
Traffic F1ow Volumes Based on Spectral Analysis. 
Transportation Research, Vol. 8, 1974, pp. 533-538. 

3. T. Lam and R. W. Rothery. The Spectral Analysis 
of Speed Fluctuations on a Freeway. Transportation 
Science, Vol. 4, No. 3, Aug. 1970, pp. 293-309. 

4. J. N. Darroch and R. W. Rothery. Car Following 
and Spectral Analysis. P1·oc., 5th Inte1·natlonal 
Symposium on the Theory of Traffic F1ow and 
Transportation (G. F . Newell, ed.), Elsevier, New 
York, 1971, pp. 47-56. 

5. B. D. Hillegas, D. G. Houghton, and P. J. Athol. 
Investigation of F1ow-Density Discontinuity and 
Dual-Mode Traffic Behavior. TRB, Transporta­
tion Research Record 495, 1974, pp. 53-63. 

6. L. Breiman and R. Lawrence. Time Scales, 
Fluctuations and Constant Flow Periods in Uni­
Directional Traffic. Transportation Research, Vol. 
7, 1973, pp. 77-105. 

7. G. E, P. Box and G. M. Jenkins. Time Series 
Analysis: Forecasting and Control. Rev. ed. 
Holden-Day, San Francisco, 1976. 

8. N. W. Polhemus. Time Series Analysis of Local 
Fluctuations in Traffic Parameters. Transporta­
tion Research, Vol. 10, 1976, pp. 311-317. 

9. T. Y. Der. Some Investigations of Forecasting 
Freeway Occupancies. Illinois Institute of Tech­
nology, Chicago, M.Sc. thesis, 1977. 

10. M. Eldor. Demand Predictors for Computerized 
Freeway Control Systems. Proc., 7th International 
Symposium on Transportation and Traffic Theory 
(T. Sasaki and T. Yamaoka, eds.), Institute of Sys­
tems Science Research, Kyoto, 1977, pp. 341-370. 

11. H. J. Payne and E. D. Heifenbein. Freeway Sur­
veillance Data. Federal Highway Administration, 
Rept. FHWA-RD-76-74, April 1976. 

9 

12. A. R. Cook and D. E. Cleveland. The Detection of 
Freeway Capacity-Reducing Incidents by Traffic 
Stream Measurements. TRB, Transportation Re­
search Record 495, 1974, pp. 1-11. 

13. G. E. P. Box and D. A. Pierce. Distribution of 
Residual Autocorrelation in Autoregressive Inte­
grated Moving Average Time Series Models. 
Journal of the American Statistical Association, 
Vol. 65, 1970, pp. 1509-1526. 

14. R. C. Nelson. Applied Time Series Analysis for 
Managerial Forecasting. Holden-Day, San Fran­
cisco, 1973. 

15. R. G. Brown. Smoothing and Prediction of Dis­
crete Time Series. Prentice-Hall, Englewood 
Cliffs, NJ, 1963. 

16. W. M. Chow. Adaptive Control of the Exponential 
Smoothing Constant. Journal of Industrial Engi­
neering, Vol. 16, No. 5, Sept.-Oct. 1965, pp. 
314-317. 

17. S. D. Roberts and R. Reed. The Development of 
a Self-Adaptive Forecasting Technique. Trans., 
American Institute of Industrial Engineers, Vol. 1, 
No. 4, Dec. 1969, pp . 314-322. 

18. D. W. Trigg and A. G. Leach. Exponential 
Smoothing with an Adaptive Response Rate. Op­
erations Research Quarterly, Vol. 18, No. 1, 
March 1967, pp. 53-59. 

19. D. E. Smith. Adaptive Response for Exponential 
Smoothing: Compa1·ative System Analysis. Ope1·a­
tions Research Quarterly, Vol. 25, No. 3, 1974, 
pp. 421-435. 

Publication of this paper sponsored by Committee on Freeway Opera· 
tions. 

Automobile Diversion: A Strategy for 
Reducing Traffic in Sensitive Areas 
Ronald H. Borowski, Denver Planning Office, City and County of Denver 

In recent years awareness of the negative impacts of motor-vehicle travel 
has increased. One approach to those impacts is automobile diversion, a 
strategy for reducing vehicle use in congested areas. This paper reports 
on a recent study directed toward developing and evaluating the poten-
tial for automobile diversion in Denver. General traffic problems are 
identified and a potential yardstick for locating affected areas-the en· 
vironmental capacity of city streets approach-is discussed. Benefits and 
problems of notable U.S. background experience in automobile diversion are 
summarized. A detailed breakdown is given of the various transportation 
system management-strategy· formation elements applicable to automo­
bile diversion, and several implementation techniques are described. Ad­
vantages and disadvantages are also presented to demonstrate the use of 
automobile diversion as a community-improvement tool. Finally, the 
study determines that the potential for automobi le diversion in Denver 
relies on the degree of citizen interBSt, the identification and resolution 
of issues and problems, and sound decision making in the political forum. 

In the fall of 1975, the Urban Mass Transportation Ad­
ministration (UMTA) and the Federal Highway Adminis­
tration (FHWA) jointly issued urban transportation 
planning regulations directing appropriate local agencies 

to develop transportation system management (TSM) 
plans for their respective urban areas (1). TSM plans 
are intended to document local strategies for improving 
air quality, conserving energy, and improving h'ans­
portation efficiency and mobility tlu·ough management of 
existing transportation systems. TSM strategies deal 
with low-capital, short-range, or policy-oriented urban 
transportation improvements. 

Although many TSM strategies have been implemented 
in the Denver transportation system, only recently has 
emphasis been placed on directly identifying and pursuing 
those strategies in an organized and coordinated man­
ner. For instance, Denver now has computerized traffic 
control and operations, transit operations, carpooling, 
and va1·ious prete1·ence and restraint programs. These 
management concepts and control strategies, and their 
respective action elements, were developed and imple­
mented only when the need became obvious. 

Because of federal emphasis on TSM and the tech­
niques already in use in Denver, the Denver Planning 



10 

Office (DPO) has developed and evaluated the potential 
of selected TSM strategies to complement midterm 
and long-term transportation development activities 
such as downtown pedestrian and bicycle facilities and 
automobile-diversion practices. 

PURPOSE 

The automobile-diversion strategy has been identified 
as one possible means of reducing vehicle use in con­
gested areas @ or in areas particularly sensitive to 
traffic impacts on land use and social conditions. This 
strategy limits the movement of traffic in sensitive 
land-use areas by diverting traffic around rather than 
through them. The purpose of this report is to evaluate 
the potential for automobile diversion as a TSM strategy 
in Denver. 

APPROACH AND STUDY 
ORGANIZATION 

First land-use and traffic-related changes in Denver 
and die i·egion are summa1·ized and the general prob­
lems and impacts of t-raffic in sensitive areas are 
identified. The environmental-capacity philosophy of 
city streets is examined for appropriateness of ap­
plication in penver. Automobile-diversion objectives 
are formulated to provide a basis £01· furtl1er application 
and evaluation of the strategy. 

A brief summary of U.S. experience with auto­
mobile diversion is presented and stntegy elements, 
including a general description of implementation tech­
niques, are discussed. The potential for automobile 
diversion in Denver is then evaluated by identifying its 
effectiveness and related advantages and disadvantages 
as a TSM strategy. Finally, conclusi011s and recom­
mendations are presented. 

PROBLEMS AND ISSUES 

Growth 

Since World Wa.r TT, population growth in the Denver 
region, coupled with increased mobility provided by the 
automobile and an extensive road network, has resulted 
in an urban pattern characterized by relatively low­
density development extending outward in all directions 
from the city center. By 1975, the region had a popula­
tion of 1 500 000 and an employment base of 650 000. 
Du1·ing the past 35 years population and employment 
have more than tripled , and the amount of urbanized 
land has increased more than sixfold. These figures 
indicate predominantly low-density periphei-al sprawl. 

Denver's rate of growth, however, has been much 
slower than that of the rest of the region. From 1940 
to 1975, Denver's population less than doubled and its 
employment less than tripled. Thus, despite its 
absolute growth, Denver 's share of the region's total 
population and employment has been decreasing since 
1960, which suggests that the city's role in the region 
is changing from that of a well-balanced residential 
community to that of a maturing service core for the 
entire region @. 

The number of motor vehicles in Denver has also in­
creased. From 1965 to 1975 the total increase in motor 
vehicles registered in Denver was 94 866, while the 
population incrnased by only 23 900. This fourfold in­
crease in vehicles over population may be accounted for 
by greater economic affluence, increased numbers of 
driving-age individuals, and the transition of the city 
from a predominantly residential area to a core service 
area. 

The g.rowth of population, employment, and motor 
vehicles has resulted in increased travel activity in the 
region and therefo1·e more demand on the highways and 
transit. For eJ<ample, in the same 10 years from 1965 
to 1975, average motor-vehicle traffic into and out of 
Denver every 24 hours increased more than 80 percent, 
from 586 320 to 1 062 540 each day, while Denver's 
population increased by only 5 percent. Because Denver 
is the crossroads of the state's two Interstate highways, 
I-25 and I-70, a substantial amount of the increase can 
be attributed to the ballooning volume of statewide com­
mercial and recreational travel. Interstate traffic into 
and out of Denver has increased by about 220 percent. 

Ever-increasing vehicle traffic in urban Denver has 
heavily loaded most major streets and highways, prob­
ably because they usually provide the quickest, most 
direct routes. But many existing streets are congested 
because of limited capacities, restricted expansion 
space in older areas, and Limited improvement funds. 
Transit and carpooling can accommodate a small 
proportion of all met1·opolitan person trips, but many 
drivers avoid the congested streets and highways by 
seeking alternate routes, for example by using resi­
dential streets as shortcuts. Heavy through traffic 
and occasional speeding vehicles on otherwise quiet 
streets have thus become increasingly annoying and 
disruptive to many good residential neighborhood en­
vironments. 

In addition to the obvious transportation service 
provided by motor vehicles, there are direct and in­
direct problems and impacts associated with heavy 
through traffic. The universally recognized, dh·ect, 
negative impacts of traffic are 

1. Potential sb:eet-cx·ossing hazards for pedes-
trians, especially children and the elderly; 

2. Air, noise, and dil't pollution; 
3. Vibration; and 
4. Inconvenience in parking operations and in 

driveway entry and exit movements. 

These direct problems and lmpacts within a neighbor­
hood generate real or perc1:1ived indirect problems such 
as social or neighborhood barriers, declining property 
values relative to areas with light traffic, declining 
pride in the neighborhood, decreased home and yard 
maintenance, increased renter occupancy and i·esident 
transiency, and additional resident flight to the suburbs. 

Environmental Capacity of City 
streets 

It is usually not an individual motor vehicle that offends 
residential sensitivity, but rather the cumulative effect 
of a quantity of vehicles. Thus, conside1·ation must be 
given to the number of vehicles that may affect adjacent 
land uses . Some efforts have been made to determine 
environmental capacities of streets by analysis of field 
surveys and questionnail'es, but i·esults have varied. 

A sbldy conducted in Louisville, Kentucky, deter­
mined that the maximum daily numbe1· of vehicles that 
should be permitted along street types with various 
land uses i·;mges from 14 000 on four-lane (some two­
lane), single-family residential streets to 15 000 on 
four-lane single- and multi-family i·esidential sb:eets 
to 35 700 on four-lane, commercial, recreational, and 
industrial sh·eets. A recent study in Lonclon, England, 
set street capacity limits at about 12 000 vehicles for 
24 h (!). 

In contrast, a report on San Luis Obispo, California, 
found average daily residential area traffic volumes as 
high as 4000/day acceptable, while a comprehensive 



study in San Fi-ancisco i·ecommended that traffic volumes 
should not exceed 2000 vehicles/day on streets whe1·e 
the adjacent land uses include families with children ®· 
This wide range of acceptability values is indicative of 
the individuality of various communities and the relative 
priorities they assign to land use or transportation when 
these considerations conflict. 

If the environmental capacity of streets is to be con­
sidered as a facto1· in determining traffic management 
in sensitive Denver residential areas, impact studies 
and attitude SUl'Veys of local tolerance levels of traffic 
volumes will be necessary. 

STRATEGY OBJECTIVES 

Objectives central to defining TSM strategies and to de­
veloping effective methodologies may conflict with each 
other. The ultimate decision might then be based on 
satisfying disparate points of view among users, 
operators, and the general public. 

Planning and developing an automobile-diversion 
strategy needs four general categories of factors: 
transportation factors, social factors, economic factors, 
and functional and physical factors (Q). Within each are 
specific objectives: 

1. Transportation factors: 
a. Reduce street congestion, 
b. Maintain accessibility, 
c. Improve transit services, 
d. Maintain service to goods movement, 
e. Maintain emergency service, 
f. Encourage shift to nonautomobile travel modes, 
g. Reduce accidents, 
h. Reduce energy consumption, 
i. Reduce parking requirements, 
j. Prevent excessive through traffic in neighbor­

hoods, and 
k. Achieve the functional designation of the trans­

portation system; 
2. Social factors: 

a. Increase opportunities for community interac-
tion, 

b. Improve perception of personal security, 
c. Increase use of public areas, 
d. Create perceptible improvements in the en­

vironment, and 
e. stimulate community cohesion; 

3. Economic factors: 
a. Encourage private investment, 
b. stimulate market potential, 
c. Enhance tax base, 
d. Reduce street construction and maintenance 

costs, 
e. Minimize adverse economic impacts caused 

by urban traffic, and 
f. Maximize effectiveness of public transit invest­

ments; and 
4. Functional and physical factors: 

a. Improve air, noise, and aesthetic qualities, 
b. Enhance pedestrian space, 
c. Improve the physical environment to strengthen 

and support the desired types and patterns of 
local land use, 

d. Provide separation of motor-vehicle and non­
motor-vehicle traffic movement, 

e. Restore human scale, and 
f. Complement urban land-use goals and objec­

tives. 

Beyond these general objectives, which are applicable 
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to most automobile-diversion strategies, other objec­
tives related to specific proposals must be identified by 
planning or implementing agencies. In addition, the 
degree to which automobile-diversion projects can fulfill 
these objectives is subject to facto1·s such as cost, space, 
and demand. 

EXPERIENCE IN THE UNITED 
STATES 

To date, relatively few cities or towns have implemented 
automobile diversion to any great extent. The teclmiques 
most used have been cul-de-sacs, diagonal intersection 
barriers, and narrowings that prohibit or discourage 
through traffic. The majority of the cities involved in 
significant automobile-dive1·sion programs are on the 
West Coast-Seattle, Portland, San Francisco, and 
Berkeley (7, fil , In the Midwest, a program has been 
developed Tor the community of Oak Park, a suburb of 
Chicago (~). Although the experience survey is not ex­
haustive notable applications are highlighted. 

In most instances, automobile-diversion tecluliques 
were applied in response to citizen concern about traffic 
in residential areas. Public works and. plruming agencies 
then developed diversion strategies and implementation 
programs to address the problems identified. In some 
of the cities, though, planners recognized the conflict 
between neighborhoods and traffic, held public meetings 
to discuss problems and possible solutions, and sought 
citizen support for implementation. Some of the projects 
began by p1·oviding landscaping and increased resident 
parking and later evolved into constructing traffic con­
trols to prohibit tlu·ough traffic. 

Many cities installed traffic-diversion devices in 
older areas, in which the typical street pattern is a 
grid. As long as traffic volumes were low on residential 
sti·eets, community concern was small or even non­
existent. But, as ai-eas around the older locations de­
veloped and generated more tra.ffic, the philosophy of 
cll3.llging street use from traffic to people gathered 
support. Thus the approach in areas that had grid­
system streets was to change traffic-movement patterns 
to reflect the maimer in which modern subdivisions were 
developed with cu1'Vilinear and nonthrough sti·eets (5). 

Some automobile-diversion projects have been pro­
vided at spot locations such as in Oak Park (9). The 
typical approach, however, has been to install traffic 
resh·ictions on a citywide or neighborhood basis as part 
of an overall improvement program. For example, San 
Francisco and Seattle have constructed diversion 
projects in those neighborhoods where community sup­
port was greatest and, in some instances, where cunent 
urban renewal 01· residential improvement programs 
were under way. 

Experience in San Francisco was focused on neigh­
borhood and district installations. Initial emphasis was 
on townscaping (landscaping and urban design treat­
ments) that sl:uu·ed equal importance with traffic manage­
ment. Further interest was demonstrated in discourag­
ing heavy, fast, and through traffic, so more stringent 
controls at intersection necks, stars, and one-way 
entrances to two-way streets were installed ®. Sub­
sequently, citizen outcry brought a ballot that resulted 
in traffic-diversion installation removal (.!,Q), although 
the townscaping efforts have in large part remained. 

Experience with traffic diversion in Seattle neighbor­
hoods has sho\Vll that, while the targeted streets ex­
perienced a reduction in accidents, no disce1·nible 
changes in traffic volume or accidents have been seen 
on adjacent arterial streets. Emergency vehicies also 
did not encounter major inconveniences. Neighbor­
hoods have developed stronger identities, and the en-
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vironment bas been enllallced in tl1e areas of safety 
(pximarily for children) and a geneml feeling of i·ela­
tive serenity (!_!). 

The city of Berkeley, a university suburb of San 
Francisco, has a population of 110 000 and has moved 
toward an overall residential traffic-restraint program 
afte1· an intensive citizen-participation process. There, 
h'affic-1·estraint devices have been placed throughout 
the city. To guide their p1·ograms, Berkeley citizens 
set a rollback goal of 25 pe1·cent in total vehicle travel 
and put great emphasis on transit (!3). It is a compre­
hensive strategy, but the ove1•all consequences a1·e 
not clearly la1own to most in the community. Some of 
the initial findings of Berkeley's program were the 
following @: 

1. Changes in traffic volumes have occurred gen­
erally as expected; 

2. Traffic increases on arterial and collector 
streets have not caused se1•ious increases in congestion; 

3. Overall travel times along the city's designated 
circulation system have not changed significantly from 
pre-program conditions; 

4. Traffic accidents and fatalities decreased over 
the period the traffic management project was in effect, 
although injury accidents were up slightly· and 

5. There was considerable driver disobedience of 
all traffic-management device types. 

Citizen reaction in Berkeley has been substantial. 
Groups were formed to protest the barricade installa­
tions. Twice the issue of removing or reducing the 
number of diverters went to the voters and was twice 
rejected. Concurrently, the protesters took action in 
Alameda County Superior Court that i·esulted in a ruling 
that the diverters must be removed. The Berkeley 
traffic-management installations are still in place pend­
ing an appeal (10). 

Overall, ciffien reaction has ranged from i·esident 
delight over having street traffic decreased to auto­
mobile drivers' anger about their street-use privileges 
being denied. Residents along streets experiencing in­
creased traffic have also complained that tntffi.c p1·ob­
lems have not been resolved but only shifted to other 
locations. At the initiation of t raffic-diversion pro­
grams, there has usually been an immediate public 
outcry that tapers off afte1· six months of operation. 

These experiences suggest that diversion projects 
should be installed on a low-cost, temporary ·basis to 
gauge community acceptance and interest. After a trial 
period and modifications, physical devices can then be 
permanently installed in an attractive maru1er (~. 

These experiences also suggest that a comprehensive 
approach should be taken to planning and implementing 
automobile-dive1·sion programs in specific areas. This 
means considering traffic improvements for those 
streets to which traffic is to be diverted, as well as 
developing programs to encourage increased use of 
transit, carpooling, and nonvehicle modes as part of 
overall area-improvement programs. 

Automobile-diversion experience in Denver has been 
minimal. Seveml recent Denver neigl1borhoocl plan 
have recommended traffic diverters, but the background 
analyses were not substantial and citizen interest in 
implementation was weak. Those proposals have not 
been carried out. 

The Ellis community organi1.ation in the Virginia 
Village area considered the closing of some streets to 
through traffic to reduce commercial traffic from 
Writer's Manor to the west (14,~. The neighborhood 
was polled by the organization, but in gene1·a1 the 

residents seemed unwilling to support the effort. The 
end result was no change. 

STRATEGY-FORMATION 
ELEMENTS 

A traffic-diversion strategy is composed of various ele­
ments, from which application features can be identified 
and guidelines on how to address those features can be 
formed. These elements @ are 

1. Target population, 
2. Travel-behavior effects, 
3. Scale of application and zone of influence, 
4. Strategy interrelationships, 
5. Control degree and mechanism, 
6. Institutional and legal factors, 
7. Area selection, and 
8. Public acceptance. 

Target Population 

The primary targets of diversion are automobile drivers. 
Secondary targets are truck drivers who travel on sensi­
tive streets to bypass congested streets or to reduce 
travel time. 

Travel-Behavior Effects 

Fundamental traffic-management concepts specify in­
tended effects on targets and the periods of time during 
which impacts can be expected to be felt after strategy 
p1·ograms have been started. The basic ti·affic and 
travel-behavior effects of automobile diversion pro­
grams are 

1. Changes in traffic-flow operations, 
2. Changes in choice of sb:eets 
3. Changes in tilne of day of trips taken, 
4. Changes in modes, 
5. Changes in amount of traffic on the various routes, 

and 
6. Changes in number of trips. 

The primary travel-behavior impact of automobile 
diversion is generally on the choice of streets, because 
the actions imposed make target streets unattractive 
and alternate paths attractive. Secondary effects 
normally occur on travel flow, because trips may be 
made longer and on fewer routes. Concenti·ation of 
travel demand requires increased use of alternate high­
ways and major streets, wl1ich may cause congestion 
and slower travel times. These effects would be ex­
pected to last a short time and to dissipate as driver 
habits change. 

Other travel behavior may be affected only marginally, 
unless the alternate traffic paths fail to meet demand. 
On the other hand, traffic redistribution by mode or time 
of day as part of a comprehensive approach to traffic 
management may result in secondai·y impacts on mode 
choice or even on the times at which people choose to 
traveL 

Scale of Application and Zone of 
Influence 

The spatial areas that can be affected, primarily or 
secondarily by automobile-diversion applications in­
clude (a) spot (inte1·section) (b) facility (street, high ­
way), (c) corridor (seve1·al parallel facilities), (d) sub­
area (central business district, activity center, 
neighborhood, preservation a1·ea, historic district, or 



park location), (e) urban area (city), and (f) region 
(urban area plus suburbs). 

Applied at a spot location, diversion would require 
a change in path at a specific location. For instance, 
installation of diverters at a through-street location 
could change the traffic function to that of a local street. 
On a smaller scale, automobile-diversion techniques 
could maintain the function of a designated collector­
street function and increase traffic volumes. A sub­
area application would be possible for a neighborhood 
or residential area. Even an entire city may be a site 
for automobile diversion. 

If automobile-diversion programs were applied to a 
Denver neighborhood, the primary zone of influence 
would be that area itself. The secondary zone of in­
fluence would be the urban area, or even the region if 
the target area were sensitive enough or the magnitude 
of vehicle diversion such that regional trips would be 
affected. 

Strategy Interrelationships 

Interrelationships between the automobile-diversion 
strategy and other strategies can be classified as 
synergistic , independent, overlapped, equivalent, or 
counterproductive. 

If a major effort is made on a diversion project, 
combinations of several diversion strategies may 
produce a synergistic effect; i.e., their combined total 
effect may be greater than the sum of their separate 
effects. For example, drawing from the strategies cited 
in the joint FHWA-UMTA regulations Q), a synergistic 
effect might result from the combined application of (a) 
through-traffic restrictions in sensitive areas, (b) 
traffic-operations improvements to facilities designated 
for concentrated major traffic movement, (c) preferential 
treatment of high-occupancy vehicles, (d) pedestrian-
and bicycle-facility improvements, and (e) transit­
service improvements. 

Induced TSM strategies that are equivalent to auto­
mobile diversion (at least in the intent to reduce ve­
hicle use in congested areas) include encouragement of 
carpooling and other forms of ride sharing, automobile­
restricted zones, and area parking surcharges. In 
Denver, automobile diversion without the use of induced 
strategies would in all likelihood be counterproductive 
to eliminating bottlenecks or reducing major street con­
gestion, because more strain would be placed on those 
major facilities. Thus, induced disincentives would 
probably have to be offset by positive improvements. 

Control Degree and Mechanism 

The degree of control exercised in automobile diversion 
would be mandatory in the restrictions applied, but 
voluntary in the choice of alternate streets used by 
drivers. The mechanism of control for this strategy 
would be both physical and operational, i.e., through 
traffic restrictions such as physical barriers or simply 
sign control. 

The following types of management techniques can 
be used to divert traffic to more appropriate streets 
or to control vehicle movement: diverters , semi­
diverters, street closures, median barriers, traffic 
circles, "chokers" (street narrowing), traffic signals, 
stop signs, one-way exit streets, and cul-de-sacs (.!!). 
Figure 1 presents several conceptual examples of these 
techniques, aud F igure 2 (18) illustrates a more detailed 
set with landscaping. Mosteities experienced in auto­
mobile diversion began with a pilot program and tem­
porary diverters. As problems were resolved and as the 
program became more acceptable and successful, 

permanent and attractively landscaped changes were 
made . 
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Further, these techniques can be applied to effect 
the strategy objectives for a given area. Figure 3 
shows a street grid before and after that conversion to 
a protected area with curvilinear flows. Note that 
traffic is not completely prohibited, but rather re­
directed to the peripheral routes by diagonal diverters . 

Finally, there are many additional measures that 
can and often must be taken to divert traffic and open 
up neighborhood space, while allowing emergency ve­
hicles and local access. These include installation of 
new curbs, realignment of existing curbs , relocation 
of drainage inlets, adjustment of castings and manhole 
covers, sidewalk construction and reconstruction, 
street lighting and signing, accommodation for emer­
gency vehicle crossings, additional fire hydrants, and 
other nontraffic improvements such as special lighting, 
landscaping, street furniture, and other urban design 
treatments. 

Institutional and Legal Factors 

The primary issue of the automobile-diversion strategy 
is that the basic decision to implement a specific pro­
gram is a government one and that the decision makers 
must consider the concerns of automobile-oriented in­
terests. 

Because automobile diversion represents a restraint 
to through traffic, it results in regulation and restric­
tion of the flow of vehicle traffic. The needs of a sensi­
tive area are thereby elevated to a more prominent 
position with respect to the dominant automobile. This 
realignment of planuing objectives is certain to result 
in substantial concern by firmly established automobile­
oriented interests in a community, city, and region. 

To be successful, the approach to diversion must 
involve different government agencies in planuing and 
implementation, especially if a synergistic combination 
of positive TSM strategies is to be achieved. The 
ability of these agencies to work together is essential 
to success, and agency cooperation is a function of the 
extent to which local leadership is willing to pursue 
innovative and controversial approaches to solving 
small-area problems. The agencies cover a broad 
spectrum of municipal affairs and their accepting 
that automobile diversion will achieve multiple objec­
tives will be determined by how the strategy will affect 
their own areas of concern. 

Legal factors can also be of primary importance in 
implementing automobile-diversion programs. Legal 
questions can arise as to the ordinances needed to 
change the control of streets, e.g., improperly in­
stalling stop signs to slow down traffic in an area rather 
than to stop vehicles purely for an intersection safety 
problem. If time restraints are installed in a des­
ignated area, they also may result in legal action. 
Finally, changes in traffic control would necessitate 
enforcement to maintain safety and orderly movement. 

Area Selection 

Various factors could be considered in selecting an area 
for a traffic-diversion application. Generally, the 
choice of area is based on the following criteria: amount 
of citizen interest, significance of the area's problems, 
feasibility of the methods to be applied, existence of 
an on-going neighborhood organization to support the 
concept, and land uses compatible with access limita­
tions. 

Based on other cities' experiences, it would also 
seem important to select an area, noted for its stability, 



14 

low-density character, relatively high percentage of 
children, and transitional nature, that could benefit from 
a decrease in traffic or better traffic control. 

Public Acceptance 

The private sector would certainly be a key factor in 
automobile-diversion success. Like any major urban 

Figure 1. Types of suggested automobile-diversion techniques. 
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Figure 2. Details of some automobile-diversion techniques. 

·.i. Non-p•rnllel Par~lng 

policy change, planning for this strategy must be con­
ducted with full public participation. Public support 
and participation will be the most decisive factor in the 
realization of maximum benefits. 

Experience in Berkeley has shown that, because of 
the very visual nature and potential broad-scale effects 
of diversions, support of the majority of the public is 
necessary (~. Large-scale automobile-diversion 
effol'ts will not succeed if promoted by a minority 
or a special-interest group with a single objective. 

If government agencies follow a course of action 
that is negative in nature (restricting traffic), this 
could alienate most of the interests involved. Positive 
actions, such as providing incentives to use other paths 
or modes, must be taken as part of a comprehensive 
small-area revitalization process founded on strategy 
goals and objectives. 

EVALUATION 

TSM strategy Effectiveness 

It is difficult to judge automobile-diversion strategy 
effectiveness specifically. Before-and-after studies 
of a specific case would have to be conducted to de­
termine automobile occupancy, delay, volume, and 
accident changes and to measure economic, social, 
and environmental changes. Automobile diversion 
may require increased efficiency on the major routes 
to which the traffic might be diverted and would in­
fluence more travelers to use transit. 

Advantages and Disadvantages 

The various major advantages and disadvantages of 
automobile-diversion programs are described below 
(~ .!.!) . 

Figure 3 . Automobile-diversion application. 
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Advantages 

1. Improvement of a small area could be an incen­
tive for middle-class families with children to move back 
into the area. 

2. Diversion can help keep the occasional high­
speed vehicle from using primarily residential, local 
streets as thoroughfares. 

3. Selective street closures and the use of cul-de­
sacs can provide additional green space, play areas, 
pedestrian malls, or parking areas for residents or 
businesses. 

4. Closing streets or diverting vehicle traffic may 
foster a stronger sense of neighborhood or community 
identity. 

5. Crime may be reduced because of increased 
neighborhood use and surveillance of residential streets 
and lack of easy vehicle access and escape. 

6. Within an affected area, traffic diversion may 
reduce noise and air pollution, vibration, and perceived 
or physical crossing of barriers and may make the 
streets safer for children and other pedestrians. 

7. Controlling traffic can act as a catalyst that spurs 
neighborhood revitalization. 

8. Improvements in the public streetscape could 
provide impetus for rehabilitation of private property. 

9. Selective street closures, cul-de-sacs, and 
traffic-direction controls at local and arterial street 
intersections can reduce access conflicts and thereby 
improve traffic flow and safety on arterial streets. 

Disadvantages 

1. Residents on streets in the vicinity of vehicle 
diverters may experience higher levels of traffic volume 
and associated environmental and safety impacts. 

2. Diversion may give children or other residents 
a false sense of safety from motor vehicles. 

3. Some cities have found that cul-de-sacs may 
heighten racial segregation: Closed-off, tightly knit 
streets may discourage minority families from moving in. 

4. Traffic diverted from residential streets may 
exceed the capacity of adjacent arterial and collector 
streets and require their upgrading or improvement. 

5. Automobile-diversion installations (barriers, 
signs, islands, and pavement markings) would require 
additional maintenance by city agencies. 

6. Additional right-of-way acquisitions may be 
necessary for both the target and alternative streets; 
for instance, diagonal diverters and cul-de-sac con­
struction could be restrained by insufficient existing 
right-of-way. 

7. Diversion may result in access problems and 
inconvenience for residents and visitors on the affected 
streets and in the vicinity of the diverters. 

8. Access for police, fire, and other emergency 
vehicles may be hampered and response times may be 
increased unless adequate provisions are made to 
ensure access for such vehicles. 

9. Application of traffic restrictions without positive 
and compatible strategies may result in negative reac­
tions from agencies and the public. 

10. Traffic may not be eliminated but rather only 
redistributed. 

11. Not all residential streets can have heavy traffic 
removed by traffic diversion; where traffic impacts on 
residential streets cannot be reduced through street or 
transit improvements, those impacts should be offset 
by public trade-offs such as street landscaping and 
noise buffers. 
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CONCLUSIONS AND RECOMMENDATIONS 

This study of automobile diversion led to the following 
conclusions and recommendations pertaining to potential 
planning and implementation in Denver. 

Conclusions 

1. Denver's role in the region is changing from that 
of a well-balanced residential community to that of a 
maturing service core for the entire region. As the 
region grows, Denver will experience traffic increases 
that will affect sensitive areas. 

2. Motor-vehicle traffic has direct negative effects 
on crossing hazards; on air, noise, and dirt pollution; 
on vibration; and on parking-operation inconvenience. 

3. Environmental street-capacity studies have been 
conducted in various cities; results have varied. To 
establish the environmental capacity of any one par­
ticular area, impact studies and attitude surveys would 
have to be conducted to determine tolerance to traffic 
volumes. 

4. Several cities, most of them on the West Coast, 
have applied automobile-diversion techniques with 
varying degrees of success. 

5. Citizens in an affected area may place more 
value on traffic control and access than on traffic im­
pediments. 

6. Automobile diversion can induce more efficient 
use of major streets around affected areas. 

7. The installation of traffic-management devices 
can modify established neighborhood traffic patterns 
so that they resemble the curvilinear and non-through­
street patterns of modern subdivisions. 

8. An automobile-diversion program in a specific 
area should be part of an overall improvement effort 
that is approached in a comprehensive and positive 
manner and should include other compatible TSM 
strategies such as increased transit, carpooling, and 
nonvehicle modes. 

9. Automobile-diversion techniques can be used to 
achieve functional designations. For instance, traffic 
diverters installed at a spot location can change a 
through-street traffic function to that of a local street 
or can maintain the designated function of a collector 
street and prevent arterial-street function and increased 
traffic volumes. 

10. Substantial public support is necessary if an 
automobile diversion program is to be successful. 

11. Improperly installed diversion devices may in­
crease safety hazards, e.g. , a diagonal diverter that 
does not allow the proper sight distance for the posted 
speed limit may cause accidents. 

12. Limited right-of-way in the established portions 
of the city may prevent some automobile-diversion in­
stallations, unless the expected benefits justify property 
acquisition. 

13. Application of automobile diversion in Denver 
has potential, but implementation at any scale must 
result from full identification of the problems and 
issues involved, sound technical and policy analysis 
of all available alternatives and impacts, and substantial 
support from all parties interested in the effort. 

Recommendations 

1. If major public interest is expressed in automobile 
diversion, the city should prepare and distribute news­
letters that explain negative aspects of local traffic, 
identify the potential benefits of diversion, and suggest 
a process by which to initiate projects. 

2. Further considerations should be given to mea-
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suring traffic impacts on residential streets in Denver, 
possibly by use of environmental capacity studies, in­
volving traffic, noise, safety, and attitude surveys. 

3. The automobile-diversion strategy goals, ob­
jectives, and techniques contained in this report should 
be applicable to a specific area in Denver, if potential 
benefits that outweigh potential detriments can be 
determined and if support is evidenced by all involved 
interests and decision-making groups. 
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Development and Application of a 
Freeway Priority-Lane Model 
Matthys P. Cilliers, Adolf D. May, and Reed Cooper, Institute of 

Transportation Studies, University of California, Berkeley 

This report describes the status of freeway priority lanes in the United 
States, the development of a freeway priority-lane simulation model 
(FREQ6PL), and the application of the model to a real-life situation. Of 
the five feasible types of priority lanes, normal-flow exclusive lanes that 
reserve one or more lanes for priority vehicles are the most prevalent. 
FREQ6PL can simulate one or more lanes used exclusively by priority 
vehicles (buses only or vehicles of either three or more or two or more 
occupants). Three points in time are simulated: the before situation (no 
exclusive lane). the short-term after situation (the first day of operations 
with no traveler demand responses), and the longer-term after situation 
(3-6 months later, after spatial and modal shifts). Performance is mea­
sured by an integrated measure of effectiveness that includes costs of 
travel time, fuel consumption, and vehicle emissions and facility operating 

and maintenance costs. The model was applied to the Santa Monica 
Freeway in two parts: (a) to the priority cut-off limit, number of 
reserved lanes, and length of the exclusive lane and (b) to different 
parallel arterial speeds, different levels of arterial spare capacity, and 
different hypothetical mode shifts. It was concluded that reserving 
an existing or added freeway lane on such a freeway will at best make 
its performance as good as before and at worst significantly poorer in 
both the short- and longer-term situations. 

In recent years the emphasis in transportation planning 
has shifted from long-term, capital-intensive, capacity-


