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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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Figure 2. Residential location 
of low-wage apparel workers. ,--_ ___,, 
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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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Figure 3. Residential location 
of research and development 
firm workers. 
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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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