minant of internal circulation needs, together with 
the mix of land uses. For example , office and retail 
mixes (which generate travel between one another), 
density (employees per acre), and shape (particularly 
strong linear patterns of development) all are sig
nificant in influencing internal circulation pat
terns. Where circulation demands are high, other 
related problems may occur. 

Internal Travel Volumes 

Overall size, exten·t of sprawl (lower densities), 
and linearity (more than 1 mi long) are all physical 
characteristics of major activity centers that affect 
internal travel volumes . These internal travel vol
umes, and the modes chosen for them, reflect in turn 
both the land use-mix and the typical lengths of 
desired trips. Volumes of travel generated by work
ers, shoppers , visitors, tourists , and others can 
begin to tax the capacity of available facilities or 
vehicles, including both pedestrian and vehicular 
travelways. Nodal concentrations of land develop
ments can create associated internal travel con
centrations. 

Congestion and Peaking 

Depending on land use mix, major activity centers 
may experience morning and evening peaks (office 
employment-oriented), midday peaks (retail and ser
vice-oriented), or both. For very large centers, 
these peaking patterns may lead to automobile con
gestion, pedestrian congestion, or both . Where both 
office and retail and service concentrations are 
large, congestion may in effect stretch throughout 
the day for as long as 12 hr. The severity of con
gestion at particular street or walkway intersections 
depends , of course, on the specifics of travelway 
network geometry. Congestion-related travel delays 
and traveler aggravation are perhaps the most serious 
internal circulation problems facing major activity 
centers, especially the emerging MDC. 

Special-Purpose Centers 

A number of special-purpose centers , particularly 
recreational ones, may not meet the 25 , 000 daily 
population threshold, but may still have unique 
internal circulation needs. For example, the Mud 
Island automated transit linkage in Memphis and the 
Harbour Island automated transit linkage in Tampa 
both provide river crossings that involve vital, 
direct linkages between specialized .land uses (rec
reational and new community) and the adjacent CBO. 
Bus shuttle systems in Vail and Aspen, Colorado, 
provide simil ar recreation-oriented services. 

Trip Purpose, Frequency, and Length 

In general, secondary issues associated with internal 
travel volumes and congestion may be associated with 
more detailed travel characteristics . For example, 
increasing average trip length may be an issue for 
strongly linear activity center configurations, and 
it is likely to be a factor dictating automobile 
versus pedestrian mpde choice. Density of activity 
center development may well influence trip frequency 

85 

(especially for shopping trips, including multiple
stop trips) . Multiple-purpose pedestrian excursions 
are facilitated by the variety and mix of land uses 
in a major activity center. Issu.es associated with 
these travel characteristics are tied to the spatial 
distribution of travel opportunities and capacity 
constraints. 

DESCRIPTION OF EXAMPLES 

Three examples in Texas illustrate the kinds of 
issues and problems that can emerge within MDCs and, 
to a lesser extent, within smaller major activity 
centers. One of these examples, the Post Oak Center 
in Houston, has been under development for a number 
of years and experimented with a minibus distributor 
system a few years ago. Though that system was 
abandoned because of the slow travel times due to 
surface street congestion, the bus alternative may 
well merit attention in other activity centers. The 
second example, the Woodlands Metro Center, is part 
of a major new town north of Houston. Here, a linear 
trolley shuttle is currently being considered to 
link several nodes within the major activity center 
of the project. In the third case study, the Las 
Colinas development project in Irving (Dallas 
region), plans for an automated guideway transit 
(AGT) distributor system have recently been formu
lated, tied as well as to a planned regional rail 
transit line. 

Post Oak, Houston 

The Post Oak area, under development for the past 20 
years by a number of different large landholders, 
currently maintains a daytime population of about 
100,000 (3). Office employment is about 45,000 and 
retail square footage about 2,500,000. Traffic con
gestion already stretches throughout much of the ·day 
and is a major problem for the center. Projected 
development to the year 2000 would accommodate a 
daytime population of 150,000, with appropriate 
percentage increases in office , retail, and hotel 
facilities. Such growth indicates that congestion 
problems will persist, in spite of some increase in 
street capacities. Figure 1 shows the estimated 1980 
employment and daily shopper and visitor population 
for subareas within the center . The total land area 
of the activity enter is estimated at 1,300 acres; 
the longest north-south dimensions is 2.25 mi. 

Las Colinas, Dallas 

Las Colinas is a major office-commercial develop
ment , under single ownership, currently experiencing 
major development activity. Most of the 1,000-acre 
project is planned for completion by the year 2000; 
ultimate development is anticipated to contain about 
25,000,000 ft• of office and retail space , almost 
4,000 hotel rooms , and mere than 4,500 multi-family 
dwelling units. The daytime population at that point 
is estimated to be approximately 150,000. A meander
ing lake forms a spine within the project , with 
high-density office uses scattered along its shore, 
flanked by hotel, commercial, and residential struc
ture (see Figure 2). The development is to be served 
by two regional rapid transit stations. Internal 
circulation needs, due in part to the linear pattern 
of the nearly 2-mi long center, have suggested that 
some form of grade-separated distc ibutor system be 
considered. Such a system is now in the initial 
planning stages (_~). 
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FIGURE I Estimated 1980 employment, commercial space, and shopper and visitor distribution: Post Oak Center. 

Woodlands Metro Center, Houston 

The Woodlands Me bro Center, intended as the office 
and commercial core of the major Woodlands new town 
SOll\e 30 mi north of Houston, is at an earlier stage 
of development than the other two examples. Never
theless , its ultimate concept is also of major scale. 
Total projected employment for this cen·ter is, more 
than 50,000, involving 13,400,000 ft' of office 
development , 1 , 700 ,000 ft' of retail and commer
cial deve:i.opment, 1 , 300 hotel roo1J1S, and 1,600 bigh
r ise and mid-rise multi-family dwelling units . This 
center comprises a total land ai::ea of about 1,300 

aci::es and has an ultimate daytime population of 
about 90,000 . A number of alternative ttansit options 
were assessed for a linear distributor that would 
link several development nodes within the central 
core, parallel to a canal that would also be a part 
of the project (~)· 

SEVERITY OF NEGATIVE IMPACTS 

A more specific set of negative impacts, or undesired 
consequences of internal circulation needs within 
major activity centers , can readily be associated 
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FIGURE 2 Las Colinas development plan. 

with the broader issues or problems listed pre
viously . In general , these areas of negative impact 
are associated with either (a) discontinuous or 
poorly designed facilities for pedestrian flow , or 
(b) excessive levels of internal automobile traffic . 

PEDESTRIAN FLOW 

Pedestrian-Vehicular Conflicts 

For major activity centers that involve multiple 
l and developers and an underlying grid-like stree t 
network , opportunities for pedestrian-veh icula r 
conflict are numerous. Post Oak represents a classic 
example of these potentials . Grade separations for 
major flows of pedestrian and vehicular traffic 
represent clear , but costly , alternatives . The vehi
cle-free pedestrian mall assoc iated with bot.h 
regional shopping centers and revitalized central 
business distticts represents another kind of solu
tion. Pedestrian-vehicular accidents offer a direc t 
me asur e of such conf lic ts. 

Lack of Pedestrian Amenities 

Multi-developer or multiple-node activity centers 
may var y i n the extent to which pedestrian connec 
tions are fully designed to be integrated with 
adjacen t l and uses. Unevenness in the provision o f 
amenities (landscaping , walking surfaces , stree t 
f urn iture , etc.) can represent a kind of negative 
i mpact (or at least the incomplete achievement of 
overall urban des ign goals). Long wa l ks t hr.ougb hot 
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asphalt parking lots or along sidewalks adjacent to 
busy arterial s treets can represent these kinds of 
undesired pedestrian environments. 

Clear Identity as a Center 

Recognition and image as a specific , identifiable, 
and unique urban pl ace is one of the important goals 
of MDCs and other major diversified centers . Bow
ever , as such cen ters become .large a nd as multiple 
developers are involved, the maintenance o f an over
all theme becomes more difficult . This is an elusive 
kind of negative impact, and again represents an 
achievement of l ess than what might tie desired . In 
other words , disjointed and unclear pedestr ian
transi t-automobile connections to the fringes of 
majo r c e nters tend to diminish the pa"rticipation o f 
those fringe areas in the overall retail sales vol
ume , achievable office renta l rates , a nd marketabil
ity of the center itself. 

AUTOMOBILE TRAFFI C FLOW 

Tr affic Congestion 

Morning and evening peak-hour traffic congestion o f 
employees at major activ ity centers reflect access 
problems (rather than internal circulation prob
l ems ) . Congestion that extends throughout the day 
reflects both (a) internal circulation by employees 
who use their automobile for short internal trips, 
and (bl access and egress and internal circ u.lation 
during the day by shoppers or visitors. The threat 
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of all-day congestion represents perhaps the most 
serious negative impact of "growing large," though 
the severity agi;lin varies by street configuration 
and size of center, as well as mix of traffic along 
any given arterial (including through travel). 

Air Quality Impacts 

The level of air pollutant emissions is related to 
the extent of traffic congestion and internal auto
mobile traffic flow. Development of carbon monoxide 
"hot spots" · s not uncommon for major intersections 
near MDCs, and as a general rule the level of air 
poll.utant emissions associated with high volumes of 
automobile traffic flow is undesirable for immedi
ately adjacent land uses (and pedestrians) . 

Energy Consumption 

In a similar vein, the energy consumption associated 
with high volumes of short-trip vehicular flow with
in a major activity center can be of concern. Though 
energy conservation is currently less of a transpor
taLiun issue today than it was several years ago 
(~), any improvement in internal circulation options 
that reduces vehicular flow, and thereby also reduces 
energy consumption, is additionally desirable. 

REMEDIES AND SOLUTIONS ATTEMPTED 

Attempts to resolve internal circulation, problems 
witllin major activity centers, particularly as those 
centers grow, have been straightforward. They either 
involve the ex·pan!>lon, Ql(tension, or improvem1:mt of 
an existing mode, or the introduction of a new mode. 
In the first instance, existing pedestrian facilities 
dnd services could be improved, as could the con
figuration and capacity of existing roadways and 
parking areas. In the second instance, a variety of 
surCace street transit modes could be introduced for 
internal circulation purposes. conventional buses, 
trolley buses, or light rail streetcars could all be 
considered. Grade-separated automated guideway t:.tan
si t systems, though more costly, represent another 
alternative. 

Pedestrian Improvements 

Nearly all major activity centers have one major 
shopping and commercial core with enclosed, weather
protected pedestrian malls connecting a variety of 
department stores and related shops. In Post Oak, 
for example, the Galleria development plays this 
role whereas in the Woodlands Metro Center an en
closed regional mall is under design. Because such 
cores are typically self-contained and surrounded by 
parking, it is difficult to effectively extend their 
enclosed pedestrian environments across adjacent 
streets and parking areas. Grade-separated exten
sions are costly, yet they may be desirable to 
improve linkages with other areas of a center. A 
variety of surface treatments, edgings, street 
furniture, lighting, and other "theme" features 
could be used to strengthen overall pedestrian walk
way systems, involving both open and weather-pro
tected elements. 

Automobile Access and Parking Improvements 

The most common approach to solving automobile con
gestion is to seek ways to provide additional street 
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capacity, via appropriate traffic engineering mea
s ures or reorganization of traffic flow patterns in 
accommodating new street segments . oouble-decking or 
o her structure treatment for parking facilities is 
also common . Because convenient automobile access is 
generally the · key to discretionary shopper and 
visitor travel to such centers , major attention 
legitimately should be devoted to improving vehicular 
circulation. In many cases, .however, options for 
expanded capacity reach space or cost limits or 
both, and it may become prudent to consider invest
ment in and encouragement of the use of alternate 
transit modes. 

Surface Transit 

A number of conventional bus and specialized trol
leybus and streetcar services have been inaugurated 
in several major centers, with mixed success. One of 
the keys to success has been the extent to which 
such services provide easily recognized and avail
able linkages (e.g., in a strongly linear corridor l 
and the extent to which they are not the.mselves 
impeded by at-grade street traffic couc,jestion. Unique 
vehicle design treatments (e.g., trolleybus vehicles 
outfitted as old-time rail trolley cars) have also 
been effective. Bus or trolley vehicles that hold 
from 15 to 55 passengers may be appropriate. 

Automated Guideway Transit 

Through automated guideway transit circulation sys
tems have been well proven in a growing number of 
airport and theme recreation park settings, they 
have yet to be implemented in non-downtown, mixed-uue 
inajor activity centers. The downtown people-movers 
currentl y being implem.,,nted in Miami and Detroit 
should be examined carefully for their transferabil
ity to other MAC/MDC settings when they become ope
rational (6). Grade-sep;:ir;:ited AGT alternc1tives have 
been evalu'ated for the Post Oak area (~.l and are 
currently under consideration for the Las Colinas 
development (4). They have been examined, with vary
ing degrees of seriousness, !or other special-purpose 
linkages and are being implemented in some instances 
(Mud Island in Memphis and Harbour Islanc in Tampa, 
are examples but not ones in which the AGT dis
tributor forms an integral element of major mixed-use 
developments lying along its length) . Vehicle size 
may also vary for such systems, but typically 20 to 
100 passengers is considered. 

EVALUATION OF RELATIVE SUCCESS OF ATTEMPTED REMEDIES 

Using the three case studies outlinec earlier , the 
evaluation of supplementary transit distributors 
within major activity centers is emphasized. Such 
internal circulation and dis ti: ibution services have 
either been attempted or preliminarily investigated 
for feasibility. Although improvement in pedestrian 
and vehicular facilities (particularly grade separa
tions) can certainly help resolve some of the nega
tive impacts associated with pedestrian environments 
(described earlier), th.ese remeclies tend to be guite 
site-specific in nature. They also have less dramatic 
potential for resolving the more serious problems 
associated with traffic congestion within activity 
centers. In addition to the three types of vehicle 
miles of travel (VMT) reduction-related impacts 
listed previously, three other criteria for comparing 
suppl emental transit options (surface versus grade
separated ) include the range of longer trip· oppor
tunities offered, roode choice percentages, and cost 
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TABLE 1 Preliminary Evaluation of Internal Transit Distributor Options: Three Examples 

Transit Distributor Option 

Evaluation Criteria 

Gross leasable area (million square feet) 
Office 
Commercial/retail 

Daily population (000) 
Average speed (mph) 
Daily ridership 
Mode split percentage 
Ann ualized cost per passenger (1983 dollars) 
VMT reduction, % 
Air pollutant emissions reduction, % 

co 
NOx 
NC 

Energy consumption change, % 

Note: NA:: not applicable. 

Post Oak 

Surface Bus 
or Rail 

12.4 
2.5 
100,000 
10-15 
22,000-44,000 
4-8 
0.09-0.26 
-I 

+4 
-10 

+4 

per passenger. Table 1 gives a summary of the pre-
1 iminary evaluation. 

Range o f Trip Opportunities 

This impact reflects the number of discretionary 
trip opportunities (shopping, lunch, personal ser-
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Sc:&le in Hundreds of Feet 

AGT 

Woodlands Metro Center 

Surface Bus 
or Rail 

13.4 
1.7 
90,000 

AGT 
Las Colinas, 
ACT 

20-25 
40,000-90,000 
8-17 

20 
24,000-30,000 
8 

20 
24,000-30,000 
8 

24.9 

140,000-150,000 
15-20 
150,000 
20 

0.20-0.59 0.06-0.26 0.45-0 .87 NA 
-1-2 NA NA -5 

-I -8 
-5-10 -4 

+14 
-8 

NA NA -5 

v i ces , etc.) t hat may be available to activity center 
popula tions within a g i ven t ravel time, for exa mpl e, 
15 m.i n one-wa y by walk i ng. The implicit assumpt i on 
h e r e is tha t , if a pe rson cou l d r each a desired 
dest in a tion by walking o r by transit wi th i n 10 to 1 5 
min, this would usually be p refer able to making the 
s ame t rip between pa.rking .lots via an automobile . 
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FIGURE 3 Proposed shuttle transit alignment: Woodlands Metro Center. 
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Increasing the range of trip opportunities would 
tend to draw a spread-out activity center closer 
together, and it could conceivably increase the 
total number of internal trips, and thereby the 
total number of shoppers or visitors and retail 
sales and economic vitality of the center. 

A crude measure of this potential for internal 
transit distributor systems is the average speed 
that can be achieved. As might be expected, grade
separated systems ca.n generally achieve a faster 
average speed than surface systems. In a study of 
distributor options fot the Post Oak area, average 
speeds for AGT options were 20 to 25 mph, whereas 
average speed for surface options was 10 to 15 mph). 
In the Woodlands Metro Center example, the available 
right-of-way was grade-separated for all options 
(see Figures 3 a nd 4), and speeds were assumed 
equivalent at 20 mph for: both AGT and conventional 
bus, streetcar, and trolley modes. Because of its 
large size and linear character, the Las Colinas 
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Center (Figure 5) could particularly benefit from an 
AGT speed of 20 to 25 mph. 

Mode Split 

Because of equivalent speeds, station spacing, and 
frequencies of service (headways of about 5 min) 
assumed in the Woodlands example, ridership esti
mates for the various modal options were also the 
same--about 3 percent or 24,000 to 30 ,000 daily 
trips. In the more comprehensive Post Oak example, 
r idersh ip for: AGT options ranged from a to 17 per
cen t (40,000 to 90,000 daiiy trips), whereas for 
surface street options (with slightly lesser service 
frequency of every 5 to 8 min, versus service every 
2 to 4 min for AGT), these ridership estimates de
clined to 4 to 8 percent (2 5 ,000 to 45,000 daily 
tr ips ). It should be remembered that these mode 
split percentages apply against a total base of 
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FIGURE 4 Interface between ahuttle tramit and local and regional bw ayatem: Woodlanda Metro Center. 
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FIGURE 5 Proposed internal circulation system: Las Colinas. 

internal trips, which are more than 70 percent 
pedestrian. In the Las Colinas example only AGT was 
investigated, and a mode split of about 20 to 25 
percent (150,000 daily trips) was estimated. 

Cost Per ~assenge r 

These ridership estimates reflect fairly intensive 
use of the supplementary transit options analyzed. 
Annualized costs per passenger for Post Oak and the 
Woodlands Metro Center, covering both capital and 
operating costs, sugges t that the surface street 
modes could achieve operating costs of under 25 
cents per passenger (1983 dollars) , perhaps as low 
as 6 cents per passenger. The bul k of these costs 
would c ove r opera t ions and maintenance. For the 
grade-separated modes, however, capital cost amorti
zation significantly raises required costs to as 
high as 90 cents per passenger, with considerable 
variability between the Post Oak and woodlands exam
ple (see Table 1) • If, to encourage usage, modest 
fares on the order of 10 or 20 cents are desired, 
some form of subsidy for capital investment should 
be considered. 

Although the resul ts shown here for grade-sepa
r ated modes are not based on reai-wor l d e xperience 
(only on pr el im i nar y feasibility stud ies ), i t is 
i mportan t to exa.mine the mixed experience with sur
face bus distributor modes in activity centers across 
the c oun t r y . A s hu t tle bus dis t ributor along the 
north-sou t h axi s of Post Oak was i mple mented several 
years go, but termi na t e d because o f low r ider ship 
l evels. These l ow ridership !eve.ls r efl ected in tu r n 
t he slow speeds ach ieved i n mixe d t r affic congestion 
and led to an unacceptable operating cost per pas
senger. Similar low ridersh i p experie nc e was encoun
tered in an internal shu ttle bus operation associated 
with the sprawling Tyson's Corner, Virginia MDC in 
1982-1983 . An initial total of 10 dif f eren t routes 
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across the center was reduced to two routes; both 
routes were terminated after about a year of opera
tion, in spi t e of free fares. On the other hand, a 
linear shuttle bus service along Central Ave nue in 
Phoenix is currently experiencing economically viable 
ridership leve ls, and bus s hu t t l es in such recreation 
and mixed- use centers as Aspen and Vail, Colorado, 
are also regarded as successful. 

Congestion Reduc tion 

It is important to realize that the supplementary 
transit ridership levels described previously largely 
represent divers i ons of f ormer pe,de str ian travelers. 
The i mpact on internal automob i le vehic ula,:: t ravel 
is estima ted to be quite mod.est. As indica t ed in 
Table 1 , t his r educ tion r anges from only l to 5 
pe rcent f o r a ll th ree case studies . This certainly 
represen ts a des ired i mpact bu t no t a dr amatic one . 
sign ificant r i de r s h ip leve l s for an i n t e rnal trans it 
d i stribu tor mode migh t t he re fore best be regar ded as 
an a dditional env i ronme n t al p l us , i mproving dis
cretionary travel oppor tunities within the center. 
However, internal shut tles do not rea lly solve the 
major congest ion probl ems of a c tiv ity centers, 
although t hey c on t r ibute to such solu t i ons . 

Air Qual ity and Energy Consumption 

Associated with these modest impacts on VMT reduc
tion a r e equally modes t i mpacts on the reduct i on of 
air pol lu tant emissions and energy consumption . As 
indicated in Table l , t he estimated a ir pollu t ant 
emission reductions for each illustrative case study 
range f r om l t o 8 percent for AG'.1.' modes, but CO 
emission s may actually i ncrease slightly f or diesel 
powered surface bus modes . When t he energy to oper a t e 
a tr a nsit d i stributor mode is consider ed, there may 
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be no net energy savings, and possibly an increased 
energy requirement of 10 percent or more for AGT 
modes. 
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An Application of the Lens Model 1n Measuring Retail 

Attractiveness and the Effects of Alternative Public and 

Private Policies on a Retail Area 

KARLA H. KARASH 

ABSTRACT 

The objective of this research was to use the lens model as a technique to 
measure the effect of an automobile-restricted zone and other private and 
public policies in the downtown Boston retail area on shopping trips to the 
area. The lens model accounts for perceptions and preference in the individual 
choice process. Findings were that individual's preferences for hypothetical 
futures for the Downtown Crossing could be linked to actual choice of shopping 
area only by explicitly accounting for measurement errors and feedback effects 
of preferences on perceptions. Removal of the automobile-restricted zone was 
predicted to decrease shopping trips to the shopping area by about 8 percent. 
Better maintenance and security were predicted to increase trips by about 5 
percent. New retail development was predicted to increase trips by 10 to 11 
percent; and vastly improved parking was predicted to increase trips by 6 
percent. 

In 1978 the city of Boston made a major effort to 
improve its majo r downtown reta i l area by i mplement
ing an automobile-r e s t r icted pedes tr ian mal l known 
as the Downtown Crossing. More than $5 million were 
spent on capital improvements f rom combined c ity and 
federal f1.1 nds . Traffic was r e moved fr om streets in 
the heart of the retail district and rerouted to 
other corridors. Streets were bricked over and new 
lighting and benches were provided. 

Although consultant reports after the first 2 
years of the pedestrian zone showed that sales in 
current dollars were up by about 12 percent and thus 
keeping pace with inflation (~), a feeling of gloom 

overshadowed the area in the summer of 1981. The 
city of Boston was suffering from a tax limitation 
law that severely limited the budgets of city de
partments. The result for the retail area meant that 
maintenance was inadequate, the area was quite 
dirty, and there were concerns about safety because 
of 1 imi ted police protection. Spokespersons for the 
two major department stores in the area asked the 
city to consider ending its experiment and put the 
automobiles back on the street. They argued that 
automobile traffic would make the area feel safer, 
particularly at night. 

At this same time the Boston Redevelopment 
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Authority (BRA) began an UMTA-sponsored study to 
determine how to better manage and develop the 
automobile-rest.ricted area. Because it is largely 
respected as a r.etail analysis tool by retailers , a 
detailed shopping gravity model was bu.Ht by the BRA 
to address the development questions. However , the 
gravity model would not address some of the basic 
policy issues such as the effect of elimina·ting the 
automobile-restricted zone, the effect of better 
maintenance and security, the ef.fect of improved 
parking, or even the effect of different types of 
department stores on people's choice of shopping 
area. ln order to address these issues a new analy
sis methodology was required. The BRA, although 
skeptical of state-of-the-art techniques, was will
ing to provide a small subsidy for Massachusetts 
Institute of Technology (MIT) research that held 
some promise for addressing the key policy issues. 

THE LENS MODEL 

The MIT approach was the lens model, The lens model 
is a representation of the human decision-making 
process . It was named by Egon Brunswik (2), a psy
chologist who described perceptions as lenses through 
which a human being interprets reality . The lens 
model has been further developed by reseaxchers such 
as Hanunond (3), Anderson (4), Fishbein (5), Hauser 
and Urban (&,)-;- and Holbrook Cl), among others. 

The lens model theory is that physical features 
or characteristics of an object or concept, for 
example a shopping area, are perceived through the 
senses of individual human beings. The image of an 
object or concept retained in the memory is based 
more on a limited number of qualitative impressions 
of the physical features rather than on numerous 
separate physical details. These qualitative impres
sions or perceptions form the basis of an individ
ual's evaluation or preference . An individual's 
choice between alternative objects or concepts is 
related to preference but will be affected by en
vironmental constraints. In the case of a shopping 
area, such constraints include travel time or dis
tance. 

The research steps required to implement the lens 
model were to (a) determine the important attributes 
of shopping areas , (bl determine the scenarios to 
test, (c) conduct a survey to gather the required 
data, (d) specify model form, and (el estimate the 
model, The steps are described in the following 
sections. 

DEFINITION AND MEASUREMENT OF LENS MODEL VARIABLES 

Hypothetical Scenarios 

MIT researchers worked closely with the BRA to 
determine the scenarios and the physical features 
that should be tested for the Downtown Crossing, It 
was important to measure the effect of the automo
bile-restricted zone itself on retail shopping trips 
to determine if this change had helped or hurt the 
area. The procedure for evaluating the effect of the 
automobile-restricted zone was to propose scenarios 
that would include allowing automobiles back on the 
pedestrian street. The change i-n shopping trips was 
expected to be of similar magnitade but opposite 
sign of the change in shopping trips caused by the 
implementation of the automobile-restricted zone. 

The five other features of interest were those 
that would strengthen the area. These were better 
maintenance, better security, improved parking, and 
the addition of high-fashion or national chain 
department stores. 
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The chosen experimental design organized the 6 
features into 11 different scenarios or hypothetical 
futures that included combinations of features of 
interest. No more than three features were included 
in any one scenario in order to m.in imize the burden 
of survey respondents. 

Perceptions 

The next step in implementing the lens model was to 
determine how people perceive a shopping area and 
how to measure their perceptions. There have been 
many studies of shopping center image that attempt 
to define the pei:ceptual constructs. The approach 
taken for this research was to select a set of con
structs that were commonly found in the literature 
and that would be useful for the analys-is at hand, 
Five major constructs for shopping area attractive
ness or image were selected as perceptual variables 
to be measured for this research. These constructs 
were identified in many studies of retail image 
including those by Stephenson (!), Koppelman and 
Hauser (.2_) , and Gautschi C!Q.) • The five constructs 
of retail attractiveness were (a) quality, (b) var i
ety, (C) value, (d) parking convenience, and (e) 
attractiveness of the walk environment. 

The measurement instrument for the perceptions 
was a categorical rating scale. Following is an 
example of a portion of a categorical rating scale 
as it was used in a mail questionnaire for the study: 

Quality 

Rating for Downtown Crossing 
(circle your answer) 

Unusually Very 
High Low 

+++ ++ + 0 

Categorical rating scales were used for measuring 
perceptions because they· are simple to use and be
cause the results compare very favorably to more 
accurate but complex methods such as paired compari
sons, which will be discussed in the fol.lowing sec
tion, 

Preference 

The preference variable in the lens model tells how 
much one alternative is liked compared with another 
alternative. The measurement instrument used for 
preference in this research was constant sum-paired 
comparisons. 

With constant sum-paired comparisons, the respon
dent must divide, for example, 100 points between a 
set of two alternatives to show how much one alter
native is preferred over another. Respondents can 
indicate the intensity of their preference as well 
as the order in their distribution of points. Con
stant sum-paired comparisons have been found to be 
more powerful discriminators than either rank order 
or category scale data (11), 

Because only one preference measure per alterna
tive was required for this research (in comparison 
with five perceptual measures), the more powerful 
technique of paired comparisons was chosen to measure 
preference over the category scaling technique. 

DATA COLLECTION AND EVALUATION 

Survey Approach 

The survey approach used was a randomly selected 
telephone survey followed by a mail survey. Dillman's 
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( 12) recommendations for approach, style, and fol
lowup were c:l osely adhered to for both the tele phone 
and mail survey used in this research . 

Households were randomly selected from the tele
phone book from communities in the Boston area in 
proper tion to the number of households in each com
m•Jnity. Person:; ::esponding .:o the telephone survey 
were asked if they had shopped in the Downtown 
Crossing in the last year . Those who had done so and 
who could name one other shopping area where they 
had shopped were asked if they would be willing to 
fill out a mail survey. Those who agreed to complete 
a mail survey were sent one. Followup telephone 
calls were made to encourage response. 

Evaluation of the Survey Data 

Before the data collected in the telephone and mail 
surveys were used for model estimation purposes, 
they were evaluated in terms of overall quality and 
representil Jon of the population of s hopp.,n; ui 
interest. Of all telephone calls attempted , 64 per
cent of the persons called agreed to take the mail 
survey , and there were l , 894 telephone interviews. 
Of 1,174 telephone survey respondents who agreed to 
take the mail survey , 44 percent actually responded, 
providing 518 completed questionnaires. 

Respondents who worked in downtown Boston had a 
higher mail response rate than others, and these 
respondents tended to use the Downtown Crossing more 
frequently. Thus, there was a need to separate 
workers and nonworkers in the modeling analysis work 
to correct for the different response rates. 

The data from the survey were found to be of 
reasonably high quality. Where there was more than 
one measure of perceptual, i:,reference, and choice 
variables, thcoc differenli. 111.:d>1Ur1t>1 were signiti
cantly correlated. Respondents did discriminate well 
between preference and choice, and they d d dis
criminate between a number of the perceptual vari
ables . Respondents had difficulty discriminating 
between the perceptual variables of quality, variety, 
and value. Thus, these variables were averaged as a 
single store-related variable for analysis purposes . 

MODEL ESTIMA'l'ION 

Figure l shows the submode ls to be estimated . I .nfor
mation was available from the s urveys to estimate 
both a preference model (linking perceptions with 
preference) and a choice model (linking pi:eferenoe 
and travel impedance with choice) for the real shop
ping alternatives of the Downtown Crossing and the 
most used alternative shopping area. Information was 
also available to estimate a perceptual model (link
ing features with perceptions) and a preference 
model for hypothetical futures for the Downtown 
Crossing. 

In order to link the changes in features for the 
Downtown Crossing with changes in patronage for th,e 
area , it was necessary to link the two partial lens 
systems . This was to be done by comparing the pref
erence model for real a.lternatives with the one for 
hypothetical futures. If these two models were 
similar in a statistical sense , changes in percep
tions predicted from the perceptual model for hypo
thetical f utures could be used with the lens system 
for real alternatives to predict changes in patron
age due to the changes in features of the Downtown 
Crossing . 

Logistic Preference Model 

The next task was to find an appropriate form for 
the relationship between preferences and perceptions. 
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Choice Model 

Ra:iil alta,...,....,.ti ........ 
••--• .... , ..... U,111;1,.&'t' 11;;;;..I 

Perceptions Prelerence f------ Choice 

Trovel Impedance 

Preference Models ----< 

' Features H Perceptions H Preference j 

Hypothetical Alternatives 

Perceptual Model 

FIGURE 1 Relationship of the suhmodels to the lens model system. 

Constant sum-paired comparisons are often assumed to 
have ratio scale properties , That is , respondents 
are assumed to divide points among alternatives so 
that the ratio of points indicates how much one 
alternative is preferred over the other . ·rransitivity 
tests performed on the survey data showed that there 
was indeed justification for the ratio scale assump-

ion, On the other hand, the perceptual rating ques
tions were designed to encourage interval scale 
responses. If preferences are ratio sca1-ed and per
ceptions interval sclllPd , a functional form is 
required for the preference model that will map the 
interval scale perceptions to the ratio scale pref
erences. A form that will accomplish th is for ratio 
scale constant cum-paired compar iscn preference data 
is a logistic function as shown: 

PREFjl/100 = 1/{l + exp[-B' (PERCjl-PERCj2)]} x e (1) 

where 

PREFjl 

exp 
PERCjl-PERCj2 

observed number of points given to 
alternative jl out of a 100 point 
paired comparison between jl and 
j2, 
exponential, 

= vector of observed perceptual rat
ing differences for alternatives 
jl and j2, and 

e = error term assumed to have a mean 
of land a log normal distri-
bution. 

Regression estimation of the logistic form can be 
done by taking the ratio of the preferences for two 
alternatives in a paired comparison , and then taking 
logs . Table l gives the results of ordinary least
squares regressions for the logistic preference 
models for the Downtown Crossing a11d the most-used 
other shopping area (the real alternatives), a.nd 
separately for the different Downtown Crossing 
futures ('the hypothetical alternatives ). As can be 
observed, the order of the coefficients is the same. 
The magnitudes are very different from one another, 
however. 
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TABLE 1 Estimation of Logistic Preference Models 

Do wntown Crossing 
Versus The Alternative 
Mall Hypothetical Futures 

Variable Value !-Statistic Value !-Statistic 

Constant .22 1.84" -.03 -.92 
STOREDIF .44 8.45b .21 4.70b 
PARKDIF .OS 1.693 .11 7.45b 
WALKDIF .II 3.97b .20 11.64b 
OBSERVATIONS 211 741 
R-SQUARED .44 .30 
F(3 .00, 73 7) 54.38 103.51 

Note: Ea«imated Model: 
log(PR EFjl / PREFj2) = BO+ Bl x STOREDIF + B2 x PARKDIF + B3 x WALKDIF 

PA.RKDIF ond WALKDIF i re rho dlITcrcnce In ca: 1c,or1ca1 rallnp for p:uk\n~ coo
Vu ulcnco. a.ud lhc, rltlr'dC tivenffl of rhe wnlk i:nvi.ron ment. rc.tptcCh'Ol)'. STO R£0If" 
Uthe 11yerage dlffcrc nc-e bctw\:le.n t.hc three store-rchncd vari.ablct or qunllly, \/Udeo i. 
~nd voluo. PI\EFj l / PRP.FJ2 Is lh• rnUo of proforonce poini. (Q, sllcrn•1lv"" JI •nd )2 
given in a paired comparison. 

:slgnlflcnnt at the 5 perccml level, 1 1allcd tcsl. 
Signlflcant at better tha,, tht. l.S pcrt~nl le-vel, 1 tailed test. 

Use of Instrumental Variables 

There are two factors that could cause problems with 
the regressions, ·First, measurement error in the 
independent variables will result in biased and 
inconsistent coefficients (13) ~ In general, the 
greater the measurement error~the smaller the coef
ficient. 

Probably a more serious problem with the data is 
the ex-!stence of halo effects that can affect the 
measurement of perceptions. Halo effects occur when 
respondents give perceptual ratings that reflect 
their preferences , Such effects are commonly found· 
in data such as that collected for this research 
(ll). 

One theory about the feedback of perceptions to 
prefei:ence for the hypothetical alternatives is 
shown in Figure 2. Rectangles are used to indicate 
true values, and ovals are used to indicate measure
ments. The assumption in Figure 2 is that preference 
does affect the perceptions of attributes for a 
hypothetical alternative. A set of equations can be 
specified for the relationships shown in Figure 2, 

The true value of the log of the preference ratio 
is assumed to be equal to a linear function of the 
true differences in perceptions plus a disturbance 
term due to omitted variables, Equation 2 shows tbis 
structural relationship . Equation 3 s hows that the 
109 of the measured preference ratio is equal to the 
log of the true preference ratio plus measurement 
error , Preference does not affect the measured pe.r
ceptual differences directly; thus they are equal to 
the true differences plus measurement error. Equa
tions 4-6 show these relationships. Measurement error 
is assumed to be uncorrelated with the true vari
ables. 

The true perceptual differences are assumed equal 

Features 

I 
Pe rcept ions 

mt ings 

Preference 

constant sum 
po1red comparisons 

Note: Rectangles indicate true values, and ovals indicate their 
measurement. 

FIGURE 2 Representation of the relationship between 
features, perceptions, preference, and their measures. 
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to a linear-in-parameters function of the differences 
in relevant features , the log of the preference 
ratio, and a disturbance term due to omitted vari
ables. The mea.sured perceptual differences are 
therefore assumed to be equal to a linear-in-param
eters function of the differences in relevant fea
tures, the 109 of the preference ratio, and an error 
term that includes measurement error as well as 
omitted variables. The equations for the measured 
perceptual variables are shown in Equations 7-9: 

*LPREFDIF =BO+ Bl X (*STOREDIF) + B2 
x (*PARKDIF) + BJ x (*WALKDIF) + eO (2) 

LPREFDIF = *LPREFDIF + uO 

STOREDIF "' *STOREDIF + ul 

(3) 

(4) 

(5) 

(6) 

PARKDIF 

WALKDIF 

*PARKDIF + u2 

*WALKDIF + u3 

STOREDIF =CO+ Cl x NATDIF + C2 x FASHDIF 
+ Fl X (*LPREFDIF) + (el+ ul) (7) 

PARKDIF AO+ Al x GARAGEDIF + F2 
x (*LPREFDIF) + (e2 + u2) (8) 

WALKDIF DO+ Dl x CLEANDIF + D2 x SECURDIF 
+ DJ x AUTODIF + F3 
x (*LPREFDIF) + (e3 + u3) (9) 

where 

*LPREFDIF ~ the difference of the logs of the true 
prefei:encesi 

*STOREDIF g the true difference in store percep
tions for the two alternatives; 

*PARKDIF ~ the true difference in parking con
venience perception; 

*WALKDIF the true difference in walk environ
ment perception; 

NATDIF an indicator variable that is 1 if the 
first alternative alone has a national 
chain department store, -1 if the 
second alternative alone has a 
national chain department store, and 
0 if both alternatives either have a 
national chain store or if both do 
not; 

FASHDIF an indicator variable for the high 
fashion department store; 

GARAGEDIF an indicator variable for the parking 
garage ; 

CLEANDIF an indicator variable for improved 
maintenance; 

SECURDIF an indicator variable for improved 
security; 

AUTOSDIF an indicator variable for allowing 
automobiles back on Washington Street; 

LPREFDIF the difference in the logs of the 
measured preferences from the constant 
sum-paired comparisons; 

STOREDIF the average measured difference in 
perceptual ratings for store variables 
of quality, variety, and value; 

PARKDIF the measured difference in perceptual 
ratings for parking convenience; 

WALKDIF the measured differ ence in perceptual 
ratings for the attractiveness of the 
walk environment; 

ei errors due to omitted variables in the 
equations; 

ui errors due to measurement error; and 
Bi, Ci, Di, 

and Fi= coefficients. 
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This set of equations can be estimated with the 
use of instrument.:il variables. An instrument for 
preference can be obta.ined by a dummy va.r iable 
regression of the measured preference on the fea
tures as follows: 

!:PREFD!:f' EC + El A .l.'UU.U.L~ + E2 x FASHDIF + E3 
x GARAGEDIF + E4 x CLEANDIF + ES 
x SECURDIF + E6 x AUTODIF + error (10) 

An estimate (LESTPRE.F) for the preference difference 
can then be obtained from the right side of the 
estimated regression equation. 

Because *LPREFDIF, or the true preference dif
ference, is not observed but is measured with error, 
a least-squares regression can lead to biased and 
inconsistent parameter estimates (13) • The problem 
is that when LPREFDIF is substituted in Equations 
7-9, the preference measurement error, uO, becomes 
part of the error term. LPREFDIF i11 correlated with 
uO, so the least-squares assumption that the error 
is uncorrelated with the independent variables fails. 
However, LESTPREF, which is independent of the mea
surement error, can be used as an instrumental vari
able in Equations 7-9. Least squares will then pro
vide consistent estimates for the parameters. 

With consistent estimates for Ci, Ai, and Di, 
instrumental variables can be derived for the true 
perceptual differences, *STOREDIF, *PARKDIF, and 
*WALJ<DIF. call these instruments ESTSTOR, ESTPARI<, 
and ESTWALK, respectively. Then ESTSTOR, ESTPARK, 
and ESTWALK may be substituted into Equation 2 and 
used to obtain least-squares estimates of the coef
ficients (Bi). 

The data in Table 2 show the results of the re
gressions for Equations 7-10. All coefficients in 
these regrP.ssinm, other than the constant term di:t, 

highly significant. As expected, the variable 
LESTPREF was found to contribute sig!'.)_ifi_cant;_ly to 
the perceptual model regressions for Equations 7-9 
verifying the existence of halo effects. 

TABLE 2 Dummy Variable Regressions for Equations 7-10 

Eq uation 

Variable 10 7 8 9 

Dependent variable LPREFDIF STOREDIF PARKDIF WALKDIF 

Independent variables Value Value Value Value 
Constant -.02 .01 -.02 .00 
CLEANDIF .52 .94 
SECURDIF .49 .62 
AUTOSD!F -.60 -1.64 
GARAGEDIF .59 3.08 
NATDIF .38 .49 
FASHDIF .35 .59 
LESTPREF .34 .54 .93 
CLEANSEC -.55 
OBSERVATIONS 1,215 1,053 1,01 3 1,086 
R-SQUARED .22 .19 .52 .38 
F STATISTIC 58.19 80.89 548.40 135 .06 

The final step in this analysis is to use the 
estimates of the perceptual differences (ESTSTOR , 
ESTPARI< , ESTWALK) derived from the regressions as 
instrumental variables to estimate Equation 2. Table 
3 gives the regression estimation results for the 
preference model for the hypothetical alternatives 
and also compares these results with those for real 
alternatives previously shown in Table 1. 

The estimated coefficients for hypothetical 
futures are reasonably close to the coefficients 
estimated for real alternatives. The store coef
ficients are about the same magnitude, and the order 
is correct. 'l'he estimated coeffi c ents for the store 
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perception variable and the parking perception vari
ab.Le are not significantly different for the hypo
thetical alternatives and for the real alternatives. 
The walk coefficients are still significantly dif
ferent. 

Comparing the coefficients in Table 3 for hypo
thetical futures with Table 1, it can be observed 
that the major difference from incoi:porating esti
mated variables rather than measured variables for 
perceptions is to increase the coefficient of the 
store-related perceptions. This implies that the 
store perceptions may be measured with more error 
relative to the parking and walk environment percep
tions in the hypothetical case. A logical explanation 
for this is that most of the alternative futures af
fected the perceptual variables other than the store
related variables. Inspection of the ratings for each 
perceptual variable in the mail survey showed that 
vaz:iance among respondents increased when they rated 
perceptual attributes that were not expected to 
change . Tl1,1s, .i.c is likely chat tnere was more er ror 
in the ratings of the store-related perceptions than 
in the parking or walk environment perceptions. 

In comparing the coefficients for the real and 
hypothetical alternatives, an assumption is made 
that the perceptions for the real altez:natives are 
not affected by the preferences as in the case for 
the hypothetical alternatives. Because the real 
alternatives are shopping areas currently used by 
the respondents, it appears reasonable that percep
tions of their attributes would be less susceptible 
to halo effects than perceptions of hypothetical 
shopping areas. It must also be assumed that there 
is little measurement error in the perceptions for 
the real alternatives. Because there is little reason 
to believe that the store-related perceptual vari
ables for rea.L alternatives were more subject to 
measurement error than the parking- and walk-related 
va..r;.iabiea, and because the parking- and walk-related 
variables appear not to suffer from measurement 
error, at least in the hypothetical case, this ap
pears to be a reasonable assumption. 

Choice Model 

The lens model represents choice as an action that 
is dependent on preference and on environmental 
constraints. In the case of shopping area choice, 
the environmental const raint is the travel impedance 
to the shopping areas . 

A logit random utility model has often been used 
to predict choice of shopping area, given data on 
individual choices (]2). A very simple logit model 
was used for the choice model for th is research. 
Independent variables used as part of the choice 
utility function were the log of the preference 
points, an indicator variable for workers, and travel 
time in minutes. Further details on the choice model 
are provided by Karash (~). 

FORECASTING WITH THE MODELING SYSTEM 

In order to use the models to forecast changes in 
trips to the Downtown Crossing, some important as
sumptions must be made about the difference in human 
perceptions and preferences, given real alternatives 
that we.re discovered for the hypothetical alterna
tives. Given plenty of time to observe changes in 
the Downtown Crossing, it is assumed that perceptions 
of the area can be assessed independent of preference 
so that there will be no halo effect. 'l'his is a 
conservative assumption in that the impacts of 
changes will be less if there is no halo effect. 
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TABLE 3 Preference Model Using Estimated Perceptions as Independent Variables 
for the Hypothetical Futures for the Downtown Crossing Compared with the 
Preference Model for Real Alternatives 

Hypothetical Futures 

Variable Value t-Statistic 

Constant -.01 -.51 
ESTSTORE .42 4.80b 
ESTPARK .10 6.16b 
ESTWALK .24 10.47b 
OBSERVATIONS 1,215 
R-SQUARED .20 
F(3.00, 1,21 I) 100.71 

Note: Estimated model for hYPQtheticel futures: 

Real Alterna lives 

Variable 

Constant 
STOREDIF 
PARKD!F 
WALKDIF 
OBSERVATIONS 
R-SQUARED 
F(3.00, 737) 

Value 

.22 

.44 

.05 

.II 
21 I 

.44 
54.38 

I-Statistic 

1.848 

g.45b 
1.693 

3.97b 

LPREFDIF = - .01 + .42 x ESTSTORE + . 10 x ESTPARK + .24 x ESTWALK 

Es1fnu:11ed model for real 1111termu lvcs: 
LPR£FD1F = .22 + .44 x STOREOIF + .OS x PARKDIF + .11 x WALKDIF 

~ ignlncan1 at the 5 porocnt level, 1 tallod test . 
SJe.n lOccml at the 2. S percen t level, I rallod test . 

Equations 7-9 can then be used to estimate average 
changes in perceptions due to hypothetical futures. 

Given the predicted changes in the perceptual 
ratings for the changes in the Downtown Crossing, 
the next step is to predict the average change in 
preferences. To do so the assumption is made that 
the appropriate preference model to use is the one 
estimated for the real alternative shopping areas as 
given in Table 1. 

The new market share for trips to the Downtown 
Crossing out of the trips to either the Downtown 
Crossing or the alternative mal.l. due to preference 
changes can be calculated by using the legit choice 
model knowing only the ,existing market share and the 
change in the log of the preference ratio. The data 
in Table 4 show the new market shares and the per
cent change in matket shares computed for the last 
trip for workers and for others. To determine the 
overall effect on the Downtown Crossing, the shares 
of last trips for workers and others must be weighted 
to account for different current use of the Downtown 
Crossing. The overall effect is also shown in Table 
4. 

The predicted change in market share of shopping 
trips is around 10 percent for adding department 
stor.es. A garage that would make parking readily 
available and cheap would be expected to increase 
trips by about 6 percent. Superior maintenance or 
highly visible secua:ity would increase trips around 
3 or 4 percent, whereas the combination would in
crease trips by about 5 percent. Allowing automobiles 
back on Washington Street would reduce trips by 
about 8 percent. 

These predictions were accepted as reasonable by 
the Boston Redevelopment Authority staff and the 
retail experts who were hired to predict retail 
sales for the Downtown Crossing, given similar de
velopment scenarios to those tested in this research. 
The gravity model could not be an independent check 
on the results given in Table 4 , however, since 
early results from this research heavily influenced 
the calibration process for the gravity model. 

The MIT research thus helped to quantify the 
retail experts' intuition. For example, the finding 
that better maintenance and security could increase 
traffic by 5 percent was consistent with recent 
experience in shopping centers that had been revi
talized by new management (17). 

The major result of interest, however, is the 
impact of allowing automobiles back on Washington 
Street. The prediction that workers' trips increased 
by 6 percent and others increased by 10 percent is 
compatible with the pedestrian counts taken in 1978 
before the mall was implemented and in 1980 after 
implementation (18). Thus these results clearly 
indicate that the pedestrian mall was a positive 
development for the area, holding all else constant. 

DISCUSSION AND CONCLUSIONS 

This research accomplished its objectives, which 
were to measure the effect of an automobile-re
stricted zone in downtown Boston on retail trips to 
the area and to use a theory of consumer decision 
making known as the lens model to determine the 
effect of a number of hypothetical changes in the 
downtown Boston retail area. In order to link hypo
thetical changes with actual choice using the lens 
model it was necessary to show that shoppers' pref
erences for the hypothetical futures for the Downtown 
Crossing were formed on a simila.r basis as the i r 
preferences between real alternatives. Preference 
models for real and hypothetical alternatives were 
found to be reasonably similar, but only if problems 
of measurement error and halo or feedback effects 
were explicitly accounted for in the analysis for 
the hypothetical alternatives. 

This research work has influenced policy in the 
Downtown Crossing. The predicted increases in trips 
due to improved maintenance and security helped to 
provide economic justification for the establishment 
of a tax district that would raise fees to provide 
better area management. Legislation for such a tax 

TABLE 4 Percent Change in Market Shares 

Addition of a high-fashion department store 
Addition of a national chain department store 
Additiol\ of a large parking garage 
Improved maintenance 
Improved security 
Improved maintenance and security 
Automobiles allowed on Washington Street 

Downtown Other 
Workers Shoppers 

8 
6 
4 
3 
2 
3 

-6 

14 
12 
8 
5 
4 
6 

-JO 

Weighted 
Total 

JI 
JO 
6 
4 
3 
5 

-8 
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district was developed at the request of area mer
chants, although no district has been created to 
date. 

Finally, the findings of the positive impact of 
the automobile-restricted zone have certainly quieted 
criticism of that program. The predictio n of the 
loss in patronage due to removal of the automobile
restricted zone has eliminated consideration of that 
option by merchants upset about other problems that 
have beset the Downtown Cross i ng. 
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