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Integration of Land Use, Transportation, and 

Energy Planning 1n l\1idsized Cities 

MARY KIHL AND TIM FLATHERS 

Broad-based concerns about long-term efficiency in using energy resources can
not be addressed primarily by the modification of the travel behavior of indi
viduals. Alternatives that depend on redirecting travel patterns must be ex
plored. The current study focuses on the use of such land use planning policies 
as the encouragement of infill and the development of neighborhood service 
centers as means of affecting modifications of travel patterns. After an analysis 
of the experiences of a national sample of 10 midsized cities, it was concluded 
that 10 years after the 1974 Arab oil crisis the potential for redirecting devel
opment patterns in midsized cities has only begun to be recognized. Whether 
such changes can significantly affect transportation patterns remains to be 
seen. 

Almost a decade has elapsed since the Arab oil em
bargo awakened sensitivities to the finite quality 
of energy resources. In the last 10 years numerous 
strategies have been employed by federal, state, and 
local governments in an effort to facilitate energy 
conservation. However , many of these strateg i es ap
pear to have been directed toward short-term solu
tions. Broad-based concerns about the long-term ef
ficiency in using energy resources appear remote and 
somewhat uni;eal to those concerned about personal 
efficiency and convenience in tripmaking. 

Consequently energy conservation measures cannot 
rely primarily on voluntary individual modifications 
of travel behavior. Other alternatives must be ex
plored, alternatives that depend on modification of 
travel patterns rather than travel behavior. The 
current study focuses on land use planning tech
niques as a means of affecting change in travel pat-

The potential for land use changes in redirecting 
travel patterns has long been acknowledged (ll• The 
advent of regional shopping centers and suburban in
dustrial parks sparked by the completion of limited
access highways in the 1960s diverted travel from 
the central business district (CBD), whereas strip 
development stimulated traffic congestion along the 
highways leading into most American cities. Within 
individual cities land use regulations have helped 
define the urban forms that have in turn defined 
travel patterns. Presumably local and municipal 
governments armed with a variety of land use regula
tions and with the cooperation of private investors 
can also become catalysts in redirecting urban 
growth and consequently travel patterns. Whereas 
federally assisted highway projects helped_ to scat
ter urban residents into automobile-dependent sub
urbs, revised land use plans initiated by local 
government and carried out with the cooperation of 
investors might potentially help restore more 
energy-efficient environments (2, pp. 521-525; 3). 
The current study considered the extent to which 
city planning efforts have formally or informally 
accepted that challenge in the decade since 1973. 

The procedure involved, first, a comparison of 
available land use planning maps and planning docu
ments for the years before 1974 and after 1974 and 
future projections for each city in the sample. 
Second the planning strategies used in the sample 
cities were assessed and finally a typology was de
veloped indicating levels of coordination in energy 
conservation, transportation, and land use plan
ning. Given the small sample of cities and the need 
for qualitative assessment, an in-depth statistical 
analysis was not possible. 

The focus for the study was a sample of 10 mid
sized cities with standard metropolitan statistical 
areas (SMSAs) ranQinQ from 100,000 to 200,000. This 
population class was selected for two primary rea
sons. First previous studies that have attempted to 
link urban form and energy use have generally fo
cused on larger cities such as Atlanta, Baltimore, 
Buffalo, Denver, and Fort Worth (4,5). The experi
ence of midsized cities has yet -to be documented. 
Second recent census reports note considerable 
changes in the population bases of medium-sized 
cities. Presumably they would also have experienced 
considerable land use changes over the last 10 
years. An initial sample of 54 cities was selected 
from among the 93 SMSAs in this population class. 
This sample included clusters representing estab
lished and expanding cities, Eastern and Western 
cities, and geographically confined and unconfined 
cities. Requests for plans, maps, and other spe
cific types of data were sent to the planning of
f ices in each of these cities. Twenty-four cities 
responded, but even with a follow-up, reasonably 
comparable data were only available from 10. For
tunately, as shown in Table 1, the final sample of 
,10 cities represented the variation in location, 
growth rate, and terrain specified initially. 

STUDY SAMPLE OVERVIEW 

If cities' planning efforts are to be reviewed in 
terms of progress toward creating a more energy
efficient environment, it is first necessary to de
velop a definition of that environment. The absence 
of any clear consensus on what constitutes such an 
environment is evident in the contradictory reviews 
given specific land use alternatives. 

Arguments focus on whether infill and cluster 
development are workable approaches to conserving 
energy. Some maintain that infill reduces trip 
length and consequently conserves energy, whereas 
others argue that infill implies increased density 
and congestion and thereby saves l ittle i n terms of 
energy <i-~). The well-known study Cost of Sprawl, 
prepared by the Real Estate Corporation in 1974, in
cluded transportation costs to far-flung suburbs as 
support for its argument in favor of cluster devel
opment. Critics continue to attack that work's en
couragement of increased density <.~,10). However, 

Table 1. Sample cities categorized. 

City Location Terrain Growth Rate 

Amarillo, Tex. West No constraint Stable 
Asheville, N.C. East Severe con- Stable 

straint 
Danbury, Conn. East Mild constraint Expanding 
Elkhart, Ind, East No constraint Stable 
Fort Collins, Colo. West Mild constraint Expanding 
Grand Forks, N. Dak. West No constraint Moderate expansion 
Lawton, Okla, West No constraint Moderate expansion 
Lubbock, Tex. West No constraint Stable 
Provo City, Utah West Mild constraint Moderate expansion 
Wilmington, N.C. East Severe con- Stable 

straint 

i.l 
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if infill could proceed at the density of surround
ing neighborhoods, it would find greater support 
(11, pp. 88, 102-1031 12). 

Similarly, arguments regarding the energy conser
vation potential of multipurpose activity centers 
focus on the relative savings generated by reduction 
of trip length versus expense because of increased 
traffic volume on smaller arterials, Greene (.!) 
discusses studies referring to a 30 to 50 percent 
savings in energy because of polynucleated develop
ment. A larger consensus could be formed regarding 
the benefits in terms of energy conservation of 
neighborhood service centers that divert shopping 
and professional trips to locations closer to resi
dences and thereby reduce the frequency of longer 
trips to regional shopping cent.ers (!., pp. vi, 2-3 i 
13), Because such neighborhoo~ centers serve a geo
graphically defined population base, congestion is 
not increased substantially. 

For purposes of this paper the definition of a 
more energy-efficient urban environment will be 
built on planning concepts with broad bases of sup
port: residential infill accompanied by neighbor
hood service centers. Although these concepts focus 
primarily on energy conservation derived from reori
ented shopping and service trips, infill also pro
vides the opportunity for shortening those work 
trips, particularly those oriented toward the CBD. 
[The clustering of worksites in decentralized activ
ity centers, a concept parallel to that of neighbor
hood service centers, would prove to be less work
able in smaller cities with limited numbers of basic 
employers (14).] What follows is a descriptive 
analysis ofthe land use planning efforts of the 
study sample with special reference to the degree to 
which concerns for an energy-efficient environment 
visibly affected planning practice. 

The planning experience of each city is unique 
because of variation in socioeconomic, political, 
and geographic characteristics. These differences 
dictate the specific nature of responses to broad
based challenges such as those provided by energy 
shortages. Nevertheless, one would expect that 
well-publicized national concerns would invite some 
type of response, either through formal documented 
planning efforts or through more informal direc
tional planning (15). 

The cities in the study sample represent a range 
of planning responses as well as a wide variety of 
demographic and geographic characteristics. The 
1975 estimated population for most of the cities in 
the sample was about 55,000, although Lubbock and 
Amarillo had populations of 163,525 and 138,743, re
spectively, in 1975 (16,17). Population density 
also varied. The median was 2,400 per square mile 
although the range extended from a low of 1,242 for 
Danbury to a high of 3,880 for .Grand Forks. The 
population of most of the cities increased moder
ately during the period but that of Asheville de
creased by 3 percent in the period 1970 to 1975 
whereas that of Fort Collins increased 73 percent 
from 1960 to 1970 and 29 percent from 1970 to 1975. 
Al though Amarillo declined 8 percent in the period 
1960 to 1970, it recovered with a 9 percent increase 
from 1970 to 1975, 

The basic housing stock of most of these cities 
was predominantly single family, although Grand 
Forks had only 31 percent single-family units in 
1970. Amarillo, on the other hand, had 83 percent 
single-family dwellings. An indicator of potential 
for land use changes is the percentage of change in 
housing stock over a 10-year period. Variation in 
this figure was considerable: it ranged from a low 
of 6 percent in Asheville to a high of 114 percent 
in Danbury. Economic indicators included the vari
ation in median family income, which ranged from a 
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low of $6,986 in 1970 in Wilmington to a high of 
$11,439 in Elkhart. The percentage below the pov
erty level ranged from 5.5 percent in Elkhart to 
14.9 percent in Asheville and Lawton in 1970 (16,17). 

Statistics on vacant land were not available for 
all cities, but among those reporting, the amount of 
vacant land within city limits decreased substan
tially after 1973, (Figures on land use categories 
and other observations on land use were developed 
from the appropriate land use plans and maps sup
plied by city planning offices.) The 3,415 acres of 
vacant land in Grand Forks in the 1960s declined to 
1,462 in the latter part of the 1970s, whereas the 
25,199 acres in Asheville declined to 21,582 acres. 
For the same period the ,acres of land in streets and 
rail in Ashevi11·e increased only 2 percent, whereas 
the dev~loped land increased 8 percent. In Danbury 
the proportion of developed land increased from 38 
to 56 percent, whereas the proportion of roads and 
utilities increased only 2 percent, from 7 to 9 per
cent. Such figures suggest infill, either directed 
or natural. This observation is supported by a com
parison of the land use maps of the cities in the 
study sample. Among the cities supplying sets of 
land use maps, which included a map from around 
1970, a current map, and a future-projection map, 
all showed considerable infill. 

All the cities are well served by railroad and 
highways. Each of the cities is served by the main 
line of at least one major railroad and five cities 
are served by more than one. Interstate highways or 
limited-access toll roads are also available for all 
but two cities and those have four-lane major high
ways. With these excellent transportation facili
ties it is not surprising that the cities have es
tablished light and heavy industry. Industrial 
parks have been established in at least six cities. 

Each of the cities has a multipurpose CBD and 
most have written plans underscoring the need to 
strengthen the CBD. Nevertheless, all have regional 
shopping centers, and strip development is apparent 
in the maps supplied by all the cities in the sam
ple. Future land use maps of all but one of the 
eight cities supplying them indicate the continu
ation of linear development patterns. For seven of 
the cities neighborhood service centers existed well 
before 1973. More recent maps indicate continuation 
of this configuration in four of the cities and some 
semblance of this pattern in four additional cities. 

Nevertheless, despite these apparent similarities 
in land use maps, the planning orientation of these 
cities varies considerably. For example, only three 
of the cities have plans that formally link energy 
conservation and land use. For only four of the 
cities do the plans explicitly indicate an effort to 
direct growth on the periphery. The need to respond 
to population growth signaled a directed planning 
response in only three of the cities. Two of these 
were opposed to further growth, whereas one was en
couraging it. The other four cities currently ex
periencing considerable growth had developed no uni
fied planning response. 

For purposes of this study it is important to 
note that the formal plans of only four of the cit
ies (Asheville, Grand Forks, Lawton, and Amarillo) 
expressly linked land use and transportation plan
ning, whereas the plans of the three others (Fort 
Collins, Lubbock, and Provo City) implied such a 
relationship. The remaining three cities gave no 
indication of this linkage in their planning docu
ments. Among the four cities clearly linking trans
portation and land use planning only three (Ash
ville, Grand Forks, and Lawton) noted the additional 
link between transportation planning and energy con
servation. 
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PLANNING STRATEGIES ASSESSED 

A closer look at the strategies associated with 
transportation and land use planning is warranted. 
The available planning documents for each of the 10 
cities were thoroughly reviewed. (Questions used in 
the data collection may be obtained from the auth
ors.) Responses gleaned from the documents were 
recorded and verified through a series of follow-up 
telephone interviews with officials of the planning 
departments of each city. The resulting data were 
then tabulated and cross-tabulated in an effort to 
uncover possible associations between planning ob
jectives and planning strategies. Although the 
small sample of 10 inhibits any statistical analy
sis, the results provide indications that can form 
the basis for further inquiry. 

The procedure revealed elements of what would 
constitute a more energy-efficient environment in 
each of the 10 cities in the sample. However, few 
of the cities had unified planning strategies seek
ing to relate those elements in an environment that 
would reduce the need for lengthy tripmaking. 

As indicated previously, all the cities have ex
perienced infill within the last 10 years. However, 
in only five of the cities was contiguous develop
ment an expressed planning objective. Only three of 
those cities have sought to reinforce this objective 
by directing growth at the periphery. Although the 
plans of all but one of the cities in the sample 
decry the continuation of linear development, the 
specific steps needed to redirect that development 
are less well defined. Fort Collins, Danbury, and 
Amarillo indicate plans for more clustering of com
mercial development, whereas Grand Forks and Lubbock 
plan to encourage more general compacting of resi
dential and commercial development. Wilmington, a 
city with a stable population base, has begun plans 
to redirect commercial activity from strip develop
ment along highways to vacant land and buildings 
closer to the CBD. On the othec hanU, Lc1w~or-1 ttnd 
Asheville indicate no plans to vary the current pat
tern of linear development. Plans for Provo City 
include a new shopping center near the periphery. 
The benefits to be derived from infill and contig
uous development were primarily expressed in terms 
of potential savings in city services and utili
ties. Nevertheless, two-thirds of those communities 
that were attempting to plan for contiguous develop
ment were also developing planning strategies that 
would link transportation and land use planning. 
This association generated a chi-square value sig
nificant at the 0.02 level. The association with 
the planning strategies for energy conservation was 
far less apparent. The need for energy conservation 
was mentioned in the planning documents of only 
three of the cities emphasizing contiguous devel
opment. 

As indicated earlier, 7 of the 10 cities ln the 
sample provided early evidence of small retail es
tablishments located in largely residential neigh
borhoods. However, only three of the cities specif
ically presented neighborhood service centers as 
part of a planning strategy. Four additional cities 
had land use maps that implied plans for some form 
of neighborhood service centers. 

The appropriate service area for neighborhood 
centers varied from walking distance (0.25 mile) in 
Fort Collins to about 4 miles in Danbury. The aver
age was about l mile. As with infill, association 
between the concept of neighborhood service centers 
and transportation planning was considerable. 
Seventy-one percent of those cities that either 
explicitly or implicitly suggested adherence to the 
service-center concept also discussed the linkage 
between transportation and land use planning. 

Transportation Research Record 940 

Within the majority of cities linking service cen
ters and transportation planning, neighborhood ser
vice centers were perceived as serving a radius of 1 
mile or less. 

Among cne c11:1es in the sample, transportatio n 
was equated primarily with automobile trips. Sev
eral cities had no mass transit systems, and of 
those with bus lines, few found them well used. For 
most of these smaller cities the population density 
and configuration made mass transit an unrealistic 
alternative. Bicycles appeared to provide a more 
workable alternative to the automobile and their use 
might well reinforce the need for neighborhood ser
vice centers. ln ~·ort t.:ollins, for example, the 
need to accommodate bicycles for shopping and work
related trips was explicitly presented. 

An aggregate review of the characteristics of 
those cities pursuing either service-center develop
ment or infill indicated no clear pattern. There 
was little association between service-center devel
opment and an indicator of new development (the num
ber of new houses built in 1975) and no association 
between directed growth on the periphery and devel
opment of service centers. Service centers were 
apparently inserted into existing neighborhoods. As 
such they would have potential for redirecting trips. 

Efforts to relate the tendency toward infill or 
service-center development or both with socioeco
nomic character is tics or geographic character is tics 
of the cities in the sample indicated no significant 
correlations. For example, there was no significant 
association between population growth rates within 
the cities and planning strategies involving infill. 

Economic indicators such as percentage below the 
poverty level or median family income similarly 
proved to be unrelated to a propensity to pursue 
directed growth. The degree of limitation to ex
pansion imposed by the terrain, although providing 
an impetus for infill or directed growth in some 
cities, was not necessarily a determining factor. 
For e xwmple, 5C percent of these citic~ with ~evere 
geographic limitations were pursuing infill, whereas 
60 percent of those with mild limitations and 100 
percent of those with no limitations were encourag
ing infill. Where growth is not naturally diverted 
by the terrain, more formal planning strategies may 
well be deemed necessary. 

STRATEGIES AS RELATED TO PLANNING PRACTICE 

A closer look at the cities in the sample is needed 
to further understand the inclination to employ ele
ments of a planning strategy in moving toward a more 
energy-efficient environment. The cities in the 
sample fell into three groups with respect to their 
efforts to redirect land use and thereby travel pat
terns. One group Wi'l!l ;11,sertively promoting such 
changes; a second .group was responding when the need 
for such changes became obvious locally; and the 
third group was pursuing a laissez-faire, nondirec
tive planning approach. The specific characteris
tics of the cities varied considerably. However, it 
is possible to develop a rough typology indicating 
the forms of land use planning practice most likely 
to redirect travel patterns and thereby increase 
energy efficiency. 

Cities Assertively Changing 

The most assertive group of cities in the sample 
included the growing cities of Fort Collins and 
Grand Forks and the relatively stable city of Wil
mington. Lubbock was the most assertive with regard 
to one element of the energy-efficient environment 
although less effective with regard to the other. 
It was nevertheless included with the assertive 
group. 

-
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Fort Collins has formally recognized the associ
ation between land use, transportation, and energy 
use. The city plan states (18, p. 32): "When 
higher density development is ;;;-mbined with energy 
efficient locational criteria, the result is the 
reduction in the length of roads and utility systems 
which decreases costs of development, drain on city 
resources and usage of fuel." Both infill and ser
vice centers are encouraged (19, pp. 20,21). Ac
cording to a telephone intervi;;- with the Fort Col
lins Planning Department in May 1982, two small 
service centers with grocery stores were complete 
and a. third was under construction. The development 
of such centers is specifically associated with ef
forts to improve traffic circulation. A land guid
ance system fosters contiguous development through 
cooperation with private developers. The system 
passes the costs of increasing sewage and water 
lines along to the developer, an approach that has 
acted as an effective deterrent to linear or strip 
development (11., pp. 1, 5-8). Within the last 5 
years an increasing amount of residential develop
ment has been in multifamily units, a trend respond
ing to public demand. 

A contrasting but nevertheless directive approach 
has been attempted in Wilmington. Although Fort 
Collins continues to absorb increased population, 
Wilmington is an older, more stable settlement. 
Nevertheless, it shares with Fort Collins the dis
satisfaction with strip development and efforts to 
encourage infill. vacant lands were identified in a 
survey that is now to be extended to identifying 
vacant floors of buildings. Rather than advocating 
the development of new service centers, Wilmington 
is attempting to create multiuse centers in existing 
commercial areas. Higher-density development near 
those centers will be encouraged so as to make them 
available to larger numbers of people. Energy con
servation is clearly indicated as a primary concern 
in developing this strategy. Implementation will be 
encouraged by limiting extension of utilities out
side the existing service area. According to a 
telephone interview with the Wilmington Planning 
Department in May 1982, this informal approach was 
selected because it would have been difficult polit
ically to change the well-established zoning pattern. 

A more comprehensive form of coordinating land 
use and transportation planning is evident in Grand 
Forks. Grand Forks went through a period of rapid 
growth from 1975 to 1979 and is now attempting to 
direct that growth into a more energy-efficient en
vironment. Energy conservation is indicated as a 
community goal (20, p. 131); the policies to be used 
to achieve this goal include allocating land uses to 
reduce trip lengths and to increase the usefulness 
of mass transit. Plans call for development of ac
tivity centers linking both employers and shopping 
centers. The location of a shopping mall south of 
the city in 1979 is now perceived as a mistake in 
the sense that it violated the general directive 
toward contiguous development, but a telephone in
terview with the Grand Forks Planning Department in 
May 1982 indicated that infill is now being encour
aged in the vacant land between the mall and the 
rest of the city. The primary planning tool encour
aging both infill and neighborhood service centers 
is the planned urban development (PUD) , which in 
Grand Forks includes grocery stores as well as mixed 
residential uses. PUDs are also specifically indi
cated to support making mass transit more useful by 
increasing population densities (20, pp. 95, 102). 
Strip development is being attacked by restricting 
direct access from major highways. 

Lubbock has employed modern technology to redi
rect land use planning. A coordinate-based computer 
program is used to identify current land use and 
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simulate alternative future uses. The results of 
the simulation form the basis for zoning and effec
tive comprehensive planning. The concept of the 
neighborhood service center has been actively pur
sued as an alternative to strip development, and 
commercial enterprises are now clustered in nodes 1 
mile 2 apart. 

Infill, on the other hand, has enjoyed little 
political support. As the land use plan indicates 
(21, p. 54): "Before infill will take place public 
opinion, leading attitudes, and market preferences 
will have to be changed." A liberal annexation 
policy has generated a considerable amount of vacant 
land within the city and the city lacks effective 
tools to encourage infill without private initi
ation. The resulting scattered development has re
inforced the dominance of the automobile, although 
the transportation plan indicates that the develop
ment of alternative modes is essential. Without re
directed residential land use the transit improve
ment program has been reduced to rather ineffective 
efforts to lure riders out of their cars. A denser 
population base would have made mass transit a more 
usable travel alternative (22, p. 83). 

Cities Responding to Ou t side Stimuli 

The second group of cities--those responding to out
side stimuli in relating land use and transportation 
planning--includes Amarillo, Provo City, and Elk
hart. All three have experienced a leveling off of 
their population growth rates and consequently no 
longer have obvious pressure for directed growth. 
Only Provo City is constrained by its terrain and is 
consequently trying to encourage higher-density de
velopment. 

None of these cities is currently advocating 
neighborhood service centers. A telephone interview 
with the Provo City Planning Department in May 1982 
revealed that Provo City had instituted some service 
centers but that they had not been successful finan
cially because of lack of cooperation from develop
ers; no new centers are planned. According to a 
similar interview in Elkhart, "Ma and Pa" groceries 
are reemerging. Energy conservation is not a stated 
goal in any of these cities. Contiguous develop
ment, on the other hand, is proceeding in all three 
cities. Elkhart, with little undeveloped land, is 
using utilities to direct growth and is encouraging 
cluster development through PUDs. Flexible develop
ment standards are encouraging infill in Amarillo. 
Provo City is attempting to widen its strip develop
ment into more intensive commercial development 
through PUDs. 

In advocating these changes the cities note the 
association between transportation and land use. 
The plan for Amarillo notes, for example, that there 
are no functioning elements of a city that are more 
interdependent than the transportation system and 
land use (23, Sec. 4, pp. 3-18). Transportation 
benefits tobe derived from orderly contiguous de
velopment are, however, presented in terms of re
duced traffic congestion, and the accompanying bene
fits in energy conservation are not indicated. 
Linkage between these strategies and an increasingly 
useful mass transit system is also overlooked. 

Cities Using Laissez-Faire Approach 

The third group u( clties--those adopting a primary 
laissez-faire approach to land use transportation 
planning--includes the rapidly changing cities of 
Danbury and Lawton and the relatively stable city of 
Asheville. All three of these cities have consider
able commercial strip development, and both commer
cial and residential development is continuing to 
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expand outward rather than moving toward infill. 
Some neighborhood shoping opportunities exist, but 
none of the cities has a defined policy t .o encourage 
their de•.~elopment. Linear grnwt-h dominateB ~ tn 
Ashville linear development is encouraged in part by 
the steep terrain, but in all three cities the lack 
of effective planning tools has inhibited efforts to 
redirect growth. Sprawl is encouraged in Asheville 
by a state law prohibiting this city from charging 
higher utility rates to customers outside the city 
limits (241 telephone interview, May 1982). In 
Lawton sprawl continues because of consistently low 
property tax rates (telephone interview, May 1982), 
and in Danbury it is encouraged by the lack of any 
specific plan either for redirecting growth or for 
encouraging contiguous development (telephone inter
view, May 1982). For all three cities traffic con
gestion is presented to be a problem, but none of 
them has attempted to reduce that through revised 
land use planning. Political opposition has dis
couraged instituting new concepts such as cluster 
development or PUDs. For none of these three cities 
is energy conservation a stated or implied goal, es
pecially not for Lawton where local supplies of oil 
are abundant and energy use is, in fact, encouraged. 

CONCLUSION 

In general the experience of these 10 cities indi
cates a rather limited response to the challenge 
provided by energy shortages. Only two cities have 
developed comprehensive planning approaches incorpo
rating land use strategies to redirect transporta
tion patterns. Nevertheless, some of .the cities 
have begun to take steps that will potentially 
change travel patterns. 

Although the origin-destination data necessary to 
support claims in changes in travel patterns were 
not avallable from the cities in the sample, it was 
possible to use available land use maps as a rough 
surrogate tu nute chai-1g~s in distance between resi
dential areas and shopping facilities. The approxi
mate distance between the center of each major resi
dential area and the closest commercial center was 
ca1·culated on pre-1970 maps, current maps, and maps 
of projected future land use. This process natu
rally cannot document whether individual residents 
indeed travel to the closest commercial region, but 
it does indicate the potential for such trip-length 
reduction. The process revealed considerable vari
ation among the six cities supplying the necessary 
land use maps. 

As expected, Grand Forks registered a consider
able decrease in distance to shopping facilities. 
Elkhart and Amarillo, cities in the second group 
described earlier, also provided evidence of reduced 
potential shopping-trip distance (30 and 10 percent, 
respectively). The maps for both Lawton and Dan
bury, cities in the third group, indicated potential 
increases in future shopping-trip distances ( 20 and 
8 perc~nt, respectively). The case of Lubbock, the 
city actively pursuing service centers but not en
couraging infill, reinforces the need for an inte
grated approach to redirection of land use. Maps 
for Lubbock indicate a 4 percent potential increase 
in shopping-trip distance by 1990 given current 
trends. Unfortunately, information regarding work
trip distance could not be derived from the land use 
maps. 

Those cities that have begun to redirect land use 
development demonstrate the variety of planning 
tools used in this attempt and by extension in redi~ 
rection of transportation patterns. The comprehen
sive land guidance system employed in Fort Collins 
supports the enthusiastic endorsement given that ap
proach by planning scholars (25, pp. 193-309). It 
provides a framework by which to steer land use pol-
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icy through a generalized set of regulations devel
oped and supported by private developers as well as 
by the general public. The flexibility associated 
with this system permits changes in short-term plan
ning needed to address long-term objectives. Flex
ibility in land use planning is also equated with 
the PUD. The PUD and the mixed residential cluster 
development employed in Elkhart similarly provide 
flexibility in land use planning (26, p. 78). Mixed 
residential cluster development as in Elkhart and 
Grand Forks is credited with saving energy through 
reduced trip distance and increased density and with 
enhancinCJ the usefulness of mass transit <ll, pp. 
55-58). None of the cities in the sample has ex
perimented with such concepts as transfer of devel
opment rights, which have been used in larger cities 
to redirect development (28). 

Although the flexibility of some current planning 
techniques facilitates the redirection of land use, 
midsized cities have also been fairly successful in 
using more traditional approaches such as variable 
utility rates and limited sewage line expansion. 
Even zoning changes can be effective (29, pp. 70-721 
30, pp. 228-237). Cities with planning objectives 
indicating a need to redirect development patterns 
have generally been able to effect at least some 
changes in land use with whatever approaches were 
supported politically (31, pp. 88-99). Outside reg
ulations or public lackof concern inhibited others 
from pursuing similar strategies. 

In summary, the potential for redirecting devel
opment and changing the configuration of midsized 
cities from expansion and sprawl to more compact 
contiguous development has been recognized. How
ever, the key elements forging the links between 
land use, transportation, and energy are not city 
size, terrain, location, or the use of specialized 
planning techniques but rather public determination, 
a positive political climate, and clearly defined 
planning cbjecti"!eS.. Who+-hoY' .. .._A ronriont-.:.t-inn n'f 

land use can significantly affect transportation 
patterns and thereby conserve energy remains to be 
seen. Ten years after the Arab oil crisis, efforts 
to encourage energy conservation through integrating 
transportation and land use planning are still in 
their infancy. 
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Transportation Evaluation in Community Design: 

An Extension with Equilibrium Route Assignment 

RICHARD PEISER 

An Integrated model of transportation and land use is developed for the pur
pose of evaluating alternative community master plans. Equ lllbrium route 
assignment is combined with the conventional four-stage transportation 
model to calculate the overall economic bonofi ts of alternative urban plan
ning decisions. Problems of measuring bancflt s associated wilh elnstic trip 
demand and domond shlfu are also examined. The modal Is uso d to evaluate 
planning alternatives for a 7.500-acre suburban community. It is especially 
adapted to the problem of evaluating a subcommunity within the context of 
a larger metropolitan area. Equilibrium route assignment provides an effi
cient low-cost method of determining route flows and the cost implications 
of various road networks and land use decisions. 

Land use planning and transportation planning should 
go hand in hand. However, with few exceptions 
transportation analysis is performed only after land 
uses and aensities have been set. The analyses are 
often pet (urmed in order to determine which road 
should be improved or whether a new road should be 
added, but they are rarely performed before the land 
use decisions are made that overburden existing 
transportation facilities. 

The purpose of this paper is to demonstrate the 

application of transportation modeling to land use 
decision making with particular reference to master 
plans in communities of about 2,000 to 20,000 
acres. Although other factors such as environment, 
soils, drainage , and publlc service are also an in
tegral part of land use decision making, the current 
model focuses on the interrelationship between land 
use and transportation. An integrated model of 
transportation and land use is developed for the 
purpose of choosing among a series of land develop
ment and road network alternative s in a suburban 
community. 

One of the major problems in transportation 
modeling is route assignment--the determination of 
which routes, among s everal alternatives , trip 
takers will choose to reach their dest inations. 
Route assignment is particularly important in land 
use planning because it can be used to determine 
which transportation fac ilities will be burdened by 
a given land use cha nge and when roads a nd other 
facilities will become congested. 

Equilibrium route assignment as developed by 




