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Methods for Collecting 
Information About 
Traveler Subgroups 

Douglas Brian Gurin, Urban Mass Transportation Administration, U.S. 

A variety of research methods to learn about traveler subgroups can be 
used to differentiate among travelers and to explain travel panerns and 
problems. This paper evaluates indirect methods (such as literature re
views and expert interviews), unobtrusive methods (such as field obser
vations and written record analysis), and direct methods (such as infor
mal conversations, large sample surveys, and long-term personal interviews 
with subgroup members). The best features of these methods can be 
successfully incorporated into long-term meetings that involve small sets 
of homogeneous panels of travelers. Widespread use of the panel method, 
in combination with other research methods, is encouraged to explain 
subgroup travel behavior, identify travel problems, determine preferred 
solutions, and forecast and assess the impacts of policies and programs. 
Panel discussions seem particularly productive for helping transportation
disadvantaged subgroups such as the elderly, the handicapped, and the 
young. 

Politicians and planners have become increasingly in
terested in travel patterns and problems of population 
subgroups because they need to determine preferred 
problem solutions and to forecast and assess social, 
political, and other impacts of transportation policy and 
programs. However, most existing knowledge about 
subgroups is inaccurate or incomplete. This paper 
covers a variety of research methods that explore and 
explain travel behavior patterns and attitudes that are 
historically stable and observable in the United States 
and abroad. The methods can also help uncover behav
ior patterns and attitudes that are changing, potentially 
responsive to public policy, or reflective of the unique 
conditions of demography, culture, or local environ
ments. Since institutions need better methods to antic
ipate which investments and legislative actions will or 
should be supported, this paper focuses attention on 
exploratory causal research. 

Two classes of methods are presented: 

1. Indirect methods that employ observations abou 
subgroup members made by nonsubgroup members and 
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2. Direct methods that involve individuals of the trav
eler subgroup and their observations about themselves 
and their peers. 

The appropriateness, accuracy, validity, reliability, 
generalizability, cost, and other features of these meth
ods are highlighted. 

PIUNCIPLES OF RESEARCH DESIGN 

Several worthwhile principles of research design merit 
review before specific methods are introduced. 

1. Subgroup research should be based on several con
trasting research methods that permit observation and 
data collection from different vantage points. This mul
tiple approach, referred to as triangulation, makes use 
of the best features of each approach. Research credi
bility is enhanced if comparative data from several 
methods result in similar conclusions. Credibility is 
reduced, however, if different conclusions are revealed; 
the use of multiple methods helps to reveal inaccuracies 
in observation, measurement, or analysis that must be 
explained and resolved (1, 5, 7, 14, 15, 16). 

2. Research credibiuty canlJe enhanced if at least 
one method used in triangulation research permits rein
forcing comparisons of new subgroup data and findings 
with those revealed in other research covering similar 
topics or using similar methods, but involving populations 
in different eras, locations, and cultures. To diversify 
the comparative data base for major research studies, 
efforts should be made to include travel-related questions 
in other census or research projects. 

3. Subgroup research should be designed to learn 
the fundamental reasons why observed subgroup patterns, 
problems, and solutions exist. Research methods must 
permit direct explanations by subgroup members as well 
as causal inferences by researchers (1, 7, 10, 13, 15). 

4. Research should identify informaffononactual 
behavior and attitudes of the subgroup (7, 10). Objective, 
theoretical, and normative information- (based on sim
plified or idealized approaches used in engineering, 
economics, and city planning) should supplement and not 
substitute for empirical information. 
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5. Subgroup research should expand and illustrate 
mobility possibilities and problems and improve mobility 
measurement. The nature and extent of interacting fac -
tors that affect mobility and travel problems have not 
been documented or understood. Until a comprehensive 
overview of mobility has been established, the research 
to simplify and synthesize most aspects of travel is pre
mature (5, 7, 9, 15). 

6. Subgroupresearch will be more persuasive if it 
emphasize s careful quantification of information (2, 3, 
4, 51 6, 7, 9, 11, 12 , 14, 15, 16 ). Subsequent data andfore 
casting can only be as realistic and accurate as the mea
sures that were used to record observations and infor
mation. Questions can often solicit quantitative infor
mation instead of simple yes-no or true-false responses. 
Detailed and disaggregated data can always be simplified, 
but simplified responses cannot be expanded by the re
searcher. 

7. Subgroup research design should include control 
group concepts (1, 2, 3, 4, 7, 12, 14, 15). Research will 
also be improvecTif contrastingpopulations can be in
vestigated simultaneously. For example, studies of 
subgroup immobility problems should cover both immo
bile subgroup members and the mobile members whose 
age, experience, education, income, and other condi
tions have already helped them overcome or avoid im
mobility. 

8. Research designed to help predict the impacts of 
public policy and programs should employ longitudinal 
or time-series data-gathering methods (2, 5, 11) . The 
stability or change in mobility patterns andproblems are 
needed indicators of the causes of existing and potential 
travel behavior and the public response to problem solu
tions. 

9. Research plans should provide adequate time, 
money, and staff competence . Exploratory research 
may take several months or years to learn about sub
group populations, develop appropriate questions, secure 
clearances for research questions from the Office of 
Management and Budget and funding sponsors , and col
lect and analyze subgroup information. Adequate funds 
for staff selection, training , and information collection 
are vital. The most experienced and competent staff 
should be employed to deal with the inherent difficulties 
of exploratory research. These resource requirements 
will be offset, however, by the benefit that a large core 
of the research findings will likely have in widespread 
and long-term relevance. Many aspects of subgroup 
travel patterns and problems can receive future policy 
and program attention without costly site-specific and 
follow-up studies. 

INDIRECT DATA-GATHERING METHODS 

Literature Search 

A review of printed information is a necessary but often 
frustrating and time -consuming experience . Researchers 
should expect to encounter several unique and seldom
described problems in locating and using existing sub
group information. Substantive exploratory and causal 
material on subgroups is too new a topic of concern to 
find in printed for m . When material is found, its quality 
must be evaluated carefully and s keptica lly before it is 
used because (a ) quantitative data ar e of dubious accu
racy or completeness and (b) qualitative insights on par
ticular topics are neither developed in depth nor docu
mented by empirical research nor integrated with theories 
of travel and behavior. Existing efforts are rarely de
signed to explain and predict subgroup responses to new 
policies and programs. 

One reason for research difficulties is that new areas 

of research seldom have a widely accepted, specific 
language or vocabulary that frequently appears in titles, 
tables of contents, or indexes. Researchers coin their 
own phrases such as physical mobility or subgroup 
travel. Researchers and librarians do not find existing 
bibliographic guides very helpful in locating printed ma
terial. Books of abstracts, card catalogs, computer 
retrieval systems, and periodical listings require this 
existence and the knowledge of access points or key words 
on the subject in question so they can be used. The lack 
of a specific vocabulary, however, forces researchers 
to use equivalent key words that are vague and that rarely 
lead to worthwhile material. For example, material 
indexed under mobility almost always deals with eco
nomic, social, or residential movement- there is no 
subject heading that deals specifically with physical 
movement. Other complications arise when different 
authors use different words to refer to the same topic 
(e.g., population subgroups, market segments, or con
sumer groups) or when authors use the same word to 
imply different meanings (e .g ., the word pane lists implies 
either a group of isolated respondents who submit peri
odic reports or an assembled set of discussants.) Bib
liographic guides are also of restricted use because (a) 
authors who work in exploratory fields are seldom well
known to researchers or information retrieval experts, 
(b) many government documents do not reveal author
ship, and (c) many sources of exploratory ideas do not 
include footnotes. 

Authors seldom help catalogers, librarians, or re
searchers. Many authors choose titles with little or no 
regard for the problems other researchers will encounter 
if they try to identify the potentially relevant materials. 
Titles are too short to be explicit and informative; they 
do not include conventionally established key words; and 
they do not choose key words to appear in the title first 
so researchers can locate information. Abstracts before 
the early 1970s were seldom written to be informative 
and to contain key words that help catalogers, guidebook 
publishers, and researchers. Thoughtless titles and 
abstracts cause researchers to overlook the author's 
work or to waste time tracking down and reading irrele
vant material. 

Much of the material of greatest use in exploratory 
work is not indexed or available to the public. Typically, 
relevant material is unpublished or is printed in limited 
numbers, anthologies, or collections or prepared for the 
private use of companies . Determining the existence of 
the material and obtaining copies of it depend on luck or 
on access to professionals or professors who are famil
iar with this underground material. Telephone and per
sonal contacts must often be established with authors 
and people who serve on transportation committees of 
various institutions (i.e., TRB, NCHRP, American Auto
mobile Association, American Institute of Planners, 
American Public Transit Association, American Society 
of Planning Officials, American Society of Civil Engi
neers, and the Highway Users Federation for Safety and 
Mobility). 

Institutions, with few exceptions, hamper exploratory 
literature r eviews. TRB is slowly developing a com
puterized information system (TRISNET), and the Smith
sonian Institution and various universities and govern
ment agencies are attempting to publicize recent and 
ongoing research in progress. On the other hand, the 
major clearinghouse of transportation reports (National 
Technical Information Service), the Federal Register, 
the Congressional Record, and most bureaucracies have 
administrative procedures that complicate and discourage 
retrieval of speeches, testimony, regulations, and other 
documents. 

The dearth of scholarly and professional material on 



exploratory topics necessitates the search for relevant 
material. Relevant sources of causal insights include 
market studies, advertising, photography exhibits, 
music, biographies, regional newspapers, popular news
weeklies, and hobby and fan magazines. These sources 
are often the only ones that contain many types of infor
mation about short- and long-term behavior andatti
tudes; unfortunately, most of these sources are not car
ried by many libraries, are not listed in periodical in
dexes, and lack respectability in many universities and 
agencies. 

The literature of nontransportation fields must be 
searched for relevant or analogous material to supple -
ment existing transportation literature prepared by en
gineers, econometricians, and planners. Other fields 
to be covered for substantive and methodological infor
mation include marketing, education, social relations, 
psychology, anthropology, sociology, political science, 
and consumer and regulatory economics. However, the 
social-behavioral sciences have not focused their atten
tion on most aspects of transportation and travel (1, 7, 
12). - -

Expert Interviews 

The authors who write the most relevant material located 
during a literature review should be interviewed directly 
and as early as possible in the review process. Authors 
should be asked to evaluate their efforts and those of 
other researchers, identify existing but unanalyzed data 
and literature sources, recommend further research 
priorities and methods, and describe time-consuming 
or hard-learned research lessons. Since authors seldom 
publish this helpful material, these interviews are im
portant for improving and speeding up the exploratory 
work. 

Subgroup studies can benefit from the insights of per
ceptive people who are not members of the subgroup. 
Initially, professors should be contacted to identify rel
evant literature and improve research designs. Regional 
planners and transit and highway officials can provide 
descriptive information about general travel patterns; 
however, they rarely have information about the behavior 
and attitudes of a particular subgroup, nor do they dis
play an understanding of the reasons behind observed 
behavior. 

The most stimulating informants about the causes of 
travel patterns and problems are prtJfessionals who deal 
directly with subgroup members in a social service ca
pacity (7, 13). Police officers, guidance counselors, 
employment placement workers, clergymen, and transit 
and taxi drivers have roles as authority figures and, as 
a result, have frequent contact with a cross section of 
subgroup members and their families. They view travel 
and car accessibility in symbolic as well as transporta
tion terms. They can sense the insecurities and family 
problems of the subgroup members that lead to psycho
logical demands for mobility. In particular, police and 
taxi drivers know about informal subgroup activities
their locations, timing, and participation rates among 
the subgroups. Since police and taxi drivers come from 
social-class backgrounds and family experiences that 
are similar to those in the neglected transit-market 
segments, they are often sympathetic with the feelings 
of subgroup members. Police and other people who 
have grown up in one geographical area can provide 
some historical perspective on the stability of the be
havior and attitudes of the subgroup. 

Informants who can provide contrasting -perspectives 
about subgroups include newcomers (new town residents 
and young teachers), politicians and storekeepers, 
people who have had personal experiences in situations 
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similar to those of the subgroups being studied, and 
people who sell or finance products related to transpor
tation ('.!_, 10, 14, ~). 

Family Interviews 

The families of subgroup members (e.g., the children of 
an elderly person) can provide a unique type of informa
tion that can improve the accuracy and reliability of the 
information gleaned from subgroup members. At a min
imum, families can confirm basic facts about socio
economic status and access to transportation. They can 
describe and explain changes in the travel behavior and 
attitudes of the subgroup members over the years and 
during a typical week. They can compare the behavior 
and attitudes of the subgroup member with his or her 
siblings, children, parents, and friends to learn how 
people of similar backgrounds respond to maturation, 
changing economic status, technological and institutional 
innovation, and tax-supported transportation programs. 

The use of family informants raises serious ethical 
and methodological questions that can only be briefly 
cited. How can the rights to privacy of subgroup mem
bers be assured? How can people for whom mobility and 
feelings of independence are symbolically important 
(e.g., adolescents, working class fathers) be encouraged 
to permit family interviews? What steps can be taken 
to prevent disclosure of confidential remarks? How can 
one overcome subgroup members' fears that family mem
bers are likely to be more observant of their travel be
havior after the family members are interviewed? How 
biased are the findings if only a fraction of the subgroup 
population permits family consultations ? 

Written Records 

Written records of data compiled for educational, health, 
tax, safety, and other institutions can occasionally be 
tapped to help explore travel behavior and attitudes of 
the subgroup. Examples of these records include psy
chological tests, attendance and vacation records, med
ical disability files, and records for parking permits 
and traffic accidents. These records can be used to 
verify subgroup reports, estimate trip frequencies or 
travel problems, and develop personality profiles as
sociated with specific travel behavior patterns such as 
poor driving. This type of research is recommended 
to supplement information gathered directly from the 
population being studied (16). Caution should be exer
cised by researchers whenreviewing the behavioral 
science, labor, safety, and other professional journals 
that deal with the ethics and procedures for obtaining 
public access to these records and the generally poor 
quality of most institutional files ~' !; '.!_, ~). 

Field Observations 

A wide variety of methods exist for exploring subgroup 
behavior visually, mechanically, or photographically 
(16). These unobtrusive techniques are often inexpensive 
and require little manpower. Visual inspection of the 
geographical environment in which travel takes place can 
provide general impressions about the density a.nd nature 
o1 trip generators and the hours and seasons when they 
are available to subgroup members. other useful b~t 
crude approaches for studying mode, route, destination 
choices, and travel behavior involve the development of 
physical indicators of activity (such as tracks left by 
pedestrians snowmobiles, and parked and skidding cars; 
wear and te~r on facilities; and amounts of litter) and 
mechanical and photographical counting devices triggered 
by vehicles, door and gate openings, and turnstiles. 
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Field observations seem best suited for studies of 
specific kinds of subgroup behavior along certain routes 
and at destinations (6, 15) and for the design and behav
ioral analysis of smallsites and facilities such as pe
destrian overpasses, parking lots, or bus interiors. 
However, observational techniques have important limi
tations. Subgroup members may not be easy to identify 
visually or from the physical indicators they leave be
hind. The causes of the observed behavior are seldom 
discernible; therefore, other direct methods must be 
used in conjunction with observation. Last, travel pat
terns that are dispersed over a large area or long pe
riods of time make field observations difficult. 

DIRECT METHODS 

Informal Conversations With Subgroup 
Members 

Informal conversations are a necessary part of subgroup 
research. These conversations help researchers learn 
subgroup idioms and popular travel topics and concerns. 
They also build researchers' confidence to do a more 
critical follow-up for interviews and group meetings. 
The conversations permit a pretesting of interview and 
written survey materials and can be used to identify 
potential informants. From the viewpoint of the sub
group members, informal conversations acquaint them 
with the objectives, time commitments, participation 
demands, privacy guarantees, and staff associated with 
the collection of information. This informal conversa
tion is especially valued if long-term research is planned 
(7, 10). Conversations that appear in newspapers and 
on network radio and TV news stories are sometimes 
the only available validation sources for comparing the 
behavior and attitude information obtained from sub
groups of similar or contrasting sex, geographical re
gion, social class, and income -especially if travel 
conditions change significantly (such as during an energy 
crisis, a transit strike, or a crippling storm). 

Participant Observation 

A special application of conversation and field research 
is participant observation; the researcher spends days 
or months associating with one or more subgroup mem
bers, develops a trusting relationship with them, un
obtrusively observes their behavior, and occasionally 
asks them to explain their behavior. Participant obser
vation permits identification of a subgroup member and 
opportunities for clarifying the nature, frequency, and 
other characteristics of observed behavior and displayed 
attitudes. Observation also permits documentation of 
travel and decision behavior, perhaps in greater detail 
and for a greater duration then subgroup members would 
record by themselves. However, participant observa
tion is difficult and time consuming particularly if the 
needs of the subgroup require travel within a large area; 
therefore, this technique appears marginally useful to 
produce data for a general mobility study. It is also 
one of the more controversial research methods for 
sociological study (~, !, _g). 

One-time or Multiple, Open-Elnded, 
Semistructured Interviews of Individuals 

The one -time interview can generate considerable in
formation about subgroups if sufficient interview time 
and skilled interviewers are part of the research de
sign. Small numbers of respondents, perhaps 50, can 
be used to explore and explain a variety of topics in 
sufficient depth to perfect measures of neglected aspects 

of travel and to generate hypotheses for future prediction 
and testing. Exploratory interviews can be conducted in 
an informal and trust-building environment and conve -
niently scheduled to generate several hours of material 
per respondent. Once the time limits are overcome, 
several methods of data collection can be explored, and 
questions can be developed and repeated to gain reliabil
ity and validity. These interviews can involve a small 
subsample of subgroup individuals who have unusual at
tributes such as a broken arm or leg, who are about to 
gain or lose access to a car, or who use particular types 
of transportation such as transit, taxis, and snowmobiles. 

Small-sample, open-ended interviews have disadvan
tages. The recruitment for respondents can be complex, 
since respondents who are willing to invest time and ef
fort must be found. Interviewers shonld preferably be 
of similar age and race and have other attributes that 
match those of the subgroup respondents, and inter
viewers must have verbal skills and imagination to take 
full advantage of this method. The verbal collection of 
respondent data such as age and address can be boring 
and an inefficient use of skilled interviewers. The most 
serious limitations of exploratory interviews relate to 
the necessity of a nonrandom, small-scale survey and to 
the varying treatment of topics among the respondents. 
Generalizations to nonstudied populations can only be 
made with caution and with explicit qualification, since 
use of inferential and nonparametric statistics is in
appropriate (?_, 14, ~). 

Large-Scale Sample Surveys 

The use of large-scale random -sample surveys offers 
particular advantages for certain types of subgroup re
search. Such surveys are appropriate for empirical 
testing of theoretical hypotheses, determining attribute 
bias in subsamples of a traveler subgroup population, or 
estimating totals and population travel volumes, origins, 
and destinations . The speed of data collection and the 
minimal training needed by staff have encouraged the use 
of large-sample surveys in studies during the last 20 
years. 

However, researchers should be wary of the inappro
priate use of surveys and the weaknesses of existing sur
vey data. The survey approach is criticized as an un
revealing method for conducting exploratory research (14 ). 
Time limits of the survey permit only certain predeter
mined kinds of data to be collected from any one respon
dent. Random surveys of 2000 to 3000 people are usually 
needed to obtain the numbers of subgroup respondents 
required for a statistical analysis. The survey-sample 
approach intrinsically but questionably assumes that the 
survey data (a) cover the most important topics perceived 
by the respondent and (b) validly and accurately represent 
the behavior and attitudes of the respondents. Surveys 
typically collect respondent data at only one point in time 
and inaccurately presume that survey questions generate 
reliable responses and that memory-related responses 
are accurate. Serious questions have also been raised 
as to the completeness and accuracy of trip data that are 
private and personal in nature and that respondents fear 
might be reviewed by authority figures (e.g., the family 
members of respondents, teachers, employers, police, 
clergy). These problems of survey research are com
pounded by the characteristics of traveler subgroups 
whose immobility is of societal concern- the elderly, the 
poor, and the young. These subgroups tend to have in
adequate educations for self-administered written sur -
veys, to be undercounted in the census and other surveys, 
and to be distrustful of strangers seeking information 
about their incomes, social activities, and other personal 
matters. In growing numbers of communities, survey 



costs have risen to $14 to $20/respondent, and r~fusal 
rates for survey participation are increasing. 

Existing surveys commonly have serious shortcom
ings. They seldom contain specific subgroup informa
tion; travel data are either aggregated for many sub
groups or subgroup distinctions do not make important 
subclassifications that control for income, family size, 
social class, life-cycle, and employment status. Soci
ologists and psychologists claim that these factors are 
associated with distinctive behavior patterns and atti
tudes. Existing data probably undercount actual trip 
volumes and misrepresent the actual nature of travel. 
Our understanding of a subgroup's preference for acer
tain mode or transportation service depends on vital 
information such as personal access to automobiles, 
walking and chauffered trips, ride-sharing, non-home
based trips, late night and weekend trips, and trips for 
courtship and other informal social and recreational 
purposes. However, this information has not been 
sought or reported. 

Periodic Panel Discussion Meetings 

One of the most neglected but promising research meth
ods for exploratory research involves one or a series 
of semistructured panel meetings with 5 to 10 subgroup 
members. The use of 10 panels can produce both ideas 
and large amounts of verbal and written personal data, 
and this serves as a compromise between the data
gatheringefficiencies of large-scale, closed-end surveys 
and open-ended individual interviews. Several transpor
tation researchers have explicitly recommended this data
gathering approach (7, 8, 9, 13, 15). 

Group meetings have many advantages over individual 
interviews. Discussions can be lively and stimulating 
because of positive interactions among panel members. 
On certain topics such as attitudes toward taxis, only 
the use of discussions will likely generate data. The 
constructive and supportive comments among panelists 
encourage spontaneous and penetrating statements that 
only an extremely skillful interviewer might be able to 
elicit in individual interviews. Subgroup panelists q ues -
tion the reliability and validity of each other's state
ments in ways that a group leader could not do or would 
not think of doing. For the leader, group discussions 
and data collection can be less repetitious and therefore 
more enjoyable than individual interviews. The group 
approach also shortens the time needed to collect infor
mation from each person and permits only a limited 
number of scheduled meetings. The use of peer group 
panels can probably contribute to higher participation 
rates than the use of interviews can. Panel discussion 
meetings would probably appeal most to adolescents, 
elderly, ethnic minorities, and other disadvantaged sub
groups who value social interactions among their peers 
and provide few discipline problems. 

The panel meeting research approach is most infor
mative when meetings are held with each panel on a 
weekly or multiweek basis for a period lasting several 
months. Time limits are eliminated, and open-ended 
discussion about a range of mobility topics, research 
techniques, and data collection forms is encwraged. 
Many more questions can be asked and can be repeated 
with or without refinements during the same discussion 
to determine response reliability. Answers can be re
viewed between sessions, and poorly stated questions 
can be improved or asked again. Other methods such 
as map making and photo interpretation can be employed 
to understand perceptions and feelings of the panelists 
(7, 15). Multiple meetings of the same panelists essen
tially reduce the recruitment, training, and data pro
cessing efforts of each subgroup member in the re-
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search· administratively, regularly scheduled meetings 
are easy for most panelists to remember and require a 
minimum of staff time to ensure good panelist attendance. 

Periodic meetings permit a social situation that im
proves subgroup research. Pressures to develop imme
diate trust between a panel leader and the subgroup mem
bers are diminished; the research staff can become well 
acquainted with study participants. This method also 
seems consistent with the preferences of adolescents, 
working class people, and other subgroups to form 
friendships gradually. A series of panel meetings is 
recommended if research is aimed at establishing the 
causes of existing behavior and p_redicting future behav
ior (2, 5, 7, 15). Sequences of events patterns of re
peated behavior (e.g., trips, decisions, expenditures), 
and the long-term availability of travel resources such 
as automobile access must be monitored; this longitudi
nal data collection is particularly desirable ·when one is 
investigating or planning mobility for adolescents, grow
ing families with young children, low-income households, 
and other subgroups with changing travel demands or re
sources. Diaries can be introduced to subgroup mem
bers within meetings and can be completed between 
meetings. Panel meetings also permit easy collection 
and improvement of such diaries and minimize both 
memory-based errors and poor response rates. 

The panel discussion approach has several adminis
trative weaknesses that may limit its use in subgroup 
travel research. Panels must be carefully planned, lo
cated, and scheduled to meet the convenience, interest 
levels, and attention spans of panelists. Panel leaders 
must be skilled at subgroup recruitment and panel as
signments, individual and group exploratory interview
ing, transportation planning, and data evaluation. Ideally, 
leaders would have the same sex and racial attributes as 
panelists and be approximately the same age. Uncer
tainties in panelist attendance, interests, and question 
responses create stresses that continually force the staff 
to consider the psychology of the subgroup. The tape 
recording of group discussions requires careful planning 
to ease subsequent transcript preparation and use. 

Problems of long-term research relate to sample 
bias, behavioral and attitudinal responses to participa
tion, and panelist attrition. Sufficient monetary and 
other incentives must be offered to attract and retain a 
representative sample of subgroup members. Demo
graphic and beh·avioral differences among nonparticipants, 
short-term panelists, and long-term panelists should 
be identified for possible biases of the research data. 
Research should monitor the impacts of repeated dis
cussions and peer pressures on travel behavior and at
titudes. Flexible panel scheduling and multiple meeting 
times must be built into long-term research design so 
that changes in employmenl, school, sports, and other 
activities of panelists will not force participants to drop 
out of the panel series. Contact between resea_rchers 
and panelists must be maintained by letter or phone, if 
the time interval between meetings lasts longer than 
several weeks. The total duration of the panel series 
should last several weeks or months for subgroup mem -
bers who have seasonal jobs or recreation preferences. 
Examples of these populations include members of mili
tary families, seasonal residents of recreation and col
lege communities, or members of young and growing 
families. However, the duration oI the series can be 
longer if many other subgroups have stable residential 
and activity patterns (e.g., members in households that 
are fixed in size, experience discrimination in housing, 
have low or declining incomes, or have an extend~d. 
rather than nuclear family structure). Panel participa
tion is likely to be sustained for longer periods for 
groups that have little involvement in work, social-
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recreation, and other time-consuming programs than 
for groups that have many programs and activities that 
compete for their time. 

Some of the disadvantages of using the panel method 
can be minimized by careful planning, staffing, and 
supplementation with other research methods. Readers 
who want to use panel methods and who want to avoid 
problems are encouraged to review the technical mate
rial listed in the references, particularly those re
ports (7 , 15, 17, 18) that review panel methodology in 
depth andoffer guidance on topics such as costs, task 
timing, data collection forms, tape recording, and panel 
recruitment and leadership. 

CONCLUDING REMARKS 

A variety of methods for gathering subgroup information 
have been described. No single research effort for pre
diction or impact assessment will use all the methods 
to explore travel patterns, problems, and attitudes. 
However, each method has advantages that can be used 
in combination with other contrasting methods to im -
prove the scope and quality of information on subgroups. 
Long-term series of meetings that involve subgroup 
panel members together with surveys and interviews of 
subgroup family members and social service workers 
appear particularly appropriate for subgroup research. 
The total expense to examine fundamental and wide
spread mobility patterns and problems of the most ne 
glected subgroups is likely to be less than $3 million
approximately the cost of 1.6 km (1 mile) of rural 
highway or eight subway cars. The findings of this re
search can be used to realistically anticipate the re
sponse of subgroups to various transportation policies 
and mobility-improvement programs. 
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Interurban Transportation 
Policy and the Rural 
Community 

John Huddleston and C. Michael Walton, Cruncil for Advanced Transportation 
Studies, University of Texas at Austin 

Interurban transportation systems are designed primarily for the purpose 
of moving people and goods between metropolitan centers. However, the 
effect of these systems on the nonmetropolitan areas, which they also 
serve, raises the expectations and sometimes frustrates the hopes of the 
residents in small urban places. Since current policy trends have placed 
the transportation planner in the role of serving general social goals, this 
paper examines some of the resentments of small town residents that have 
resulted from their previous experiences with the development of the In
terstate highway program. So that interurban transportation systems in 
the future may better serve the areas they affect, three policy proposals 
are offered to enhance the relation between transportation agencies and 
small communities: (a) an expanded notion of direct responsibility for 
the impacts of new facilities ; (b) an extension of technical assistance to 
small communities; and (c) an expanded advisory role that involves greater 
cooperation among small communities, transportation agencies, and other 
planning and advisory agencies. 

Transportation systems are , by definition, designed and 
constructed for the movement of goods and people from 
one place to another, but, as everyone knows, they effect 
much more than this. In fact, everyone expects these 
systems to accomplish, or help accomplish, other goals, 
or they would not have been built in the first place. It 
would be nice, in one way, if transportation were an end 
in itself. Then we would only be concerned about pro
viding the most efficient and the safest means of getting 
from one point to another. In addition, if we had no 
social and environmental constraints and unlimited funds 
for developing new concepts, we would have a world that 
every transportation planner dreams about. Of course, 
not even the most frustrated transportation planner would 
want this dream to come true. The societal goals served 
by transportation systems are also the planner's, and it 
is the planner who is aware of the role transportation 
can play in accomplishing other ends. 

The fact that transportation is not an end in itself 
poses no real problem. The problem lies in the rational 
pursuit of the goals that transportation systems serve
in determining priorities, in allocating resources, and 
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in meeting a multitude of often conflicting expectations 
under changing conditions. It is the pursuit of these goals 
that makes transportation policy a complex business. To 
choose one set of priorities is to acknowledge the restric
tions of one's resources. To commit resources to one 
goal is to exclude other, perhaps equally desirable, 
choices. To satisfy one set of expectations is to frustrate 
another set and to arouse still others. Above all, the 
expectations aroused, satisfied, or denied by a given 
transportation system will enter and then reenter the 
equations of policy making as conditions change and are 
defined and redefined into what seems to be the rational 
way to accomplish the goals toward a greater social and 
economic well-being. 

The present network of interurban highways is an ob
vious example of a system designed to serve a given 
transportation need and at the same time to promote goals 
connected with the general welfare. In addition to simply 
moving people and goods between large urban areas, the 
system was also intended to serve the aims of national 
defense and to reduce social and economic costs through 
savings in time, money, and lives. If these aims had 
remained constant, we could point to the present system 
as a model of efficiency !or joining the means and the 
ends, and we would be happy with minor adjustments and 
improvements in technical design and in the analytic tools 
developed to create the s ystem . But, as we watch the 
strains and stresses placed on cost/benefit analyses and 
the other procedures tr aditionally used to rationalize our 
choices, the accomplishment of the aims in the original 
policy has not been the end of a process. The unantici
pated effects of the system itself, the changing economic 
and social conditions of the nation, and the expectations 
created by increased accessibility have forced us to 
reassess almost every aspect of the policies and pro
grams that lie behind the present system. 

EXPANDED ROLE OF THE 
TRANSPORTATION PLANNER 

The changes in policy and accompanying legislation have 
explicitly imposed on the transportation planner a wider 
responsibility than that assumed 2 decades ago. As a 
result, the tr ansportation planner must play a variety of 
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roles that include those of the sociologist, the environ -
mentalist, and the a.rbitration expert. The planner is 
expected not only to develop efficient transportation sys
tems and to integrate these with the long-term goals of 
society, but also to anticipate the future evolution of 
these same goals and develop ways to respond to the 
changing conditions and new expectations. One has 011ly 
to look through the transportation-related publications 
over the last decade to recognize how fully that respon
sibility has been acknowledged and how thoroughly the 
expanded role of the transportation planner ha.s been ac -
cepted. The breadth of the social, environmental, and 
economic goals identified as major concerns may be 
illustrated by reading some of the recommendations from 
the Conference on Transportation and Community Values 
held in 1969 by the Highway Research Board (now the 
Transportation Research Board). Among the basic 
social needs listed were personal identity and recogni
tion, a voice in decision making, a sense of community 
or belonging, and stability and security. The basic eco
nomic needs listed include maintenance of economic 
stability of a community and growth, especially for the 
lower income and minority groups (!), These categories 
illustrate the broad context of transportation decisions 
and the difficulties transportation planners face in re
lating broad expectations to specific transportation 
decisions . 

INTERURBAN SYSTEM IN 
NONMETROPOLIT AN AREAS 

Among the expectations we might have anticipated from 
the interurban transportation policies was that the Inter
state system would potentially benefit the areas that lie 
between large urban centers. A natural result of the 
policy to upgrade the interurban system was to improve 
the accessibility of nonurban and nonmetropolitan areas 
within the transportat_ion corridors that link major cities. 
In the context of' the decline of ru.ral areas, many people 
hoped that improved accessibility would justify the large 
investment in interurban highways by creating new 
growth possibilities in rural America analogous to those 
once created by the railroads. 

Outside the small town of Smithville, Texas (popula
tion 3020), located roughly equidistant from Austin, 
Houston, and San Antonio is a weathered black and white. 
sign that proclaims "Welcome to Smithville Heart of 
the Mega.polis." Erected some time ago by some local 
booster group, the sign seems today both humorous and 
pathetic. It is humorous because not even the most 
sanguine Smithville resident has probably ever taken the 
boast with full seriousness. It is pathetic because it 
still represents the hopes aroused during the past 2 de
cades that towns like Smithville would not be among those 
towns left behind. As the residents watched the urban 
areas spread ootward along the radii of transportation 
corridors and as terms like mega.polis and golden tri
angle became household words, the residents of such 
small towns quite naturally assessed their future in 
terms of their positions in the new transportation net
work and in terms of the real and supposed benefits it 
could provide. 

It might be argued that these expectations were not 
justified by the original policy to upgrade th.e highway 
system, but to do so would be to ignore both political 
realities and concomitant policies. Highways were seen 
by policy makers as potential soorces of economic re
development, as witnessed by the decisions concerning 
Appalachia and the Connecticut Turnpike. Whatever the 
intentions behind the many impact studies commissioned 
by fede1·al and state agencies, the general results were 
an increasing focus on the benefit to the nonuser and the 

community and a justification for public expenditure on 
highways in terms of long-range benefits to all the areas 
served. Although no explicit promises were made to the 
inhabitants of towns similar to Smithville, there can be 
no question that some of the responsibility for their ex
pectations rests with those who plan and construct trans 
portation facilities and that future decisions must ac
knowledge this responsibility . 

As the Interstate network, the major component of the 
interurban system, nears completion, we can use hind
sight to reassess what was done in the light of what might 
have been done to promote the kind of goals that are now 
widely acknowledged to be in the province of planning 
transportation systems. With particular reference to 
rural areas, we might ask what the experience of the vast 
improvement of highways tells us about the planning of 
future transportation systems, of whatever kind, with 
the hope that we can adequ ate ly meet the responsibilities 
that such planning will entail. 

RESENTMENTS IN THE RURAL 
COMMUNITY 

It can be argued that many resentments in small rural 
communities a.re caused less by the transportation facil
ities themselves than by the rural r esident 's dependence 
on the policy maker and on the implementing agency. 
Recently, we were involved in an in-depth case study of 
the social and economic impact on one small community 
(population approximately 3000) that seemed to have 
clearly benefited from the construction of a portion of the 
Interstate system. The town's leaders had pursued a 
successful growth policy, and they attributed much of 
their success to the existence of the highway. 

As part of the study, we administered a survey to a 
spatially random sample of th,~ population. The formal 
portion of the survey required the respondents to evaluate 
the actual and potential effects that six transportation 
alternatives had on various attributes of the environment 
and life-style of the town. All of those interviewed were 
asked to rate the effect of each alternative on each of the 
attributes by using a scale of 1 to 7 (1 meaning very ad
vantageous and 7 meaning very disadvantageous). A 
sample of the survey for.m is shown in Figure 1. 

The attributes listed on the form (a total of 23) had 
been identified from previous research as significant to 
small town residents (2). Of the six alternatives, two 
1·epresented actual situations and four represented hypo
thetical situations that had, at one time or another, been 
proposed to the community. For the two actual situa
tions, there was a choice between the present Interstate 
facility and the previous intercity link (a two-lane, U.S. 
highway). For the most part, the Interstate facility was 
given higher ratings than the old facility. Not only did the 
Interstate rate higher on attributes such as attractiveness 
to industry, but it also generally received a higher num
ber of favorable ratings on intangible attributes such as 
presei;-vation of closer family ties and personal freedom. 
Table 1 gives the ratings for the four attributes that would 
be affected by the two highway alternatives. The ratings 
for these attributes were more favorable for the Inter
state than for the old facility. 

A complete analysis of the survey results has been 
published elsewhere (3). What is of interest to the sub
ject of this paper is not simply the generally favorable 
response to the new facility, but rather the frequent con
tradiction between the ratings themselves and the in
formally expressed attitudes of the respondents. The 
interviews were usually 30 min. In the course of filling 
out the rating forms and providing background on socio
economic characteristics, the respondents often became 
interested in simply talking to the interviewers about 
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Figure 1. Sample of survey 
form to determine effects 

TRANSPORTATION SYSTEM ALTERNATIVE 

of transportation strategies Environmental 
on environment. Attribute 

l. Preservation of 
family ties 

2. Outdoor recreation 

3 . Personal freedom 

23. Personal privacy 

Before 
Interstate 
Highway 

l 

6 

3 

7 

5 

Table 1. Number of responses by rating on four selected attributes for 
two alternatives. 

Responses 

Be!ore Alter 
Attribute Rating Interstate Interstate 

Attractiveness to industry 1 2 57 
2 1 20 
3 7 11 
4 27 7 
5 16 3 
6 15 1 
7 32 6 
NR 10 5 

Co mmunity land values 1 5 63 
2 4 14 
3 8 8 
4 21 5 
5 22 4 
6 8 1 
7 27 4 
NR 15 12 

Personal preservation o! (amily 1 8 28 
ties and friendships 2 3 22 

3 8 7 
4 32 17 
5 12 2 
6 15 5 
7 20 0 
NR 13 7 

Personal !reedom 1 7 53 
2 3 11 
3 7 9 
4 35 21 
5 9 1 
6 9 1 
7 26 1 
NR 16 13 

Nota: NA • no response. 

transportation policy and its effects on their lives. Some
times this discussion provided us with clues for inter
preting a respondent's rating on a particular attribute. 
For example, family ties were said to be stronger as a 
result of the new facility since it increased accessibility 
to family members who lived outside the community and 
it allowed the younger generation to r emain residents of 
the town while com muting to jobs in a metropolis located 
some 80 km (50 miles) away. In many instances, how
ever , the subject of the conversation was focused not on 
the advantages or disadvantages of transportation facil
ities per se, but rather on the local resentment toward 
state and federal transportation agencies and their rep
resentatives. The often-expressed view was, "They 

After Present 
Interstate Facilities 
Highway Plus Train 

Stop 

2 

l 

l 

Improved 
Bus 
Service 

4 

3 

3 

3 

No Local 
Bus Intrastate 
Service Airstrip 

5 6 

6 2 

5 2 

6 2 

l 

[i.e., external agencies] do not care what we think and 
will do nothing for us." This view was also given as a 
frequent explanation for not participating in the survey. 

In light of the fact that the new facility was generally 
rated as a positive influence on the community and in 
light of the fact that the town as a whole had pursued a 
successful growth policy closely tied to the construction 
of the freeway, the resentments expressed toward trans
portation agencies came initially as a surprise. As we 
worked with other small communities and with their rep
resentatives, we encountered a similar ambivalence: 
an attitude that was generally favorable to the construc
tion of Interstate facilities wt mixed with resentment 
toward the agencies who create and implement transpor
tation policy. In part, this resentment reflects the 
general attitude in small towns toward extra-local au
thority that Vidich and Bensman (4) defined in their study 
of Springdale: -

A central fact of rural life, then, is its dependence on the institutions and 
dynamics of urban and mass society. The recognition of this dependence 
and the powerlessness associated with it give to the agents and institutions 
of the great society a degree of respect and admiration which, however, 
does not always connote approval. Rather, there is a high degree of ambiv
alence with respect to these agents and institutions. They have respect 
because of their power and wealth and because their norms have the le
gitimacy of acceptance in wide are~s of the society at large. On the other 
hand , the very dominance of the mass institutions causes resentments, 
since, in the light of this dominance, rural life in its immediacy is devalued . 

Thus, small town residents feel remote from the external 
authorities whose actions affect their lives. They feel 
incapable of understanding the rationale behind a great 
many decisions and do not see any me~ngful way to 
contribute to the decision-making process because it is 
regarded as unaccommodating . 

This general attitude is, however, only a surface in
dication of the specific resentments likely to be found 
among different groups in a particular community. In 
our discussions with residents of the case study commun
ity, specific kinds of resentment began to emerge that 
were typical of different groops. 

1. Small busines s people fe ll that they were negative ly 
affected by the decision of the state highway department 
to bypass the town; the decision was regarded as arbi 
trary. 

2. Local merchants who were not immediately affected 
by the bypass felt th at business suffered because of the 
change in commuter time to a nearby me tropolitan area. 
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3. Many felt that outsiders with greater capital re
sources could move in and benefit from the best oppor
tunities to the disadvantage of local investors. 

4. Resentment developed toward local residents who 
were thought to receive unfair benefits at the expense of 
the community as a whole. (Although not expressed 
directly, this resentment is a reaction to the expecta
tions that developed before the construction of the free -
way: The town as a whole would experience a broad
based improvement in its life -style.) 

5. In some quarters, a strong resentment developed 
against changes in the social makeup of the town. New 
residents who commute to the larger city are resented 
because they are not seen as having a stake in community 
life. Other groups in the community fear that new resi
dents who are imported to work in the new industrial 
developments will cause social problems and displace 
local workers. 

6. More directly attributed to the freeway are the 
complaints about the increase in traffic noise that is 
created in areas adjacent to the freeway, especially the 
noise of trucks entering the inclined on-ramps. Ironi
cally, these complaints often come from people who pur
chased homes in new developments that were built adja
cent to the freeway either during the construction period 
or after the freeway was in operation. 

These negatively perceived changes in one community 
are directly or indirectly attributed to the presence of 
the Interstate highway. The list is representative of 
some of the characteristic complaints given by the resi
dents of only one class of rural communities. Most of 
the complaints may seem relatively trivial when com
pared to the problems faced in dealing with the social 
disruptions caused by the construction of transportation 
facilities in urban areas. 

These resentments are important because questions 
arise concerning the responsibility of the transportation 
planner for the potential social consequences of inter
urban transportation systems in small towns. Looked 
at objectively, few of the resentments enumerated above 
may be directly attributed to the intended function, loca
tion, or design of the new facility; therefore, most of 
the responsibility seems to lie outside the jurisdiction 
of transportation planners. In fact, many resentments 
are directed more toward other members of the com
munity or private groups of outsiders than toward extra
local authority. However, in the context of the broad 
policy goals mentioned earlier, such negative percep
tions become more significant. If the policy objectives 
for a transportation system can actually include value
related goals such as promoting personal identity and 
recognition, a sense of community, stability and secu
rity, and equitable economic growth, then the kinds of 
resentments we encountered within the community rep
resent classes of problems that must be addressed when 
new policies are developed and strategies created for 
implementation. 

THREE SOURCES OF RESENTMENT 

To define and address the problems implicit in the re
sentments typical of small town residents, we might 
classify the sources of resentment as follows: 

1. Resentments that may be directly attributed to 
the change in the transportation facility and can be 
measured, 

2. Resentments that may be attributed to conditions 
resulting indirectly from a combination of local condi
tions and the change in the transportation facility, and 

3. Resentments that may be attributed to the degree 

of uncertainty that is associated with change and with the 
lack of local resources to assess probable futures in a 
reasonable way. 

Some people might argue that only the first category lies 
within the immediate responsibility of transportation 
agencies. However, the role played by transportation 
in promoting social goals and the magnitude of impor
tance attributed to transportation require the considera
tion of all three classifications in the formulation of new 
policies. This requirement is necessary for the small 
town in which the dependence on external agencies and 
the sense of helplessness this dependence fosters are 
themselves a social problem. Thus, a more responsive 
policy, aimed at reducing specific sources of resent
ment, would also be directed toward altering the often 
negatively perceived relation between the small com
munity and extra-local agents and authorities. 

IMPROVING RELATIONS BETWEEN THE 
COMMUNITY AND THE TRANSPORTATION 
AGENCY 

The problem is to make the relation between the com
munity and external agencies more productive in terms 
of concrete programs. Even for the most obvious case 
of resentment created by direct changes in the system, 
there are barriers to establishing good relations created 
by funding limitations, measuring the impact objectively, 
and determining the appropriate measures of compensa
tion. Meeting the other two sources of resentment pre
sents less tangible but even more formidable barriers. 
Nevertheless, based on our own experience in rural 
communities, there are three general steps that can be 
taken by transportation agencies to reduce the major 
sources of resentment: 

1. Expand the concept of direct responsibility to per -
mit compensation for a wider spectrum of damages, 

2. Extend direct technical planning assistance to 
rural communities by offering assistance that begins 
early in the project phase of facility improvement and 
that continues until the operational characteristics are 
established, and 

3. Increase the levels of assistance and cooperation 
through the creation of a comprehensive planning group 
composed of citizens and representatives or' planning 
and advisory agencies who will monitor changes and 
develop strategies for communitywide development. 

The rationale for each of these steps and their applica
tion for reducing resentments in rural communities may 
be illustrated through reference to the specific resent
ments encountered in the study community. 

Expand the Notion of Direct Responsibility 

Most states will assume direct responsibility only for 
damages that occur incident to the taking of the right-of
way. Recent policy proposals have tended to recommend 
the expansion of the concept of responsibility to include 
areas that are affected outside the right-of-way. One 
such proposal suggests that impact measurement could 
be described in terms of a transportation impact zone 
and that compensation for losses within that zone could 
be computed as a part of project costs (5). The concept 
of an impact zone seems to be an essential and logical 
extension of the current legislative requirements that 
consider economic, social, and environmental impacts. 

Blackburn and Oster (5), however, would limit com
pensation. to owners of residential property within a 
boundary defined by strict noise pollution standards. The 



usual practice of bypassing a rural community in high
way construction normally eliminates many problems 
associated with impact on existing residential areas. 
The groups most immediately affected are usually those 
who are dependent on previous traffic flows for their 
businesses. 

In the particular case of the study community, the 
measurably affected were those who owned traffic
serving businesses scattered along a 3.2-km (2-mile) 
stretch of the old U.S. highway. In addition to the im
mediate loss of revenue to particular businesses the 
construction of the new facility had two other effects. 
As a result of the controlled access facility, which had 
only one local interchange, the number of optimal sites 
was reduced. Since fewer operations would be serving 
an increased traffic flow, larger operations became 
economically feasible. Prices rose as outside investors 
became interested in the new sites, and, as a result, 
those who wished to relocate were priced out of the land 
market. The latter situation is connected with another 
source of resentment previously mentioned- the loss of 
benefits for the local people to outsiders. The invest
ment of outside capital is not in itself negative, in fact 
it is usually desirable; however, most small towns will 
have a negative view of outside investment if it appears 
that individuals in the community will be at a disadvan
tage. 

Although full compensation may not be justified for 
temporary losses, since future growth often works to 
offset initial drops in revenue, assistance payments for 
small businesses that were the most severely impacted 
could be made to cover a specific period of loss. Loans 
could also be made available to local residents for es
tablishing partnerships that would combine previously 
separate operations and make them competitive with 
those that have greater resources. 

The extension of the notion of direct responsibility 
has application to other problems in rural communities, 
especially after a facility becomes operational. In the 
case of highways, for example, changes in traffic pat
terns and density may make control measures necessary 
or desirable, even though the community may not be 
able to afford the expense of instituting such measures. 
The establishment of a more effective procedure to 
measure the need and funding for any post-project costs 
could alle·viate the problems experienced in those rural 
communities in which there is no offsetting benefit. 
Problems connected with land use that arise either be -
cause the community lacks land use regulations in the 
vicinity of the facility or because the area is outside its 
jurisdiction might be handled through the tied-assistance 
payments suggested by Blackburn and Oster (E_), In spite 
of the above criticism, the application of the Transpor
tation Impact Zone Policy (5) to small communities is 
certainly worth more attention. 

Extend Assistance for Direct Technical 
Planning 

One of the central problems for rural communities is 
the lack of expertise in transportation planning. While 
technical assistance programs are available , it would 
seem desirable to extend assistance in handling local 
problems that may arise from the construction of a new 
facility. The monitoring of local problems by project 
personnel would be of great assistance and would not re
quire any large increase in staff or funding. 

One example of this problem was found in our inves
tigation of the study community. The growth of new in
dustry was concomitant with the development of the high
way facility. It was not until some years after the facil
ity had opened that the community, in the course of 
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developing a comprehensive plan under a federally spon
sored grant, became aware of the future traffic problems 
posed by the location of the new industry. These prob
lems and ones similar to these might have been antici
pated earlier if local assistance had been extended as 
part of the Interstate project. 

Increase Levels of Comprehensive Planning 
Assistance and Community Coeperation 

Extending the notion of responsibility and providing tech
nical assistance on a local level as a part of interurban 
system development would reduce the local resentments 
that arise from problems associated with the impacts of 
new facilities. However, most of the resentments enu
merated could be abated only through a more extensive 
change in the relations among communities, transporta
tion agencies, and other planning and advisory agencies. 
While it is impossible , for example, to financially com
pensate businesses suffering losses because of reduced 
commuter time to other sources of goods and services, 
it is possible to give advisory aid as part of a combined 
agency effort to prepare a community for transitions that 
are likely to result from a change in the transportation 
environment. Successful strategies have been developed 
for dealing with problems such as those faced by the re -
tail merchants in the study community (6), The persis
tence of fears and resentments among those in this and 
other small towns is an indication that the accumulated 
knowledge and experience gained by experts in planning 
have not been passed on. 

In the past, the major source of interaction between 
the rural community and the transportation agency has 
been the public hearing. Given the lack of resources and 
the traditional political reticence of small towns, the 
public hearing is too often a ceremonial event or merely 
a forum for the most active and vocal segment of the 
community. Within such a framework, there is little 
opportunity for the agency to discover the community's 
values to which it, theoretically, must be responsive. 
Although communities may seek aid from planning and 
advisory agencies, it is rare that the resources and the 
benefits of a multiple-agency planning effort are cur
rently available . 

There is, above all, an important goal that is related 
to reducing the small community's resentment. As one 
recent discussion of the enhancement of highway benefits 
suggests, an essential element in maximizing benefits 
and assuring their more equitable distribution is to make 
the community aware of its own powers and range of 
options (~). A coordinated planning effort, aimed at in
volving small communities in the identification of strat
egies appropriate for their own development, might re
duce the specific causes of resentment related to future 
uncertainties and the general resentment against the 
paternalism of the external decision-making process. 

SUMMARY AND RECOMMENDATIONS 

This paper calls attention to some of the sources of ex
pectation and resentment that small town residents per
ceive as resulting from the implementation of a major 
transportation facility in the immediate vicinity of their 
community. Although acutely aware of the benefits that 
may result from transportation programs such as the 
Interstate system, citizens of small communities remain 
skeptical of the intentions of planners and administrators. 
Ironically, the tangible benefits of past policies and pro
grams have often helped fuel that skepticism. While, on 
the one hand, there seems to be a policy designed to help 
benefit small communities, on the other hand there 
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seems to be an apparent disregard for the problems that 
are peculiar to similar small communities. To many 
residents of small towns, the policies that are said to 
be designed for their interest seem only hill-heartedly 
so. 

Given the unique natu.re of transportation impact on 
small towns and the concomitant comprehensive planning 
needs of such communities, the following recommenda
tion-a are offered in pursuit of a specific program for 
future interurban transportation policy. 

1. A basic transportation plan that integrates the 
components of a comprehensive community plan for each 
small community within a designated interurban corridor 
should be developed concurrently with the transportation 
corridor system plan. This procedure woold formalize 
the link between the community and the sponsoring 
agency and would provide a mechanism for making both 
parties aware of mutual problems. It would also provide 
the community with an introduction to basic planning and 
implementation techniques . 

2. A formal update of the 01·iginal plan should be 
conducted on a 5-year basis. In addition, a continuing 
link between the community and the sponsoring trans
portation agency would allow the community to request 
assistance in evaluating their transportation plan in light 
of unanticipated developments. 

3. The sponsoring agency should advise a community 
that is likely to be impacted by an interurban facility 
about the particular planning services available from 
other regional and state agencies. This advice would 
ensure the community's awareness of the range of infor
mation required to develop an adequate transportation 
plan. The sponsoring agency could serve initially to 
coordinate the community's planning activity. 

4. The criteria used to determine compensation for 
losses that are a result of the impact of a change in 
transportation facilities should be reexamined in regard 
to the problems of small towns. While it is beyond the 
scope of this paper to discuss assistance programs in 
detail, it does seem clear from our own research that 
current assista11ce policy is a major source of resent
ment. 
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Survey to Assess Public 
Perception of Values 
Critical to Transportation 
Planning 

Robert Pulliam, Pulliam and Associates, Fairfax, Virginia 
Richard F. Pain, BioTechnology, Inc., Falls Church, Virginia 
Margaret T. Shaffer, Margaret T. Shaffer and Associates, Potomac, Maryland 
Janet Letts D'Ignazio, University of North Carolina 

A survey in a middle-class suburb used an experimental dollar response 
scale to estimate the relative values as perceived by the public of com
peting features in a transportation system. The research supported a 
planning study in which a questionnaire was mailed to heads of house
holds in a Maryland suburb of Washington. D.C. The population sur, 
veyed was predominantly middle class, affluent, and well-educated. Ob
~tlves of the questionnaire were (al to determine the relative values 
that residents assigned to alternative characteristics (advantages, aversive 
features, impacts, and costs) of planned future transportation options 
and (bl to predict future user behavior. To measure variables otherwise 
difficult to compare, the researchers used four item formats that in· 
eluded an experimental item strategy in which the item described an 
aversive circumstance (waiting in the rain, air pollut ion) and that asked 
respondents to select an avoidance payment on a six,celled graduated 
response scale. The experimental items included noise, air pollution, 
transfers, waiting, walking, security, crowding, carrying packages, and 
extended work range. Analysis suggested the item strategy is reliable, 
gives good resolution and significance, and is effective for measuring 
the difficult-to-quantify vectors ot public opinion. Findings included 
a strong interest in personal security and an aversion to two transfer 
trips. Further reseacch is suggested to improve the item format and to 
test the effectiveness of the strategy with less sophisticated populations. 

It is now commonplace to recognize that the lay public 
should play a role in transportation planning. Participa
tion in planning by public users will ensure that the true 
needs of the community are met and that the opinions of 
individual citizens are considered. The need for public 
participation is easy to recognize but less easy to 
achieve. 

For many years, highway planners have operated 
With independence and have based their plans largely 
on engineering considerations. More recently, however, 
both growth and highway development have come into 
question. Public resistanc.e has stopped dozens of proj
ects: Segments of the Interstate highway system have 
been left incomplete, and urgent regional plans have 
been paralyzed by indecision. New mechanisms are 

Publication of this paper sponsored by Committee on Social, Economic, 
and Environmental Factors of Transportation. 
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needed to decentralize decision making to the local level. 
This decentralization would provide an outlet for public 
concern and would allow decision making to reflect the 
tastes and values of respective communities. 

It is within this context that the Rockville Corridor 
Transportation Alternatives Feasibility study was under
taken in 1974. The survey discussed in this paper is one 
of several means used to establish contact with the public; 
the survey was intended as a means for expressing com
munity values and for predicting future behavior in the 
public's use of transportation facilities. The survey is 
an accepted tool for planning; it employs a systematic 
sampling technique that ensures representative opinions. 
Other means of public expression tend to reflect the bias 
of interest groups or vocal minorities. In contrast, sur
veys offer manageable, quantifiable, and interpretable 
data. Shaffer (!) has observed that a survey properly 
executed and designed can accurately assess the thinking 
of the community. 

The survey discussed in this paper used an innovative 
technique to study public values and probable public be
havior in a Washington, D.C., suburb. It employed a new 
technique for measuring cost-benefit trade-offs and for 
equating system characteristics against imponderables 
such as social values, land use planning, and environ
mental impact. The technique was an experimental 
dollar-equivalent rating scale, which might be usefully 
applied elsewhere. 

STUDY AREA 

The s~dy area is a suburb that, in several respects, is 
not typical. The area is a supporting suburb of Washing
ton, D.C., that is characterized by a very high median 
family income ($24 000 in 1974) and a very high level of 
education (approximately one-third of adults are college 
graduates). More than 80 percent of family housing units 
are single-family dwellings. Furthermore, the residents 
of this suburb are observably more informed and politi
cally aware than residents of other typical suburban com
munities. 

13 
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RESISTANCE TO HIGHWAY OPTIONS 

The community had a clear histor y of opposition to new 
highway constr uction in their area. The r ecords of 
hearings and press r eports sug~ested that a new ~ h
way fac ility was viewed as detnmental to the environ
ment and not in consonance with the needs or goals of 
the community. Many citizens had asserted that a free
way would increase noise and air pollution unacceptably, 
and they had also raised q\1estions about loss of open 
space and aesthetic degradation in the corridor . 

The most frequently hea rd opinion was that new roads 
would encourage automobile use, and this use might 
compete with mass transpor tation in terms of passengers 
and money. Objections were also expressed that linked 
automobile use to the larger issues of increased housing 
density, business development, and land use planning. 
To what extent these opinions were those of the majority 
was not clear ; therefore, one objective of the survey was 
to explore the negative opinions quantitatively. We also 
wanted to know which transportation alternatives were 
acceptable to the public and to the transportation users. 
Ideally , the behavior of these users would be predicted 
in terms of accepting or rejecting specific alternatives 
in the system. 

BEHAVIOR AS AN OBJECTIVE 

The questionnaire was planned as a straightforward pro
cedure and was within the state of the art for survey de
sign. However, two difficulties were quickly recognized. 

1. Since the survey focused on questions of value and 
of social goals, these matters would be difficult to quan
tify ; and 

2. Since transportation planning cannot be based on 
current opinion, a knowledge of future choice-of-mode 
behavior would be needed. 

The transportation planner needs to know what the 
community desires and will support politically and also 
what a future public will choose, use, and pay for. The 
use of surveys is excellent for finding opinions, but 
opinions do not necessarily predict behavior. The plan
ner who is concerned with system characteristics and 
service levels cannot depend on what people think they 
will want because future modal choices are made within 
a system that cannot be seen or experienced. These two 
considerations led to the development of an innovative 
questioning strategy. 

STUDY DESIGN 

In the survey, the specific questions were derived from 
a list of requirements submitted by members of the 
Rockville research team that included the engineering, 
socioeconomic , and environmental research staffs . The 
list of issues was large and was r educed by a cost 
benefit sort to 32 items, a rule -of -experience limit for 
mailed surveys . These issues were then fitted toques 
tioning strategies and phrased as specific items. 

Conventional Q.J.estion strategies 

A few demographic data were required , and four data 
items asked age, sex, household size, time of residence, 
and income. These questions used a standard multiple 
choice strategy and conformed to phrasing and categor ies 
of the 1970 U.S. census. Further data were not requir ed 
since demographic information was available from other 
s ources that included an earlier population growth study 
by Pulliam (~). 

Six questions addressed issues on urban growth and 
transportation planning policy. An open-ended item was 
in the following form: 

Are you in favor of l imiting urban growth in the study area? 

Yes 
No 
No opinion 
Comment 

This type of question is expensive to score since it re
quires a scoring panel that uses Q-sort techniques. How
ever, the format offers certain advantages: When com
ments are given, they offer a very large amount of infor
mation per item. The format encourages comment, 
which about 20 percent of respondents provided. The 
questions automatically adapt to a wide range of opinion, 
and the answers are in the respondent's language. The 
format protects against researcher bias and error in 
phrasing the questions. Item stems were written to de
fine fields of controversy rather than to ask a specific 
question. 

New Question Strategy 

Information was also needed for trade -off decisions that 
concerned the costs and characteristics of transportation. 
The circumstances of the study required that costs in
clude not only direct dollar costs, but also indirect costs 
such as those of human energy or of social and environ -
mental impact. These costs needed to be weighedagainst 
benefits of time, freedom of movement, and economic 
advantage. The resulting data needed to be credible so 
it could predict the public's behavior in accepting, using, 
and paying for a future transportation system. However , 
the center of the difficulty was that disparate values were 
to be compared; there is no conventional scale on which 
to compare the value of clean air against the inconve -
nience of a bus transfer. 

To compare disparate values, a dollar-scaled ques
tioning strategy was developed. This strategy, which 
had not been previously suggested, had the following fea
tures: 

1. The strategy used a 6-celled, nonlinear interval 
scale in which each cell represented a dollar cost; 

2. Each scale was introduced by a situational de
scription; 

3. The scales ranged from a zero value cell to an 
infinite value cell, and most of the questions were ex
pressed in terms of avoiding a distasteful condition; and 

4. Four intermediate cells contained dollar-cost 
ranges. 

The strategy was experimental, and we recognized 
the defects in logic and psychometric theory. Nonethe
less, the strategy performed well in both the pretest and 
field test, and it exceeded expectations in the final sur
vey. The strategy was not intended to measure or pre
dict what people would actually pay for any future bene -
fit. However , it was expected to be more comprehen
sible (to respondents) than other scaling systems, to be 
more reliably interpreted from question to question, and 
to be more reliably indicative of the relative values that 
people assign to the variables described. 

For analysis, the cells of the scale were ranked ac
cording to their relative order of value ( 1, 2, .. . , 6) so 
that central tendency, relative rank of variables, and 
dispersion of opinion could be computed. The data were 
also examined for a possible relation to dollar terms. 
Except for one item, all of the items were in terms that 
expressed avoidance of an aversive circumstance. This 



Table 1. Dollar-scale questions. 

No. Text Item Name 

12 To avoid waiting 15 minutes (each way) for a ride, I 
would pay up to: Wait 15 

13 To avoid waiting 25 minutes (each way) for a ride, I 
would pay up to: Wait 25 

14 To avoid having to transfer, or change from one ltind 
of tranliJ)ortation to another, I time each way, I 
would pay up lo: Transfer I 

15 To a.void having Lo transfer, or change from one kind 
of lransportalion to another, 2 times each way, I 
would pay up to: Transfer 2 

16 To avoid waiting 15 minutes (total) when it is raining, 
I would pay up to: Rain 15 

17 To avoid riding 30 minutes in a very crowded vehi · 
cle, I would pay up to: Crowded 30 

18 To avoid carry ng heavy packages for a 15 minute 
walk, I would pay up to: Packages 15 

19 To avoid walkJng 15 minutes to get my ride, I would 
pay up to: Walk 15 

20 To avoid feeling personally in danger, while waiting 
or traveling, I would pay up to: Danger 

21 To avoid traveling 15 minutes longer each way, I 
would pay up to: Ride 15 

22 To avoid additional intrusive traHic noise in my 
neighborhood, my family would pay, on a daily 
basis, up to: Noise 

23 To avoid making air pollution worse, my family 
would pay, on n dally basi s, up lo: Pollution 

24 Suppos ou were seeking emp loyment. How much 
would It be worth lo you (per day ) to be free to 
seek and take work in a wider area without in-
creasing your travel time? Work range 

phrasing provided parallel expressions for each of the 
variables. The researchers would have prefel'red 
phrasing in positive terms, but were unable to achieve 
this goal. 

The item statements (Table 1) avoid description of 
the specific modes (automobile, bus, rail) in which the 
described aversive circumstances were to occur. It 
was considered that, although individual preferences 
regarding considerations such as speed and waiting are 
mode dependent it was desirable to know what dollar 
worth time is to people in mode independent terms. 

Field Test 

A field test of the structure, content, and wording of the 
draft survey was conducted in two phases. The survey 
was informally administered by the researchers, and 
the respondents were questioned about language, method, 
and acceptability of the questioru1aire. After modifica -
tion, a formal field test was conducted by mailing a sam
ple of 182 questionnaires. The 70 responses to the field 
test were analyzed by hand. The results indicated that 
the survey was understood by the respondents, produced 
an adequate response rate, and gave a satisfactory sta
tistical resolution of responses. 

Sampling Procedure 

As a first priority, the sairiple was structured to ensure 
a representative geographic sample. Stratification of the 
sample by socioeconomic background and by categories 
of transport users was desired. This stratification was 
achieved by using a geographic sample from census data. 
The study area had previously been mapped for 10 study 
zones, and the zones followed the lines of the 1970 cen
sus and of natural community limits such as pal'k-belts 
and freeways.. A criterion for rate of return was estab
lished at a total of 1200 usable questionnaires and 100 
questionnaires/ study zone . 

The sample was randomly selected from listings in 
the Haines Criss-Cross Directo1·y, which was corrected 
for unllsted numbers and for persons with no phone 
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(rare in this area). A table of random numbers was 
used to select 20.2 percent of households in the area, 
and this percentage produced a mailing sample of 6800 
names and addresses. Listings were edited to eliminate 
businesses and second telephones and were posted to a 
map to ensure that the percentage sampled from each 
1970 census tract was within 3 percent of proportionality. 
Tests for sampling error by strata revealed that resi
dents of apartment dwellings (22 percent of the 1970 cen
sus) were underrepresented in the sample. Thus, a 6 
percent adjustment was made to increase the number of 
mailings to multiple-unit dwellings. 

Mailing and Return 

Surveys were coded with a census tract number and were 
mailed during the first week of November 1974. Unde
liverable mail that was returned during the following 
week was matched and replaced by mailing to a new name 
in the same census tract. After 1 week, the six tracts 
with an unsatisfactory amount of low returns were re -
sampled to further ensure a representative geographic 
sampling of returns. 

Of the 6551 questionnaires that reached the addressees, 
2131 were returned in a form suitable for analysis. The 
response rate was 31.5 percent, which is high for a 
mailed survey and suggests the technical adequacy of the 
survey and method. However, consideration must also 
be given to the fact that the population in the study area 
is highly literate and that there is a high level of inter
est in the subject matter of the survey. The distribution 
of responses was analyzed in reference to the 10 geo
graphic study zones and was highly representative of the 
known population within the error range of -2.2 to +3.6 
percent. 

FINDINGS 

Representativeness oI the Sample 

Demographic data were collected to measure the strati
fication of the sample, These data were analyzed and 
compared by study zone according to characteristics of 
the population known from the 1970 census data collected 
regionally (~), and socioeconomic studies that were pre
viously conducted by Pulliam (2). The results coincided 
with the expectations that were-based on these data. 
Thus, the sample was considered representative of the 
population in the dimensions of demography, economic 
status, and automobile ownership. 

Open-Response Goal Questions 

Five questions in the survey dealt with policy concerning 
urban growth, commercial development alternatives to 
the ~utomobile, improvement of roads, 'and private auto
mobile use. These questions could be answered with a 
yes or no response, but additional written comment was 
requested and was offered by over 20 percent of respon
?ents. The response to these questions appeared well
informed and was not polarized into the strong adversary 
positions that had been expected from reading the public 
hearings and press reports, There was a cautious con
sensus for limited, planned urban growth and fol' com
mercial development. Although there was an emphasis 
on limitation, the majority thought some growth was nec
essary. Most of the respondents agr eed that alternatives 
to use of private automobiles for commuting were neces
sary, but they had strong reservations a bout the feasi
bility and availability of alternative modes. Roadway 
improvement was overwhelmingly favored over major 
new throughways. The forced limitation of private auto-
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mobile use was not approved. 

Dollar-Scaled Questions 

There were 13 experimental questions, and these were 
used to find the values assigned by the public to specific 
characteristics of tran$portation systems. These ques
tions are of technical interest. As described earlier, 
the questions measured the perceived values of specific 
characteristics of transportation systems tnat included 
aversive features and environmental impacts and were 
in reference to a dollar scale. 

These questions were considered analogous to real
world decisions in which a person must decide how much 
he or she is willing to pay to avoid discomfort, inconve
nience, or environmental degradation. The avoidance 
value is measured by the question and is presumably a 
reciprocal of the positive value of a related comfort, 
convenience, or environmental qu.ality. Thus, the avoid
ance value is objectively described in terms of what a 
person is willing to pay to achieve the alternative. 

Obviously, the question format was intellectually de
manding. Although the format worked in the field test, 
there was concern that it might be difficult to use might 
be objectionable, or might be unreliable. It was agreed 
that the test of acceptability would be the response rate. 
Tests of internal consistency would provide an estimate 
of reliability. 

The rate of response dropped at the experimental 
series of questions. In comparison with questions in 
the more conventional format, the rate of usable re
sponse was lower for the value -scale questions by about 
9 percent. There were 250 cases of unusable responses. 
About 150 of the respondents apparently failed to answer 
some of the questions because the respondent was unsure 
of the method or found the mental effort too great. The 
remaining 100 respondents marked the question, but 
made an unusable response such as marking more than 
one cell, altering the boxes, or responding with a 
written comment. As the respondents proceeded from 
question to question within the experimental, dollar
scaled section of the questionnaire , the number of mis -
marked questions decreased and the number of declined
to-answer and did-not-answer questions increased. Be
cause in this case the questionnaire was administered to 
a relatively sophisticated population and concerned mat
ters of general public interest, the unfamiliar stntegy 
did not greatly affect the usefulness of the returns. Thus, 
the high information content of findings justified the ex
periment. However, the method should be further sim
plified before being used under different conditions. 

Estimates of Reliability 

The strategy was recognized as expe1·imental; therefore, 
eVi.dence was examined that might suggest to what extent 
the scale data were meaningful. Two tests of internal 
consistency were applied as estimators of reliability, 
and one was applied as a rough test of validity. Single
item statistics such as full-range median, mean and 
mode , median of the dollar inte1·vals, interval 2 (Ii) 
through interval 5 (Isl, and· moment of the end intervals 
(I1 and 16) we1·e displayed in rank orcler and examined 
for deviations. The observed orders were almost en
tirely consistent, and this suggests an internally con
sistent scale. Indexes of dispersion were examined by 
using the semi-interquartile range (Q) 1 quartile differ
ences {Qz - Qi and Qs - Qz) , and the sums of the extreme 
cells. The standard deviation iS not applicable in tl:lis 
study since the data were not normally distributed. The 
dispersions reflected were mutually consistent. Finally, 
an index of value was computed by assigning assumed 

values to the six cells of zero, $0.12, $0.25, $0.50, 
$1.00, and $2.00 respectively. These values were placed 
in a rank order identical to that of the previously re
ported measui·es of central tendency , and they are used 
again in the findings. 

Finally, it was noted that the findings met the rough 
validity tests of consistency with logic and expectation. 
The matters that had known results and were highly dis
tasteful (personal danger) outweighed the other matters 
that had unknown results. Waiting in the rain outranked 
simply waiting. Waiting for 25 min outranked waiting 
for 15 min, and transferring twice outranked transfer
ring once. The selected scale-of-dollar values was 
credible and showed a good metric resolution. There
fore the scale-of-dollar values had some credibility as 
a referent to the dollar values perceived by the public 
for the specific variables of travel that the questions de
scribed. 

Statistical Significance 

A chi-square test was applied to determine the possibil
ity of a reported difference due to chance alone. There 
was one case of least scalar difference between vari
ables (0.01 between rain 15 and transfer 1), and the sig
nificance was low (p = <0.20). All other ordinal differ
ences in rank of variables were significant (p = <0.001). 

STUDY RESULTS AND 
INTERPRETATION 

Table 1 gives a listing of the questions in their original 
order. The last three items are listed separately be
cause they are not strictly comparable with the first 10 
items. The phrasing for the last three items is not 
parallel, and the response scale used did not include 
box 16 (I would not travel) because it was inappropriate 
to the question. 

Table 2 gives a listing of item name and the rank 
order o'f perceived value as found by the survey. Three 
·indexes describe the response. The respondents who 
marked the first box (percent don't care) indicated that 
they would not mind the hazard or inconvenience. The 
respondents who marked the second box (percent won't 
travel) objected so strongly that they would not travel 
under aversive circumstances. The index of value is 
the central tendency of dollar values that was assigned 
by respondents. This statistic is considered to be the 
best metric of relative aversion or disutility for the 
aversive variables and for the positive value of the work 
range. 

This dispersion of opinion for each variable is of in
terest because it presumably measures the degree of 
public agreement or disagreement with the value. The 
dispersion of opinion for the first 10 variables is also 
given in Table 2. Since the data are not derived from 
a normal distribution (standard deviation is not an ap
propriate measure), they are shown in the semi
interquartile range (Q). The Q-values represent the 
distance on the scale (in numbers and decimal fractions 
of whole cells) that is occupied by the central 50 percent 
of responses. 

The results are of interest because of their presumed 
value, and this value can be used to decide which alter
natives will be used in a future transpo1·tation system for 
the study area. Collectively, the results indicate some 
clear value relations among variables of transportation. 

The threat of physical danger was the most distasteful 
of all conditions measured. The item was phrased, 



Table 2. Responses to dollar-scale questions by rank order of findings 
and dispersion of opinion. 

Don't Care Won't Travel Index ol 
Item Name (~) (,) Value Q-Range 

Danger 11.4 40.3 1.31 I. 55 
Transfer 2 9.6 33.9 0.66 1.67 
Wait 25 8.8 25.1 0.43 1.67 
Packages 15 17 .8 22.6 0.41 1.67 
Crowded 30 19. 7 20.2 0.34 I. 53 
Transler J 22.9 ]6.3 0.28 1.27 
Rain 15 23.5 l 5.6 0.27 1.07 
Ride 15 26.6 11.8 0.22 1.07 
Walk 15 33.9 15.0 0.19 1.21 
Wait 15 32.7 11. 5 0.16 1.07 

Work range 27.2 NA 0.62 NA 
Pollution 15.1 NA 0.36 NA 
Noise 25.4 NA 0.40 NA 

" ... feeling personally in danger while waiting or travel
ing." Pretest interviews had verified that the danger 
perceived was that of robbery or assault. Respondents 
objected to this danger twice as much as the next most 
aversive condition, and more than 40 percent of the re
spondents indicated they would not travel if they felt 
threatened. The implication for public rapid transport 
systems is clear. The relatively high dispersion of 
opinion (Q = 1.55) suggests diverging attitudes, and, in 
fact, the distribution had two modes that reflected a 
large population (about 54 percent) who would pay more 
than a dollar to avoid danger (or not travel). Another 
group of respondents (about 3 5 percent), whose modal 
point diverged by over 2.5 scale points, were relatively 
unconcerned and had a modal index of only 0.25. Surpris
ingly, these subgroups did not correlate with income or 
with any of the demographic variables mentioned. 

Transfers · 

The second most objectionable matter was a necessity 
to transfer more than once per trip. This objection was 
in partial agreement with the findings of Levinson and 
Gersten (4), who found that the single transfer was most 
objectionable to their respondents. The phrasing of this 
question included cases of park-and-ride as well as 
cases of transfers during use of public modes. This 
phrasing may account for the lower degree of objection 
regarding the first transfer and the higher degree of 
objection regarding the second transfer as given in 
Table 2. The distastefulness of the two-transfer trip 
was more than twice that of a single-transfer mode 
change. Over one-third believed they would not travel, 
and the index of value computed was second only to that 
for danger. In contrast, transferring once was only a 
little more objectionable than the least distasteful matters 
measured, and it compared closely to that of waiting in 
the rain. 

Waiting for a Ride 

The third most objectionable variable was a long wait. 
The results given in Table 2 show that a 25-min wait 
was substantially more objectionable than a 15-min wait. 
Using psychological bases the researchers hypothesized 
that the value of delay is nonlinear and that H rises 
sharply above 15 to 20 min. The data seem to support 
this hypothesis , since the 10-min interval made a dif
ference of 2. 7 times in the reported aversive value, and 
it more than doubled for the number of those unwilling 
to travel. The index of dispersion was higher for the 
25-min wait (Q = 1.67) than for the 15-min wait (Q = 1.07) , 
which reflects a wider range of opinion regarding the 
longer delay. 
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Carrying Packages and Crowding 

Carrying packages for a 15-min walk and riding 30 min 
in a crowded vehicle were in the middle range of aversive 
activities. As given in Table 2, the values for these ac
tivities were grouped closely in the middle of the scale. 

Mildly Aversive Conditions 

Five characteristics were reported at moderately low 
levels of distaste, and these are displayed near the bot
tom of Table 2. Transferring only once, waiting 15 min 
in the rain, riding 15 extra min, and waiting 15 min were 
valued in that order and were within a 0.11 point range. 
From 16 to 28 percent of respondents said that to avoid 
the above contingencies they would not travel; and for 
those who would travel, they would pay an average of 
27 to 32 cents/ trip to avoid the inconvenience. There 
were more respondents who said they did not care (23 
to 33 percent) than those who said they would not travel. 

Air Pollution and Noise 

For previously explained reasons, three variables were 
rated on a scale that was not strictly comparable with 
that used for the 10 variables. Table 2 gives the values 
that are reported for the two environmental impacts. 
The values are approximations of what heads of house
holds believe they would be willing to pay on a daily basis 
to avoid increasing air pollution and to avoid intrusive 
traffic noise in their neighborhoods. 

One can compare these values with the values pre -
viously reported for transfer 2 and rain 15. If these 
values are related to the 10 aversive variables, they are 
rated in the middle range. However, these comparisons 
must be made with the understanding that the two scales 
are of unproven equivalence. 

Of note is the number of people who reported they did 
not care. The 15 percent who did not care enough to pay 
anything to avoid pollution is exceeded by the 25 percent 
who did not care about noise. It appears that, to this 
population, air pollution is a more popular issue or is 
more generally perceived to be a problem than is that 
of traffic noise. 

Work Range 

Finally, one question on the dollar-scaled response 
asked the respondents what amount they would pay to 
seek work within a wider area. Table 2 gives the rela
tively high value (0.62) assigned to that variable. The re
sponse data suggest that over 70 percent of householders 
in the study ~r~a beli.eve they would value an ability to 
seek work within a wider area, if seeking employment. 
They placed the relatively high mean value of $0.62/ d 
on that freedom and a modal value of over $1. This 
value is substantially higher than those assigned to en
vironmental impacts. 

CONCLUSIONS 

The_ da~a suggest that a dollar-value response scale can 
ass~t m assessing the va lue of transportation system 
vana?les ~hat have not been previ ously comparable . The 
technique 1s particularly useful to transp.ortation planners 
?e:ause _ it permits them to look at transport character
istics without specifying modes· furthermore it addresses 
behavioral responses rather t~ pure opinion. Further 
research should explore variations in format and phras
ing and the degree to which the strategy works for less 
sophisticated populations. 
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Diachronic Analysis of 
Social and Economic 
Effects of Relocation due 
to Highways 

Michael A. Perfater and Gary R. Allen, Virginia Highway and Transportation 
Research Council, Charlottesville 

This paper discusses the preliminary findings from phase 1 of a program for 
relocation assistance. Households relocated in Virginia between July 1, 
1972, and December 31, 1974, were interviewed to study the effects of 
relocation. The interviewees were part of a stratified random sample 
drawn from the families who had been relocated during the study period. 
Items addressed include attitudes toward the relocation program, the 
Virginia Department of Highways and Transportation, and department 
personnel; comparability with respect to neighborhood and dwelling; ad· 
equacy of compensation; and problems of racial groups and elderly per
sons. In addition, the extent to which time attenuates negative responses 
was also examined. Each of the above items was analyzed in relation to 
the age, income, occupation, education, tenure, and race of the respon
dent; length of occupancy in the original dwelling; and type of project. 
Three-fourths of those relocated had a favorable opinion of the program, 
the department, and its personnel; however, home owners rated the en
tire relocation experience much less favorably than did tenanU. Unfavor· 
able attitudes toward the relocation experience were found not to signif
icantly attenuate with time. The percentage of those pleased with their 
replacement housing (63) was greater than the percentage pleased with 
their replacement neighborhood (35). Sixty-two percent of the respon· 
dents felt the monetary compensation was adequate while 34 percent 
were dissatisfied with it. The reasons most'often cited by the dissatisfied 
persons were low appraisals or insufficient additives, payment•timing 
problems, and debt-status changes. Among both blacks and the elderly 
the greatest dissatisfaction with the program stemmed from the amount 
of the payment received. In addition, the elderly exhibited a greater 
need for services and assistance than did those younger. 

Several studies have been made to determine the con
sequences to residents displaced by freeways and relo
cated under federal and state programs that both pre
ceded and included those programs i mplemented by the 
Federal-Aid Highway Act of 1968 and the Uniform Relo
cation Assistance and Real Property Acquisitions Act of 
1970 (!, ; t !, t ~). However, there has been a 
dearth of research examining the extent to which the 
1970 act has remedied the problems related to earlier 
programs. The literature reveals that only three em
pirical studies have been conducted that deal with the 

Publication of this paper sponsored by Committee on Social, Economic, 
and Environmental Factors of Transportation . 

1970 Relocation Assistance Program (!, t ~). This 
paper presents a preliminary analysis of a relocation
assistance program in Virginia. The analysis is based 
on interview data obtained during phase 1 of a two-phased 
study of households relocated under the 1970 act. 

The study differs from most others of its type in one 
important respect: It examines the effects on relocatees 
at different points in time. The following hypothesis is 
tested for the data obtained from phase 1: The longer the 
replacement housing has been occupied; the greater the 
likelihood is that the displacee's perception of adverse 
social and economic effects will have dissipated. Such 
a diachronic approach to analyzing relocation effects 
seems to be more analytically suitable for judging the 
relocation process than is a synchronic approach. The 
analysis presented in this paper covers all highway dis -
tricts and all identifiable and available ethnic and eco
nomic groups. However, the analysis excludes those 
cases under litigation at the time of sample selection. 
Cases in which condemnation proceedings were complete 
were also included. 

METHODOLOGY 

The Virginia Department of Highways and Transportation 
complied with the 1970 act on April 10, 1972 . Conse
quently, the period of study was defined from July 1, 
1972, through December 31, 1974. A random number 
table was used to stratify a sample population of 200 that 
was selected to be interviewed from approximately 875 
households relocated during the study period. The strati
fication was structured to ensure that both urban and 
rural relocation cases and cases from fiscal years 1973, 
1974, and 1975 were represented. From the relocation 
records of the department, preliminary information was 
obtained to enable the researchers to (a) become familiar 
with both the socioeconomic characteristics and the pre
relocation conditions of the sample population before the 
administration of interviews and (b) make pre- and post
relocation comparisons. Moreover, the researchers 
wanted to know something about those persons in the 
sample population who did not respond to the mail con
tacts. Included in this paper is a section devoted to 
characteristics of those nonrespondents. 
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The members of the sample population were notified 
by mail that they had been randomly chosen to provide 
the department with information concerning their recent 
relocation experience and were asked to return an en
closed card that indicated their willingness or unwilling
ness to be interviewed. Two follow-ups were sent to 
those not responding; the second contained a question
naire that was to be completed and returned. 

The interviews were administered by two two-person 
teams over a 6-week period and were structured so that 
the interviewers asked a detailed set of both closed- and 
open-ended questions pertaining to both the pre- and 
post-relocation attitudes and social and economic con
ditions of the relocatees. While care was taken to see 
that all questions were asked in each interview, the re
searchers often participated in a discussion with the in
terviewees rather than merely battering them with ques -
tions. 

A total of 101 interviews were administered, and 16 
completed questionnaires were received that yielded a 
response rate of 117/200 or 58 percent. This number 
of responses represents 13.5 percent of all relocation 
cases acted on by the department during the study period 
and is a sufficient sample for the degree of precision 
required to discuss the topics noted above (!), We 
recognize, of course, that precise estimates of items 
such as the mean change in wealth position or the 
monthly change in cash flow resulting from relocation 
should not be made on the basis of this sample size (8). 
Such estimates will be made based on an analysis of data 
from both phase 1 and phase 2. 

CHARACTERISTICS OF THE SAMPLE 
POPULATION 

Respondent Sample 

There were 117 respondents; 54 percent (63 ) were male, 
and 46 percent (54) were female. Sixty-nine percent 
(81) were home owners and 31 percent (36) were tenants. 
Although 56 percent of the sample population were 
tenants and 44 percent owners, the response rate of 
owners was much higher than that for tenants. This 
latter finding implies, as we had anticipated, that 
owners are more concerned about the relocation pro
gram than are tenants. Over 50 percent of the re
spondents were married, 25 percent were widowed, 
and the remainder were unmarried. Only two ethnic groups 
were represented in the sample; 66 percent were white, 
and 34 percent were black. Almost hail of the respon
dents reported having less than a ninth grade education, 
and only 17 percent had any education beyond high school. 
The average household contained 2.85 members, and 
the greatest number of households (43 ) contained two 
members. Sixty-two percent of the respondents re
ported an annual family income of $8000 or less, and 
44 percent earned $5000 or less. Only 21 percent of 
the respondents reported an income greater than 
$11 000, but in 59 percent of the families the spouse 
and the respondent were both employed. Thirty-eight 
percent (44) of the respondents were on some sort of 
fixed income. Thirty-five percent (41) were retired or 
unemployed, and only 19 percent (22) were white-collar 
workers. Sixty-two percent of the sample were under 
60 years of age; approximately one-third were over 60 
and were classified as elderly. As Would be expected 
from this age distribution, 30 percent of the respon
dents had lived in their original dwellings for more than 
20 years. Furthermore, almost hall of the respondents 
had lived in their original dwellings more than 10 years. 

Nonrespondents 

Participation in the interviews was made optional; there
fore, the possibility of a biased sample was introduced 
(~) . An analysis of the nonrespondents showed, how
ever, that the distributions of key socioeconomic vari
ables were quite similar for the two groups. The com
parisons made between the distributions of income, race, 
original tenure, length of occupancy in original dwelling, 
and project type for the respondents and nonrespondents 
were found to be almost identical. Certain other dis
tributions, all related to age and affluence, exhibited 
sufficient difference to warrant discussion. 

The observed distributions of several variables re
vealed that the respondents were generally less affluent 
and older than the nonrespondents. Specifically, of the 
2 5 percent (50) of the sample population not living in decent, 
safe, and sanitary (DSS) housing prior to relocation, 71 per
cent (3 7) responded to the survey and were interviewed. Of 
the 138 persons from the sample population living in ms 
housing prior to relocation, 57 percent responded and were 
interviewed. Furthermore, of the 22 percent (44) of the 
sample population living on fixed incomes, 77 percent 
(34) responded to the survey and were interviewed. Only 
57 percent of the sample population not on fixed incomes 
responded and were interviewed. Finally, of the 20 per
cent (39) of the sample population who were retired, 75 
percent (3) responded to the survey. Of the 35 persons 
in the sample population who were white-collar workers, 
63 percent responded; among the blue-collar workers the 
response rate was only 55 percent. 

The higher response rate among the less affluent 
group runs counter to the pattern usually exhibited by 
survey research (10) and may have occurred simply 
because the unemployed and retired have the spare time 
to be interviewed, Even more likely is the possibility 
that those with fixed or low levels of income and wealth 
felt that an interview might result in some additional 
relocation compensation, even though the contact letter 
included a statement to the contrary. A third plausible 
reason is that the older and less affluent relocatees may 
find post-relocation adjustment more difficult than those 
more affluent and younger and are more interested in 
taking advantage of an opportunity to speak their minds. 

STUDY FINDINGS 

Attitudes of Relocatees 

Several questions were asked as indicators of each re
spondent's fee lings toward the re location program of the 
department. Three examples of these questions follow. 

1. Indicate your feeling toward the department's 
overall relocation program, 

2. Overall, do you think you were treated fairly by 
the department? 

3. What is your opinion of the way department people 
acted in their dealings with you? 

In addition, several questions concerning payment ade
quacy, satisfaction with assistance and services, and 
comments exclusive of responses to questions provided 
corroborative evidence on respondent attitudes. 

In 70 percent of the cases, respondents ranked the 
program as either good or very good; 10 percent gave 
the program a so-so rating; and 20 percent stated that 
the program was bad or very bad. Responses to the 
fairness question were quite similar: 78 percent felt 
they had been fairly treated, 79 percent had a positive 
or very positive opinion of department personnel, 4 per
cent had a so-so opinion, and 14 percent expressed a 



negative opm1on. These findings indicate that, in 
general, relocatees in Virginia have a favorable opinion 
of the program, the department, and its personnel. 
Since such favorable reactions are not surprising for an 
aggregate analysis, an examination of disaggregate ef
fects was made with respect to income level, race, age, 
tenure, education, length of occupancy in original dwell
ing, and type of project. The results of chi-square and 
Fisher tests run on cross tabulations between attitude 
responses and the above variables showed that only two 
significant relations exist. In both instances, current 
tenure exhibited a noticeable effect on respondent per
ception of overall treatment by the department and of the 
adequacy of the program in general. Specifically, the 
findings indicate that as a group home owners rate the 
program less favorably than do tenants. At the 90 per
cent confidence level, 22 percent of the owners and only 
9 percent of the tenants displayed a negative appraisal of 
the program. Perceptions regarding fairness of treat
ment yielded remarkably similar results. At the 95 
percent confidence level, 25 percent of the owners and 
only 9 percent of the tenants indicated that they felt they 
had been treated unfairly by the department. 

The preceding findings indicate that contemplated 
changes in either the provisions of the 1970 act or the 
manner in which it is implemented should be directed 
toward that portion dealing with owners. While it is dif
ficult to ascertain whether the attitude pattern noted 
above stems from the legislative provisions of or the 
manner in which the act is implemented, the data dis
cussed in subsequent sections of the paper suggest that 
most dissatisfaction stems from the former and not the 
latter. 

Attenuation of Negative Responses 
Over Time 

During the formative stages of the project, we had dis -
cussed the likelihood that the interviews would reveal 
significantly more negative responses from respondents 
who had been in their new residences for a relatively short 
period of time than from those who had been in their resi
dences longer. This proposition has been supported in 
studies conducted by Colony (; !). The diachronic hy
pothesis was tested by comparing both the responses to 
questions in which either positive or negative attitudes 
would be indicated and the impressions gathered during 
the interviews with the length of time the relocatee had lived 
in the new dwelling. (Logically, the most acceptable test 
would be to contact each relocatee at time intervals after 
re location. However, budgetary and time constraints pro
hibited such an approach.) Unlike the conclusions offered 
by Colony (!, !), the evidence given in Table 1 suggests 
that the passing of time does not weaken negative attitudes. 
Of particular interest is the fact that 59 percent of those 
dissatisfied with their treatment by the department had 
been in their replacement residences 2 years or more, 
while none of this group had lived in their replacement 
dwellings less than 9 months. Moreover, 63 percent of 
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those having an unfavorable opinion of department per
sonnel had lived in their replacement dwellings more 
than 2 years, whereas none of this group had lived in 
their replacement dwellings less than 9 months. These 
relations were significant at the 99 and 95 percent levels 
respectively. 

The results from several cross tabulations lend addi
tional support to the finding concerning diachrony. A 
highly significant positive relation was found between 
the respondents' initial feelings regarding relocation 
and their attitudes toward their treatment by the depart
ment and their overall feeling about the program. Spe
cifically, respondents who felt negatively toward reloca~ 
tion at the outset tended to maintain that attitude, re
gardless of the length of time they had lived in their 
replacement dwellings. 

It can be concluded from the above that, if relocatees 
are significantly upset in the early stages of relocation, 
the passage of time will not likely alleviate the resulting 
animosity. The evidence notwithstanding, one caveat is 
offered the reader. As given in Table 1, an extremely 
high incidence of negative attitudes toward the depart
ment and its personnel was found among those who had 
been in their replacement housing more than 2 years. 
We then speculated that a probable cause might be that 
those respondents were relocated at a time when reloca
tion personnel were inexperienced in implementing the 
1970 act. Cross tabulation showed that there was a 
highly significant relation (0.95 level) between those 
who had lived in their replacement dwellings more than 
2 years and those who exhibited negative attitudes toward 
department personnel. 

Comparability of Housing and 
Neighborhood 

The 1970 act states that a comparable replacement dwell
ing will be available or provided for each displaced per
son. To determine whether the relocatees felt that their 
replacement housing was comparable, the researchers 
asked them whether they preferred their new homes or 
their old homes. Sixty-three percent (74) of the respon
dents preferred their new dwellings, and 22 percent (26) 
preferred their old ones, 

Three measures of housing upgrade were used by the 
researchers. First, photographs of both the pre- and 
post-relocation housing were scrutinized to note physical 
upgrading. Roughly 28 percent (31) of the displacees 
appeared to have physically upgraded their housing. 
Second, the change in the amount of floor space between 
the pre- and post-relocation housing was noted. Fifty
nine percent (69) of the respondents increased their floor 
space, 29 percent (34) decreased their floor space, and 
the remainder showed no change. The average upgrade 
in floor space was 20.8 m2 (224 ft2

) . For those who 
decreased their floor space, all of whom moved into 
DSS housing, the average was 22.8 m2 (245 ft2). The 
third measure of housing upgrade us.ed was the difference 
in value of the replacement dwelling compared to the 

Table 1. Effect of time in replacement housing on 
displacee attitudes. 

Attitude Toward 
Department' 

Attitude Toward 
Personnel' 

Attitude Toward 
Programc 

Favorable Unfavorable Favorable 
Years (:() (,:) (~) 

<'/. 12 0 12 
'I• to 1 13 21 13 
ltol'/, 24 8 24 
l 1/,to2 24 13 22 
>2 27 59 29 

'Significant 1t 0.99 level. bSignificant at 0.95 level. 

Unfavorable 
(:() 

0 
25 
0 

13 
63 

Favorable Unfavorable 
(:() (:() 

11 5 
13 23 
26 9 
22 14 
28 50 

cNot statistically significant. 
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value of the original dwelling. It was found that 34 
percent (40) of the respondents acquired replacement 
housing valued higher than the original housing; only 7 
percent {8) acquired replacement housing valued lower, 
and 52 percent (61) showed no change. Of the 40 house
holds experiencing a value upgrade, the average was 
$4784; but for those 8 households that experienced a 
downgrade, the average was $2605. The reader should 
note however, that comparisons of dollar values of 
pre-' and post-relocation housing may be misleading 
because housing markets vary greatly from locality to 
locality in terms of demand, supply, and availability of 
funds. Thirty-two percent (37) of the respondents lived 
in non-DSS housing prior to relocation, and all were 
relocated into DSS housing in accordance with the law. 
So, in effect, a fourth type of upgrade occurred in these 
37 cases. Meeting comparability requirements with 
respect to housing does not seem to be a real problem 
in Virginia since the majority of the relocatees were 
very pleased with their replacement housing, and many 
experienced a housing upgrade as a result of the dis -
placement. 

The 1970 act requires that comparability cover more 
than physical housing. A comparable replacement 
dwelling must be (a) located in an area that is generally 
not less desirable than that of the pre-relocation dwelling 
with regard to public utilities and public and commercial 
fao ilities; (b) r easonably ace ess ible to the relocatee 's place 
of employment; (c ) adequate to accommodate the relocatee; 
and (d) located in an equal or better neighborhood. 

To determine relocatee attitudes about neighborhood 
comparability, respondents were asked whether they 
preferred their current or previous neighborhoods; 
what they missed about previous neighborhoods; and 
what was different about the current neighborhoods. 
Thirty-eight percent (44 ) of the respondents preferred 
their previous neighborhoods, 35 percent (41) preferred 
their current ones , and 7 percent (8) had no preference, 
Twenty-one percent (24 ) did not exper ience a neighbor
hood change · thus, for those who did experience a 
neighborhood change, over half preferred their old 
neighborhoods to the new ones. Those who preferred 
their old neighborhoods cited neighbors and convenience 
to shopping as the things they missed most; and, when 
asked what was different about their new neighborhoods, 
they most frequently mentioned environmental differences 
and incompatibility with neighbors. The relative im
portance of neighborhood comparability on attitude for
mation was tested by cross tabulations between re
spondents ' neighborhood preferences (old versus new) 
and their attitudes toward departmental treatment, the 
relocation program, and their opinion of department 
personnel. Chi-square t ests showed a significant rela
tion only for the last two. Specifically, of approxi
mately 40 percent of the sample who preferred their 
previous ne ighborhoods, 25 percent had a negative 
opinion of department personnel. More important, at 
the 95 percent level of confidence, there was a greater 
likelihood that respondents preferring their previous 
neighborhoods would display a negative overall feeling 
toward the relocation program than would those re
spondents who preferred their current neighborhoods. 
Such variables as race, age, tenure, education level, 
length of time in original dwelling, and length of time 
in replacement dwelling were not found to significantly 
affect preference of neighborhood. 

These findings indicate that, while relocatees are 
generally satisfied with their relocation housing, this 
is not so often the case with respect to the relocation 
neighborhood. In fact, relocatees seem to be much 
more concerned with neighborhood comparability than 
with housing comparability. Since post-relocation 

neighborhood satisfaction has a direct bearing on relo
catee attitudes toward the department, its personnel, 
and the overall relocation program, more attention 
should be given to neighborhood comparability when 
comparable hous ing is selected. The difficulty of select
ing comparable replacement dwellings in comparable 
neighborhoods will always present .a problem, since the 
right-of-way agent's perception of a decent neighborhood 
and the client' s perception of his or her own neighbor
hood with respect to comparability may often be quite 
different. Without sacrificing comparability with re
spect to housing, increased effort should be made to 
achieve comparability with respect to neighborhood. 

Adequacy of Compens.ation 

Relocation Payments 

We inferred from the interviews that the most important 
concern of the relocatees throughout the relocation pro
cess is the amount of compensation they will receive for 
being forced to find a replacement dwelling. For the 
purpose of this paper, the supplemental housing pay
ment, plus the offer for the original dwelling and lot, 
plus the compensable incidentals associated with the 
purchase of the replacement dwelling are defined as the 
relocation payment. 

When asked whether the relocation payments received 
were adequate, 4 percent of the respondents stated they 
were not sure, 62 percent felt payments were adequate 
or more than adequate, and 34 percent (all except one 
were home oWners) expressed the opinion that payments 
were inadequate in that they were not so well off finan
cially as they were prior to relocation. A pattern of 
reasons emerged in support of the respondents' opinions 
that payments were insufficient. Twenty-four (60 per
cent) of the 40 expressing inadequa.cy stated that they 
believed the appra.isal was too low or that the additive 
was insufficient to purchase a comparable dwelling. 
Twelve percent experienced problems with the timing 
of payments, and this necessitated that they secure a loan 
on which the interest was not reimbursable. Of the 
three individuals who had businesses in their homes, 
each cited an inadequate appraisal and a loss of income 
for which there was no compensation. Twelve percent 
expressed dissatisfaction due to a change in the debt 
status, while the remainder of the cases show'ed no 
pattern of opinion. Interestingly enough, cross tabula
tions between neighborhood preference and payment 
adequacy revealed that at the 95 percent level over half 
of those who preferred their previous neighborhood 
were also dissatisfied with the amoW1t of money they 
received. This corroborate·s the finding that neighbor
hood comparability is of extreme importance. Age and 
race were related to responses to the payment adequacy 
question, but these factors are more appropriately dis -
cussed in subsequent sections of the paper. 

Several inferences can be made from the above in
formation regarding low appraisals, timing of pay
ments, businesses in homes, and changes in debt status. 
Low appraisals, as viewed by the landowners , are an 
often mentioned problem; however, from our viewpoint, 
there is an obvious reason. In many interviews, relo
catees indicated they had become aware of the highway 
project several years before there was any formal in
terview and inspection by the rjght-of-way personnel. 
Their reaction had been one of resignation. Being 
unsure as to the specific manner in which the project 
would affect their properties, they became reluctant to 
make improvements and at best hesitant to provide 
periodic maintenance. As the years passed, the homes 
in the neighborhood lost value. Reference to this type 



of phenomenon, known as filtering, appears quite fre
quently in the housing literature (!.!), The end result, 
although not planned by either the department or the 
landowners, was that the average value of the houses 
declined below what it would have had no expectations 
regarding relocation confronted the home owners. We 
do not suggest that appraisals be higher per se, but 
rather that people be educated to the fact that it is in 
their best interest to maintain their properties. 

Timing of payment problems appears relatively easy 
to solve. These problems are discussed in detail later 
in this paper. 

When businesses (e.g., hairdressers, stores, day
care centers) are located in residences, a loss in in
come can easily occur because of relocation. When 
this income is lost, animosity usually results. A pos
sible approach to ameliorating the cases of animosity 
(and there are a few) would be for the department to be 
aware of potential losses and to take special care to see 
that, when the original dwelling is vacated and the re
placement dwelling occupied, the business facilities in 
the latter are ready for operation and closely duplicate 
the facilities of the original dwelling. It is our opinion 
that the portion of the 1970 act dealing with businesses 
in homes warrants reevaluation. 

Should the relocatee elect to purchase a replacement 
dwelling at a market price higher than the comparable 
dwelling, his other debt status will likely change. Sev
eral respondents expressed displeasure with the fact 
that they were, as a result of relocation, either in debt 
for the first time in many years or deeper in debt than 
they had been prior to relocation, either of which re
sulted in an increase in monthly house payments. Be
cause the potential for such occurrences exists, the 
relocation agent must often become a financial counselor. 

Timing of Payments 

The provision of the 1970 act dealing with meeting the 
requirements for receiving the relocation assistance 
payment states: "In addition to the tenure of occupancy 
provisions, the displaced person is otherwise entitled 
to the appropriate payments when he relocates and oc -
cupies a decent, safe and sanitary dwelling .... " 

The word occupies implies to have, take possession 
of, or to reside in either as an owner or as a tenant. 
The inclusion of this word as it is used in the relocation 
legislation has given rise to a difficulty that can gen
erally be classified as payment-timing problems. The 
implication of the provision is that, until a former dwell
ing is vacated and an acceptable replacement dwelling 
is occupied, the individual is entitled to receive only 
the purchase price of the original dwelling. Unless the 
relocatee-owner's remaining mortage on the original 
dwelling is small, there will not be a sufficient cash 
surplus to secure and close on the replacement dwelling. 
Only in cases in which no additive is computed will the 
amount received for the original dwelling be equal to the 
value of a comparable dwelling. Since it is the excep
tional case in which the relocatee is not entitled to an 
additive, the possibility frequently arises that he or 
she might have to borrow money or take money from 
savings for a short term to close on the replacement 
dwelling. Thus, interest must be paid on the short-term 
loan until the additive arrives. The interest or withdrawal 
penalty that is paid by the individual is not reimbursable 
under the law. During troughs in the business cycle, the 
likelihood that payment-timing problems will occur is 
increased, since sellers in the real estate market are 
reluctant to allow a prospective buyer to occupy a 
dwelling until the money is paid. Furthermore, a promise 
to pay by the department may not be acceptable. 
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Of the 81 owners interviewed, 14 (17 percent) ex
perienced difficulty with the timing of payments and 
therefore had to pay interest out of pocket. Although 
all of these individuals did not express dissatisfaction 
with the relocation payment, they did state rather 
strongly that the payment portion of the program would 
be greatly enhanced if payment-timing problems were 
eliminated. 

We questioned the right-of-way personnel throughout 
the state regarding the frequency with which the payment
timing problem occurs. Although this problem does not 
involve a great deal of money, its incidence is frequent 
enough to create an aggravation to both relocatees and 
department personnel. This aggravation could be alle
viated either by a slight change in the provision govern
ing the requirements for receiving payment or by allow
ing early payment of additives by the state when these 
are needed to close. The reimbursement of interest 
charges is unnecessary since it is more rational and 
efficient to remove the necessity for loans. 

Moving Costs 

Under the provisions of the 1970 act, a displaced indi
vidual has the option to receive payment on the basis of 
either actual moving expenses that are reasonable or a 
fixed payment schedule for moving expenses. Because all 
respondents chose the fixed-payment schedule, the 
responses to questions about moving costs coupled with 
the information obtained from the right-of-way files of 
the department enabled the researchers to analyze the 
adequacy of the present guidelines for this type of pay
ment. Only seven respondents stated that they had in
curred moving expenses greater than the amount received 
from the department. Fifty-four percent of the re
spondents did not remember what they had spent to move, 
but were sure they had not spent anything out of pocket. 
Of those who remembered their costs, 90 percent stated 
they spent less than they had received. Most individuals 
either moved themselves or engaged the help of friends 
and relatives at either zero or nominal cost. Further
more, it became clear during the interviews that most 
respondents made no conscious separation between the 
$200 relocation allowance and the moving-cost payment. 
In short, these individuals viewed the entire amount as 
payment for moving costs; the relocation allowance was 
not considered as an additional amowit for water and 
electrical hookups and other incidental moving expenses. 
Afte7 discovering this fact, we compared the total of 
moving costs plus relocation allowance with the amount 
received by those who were reimbursed for moving per
sonal property and paying for incidentals associated with 
tran~ferring domiciles. The total average amount 
received was $354. The average paid to those who 
remembered what they had spent was $338; the average 
that was stated as being spent was $179, exclusive of 
labor. Thus, those who remembered the amount they 
had spent were, in essence, paid $159 on the average 
for moving themselves. At $4/ h that amount implies 
40 person-hours of labor per move. These figures imply 
that the fixed-payment schedule is both efficient and much 
less e_xpensive than the use of professional movers, 
especially if one considers the time and expense involved 
in monitoring contract moves. 

The current fixed-payment schedule plus the reloca
tion allowance thus appears sufficient to cover most mov
ing and associated costs. However if labor costs are 
included in self-moves the relocat~e appears to be onl y 
breaking even. In fact, as long as relocat_ees are able 
to move With no out-of-pocket costs to themselves, they 
will continue to elect the fixed-payment schedule. This 
finding suggests that the rate of increase in professional 
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contr act moves should be closely monitored as an indi
cator of the sufficiency of the fixed-payment schedule. 
If the rate of contract moves begins to Increase signif
icantly above the observed pattern over the past several 
years the fixed-payment schedule should be reevaluated. 
Until ~uch a pattern emerges, the schedule s hould re
main as is. 

Racial Groups and the Elderly 

Thirty-four percent (40) of the respondents representing 
20 percent of the sample population were black. Of the 
blac.k respondents, 25 percent expressed dissatislaction 
with t he relocation program, the department, and its 
personnel. Fifteen percent of the white respondents 
expressed dissatisfaction with the program; 18 percent 
felt they had been unfairly treated by the department, 
and 10 percent disliked the personnel. The data suggest, 
then, that a greater percentage of blacks are dissatisfied 
with the relocation experience than are whites. How
ever, chi-square tests indicate that the distributions of 
responses by race are not significantly different from 
those normally expected by chance. Those tests run 
on the distribution of responses to the adequacy of 
payments question by race were, however, s ignificant 
at the 90 percent level of confidence. Forty-five 
percent of the black respondents felt that relocation 
payments were inadequate, but only 29 percent of the 
white respondents felt the same. The data reveal two 
major reasons for this dissatisfaction among blacks, 
In 67 percent of the cases, dissatisfaction stemmed 
from either a low offer or an insufficient additive; 
but, in 28 percent of the cases, a change in debt 
status was cited as the cause. There were no instances 
in which dissatisfaction among whites was precipitated 
by a change in debt status. 

About one-third of the respondents were over the age 
of 60, and 14 percent (16) were over the age of 70. 
Although there was only one statistically significant 
relation found for the elderly as a group, comments 
received in the interviews and questionnaires agreed 
with findings in literature that deal with relocation of 
the elderly (~, !, 13). Fifty percent of those over 60 
felt the relocation payments were not adequate, whereas 
only 27 percent of those under 60 felt the same. This 
response was significant at the 95 percent level. Four 
of the respondents attributed the death of a spouse to the 
overwork involved in trying to make the relocation 
housing equal to previous housing. In addition, many 
indicated that they experienced a loss in security due to 
separation from former neighbors. The interviewers 
were well received by the older respondents, all of 
whom appeared appreciative that someone from the 
department came by to see them. This contact in the 
form of a goodwill visit might be a worthwhile endeavor 
for relocation assistance personnel to undertake, es
pecially when the elderly are concerned. It became 
apparent to the researchers that the elderly have a 
greater need for services and post-relocation assis
tance than do younger members of the population. Many 
miscellaneous tasks and errands easily undertaken by a 
young person are often impossible for an elderly person 
to deal with. The elderly relocatee must often hire 
help with post-relocation affairs that younger persons 
can take care of themselves. In such cases, the $200 
relocation allowance may be more than adequate for the 
younger relocatee, but may not come near the out-of
pocket expenditures of the elderly relocatee. This fact 
is corroborated by the previously mentioned relation 
between those over 60 and those who felt the payments 
were inadequate. 

CONCLUSIONS AND RECOMMENDATIONS 

1. Although relocatees, in general, have a favorable 
opinion of the manner in which the relocation program is 
administered in Virginia, home owners, as a group, rate 
the relocation experience much less favorably than do 
tenants. Prospective revisions to the 1970 act should 
logically be directed toward those portions of the law 
dealing with owners rather than tenants. 

2. If relocatees are significantly upset during the 
early stages of relocation negotiations for reasons other 
than the normal aggravation of having to move, the 
passage of time will not likely alleviate the resulting 
animosity, For this reason, public hearing presenta
tions, special group meetings between right-of-way 
personnel and potential relocatees, and the agent's first 
visit to the relocatee home are important vehicles 
through which distrust, animosity, and ill will might be 
minimized in the early stages of the program. 

3, A significant amount of housing upgrade occurred. 
However, the relocatees were more concerned with 
neighborhood rather than housing comparability. Since 
post-relocation neighborhood satisfaction was found to 
have a direct bearing on relocatee attitudes toward the 
relocation experience, increased effort should be made 
to achieve comparability with respect to neighborhood 
without sacrificing housing comparability per se. 

4. The most important concern of relocatees is the 
amount of compensation they receive. While the great 
majority are satisfied with the monetary compensation, 
certain shortcomings in the portion of the 1970 act deal
ing with payments were found to exist. These short
comings follow. 

a. When businesses are located in residences, reloca
tion may cause a loss in income because the 1970 act 
does not require comparability with respect to businesses 
in homes. 

b. Relocatees electing to purchase a dwelling with a 
market price higher than that of the comparable dwelling 
often experience a change in debt status. Even though 
this change in debt status is not the fault of the relocating 
agency, there is a need for counseling these relocatees 
as to the long-term financial ramifications of purchasing 
such a dwelling. Such counseling should be among the 
ancillary services normally offered by the relocation 
agency. 

c. Since the relocatee is entitled to receive only the 
purchase price of the original dwelling before occupancy 
in the replacement dwelling, an insufficient surplus to 
bargain for and close on the replacement might exist. 
Consequently, a short-term loan or money from savings 
must be taken. The interest charges or penalties are 
not reimbursable under the provisions of the 1970 act. 
Such aggravation with the timing of payments might be 
alleviated through a change in the law. 

5. Relocatees appear to be breaking even under the 
fixed-payment schedule for moving expenses, but only 
when the $200 relocation allowance is included in the 
calculation. Furthermore, relocatees make no dis
tinction between the relocation allowance and the moving
cost payment. 

6. The greatest amount of dissatisfaction among both 
blacks and the elderly stems from complaints with the 
amount of the relocation payment. Items 4b and 4c above 
take on special significance for these two groups. 

7. Elderly relocatees exhibited a greater need for 
services and assistance than did their younger counter
parts. Post-relocation contact seems a worthwhile 
endeavor, especially for this group. In addition, con
sideration should be given to the possibility that the 
$200 relocation allowance may be more adequate for the 
younger than for the elderly relocatee. 
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Evaluation of the Relocation 
Assistance Program for 
Businesses and Institutions 
Displaced by Highways 

Jesse L. Buffington, Texas Transportation Institute, Texas A&M University 

The provisions of the Uniform Relocation Assistance and Real Property 
Acquisition Policies Act of 1970 were implemented by the Texas State 
Department of Highways and Public Transportation effective January 8, 
1971. Since then, many of those displaced by highways have received re
location assistance provided by that act. The Texas Transportation In
stitute evaluated the effectiveness of this relocation program, and this 
paper presents the findings from data collected by personal interviews 
with those associated with businesses and institutions displaced by high
way projects in several urban and rural areas in Texas. The sample is com
posed of 101 business relocatees and 7 institutional relocatees. The 
characteristics of a typical business are sole proprietorship, retail opera
tion, fewer than 10 employees, single outlet, at least 5-year existence, 
renting facilities, and $100 000 or less annual gross sales. The results of 
the survey indicate that over 75 percent of the respondents relocated 
their businesses and continued in operation for a while; 60 percent of 
those that ceased operations could not find suitable replacement facili · 
ties; and a majority of those that relocated thought the overall quality of 
facilities and neighborhood conditions were better or remained the same, 
even though almost half of them had to increase monthly payments for 
facilities . Most of the relocatees thought that relocation payments ade
quately covered relocation expenses, but over half of the owners thought 
that property payments were not enough. About 30 percent mentioned 
unsolved problems (mainly financiaU. Most of the relocatees expressed 
no need for additional relocation services, gave the program a substan
tially high rating, had a satisfactory relation with the relocation personnel, 
and felt pleased with the relocation experience. 

The relocation assistance that is provided by the Uniform 
Relocation Assistance and Real Property Acquisition 
Policies Act of 1970 is intended to reduce the hardships 
of residents, those owning and operating businesses and 
institutions, and farmers displaced by highways. This 
program is designed to compensate and mitigate incon
venience to relocatees to such a degree that resistance 
to highway projects, at least that resulting from per
sonal inconvenience, should be greatly reduced if not 
eliminated. To the extent that relocatees are not cog
nizant of or not satisfied with the relocation assistance 
provided, the program or its administration may be at 
fault. Texas has been operating under the provisions of 

Publication of this paper sponsored by Committee on Social, Economic, 
and Environmental Factors of Transportation . 
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the 1970 act since January 8, 1971. 
Few studies have dealt with relocatees' attitudes 

toward relocation, and no study has dealt with atti
tudes toward the 1970 act; such a study is, therefore, 
needed. The Texas Transportation Institute, in coopera
tion with the Texas State Depart ment of Highways and 
Public Transportation (SDHPT) and the Federal Highway 
Administration, conducted such a study to discern not 
only the relocatees' attitudes toward the program but also 
their attitudes toward the displacement news and the en
tire relocation experience. In addition, the study re
vealed the extent to which relocatees had problems caused 
by displacement. The results are published in two re
ports; one is based on a s urvey of r esident relocatees (1), 
and the other is based on a survey of business and insti:
tutional relocat ees (2). Experience gained from a pre
vious study of urban residential relocatees (3) waB help
ful in conducting this study. This paper summarizes the 
findings from the survey of business and institutional re
locatees. 

SAMPLE CHARACTERISTICS 

Interviews were conducted with 108 business and institu
tional relocatees in or near Dallas, Fort Worth, Austin, 
Wichita Falls, Waco, and Texarkana. At the time of in
terview, the relocate es had been relocated from 1 to 2 
years. An attempt was made to interview all 191 relo
cated under the 1970 act in those areaB before January 
31, 1973; throughout the state, 307 businesses and insti
tutions had been relocated. Thus, about one-third of the 
relocatees in the state were interviewed. 

Those interviewed represented the following types of 
firms and organizations: 48 retail product firms, 41 re
tail service firms, 7 wholesale or warehouse firms, 5 
manufacturing firms, and 7 institutions or nonprofit or
ganizations. Since respondents in the wholesale, manu
facturing, and institutional categories were too few to 
analyze separately, they were combined in an "other" 
category. 

A chi-square test waB used to determine whether the 
observed frequencies of a two-way cross classification 
differ significantly from the expected frequencies . If the 
computed chi-square value exceeds the critical chi-



square value for some level of probability, say 0.05 
level, then the observed differences are too great to be 
attributable to change alone . For two-way classifica
tions, such a result suggests that the classifications are 
not independent of each other; therefore, inferences can 
be made to explain the results. Both the 0.05 and 0.01 
probability levels are used in the test. Table 1 gives the 
computed and critical chi-square values in those cases 
in which the computed chi-square value exceeds the crit
ical chi-square value for either of the above probability 
levels (Tables 2, 3, 8, 9, 10, and 11). The degrees of 
freedom used and the exceptions made, e.g., cells ig
nored, are also given. Inferences based on these tests 
appear in the text. 

The characteristics of the relocatees are given in 
Table 2. The characteristics of a typical operation are 
sole proprietorship, single outlet, at least 5-year ex
istence, renting facilities, fewer than 10 employees, and 
less than $100 000 in gross annual sales. Operations in 
the retail category were relatively smaller in terms of 
gross sales than those in the other category. 

DISPLACEMENT EXPERIENCE 

Relocatees were asked a series of questions to reveal 
their initial attitudes toward the displacement news and 
their problems caused by the displacement. Their re
sponses to these questions helped to evaluate their at
titudes toward the relocation program. Responses to a 
question asking them to give their initial reactions to the 
news of the impending displacement indicate that many 
(44 percent) were upset (Table 3). Those with retail 
service businesses were the most likely to be upset. 
Very few of them gave a reason for being s o ups et (Table 
3). The res ults indicate that 25 of the r espondents chose 
to discontinue operations instead of relocating (Table 4). 
Another 5 ceased operations after relocating. Not being 
able to find a suitable location is the reason given by 15 
for not r elocating (Table 4). Ill health, retirement, and 
financial problems are the primary reasons given by 
others for not relocating or ceasing operations after re
locating. 

The responses to a question asking how easy it was to 
find a replacement location (facilities) revealed that a 
majority of those who relocated had difficulty finding 
suitable r eplacement facilities (Table 4). Some of those 
who relocated attempted to upgrade the quality of their 
facilities. As given in Table 5, 41 (49 percent) of those 
who relocated thought that they had upgraded their fa
cilities and 24 thought that they had relocated to better 
neighborhoods . By upgrading their facilities, 40 (48 
percent) of those who r elocated increased their monthly 
property or rental payments (Table 6). Only 8 decreased 
their payments. With an immediate increase in demand 
for replacement facilities, it was logical to expect these 
results. 

The magnitude of relocation cost-payment differences 
gives an indication of the adequacy of t he various reloca
tion payments to relocatees for pr eventing or r educing 
the adverse effects of displacement. To determine the 
cost-payment differences, it is necessary to obtain re
location costs from the relocatees and the corresponding 
relocation payments from the SDHPT records . Of the 
98 relocatees that r e ceived a moving payment, cost
payment differences could be determined for 67 relo
catees . The results indicate that 48 (72 percent) of these 
relocatees r eceived adequate compensation, i.e ., moving 
payments exceeded moving costs t Table 6) . The other 19 
relocatees had moving costs that exceeded their moving 
payments. 

Although all the respondent r elocatees were eligible 
for re l.tnbursement for their sear ching expens es, only 
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12 received such a payment. Those who moved back to 
their remaining properties or who owned other facilities 
probably did not incur such expense. The interviewers 
found it difficult to get relocatees to estimate their 
searching expenses, and this may indicate why many 
did not report them to the SDHPT. Consequently, the 
searching cost-payment differences were determined for 
only 58 relocatees, and 44 of these reported that they in
curred no searching expenses (Table 6). All but 3 of the 
remaining 14 were adequately reimbursed. 

The disruption of normal operations while moving 
caused most of those relocating to lose at least some 
sales ( Table 6). Fourteen ( 17 percent) claimed that they 
lost at least $10 000 in gross sales, and 12 experienced 
losses in lesser amounts. Fortunately, over half of those 
relocating experienced littl e or no change in their gross 
sales before ver sus after the move (Table 6). In fact, 13 
(16 percent) indicated that t heir s ales increased. 

The relocatees' opinions of the adequacy of their prop
erties and relocation payments, the overall net worth ef
fects of the relocation, and the entire relocation experi
ence can be useful in determining their attitudes toward 
the relocation program. The results indicate that 21 (46 
percent) of the r elocatees who owned their original fa
cilities thought that they did not receive an adequate pay
ment (Table 7). On the other hand, a large majority of 
the relocatees thought that their searching, ceasing of 
operations, and moving payments were adequate ( Table 
7). Therefore, more of them were dissatisfied with the 
payment for their properties than with payments for their 
r elocation expenses . When asked to give their opinions 
about the effect of displacement on net worth (assets 
versus debts ) of their operations, over half (54 percent) 
thought that it had r emained about the same (Tabl e 7). 
Most of the others thought that it had decreased. 

Finally, the relocatees were asked to evaluate the en
tir e r elocation exper ience . The results indicate that 47 
(44 per cent) of the relocatees wer e mildly pleas ed or 
ver y pleased with the experience, 35 (32 percent ) had 
mixed emotions or did not know what to answer and 
26 (24 per cent) were mildly upset or very upset with the 
experience. 

EVALUATION OF RELOCATION 
PROGRAM 

Program Provisions and Administration 

The r elocation pr ogram provides that relocatees be given 
a minimum of 90 d in which to move their bus inesses 
after receiving written notification to move. The results 
of this study indicate that 54 (50 percent) of the respon
dent relocatees took over twice the allotted time to move 
by being granted extensions . Also, about half of them 
preferred to have more than 90 d to move. 

!he y rogram provides that a r elocatee be given .l'elo
cahon 1nfor mahon and services beginni ng at least 90 d 
before the required move and las ting until the move is 
completed. All of the relocatees indicated that they r e
ceived two services: a relocation booklet and an ex
planation of the assistance available. The relocatees 
wer e as ked to indicate which of the services render ed 
helped them the most. Fifty-eight (54 per cent) ment ioned 
some for m of financial aid, and 9 mentioned the personal 
cour tesy extended to them by the SDHPT r elocation per 
sonnel ( Tobie 8) . 

The . pr ogr am provides relocation payments to cover 
s earchmg, moving, cea.sing of operations , or personal 
proper ty loss expenses. AU of the r e-spondent r elocatees 
r eceived payment for one or more of thes e expens es , and 
the majority thought that such relocation payments were 
adequate (Table 7). 
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Table 1. Computed and critical chi-square values used in tables for cases in which computed values exceed critical values. 

Table 

2 
3 
8 

9 

10 

II 

Row Head 

Annual ~ross sales 
Attitude toward news 
RelocJtiOn pr~ram 

Additional services requested 

Additional services needed 

Problems (ailed to help solve 

Pavment for prtJl)Crty 
P:'l.Vment for 11\(Whu.t or ceasing operation 
Years in business 
Attitude toward news 
Ease in findinl!, replacement facility 
Months to move 
Attitude toward relocation experience 

'S1gnd1cant al lhe O 05 level l>S1gnif1canl at Lhe O 011evel 

Computed 
Chi-Square 
Value 

l l.85' 
19.32' 
6.60' 

22.21' 

36.46 ' 

16.85~ 

16.82' 
24.00' 

6. 19' 
30.46' 
12.32' 
6. 10' 

68.82' 

Table 2. Number of respondents by characteristic of business 
before relocation and by type of operation. 

Characteristic Retail Retail 

Critical Chi-Square 

Value 

9.49 
15.50 
5.99 

9 ,21 

9.21 

9.21 

9.21 
9.21 
5,99 

13.30 
9. 49 
5.99 

13 .30 

P roba bi lit y Degrees of 
Level 

0.01 
0.05 
0,05 

0.01 

0.0 1 

0.01 

0.01 
0.01 
0.05 
0.01 
0,05 
0.05 
0,01 

Freedom 

4 
8 
2 

2 

2 

2 
2 
2 
4 
4 
2 
4 

Comment 

Did not know or refused cells i~norect. 
Did not know cells i~nored. 
Gocxt and bad row cells combined: retail column 

cells combined: amt did not know cells ig:norcd. 
Services requested row cells combined, and did 

not know column cells i~nored, 
Services needed row cells combined, :rnd did not 

know column cells ip;nored. 
Problems not helped row cells combined, and did 

not know column cells ignored. 
Did not know and not applicable cells i~norcd. 
Did not know cells i~nored. 
Did not know cells ignored . 
Did not know cells ig-nored. 
Did not know and discontinued cells ignored. 
Did not know cells ignored . 
Upset and pleased cells combined, and did not 

know cells ip; no red. 

Table 3. Number of respondents by attitudes toward news of 
relocation and by type of operation. 

Retail Retail 
of Business Product Service Other Total Attitude and Reason Product Service Other Total 

Organization 
Sole proprietorship 34 32 8 
Partnership 8 7 1 
Corporation or other .! 2 10 

Number of outlets 
1 40 40 14 
2 and >2 .! I 5 

Years in business 
<5 14 13 4 
5 to 19 24 16 5 
>19 !Q 12 10 

Number of employees 
<10 34 33 12 
10 and >10 14 8 5 
Not determined 0 ...Q. ..! 

Annual gross sales, $ 
<50 000 15 22 6 
50 000 to 99 999 9 11 4 
>99 999 23 6 9 
Did not know or refused .J. 2 0 

Tenure of site 
Owner 20 16 10 
Tenant 28 25 9 

Total 48 41 19 

Table 4 . Number of respondents by status of business 
before and after relocation. 

74 
16 
18 

94 
14 

31 
45 
32 

79 
27 

2 

43 
24 
38 

3 

46 
62 

108 

Business and Operation Number of Respondents 

Status o{ business 
Continued after relocating 
Discontinued instead of relocating 
Discontinued. after relocating 

Total 

Why operations discontinued 
Could not find new location 
Ill health or retirement 
Financial reasons 
Other 
Remained in operation 

Total 

Ease in rinding replacement location 
Easy 
No problem 
Difficult 
Did not know 
Discontinued instead of relocating 

Total 

78 
25 

5 

108 

15 
6 
4 
7 

~ 
110 

10 
29 
43 

1 

~ 
108 

Attitude toward news 
Very upset 7 11 3 
Mildly upset 12 12 3 
Mixed emotions 18 15 2 
Mildly pleased 6 I 3 
Very pleased 4 2 6 
Did not know l 0 ..! 

Reason for atti tude 
Hoped business would increase 2 2 0 
Wanted to move or quit 1 0 I 
Did not want to move I 1 0 
Other 1 0 I 
No reason given 43 38 !2 

Total 48 41 19 

Table 5. Number of respondents by changes in quality 
of facilities and condition of neighborhood. 

Quality and Condition 

Quality of facilities 
Much improved 
Somewhat improved 
Somewhat worsened 
Much worsened 
About same 
Did not know 
Discontinued before relocating 

Condition of neighborhood• 
Better 
About same 
Worse 
Discontinued before relocating 

Total 

Number of Respondents 

21 
20 
16 

I 
24 

I 

~ 

24 
50 
9 

25 

108 

"The neigh borhood conditions coru1dtred wt>ra buildings, parking, streets, ac, 
C'al1bjlity to other areas of 1own, 1raffic c~tion, nolse, and air pallulion. 

21 
27 
35 
10 
12 
3 

4 
2 
2 
2 

98 

108 

The relocatees were asked to evaluate the relocation 
program regarding its administration by the SDHPT. 
The results indicate that 47 (44 percent) gave it a good 
or very good 1·ating, 48 (44 percent) gave it a so-so 
rating, and 11 gave it a bad or very bad rating (Table 8). 
Relocatees with nonretail operations gave the program 
a higher rating than those with retail operations. Also, 
the relocatees were asked to evaluate their relation with 
the SDHPT relocation representative who dealt with them 
during the relocation experi·ence. An overwhelming per
centage (86) indi cated that they had a good or very good 
relation with their representative (Table 8). Ma.ny of the 
relocatees openly praised the representative. 



Table 6. Number of respondents by payment and sales 
changes before and after relocation. 

Payment and Sales 

Monthly property or rental payments 
Increased 
Remained same 
Decreased 
Nol determined 
Discontinued before relocating 

Moving cost-payment differences 
Cost • payment 
Cost > payment 
Not determined 
Not applicable' 

Searching cost-payment differences., 
Cost < payment 
Cost > payment 
Not determined 

Loss of sales during move 
None 
$2 to $9999 
>$9999 
Did not remember 
Discontinued before relocating 

Change in sales after move 
Increased 
Remained same 
Decreased 
Did not remember 
Discontinued before relocating 

Total 

Number ol Respondents 

40 
14 
8 

21 
25 

48 
19 
31 
10 

55 
3 

50 

40 
12 
14 
17 
25 

13 
47 
22 

1 
25 

108 

1 Cease-operations payment was received in lieu o1 moving payment. 
bf\lo expense for searching was reported by 44 relocatees and only 12 received a 
payment, 

Table 7 . Respondent evaluation of program by payment, 
business, and total experience. 

Payment, Net Worth, and Total Experience Number of Respondents 

Price received for original prq:>erty 
Enough 21 
Not enough 24 
Did not know 1 
Nol applicable 62 

Searching payment 
Enough 12 
Nol enough 1 
Not appli cable 95 

Cease operations payment 
Enough 8 
Not enough 2 
Not applicable 98 

Moving payment 
Enough 72 
Not enough 26 
Not applicable IO 

Net worth oC business 
Increased 7 
Stayed same 4 5 
Decreased 31 
Not applicable 2 5 

Entire relocation experience 
still upset 26 
still have mixed emotions 33 
Now pleased 47 
Did not know 2 

Total 108 

29 

Table 8 . Number of respondents by evaluation of relocation 
program and by type of operation. 

Table 9. Number of respondents by services and by evaluation of 
relocation program. 

Retail Retail 
Program Product Service 

Relocation program 
Very good 1 2 
Good 20 12 
So-so 22 23 
Bad 2 3 
Very bad 3 1 
Did not know _Q _Q 

Relation with relocation persoMel 
Very good 21 12 
Good 22 22 
So-so 3 5 
Bad 1 1 
Very bad 1 1 
Did not know 0 0 

Most helpful services 
Financial aid 33 16 
Personal courtesy 3 5 
None or did not know 12 20 

Total 48 41 

Table 10. Number of respondents by opinions and 
suggestions and by evaluation of relocation 
program. 

Services and Problems 

Other Total Additional services requested 
Financial aid 

0 
12 
3 
2 
0 
2 

7 
9 
0 
0 
0 
3 

9 
1 
9 

19 

3 
44 
48 

7 
4 
2 

40 
53 

8 
2 
2 

-2. 

58 
9 

41 

108 

Opinion and Suggestion 

Opinion 
Payment !or property 

Enough paid 
Nol enough paid 
Did not know 
Not appli cable 

Total 

Personal assistance 
More information 
other services 
None or did not know 

Additional services needed 
More money for property or 

business loss 
More relocation money 
More help in relocation 
Other services 
None or did not know 

Problems not helped 
Not enough financial assistance 
New location not adequa te 
Could not find new location 
Loss of business 
Other problems 
None or did not know 

Total 

Payment for moving or ceasing operation 
About right pnymenl 
Not en ough payment 
Did not know 

Total 

SUgr,estlons for improving prO(! ram ol linancial assistance' 
ASsiStan ce to reestablish business 
HIGher mo,,ing pa)1mEmts 
Compcnsatlon for loss of busfn~s s 
More com11ensat1on ror p_roperty 
Higher discontinuance payment 
Other suggestions 
None or did not know 

Total 

•several respondents had more than one suggestion 

Good So-So Bad 

3 
2 
2 
0 

40 

I 
1 
I 
J 

43 

I 
2 
0 
1 
0 

43 

47 

Good 

12 
1 
0 

34 

47 

45 
2 
0 

47 

3 
1 
0 
0 
1 
I 

42 

48 

3 
5 
0 
2 

38 

6 
3 
6 
3 

30 

6 
7 
3 
2 
2 

28 

48 

So-So 

7 
17 
0 

~ 
48 

28 
19 
_Q 
47 

10 
8 
6 
6 
J 
4 

17 

52 

8 
0 
0 
1 
2 

5 
4 
2 
0 
0 

1 
0 
3 

11 

Bad 

I 
6 
0 
4 

11 

4 
7 
0 

11 

5 
2 
1 
1 
0 
0 
2 

11 

Did Not 
Know 

0 
0 
0 
0 
2 

0 
I 
0 
0 
1 

0 
0 
0 
0 
0 
2 

Did Not 
Know 

I 
0 
1 
()_ 

1 
0 

.!. 
2 

0 
0 
0 
0 
0 
0 
~ 

Total 

14 
7. 
2 
3 

82 

12 
9 
9 
4 

74 

11 
10 

5 
4 
2 

76 

108 

Total 

21 
24 

1 
62 

108 

79 
28 

1 

107 

18 
11 
7 
7 
2 
5 

~ 
113 
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Table 11. Number of respondents by various factors and by evaluation 

of relocation program. 

Did Not 

Factors Good So-So Bad Know Total 

Years in business 
1 0 33 <10 20 12 

10 and >10 27 36 10 ~ 75 

Attitude toward news 
27 10 48 Upset 10 l 

Mixed emotions 17 17 1 0 35 
Pleased 19 3 0 0 22 
Did not know ...!. 1 0 -1. 3 

Ease in finding replacement facility 
Easy 3 7 0 0 10 
No problem 18 11 0 0 29 
Difficult 15 19 8 1 43 
Did not know 0 1 0 0 1 
Discontinued instead of relocating 11 10 ..l -1. 25 

Months to move 
0 to 3 28 16 4 0 48 
4 to 6 18 29 6 0 53 
Did not know ...!. ..l ...!. ~ 7 

Attitude toward relocation experience 
Very upset 0 3 8 0 11 
Mildly upset 2 10 3 0 15 
Mixed emotions 8 24 0 1 33 
Mildly pleased 19 9 0 0 28 
Very pleased 18 1 0 0 19 
Did not know ....2. ...!. 0 !. 2 

Total 47 48 11 108 

Program Effectiveness 

The effectiveness of the relocation program is indicated 
by the extent to which the relocatees mentioned additional 
services needed or requested, mentioned problems not 
solved, or made suggestions for improving the program. 
Only 26 (24 percent) had requested additional services 
(Table 9); 14 of those requested additional financial as
sistance, and 7 requested more personal assistance. 
About the same response was received to the question 
regarding additional services needed. Only 32 (30 per
cent) mentioned relocation problems that the SDHPT 
failed to help them solve. Eleven (10 percent) mentioned 
the problem of not receiving enough financial assistance, 
10 indicated that their new locations were not adequate, 
5 said that they could not find a new location, and 4 lost 
sales. Almost half of the relocatees made suggestions 
for improving the program for financial assistance 
(Table 10}. Some gave more than one suggestion. As
sistance to reestablish business was mentioned most 
often, and second to that was to provide higher moving 
payments. 

The effectiveness of the relocation program is also 
indicated directly or indirectly by variables that are sig
nificantly related to the relocatees' attitudes toward the 
program. Such relations can furnish clues that explain 
why the relocatees had positive or negative attitudes 
toward the relocation program. The results for the 
cross tabulation of variables indirectly related to the 
relocatees' attitudes toward the program indicate that 
those most likely to give the program a good rating 
rather than a so-so or bad rating were (a) those who 
had nonretall operations , (b) those who had been with 
their businesses fewer than 10 years, (c) those who 
were pleased with the displacement news, and (d) those 
who received enough compensation for their original 
properties (Tables 8, 10, and 11). The results for the 
cross tabulation of variables directly related to the re
locatees' attitudes toward the program reveal that those 
most likely to give the program a good rating rather than 
a so-so or bad rating were (a) those who had no prob
lem finding replacement facilities, (b) those who pre
fe rred 3 months or less to move, (c) those who did 
not request or need additional services, (d) those who 

did not have unsolved problems, (e) those who had no 
suggestions for improving the financial program, and (f) 
those who received enough compensation for moving or 
ceasing their operations (Tables 9, 10, and 11). 

CONCLUSIONS 

The results of the survey indicate that most of the re
locatees gave the program a substantially high rating and 
most had a very satisfactory relation with the relocation 
personnel. The rendering of relocation assistance, pro
vided by the relocation program, changed many relo
catees' attitudes toward the displacement news and helped 
them to feel pleased with their relocation experience. 
However, the relocatees' attitudes toward the relocation 
program could have been improved by providing them 
with more assistance in finding replacement facilities 
and by increasing their financial remunerations to cover 
property costs and relocation expenses. 
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Abridgment 

Berkeley Environmental 
Simulation Laboratory: A 
Tool for Transportation 
Planning 

Donald Appleyard and Kenneth H. Craik, Institute of Urban and Regional 
Development, University of California, Berkeley 

When an engineer draws a perspective, makes a model, 
or presents a plan, he or she is simulating a future en
vironment. Too often these simulations are distant from 
the ultimate reality and remote from the environment as 
it will be experienced. Plans are difficult for lay people 
to understand since perspectives and models provide an 
illusion of reality that is frequently inaccurate. Draw
ings and perspectives are necessarily selective, and 
planners choose the viewpoints and features that best 
communicate their ideas of what the project ought to be 
like. At best, there is a rich mixture of hope in these 
presentations; at worst there is downright deception. 

The Environmental Simulation Laboratory at the Uni
versity of California, Berkeley, was designed to improve 
the general quality of environmental simulation and to 
carry out basic research on the issues of public com
munication facing the environmental and planning profes
sions. The laboratory uses a dynamic environmental 
simulator that enables one to visually walk or drive 
through small three-dimensional scale models of urban 
and natural environments. A remote-controlled televi
sion camera that is equipped with tiny viewing attach
ments moves through scale models of the environment 
and continuously projects eye-level views on closed cir
cuit television screens. Trips through miniature envi
ronments can be displayed live to a large television 
audience. Color films and videotapes can also be made 
for comparative feedback, permanent records, and later 
presentation. The laboratory has model- and film
making facilities. 

USES OF THE ENVIRONMENT AL 
SIMULATOR 

Currently, five potential uses of the simulator stand out 
as the most interesting and relevant. The followm,g i: 
a discussion of these U!1eS, which include communication 
and resolution of environmental issues, planning and 

Publication of this paper sponsored by Committee on Social, Economic, 
and Environmental Factors of Transportation. 

design tool, educational films, technological innovation, 
and environmental psychology. 

Full disclosure of the environmental consequences of 
plans and projects is becoming mandatory. By communi
cating the nature of environmental proposals to the pub
lic, the simulator can provide a focus for the assessment 
of environmental impacts and for the resolution of en
vironmental conflicts. The simulator enables plans and 
designs to be presented to citizen groups through film 
and television, media that are more familiar and more 
interesting to the public. Simulations can be displayed 
at several points in the design process: at the beginning 
of the process to help generate ideas, at the point at 
which selections must be made to focus on decisions, and 
at the end of the process to help communicate a preferred 
scheme. 

A simulation technique that adequately elicits profes
sional or public responses to proposed plans should en
able design alternatives, modifications, and testing to 
become integral decision-making stages in the planning 
process. The s imulator is a resoorce for the interactive 
gaming and assessment techniques already being devel
oped in the design methods and community participation 
fields . It can also be used to provide feedback .in the 
education of environmental professionals. We plan to 
set up a viewing room at Berkeley equipped with voting 
switches where schemes can be displayed on closed
circuit t~levision for gl'Oup voting and discussion. 

The simulator can be used to show e.du.cational films 
about environmental problems to the public and profes
sionals. Throogh the use of animated models and shifts 
in viewpoint, the growth of co~munities, the history of 
dev~lopment, the processes of ecology, or the chains of 
environmental impact can. be simulated. The effects of 
typical planning or design decisions on the everyday en
vironment- the visual meaning of such professional 
abstractions as density, floor ·area ratio, traffic vol 
umes, or floOdplains- might be made more compre
hensible. Movies can be produced for use in school, 
community, and continuing education programs as well 
as on television. 

Toffler (1) pointed out that most people find it difficult 
to visualize the future. However, future environments 
that are quite different from any that exist are being con-
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ceived in laboratories, on drawing boards, and in imag
inative minds around the world. Ocean settlements, 
floating power stations, megastructures, solar housing, 
high-speed transit systems, and automated freeways are 
being proposed. The function of utopias has been to offer 
complete and detailed images of the future_; bu_t rare~y 
u ever have these been presented for public ~scuss1on 
and debate. If simulation can bring these proJects closer 
to the 1·eal world, the public may have a clearer idea o.f 
whether they are desirable or monstrous. One of our 
first movies was about travel on an automated highway. 

Once the simulator is validated, psychologists will be 
able to bring into the laboratory models of existing and 
future environments. Thus, experiments may be carried 
out with less investment than those undertaken in the real 
world. The real world is so complex that analysis of the 
effects of different variables becomes a problem. In 
simulating the design of a highway or transit, for exam
ple, the height and character of the channel, landscaping, 
street furniture, protective barriers, and type of sur
rounding development can be varied independently to test 
responses to appearance by would-be travelers, citizen 
groups, and public representatives. Reactions by dif
ferent social classes, age groups, or personality types 
could also be assessed (~). 

Figure 1. Terra Linda model and overhead camera gondola. 

Figure 2. Two views of Terra Linda model taken with a 35-mm still 
camera. 

DEVELOPMENT OF REALISTIC 
SIMULATIONS 

One of the first questions asked when we proposed to con
struct the simulator was whether we could actually pro
duce realistic images. Thus, the project was designed 
to have an evaluative component. Craik, University of 
California, Berkeley, designed an elaborate large-scale 
evaluation to test the psychological effectiveness of the 
simulator. A large and diverse area of suburban Marin 
County was chosen as the testing ground. A model 
[ scale: 3.5 m = 1 cm (30 ft = 1 in)] was made of this area 
[2.4 by 1.6 km (1.5 by 1 mile)] that included a freeway 
a.ud arterial and residential streets (Figures 1 and 2). 

Figure 1 shows the camera gondola with the 1.27-cm 
(1J-in) probe and 16-nun camera positioned ove1· the 
Terra Linda model. Also shown are the gantry struc
ture, support rails, cyclorama background, overhead 
fluorescent lights, and a quartz-halogen spotlight. Fig
ure 2 shows two views (a and b) of the Terra Linda 
model. Both of these pictures were taken with a conven
tional 35-mm still camera that was attached to a 2.54-cm 
(1-in) probe. Note the wealth of detail, even in black-and
white still photos. The most difficult problem solved on 
this project was the control of depth of field. In Figure 
la, the car is about 5 cm (2 in) away from the probe, the 
building on the hill is 0.9 m (3 ft) away, and the back
ground is 1.8 m (6 ft) away. 

Four groups of 200 subjects each were randomly se
lected from Marin County and were taken (a) on a real 
trip through the area, (b) on a film trip through the area, 
(c) on a color-film trip through the model, and (d) on a 
black-and-white video trip thrwgh the model. The trip 
took 25 min, and small groups of 10 to 15 people were 
invited daily for these presentations. These groups were 
subsequently given 3 h of recall and attitudinal questions 
and tests. The psychologists are in the process of con
cluding their analysis, but prelimina..ry reports show high 
correlations between responses to all four trips. 

These results will confirm the experience of anyone 
who has viewed our films. The films are not abstract, 
schematic, or like cartoons that are simulated by com
puters. The films are sufficiently real that many viewers 
refuse to believe that models were used. Tribute must 
be paid to the quality of the model making that used un
conventional techniques such as photo montage and brass 
etchings. 

ENVIRONMENT AL QUALITIES 

A visual simulation can depict many more issues than 
those merely aesthetic. The following is a discussion of 
the environmental qualities that could be simulated. 

Safety, Stress, and Pollution 

Lay people and professionals interpret levels of safety, 
noise, overload, and air and water pollution from the 
appearance of environments. Perceived levels of safety 
may be affected by the presence of walls, enclosures, 
and street lighting, and danger might be perceived in hid
den places, nooks and crannies, or in high buildings. 
However, these perceptions are frequently incorrect. 
Nevertheless, the presentation of various views of a proj -
ect can be used to determine apparent levels of stress. 
These views can be presented in parallel with expert 
predictions of stress. Sound can be added to the images 
to simulate the loudness and character of a predicted 
noise. The REAL simulator at the U .K. Transport and 
Road Research Laboratory convincingly employs this 
technique. 



Invasion of Privacy 

The invasion of privacy by the placement of new struc
tures that overlook houses, offices, and other buildings 
is a major problem in high-density areas. To simulate 
intrusion, the camera can be used to represent the view 
of an average person. 

Access and Disruption 

Changes in accessibility levels due to new projects can 
be measured by following typical routes and journeys 
that are popularly used in the environment of the proj -
ect. Thus, factors within the project area could be 
identified that would facilitate or inhibit access to de
sired destinations: changes in access over time, during 
construction periods, and on a regular basis. 

Identity, Scale, and Diversity 

The relations between the character of the new project 
and the existing environment are common reasons for 
opposition to projects: whether it enhances, damages, 
or disrupts the local character of the area and whether 
it adds to or reduces the richness of the community's self
image. Simulated views of the project could be made of 
neighboring sites and common routes and could be com
pared with other parts of the community or with similar 
facilities elsewhere. 

Aesthetics 

The views from houses, apartments, and offices on res
idential streets, transit lines, and pedestrian networks 
can be produced to assess 

1. The presence of aesthetically powerful elements, 
e.g., skylines, vegetation, water, historical areas, 
landmarks, and billboards; and 

2. The quality of various views as to natural and 
urban composition; depth, mystery, and interest; view 
change and view blockage under different conditions. 

Symbolism 

Much of the environment is symbolic of the social group 
that has constructed it or owns it. Freeways may be 
interpreted as the invasion of an alien social group, pub
lic buildings may be viewed as an unnecessary expendi
ture of public funds, and certain styles of architecture 
may be seen as inappropriate to the community's self
image. Such interpretations of social impact often over
ride purely environmental considerations. It will be 
important to have these fears articulated before con
struction. The explicit assessment of symbolism may 
thus become part of environmental assessment. 

STRUCTURING PUBLIC RESPONSE 

Some systematic ways are needed to obtain the public 
viewpoint without manipulation. Too many public hear
ings wander through details and allow only a few to 
speak. The presentation of proposals in a form that 
can be voted on and discussed, issue by issue, could 
help enormously. The Town Meeting Programme of the 
New York Regional Plan Association showed film se
quences of environmental issues, and at certain points 
viewers were asked to vote among alternative policies. 
This program is the largest known example of public 
Participation outside conventional political voting. Two 
million people were estimated to have viewed the films, 
and 50 000 responses were received on the first vote. 
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An early project carried out by the Berkeley Envi
r onmental Simulation Laboratory displayed to a citizen 
planning committee in Marin Coonty, California, images 
of alternative land uses on open l and that was under de
velopment pressure. Each committee member was pro
vided with a voting dial and asked to vote on the alterna
tives presented. Votes were anonymous, but the totals 
were instantaneously shown on an electronic display sys
tem. Discussions ensued, preferred alternatives and 
combinations were simulated, and decisions were made. 

TRUTH AND DECEPTION IN 
SIMULATION 

One of the principal hazards of any communication me
dium is the ease with which the truth can be distorted. 
This situation is particularly easy to create when future 
environments are projected for which the facts are 
not available. We can test the level of realism when we 
simulate an existing environment, but projections of the 
future are more a matter of opinion. Most environ
mental proposals, as shown on plans and models, are 
devoid of familiar environmental features such as traffic 
congestion, landscape erosion, air pollution, poor main
tenance, vandalism, billboards, street furniture, and 
signs, even though such may be the characteristics of 
the project area after a few years. It is not always the 
developers who want to maintain secrecy in the field of 
environmental planning. Planning agencies, highway 
departments, and other public bodies often do not w~.;;h 
to reveal their plans because they fear what some public 
groups might say or some developers might do. In the 
long run, regulations similar to truth in advertising 
legislation may have to be applied to the presentation of 
environmental projects. 

Simulating the true consequences of a project should 
be the aim of a public environmental simulator. One way 
to accomplish such a difficult task is to make a distinc
tion between the proposed environment that project plan
ners have designed and the consequent environment chat 
may result. Protagonists and antagonists of a project 
could be called on to articulate their predictions of the 
consequences to the environment, and simulations could 
then be made of both. Or an independent outside expert 
may be called on to make impartial predictions. 

The simulation laboratory is committed to test differ
ent kinds and levels of simulation to see which are the 
most appropriate in different situations. Cost is the 
primary limitation on how much and how well plans and 
projects can be simulated. Once the initial investment 
has been made, the models will be the most costly item 
in the production process. One way to reduce model 
cost is to restrict the detail of those model aspects 
that are perceived in the real environment. Such per
ceptual models mighl, for instance, emphasize the as
pects of projects visible to the general public, if that 
were the important issue . Models of this .kind are likely 
to emphasize foreground detail around road channels 
(cars, street furniture, signs, front yards), details of 
building facades, and iloor surfaces rather than r~oftops 
or rear yards. A model we have built uses photo images 
of buildings and signs, special castings, and backdrops. 
Film and video montage can also reduce costs. If.con 
text models of an area are not available, then movies 
of projec t models can be set within movies of the real 
environment by fading or cutting from real context to 
model world as the camera enters the project area. 

BERKELEY SIMULATOR AS A 
PROTOTYPE 

The Berkeley simulator is being constructed as an ex-
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periment. It may be used primarily as a laboratory in
strument, but if it proves to be sufficiently real, eco
nomical, and relevant to public planning :t11d design issues, 
it could become a prototype that would encourage the 
more general use of environmental simulators. Small 
environmental simulators a.re a.lrea.dy in operation in 
places as far apart as the Bouw Centrum, the center for 
building and planning research in Holland; the Technion 
in Haifa; the University of Lund in Sweden; Oxford 
Polytechnic; and Perth, Australia. 

In larger cities, a model of the city could be perma
nently placed under a simulator in an exhibition shed at 
some convenient location. The use of a simulator is 
seriously being discussed in the city of Jerusalem. All 
significant projects could legally be required to produce 
realistic models constructed according to guidelines and 
be set in the context model. The expense of these proj
ect models would probably be no more than is now being 
expended on project presentations, and the cost would 
be borne by the project developer. 

All new projects would then be viewed from commonly 
used viewing points, and procedures could be developed 
for objectively assessing degrees of impact through 
visual image assessment . More significant projects 
might be displayed on public television- normal projects 
would simply be presented to planning commissions, 
citizen groups, and other bodies while the model is on 
public display. The bay simulation model in Sausalito, 
which i.s managed by the U.S. Corps of Engineers to 
calculate bay currents, siUing, and water pollution, is 
regularly open to the public. 

We are conducting a sel'ies of demonstx-ation experi
ments to test which media are most appropriate to which 
planning situations and the levels of realism that each 
provides. Contemplated planning projects include the 
simulation of solar energy communities high-rise con
trol plans for the city of San Francisco, the simulation 
of fire breaks on the mountains behind Santa Barbara, 
and the intrusion of urban development along the 1920-
km (1200-mile) coastline of California. 
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Abridgment 

Monitoring the Quality 
of Life: A Tool for 
Public Policy Analysis 

Marsha S. Goldberg and Terry A. Hayes, Planning Environment International, 
Alan M. Voorhees and Associates, Inc. 

The desirability of an area and the satisfaction of its 
residents are based on many factors that are both objec
tive and perceptual. The integration of these objective 
features and perceptions into a total system is often 
broadly described as the quality of life (QOL) in an area. 
The technique presented here is based on an assumed 
relation between physical access to opportunities
particularly those that are considered to be obligatory
and the achievement of a satisfactory QOL level. This 
relation is not new; it has been postulated and investi
gated by other researchers in the field, specifically 
Chapin and Hagerstrand (!, ; :!.). In contrast to the 
other research, this paper focuses on the small area 
and the minimal needs for establishing a satisfactory 
QOL. The technique described is designed for use by 
policy makers to monitor changes in the conditions that 
are prerequisite to a satisfactory QOL at the neighbor
hood or community level. 

Traditionally, QOL has been addressed at a highly 
aggregated level-the quality of life for the nation, a 
region, or an urban area. Currently, studies are focus
ing on individual perceptions of QOL. For policy pur
poses, however, Chapin (!) states, "Population units of 
interest are the subsocietal segments that reflect a 
r elatively homogeneous life situation in terms of eco
nomic conditions, ethnicity or stage in the life cycle, 
but which also reflect the characteristics of a political 
constituency." This definition can be applied in an urban 
area to the more familiar units of communities and 
neighborhoods. The framework that is proposed was 
designed to use disaggregated information at either the 
level of sociodemographic subgroups such as the elder ly 
and the poor or at the level of spatial groupings such as 
neighborhoods and commwrities. 

DEFINITION OF QOL CONCEPT 

Quality of life reduced to its basic level can be viewed 
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as the availability of opportunities, particularly those of 
an obligatory nature, to the individual in the society. 
This type of opportunity includes food, shelter, employ
ment, health care, education, and a clean natural en
vironment. Opportunities other than these, which may 
be termed discretionary, include elements that are more 
culturally or socially defined. This group includes status, 
achievement, and outlets for the exercise of personal 
talents. I1 the qualities in the latter category are to be 
obtained, the QOL must be raised above the bare mini
mum and must provide a greater variety in the percep
tion of what contributes to a high level of QOL. 

OPERATION OF ACCESS CONCEPT 

I1 the QOL level is a function of access to the opportunity 
structure of an area, then changes in QOL are a function 
either of changes in the number or types of opportunities 
or of access to them. For this paper, changes in access 
over time and for different groups of individuals within 
the population are of particular interest. 

TRANSPORTATION AND QOL 

The increasing distances between residences, places of 
work, and commercial facilities have resulted in greater 
spatial and temporal barriers between those opportunities 
that are considered basic and the people who are trying to 
achieve access to them. Thus, for people to achieve the 
minimum conditions necessary for a satisfactory QOL, 
they must be able to traverse these distances relatively 
easily. Transportation is essentially a service that 
enables people to carry on activities at sites selected 
for specific purposes and separated by distance (~). 
Transportation is one of seve.ral systems that operate 
within the urban framework and that facilitate access to 
obligatory opportwrities. However, transportation alone 
does not determine the QOL; although it does play a 
critical role in the structure of the QOL for the individual. 

m most areas, the most common modes of trans
portation are private automobile and public transit in the 
form of buses. Each mode provides the requisite access 
but generally at different levels of convenience to the 
users. Different user groups have different needs and 
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requirements for taking advantage of the opportunities 
in an area. Their perception of overall QOL is in
fluenced by the ability of at least one transportation 
mode to respond to their needs. 

QOL INDICATORS 

It can be hypothesized that a measure of physical ac
cess to obligatory opportunities plus some measure of 
the quality of these opportunities can serve as a proxy 
or indicator for QOL. The following s ections will 
present ln greater detail the indicator format that has 
been developed. 

Design of Indicators 

Physical access for a particular population group can 
be described and formatted In terms of the location of 
the population subgroup in relation to the capacity of the 
opportunity. This relation can be represented as fol
lows: 

(I) 

where 

adjusted access of subpopulation group i to op
portunity L, 

P
1 

= proportion of subpopulation group i with ac
cessibility to opportunity L, and 

Cl = capacity of opportunity L. 

Accessibility is defined as a location-time-distance rela
tion in which travel time to opportunity L (by any mode) 
in excess of some maximum limit indicates that popula
tion subgroups at that location do not have accessibility 
to opportunity L. Thus, the adjusted accessibUity (A) 
will increase as the population of subgroup i with ac
cessibility increases or as the capacity of opportunity 
L increases. 

The determination of the adjusted accessibility, 
particularly in regard to opportunities that are obligatory, 
such as health care, employment, and primary shopping, 
then serves as an indicator of the achievement of pre
requisite conditions for a satisfactory QOL. 

(2) 

These specific indicators are given in Table 1. The 
adjusted accesssibility for each indicator is dependent 
on the proportion of subgroup i that Is within the access 
area. The access area in turn is defined by maximum 
travel-time criteria to specific types of facilities and 
services. 

For these indicators, the travel-time criteria are 
intended as a proxy for more broad-range subjective, 
attitudinal, and perceptual considerations that are more 
difficult to obtain. Time-distance standards should 
ideally be developed through active citizen input, for 
satisfaction with the quality of one's life is more likely 
to be influenced by experience and local norms than by 
generalized standards. If citizen input is not available, 
time-distance criteria could be developed from observed 
behavior. These data are normally available through 
origin-destination studies conducted as part of the 
transportation planning process. 

Determination of Prerequisite 
Conditions 

If a conclusion about the adjusted accessibility and QOL 
is to be drawn, certain conditions must be met in the 

relation between the proportion of area residents with 
access and the capacity of the opportunity in each in
dicator equation. These conditions are 

1. The obligatory apportunity must provide adequate 
capacity to serve the total population (city or countywide), 
i.e., in terms of the total number of jobs, hospital beds, 
and retail floor area; 

2. The obligatory opportunity for each neighborhood 
must provide adequate capacity for neighborhood resi
dents who are defined as having accessibility; and 

3. The value of the proportion of neighborhood resi
dents with access must be equal to one, i.e., each mem
ber of a community is designated as living within the re
quired travel-time limits to a particular opportunity. 

Conditions 1 and 2 are designed to preclude the possibility 
of considering accessibility to an opportunity that is 
already overcrowded or inadequate. Ideally, thJs detei,
mination should be based on recognized standards. Con
dition 3 imposes unanimity on all members of a specific 
population subgroup. If all subgroup members do not 
have access to an area (defined by travel-time criteria), 
then prerequisite QOL conditions for that subgroup are 
assumed not to have been met. 

In this process for determining the prerequisite con
ditions, the capacity of the obligatory opportunity is first 
screened at the aggregate level (citywide), then at the 
disaggregated (neighborhood) level of a specific subgroup. 
U the capacity is adequate, then the proportion of resi
dents with access is screened. If the proportion of resi
dents with access meets condition 3, then prerequisite 
QOL conditions are satisfied. Adjusted accessibility 
serves in the final analysis as an indicator of inequities 
between subgroups that have satisfied prerequis ite QOL 
conditions and in this capacity provides a supplementary 
tool for policy analysis. 

MONITORING PREREQUISITE QOL 
CONDITIONS 

The indicators constitute a system through which changes 
in QOL prerequisite conditions can be monitored, and 
the results form a basis for policy action (F igure 1). 
Since changes in QOL are usually not rapid or drastic, 
an annual time-series system is proposed. The first 
step in the monitoring process requires an assessment 
of the overall adequacy of opportunities in the metro
politan area. lf opportunities for health care, employ
ment, and shopping are inadequate or overcrowded, then 
it can be concluded that prerequisite conditions for the 
entire area have not been met and that corrective policy 
actions must be taken. If opportunities are adequate and 
not overcrowded, then opportunities designated as ac -
cessible to a particular population subgroup will be 
evaluated for adequacy. If these opportunities are de
termined to be inadequate , then prerequis ite QOL con
ditions for that specific population subgroup are not 
satisfied. If conditions are met, then the specific in
dicator equations can be applied. 

After the initial screening process is completed, the 
actual indicator equations can be considered in detail. 
For monitoring purposes, the most critical factor is 
the proportion of the population subgroup that has access 
to a health care, employment, or shopping opportunity 
within specific time limits. This proportion must be 
calculated for automobile, transit, and walking modes. 
When the proportion of the subgroup is equal to one, It 
can be assumed that prerequisite QOL conditions have 
been met, i.e., that 100 percent of the population sub
group has accessibility. For the time series, the 
proportion for each mode with numerical values ·ap-
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Figure 1. Quality of life prerequisite conditions used in the monitoring and evaluation process. 

14. 
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Table 1. Prerequisite condition indicators for quality of life. 

A 

Adjusted accessibility 
to health care facili
ties for subgrade i 

Adjusted accessibility 
to employment for 
subgroup i 

Adjusted accessibility 
to shopping far sub
group i 

Adjusted accessibility 
to higher education 
for subgroup i 

•oetined by travel-time criteria 

Number o[ members of 
subgroup i within ac
cess area• 

Total number of mem
bers of subgroup i 

Labor force in subgroup 
i within access area' 

Total labor force of 
subgroup i 

Number of members of 
subgroup i within ac
cess area• 

Total number of mem
bers of subgroup i 

Number o( college 
students in subgroup 
i within access area· 

Total number of col
lege students in sub
group i 

C' 

Total number of hos
pital beds within 
access area· 

Total number or jobs 
within access area· 

Total amount of retail 
floor space within 
access area· 

Total number o( col
lege classrooms 
within access area· 

preaching one indicates that , for a particular indicator , 
prerequisite conditions have not been met but that the 
s ituation is improving. Similarly, a decrease in the 
proportion from @ne indicates a deteriorating situation. 

POTENTIAL OF METHODOLOGY 

The concept of QOL is complex and is composed of a 
variety of elements that are both objective and subjective. 
The approac h presented in this paper is based on sim -

7. 

6. 

QOL 
Prerequlolte 
Condition 
Not Mel 

Are 100% of Subgroup 
Within Acee•• Area? 

No 

No 

l\lo 

9. 

Pr&-OOL 
Condition 
Not Met 

11 . 

Pr&-OOL 
Condition 
Not Met 

13. 

Pr&-OOL 
Condition 
Not Met 

plifying the concept into components that can be addressed 
by using existing forms of data and basic data collec -
tion techniques. Although the methodology focuses only 
on the most basic level of QOL, it does provide a tech
nique for assessing it at the level of small population 
areas. Based on the research, it is felt that this level 
is optimal for policy formulation. Although individual 
attitudes and needs are interesting, they cannot be use
fully assimilated into the policy-making process. In 
terms of policy decisions, these results have a bearing 
on the location for future public investments. The de
velopment of this QOL base line suggests various types 
of facility problems that must be addressed. The. solu
tions tend to evolve from the trade-offs that have to be 
made between various components of QOL or between 
QOL and other social considerations. 

The methodology also responds to the need for mon
itor ing QOL over time . The ability to update , relatively 
easily, the inputs r equir ed for the indicators allows a 
policy maker to monitor changes in social and spatial 
str ucture over time. This monitoring provides inf or -
mation on the need for or the efficacy of a particular 
type of policy. The procedure, although simple, ap
pears to provide a good base for incorporating QOL into 
the policy-making process. The inclusion of the more 
subjective as pects of the concept awaits the development 
of a suitable data base and more usable data collection 
procedures. The operation of this complex aspect will 
eventually allow the policy maker to deal with the com
plete QOL issue. 
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Abridgment 

Interurban Transportation 
Networks and Rural 
Economic Development 

Ronald Linehan and C. Michael Walton, Council for Advanced Transportation 
Studies, University of Texas at Austin 

It is the purpose of this research to develop an under
standing of how policies that alter the characteristics 
of interurban transportation systems are likely to in
fluence the growth and development potential of rural 
communities. Although research in progress includes 
social, political, land use, and other aspects of trans
portation impact on rural towns, this paper deals pri
marily with three stages of research into economic de
velopment and the influence of transportation on that 
development. 

Of particular importance to the thrust of our research 
was the distribution of highway benefits in terms of 
strengthening the economic bases of rural towns. The 
notion that transportation is one of several influences on 
economic growth rather than a producer of economic 
growth is essential to understanding the role of the 
transportation planning process. Economic growth in 
a given region is a response to a variety of factors such 
as human resources, natural resources, and regional 
demand. Accessibility provided by the transportation 
system, however, may influence dee is ions regarding 
preference, location, and the extent to which a trans
portation network influences the distribution of basic 
industry in an area can affect the long-range de
velopmental patterns of the towns involved. 

Three stages of analysis were conducted to under
stand how the highway benefits occurred. In the first 
stage, a case study of several industries that located in 
the rural town of Sealy, Texas, was used to determine 
both objective and subjective influences on location 
choice, In the second stage a multivariate analysis was 
made of the towns in the rural region through which a 
recently upgraded interurban highway passed to deter
mine tile statistical correspondences between location 
in the regional infrastructure and the export-base growth. 
In the third stage an examination was made of the trends 
in industrial typology in relation to location in the re-
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gional infrastructure. The third stage is still in progress. 
The resulting models not only shed quantitative light on 
the growth characteristics of highway benefits but also 
serve as useful models for planning at the system level. 
The results of the first two stages are discussed in this 
paper. 

CASE STUDY 

The object of the case study was (a) to examine several 
industries that chose to locate their plants in a rural 
town, (b) to isolate the importance of those factors that 
made the rural town an expedient choice for plant loca
tion, and (c) to gain insight into those variables that 
might be useful for developing a comprehensive mode. 
Sealy, the site of the case study, is a small town ap
proximately 80 km (50 miles) from Houston and has a 
population of about 3000. · 

Four industries that located in Sealy were chosen for 
study, and each industry was sent a questionnaire to de
termine the extent to which personal contacts and per
ceived advantages influenced the choice of Sealy. In 
addition, a comparative study was lDldertaken to indicate 
the possible advantages of Sealy over other areas in 
the region, both rural and urban. These factors in
cluded the following: 

1. Demand-national investment trends (new plants, 
income, and market), regional growth of linked in
dustry, and data from survey; 

2. Land and tax-land value comparisons such as site 
size, county taxes, and city taxes; 

3. Labor-size, median income, and skills; 
4. Ca.pital-bank deposits ; · 
5, Power-resources and rates; 
6. Transportation-type per industry, structure in 

area, costs of labor such as size, median income and 
skills; and 

7. Personal preferences-survey. 

For each of the industries, the key influencing factors 
noted in the survey were folDld to correspond generally 
with the findings in the comparative study. However, 
some other important factors that emerged from the 
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transportation analysis included the following. 

1. Accessibilit y t o a combination of major trans
portation links (i.e ., ra11 and Inter state highway) was a 
consistent factor, even though it was not a lways t he 
most impor tant factor. . 

2. Minimum lot size and land cost constraints were 
important factors for deciding to locate in a rural area 
rather than an urban area. 

3. Minimization of labor costs was probably the 
most important factor influencing the choice of a rural 
area. 

4. Other cost factors, especially tax structures, 
were relative to the proximity of a large urban area. 

The variations of the results in the case study suggest 
that differences in the size of the operation and in the 
nature of the product need to be accounted for if gen
eralizations are to be made about the relative impor
tance of different factors. The important determinant 
for the largest company was the combination of energy 
resources, rail, and highway. For the smaller com
panies, labor costs and labor relations seemed to be 
more important than other factors, and, for one land
intensive industry, the combination of labor costs and 
land costs was the determining factor. The relative 
rankings in the survey do not, however, serve as a 
perfect measure of the role played by transportation in 
influencing plant location. Although accessibility to 
transportation facilities ranked relatively low in the 
surveys of smaller companies, availability and rea
sonable cost of transportation may well have been 
necessary conditions for choice of location in all cases. 

Table 1. Dependent variables used in models A, B, C, D, and E series. 

Model 
Model Model Model Model E 

Variable A B C D Series 

Population X X X X X 
Dist:u1ce to SMSA X X X X X 
Trave l time to l-10 X X X X 
Rail Links X X X X X 
Distance to next lar~er town X X X X 
Travel time to next nearest 

u. s. hi~hwav X X 
Travel time to nearest U. S. 

hi~hwav X X 
Distance to next town X 
Transv:encrated variable X 

Freedom from congestion was ranked the highest in all 
surveys, and this indicates that this transportation -
related factor is of greater significance than is usually 
considered to be the case. 

REGIONAL DISTRIBUTION 

The influence of the combination of transportation 
networks-the notion of equilibrium of factors relative 
to dis tance from a standard metropolitan statist ical ar ea 
(SMS A)-was used to evaluate the growth of the economic 
bases for the rural towns located in the region impacted 
by the construction of 1-10. This influence was analyzed 
by comparing over a 15-year span the shifts in the 
manufacturing employment data from the 40 towns in the 
region with a series of variables suggested from the 
findings in the case study. The towns chosen for study 
were within an area that extends up to 96 km (60 miles) 
from I-10 between San Antonio and Houston. 

A step 01 regression analysis was used to establish 
correspondences between the shifts in basic employment 
and the following variables: 

1. Distance to the nearest central city of SMSA, 
2. Population, 
3. Accessibility to I-10, 
4. Accessibility to rail, 
5. Distance to next larger town, and 
6. Accessibility to other major U.S. highways. 

A series of models was tested to determine the best 
model or set of models that would explain the growth in 
manufacturing employment for the rural towns studied. 
In all, 10 ·models were evaluated, The first series, a 
set of 4 models, used data from the entire 40-town 
data base. The second series, two sets of 3 models 
each, used population data grouped into ranges. The 
second series was chosen as the most appropriate set 
of models. The dependent variable in all models except 
model D was the net change in manufacturing employ
ment from 1960 to 1974. The percentage change in 
model D was also tested. 

The models tested that used the entire 40-town data 
base are referred to as A, B, C, and D. It was deter
mined that these models incorporated a wide population 
variance, and the data base was subsequently divided 
into three population ranges and tested agai,n with the 
variables in model A to isolate the effects of I-10. The 
dependent variables used in models A, B, C, D, and the 
E series are given in Table 1. 

Table 2. Increase in value of the correlation coefficient as variables are added to the equation. 

Standard Increase in 
Error of Correlation Standard Correlation 

Variable Constant F-Ratio Residual Coefficient Error Coefficient 

Group I 18.989 543 5.217 13.7680 
Access to second U S. highway -1.362 24 0.464 84 0.4169 
Population +0,032 73 0.022 17 0.1424 
Distance to SMSA +0.329 07 0.191 06 0.0503 

Total 0. 6760 

Group 2 33.211 136 9.690 33.8627 
Access to second U.S. highway -4.535 88 1 .224 13 0.6455 
Distance to SMSA 0. 765 88 0.416 33 0.0530 
Access to Rail 31.554 20 14.233 03 0.0524 
Access to first U.S. highway -5.089 89 2.572 61 0.0574 

Total 0. 8030 

Group 3 32 .689 115 6.641 68. 7049 
Population 0 .019 22 0.014 64 0 .5391 
Access to second U.S. highway -8.291 16 3.529 16 0.1588 
Distance to SMSA -2.814 32 I. 769 21 0.1015 

Total 0. 7994 



In the preceding models, the population variable 
carried the most weight in increasing the correlation 
coefficient. The shifting importance of the distance to 
SMSA variable and rail link variable as well as the 
question of wide population variance suggested that a 
further breakdown of the data base into population groups 
might provide for a more insi.ghtful analysis. Thus, the 
towns were divided into groups 1, 2, and 3 based on 
populations for 1960: 50 to 700, 701 to 3000, and 3001 
to 10 000 respectively. 

The model E series indicated the differential im
portance of the variables for each population group. The 
size of the town was relatively less crucial to growth in 
manufacturing in the largest group than in the two smaller 
groups. Ace ess ibility to 1-10 contributed significantly 
more to towns with a population between 701 and 3000 
than to either the smallest or largest towns. This fact 
suggests that a potential for stimulation exists by im
proving facilities in a town of group 2 size. In the case 
of the two smaller population ranges, the greater the 
distance was from an SMSA the more the manufacturing 
growth tended to occur. However, although this model 
exhibited a coefficient that was less significant, it still 
indicated that, for the largest towns studied, proximity 
to an SMSA was beneficial and that, for those larger 
towns farther from an SMSA, the manufacturing base 
increased less. 

The model E series failed to incorporate rail links 
and the accessibility to a second U.S. highway as sig
nificant variables although the latter was the second 
most important variable in models B and C, accounting 
for about 5 percent of the increase in the coefficient in 
B and 10 percent in C. Thus, the next step was to in -
tegrate these variables and to test the growth of manu
facturing within the context of access to other major 
highways in the region. Therefore, the next series 
deleted 1-10 as a single variable and incorporated the 
U.S. highway variables. This combination of variables 
produced significant increases in the coefficient of each 
equation, improved the corresponding F-ratio, and re
duced the standard error. 

FINAL SERIES OF MODELS 

The final series of models incorporated the accessibility 
to more than one major highway, which was suggested 
by models Band C, and retained the populatfan ranges, 
which, as evidenced in model E series, pointed out the 
differing importance of the variables to towns of dif
ferent sizes. The relative weights of importance of the 
independent variables are given in Table 2. As the In
dependent variable is added to the equation, there is an 
increase in the value of the correlation coefficient. The 
resulting equations suggest that growth in the manufac -
turing sector of rural towns may be described as a func -
tion of several factors that relate to the position of that 
town in the hierarchy of the region and the accessibility 
of the town to transportation facilities. 

In the case of the smallest towns analyzed, the single 
most important variable w;i.s increased accessibility 
afforded by proximity to a second major U.S. highway. 
The importance of this variable seems to derive from 
the fact that the region is well served by U.S. highways. 
Proximity to an SMSA is found to favor manufacturing 
growth in the larger rural towns, while the reverse is 
true for smaller rural towns (population under 3000). 
This correlation may be partially explained by the type 
of manufacturing concerns involved. Another explana
tion may be a higher incidence of footloose and resource
based manufacturing growth. Supportive findings were 
noted in the case study survey that, for the resource
based concerns, proximity to Houston was not deemed a 
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critical factor in location. In the case of the larger 
rural towns, the advantage gained from proximity to an 
SMSA suggests growth of concerns that are market 
oriented and perhaps transport-cost sensitive as well as 
a certain spin-off effect noted in other growth studies. 

The combined importance of rail and highway is 
particularly evident in that range of towns with a popula
tion of 701 to 3000, even though these modes are not 
differentially significant to manufacturing growth in the 
smaller and larger towns. Since rail service is ubiq
uitous in the larger towns studied, the rail factor is de
velopmentally important at this stage. Whereas highway 
access is most critical to manufacturing gains in the 
smaller rural town, population gains influenced the 
larger rural towns. The population variable is con
sistently important and may, to a certain extent, rep
resent attractability to the service sector of the town. 

SUMMARY AND CONCLUSIONS 

This research has centered on the interrelation between 
interurban transportation systems and the industrial 
growth in a rural environment. The analysis was divided 
into three stages: 

1. Comprehensive case study that indicated the loca
tional criteria used by several industries in a predeter
mined rural region, 

2, Analysis of the distribution of basic employment 
gains in the region, and 

3. Methodology for more specific projections of 
market, product, and industrial characteristics. 

To date, the findings of the studies verify the need to 
provide basic and essential guidelines for use by resi
dents of small rural communities and by professional 
planners who plan the major interurban transportation 
systems. The observations resulting from this study 
will be used in subsequent phases of the research pro
gram and will serve as input to the planning documents. 
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Abridgment 

Travel Characteristics of 
Junior and Senior High 
School Students 

Gerald S. Cohen, Planning and Research Bureau, New York State Department 
of Transportation 

This paper describes a survey of socioeconomic charac
teristics and travel behavior conducted among junior and 
senior high school students in Dutchess County, New 
York. Dutchess County, which is approximately 120 km 
(75 miles) north of New York City, contains one large 
city (Poughkeepsie, with a population of 32 000), a smaller 
city (Beacon, with a population of 13 000), and a number 
of small towns. The total population of the county is 
approximately 225 000. The area is chiefly agricultural 
and residential with a few major industrial and commer
cial firms. In 1975, the median family income was 
approximately $14 000. 

The survey sample was obtain.ed by using a cluster 
design. Abrut 1200 pupils were randomly selected from 
40 homerooms in the county. Of the 40 homerooms 
se lected, 37 were located in public schools, and the re
maining 3 were located in parochial schools. In gen
eral, the homerooms contained a representative sample 
of students. The teachers in these homerooms were 
asked to distribute and collect the survey forms during 
a homeroom period in early May 1974. The 919 useful 
survey forms returned make th.is survey one of the 
largest available data sources for detailed travel habits 
of young people with respect to academic ability and 
socioeconomic variables. The sex and grade level of 
the sampled students are given in Table 1. 

In addition to providing basic demographic data such 
as sex, grade level, family ownership of car, and house
hold size, the students provided information about all 
trips made after school on the previous day (yesterday) 
and all trips made on U1e previous Saturday. The trip 
information requested included mode choice, purpose, 
origin and destination, and frequency of similar trips. 
Students were also asked to describe any trips they 
desired to make but did not make on those days. 

This analysis describes the associative relation be
tween trip rates and grade level, household size, car 
ownership and trip purpose, mode choice, and day of 
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the week. Detailed results and complete tables can be 
found in another report (1). The results contained in 
this paper can be compared with those described by Hoel 
(~) and Gurin ~). 

EFFECT OF GRADE LEVEL 

The grade level, which was presumed to be a surrogate 
for age, had a significant effect on travel behavior. As 
given in Table 1, the boys generally made more trips on 
weekdays and fewer trips on weekends than did the girls. 
Trip rates also increased as the students became older. 
The influence of grade level on mode choice was less 
significant: Only small changes occurred in the percent
age of car-passenger trips made on the weekday as the 
grade level changed. AlU1ough there was a slightly higher 
percentage of car-passenger trips by seventh graders 
and a somewhat lower percentage by twelfth graders, the 
percentage of car-passenger trips by all grades was 
about 34. The percentage of walk and bicycle trips 
decreased among older students, and there was an obvi
ous increase in the percentage of car-driver trips for 
eleventh and twelfth graders. On Saturdays there was 
a somewhat greater percentage of car-passenger trips, 
reflecting family outings or chauffeuring of younger 
students. For olde1· students, increased car transpor
tation was made available through use of parents' cars 
and through friends who bad access to a car on weekends. 

The percentage of weekday recreational trips de -
creased as the students advanced in grade level, and the 
percentage of trips for employment purposes increased 
for boU1 weekday and Saturday trips as the students be -
came older. In general, the major reasons for not 
making trips were lack of transportation and too busy. 
Some other reasons were no companions and parents 
will not give permission. High school seniors were less 
concerned about transportation difficulties than seventh 
thrrugh eleventh graders. Being too busy to make de
sired trips was a greater problem for seniors than for 
other students. 

EFFECT OF CAR OWNERSlilP 

Household car ownership had a significant effect on stu-



Table 1. Sample size and trip rates of study participants. 

Average Number of Trips per 
Student 

Sample Size 
Yesterday Saturday 

Unlden-
Grade Boys Girls tlfied Boy Girl Boy Girl 

7 75 81 3 1.37 1.33 1.32 1.36 
8 128 134 10 1.60 1.40 1.49 1.56 
9 71 51 6 1.62 1.37 1.39 1. 78 

10 43 48 1 1.49 1. 73 1.56 2.04 
11 39 49 4 1.97 1. 71 1.46 1.94 
12 78 91 4 2.42 2.21 2.09 2.35 
Uniden-

lilied 0 0 3 

Total 434 454 31 
Avg 1. 75 1.63 1.56 1.84 

1.69 1. 70 

dent trip rates and mode choice, almost no effect on trip 
purpose, and little effect on reasons for not making 
trips. There was little difference in weekday trip rates 
when the number of cars owned was between zero and 
two. Students from households that owned three or more 
cars (one car being theirs or an older child's) did make 
more trips per day than the rest of the sample. For 
trips on Saturday, a consistent pattern of greater trip 
rates for those owning cars emerged. A decline in the 
percentage of walking and bicycle trips and a significant 
increase in the percentage of car-driver trips were ob
served as household car ownership increased. A higher 
percentage of car ownership is often associated with 
suburban living since activities may be too far for walk
ing or bicycling. Students from households owning three 
or more cars made a much larger percentage of car
driver trips (31 compared to 18 for the entire sample). 
Students from multicar households made slightly more 
work trips and had a slightly lower proportion of shop
ping trips. Also the percentage of students citing rea
sons other than lack of transportation for not making 
trips increased as car ownership levels rose. 

EFFECT OF FAMILY SIZE 

With the exception of cars owned, no major variable was 
influenced by family size: No significant pattern for 
trip rates, mode choice, or trip purpose was ascertained 
from households that were large, small, or medium in 
size. There was no discernible relation between house
hold size and trip purpose or mode. There was a strong 
tendency for larger families to have more cars. The 
family of almost all students sampled owned at least 
one car; family car ownership averaged 1.95. The fam
ilies sampled were somewhat rural, and the percentage 
of large families was relatively high. 

EFFECT OF TRIP PURPOSE 

In general, trip purpose had a major effect on trip fre
quency and a somewhat lesser effect on mode choice and 
reasons for trips that were not made. Weekday trips 
that were made most often were educational and home 
trips. Work and home trips were the most frequently 
made weekend trips. Bicycles were primarily used for 
recreational purposes. Health care trips were most 
likely made as a car passenger. Car driver was the 
most common mode for employment trips. No clear 
pattern emerged that explained why trips were not made 
even though the trips that were not made were most often 
recreational, social, personal business, shopping, and 
other. Of the trips made yesterday, those most likely 
to be made 5 to 7 d/ week were for educational and em-
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ployment purposes and to go home. The trips least likely 
to be repeated 5 to 7 d/ week were trips for shopping and 
health care. Health care trips are likely to be made less 
often than 1 to 3 d/month. 

Trips made on Saturday are likely to have different 
destinations than those made during the week: Of all 
weekday trips, 52 percent were made more frequently 
than 1 to 2 d/week; of the Saturday trips, only 28 percent 
were made more frequently than 1 to 2 d/ week. 

Changes in trip purpose were reflected in changes in 
mode choice. Students were most likely to drive to em
ployment and tended to be car passengers on trips for 
health care. Bicycles were mainly used for recreational 
trips and almost never used for weekday health trips. 
It was somewhat surprising to learn that students rarely 
walked to extracurricular activities on Saturday. This 
probably reflects the fact that the bulk of these activities 
are sports activities that are frequently held at other 
schools. 

MODE CHOICE 

Students in the sample were asked, "How do you nor
mally get to school?" The most interesting result was 
that students rarely took their bicycles to school. Up to 
age 15, 20 percent of the students walked to school; this 
percentage dropped sharply among older students. Over 
60 percent of those under 18 used the school bus as their 
primary mode. Although the survey was not designed 
to obtain information on trip lengths, the results indicate 
that students made almost all of their trips inside their 
school districts. Almost all trips that were desired but 
not made fell into one of the following categories: rec
reation, social, personal business, shopping, or other. 
Lack of transportation had its greatest effect on shopping, 
social, and personal business trips during the week and 
on social and other trips on Saturday. Being too busy 
was most likely to affect recreational trips during the 
week and personal business trips on weekends. 

DAY OF THE WEEK 

The results from stratification indicate that the day of the 
week (yesterday versus Saturday) often influenced mode 
choice and trip rates, purpose, and frequency. Although 
the overall trip rates were the same for yesterday and 
Saturday, the trip rates given in Table 1 are higher for 
boys on weekdays and for girls on Saturdays. Car
passenger trips were 34 percent on weekdays and 50 per
cent on Saturdays. In confrast, 10 percent of nonschool 
trips on weekdays were by school bus, and this figure . 
falls to 1 percent on weekends. The walking mode choice 
was much more likely on weekdays than on Saturdays 
(21 and 13 percent respectively). There was, however, 
little ch-ange for the other modes. The proportion of 
trips for recreational and social purposes was larger on 
Saturdays (39 percent) than on weekdays (29 percen_l). 
And as previously mentioned 52 percent of the trips . 
made yesterday occurred mo;e than 1 to 2 d/ week, while 
only 28 percent of U1e Saturday trips occurred more than 
1 to 2 d/ wee k. 

CONCLUSIONS 

lt r e predictable . The pri-
Most of the survey resu 5 we l' in the iacl that as
mary importance of the survey ies 

f b havior were confirmed by this ex-
sut m?d patternys oT, .. ee maJ·or conclusions of the survey 
ens1ve surve . JJ 

follow: 

1 T · -making rates for boys are higher on week
days· andr~~wer on weekends than the rates for girls. 
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2. Trip rates for weekdays and Saturdays are simi
lar, but trip purposes are quite different. 

3. Car ownership does not have a significant effect 
on weekday trip rates for students unless the family 
owns three or more cars. 

4. Family size has little effect on mode choice, trip 
rates, or trip purposes. 

5. Use of the local bus by students is very low (1 
percent of all trips). 

6. Approximately one-third of all car trips are made 
as passengers, and this figure exhibits little change as 
grade levels change. 

7. Almost 80 percent of all trips made by seniors 
are as a car driver or passenger. 

8. The two major reasons desired trips were not 
made were lack of transportation or too busy. 

9. Students generally make short trips, and almost 
all trips were made to localities in the student's school 
district. 
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Abridgment 

Population Forecasting in 
Small Urban Areas by a 
Delphi Process 

Charles M. Badger, William J. Higgins, and Billy D. Ketron, 

In the spring of 1974 the Virginia Department of High
ways and Transportation initiated the Blacksburg Area 
Transportation Study. The purpose of this study was to 
determine the current and future transportation needs 
of the Blacksburg area. Current socioeconomic and 
demographic data were collected for the town and for 
portions of the surrounding Montgomery County. In 
forecasting the various data parameters to 2000, we 
encountered complications that involved several special 
characteristics of the Blacksburg area. 

The demographic forecast is a crucial factor in any 
transportation study and is difficult to develop, especially 
for small urban areas. In many cases, the rapid 
growth experienced by a small municipality may be 
attributed directly to one or two special factors such 
as an expanding industrial community or the availability 
of a substantial amount of governmental employment 
opportunities. A long-range population forecast re
quires extensive data, which are not always available 
for small municipalities. Therefore, population
forecasting techniques, such as the economic base 
method or the cohort survival method, that rely on an 
extensive data base cannot be used for small munic
ipalities. The town of Blacksburg, Virginia, is an 
example of this type of municipality. 

In 1973 the Virginia Polytechnic Institute and State 
University (VPI and SU) and other portions of the sur
rounding Montgomery County were annexed and in
creased the population of Blacksburg from approxi
mately 11 000 to 24 000. This increase included 8000 
students living on campus. When the base-year data 
were collected for the Blacksburg study in 1974, the 
population of the town had increased to an estimated 
25 520. This increase, along with most of the popula
tion growth in the town in recent years, may be attrib
uted primarily to the expansion of VPI and SU. The 
correlation between the growth of the town and the ex-
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pansion of the university is shown in Figure 1. 
The future of the primary stimulus to population 

growth in Blacksburg, the expansion of VPI and SU, is 
known: The Virginia Council of Higher Education has 
approved a ceiling enrollment of 20 000 students for the 
university, which is to be reached by 1980. However, 
the rapid expansion of university enrollment over the 
past several years has prompted growth in the sup
porting sector of the economy in the area, which is also 
developing rapidly but lags behind the in-migration at
tracted by the university. Therefore, after the uni
versity reaches its ceiling enrollment in 1980, there 
will most likely be a period of time during which the 
supporting sector of the economy in the area will con
tinue to expand. This expansion will continue until the 
supporting sector can provide the desired service pre
viously provided by neighboring regional centers. 
Population growth beyond this point will depend on the 
expansion in the basic sector of Blacksburg's economy 
or on the continued growth in the supporting sector or 
on both. Commercial expansion beyond that required 
to provide for the needs of the local community may 
occur if Blacksburg becomes a regional shopping center. 

Not only are there economic uncertainties in the 
area but there is also a lack of historical economic or 
demographic data available for the town. Therefore, a 
2000 population forecast, which was required ~or the 
transportation study, had to be based almost entirely 
on the planner's judgment. If a population forecast 
based on carefully reasoned judgme.nt is to be developed, 
then all available information relating to population 
growth or urban· development in the area must be ex
amined. Although there is a lack of historical data for 
the town, there is an abundance of well-educated, re
sponsible community leaders in the Blacksburg area 
with a variety of backgrounds and expertise. These 
community leaders possess knowledge abou~ the area 
and the trends that affect population growth m the area. 
Therefore this resource was tapped to develop the 
population forecast. 

A methodology for population forecasting was de~ 
veloped to produce a forecast through a structured in

teraction among several selected participants. Each 
participant would be able to contribute his or her 
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Figure 1. Comparison of Blacksburg and VPI and SU growth 
rates. 
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knowledge and insight by responding to the ideas ex
pressed by others. Through this carefully structured 
process, the group consensus would be determined, 
and a collective forecast developed. This is the basic 
premise of the Delphi technique. 

DELPHI TECHNIQUE 

The Delphi technique was introduced by ijelmer and 
Reacher in 1959 (1). It was originally developed for 
various applications in national defense planning. 
Since then, the technique has been adapted to forecasting 
trends for the business community, formulating goals 
in, metropolitan areas, and developing forecasts for 
technology. The Delphi techniqu.e was adapted during 
the transportation study to produce a methodology for 
developing population forecasts. 

The Delphi process, as applied to population fore
casting, involves the use of structure interactions among 
a representative group of community leaders regarding 
the future development trends of the community. The 
purpose of the process is to reach a group consensus 
among the participants through a program of individual 
interrogations that are arranged at intervals and that 
supply information and opinion feedback (.!). 

The Delphi process has several advantages over 
other forms of group discussion that involve face-to
face confrontation. The participants are able to partic
ipate in the process at a time convenient to them since 
the mail-back technique, which is frequently used, does 
not require the participants to be in one place at one 
time. All members of the panel participate on an equal 
basis, and group pressure or pressure by a dominant 
personality does not occur (~). Smee the Delphi process 
does not employ the committee approach it Is more con
duc ive to independent thought and tends to Induce the 
gradual formation of a considered opinion (~). 

PANEL OF ADVISORS 

The first and most important step in structuring and con
ducting the Delphi population-forecasting process is to 
select a panel of advisors. For the Delphi process con
ducted in Blacksburg, responsible representatives were 
selected from the government, commercial, industrial, 
and academic communities in the area and from the local 
housing and land development industry. Planning of
ficials representing the town of Blacksburg, Montgomery 
County, the regional Planning District Commission, the 
Virginia Division of State Planning and Community Af
fairs, VPI and SU, and the local citizens planning com
mission were also included on the panel. The Virginia 
Department of Highways and Transportation conducted 
the process and therefore was not represented on the 16-
me.mber panel of advisors. The essential qualifications 
sought in the selection of the panel were that the partic
ipants should possess enough expertise in their respective 
fields and have enough knowledge about the area to be 
able to make responsible and intellectually honest pre
dictions concerning the growth trends in Blacksburg. 

Throughout the process, the members of the panel 
remained anonymous to each other. This anonymity 
allowed the participants to discuss their opinions in open 
forum, and their ideas (4), good or bad, could be "judged 
on their merit and relevance and not by the popular ity 
authority, or political clout of the author "(1) . The 
partic ipants were encouraged to express their own 
personal opinions and were requested not to discuss the 
issues with anyone until the completion of the process . 

POPULATION FORECASTING 

The Delph! process conducted in Blacksburg consisted 
of three rowids. The participants were given ample 
opportunity to express their opinions and to respond to 
the arguments presented by others. Yet the process 
did not become too repetitive or lose the interest of the 
participants. A meeting was held at the completion of 
the process to allow the members of the panel to discuss 
the results of the process . 

Administrators that use the Delphi process must 
ensure that the methodology remains flexible. A meth
odology for conducting the process was developed and 
presented to the participants before the first round. 
However, the participants were informed that the 
methodology could be altered as the rounds progressed 
and this alteration would depend on the type of response 
that was received from the panel of advisors. If the 
response of the panel indicated that the goals set for 
any of the rounds had not been achieved, an additional 
round could be conducted or a meeting of the panel 
could be scheduled before the completion of the process. 

Round 1 

The round 1 questionnaire was structured to accomplish 
several objectives. The most important objective was 
to obtain each participant 's ideas concerning the likely 
impact of various factors on population growth In the 
Blacksburg area. Another objective was to ensure that 
the participants produced enough comment.ary to illus
trate the major points of agreement and disagreement on 
the future of population growth in Blacksburg. Attention 
could then be concentrated on resolving these issues in 
subsequent rounds. The questionnaire was also struc
tured to provide the participants with an accurate as
sessment of the socioeconomic characteristics of 
Blacksburg in the base year of the study. This infor
mation provided a common point of departure Irom which 
the participants were to develop a population forecast. 



The round 1 questionnaire consisted of three parts. 
Part 1 provided the participants with a list of factors 
that to some extent will affect the rate of growth of the 
Blacksburg area. These factors are as follows : 

1. Availability and proximity of future opportunities 
for industrial employment; 

2. Availability and proximity of future opportunities 
for commercial employment; 

3. Availability and proximity of future opportunities 
for government employment that includes VPI and SU; 

4. Availability of labor force; 
5. Attractiveness of Blacksburg area versus other 

localities, based on differential property tax levels; 
6. Attractiveness of Blacksburg area versus other 

localities, based on differential commercial and indus
trial tax structures and levels; 

7. Relative ability of Blacksburg to attract capital 
for public, commercial, industrial, and individual in
vestment; 

8. Attractiveness of local zoning ordinance pro
visions in Blacksburg, e.g., the superiority or in
feriority of the Planned Unit Development ordinance 
provisions in re lat ion to provisions of other localities; 

9. Availability of public facilities, i.e., water and 
sewer; 

10. Adequacy of transportation facilities; 
11. Characteristics or quality of the local shcool 

system; 
12. Availability and quality of local medical facil

ities; 
13. Quality characteristics of local medical facil

ities and services, i.e., fire department, police depart
ment, and libraries; 

14. Availability and adequacy of shopping facilities 
for meeting the full range of shopping needs in the com
munity; 

15. Availability of residential land; 
16. Availability of family recreational facilities, 

i.e., playgrounds, parks, tennis courts, golfing ranges, 
and swimming pools; 

17. Availability of local entertainment, i.e., social 
and cultural programs; 

18. Attractiveness of climatic conditions; 
19, General or unspecified appeal of the town or area; 
20. Environmental concerns that arise from the 

transition of a small town to an urban community, i.e., 
population density, noise levels, and impact on local 
air, water, or aesthetic qualities; and 

21. Other factors. 

The participants were instructed to carefully consider 
all of the factors and then to rate each factor by as -
signing it a number so that the total amount of points in 
the questionnaire would equal 100. The participants 
were also instructed to assign numerical ratings that 
reflected the order in which the participants believed 
the factors should be rated and ranked. In other words, 
the factors given the most consideration by the panel of 
advisors should receive the highest numerical ratings 
and the highest rank. This procedure also applied to 
those factors that were anticipated to have a negative 
influence on population growth as well as those factors 
that were expected to induce growth. The participants 
were also asked to provide comments that explained the 
rating of each factor. 

Part 2 of the round 1 questionnaire consisted of four 
additional questions that were included to stimulate 
thinking among the participants and to provide additional 
commentary on issues that were anticipated as points of 
controversy. 

Part 3 provided the participants with base-year data 
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on population, employment, housing units, and school 
enrollment. Each participant was requested to develop 
a year 2000 population forecast either by forecasting one 
of the above parameters and then expanding this forecast 
into a population forecast or by basing his or her fore
cast on judgment alone after carefully examining the 
base-year data and considering the reasonableness of the 
changes in each parameter that were implied by the pop
ulation forecast. 

RoW1d 2 

In round 2 of the Delphi process the participants were 
provided a summary of all the information obtained in 
rowid 1 and were requested to complete the round 2 
questionnaire. The summary was designed to present 
the commentary given in round 1 in an orderly, concise, 
and complete form, representing all the various view
points expressed by the panel of advisors. It was also 
designed to include an assessment of the overall group 
thinking as expressed in rowid 1 and to concentrate the 
attention of the participants on the major points of con
troversy. 

The median population forecast and the range of the 
forecasts were provided in the summary of round 1 input. 
Also included in the summary was an assessment of the 
group 's evaluation of which factors were most likely to 
have the greatest future impact (positive and negative) 
on population growth in the Blacksburg area. This as
sessment was determined by examining the order in which 
each participant ranked the factors and then by calculat
ing the weighted-average ranking for each factor. 

A list of statements was provided for each factor. 
These statements were representative of the various 
points of view expressed by the participants and were 
condensations of all the comments expressing similar 
opinions about the factor. A list of the answers for the 
four additional questions and supplementary commentary 
submitted by the panel of advisors were also included in 
the summary. 

The main objective of round 2 was to obtain each 
participant's response to the opposing viewpoints ex
pressed in rowid 1. In the round 2 questionnaire, each 
participant was instructed to rate the factors a second 
time so that additional commentary would be provided. 
This second rating was designed to reveal any changes 
of opinion and to demonstrate which arguments pre
sented in round 1 were considered to be the most con
vincing. 

A population forecast was also requested in round 2. 
This forecast was to be based on the individual's judg
ment after the arguments presented tn round 1 were 
considered. The participants were requested to pro
vide a highest reasonable forecast, a lowest reasonable 
forecast, and the most likely forecast. 

Rowid 3 

Round 3, the final round of the process, consisted of a 
questionnaire and a summary of round 2 input. The 
objectives in this round were to provide the participants 
with the results of round 2 and to present arguments, 
counter arguments, and commentary expressed in 
rowid 2, 

The summary of round 2 input included the median 
for the most likely population forecast and a listing of 
all the forecasts provided in round 2. The form in 
which the commentary was returned to the participants 
was altered considerably from that used in the previous 
round, The comments presented by a participant that 
concerned one factor were frequently related to a num
ber of other comments that were presented for other 
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factors, in terms of overall opinion or argument. These 
comments were listed separately to neutralize the larger 
arguments. Therefore, the commentary from round 2 
was summarized by combining the similar bas ic view
points from all factors into single statements . These 
statements presented the opinions of the panel of ad
visors and included only a minimal amount of com
mentary by the department. The commentary by the 
department was necessary to effectively combine and 
edit the comments into a form that conveyed the thrust 
of the overall arguments. 

The completion of the questionnaire in round 3 was 
optional for all participants. Each participant was re
quested to consider the overall arguments presented in 
the summary from round 2 and to examine his popula
tion forecast to make sure that it accurately reflected 
his expectations for the town of Blacksburg. Those 
participants who wished to change their round 2 fore
cast or include any additional commentary were en
couraged to do so. Those who did not wish to change 
their forecast or offer additional commentary were not 
required to return the round 3 questionnaire. The esti
mates from those participants who did not respond were 
assumed to remain constant from round 2. 

Delphi Process Meeting 

Following the completion of round 3 a meeting was held 
that enabled the participants to discuss the various 
issues and the results of the process. A brief presenta
tion was given by department Delphi administrators that 
demonstrated how the questionnaires were developed 
and the three rounds structured. The results obtained 
in each round were illustrated, and the final product 
was discussed. The participants were given a final 
opportunity to change their forecasts at the close of the 
meeting. 

RESULTS OF THE PROCESS 

Round 1 

In round 1 of the process, the participants provided 
population forecasts that ranged from 29 000 to 68 000. 
The median figure was 42 750. The median figures, 
rather than mean, were used throughout the process 
because they reflect central tendency and provide a 
more accurate assessment of group opinions (4). A 
brief statistical examination of the round 1 estimates 
reveals that the mean, mode, and standard deviation 
figures were 44 566, 50 000, and 11 589 respectively. 

The participants provided a wide variety of com
ments on the factors provided to them and suggested 
three additional factors for consideration. These factors 
included (a) the availability of desirable and affordable 
ho.using, (b) the upgraded athletic progra.m at VPI and 
SU, and (c} the characteristics of the populace, i.e ., 
heterogeneous versus homogeneous. The factors ranked 
highest in round 1 were the availability of future op
portunities in government, commercial, and industrial 
employment and the availability of residential land. 

Round 2 

The population forecasts provided in round 2 ranged 
from 35 000 to 58 000. The median for the most likely 
population forecast increased from 42 750 in rowtd 1 to 
45 000 in round 2. This increase was fairly small but tt 
should not be interpreted as an indication that few changes 
were made in the estimates for round 1. Of the 16 panel 
members , 10 members made significant changes (1000 
or greater) in their round 1 forecasts. (Figure 2 shows 

the convergence of the population forecasts in the three 
rounds.) These changes seemed to indicate that the 
comments and arguments presented in round 1 achieved 
some degree of success in influencing the judgment of 
many participants. The mean, mode, and standard 
deviation were 44 938, 50 000, and 6502 respectively. 

The basic arguments presented by the participants 
in rating and commenting on the factors changed only 
slightly in round 2. The final ranking of the factors, as 
determined from the panel' s input, was also only slightly 
different from round 1. However, the rankings in 
round 1 were more clearly discernible in round 2, i.e., 
the ranking order of the factors was similar for a greater 
number of participants. The only significant change in 
the ranking order of the factors was that labor force 
availability ranked higher in round 2. 

Round 3 

In the final round, only two participants chose to alter 
their forecasts, and this alteration did not change the 
median figure of 45 000 or the range of 35 000 to 58 000. 
However, the mean decreased to 44 313, the mode be
came 45 000, and the standard deviation decreased to 
6262 in round 3. None of the inrticipants elected to 
change their forecasts at the meeting held after the 
completion of round 3. Therefore, the final 2000 
population forecast for the town of Blacksburg that was 
produced through the Delphi process was 45 000. The 
medi.an for the lowest reasonable figure that was pro
vided through the process was 35 000, and the median 
for the highest reasonable figure was 55 000. The Delphi 
forecast and historic growth for Blacksburg are shown 
in Figure 3. The anticipated growth rates (i.e., the 
shapes of the curves) were derived from commentary 
provided by the panel of advisors. 

EVALUATION OF THE PROCESS 

The willingness and cooperation of the participants, the 
convergence of the forecasts in the three rounds, and the 
acceptability of the population forecast that was pro
duced for the department and the town of Blacksburg all 
attest to the success of the Delphi process used for 
population forecasting in Blacksburg. The Delphi fore
cast of 45 000 fell within the range of reasonable fi.gures 
for all but three participants (Table 1). Therefore, the 
product forecast can be considered as an accurate rep
resentatton of group consensus for the panel of advisors, 
and this forecast was the main goal of the process . 

Conducting the Delphi population-forecasting process 
in Blacksburg required considerable time and expense. 
Although a large portion of this time and expense was 
attributable to research and development, it is obvious 
that any Delphi process is likely to involve more time 
and expense than the conventional methods used to fore
cast populations. Therefore, it is likely that a Delphi 
population-forecasting process would be cost effective 
for only special situations in which conventional meth
odologies are inappropriate . 

A population forecast produced by this method has the 
special characteristic (and advantage) of having been 
produced by a number of people who are familiar with 
the area under study and who are lmowledgeable in 
various fields related to urban development and popula
tion growth. This characteristic helps ensure the ac
ceptability of the forecast to the planning agencies in
volved in the study, especially if the agencies are 
represented on the panel of advisors. A population fore
cast produced by this method is basically a judgmental 
forecast, but it is soundly developed because it is based 
on as much knowledge of the area and of trends affecting 



Figure 2. Population forecasts developed by participant using the 
Delphi process. 
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Round One 

Median: 42 1 750 

Range: 29,000-68,000 

Round Two 

45,000 

35,000-58,000 

Round Three 

45,000 

35, 000-5 8,000 

Table 1. Delphi population forecasts listed by ascending order of most 
likely figures. 

Round 2 Round 3 

Round 1 LRF MLF HRF LRF MLF HRF 

29 000 25 000 35 000 50 000 25 000 35 000 50 000 

30 500 33 000 35 500 41 000 33 000 35 500 41 000 

32 000 30 000 36 000 42 000 30 000 36 000 42 000 

35 000 32 000 38 000 50 000 32 000 38 000 50 000 

35 550 35 000 40 000 45 000 35 000 40 000 45 000 

37 500 33 200 41 500 49 800 33 200 41 500 49 800 

38 000 35 000 45 000 55 000 35 000 45 000 55 000 

41 500 35 000 45 000 55 000 35 000 45 000 55 000 

44 000 40 000 45 000 51 000 40 000 45 000 51 000 

45 000 30 000 50 000 60 000 40 000 45 000 60 000 

50 000 40 000 50 000 55 000 40 000 45 000 55 000 

50 000 40 000 50 000 60 000 30 000 50 000 60 000 

55 000 40 000 50 000 60 000 30 000 50 000 60 000 

58 000 40 000 50 000 60 000 40 000 50 000 55 000 

64 000 40 000 50 000 60 000 40 000 50 000 60 000 

68 000 50 000 58 000 62 000 50 000 58 000 62 000 

Notes: LRF = lowest reasonable figure; MLF = most likely figure; and HAF = highest reason-

able figure. 
Round 1 median'"' 42 750; round 2 MLF median= 45 000; and round 3 MLF median• 

45 000 

population growth in the areas as is practically obtainable. 
Therefore, the Delphi process should be considered as a 
reliable alternative methodology for developing population 
forecasts. 

Figure 3. Growth rates projected by using the Delphi process. 
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Geographical Patterns of 
Residence and Workplace 
Separation 

Thomas L. Bell, University of Tennessee, Knoxville 

This paper analyzes the geographic patterns of residence and workplace 
separation in Knoxville, Tennessee, that were determined from the im
plementation of a comprehensive computerized car-pool program. The 
information necessary to match individuals who have the same travel 
routes was found to be an exce llent source of untapped geograph ic 
data. A complete sample of the commuting public was obtained by an 
employer-based survey procedure and machine-readable survey forms. A 
computer-mapping program was used to graphically portray the degree 
of residential work-force concentration in several disparate firms. These 
data were used to identify clusters of employees who had similar travel 
patterns that were sufficient to support a proposed van-pool system. Be
cause the degree of labor-force dispersion varies among the firms analyzed, 
a policy toward plant location and mass transportation is developed. A 
tax structure is proposed that would penalize firms that contribute signif· 
icantly to the costs to the community for congestion, pollution, and 
energy consumption. Similarly, firms that attempt to reduce the total 
vehicle-kilometers traveled by their employees are rewarded. Reductions 
can be induced by either relocating a plant or developing a successful 
ride-sharing program. 

After the severe fuel shortage in late 1973, communities 
throughout the United States began comprehensive car
pooling programs. Car pooling was viewed as an inex
pensive way to reduce total energy consumption, air 
pollution, and traffic congestion levels. At that time, 
the city of Knoxville, Tennessee, was provided with funds 
to assist area employers in forming car pools (1). This 
paper focuses on the abundance of geographical informa
tion that can be obtained from an analysis of car-pool 
information. The ways in which employer-based car
pooling questionnaires can be used to address the problem 
of residence and workplace separation and how these data 
can provide information to assess the market potentials 
for ride-sharing modes are highlighted. 

DAT A FROM COMMUTER-MATCHING 
PROGRAMS 

A version of the Car-Bus-Pool Matching Program of the 
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Federal Highway Administration was used to obtain ride -
sharing matches from a sample of 13 industries (2). The 
initial sample of industries was chosen to ensure a broad 
spectrum of area firms that varied with respect to size, 
parking problems, and type of employees. A question
naire was developed that determined the employee's home 
address, work location, and work schedule so that com
puter matching could be accomplished. In addition, in
formation was sought concerning socioeconomic charac
teristics and attitudes of workers toward other forms of 
transit. The latter information was used to identify the 
behavioral characteristics of those who are most and 
least inclined to participate in car pools and who have 
preferences toward particular modes of public transit. 

The output from the car-bus-pool matching program 
can be divided into three separate but interrelated com
ponents: master list, individual mailer, and density 
matrix. The master list is a summary of the names and 
addresses of all workers by their grid locations. This 
list is useful to the personnel department of the firm and 
can be used to update and maintain the files for all firm 
employees. The individual mailer is a listing of the per
sons who live in the same home-location grid, which is 
approximately 2.6 km2 (1 mile2

), with whom they might 
share rides . If there are fewer than eight persons in the 
employee's home grid, then the names, addresses, and 
telephone numbers of all individuals in contiguous grids 
are printed on the mailer. The density matrix is a 
graphic display that aggregates the number of persons 
leaving for work at a particular time from every grid 
location. 

The density matrix provides useful information to the 
researcher who is interested in understanding the spatial 
distribution of the urban labor force for each firm and 
the ways in which these distributions vary among firms. 
The density matrix is a rectangular grid, coordinate sys
tem that encompasses the three-county Knoxville Standard 
Metropolitan Statistical Area (SMSA). The density ma
trix for day-shift workers of one plant located in grid cell 
X16 Y22 is shown in Figure 1. In addition to this com
plete SMSA coverage, the outlying towns that are within 
the Knoxville labor-force area are also recorded by a 
grid identification number. 

Should a researcher wish to investigate temporal varia-



tions in the arrival or departure of employees at a plant, 
a density matrix can be produced for every 15-min in
terval. In this research, all employees at a particular 
plant were aggregated into a single density matrix irre
spective of arrival or departure time, since temporal 
variation was not the focus of this particular investiga
tion. 

PROCEDURES FOR CAR-POOL SURVEY 

Optical-scan questionnaires were used in the Knoxville 
project to overcome two of the major difficulties of the 
more detailed questionnaire surveys. First, the cost 
was only 5 to 10 cents to process each questionnaire on 
light-sensitive scanning machines and to store the data 
on magnetic tapes. This process eliminates the need to 
keypunch survey data into machine-readable form. 
Second, the low cost of processing the optical-scan ques
tionnaire enabled the use of a much larger sample from 
the employee population, reduced sampling error, and 
increased the amount of detailed data obtained from each 
industry. Currently, approximately 12 000 question
naires have been completed from the surveyed firms. 
This information forms the basis for many of the con
clusions in this paper. 

A city map was designed with a simple rectangular, 
coordinate system that was superimposed over the street 
system. This map-coordinate system is easily compre
hended and is now being used by realtors and the media. 
Local newspapers plan to adopt the coordinate system 
to identify the location of items for sale that are listed 
in the classified advertisements. This practice will in
crease the public's familiarity with the adopted coordi
nate system. 

Conversion of the rectangular grid system to units 
more amenable to transportation analysis may be ac -
complished by employing the Dual Independent Map 
Encoded/ Geographic Base File and the Address-Matching 
Program developed by the U.S. Bureau of the Census 
(3). Block-address ranges defined by these procedures 
can be used to aggregate and reorder information on 
individual origins into traditional planning variables. 
The planning variables are derived from the U.S. Census 
of Population and Housing and include age structure, car 
ownership, and income level. These variables can then be 
correlated with the information already obtained from 
the questionnaire. 

ANALYSIS OF ORIGIN-DESTINATION 
DATA 

The Synagraphic Computer-Mapping Program (sYMAP) 
developed at the Laboratory for Computer Graphics of 
Harvard University (4) was used to graphically display 
the information contaTned in the density matrices. 
SYMAP mapped the employment distribution of all the 
firms surveyed in a few minutes of computer time. The 
example shown in Figure 2 is an isorithmic map in which 
the data values for each cell in the density matrix have 
been converted into a percentage that is relative to the 
highest cell value in the density matrix. The mathemat
ical algorithm used assumed that a datum value existed 
at every point in the coordinate plane (5). Values were 
assigned to any position on the plane based on the values 
of known data points in proximity to that position. Fig
ure 2 shows an intense degree of residential concentra
tion near the plant. It is undetermined whether this 
pattern indicates evidence of a conscious choice process 
by which the labor force attempts to minimize distance 
by locating close to the plant or whether the residential 
choice is simply constrained by the availability of housing 
in an affordable price range. The fact that many of 
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these workers live in the outlying rural communities, 
which are not shown in Figure 2, supports the latter ex
planation. 

In contrast to Figure 2, Figure 3 shows the residential 
locations of workers at a large research and develop
ment firm in which the majority of the work force is at 
the managerial and professional levels . The dispersed 
pattern of the labor force gives some empirical credence 
to Alonso 's theory of urban land use (6). Alonso hypoth
esized that the residential location represents a trade
off between a positive good (the amenities and open space 
associated with suburban living) and a negative good (in
creased costs of commuting). Alonso suggested that the 
paradox of poor people living on expensive land in the 
center city and rich people living on cheaper land in the 
suburbs can be explained by the fact that higher income 
residents buy larger parcels of land and are less sensi
tive to commuting costs than their poorer counterparts. 
This differing sensitivity to commuting costs could mean 
that higher income residents have bid-rent functions that 
are less steeply sloped and therefore would be outbid for 
land near the center city by the less-well-off who have 
bid-rent functions that are more steeply sloped. 

Figure 3 also shows another interesting and previ
ously neglected aspect of urban-residential analysis. 
Although the largely white-collar labor force of the re -
search firm is more dispersed within Knox County than 
that of the apparel firm, a remarkable number of res
idences of research firm workers are in the peripheral 
western locations. We are witnessing a phenomenon that 
is not unlike the company town and that might be desig
nated the company subdivision. The extent to which this 
degree of concentration has been aided by face-to-face 
contact between the potential migrant and his or her fel
low employees i~ worthy of further research. The in
fluence of a company-based, mortgage-financing system 
may also be important in maintaining this concentration 
of employees in this residential pattern. The variables 
important for the search process of the intraurban mi
grant need to be well understood if accurate predictions 
of future residential patterns are to be made. 

USE OF QUESTIONNAIRE DATA FOR 
FURTHER RESEARCH 

An accurate graphical depiction of the residential labor 
force can be used to locate potential target markets for 
forms of mass transportation other than the car pool. 
The concentrated clusters of employees determined from 
the analysis of density matrices will be used to determine 
the market potential for a city-operated van:;.pool system 
in Knoxville (7). The identified concentrations also rep
resent an appropriate target for subscription bus ser
vice. Therefore, data initially collected to form car 
pools can be expanded to include many other ride-sharing 
modes. An advantage of the commuter-pooling surveys 
is that they can be frequently updated. Changes in atti
tude toward car-pool formation may be assessed by file
updating procedures. A preliminary analysis of the 
rates for car-pool formations during and after the Arab 
oil embargo of late 1973 substantiated the declining in
terest in ride sharing. . 

The files may be stratified by sex, length of resi
dence , or job description to determine whethe~ in?erent 
differences in attitudes toward ride sharing exist m the 
data. For example an analysis of the Knoxville files 
has shown a statistically significant relation between oc
cupation and desire for express bus service. The ~hite
collar worker is most predisposed toward this se~cete 

Commuter-pooling surveys might be used to~) : 
interaction formulas such as the gr.avity mod

1
~1 nti~ 

shown by Figures 2 and 3, the decline in res 8 
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Figure 1. Example of density matrix. NUMBER <JF P(RSO~S ltl EACH HO~E GIIIO REPORTING TO GRID Xll>Y22 AT 7:00 A.M. 
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density around fir ms differs greatly. Carroll and Bevis 
(9) have shown that the exponent of distance in the de
nominator of the gravity model differs among trip pur
poses. The results of the car-pooling research suggest 
that this exponent differs within the same trip purpose. 
It appears from an analysis of the 13 surveyed firms 
that on a blue- and white -collar continuum, the lower 
status employment centers have the greatest friction of 
distance and thus the largest exponent value. Develop
ment of an industry typology may lead to area-specific 
models for traffic flow estimation that are more sensi
tive and accurate than present ones. 

IMPACT OF PLANT SITING 

Factors involved in locating a plant site within a city 
normally include only direct costs, both start-up and 
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long·-run, that will affect the profit structure of the firm . 
Evidence gathered from the surveyed firms in the car
pooling project indicated that some locational decisions 
have significant negative impacts on the co·mmunity. For 
example, the longer the distance is that employees must 
travel to reach work, the greater the problems are that 
the community will have in such areas as air pollution, 
traffic congestion, and street maintenance. Increased 
travel distances also result in reducing the real income 
of employees through higher vehicle operating costs, 
possible losses in work efficiency because of traffic
caused stress, and less time available for family activ
ities and relaxation. Moreover, anything less effective 
than total distance minimization between workplace and 
residence cont1·ibutes to higher than necessary energy 
consumption at a time when energy conservation is a top-
level national priority. · 



POLICY RECOMMENDATIONS AND 
CONCLUSIONS 

It is unrealistic to establish a policy in which a firm is 
directly forced to locate a plant that is easily accessible 
to its labor force. Such a policy coold severely reduce 
the profitability of firms. In some instances, as a re
sult of a policy of forced plant relocation to achieve 
maximum accessibility, environmental costs to a com
munity might be increased. For example, plants that 
have noxious emissions under certain levels of concen
tration should not be encouraged to locate within rela
tively dense population clusters or within portions of a 
city that ensure maximization of exposure of people to 
the noxious or t,armful substances. 

If cost could be assigned to the negative impacts of 
unusual plant locations, firms could be taxed at a rate 
commensurate with their contribution to the environmental 
and economic costs of a community. If these tax rates 
were sufficiently severe, some firms could be persuaded 
to adjust their plant locations accordingly. If, as in the 
case illustrated by Figure 2, an employment center is 
already located close to its labor force, the increased 
tax rate a firm would have by moving to a suburban lo
cation could, if other factors were equal, discourage a 
relocation decision. 

Reductions in the tax rate might be granted to firms 
that coordinate successful car-pooling efforts or that 
establish other forms of mass transportation, such as 
company buses or van pools, that reduce the number of 
total vehicle-ldlometers traveled. Such programs would 
make these work locations more accessible and thereby 
possibly reduce the absentee rate. 

Changes in the tax structure as proposed above are 
not without precedent. In Los Angeles, the Air Pollution 
Control District requires large employers, large shop
ping centers, and special industries that are major con
tributors to the status of air quality in the Los Angeles 
basin to file an emergency episode plan that specifically 
states how pollution levels will be reduced at each of 
three increasingly severe pollution stages. The second
stage episode states (10) that it "should provide fol' a 
greater reduction in employee motor-vehicle travel by 
increased use of car pools and public t1·ansportation." 
Because the Air Pollution Control District has the au
thority to levy fines if an emergency plan is not devel
oped, car-pooling programs such as Commuter Com
puter are besieged by firms that request the establish
ment of ride-sharing programs. The California Envi
ronmental Protection Agency is now in the process of 
drafting similar ride-sharing legislation. The monitor
ing and implementation of standards for vehicle occu
pancy have yet to be precisely established. 

Because frequent updating of commuter files is es
sential to the successful operation of a comprehensive 
car-pooling program, the proposed tax structure should 
serve to encourage necessary file maintenance; The 
tax structure mu st be periodically reevaluated to estab
lish which firms have reduced the negative impacts that 
are associated with plant location so that the tax rate 
can be adjusted accordingly. The changing spatial pat
tern of the resident labor force that is determined by 
file maintenance procedures could be made available to 
other public planning agencies. These data would pro
vide the current information needed to make intelligent 
land use decisions and to allocate scarce resources that 
could help achieve maximum benefits for the community. 

The evaluation of the proper tax assessment for each 
firm will be a difficult task. Care must be taken to 
avoid policies that are so complex in provisions that en
forcement would be difficult. Exclusionary zoning that 
prevails in most communities further complicates the 
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proposed tax structure. If an industry is precluded from 
locating because of zoning ordinances, then an objective 
estimate must be made of the maximum degree of labor
force clustering that is feasible. This degree of cluster
ing will vary from firm to firm but must be the bench 
mark for assessing the actual, spatial distribution of 
employment. 

Safeguards must be built into the tax structure that 
prohibit the dismissal of employees solely on the basis 
of their residential location. Employers who wish to 
recruit new employees near the plant should be encour
aged to do so, and employees who are seeking employ
ment at nearby locations shoold have access to a list of 
employers who are seeking workers in the vicinity. The 
agency in charge of administering the comprehensive 
car-pooling project could serve as a broker to match 
employers with workers. Alternatively, brokerage ser
vices for employment shoold be made more conscious 
of their function for spatial placement. 

The Urban Mass Transportation Administration has re
cently funded a demonstration van-pool project (7) that in -
corporates a brokerage concept for the metropolitan area 
of Knoxville. This concept would allow each transporta
tion mode to operate in the area of the community where 
it would be the most cost effective and serve the trans
portation needs for all segments of the metropolitan pop
ulation. For example, the traditional fixed-route, fixed
schedule buses might be limited to operating only in the 
central city where residential densities are of a magni
tude to support this mode, while van pools and vehicles 
of smaller caPacity might meet the needs of suburban 
communities with lower population densities. The re
sponsibility for coordinating all the modes would be under 
one clearinghouse or brokerage agency. It is possible 
that the authority of this agency could be expanded to in
clude a brokerage system of the type proposed in this 
paper. 
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Continued Development of 
the Vancouver Model 

Michael A. Goldberg, University of British Columbia, Vancouver 
Douglas A. Ash, Vancouver Systems Service Ltd., Vancouver 

This paper describes the refinements made during 1975 to models used 
in an urban simulation project. The refinements include the estimation 
and implementation of equations for regional housing and the develop
ment and implementation of an algorithm that is used for demolishing a 
portion of the standing housing stock that is in areas where actual densi· 
ties are less than permitted (zoned) densities. Minor programming errors 
have been eliminated, and the running time of the models has been im
proved . Principal conclusions relate to the increased reliability and real
ism of the models. A comparison of output from models in different 
states of evolution was made, and the current version is superior to earlier 
versions. The simulated output was compared with actual events in the 
region to verify that the simulations are consistent with recent develop
ment trends. Since the refinements have been encouraging, continued 
development of the model is warranted. The model is being continued, 
and the data base is being expanded so that empirical estimations of a 
number of relations can be included as ad hoc intuition. These empirical 
estimations should further improve the models. 

The work described in this paper began 5 years ago and 
is part of a large-scale urban simulation project. That 
project was an experiment in interinstitutional coopera
tion between the University of British Columbia and the 
city of Vancouver (departments of Engineering, Finance 
Planning, and Social Planning), the Greater Vancouver 
Regional District (a prototype regional government and 
its planning· department), and the province of British 
Columbia (Department of Municipal Affairs). The federal 
Ministry of State for Urban Affairs (the federal depart
ment responsible for urban policy and research) also 
joined the effort. · The project began in mid-1970, and 
the federal government became involved in late 1971. 
Federal involvement ($200 000/ year) was terminated in 
December 1974, and, thus, the larger project that had 
been called Interinstitutional Policy Simulator (IIPS) 
was terminated. 

This paper reports on several simulation models that 
were begun under the sponsorship of IlPS, but were de
veloped independently after the IIPS program ended. 

Publication of this paper sponsored by Committee on Urban Activity 
Systems. 

Detailed information about the IIPS undertaking is given 
elsewhere (1), and additional material on the housing and 
land use models can be found in other reports (!, t 1), 

Figure 1 shows the basic modeling system and its 
four principal components: employment forecasting, 
population forecasting, land use and housing, and trans
portation. Each component is a model that was de
veloped to stand alone and to integrate with each other 
in the module. Since the transportation component has 
taken a separate path of development, it is not discussed 
in detail in this paper. Currently, the transportation 
component is a unimodal model that acts on 82 subareas 
with trip generation, distribution, and assignment al
gorithms. This model is being upgraded to include a 
modal-split component for at least two modes and to 
handle nearly 200 zones. The end product of the trans
portation model is the 82 by 82 matrix of travel times 
that are prime input to the land use and housing com
ponents. 

Population forecasts are derived from a cohort
parity model that uses 100 male-female cohorts of 
similar age and five fertility states. Migration is a 
policy intervention that is currently set at the 1966 to 
1971 average level. The forecasting model for employ
ment has been carefully developed and is based on an 
input-output model (5) designed for the Vancouver region. 
However data are missing from the data base; therefore, 
it has not been possible to calibrate the econometric 
portion of the model that is used for estimating the final 
future demands ~). Instead of using this theoretically 
sotmd and innovative forecasting structure, we have had 
to use a simple trend. This trend is clearly unsatis -
factory and is a primary focus for future improvement. 

The land use models are shown in Figure 2. The 
various elements for land use are on the left side of the 
figure, and the elements for land supply are on the right 
side of the figure. Resolution of supply and demand 
takes place in the simulated market that is shown in the 
center of the figure. The models are designed so that a 
variety of supply policies (such as rezoning, annexation, 
land fill, or land reserves) can be implemented by 
changing the supply variables. Demand can similarly 
be affected by the intervention of any of the land
consuming activities that are shown on the left side of 
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Figure 1. Interaction between module and 
regional transportation model. 
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Figure 2. Flow chart for land use models. 
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the figure. Thus, a wide variety of policies for impact 
analysis are available to the model user. 

We can now examine a number of refinements that 
have been made to the housing component of the land use 
model during 1975. Similar refinements are currently 
under way for the employment component of the land use 
models. Each set of improvements began with the de
velopment of an improved data base on which empirical 
estimates of allocation and forecasting relations could be 
based. 

RECENT REFINEMENTS TO THE 
MODEL 

Two major refinements have been implemented during 
1975, and these are the focus of this paper. The first 
refinement deals with replacing the equation that deter
mined the regional supply of new housing in each period. 
The second refinement deals with modeling the demolition 
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process so that actual densities in the long-run approach 
will permit densities in growing iu:eas. 

Determination of total starts for the region has been 
one of the weakest areas since the inception of the model. 
Originally, total starts were estimated by using the fol
lowing equation: 

NS, = TNHH1 - TH, + V ACRA T, · TNHH, (1) 

New supply (NSt) was assumed equal to the change in 
the number of households (TNHHt) plus a demand for 
vacancies (DV) to allow for equilibration of short-term 
disturbances (i.e., some inventories for short-run adjust
ments) minus the housing supply (TH ,). The demand for 
vacancies was assumed to be a function of vacancy rates 
(VACRAT ,) for the succeeding 3 years since there is a 
3-year planning horizon for developers in our region ('.!.). 
If NS 1 is qegative , then a small number of units are still 
built, reflecting the fact that construction does not cease 



even though there is a high excess in housing stocks . 
This initial approach for estimating the total housing 

starts in a region was largely an ad hoc procedure that 
also disaggregated housing into two structure types. The 
ad hoc technique has been improved by replacing equa
tion 1 with two estimating equations. There is one for 
single starts, and one for multiple starts. These equa
tions generate regional totals, and, as before, these 
totals are then allocated to the subareas. Refinement 
of the allocation algorithm depends on the development 
of additional data bases. This development is currently 
under way, but it is not expected to be completed for at 
least 6 months. Equations 2 and 3 are replacements 
for the single aggregate equation 1. 

HSf' = 0. I 39HS~1 + 0.397HS~ + 0.095PoP1_1 - 0.04 7PoP ,_2 

(0.132) (0.087) (0 .039) (0.038) 

R2 = 0.358 and F-statisti c (5107) = 100.443 (2) 

HSl = (-31.0 + 0.250HSj_,)- 0. l 29HS~_ 1 + 0.051 PoP, 
(0.112) (0.117) (0.023) 

+ 0.070PoP1_1 + 0.045PoP1-2 R2 = 0.894 and 
(0.025) (0.023) 

F-statistic (6106) = 283.939 (3) 

The second area of refinement relates to the newly 
developed algorithms for demolitions. Because of the 
lack of information on the age distribution of the stock 
of houses and other buildings, it was difficult, in the 
first stages of development, to derive an intuitively 
sensible yet operational algorithm to handle the demoli
tion of existing structures. Therefore, a direct policy 
intervention was used. Thus, as areas were rezoned 
to allow for greater densities, the bulk of the existing 
structures was unaffected. This was a serious weak
ness. However, after studying a number of areas in the 
region that had been rezoned, we established that a 
demolition rate of 2 to 3 percent for the stock existing 
at the time of rezoning seemed to prevail over the last 
decade in such rezoned areas. Thus, our demolition 
algorithm was applied to the existing stock in areas 
where the actual density is less than the allowable 
density. Demolitions begin with the lowest value class 
of housing and continue to move up through the value 
classes and structure types. These demolitions con
tinue until the stock has been rebuilt at the new densities 
and until there is no additional vacant land or under -
utilized land remaining. Another option we are also 
experimenting with is the application of a saturation 
variable that would affect the demolition rate. The 
reason is that the higher the level of saturation is (e.g ., 
the smaller the percentage of developable or redevelop
able land) , then the higher might be the rate at which 
underutilized structures are demolished. Since this 
option is currently being programmed, it will not be 
discussed in this paper. 

MODEL OUTPUT 

This section illustrates the differences among the var
ious stages of development for the housing component of 
the land use model. These differences are referred to 
by relevant output as follows : 

1. Total construction is the total number of housing 
units of all types built during the year , 

2. Total unzoned vacant land is the total amount of 
land that is currently unoccupied and is available for 
any use, and 

3. Housing units by region is the aggregate of all 
types of housing for any specified region or subarea. 
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Most of the housing land was drawn from output 2 . 
There are two fundamental types of changes that can be made 
to this model. The first type is a structural change in 
which the actual links between the subcomponents are 
modified or the equations that represent the subcom
ponents are changed. The second type of change is a 
policy or qualitative intervention in which data values 
are modified in the housing, zoning, or density files. 

Figures 3 and 4 show the five different structural 
changes in the model. The original model produced what 
is referred to as the standard run. The construction 
gradually increased from about 10 000/ year to about 
16 000/ year before the vacant land was exhausted in year 
19 (year O corresponds to 1971). Steps 2 and 3 of de 
velopment (vacancies and microspatial feedback) were 
incorporated into the run referred to as the micro-macro 
link. Goldberg and Stander (4) give the details of these 
steps. Basically, the model stops development as 
saturation is reached under the micro-macro link. Con
struction for this phase began to taper off at year 12 and 
slowly decreased until the vacant land was gone in 
year 24. 

The refinements to the current model were tested in
dependently and were labeled regression equation and auto
matic demolitions. A significantly higher rate of construe -
tion (maximum of 32 000/ year) was projected by the re
gression equation than by the earlier runs .,Since the equation 
was based on data collected during the housing boom of the 
late 1960s and early 1970s, it projected a very high rate 
of construction. Because of depletion of available vacant 
land, this rate declined quite sharply after year 14 . The 
automatic demolitions and reconstruction provided some 
of the best output. The construction increased steadily 
from 10 000 to 20 000 units / year in years O and 25 re
spectively and still seemed to increase even though all 
of the vacant land was consumed by year 19. 

Figures 5 through 8 show a modified base run. This 
run included the regression equation, housing vacancies, 
and the automatic demolitions and reconstruction with 
the standard run. The most advanced features of the 
model were all included in this option. The several 
policy options shown in Figures 5 through 8 are 

1. The standard and modified bases that were used 
as reference lines for the three interventions, 

2. The deve lopment of univer sity endowment lands 
(UE Ls ) that included about 10 12 hm2 {2500 acres) at 25 
units/ hm2 (10 units / acr e) in an upper income area of the 
city of Vancouver, 

3. The freeing of all agricultural land for potential de
velopment, and 

4. An increase in the maximum densities to 50 uni ts/ 
hm

2 
{20 units/ acre) for s ingle family and 250 units/ hm2 

(100 units/acre) for mult ifamily . 

. The sharp rise shown in Figure 5 was caused by 
changing the unusable agricultural land to usable vacant 
land. Figure 6 shows the effect of the various policy 
options on two different subareas of the region: Region 1 
is the central downtown area, and region 14 is one of 
the large outlying suburban districts. The repealing of 
the freeze on the farm land {item 3 above) produced less 
construction in the central area but increased construe -
tion in the land that was available. Figures 7 and 8 show 
the effects of two of these interventions on one specific 
region and a comparison of each region to the modified 
base r un . Figure 7 shows the effect of the UEL de 
velopment in r egion 2, which cont ains UEL. Figure 8 
s hows a comparis on of t he constr uction ln r egion 1 with 
and without the upzoning (item 4 above). 
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INTERIM CONCLUSIONS 

Since the model is still evolving, firm conclusions are 
neither possible nor relevant. One overall observation 
that seems justified by the results presented above is 
that the model has definitely improved as a device for 
testing policy impact during the past year. The housing 
start estimates that result from equations 2 and 3 are 
much closer to actual starts than those generated by the 
earlier forms of the model. This greater accuracy in 
estimating total starts improves the reliability of all the 
other estimates in subareas since the estimates depend 

Figure 3. Structural changes in model for total construction by time. 
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"' 

on a good forecast of total starts. 
Given the accuracy of the macrospatial housing start 

equations, the dynamic demolition subroutine will pro
vide a more reliable microspatial allocation of these 
start estimates. The older noneconomic use of land 
can now be replaced over time by use of the demolition 
algorithm. Thus, the accessible land in the central city 
that is in demand is free for redevelopment. The re
sulting evolution of the lower density and desirable sub
areas of the Vancouver region closely reflects recent 
history and trends. The fact that the current model 
generates an evolutionary pattern that resembles the 
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resulted from the estimates of equations 2 and 3 leads actual pattern is a good measure of the usefulness of the 
mOdel for examining the policies that change the trend. 
It is almost true that there are no such things as counter
intuitive behaviors of models, only programming errors 
(5) . As the computer codes are refined, the models will 
invariably exhibit an intuitfvely sensible behavior that 
can provide a basis for comparing the output generated 
under structural or quantitative interventions . 

us to conclude that similar improvements await the esti
mation of some of the other components in the model. 
The economic model is probably the most important to 
work on in this respect. Estimation of the microalloca
tion functions should be high on any priority list for 
empirical work. These conclusions are summarized 

One final conclusion relates to the need for empirical 
estimation of the remaining ad hoc (e.g., uncalibrated) 
portions of the model in which such estimation ls likely 
to be productive and data are likely to be collectable. 
The great improvement in the quality of the output that 

Figure 5. Effect of policy options on total unzoned vacant land by time . 

by noting that the performance of the model 

1. Is greatly improved over the past year because of 
structural changes in estimating regional housing (by 
type) and by the inclusion of a dynamic demolition algo
rithm, 

CJ 
:Z,:, a: . 

SlANDARJ BAS[ RUN 
MODI r I [ :l flAS[ RUN 
U.[.L. Al 10 D[Q A(R[ 
REPEAL LAN" ACl 

...J"' 
I~ 

1-
:z 
a: 
u 
a: 
>.,, 

I . 

8fil 
z 
D 

"' z 
=> ,o 
ci~ 
l
o 
I-

UPZONI NG - -- - - - -

~~ ,......_ 
'~ 
'~ 

: .J__N_o_r_e_: _1_,h,..a_"_2_._47_ ac_r-,es-----,--- --,:::::.--' -=~:c-r;;..::,---r-----,-----,----,----, 

O O 4.0 8 .0 12 .0 16.0 ff MOE 24 .0 28.0 32 . 0 36 . 0 4J.O 

Figure 6. Effect of policy options on housing units for regions 1 and 14 by time. 

(./') 
I-

z 
~~ 
~~ 
(./') 

=> 
0 

S 1ANDARJ BAS[ RUN 
M001r1[ n BAS[ RUN 
U.l.L. Al 10 P[R A(R[ 
R[P[AL LAND ACl 
UP]QNING ----- - - -

---~·f..CIOl+- 14 .000 

f.CJOl+-14 .000 

r;-l__----===::;::::::::;::;;;;.....~~ 
__ __REC) Ot+- 1. 0DO 

- - - - - - - - - - ElBltl :BBB 

Note : 1 ha - 2.47 acres 
~-+------,.------r------,.----.-----r----r--- --,-----,r-----r----, 

o.o 4.0 8 .0 12 .0 16 . 0 trJE 24 .0 28 . 0 32.D 36.D 4J .O 



• 

60 

Figure 7. Intervention of university endowment land option on housing units by time and by region . 
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2. Is more realistic because of the improvement in 
output and policy-testing flexibility, 

3. Is more usable and useful because of the above, 
and 

4. Still needs considerable empirical work on a 
number of key elements such as the regional employ
ment forecasts and the housing and employment location 
algorithms . 

CAVEATS 

We strongly feel that models should not be sold as cure
all products. If any selling is to be done, it should be 
directed toward alerting users and potential users to the 

weaknesses and limitations of the model. Several 
authors (!!,~)provide excellent alerts to the unsuspecting 
and unknowing public who use models. Such warnings 
should be sounded at regular intervals, since recent 
survey work (10) reveals that models are used more 
widely (and wesuspect less critically) than had been 
generally believed. Perhaps a skull and crossbones 
should be made to grace each page of output along with 
a warning from the Urban General (the Surgeon General's 
counterpart) that programming and models can be in
jurious to your health. 

The intelligent and productive use of models (and of 
technology as a whole) can only proceed if the fundamental 
weaknesses of the models are acknowledged. Models are 



abstractions from reality and as such are imperfect 
and incomplete representations of that reality. To 
explicitly consider these weaknesses is to go far in the 
direction of overcoming them. 

CONTINUING WORK 

Throughout the process of developing these models and 
of writing a description of them over the past several 
years , we have stressed the need for an evolutionary 
approach to model building. We have accomplished this 
process under the TIPS corporate establishment or on 
our own. The latter approach appears to be the most 
productive, since it is the slowest and least visible way 
to proceed. Visibility breeds bigness, bigness breeds 
organization, and organization breeds product orien
tation. 

Because we have chosen to take a more limited view 
of and approach to the continued development of the 
models , we have not lost sight of the dangers of success 
that are akin to those that accompany visibility. Our 
progress is far from revolutionary, but it does represent 
a continual series of evolutionary changes in the reli
ability, usefulness, and usability of the models. 

For the future, we hope to begin with improvements 
in the technical details of the models and end with im
provements in access to and use of the models. Re
finement along the lines mentioned earlier that stressed 
the empirical estimation of key elements is most im
portant. We have recently obtained detailed information 
from the 1971 Canadian census and are in the process of 
obtaining improved employment and land use data. With 
such data at our disposal, we anticipate further em
pirical analysis to be completed during the year and the 
results incorporated into the models. 

As the models become more useful, we hope that 
policy makers, politicians, and citizens will take ad
vantage of the opportwlities afforded by having working 
and useful models in Vancouver. Of all the possible 
directions that lie ahead in our modeling process, we 
hope that an increased use of the models is the most 
likely. It is only through widespread use, criticism, 
and reuse that we can carry on the process of model 
development that we have envisioned. 
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A Dynamic Theory of 
Access and Land 
Development 

Morton Schneider, John Hamburg and Associates, Inc., Bethesda, Maryland 

This paper describes a theory of access and land development containing 
explicit time dependence. The theory is based on concepts drawn from 
earlier work on the equilibrium relation between eccess and land develop
ment. In the earlier work, a quantity called temperature emerged, and 
this quantity may be calculated for each zone as a function of both its ac
cess and its development. When these temperatures are the same every
where, equilibrium is obtained. In the dynamic extension, temperature 
differences between each zone and the rest of the world act to foster 
changes in the development of each zone at a rate related to the magni
tude of the difference and in the direction of diminishing them. The be
havior aspects of the dynamic theory that are visible in its formulation 
and in a few experimental calculations are discussed as well as primeval 
computational procedures and problems. 

The original formu lation of an access and land develop
ment (ALD) theory (1) was derived by considering equi
librium as that condTiionin which developmenteverywhere 
is in balance with the access pressures that act on it. 
Nothing was said about the evolution in time of such an 
equilibrium or about how an old equilibrium would deform 
under change toward a new equilibrium. If the impulsion 
toward equilibrium were very strong and the response 
to that impulsion quick, then the time dimension in re
gional development would not be of great interest: A 
region would always be in equilibrium, and its shape 
would be determined by the transportation characteristics 
of the moment. But on a regional scale, the process of 
development and redevelopment is a slow one, easily 
overtaken by events, and most likely a region is perpet
ually trying to catch up with itself rather than reposing 
in stately equilibrium. 

Although the importance of the time element in the 
access-development relation was perceived quite early 
(as were the complementary shortcomings of a pure equi
librium approach), the time element has always been set 
aside. .DJ ring the formation of the Chicago Area Trans
portation Study ALD project (!, ~), Gur (!) recognized 
that the dynamic theory ought to be a definite work item 
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and later contributed both impetus and groundwork to it. 
However, dynamic behavior was not of concern until net
works, data, analysis, and computational apparatus were 
put into some kind of order. It was through the use of 
ALO in the Chicago area that the practical problems of 
using the equilibrium solution became more vivid. 

These problems have several forms and are all inter
twined with one another. A large-scale equilibrium solu
tion can be too farsighted: It may describe some sort of 
ultimate state that, although believable, may be just too 
ultimate to care about. Also, the equilibrium solution 
has a poor sense of history: When applied to any system 
change, it immediately wants to dissolve and then re
build the region from scratch. Basically, the equilibrium 
solution does not comprehend the inertia of the existing 
pattern: The pattern can be preserved by means of 
computational imperatives, but the more these impera
tives do the less the model itself does. Finally, an equi
librium solution is not generally unique; one cannot al
ways easily know which solution is the correct one or al
ways be certain that the current computer algorithm, can 
find all possible equilibria, even if the algorithm is not 
far from the starting point (5). 

These difficulties are by no means fatal- it has long 
been understood that there are various ways to draw use
ful inferences from ALD without relying exclusively on 
exact regionwide equilibrium solutions - and in any case 
the dynamic model appears to overcome them in principle 
because the equilibrium theory enables the model to 
speculate coherently about what is to be done in each zone. 
Both the greatest significance and the greatest practical 
value of ALD may well be not that it gives strict equilib
.rium calculations but that it states a perfectly definite 
equilibrium condition and thereby identifies a regional 
sense of direction. 

DYNAMIC FORMULATION 

The central quantity that emerged from ALD (6} is called 
temperature (T). The use of this in ALD is derived from 
its use in thermodynamics: Equilibrium occurs when the 
temperature is the same everywhere. T is defined as 



()) 

where the summation may comprise all zones in the re
gion, only one zone, or any cluster of zones. The at
tractiveness of a zone (R) is the sum of attractiveness 
due to development (R,) and attractiveness due to land 
area (R.). Thus, attractiveness is defined as 

R = R1 + R, (2) 

The access integral around a zone (I) is defined as 

(3) 

where G is the travel or impedance function. 
This equilibrium condition is not enough to completely 

determine a dynamic formulation; however, it does give 
some information about the formulation. For example, 
in a closed region, the rates of change of development 
should go to zero when temperatures are not different 
and tend to go together when temperatures are different. 
There is a strong suggestion that the rate of temperature 
change at any zone should be directly related to temper
ature differences between the zone and the rest of the 
world. In thermodynamics, a volume element (or zone) 
is sensitive only to its contiguous neighbors. This 
seems an unlikely model for a human context, but it is 
persuasive to think that each zone senses the tempera
ture of every other zone and that the sensation becomes 
weaker for more distant zones. 

These considerations lead directly to the idea of a 
kind of temperature potential acting on each zone. This 
temperature potential is defined as the sum of the dif
ferences between the temperature of the zone and that of 
every other zone, and each difference is weighted by 
some function of the separation between the two zones. 
The travel function used in the access integrals, which 
has already been established as having an impact on 
equilibrium development, is an obvious choice for this 
function of separation. However, it should be remem
bered that the choice is merely reasonable and not 
strictly dictated. There is one other thing that must 
enter into the potential, and that is the size of each zone. 

For the whole scheme to behave sensibly, a larger 
zone should have more impact than a smaller zone and 
in such a way that the effect is independent of partition
ing it or the arbitrary way in which zones happen to be 
drawn. That is, if a number oi small zones are aggre
gated into one large zone, the contribution to any poten
tial of the aggregate should be the same-except for 
precision in the travel function- as the aggregate con
tribution of its co11stituents. This problem can be solved 
with both certainty and ease whether one starts with 
one big zone or many little ones, for temperature 
weighted by R, is from definitions an aggregable quan
tity. Thus, a well-behaved temperature potential may 
be defined as 

P; = ~ CT; - T;)Gur; (4) 

J 

The symbol r replaces R, to avoid clumsy subscripting. 
The simple.st and most straightforward way of using this 
potential is to assert the dynamic equation as follows: 

!; = kP; (5) 

The dot, of course, signifies differentiation with respect 
to time, and k is some constant. 

Equation 5 expresses a condition in which zone tern-
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perature changes are in the direction of environmental 
temperature and go to zero in equilibrium. However, 
this equation is not complete because it ignores the re
gional effects not directly related to temperature differ
ences. These regional effects act to manage the collec
tive ambitions of all the zones and keep them consistent 
with global constraints on total change. A useful hypo
thetical case in point is that of a region currently in per
fect equilibrium but expected to grow a certain amount 
in the next few years. If the development in this region 
is to change, then some of the temperatures within it 
must also change. However, according to equation 5, 
the temperature cannot change because the rates of 
change are all zero. 

Clearly, there should be an additive term in the po
tential that expresses the motion correlated with the state 
of change in the whole regional mass. Since there is no 
reason why the region should not remain in equilibrium 
as it changes, which implies the uniformity of T, the 
additive term may be construed as a system constant. 
Thus, the dynamic equation becomes 

t; = k(P; + C) (6) 

From the definition of temperature, it is easy to see 
that 

(7) 

where pis density (R,/R.), and, from the definition of I, 

(8) 

if the travel function does not change continually over 
time. Combining equations 6 and 7 and applying some 
light algebra yield the dyna.inic equation in terms of rates 
of change of development rather than temperature: 

r, = (-kr; P; - kr; C + t; R;)/D; (9) 

where I* is I with the intrazonal contribution extracted, 
and 

(10) 

The constant k, which measures sensitivity to tempera
ture potential, is an empirical parameter, but C is ex
actly determined through the required auxiliary condition 
on change in total regional development. That is, 

(11) 

The value of C could also be determined from an auxil
iary condition on change in regional temperature, if that 
were deemed an appropriate exogenous quantity. 

Equation 9 represents a set of simultaneous differen
tial equations: one equation for each zone in the system 
and one more for the auxiliary condition. However, this 
set cannot be solved by numerical methods. Even though 
each r cannot be written as an explicit function of time, each 
r can be calculated numerically over a series of time 
increments. At the starting point (time zero), each r 
and T and so forth is known, and the equa.tions form an 
unexceptional simultaneous set that is linear in the un
knowns: the derivatives r1 and the parameter C. The 
value of each r can be obtained by ordinary means, and, 
since the value will not change much over a short enough 
time interval, it can be used to increment each corre
sponding r: 
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(12) 

The new time-1 r leads to a new T and, thus, to a new 
time-1 system of simultaneous equations that can be 
used to compute the time -1 r. This process continues 
through time 2, time 3, and time n. 

Equation 9 is based on the essential correctness of 
ALO as any number of other dynamic equations might 
be that range from variations on the same theme to 
wholly different formulations. One variation worth bear
ing in mind is allowing the sensitivity measure (k) to be 
a zonal parameter rather than a constant and thus caus
ing it perhaps to be inversely proportional to density in 
order to reflect a greater difficulty in inducing change 
in development that is already dense. However, equa
tion 9 is probably the simplest formulation consistent 
with current empirical knowledge. Both working ex
perience and sharper reasoning may impel refinement 
or whole.sale revision, but equation 9 is a starting place. 

DYNAMIC BEHAVIOR 

The behavior of a system governed by equation 9 may 
be seen to some extent by inspection. First, develop
ment changes are all functions of the initial configura
tion . New development is a function of old development, 
and the existing pattern is embodied in the evolving pat
tern. Furthermore, because the mathematics are linear 
in r, the rates of change are uniquely specified, and the 
system single -mindedly heads off in some definite direc -
tion. There is no ambiguity about which ultimate equi
librium the destiny of the region lies in. In general, 
that ultimate equilibrium is of less interest because in
termediate points in time are now accessible, and the 
equilibrium is merely the asymptotic state of a closed 
system that probably will not stay closed. 

Equation 9 also shows that more remote and less 
developed parts of the region tend to change more 
slowly, irrespective of what their final equilibrium de
velopment might be. This slow change is something 
of a relief, since the equilibrium solution has a perni
cioos habit of flooding every nook and cranny of the re
gion with development, which can amount to a massive 
total even if the typical densities are quite modest. It 
would appear that, in the dynamic model, the equilib
rium effects propagate more or less along fronts moving 
outward from poles of existing development rather than 
seep uniformly everywhere. However, it also appears 
that a remote or lightly developed area can be excited 
into rapid growth by being nucleated with a fiat develop
ment of size- perhaps a major shopping center, sub
division, airport, or new town. The possibility exists, 
however, that an injudiciously placed nucleus could turn 
out to have a negative time derivative and just dwindle 
away. 

Figure 1 shows the dynamic behavior on a very sim -
ple level. The graph shows for one zone in a two-zone 
system the derivative development time as a function of 
its own development. Each zone has an R. of l; the total 
Rr is 10 and does not change with time. The intrazonal 
travel function has a value of 2, and the interzonal has 
a value of 1. The three equilibrium solutions are 1.54, 
5.00, and 8.46 for r1, and 8.46, 5.00, and 1.54 for r 2 • 

The derivative, which is plotted in arbitrary units 
on the Y-axis, passes thrwgh zero at each of the solu
tion points in such a way that the zone always moves 
toward an equilibrium. Once the zone is in equilibrium, 
it will stay in that state because a deviation in any di
rection results in a restoring motion. This is just as 
much the case for the 5, 5 equilibrium solution as for 
the others, which is noteworthy because this solution 
would never be discovered by the equilibrium algorithm 

unless the algorithm happened to be the initial condition. 
There is some reason to believe that in complicated sys
tems there may be many equilibria that the algorithm 
stubbornly refuses to seek; the recognition of this pos
sibility has been slow in coming. 

Figure 1 shows discontinuities at abwt 2. 7 and com
plementarity at abwt 7.3. In both cases, the derivative 
goes to :1:co, These discontinuities are to be expected 
because, in a system that admits multiple solutions, 
there ought to be watershed points on one side of which 
a zone goes to one equilibrium and on the other side to 
anothe_r equilibrium . (The infinities are not an essential 
feature and do not generally occur in many-zone sys
tems.) These discontinuities are well-behaved in the 
sense that a zone cannot approach them on its own voli
tion and always flees from them . However, there is a 
c lear possibility of pushing a zone, by means of fiat 
development, from one side of the watershed to the other 
and switching the mode of the zone from one of decline 
toward a low equilibrium to one of growth toward a higher 
equilibrium . 

Figure 2 shows the growth over time of a zone in this 
system. The start of this growth is shown from three 
different initial amwnts of development. The Y-axis is 
development in the zone, and the X-axis is time in arbi
trary units. In the first case, the zone starts out virtu
ally undeveloped (development of 0.01), enters a phase 
of moderate growth, and ends quite a while later ap
proaching its equilibrium. Both of the other cases start 
in the vicinity of a discontinuity where the derivatives 
are extremely high. But they quickly drop to more nor
mal levels, and the effect is a sudden spurt of growth 
followed by a gradual approach to equilibrium. The zone 
starts farther from its equilibrium in the second case 
than in the third case and takes longer to reach equi
librium, but both the second and l'.hil'd cases settle down 
to equilibrium in less time than it takes the first case to 
really get moving. 

Some experimental calculations of many-zone sys
tems have been made (7), but the behavioral complexities 
of these systems are not easy to analyze or even to de
scribe since experience with them is limited. The be
havior of these systems generally follows along lines 
that can be anticipated from the more visible qualities 
of equation 9 and the two-zone case . However, the de
rivative curve for any individual zone has more system 
modulation in it and much less the appearance of a purely 
mathematical construction in the many-zone system than 
in the two-zone system. However, there is one phenom
enon that was discovered in the cwrse of these calcula
tions: It is possible for a zone to enter a kind of bound 
state in which the zone will oscillate around a point rather 
than quietly come to rest on the point. This condition, 
meta-equilibrium, is apparently stable, and the zone 
cannot escape unless the rest of the system changes 
enough to set it free. 

Meta-equilibrium occurs when a watershed disconti
nuity becomes reflected and a segment of a time
derivative curve of a zone looks like that shown in Fig 
ure 3. Unlike the zone in Figure 1, the zone in this re
gion of its curve is constantly driven toward discontinuity 
until it finally jumps across to the other side where it is 
driven back toward the discontinuity again. Although 
straightforward numeric integration leads to a finite 
oscillation, in strict mathematics the amplitude shwld 
be next to zero, thereby giving the effect of a peculiar 
kind of equilibrium into which the zone leaps rather than 
gently slides. However, there is one very crucial dif
ference: The r of a zone in the vicinity of meta
equilibrium does not go to zero, and this means, re
ferring to equation 9, that in general every r of the other 
zones cannot go to zero either. Thus, the system as 



a whole cannot subside into complete equilibrium so long 
as there is a meta-equilibrium anywhere within it. The 
zone must move in a way that will eventually purge or 
iron oot the meta-equilibrium, or it must live with a 
systemwide meta-equilibrium of its own. The latter 
might take the form of a pulsating state in which the pul
sations probably radiate from the meta-equilibrium site 
and diminish with distance from it. 

What a system containing a meta-equilibrium would do 

Figure 1. Rate of change 
of development as a 
function of development . 
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and under what conditions it woold do it are not lmown. 
There has been little exploration of this phenomenon to 
date and just as little analysis of its mathematical, prac -
tical, and physical significance. Perhaps meta
equilibrium is related in some simple way to normal 
equilibrium; perhaps it is not. Meta-equilibrium may be 
merely something that happens in the kind of artificial 
calculations in which it was discovered, but that should 
not be counted on to happen. Certainly, meta-equilibrium 

8 10 
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Figure 3. Segment of a time-derivative curve for a zone. 
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depends on the presence of rather dense development. 
It it is assumed that meta-equilibrium occurs in sys

tems that are intended to represent reality, then the 
question arises as to whether meta-equilibrium occurs in 
the reality that the systems are intended to represent. 
There are not likely to be any data that bear on the question 
with clarity and, yet, if meta-equilibrium is in fact charac
terized by pulsation, there might be some nebulous 
traces. People have remarked, speaking of one of the 
older cities, that some particular district seems to be 
perpetually caught up in a cycle of growth and decline. 

COMPUTATIONAL PROCEDURES 

The current computational methods used in solving dy
namic systems have been ordinary and hardly deserve 
mention. An experimental computer program {I) has 
been put together that follows the straight-line course of 
solving the simultaneou s set implied by equation 9 for 
each r. This program increments each r, updates all 
tables that depend on each r, and then solves the new 
simultaneous set. The incremental time interval may 
be any predetermined amount (the typical range has been 
6 months to 2 years), or the computer may be allowed 
to choose an interval such that no zone undergoes more 
than some preset change. The simultaneoos equations 
are solved with a library routine based on successive 
elimination of unknowns. 

This program has performed satisfactorily but has 
not been used for systems of more than 75 or 80 zones. 
Large systems may introduce problems of core manage
ment and speed. System behavior, meta-equilibrium in 
particular, may require greater subtlety in the numeri
cal methods. It may prove desirable to impose con
straints on each r to reflect the fact that there can be a 
physical limit to how fast development can grow or, 
more especially, decline in any one zone. This seems 
impossible to do with standard simultaneous equations. 

Some thought has been given to the solution of the 
simultaneous equations. Almost certainly, the method 
that would be computationally convenient and would also 
handle constraints with ease is a simple iteration. 
Starting with the arbitrary first trial values of the r's, r1 is computed from equation 9 and its first trial value 
is replaced with the second trial value. The same procedure 
is followed with ra and so on until there is no longer 
a change. Unfortunately, this procedure can be guar
anteed to converge only under certain conditions that are 
not fulfilled by this set of equations. However, a num
ber of ways for solving a specific computational problem 
can usually be found. One example that might be useful 
is discussed below. 

A fictitious variable (S) may be invented such that 
equation 9 may be rewritten as 

ri = (-kriPi - kriC + si; Ri)/Di (13) 

This makes r (and also i * and C) a function of S. How
ever, the only values of interest are when S = 1. The 
r's can now be expanded in a Taylor's series around 

S = 0 with the understanding that the series is to be eval
uated at S = 1; thus, 

r10l = ri(OJ + r;<oi + r<r;·;2,i<oi1 + [(ri'/J!l(OJJ + ... . (14) 

In equation 14, the primes signify differentiation with 
respect to S. Differentiating equation 13 gives 

r; = (-kriC' + ( Ri + S('R1)/D1 

ri = (-kr;C" + 2I;"R; + SI;''Ri)/Di 

r·;· = (-kric'" + 3It°' R1 + S('"Ri)/Di 

(15) 

The terms in equation 14 can immediately be written as 

ri(O) = -[kriP1 + kr;C(O)J/Di 

r;(O) = [i; (O)R; - kr;C' (0)] /D; 

r;'(O) = [2i1'' (O)Ri - kriC"(O)J /D1 

ri" (O) = [3i;" (O)Ri - kr1c"'(O)J /Di 

(16) 

Since the system constraint on total development change 
(R,,) is an external constant that is independent of S, 
there is an auxiliary condition for each equation in 
equation 16: 

~r;(OJ = RF 

~r;(O) = R~ = O 

~r;·co> =Rf= o 
( 17) 

from which C(O), C'(O), and so on can be evaluated. 
Every term in equation 14 can now be computed di

rectly and easily. Each r 1 (0) is a function of only fixed 
system quantities and not o! any other r. Once each 
1\ (0) has been computed, each i1 • (0) follows . Also each 
r1'(0) becomes a function only of entirely known quanti
ties . Higher derivatives are similarly computed. 

Thus, the simultaneous system has been converted to 
a recursive one. One virtue of a recursive system is 
that the whole volume of system information does not 
have to be maintained in core at the same time. The 
recursive system might also turn out to be faster than 
the standard simultaneous methods; however, this is 
difficult to judge. Because the series form gives partial 
information about each r in advance of a complete solu
tion and may permit othe1· approximate inferences as 
well, the series form could prove convenient for dealing 
with constraints and maybe even help out with other nu
merical problems. 

Other series expansions of equation 9 and probably 
entirely different solution procedures can undrubtedly be 
developed. This series has had only a casual tryout in 
a few two-zone cases in which it worked, but no attention 
has been given to its properties of large system conver
gence. 
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Predicting Transportation 
Impact in Northeast 
Georgia 

Paul F. Wendt and James B. Kau, Department of Real Estate, University of 
Georgia, Athens 

The Georgia Transportation Planning Land Use Model was designed to 
emphasize (a) the flexibility of estimating changes in key socioeconomio 
variables, (bl the use of explicit judgmental Intervention in the modeling 
process, and (c) the key role of the model user in developing and imple
menting models. This paper describe$ the general structure of the model 
and summarizes the implementation ot an experimental model for a 
17-county test area in north Georgia. The socioeconomic data were col· 
lected for 159 counties in Georgia from 1950 to 1970. These data pro
vided the empirical basis for a two-stage, multiple regrfflion analysis that 
was designed to measure the specific influence of changes in accessibility 
on economic development. The influenca. of a proposed highway im
provement program on future development and land use was assessed for 
the 17-countv test area. The results from testing the model indicate that, 
if we are able to predict changes in accessibility that result from highway 
improvements, then with some confidence we can predict changes in 
population, employment. housing densities, and incomes. Estimated 
changes in these key socioeconomic variables can be translated into esti· 
mates of land that will be required for future development. This esti· 
mate can be made under any set of public constraints hypothesized. A 
technique for using the model in the transportation decision process is 
presented. 

Curi:ent applications of modeling techniques for land use 
are designed to capitalize on the advantages associated 
with a computer-oriented technique and to avoid some of 
the major disadvantages identified with earlier modeling 
efforts. As shown in Figure 1, the Georgia Transporta
tion Planning Land Use Model has three distinguishing 
features: 

1. Alternative approaches are used for estimating 
the key exogenous variables as well as for the locational 
assignment algorithms, 

2. Judgment by the model user is explicitly provided 
for a:t key junctures in the modeling process, and 

3. 'I11e model user assumes an important participat
ing role in model planning, development testing, and 
implementation. 

Publication of this paper sponsored by Committee on Urban Activity 
Systems. 
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The state employment and population forecasts are in
tegrated with national forecasts through the use of the 
shift-share technique and of econometric and input-ouqiut 
models that are ma.de available to the state of Georgia. 
The output of these models is judgmentally compared 
with employment and population estimates made by the 
U.S. goverrunent and other agencies and by the Georgia 
Office of Planning and Budget. 

Also shown in Figure 1 are several techniques for es -
timating employment, population, and households at tbe 
national, state, and county levels. These techniques are 
also integrated by judgmental comparison. The inter
action between these estimates and the land supply and 
transportation sub models is discussed below. The 
shift-share, input-output, and Delphi techniques are sup
plemented by trend extrapolation and judgment in the es
timation of employment by counties; employment is a key 
variable used in forecasting future growth and economic 
impacts . 

The shift-share technique, combined with judgmental 
modifications of the regional share component, is also 
employed to allocate the projected employment for Geo1·
gia to substate multicounty regions. A description and 
evaluation of this technique are presented elsewhere (!., !, 
!, !, ~ ~. In view of the apparent instability of the criti
cal regional share component, multiple regression tech
niques are employed to identify the important detel'minant 
variables that affect the component. Forecasts based on 
the shift-share technique are compared to similar fore
casts prepared by the U.S. Bureau of Economic Analysis (7). 

This formulation is similar to previous model formufa
tions in that the location of future employment influences 
housing and commercial location and public service de
velopment. The problems in forecasting employment by 
counties are of such dimension that two independent 
methods of estimation are required. The shift-share 
technique is supplemented by use of the Delphi technique 
in which a consensus of expert opinions is obtained. 

The Delphi technique, a methodology for eliciting and 
refining expert or informed opinion, has gained increas
ing recognition in recent years at the Rand Corporatlon, 
the University of california, the University of Michigan, 
and elsewhere. The principal published works in this 
area are given elsewhere (~). The technique involves the 



Figure 1. Framework fof' land use model used for transportation planning. 
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sequential administration of a questionnaire to a panel of 
experts in successive rounds. The answers of the group 
are summarized at the conclusion of each round, and the 
respondents are then asked to reconsider earlier re
sponses in light of the summary. The theory of the tech
nique is that successive iteration and feedback of group 
responses will result in a gradual approximation to the 
true prediction or value sought. The final results are 
expressed in measures of central tendency and disper
sion for the group as a whole. Theoretically, the an
onymity of the respondents and the absence of face-to
face discussion eliminate the probable distorting effect 
of dominating personalities who might be present in con
ventional group or committee discussions. The results 
of experiments in which the performance of groups in 
face-to-face discussion were compared with groups in
teracting through an anonymous questionnaire with con
trolled feedback have indicated that the estimates from 
the Delphi groups were more accurate than were those 
of the groups in face-to-face interaction (.!!_). 

Experiments using the Delphi technique were con
ducted at the Oak Ridge National Laboratory (ORNL) in 
a 222.38-km2 (80-mile2

) study area in North Anderson 
County, Tennessee. Successful experimentation with the 
application of the Delphi method to predict land use in 
the ORNL test area provided the University of Georgia 
research team with an operationally tested, supplemen
tary technique that could be used to estimate future land 
uses in the prototype corridor study in Georgia (9). 

The Delphi results provided a scenario of future eco
nomic growth and employment for the 17 counties in the 
Georgia study area. If the Delphi forecasting technique 
is used over any extended planning period, a recurrent 
sampling of expert opinions is needed. This sampling 
would reflect the changing scenarios of growth as time pro
ceeds and circumstances and conditions are altered. This 
sampling is of particular consequence when a major change 
in transportation is planned or effected in a given area. 

SAMPLING OF EXPERT OPINION 

DELPHI TECHNIQUE 

I 
LAND USE ALLOCATION 

FEASIBILITY DETERMINATION 

l 
OUTPUT 

POPULATION ESTIMATES 
EMPLOYMENT ESTIMATES 

HOUSING ESTIMATES 

LANO USE PATTERNS 

Figure 1 shows how the results of the Delphi forecast
ing technique are integrated in the model with alternative 
methods of forecasting employment, population, and hous
ing. Estimates of future employment by counties are 
based on model projections for the state as a whole , and 
these projections are alloca.ted to individual counties by 
the use of the shift-share and regression analysis tech
niques. The alternative estimates of county growth are 
judgmentally compared and are used as the basis for es
timating future county population, employment, housing, 
and land use patterns. 

The steps shown in Figure 1 should be viewed as a 
continual process for reviewing and updating data and 
estimates rather than as a one-time forecast. The com
puterization of the various techniques and submodels is 
an effective means for measuring and testing the probable 
impact that alternative transportation plans may have on 
future land use and development in any selected test area. 

PREDICTING THE INFLUENCE OF 
CHANGES IN ACCESSIBILITY 

The basic data incorporated into this study were taken 
from 1970 census data for the 159 counties of Georgia and 
from a Delphi study by Davis (9). Simultaneous equations 
were used to reduce the bias that might result from 
treating certain explanatory variables as independent 
variables in the conventional least squares regressions · 
the explanatory variables are jointly determined. 

A two-stage, least squares, simultaneous technique 
is used to adjust the interdependence of the variables (10). 
In this method of estimation, conventional least squares 
regressions for each of the endogenous variables (on the 
right side of a particular regression equation) are run on 
all the predetermined or exogenous variables in the equa
tion system. Calculated values for the endogenous vari
ables are obtained from these regressions. In the second 
stage, a conventional least squares regression that uses 
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the observed values for each of the exogenous variables 
(on the left side of the equation) is run on the calculated 
values of the endogenous variables from the first stage 
regressions and on the observed values of the exogenous 
variables appearing in the particular equation. If the 
equation is correctly specified, the coefficients that are 
obtained in the usual way from this second-stage calcu
lation are consistent estimators of the unknown true re
gression coefficients and are normally distributed in 
large samples. Therefore, two-stage, least squares, 
regression equations with population density (POP), 
household density (HSD), employment density (EMP), 
percentage of single-famjJy dwellings (PSF), and mean 
income (INC) as the dependent variables are used to de
termine structural relations. 

Five endogenous variables are used in the model. The 
equations that follow describe the reduced form relations 
between the dependent and independent variables. 

POP =-3.749 + 0.534MRA + 0.087GPOP + 0.484CPA - 0.3960R 
(5.83) (4.68) (9.46) (-4.61) 

+ 0.042 URB + 0.015 RS - 0 .646TS - 0.45 3SUB 
( 1.39) (0.17) (-0.54) (-3.48) 

+ 0.462ACC IP = 0.91 
(3.46) (I) 

EMP = 4.670 + 0.686MRA + O.IOIGPOP + 0.041CPA-0.9630R 
(3.12) (2 .27) (0.33) (-4.72) 

- 0.1 OOURB + 0.311 RS + 0.1 70TS - I .343SUB 
(-1.40) (1.41) (0.60) (-4.31) 

+ 0.463ACC IP = 0.68 
(1.45} (2) 

HSD = -5.538 + 0.674MRA + 0.084GPOP + 0.439CPA - 0.2630R 
(7 .30) (4.49) (8 .51) (-3.07) 

+ 0.056URB + 0.161 RS - 0.073TS - 0.323SUB 
(1.86) (1.73) (-0.62) (-2.47) 

+ 0.504ACC R• = 0.91 
(3.75) (3) 

PSF = 4.420 + O.l I 7MRA- 0.130GPOP- 0.821CPA + 0. 1080R 
(2.91) (-1.60) (-3 .65) (2 .89) 

- 0. l 18URB + 0.057RS - 0.094TS - 0. I 53SUB 
(-0.89) (1.41) (-1.81) (-2.68) 

- 0.329ACC IP= 0.51 
(-5.61) (4) 

INC= 9.646 - 0.041MRA - 0. l 37GPOP + 0.237CPA - 0.2130R 
(-1.92) (-3.14) (1 .98) (-1.07) 

+ 0.009URB - 0.005RS + 0.011 TS - 0.485SUB 
(0.12) (-0.21) (0.39) (-15.89) 

+ 0.045ACC R1 = 0.90 
(1.45) (5) 

Transport costs are difficult to measure directly, 
hence miles of road per square mile (l\1RA) for each 
county and the number of cars per capita (CPA) are used 
as proxy variables for intracounty transport cost. (SI 
units are not given for these variables in this model in
asmuch as the operation of the model requires that these 
variables be in U.S. customa,ry units.) It is hypothesized 
that when the costs of private automobile transport are 
low, especially il income is held constant, relatively 
more people will own automobiles. An increase in l\1RA 
will reduce transport cost and lead to higher densities 
and more automobiles. Therefore, the relation between 
CPA and l\1RA and population and employment density is 
positive. An empirical analysis may give possible in
sight into the magnitude of this relation. 

A model for potential population based on a summation 
of the time required to travel to each of the other coun
ties is used to measure accessibility. Most accessibility 
formulations have been based on some measure of popu-

lation, employment, or activity that is weighted by dis
tance or travel time (11). The formula used to calculate 
the accessibility (ACC/for each county is 

n 

ACC; = ~ P;(f;; 
i=J 

where 

j = county in which the accessibility is being 
calculated; 

i = 1, ... , n, i.e., all other counties; 
P1 = population for county i; 

T1J = travel time between counties i and j; and 
n = 159 counties. 

The proportion of growth in the county (GPOP) that 

(6) 

took place since 1920 is an additional characteristic that 
might be related to transport cost and is included in the 
analysis of population density. Counties and cities in 
areas that have developed after the introduction of the 
automobile generally have wider streets, have more 
parking facilities, and are better suited to automobile 
transport. Also, counties that have grown more rapidly 
since 1920 should be adjusted to modern automobile trans
port. In Georgia, most of the growth has occurred since 
1920, and a large portion of the counties are rural. 
Therefore, the rapid growth since 1920 will probably 
lead to increasing densities. An increasing income or a 
!1igher relative income in a county reflects employment 
opportunities, which would increase inmigration to the 
county. Therefore, income should be positively related 
to household, employment, and population densit y. 

The prices that consumers are willing to pay for 
housing and locational choice are influenced by tastes 
and preferences. Consumers are less willing to live in 
a county where a relatively high proportion of the dwelling 
units are substandard, because consumers have an aver
sion to living near such residences. Therefore, an 
amenity variable, the proportion of substandard dwelling 
units (sUB), is included in this analysis. 

The percentage of urban population (URB) is used to 
reflect both employment and higher income opportunities 
that might not have been captured by the other variables 
and is expected to be positively related to the density 
variable. The ratio of owners to renters (OR) and the 
percentage of single-family dwellings (PSF) are used to 
determine the relation between density and the structural 
type of dwellings and ownership that exist. 

REGRESSION MODEL 

In two-stage regressions, the predicted values ·of the 
endogenous variables are determined from the reduced 
form equations. These predicted values are then used in 
the structural equations to obtain unbiased estimates of 
the relevant coefficients. The general structure of the 
reduced form equations is dependent (endogenous) vari
able = f(l\1RA, GPOP, ACC, CPA, OR, TS, URB, RS, I, SUB). 
The regression equations described above can be used to 
produce a predictive model. The coefficients of the var
iables give a specified correspondence between the de
termined and predetermined variables. If any of the val
ues of the independent variables are changed, the effect 
of that change on the dependent variable can be measured. 
For example, assume that the dependent variable is hous
ing density (HSD). If the coefficient of the ACC variable 
is a positive 0.82, the introduction of a transit system 
that increases the ACC value by 5 percent would result 
in a 4.1 percent increase in housing density. Thus, we 
can predict the effect of accessibility (ACC) on all the 
dependent variables, POP, EMP, HSD, PSF, and INC. 



In the same manner, we can predict the effect of changes 
in incomes, ell')ployment, population, and housing pref
erences. It is important to note that the reduced form 
equations, not the final structural equations, are used 
for predicting the impact of changes in accessibility. 

Empirical Results From Regression 
Model 

To predict the impact of a change in transportation mode 
such as a new highway, the regression coefficient of the 
accessibility variable is used from the reduced form 
equation of a two-stage model. The reduced form equa
tions (equations 1 through 5) give the final demand im 
pact of each of the exogenous variables on each of the 
endogenous variables. The corrected R2 (iF) for popu
lation density (POP), household density (HSD), employ
ment density (EMP), percent single family (PSF), and 
mean income (INC) are given with equations 1 through 5. 

The R.2 1),'leasures indicate that the system has a rather 
good predictive power for the POP, HSD, and INC equa
tions but poorer predictive power for the EMP and PSF 
equations. The accessibility variable is significant in 
all cases and, as expected, negative in the PSF equation. 
A 1 percent increase in accessibility is associated with 
approximately a 0.5 percent increase in population, em
ployment, and household density and a 0.04 percent in
crease in income. The same increase leads to a 0.3 
percent decrease in single-family dwellings. This de
crease reflects the fact that higher densities are asso
ciated with more multifamily dwellings. 

The relations of the reduced form variables repre
sented in equations 1 through 5 are determined from data 
for the 159 counties in Georgia. For this study, the im
pact of a change in transportation mode is restricted to 
the effect of an improved highway in a 17-county test 
area in northeast Georgia. The impact of this improved 
highway is calculated by estimating the resulting new 
time-distance matrix and then computing a revised ac
cessibility index for each county. This revised measure 
that takes into account the recently improved highway is 
then compared with accessibility that is assumed con
stant for each of the 17 counties in Georgia. An acces
sibility measure is also computed that assumes a de
teriorating highway condition resulting from increased 
congestion. The percentage differences for both the im
proved and the deteriorating transportation system are 
given below for each county. 

Deterio- Deterio-
Improved rating Improved rating 

County Highway Highway County Highway Highway 

Banks 0.80379 0.024 Jackson 0.13360 -0.042 
Barrow 0.04621 -0.018 Madison 0.21128 -0.048 
Clarke 12.80427 -3.860 Morgan 2.79430 -0.467 
Elbert 0.05635 -0.013 Newton 0.00643 0 
Franklin 0.12045 -0.023 Oconee 7.25719 -2.208 
Greene 0.45325 -0.178 Oglethorpe 0.09290 -0.022 
Gwinnett 0 0 Rockdale 0.00461 0 
Hall 0.06580 -0.022 Walton 0.00938 0 
Hart 0.06949 -0.018 

The estimated percentage changes given above are mul
tiplied by the regression coefficients for accessibility in 
the reduced form equations (1 through 5) to derive esti
mates of changes in the five dependent variables. 

Census data provide coefficients for accessibility at 
specific points in time. However, cross-section re
gression analysis does not provide estimated future 
values for the dependent variables. Projected values 
for the dependent v;i.riables-population, employment, 
households, and single-family dwellings-for 1980 and 
1990 are taken from the Delphi study(~. Simple trend 
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projections and the Delphi estimates conform very 
closely, except for housing in which there has been a 
dramatic shift toward multifamily dwellings in recent 
years. The trend projection gives much larger estimates 
for si11gle-family dwellings in 1980 and 1990. It appears 
likely that the trend technique ove1·estimates the future 
growth of housing, since it is based on the growth that 
occurrea between 1950 and 1970. On the other hand the 
Delphi technique may be a conservative estimate si;ce 
the survey was taken during the depressed housing market 
years of 1974 and 1975. In any case, the purpose of this 
study is to provide a technique to measure the impact of 
transportation on land use . The technique developed can 
be used with any type of projection procedure. 

The projected impact of a changed transportation sys
tem on population, employment, households , and single
family dwellings for 1980 and 1990 is given in Table 1 fo1· 
the three counties directly affected by the proposed trans
portation improvement. The revised estimated forecasts 
for 1980 and 1990 are based on the projected changes in 
accessibility and on the regression coefficients for ac
cessibility. Two projections are presented for both 1980 
and 1990: The first assumption is a deteriorating highway 
condition, and the second is the introduction of an im
proved intrastate highway. The 1970 base year and as
sumption A data are from the Delphi study (9). The other 
data were calculated in our study. -

The data given in Table 1 demonstrate that the pro
jected changes in accessibility resulting from the im
proved highway facility significantly influence the rele
vant socioeconomic variables for Clarke, Morgan, and 
Oconee counUes as hypothesized. The greatest change 
occurs for Clarke county. This county is the urban cen
ter for the area being considered, and the county most 
directly influenced by the improved intrastate highway. 

Constraints on Land Use Allocations 

In the absence of broad transportation policy goals, de
termination o{ the future usable land supply in the 17-
county test area is estimated by eliminating the total es
timated supply of land classified as vacant and agricul
tural in 1970: the amount of land currently identified as 
public and semipubl.ic land, floodplains, land with slope 
exc?eding 25 percent, and land having poor soil structure, 
drainage, or load-bearing qualities (12). The remaining 
supply of vacant and agricultural landafter deducting 
public and semipublic land is classified as (a) usable with 
no present constraints, (b) marginally usable, or (c) un
usable depending on the above characteristics. It is im
portant to recognize that these classifications are based 
on specific assumptions concerning the relation between 
physical characteristics and usability and do not reflect 
specific planning or policy goals. The land supply su.b
model has the flexibility to alter these assumptions with 
respect to the criteria for usability and to introduce other 
policy or planning constraints. 

Table 2 (7) gives the estimated land in squa.re hec
tometers in 1 of the 17 test area counties. The land ab
sorption coefficients, based on current use, are used to 
estimate future land consumption. No open space or rec
reation land was allocated. The developed land equals 
land currently in use for residential., commercial, in
dustrial, public, and semipublic purposes. The latter 
purposes include national forest land, reservoirs, and 
lakes. The vacant-agricultural land includes all other 
land. The estimated land requirements for new develop
ment in 1980 and 1990, based on shift-share employment 
forecasts, are shown to be relatively small compared 
with available supplies. In general, it can be concluded 
from Table 2 that the available supply of usable but un
used land greatly exceeds the total current hectares de-
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Table 1. Population, employment, and 
housing forecast& for three counties in the 
north Georgia test area under three County Variable 

Assumption A 

1970 1980" 1990" 

Assumption B Assumption C 

1980' 1990' 1980' 1990' 
transportation assumptions. ----- - --------

65 177 Clarke Population 81 927 97 440 80 466 93 764 86 773 109 309 
Employment 25 386 33 138 41 201 32 547 39 744 35 103 48 974 
Single 11 716 13 614 15 556 13 785 15 949 13 047 14 287 
Multi 6 744 9 368 11 587 8 750 10 148 11 418 16 473 
Total' 20 554 26 538 31 746 26 022 30 524 28 251 35 977 

Morgan Population 9 904 10 439 11 460 10 416 11 419 10 574 11 972 
Employment 3 550 3 816 4 054 3 808 4 038 3 865 4 244 
Single 2 629 2 999 3 405 3 004 3 416 2 972 3 294 
Multi 191 264 423 271 417 337 730 
Total' 3 020 3 520 4 147 2 512 4 196 3 570 4 360 

Oconee Population 7 917 9 862 11 545 9 761 11 309 10 193 12 332 
Employment 3 010 3 588 3 856 3 551 3 777 3 709 4 120 
Single 1 956 2 575 3 308 2 593 3 355 2 514 3 154 
Multi 80 195 373 146 244 357 801 
Total' 2 607 3 489 4 607 3 450 4 505 3 617 4 951 

•current level of accessibility maintained. 
bOecr11sed accmibility due to increased congestion on existing facilities. 
'Increased atCftlibility due to improvement of existing highway facility. 
dTotal hou•holds including trailen. 

Tabla 2. Estimated usable land and new development for 1970, 
1980, and 1990. 

Clarke Morgan Oconee 
Year Type of Land County County County 

1970 Developed 6 379 6 325 2 745 
Agricultural-vacant 25 848 85 866 45 471 

No constraints 11 419 70 739 24 411 
Marginally usable 11 398 7 645 17 309 
Nonu sable 3 031 7 482 3 751 

1980 New development 1 040.2 267 .4 234.8 
Residential 820.8 262.8 178.4 
Industrial 142.5 3.3 54.6 
Commercial 76.9 1.3 1.8 

1990 New development 2 002.1 602.3 522.9 
Residential 1 535.1 5n.3 404.5 
Industrial 297 .1 6.9 114.3 
Commercial 169.9 3.1 4.1 

Note : Values are in square hectometers ; 1 hm 2 = 2.47 acres. 

veloped and those likely to be developed within the next 
two decades. 

USING THE TRANSPORTATION 
DECISION MODEL 

Forecasting future land development remains an art, not 
a science. The predicted economic growth and develop
ment for the three counties and a review of alternative 
policy determined from the constraints given in Table a 
rest on a series of assumptions and related outcomes 
about national and regional economic activity, demo
graphic influences, and public policy constraints. The 
range of variation in these deterministic input assump
tions and consequently in the resulting model output is 
large. Thus, the use of computerized econometric land 
use models that permit repetitive tests for the sensitivity 
of output forecasts to changes in the basic assumptions 
used in the modeling approach is justified. A consensus 
among the participants is required to formulate a trans
portation policy or project decision. - This decision pro
cess is concerned with critical economic assumptions 
and public policy constraints, the reliability of model 
data and output, and the scenarios of future land use and 
development. 

In conclusion, it should be emphasized that people, 
not models, make transportation planning decisions. 
Econometric models and land use simulation models, 
used in conjunction with multiple regression, Delphi, 
interpretive structural modeling, and other techniques, 
can fac111tate the decision process. However, ln the 

final analysis, it is the knowledge and judgment of those 
participating in the decision process who determine the 
quality of the transportation decision. 
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