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Evaluation of Traffic Management Strategies in Central 

Business Districts 
SAi D M. EASA AND ADOLF D. MAY 

A network traffic model, Micro-Assignment, has been refined and applied to 
the central business district (CBD) of San Jose, California. The model is 
capable of simulating the fine network details and the wide variety of intersec­
tion control that normally exist in downtown areas and can be used for assess­
ing the impacts of control plans both on the local network and on the sur­
rounding highway facilities. Model refinements included a procedure for esti­
mation of fuel consumption that is compatible with the characteristics of such 
dense networks and additional input and output capabilities. The model was 
calibrated to the conditions of the summer of 1979 by using measured traffic 
volumes and travel times and was used for evaluating the impacts of selected 
control plans. Network data and origin-destination (0-D) demand data were 
established for the 1-h afternoon peak period. A set of 0-D demand data that 
was available for an earlier year was updated for the 1979 conditions, taking 
into account the various chan.ges in land use activities and natural growth in 
the CBD area. Three improvement plans proposed by the city were evaluated 
and included a new highway facility that bypasses the CBD, a transit mall, and 
a new office-garage building. The impacts of these plans on both the CBD and 
the surrounding highways were analyzed and evaluated. This application was 
considered successful because the model was shown to be capable of simulating 
actual traffic operations effectively and of predicting the impacts of a wide 
variety of control plans. Furthermore, this application may be viewed as an 
analytic framework that illustrates in a step-by-step fashion the procedure of 
data collection, model calibration, and evaluation of control strategies in CBDs. 
It also points out several common problems that may be encountered in the 
application of such operational models and suggests possible ways for resolving 
them. 

Traffic system management in dense urban networks, 
particularly central business districts (CBDs) and 
residential areas, has received much attention in 
recent years. In order to prevent or alleviate the 
traffic problems in these operating environments, a 
wide variety of control plans has been proposed and 
implemented in several cities in the United States 
and abroad. Evaluation of the impacts of the con­
trol plans has been one of the important tasks that 
should be accomplished before a particular plan is 
implemented. Due to the complexity of network 
structure and traffic characteristics in these 
operating environments, however, evaluation of the 
control plans often requires an analytical tech­
nique. Not only should such a technique be capable 
of modeling the fine network details, it should also 
provide the analyst with a wide range of measures of 
effectiveness. In addition, the technique should be 
easy to understand and use and should facilitate the 
analysis needs of dense urban networks. 

As part of the traffic management research at the 
Institute of Transportation Studies at Berkeley (1), 
a project sponsored by the California Department of 
Transportation (Caltrans) that dealt with dense 
urban networks (downtown and residential areas) was 
completed. The primary objective of the project was 
to provide a model that exhibits the features men­
tioned earlier and to apply that model to two oper­
ating environments. Specifically, the project 
involved four major tasks, which included a litera­
ture review of existing experience and analytical 
techniques, model selection, refinement of the 
selected model, and application of the refined model 
to a CBD and a residential area. These activities 
are described in detail elsewhere (1_-&,l i a brief 
description of the major findings is given below. 

The process of reviewing existing experience (1_) 
included, along with approximately 400 references, 
several important aspects. It identified the opera­
tional problems often encountered in dense networks 
and various types of transportation system manage-

ment (TSM) strategies that have been implemented to 
solve these problems. In addition, specific mea­
sures of effectiveness appropriate for dense net­
works were established. The study of these aspects 
was enhanced by the review of about 20 case studies 
both in the United States and abroad (e.g., I-.!Q). 
In parallel, existing analytical techniques for a 
transportation network system were identified (£) 
and found to lie in five major categories: plan­
ning, optimization, equilibrium, simulation, and 
operational models. More than 30 models within 
these categories were analyzed and 6 models in the 
last category were selected for further evaluation. 

The six models were then evaluated (],l based on 
several theoretical features and by using an arbi­
trary rating scheme. As a result, two models that 
exhibited close rating scores were selected for a 
hands-on application and further evaluation. These 
were the CONTRAM model developed by Leonard and 
others (11,12) and the Micro-Assignment model devel­
oped by Brown and Scott (.!1_) and further modified by 
Caltrans (14). The two models were then applied· to 
an existing network and were further evaluated with 
respect to several features related to their use and 
ease of modification (4). The evaluation results 
indicated that selectio;- of CONTRAM or Micro-Assign­
ment depends on the particular consideration of 
short- and long-term modification to be imple­
mented. On consideration of these results, the 
Micro-Assignment model was selected for purposes of 
this project. 

The third task was to refine the Micro-Assignment 
model to increase its operational capabilities (2, 
6). Three refinements were implemented: (a) incor­
poration of a procedure for fuel-consumption estima­
tion, (b) addition of more flexibility in input data 
manipulation, and (c) modification of the computer 
output to enhance clarity and completeness of output 
results. The fuel-consumption procedure, together 
with the other measures of effectiveness, provided 
more complete information on the impacts of improve­
ment plans evaluated in this application. The 
second refinement allows the user to prepare the 
results for a specific group of links and was par­
ticularly useful in the application presented here, 
where the impacts on city streets and the surround­
ing major highways were analyzed separately. In the 
last refinement, the output results are organized in 
such a way that they are immediately grasped and 
easily interpreted. 

The final task (2) was to apply the refined 
Micro-Assignment model to a residential area and a 
CBD. In the residential area, the model was cali­
brated to actual 1979 conditions, selected control 
plans were evaluated, and preliminary guidelines for 
traffic management were developed. Details concern­
ing the application results are given in a companion 
paper (_!2). The purpose of this paper is to report 
the application to the CBD. 

THE MODEL 

The original version of the Micro-Assignment model 
developed by Brown and Scott (13) was modified by 
Caltrans (14) to improve the traffic assignment pro­
cedure implemented in the model. As part of this 
project, the Caltrans version of the model was re-
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fined to incorporate a procedure for estimation of 
fuel consumption and to facilitate flexibility and 
clarity of the input-output aspects of the computer 
program. A detailed description of the refined 
model can be found elsewhere (5,6), and only a brief 
description of the basic model structure will be 
given here. 

As any operational technique of this type, the 
model requires two types of input: network data and 
a sPt of origin-nestination (0-D) demand data. 
These data are first processed and verified by two 
separate programs. The verified data are then input 
to the main program, which performs the traffic-as­
sigrunent process, and the results can then be summa­
rized and output by a separate program. In addi­
tion, the model includes three separate programs for 
plotting activities. 

Network Representation 

The Micro-Assignment model employs an offset system 
of network representation. In this system, nodes 
are located at midblocks along the approaches to an 
intersection, and each permissible traffic movement 
at the intersection is represented by a separate 
link, as shown in Figure 1. At each midblock, there 
are two nodes, one on each side of the street, which 
represent origins or destinations. One of the node 
pair is assigned an even number and the other node 
is assigned the successive odd number. This number­
ing system allows the demand from any of the two 
nodes to use both directions at the respective 
street (note that this implies that no median exists 
on the street). A maximum of three links can ema­
nate from a particular node, but there is no re­
striction on the number of links that go into a 
node. This method of representation closely resem­
bles actual network trip loading and has the advan­
tage of prohibiting illogical movements and U-turns. 

In some real situations, however, network streets 
may exhibit specific characteristics that require 
special treatment (§). Such characteristics may 
include one-way streets, streets that have a median 
and prohibit u-turns, and streets that have a median 
and permit U-turns. The representation of the first 
two cases is a straightforward exercise, and the 
last case (although not common in practice) was a 
characteristic feature of the CBD area studied in 
this paper and only this case is discussed below. 

One way of representing such a configuration is 
given in Figure 2, which includes a major arterial 
and two cross streets. The major arterial hae a 
median along the intermediate block and the respec­
tive U-turns are permitted at both intersections. 
In this representation nodes 6 and 16 are used as 
loading nodes for the trip demand on the respective 
side of the street. Two dummy links (6-8 and 16-18) 
are used so that the number of links that emanate 
from the node does not exceed three. The two links 
(16-6 and 6-16) are used by the U-turn traffic. 
Note that the U-turn movement may occur at or before 
the two major intersections shown in Figure 2 ann 
the length of the U-turn links should be calculated 
accordingly. In addition, this method of represen­
tation implicitly assumes that the left-turn move­
ment (which is associated with the U-turn) is not 
interfered with by opposing traffic. In cases where 
there is interference with the left-turn traffic 
another, more complicated, method of representation 
can be devised. 

Traffic Demand Assignment 

The model employs an iterative multipath assigrunent 
method that was introduced by Caltrans as part of 
model validation to the San Jose CBD (14). This 
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method allows the user to assign a given 0-D trip 
demand to a maximum of six paths between the respec­
tive origin and destination. The first path is 
obtained based on free-flow speeds. Delays may be 
frequently updated (based on assigned traffic vol­
umes) after a specified number of trees, and new 
travel times calculated. The second path ie then 
obtained based on the travel times that result from 
the first path, and demands are assigned to the two 
paths in inveree proportion to their respective 
travel times. The process continues until conver­
gence is obtained or six paths have been used. 
Experience with the model has shown that convergence 
is generally obtained after four paths. 

The travel time along a link consists of three 
components, including the free-flow travel time, the 
delay accrued at the intersection by a vehicle 
traveling alone on the link (zero-volume delay), and 
the delay experienced because of the existence of 
other vehicles (congestion delay). Further details 
on the traffic-assignment method and the associated 
delay calculations can be found elsewhere <2>· 

Special Features 

The Micro-Assignment model exhibits several impor­
tant features. The model can simulate the opera­
tions of a wide variety of intersection controls. 
These include signalized intersections (and synchro­
nization) and nonsignalized intersections controlled 
by stop signs (on one or more approaches) or by 
yield signs. The interactions among the various 
movements at the intersection are accounted for. 
Left-turn interference and a lane shared by through 
and right-turn movements are examples of such inter­
actions. In addition, the model simulates the 
operations on freeway facilities. Another feature 
is related to the plotting capabilities. The model 
incorporates three plotting programs that can be 
used for plotting the network (including links, 
nodes, and street names), plotting the minimum time 
paths, or plotting the predicted link volumes. The 
network plot may be used to ensure that the network 
is properly coded and the other two plots are par­
ticularly useful in the analysis of results. 

Finally, the model provides a wide range of 
measures of effectiveness, including traffic volume, 
speed, delay, and fuel consumption. The fuel-con­
sumption procedure was developed as part of this 
project. The procedure used the fine treatment 
embodied in the model of such characteristics as 
acceleration and deceleration, free-flow speed, 
zero-volume delay, and congestion delay. In addi­
tion, the procedure was established for two types of 
facilities, city streets and freeways, and concep­
tually lies between the existing aggregate 
(planning) and disaggregate (simulation) methods of 
estimation of fuel consumption. The fuel data built 
in the program are based on Claffey (!§_) and may be 
re- placed by the user's input data. A detailed de­
scription of the estimation procedure and the 
built-in data can be found elsewhere <2>· 

APPLICATION 

The refined Micro-Assignment model was applied to an 
existing CBD in which several control plans were 
implemented or proposed for implementation. Specif­
ically, the model was calibrated for traffic op­
erating characteristics of the afternoon peak period 
in summer 1979. 

Study Area 

The San Jose CBD was selected because it exhibits 
typical characteristics of downtown areas and be-
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Figure 1. Link-node representation of unit traffic cell . 
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cause of the availability of 0-D data and the excel­
lent cooperation of the city staff. A map of the 
study area is shown in Figure 3. The study area is 
approximately 1. 3 miles long and 0. 7 mile wide and 
contains 69 blocks and 75 intersections. Of the 
intersections, 52 are signalized; the remaining 
intersections are controlled by stop signs. The 
area is bound by Julian Street in the north; CA-280 
in the south; Santa Teresa, Almaden, Prevost, and 
Vine Streets in the west; and Fourth Street in the 
east. Note in Figure 3 that only the westbound 
direction of CA-280 was included. The eastbound 
direction was not included because it has only one 
exit ramp and one entrance ramp from and to the 
study area and, consequently, it did not provide an 
alternative route for the CBD traffic. This is 
unlike the westbound direction, which has two en­
trance ramps, and traffic may enter the highway at 
Fourth Street or travel on the city streets and then 
use the entrance ramp at Vine Street. 

The study area shown in Figure 3 is the one used 
for model calibration and corresponds to conditions 
in June 1979. Since that time, the CBD has under­
gone major changes, including the opening of CA-87 
(which lies just west of the study area) and several 
modifications to street configuration and intersec­
tion contol. In addition, several control plans are 
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being considered by the city and include a transit 
mall along First Street and Second Street, a ga­
rage-office building, a light rail along San Carlos, 
and modification to the loop along Market Street. 

Data Collection 

The Micro-Assignment model required network-related 
data and 0-D demand data. These data were available 
as a result of the Micro-Assignment validation to 
the San Jose CBD in June 1975 (14) . In order to 
update these data to the calibration date of June 
1979, it was necessary to collect information con­
cerning network changes and the changes in the 0-D 
demands. 

Network Data 

The network was coded in terms of links and nodes, 
as depicted in Figure 4. There was a total of 408 
nodes and 500 directional links. Links shown with 
solid lines are straight-ahead links and links shown 
with dashed lines represent turning movements. 
Links without arrowheads represent two-way traffic 
and links with arrowheads represent one-way traf­
fic. For each directional movement, several physi­
cal and operating characteristics are required. The 
physical characteristics include number of lanes and 
link length, and examples of the operating charac­
teristics include legal speed, type of intersection, 
and left-turn interference • 

As mentioned earlier, several changes have been 
made in the network since 1975. These include 
changes in signal timings, changes in intersection 
control such as conversion of a two-way stop sign to 
a signal, modification to street configuration, and 
changes in street control such as conversion of a 
one-way street to a two-way street. The 1975 net­
work data were obtained from Caltrans and modified 
to account for the above-mentioned changes. In 
addition, the data on network changes were obtained 
from records in the files of the city of San Jose 
and Caltrans (district 4). In order to verify the 
completeness and accuracy of this network data, 
several field trips were made to the study area. 

Origin-Destination Data 

The 0-D demand data used in this study were estab­
lished from the 0-D demands of the afternoon peak 
period (4:00-5:00 p.m.) developed by Caltrans in 
1975. In establishing the 0-D demands for 1979, 
three alternatives that had varying degrees of 
complexity were available. The first alternative, 
the simplest one, was to apply an annual growth rate 
to the 1975 data. The second alternative, the most 
complex one, was to collect the entire 0-D data from 
the field, and the third alternative was a combina­
tion of the other two. 

In evaluating these options, the first alterna­
tive was not selected because there have been sig­
nificant changes in land use activities within the 
study area. The second alternative was not con­
sidered feasible for purposes of this project. It 
was decided, therefore, that the third alternative 
be implemented by explicitly accounting for land use 
changes at specific locations within the CBD and by 
applying an average annual growth rate at the re­
maining locations. The above procedure represents 
the temporal adjustment of the 0-D demands; however, 
the process of establishing the 0-D demands for 1979 
involved two main tasks. The first task was devoted 
to the spatial adjustment, and the second task was 
concerned with the temporal adjustment of the 1975 
0-D demands. A brief description of these tasks is 
given below. 
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~ Figure 3. Study area . 
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The spatial adjustment was necessary since the 
0-D demands of 1975 corresponded to a network that 
did not include CA-280. Therefore, the 0-D table 
was adjusted to incorporate the origins and destina­
tions along this additional facility. This was done 
by allocating the demands for destinations 138 and 
154 in the vicinity of Reed Street (Figure 4) to 
destination 382 along CA-280. In addition, a ficti­
tious demand was added along Cl\.-280 to produce the 
actual traffic volume that prevailed in 1975. With 
this spatial adjustment, the 0-D demand for 1975 was 
established for the study network and the temporal 
adjustment was then made. 

The purpose of the temporal adjustment was to 
update the 1975 0-D demands to 1979. This adjust­
ment consisted of three parts: new constructions, 
building occupancy shifts, and average annual growth 
rate. The new constructions in the CBD resulted in 
new orig ins and destinations in the San Jose CBD. 
Fortunately, information concerning the new con­
structions and the associated number of employees 
was available as part of a survey being undertaken 
by the city of San Jose. The number of employees 
was then converted to number of vehicles by assuming 
a modal split value of 25 percent for public transit 
and a car occupancy value of 1.1. After the number 
of trip demands (or vehicles) for each new construc­
tion was established, this number was then assigned 
to the proper origin in the study network. In 
addition, the number of trips from a particular 
origin to the various destinations wa s established 
based on the prevailing demand pattern (or distribu-

tion) for a nearby origin. Clearly, implicit in 
this procedure is the assumption that the employees 
of these new constructions are not shifted from 
existing demand sources in the study area. 

In regard to the adjustment of building occupancy 
shifts, information at the major buildings in the 
CBD was available for both 1975 and 1979. This 
information was used to adjust the demands at the 
corresponding origins in the study area. The data 
showed that the number of employees has declined at 
some locations by 7 percent, but at other locations 
it has increased by 47 percent. Similar assumptions 
were implemented to convert the number of employees 
to number of vehicles, and adjustments to the trip 
demands at the respective origins were then properly 
made. 

It is clear that the previous two adjustments 
concern only specific locations (or origins) within 
the area and a further adjustment to account for the 
natural growth of traffic at other locations is 
required. To determine the value of the annual 
growth rate, a trial-and-error procedure was 
adopted. I\. value of the growth rate was assumed and 
the predicted volumes (and travel times) were then 
compared with the observed values. Based on this 
comparison, another value of the growth rate was 
assumed and the process continued until a reasonable 
match with actual values was obtained. In fact, 
this was part of the calibration process that will 
now be described. 
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Figure 4. Reduced computer plot link-node representation of study area. 
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Model Calibration 

The preparation of the 0-D demands for 1979 was not 
a separate task from the calibration process. After 
the 0-D demand data had been adjusted to account for 
new constructions and building occupancy shifts at 

the respective locations, it was necessary to select 
the annual growth rate that provided the least 
differences between observed and predicted values of 
traffic volumes and travel times. 
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Selection of Growth Rate 

Annual growth rates of 5 and 10 percent were tested 
initially. The results indicated that the 0-D 
demand obtained by a 5 percent increase from 1975 
data better predicted the traffic conditions in 
1979. Note that this growth rate was not applied to 
the origins at which an adjustment of building 
occupancy shift has been made. In addition, this 
growth rute was applied to both local and through 
traffic. 

Discussion of the results with the staff of the 
city of San Jose revealed that the results could be 
improved further by refining the growth rate and 
other operating characteristics. Specifically, 
three improvements were identified and included: 

1. Use of a different growth rate for local trips 
and through trips, 

2. Investigation of the changes in the parking 
characteristics in the vicinity of the locations 
that exhibit high differences between observed and 
predicted volumes, and 

3. Modeling of the allowed U-turns in the link­
node representation at specified locations in the 
study area. 

The above improvements were then made and more 
refined 0-D demand data were established. The 
growth rates were found to be 5 percent for local 
trips, 2 percent for through trips east of (and 
including) First Street, and 4 percent for through 
trips west of First Street. In addition, the 
changes in the parking characteristics at the speci­
fied locations were rather insignificant and re­
sulted in only minor modifications to the 0-D data. 
In regard to the modeling of the allowed U-turns, a 
method was devised to model the allowed U-turns and 
the network representation was then modified so that 
U-turns were allowed for in the assignment procedure 
at the major locations. Those refinements resulted 
in a better agreement between predicted and observed 
characteristics. 

Comparison Results 

The comparison of the calibrated values with the 
actual values in June 1979 included two measures: 
traffic volumes and travel times. The actual data 
were collected during the afternoon peak period 
(4:00-5:00 p.m.). Traffic volumes were collected at 
15 intersections and standard travel time runs were 
conducted on five selected routes. 

There were 66 locations at the intersections 
where volume counts were made. At these locations 
the predicted and observed volumes were compared. A 
summary of the distribution of differences between 
the predicted and observed volumes is given in Table 
1. Shown also in the table is the number of loca­
tions for various ranges of percentage differences 
and various ranges of traffic volumes. The majority 
of locations that exhibit a difference of more than 
50 percent is in the volume range of 0-500 vehi­
cles/h. In addition, more than 50 percent of the 
locations in the volume range of 500-1000 vehicles/h 
exhibit a difference of less than 10 percent. In 
general, a better prediction is seen for higher 
volume levels. This was achieved because, during 
the calibration process, attempts were made to 
improve not only the locations that have higher 
percentage differences but also those that have 
large volume differences. 

Travel time runs were conducted along five 
routes, including Market, Third, Fourth, San Carlos, 
and Santa Clara (Figure 3). The first three streets 
lie in the north-south direction and the other two 
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lie in the east-west direction. Along each route, 
five travel time runs were made. The average of 
these runs was then compared with the travel time 
predicted by the model. A summary of the predicted 
and observed results is shown in Table 2. 

The predicted travel times tend to be lower than 
thP ohsP.rvPil v<1l1.1es. Tn part-.ir.ular, on Santa Cl<1ra 
(eastbound) the difference is -23 percent. One 
possible reason for this re la ti vely high difference 
is the rather heavy interference of pedestrians and 
buses along Santa Clara Street; such factors are not 
explicitly accounted for in the refined Micro-As­
signment model. Another possible reason for the 
underestimation along this and other routes is the 
time lag between predicted and measured travel 
times. The travel time runs were conducted in March 
1980; however, the predicted values corresponded to 
June 1979. During that period, the increase in 
traffic volumes would tend to increase the actual 
travel times. This may not be as significant be­
cause the opening of CA-87 (in December 1979) at­
tracted some of the CBD traffic. Overall, the 
average of the absolute differences for all routes 
is approximately 10 percent. 

EVALUATION 

The next step after calibration of the model was to 
use the model to evaluate the impacts of a variety 
of control plans that have been, or will be, imple­
mented in the San Jose CBD. This section presents 
the evaluation results of selected control plans. 

Control Plans 

Four control plans, including the calibrated condi­
tions, were evaluated. The first plan corresponds 
to the calibrated conditions of June 1979 and will 
be referred to as plan O. The second plan includes 
the construction of CA-87, which was opened late in 
1979, and corresponds to June 1980 conditions. In 
addition to CA-87, this plan also includes network 
changes that occurred since June 1979. This highway 
plan will be referred to as plan H. Only the south­
bound direction was analyzed because it represented 
the heaviest direction of travel during the after­
noon peak period. 

In the third plan, a transit mall is proposed on 
both First and Second Streets, extending from Julian 
to San Salvador. This transit mall will allow a 
limited circulation of automobile traffic. Specifi­
cally, automobile traffic would be able to use these 
streets for only one block. Clearly, physical and 
operational measures would be taken to enforce this 
type of operation. The transit mall plan is ex­
pected to be completed in 1982. The network used 
for evaluating this plan was prepared by updating 
the network that corresponded to plan H. In addi­
tion, two other network changes are expected and 
were incorporated in the transit mall plan. These 
changes include elimination of Post Street between 
Market and First and conversion of San Fernanno 
Street to a two-way operation east of Market 
Street. The transit plan will be referred to as 
plan T. 

In the fourth plan, garage and office buildings 
are proposed north of San Carlos Street between 
First and Second Streets. The office building is 
designed to accommodate 1200 employees and the 
capacity of the garage building is 580 spaces. In 
addition, the Bank of America building that cur­
rently exists at the proposed location will be 
relocated north of San Fernando Street between Third 
and Fourth Streets. The garage building is pri­
marily intended for the new employees. Since its 
capacity can accommodate only a portion of these 
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Table 1. Distribution of the differences between 
predicted and observed volumes from 4:00 to 
5:00p.m. 

No. of Locations with Traffic Volume Between Total 

Table 2. Comparison of travel times. 

Travel Time (s) 

Difference 
(%) 

0-10 
10-20 
20-30 
30-40 
40-50 
>50 
Total 

0-500 
Vehicles/h 

2 
2 
3 
3 
I 
8 

19 

Difference 
Street Direction Predicted Measured (%) 

Market Northbound 209 223 -6 
Southbound 222 268 -17 3 

3rd Northbound 169 173 --2 
4th Southbound 179 204 -12 
San Carlos Eastbound 176 198 -II 

Westbound 171 162 +6 
Santa Clara Eastbound 194 252 -23 

Westbound 180 174 +4 

Note: Average of abso1ute differences is 10 percent. 
a Based on on1y four travel time runs, since the traveJ time in one of the runs 

was considerably higher due to a stalled truck. 

employees, a shuttle bus service for the remaining 
employees will be provided to and from the parking 
lot located near Vine Street and CA-280. The net­
work used for the garage plan is an update of plan H 
and also includes the two network changes mentioned 
earlier. This plan is expected to be in effect in 
1982 and is designated as plan G. 

The selection of the above control plans was made 
so that a variety of improvements may be evaluated 
by the model. Plan H represents an improvement 
outside the CBD area, plan T represents an improve­
ment within the area, and plan G is a major change 
in the trip demand at a specific location within the 
area. 

Evaluation Results 

As mentioned above, each of the control plans cor­
responds to a different network structure. In 
addition, the 0-D demand data are also different. 
The demand data for plan 0 were used to establish 
the 0-D demands for the other three plans by using 
an annual growth rate of 3 percent. Further modifi­
cations to the 0-D demand data were also required 
for plans T and G. After the preparation of the 
network data and the demand data, several runs 
(iterations) for each plan were made until conver­
gence was obtained. (The model converged after 
either four or five iterations.) The analysis of 
the results was then performed for selected loca­
tions and for the network as a whole. In this 
analysis the latter three plans were compared with 
plan o. 

Location-Specific Comparison 

The two sections selected for volume comparison are 
shown in Figure 3. Section A-A is parallel to the 
longitudinal direction of the study area and lies 
approximately in the middle of the area. Section 
B-B is parallel to cross streets and would capture 
the impacts on through traffic. Traffic volumes for 
the four plans were determined for each of the 
streets at sections A-A and B-B and the results are 

500-1000 1000-1500 > 1500 
Vehicles/h Vehicles/h Vehicles/h No. Percent 

16 5 I 24 35 
4 3 2 II 17 
4 4 0 II 17 
3 2 0 8 12 
2 0 0 3 5 
I 0 0 9 13 

30 f4 3 66 

summarized in Table 3. As would be expected, plan H 
resulted in a significant increase in volume on 
Julian Street (35 percent), as noted in Table 3. 
Also, it increased traffic volumes on St. James and 
San Carlos. Also note that 473 vehicles diverted to 
CA-87 from the CBD. This, in effect, reduced traf­
fic volumes on CA-280, as indicated by the decreases 
in traffic volumes on the streets at section B-B. 

The results of plan T were also as expected. The 
transit mall increased traffic volumes significantly 
on the cross streets; more than 50 percent at most 
of the streets on section A-A. Only at San Fernando 
and Reed did traffic volumes decrease. The de­
creases on San Fernando are apparently due to the 
traffic being diverted to CA-280, as indicated by 
the considerable increase in volume on Fourth Street 
at Reed (31 percent). Also note that the amount of 
diverted traffic to CA-87 is less than that for plan 
H, since the increase in travel times on cross 
streets made CA-87 less attractive for the through 
traffic that originates from or is destined for the 
north-east part of the study area. 

With plan G, traffic volumes increased on most of 
the streets that lie in the lower portion of the 
study area (section B-B). In particular, a con­
siderable increase (61 percent) is noticed on Alma­
den, which is due mainly to the employees of the new 
office building that are using the parking lot at 
the south part of the study area rather than the 
garage building. In addition, this plan resulted in 
a greater number of vehicles diverting to CA-87 and 
also in a slight increase in traffic volumes along 
CA-280. A quick comparison with plan H revealed 
that this plan resulted in greater increases in 
traffic volumes on the cross streets and a consider­
able volume increase on the longitudinal streets. 

Overall Comparison 

The overall impacts of the control plans were ana­
lyzed with respect to two features and seven mea­
sures of effectiveness, and the results are shown in 
Figure 5. The two features include the number of 
1 inks and the number of 0-D trips and are shown in 
parts (a) and (i), respectively. The former indi­
cates the amount of network changes and the latter 
shows the amount of changes in the trip demands. As 
noted, network changes during the period 1979-1980 
(plan 0 to plan H) are relatively greater than those 
during the period 1980-1982 (plan H to plans T or 
G). In addition, changes in the trip demands of the 
plans are due to the natural growth, and for plans H 
and G are, in addition, due to the induced demand 
and the new demand source, respectively. 

The seven measures of effectiveness shown in 
Figure 5 (b) through (h) exhibit a consistent 
trend. For the positive measures (the higher the 
better), the results exhibit a V-shape, as noted in 
parts (b) and (d), for average speed and fuel rate, 
respectively. Except for plan T, the changes in 
these measures are relatively small, with no appre­
ciable difference in fuel rate between plan 0 and 
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Table 3. Comparison of predicted volumes from 
Plano Plan H Plan T Plan G 4:00 to 5:00 p.m. 

Roadway Volume Percent Volume Percent Volume Percent Volume Percent 

Section A-A 
Julian 760 0 1028 +35 1434 +87 1157 +52 
St. James I 164 0 1333 +LS 1795 +54 1455 15 
St. John 712 0 721 +! 1222 +72 75 I +6 
Santa Clara' 721 0 720 0 1594 +121 897 +22 
San Fernando 851 0 843 -1 750 --12 795 --7 
San Carlos' 695 0 784 +13 1065 +56 821 +18 
San Salvador• 576 0 562 -2 67 1 +16 581 +I 
Reed" 825 0 701 -15 683 -17 737 -11 
CA-280 5738 0 5564 -3 6057 +6 5987 +4 

Section B-B 
CA-87b - c - c 473 - c 357 - c 562 - c 

Vine 1839 0 1797 -2 1904 +4 2081 +13 
Almaden 710 0 681 -4 724 +2 I 145 +61 
Market' 2767 0 2860 +3 3507 +27 2763 0 
!st 764 0 752 --2 281 -63 8 16 +7 
2nd 1459 0 1303 -11 803 -45 1371 -6 
3rd 903 0 902 0 1009 +12 942 +4 
4th 1216 0 979 -19 I 595 +31 1359 +12 

3Bo th directions. 
l)Volume indlc11 ted Is the trafnc dlnrtcd from CBD to CA-87 . 
CNu 1 applicable because pl11n o. whJch £~ u.sod for comparison, does no t include CA-87 . 

Figure 5. Comparison of overall impacts of con· 
trol plans. 
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plan G. For the remaining negative measures, the 
results exhibit a reversed v-shape, with plan O 
exhibiting the least impacts followed by plans H, G, 
and T. It is seen that plan T exhibits a consider­
ably higher impact than other plans, except for the 
total vehicle miles, part (f), where the impacts of 
plans T and G are noticeably close. This is prob­
ably due to the fact that plan T exerts a major 
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influence only on those measures that depend on the 
delay time. 

In order to show the relative changes in the 
measures of effectiveness with respect to plan o, 
three measures of effectiveness were selected for 
comparison. These included total fuel, total vehi­
cle miles, and total vehicle hours. A summary of 
the percentage changes compared with plan 0 is given 
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in Figure 6. These results show that plan H im­
proved the total vehicle hours in the entire network 
(-5 percent) and resulted in a slight increase in 
both total fuel and total vehicle miles. Such an 
increase is due primarily to the induced traff i c on 
CA-87, which, for purposes of this analysis, was 
fictitiously incorporated in the 0-D demand data. 
Plan T, on the other hand, increased the three 
measures of effecti veness--in particular, the total 
vehicle hours (60 percent). This is again due 
mainly to the increase in traffic volumes on the 
cross streets. Plan G exhibited considerably lower 
impacts than plan T and resulted in an increase of 
about 14 percent in all measures. 

In order to analyze the impacts on only the CBD 
streets, Figure 7 shows the percentage changes with 
respect to plan o. In this case, plan H improved 
not only the total vehicle hours but also the other 
two measures. This is expected because a substan­
tial number of vehicles were diverted from the CBD 
to CA-87. Both plans T and H exhibit a lesser 
impact on the CBD streets than on the entire net­
work, except for the total vehicle hours in plan T. 
This again indicates the greater impact of the 
transit mall plan on increasing the travel times on 
the CBD streets. 

Discussion of Result s 

In the analysis of the highway plan, only the heavi­
est direction of travel was incorporated and the 
induced demand due to the construction of the high­
way was modeled only approximately. In addition, 
only the westbound direction of CA-280 was included 
in the study network. The eastbound direction was 
not considered because it did not provide an alter­
native route to the CBD traffic. However, this 
eastbound direction could be used by the through 
traffic destined north of the area if the northbound 
direction of CA-87 became congested. Fortunately, 
the level of traffic volume on CA-87 was not partic­
ularly high in the direction considered, and traffic 
volumes on the other direction are likely to be · even 
lower. This is especially true because, during the 
afternoon peak period, the majority of traffic 
originates from (rather than is destined for) the 
CBD. Consequently, should CA-87 become congested or 
other peak periods be studied, the two directions of 
both highways should be considered. 

In addition, in modeling the transit mall plan no 
shift to public transit was considered. Further­
more, the locations of origins and destinations of 
existing traffic demands were assumed to remain the 
same. The results of the transit mall plan should 
be viewed in light of the above assumptions. 

CONCLUSIONS AND FUTURE RESEARCH 

As a consequence of the study results and experience 
gained while conducting this project, several obser­
vations are considered worthy of note. 

The refined Micro-Assignment model was shown to 
be capable of predicting the impacts of a wide 
variety of traffic management plans, which included 
a new freeway facility, a transit mall, and a ga­
rage-off ice building. The model provided such 
impacts not only for the entire network system but 
also at selected locations. These impacts were 
analyzed by using the various measures of effective­
ness provided by the model, including fuel consump­
tion. The procedure for estimation of fuel consump­
tion embodied in the model appears to provide a 
useful add i tion to the operations of such models, 
particularly when applied to dense urban networks. 

This paper described in a step-by-step fashion 
the procedure of data collection and reduction, 
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model calibration, and evaluation of control plans. 
Furthermore, it pointed out several difficulties 
associated with these aspects and suggested ways of 
dealing with them. In particular , the 0-D demands 
were established from the demand data that were 
available for an earlier year. The procedure 
adopted to accomplish this task was relatively easy 
to apply and resulted in a reasonable match between 
observed and calibrated characteristics. In addi­
tion, minor difficulties may be encountered in 
evaluating public transit improvements such as a 
transit mall. In an attempt to solve this problem, 
the procedure adopted in this application assumed no 
shift to occur to public transit (which might be 
reasonable on the first day of operation). The 
model could have been used to determine the impacts 
of the other extreme; that is, all trips along the 
transit mall will shift to public transit. Between 
these two extremes lies the actual operation of the 
transit mall. 

Some insight into the implementation of the 
transit mall plan was gained from this application. 
Experience has provided guidelines for such plans, 
which may be stated as follows: 

1. Peripheral routes should be available to 
through traffic, 

2. Malls may be successful in areas where CBD 
travel demand is already high, and 

Figure 6. Overall comparison of entire network. 
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3. Transit malls must provide good accessibility, 
including parking facilities and efficient transit 
operations. 

With these guidelines in mind, the transit mall plan 
seems to be particularly suited to the operating 
characteristics of the San Jose CBD. ThP. CBD area 
provides an excellent route (CA-87) for through 
traffic and the level of traffic volume, as indi­
cated by the appl ication results, is r <> lat.ively 
high. In addit ion, the results of the tra ns it mall 
plan were based on the assumption that all vehicles 
that originated from or were destined for locations 
along the transit mall would be allowed to use the 
mall for only one block. In cases where it is 
desirable that fewer vehicles use the transit mall, 
special attention should be given to the management 
of parking facilities along and i n the vicinity of 
the transit mall. 

Several areas for future research have been 
identified and are outlined below: 

1. Further model refinements with emphasis on 
traveler responses, impact assessments, and program 
input and output capabilities ; 

2. Development of an interactive version of the 
model to permit rapid analysis of incremental con­
trol plan improvements; 

3. Further investigation of studied operating 
environments to evaluate additional control plans 
with modified interactive model; 

4. Investigation of other operating environments 
such as industrial sites, sports locations, shopping 
centers, and locations for mode transfer; 

5. Experimentation with synthetic 0-D demands and 
comparison with measured 0-D demands to determine 
their applicability in dense networks; and 

6. Establishing guidelines for traffic management 
in CBDs with emphasis on objectives and measures of 
effectiveness, selection of control plan, impact 
assessments, and anticipated problems. 
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Flexible Work Hours and Mode Change: Interpretation of 

Empirical Findings from San Francisco 

PAUL P. JOVANIS 

A series of surveys was conducted at four San Francisco Bay Area firms in 
1979 to study the effect of flexible work hours on choice of mode for the work 
trip. Analysis of nearly 1200 individual responses showed consistent and statis­
tically significant decreases in solo driving, even after mode changes that were 
estimated to be caused by 1979 gasoline shortfalls and skyrocketing energy 
prices were screened out. Individuals who changed to transit were found to be 
from generally lower-income households and thus susceptible to gasoline price 
increases; flextime further assisted their shift to transit by alleviating anxieties 
about being late for work due to unreliable transit service. These individuals 
frequently traveled during the off-peak hours, when seats were more readily 
available. Individuals who changed to ridesharing ranked congestion avoidance 
as high or higher than the ability to coordinate work schedules with fellow car­
poolers (frequently a working spouse for employees at three downtown firms). 
Although there were diversions from ridesharing to transit, the net result was a 
statistically significant increase in ridesharing. The evidence from these four Bay 
Area firms strongly suggests that flextime is complementary to transit marketing 
and ridesharing promotions, although the net change in mode share is likely to 
be modest (less than 5 percent). 

Since 1975, transportation professionals have placed 
increased emphasis on transportation system manage­
ment (TSM) --the improvement of the existing trans­
portation system through relatively low-cost incre­
mental management techniques (1). Options under the 
TSM umbrella range from carpool matching to priority 
lanes, improved transit management, and alternative 
work schedules. Although some tactics, such as car­
pool matching, have been studied heavily for several 
years, others, such as alternative work schedules, 
have only recently appeared in the literature. 

The goal of this paper is to contribute to the 
expanding literature on alternative work schedules. 
The major transportation aim of most alternative 
work schedule programs has been to spread peak-peri­
od work trips over a wider time period and thus re­
duce the intensity of congestion. Alternative 
schedules have been somewhat successful in spreading 
the work schedules of individuals; however, a deeper 
policy-related concern has emerged concerning the 
compatibility of alternative work schedules with 
campaigns to promote ridesharing and encourage tran­
sit use. A report on alternative work schedules by 
the Urban Consortium for Technological Initiatives 
states (?_), "A serious and tricky problem with al­
ternative work schedule strategies is the fact that 
they may have negative impacts on transit and car­
pooling, depending on how the strategies are de­
signed and applied and upon the particular char­
acteristics of each alternative." 

The motivation of this paper was to study mode 
changes that have actually occurred at firms that 
have alternative work schedules, with the specific 
aim of providing guidance on how the design of the 
schedules affected the mode changes. It was decided 
that this could be done only if the research was 
able to study the magnitude of mode changes for 
large groups of employees while simultaneously at­
tempting to understand the causes underlying in­
dividual mode changes. Table 1 summarizes a review 
of the existing literature concerning mode changes 
and motivations for change with alternative work 
schedules. 

Four large areawide promotions were reported in 
the literature. The New York City study reported 
that insignificant mode changes occurred during a 
demonstration of flexible work hours at the Port 

Authority of New York and New Jersey !ll and did not 
report on mode changes that occurred during a larger 
demonstration of staggered work hours at numerous 
firms (i-~). The studies in Ottawa (l,~) and Toron­
to (~,!Q) report increases in transit ridership and 
carpooling, respectively; however, these studies 
were conducted during the 1973 energy cr1s1s, so 
that alternative work schedules alone could not be 
isolated as a causal factor. In addition, the Ot-
tawa study attempted to use actual traffic counts on 
streets and bus stops to determine the temporal 
spread in travel. Unfortunately, fluctuations in 
traffic volumes due to seasonal and monthly varia­
tions made it impossible to ascertain the contribu­
tion of work schedules to the changes in flow. 

A work schedule promotion was also undertaken in 
Vancouver (11), but it was terminated after 6 months 
because of a lack of employer participation. None 
of the areawide promotions studied motivations for 
the reported mode changes. 

All five of the studies at individual firms re­
ported mode changes that occurred during alternative 
work schedule promotions. Studies of New Zealand 
government employees showed decreases in transit 
ridership and increases in solo driving (12). A 
study at the Department of Water Resources in Sacra­
mento, California, reported increased use of transit 
and ridesharing with flexible work hours (!l). Un­
fortunately, the flextime promotion occurred during 
transit service expansion and the end of the 1973 
energy crisis. Studies of Transportation Systems 
Center (TSC) employees in Cambridge, Massachusetts 
<l:i> , showed small increases in ridesharing and 
transit use. A study at the New York Department of 
Transportation in Albany reported similar findings, 
but the study was conducted during a vigorous ride­
sharing promotion campaign (jj). A survey of state 
employees in Denver who had alternative work sched­
ules indicated that only 71 percent retained the 
same mode after the experiment, but the study did 
not report the modes in which the changes occurred 
<1.&.>. 

Only the Sacramento study was able to obtain an 
idea of motivations for mode change, but these were 
largely through survey margin comments and could not 
be extrapolated to the entire employee population. 

In summary, the lite~ature has reported mode 
changes with alternative work schedulesi but the 
changes have generally been of small magnitude or 
have occurred during confounding events such as 
energy crises, ridesharing promotions, or transit 
service expansions. With the exception of the Sac­
ramento study, little has been published concerning 
motivations of mode changers. 

Rather than study mode changes that occur with 
all three types of alternative work schedules, this 
study concentrated on flexible work hours. Alter­
native work schedules can be divided into three 
basic types: 

1. Four-day workweek--Rather than work five days 
per week, the employee works the same number of 
hours over a four-day period and either rotates dif­
ferent days off during different weeks or retains 
the same day off every week. 

2. Staggered work hours--The employee works a 
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Table 1. Effect of alternative work schedules on work trip mode choice : 
summary of existing research. 

Magnitude of Mode Motivations for Mode 
Study Area Change Considered Change Assessed 

Citywide 
New York City Partly4 No 
Ottawa Partlyb No 
Toronto Partlyb No 
Vancouver Nn Nn 

Individual firms 
Government employees, Yes No 

New Zealand 
Department of Water Partlyb Partly0 

Resources, Sacramento 
State employees, Albany Partlyb No 
Transportation Systems Yes No 

Center, Cambridge 
State employees, Denver Yes No 

3 Staggered work hours prom oti o n did not consider mode change, but flexible work 
bhours ax perlnumt did. 

Partly 1maly i cd but confounding events occurred, which limited the strength of con­
clusions. 

c Largely from survey margin comments. 

five-day week, but start and end times are delib­
erately spread or staggered to distribute work 
schedules over a wider time period (note: employees 
generally do not choose their schedules, but are as­
signed to a schedule by management). 

3. Flexible work hours--A work schedule system 
in which the employee chooses his or her schedule, 
with some constraintsi he or she may be free to vary 
the schedule daily, vary the lunch hour, or bank 
hours from one day to the next or one pay period to 
the next, depending on the design of the program. 
All employees are generally required to be at work 
five days per week during designated core periods 
but may otherwise arrange their work schedules 
within the constraints imposed by the particular 
program. 

Flextime is being actively promoted in several 
U.S. cities (17-1:..~J, enhancing its relevance for 
study in this research. Interestingly, after a 
five-year study of staggered work hours and a brief 
flextime experiment, the Port Authority of New York 
and New Jersey concluded (±..Q_) , "The concept of flex­
ible work hours appears to be superior to staggered 
work hours and the four-day week, particularly in 
the area of reduced transportation congestion and 
improved employee attitude." 

The objective of thic paper ic to report empiri­
cal findings of mode changes observed at five San 
Francisco firms that have flextime, and to interpret 
the findings vis-a-vis ridesharing and transit use. 

EXPERIMENTAL DESIGN 

'l'he development of the experimental design has been 
driven by the two major objectives of the study: 

1. To assess the magni tudc of mode changes that 
occur with flextime and 

2. To assess the motivations that underlie the 
changes in mode. 

The joint consideration of magnitudes and in­
dividual motivations leads to an experimental design 
that considers a survey of individual employees be­
fore and after flextime is instituted at the work­
place. The mode of travel before and after flextime 
can be determined as well as motivations of changes 
in mode. The individual survey format also allows 
the collection of socioeconomic data to study the 
distribution of flextime benefits and possible ef­
fects of household structure, income, age, and auto-
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mobile ownership. Individual surveys also avoid the 
difficulty of field measurement encountered by the 
Canadian researchers. 

Based on the literature review and consideration 
of possible travel effects of flextime, a series of 
hypotheses was developed concerning flextime and 
mndP r:h;ingP. 'T'he 11ttempt w11s to be comprehensive, 
so that the survey could be designed to examine when 
particular hypotheses were accurate. 

The hypothesis th;it creat.e<l the biggest concern 
for transportation analysts and policymakers is that 
flextime makes the single-passenger automobile com­
paratively more attractive than carpool and transit, 
because flextime allows the automobile to be driven 
in the off-peak when congestion is less onerous. In 
areas where restricted parking supply is an incen­
tive for carpool and transit use, flextime may en­
courage i ndividuals to switch to automobiles and ar­
rive early to capture the premium parking spaces. 
Flextime affords individuals more spare time to ar­
range for errands and personal business; some indi­
viduals may shift to driving alone to capitalize on 
this new freedom. There, are however, countervail­
ing arguments that favor shifts from single-passen­
ger automobiles to both carpool and transit. 

One argument states that flextime will increase 
mass transit use because it allows travelers to ride 
during times when seats are more readily available 
and service is 111ure reliable. Flextime also makes 
transit more attractive because it eliminates sched­
ule buffering that may be due to a mismatch between 
fixed start times for work and arrival times avail­
able via transit. The problem is manifested by 
travelers who have to arrive at work 10 min early so 
that they are not 15 min late. Obviously, this 
problem becomes most acute when bus headways are 
large. Flextime can also allow travelers to deal 
better with the unreliability of transit schedules, 
because the workday starts when the worker arrives 
and he or she is thus freed from the worry of puni­
tive action due to tardiness (13). 

A similar argument can b;- made in support of 
flextime as a positive factor in carpool formation. 
Flextime allows greater freedom to adjust an ind i­
vidual' s work schedule to the schedules of potential 
carpool mates. For two-worker households, an in­
creasing socioeconomic phenomenon in the United 
States, there is a particular benefit in allowing 
greater freedom to match up with a spouse for the 
work trip. Carpools may be disrupted, however, be­
cause of incompatibilities in the work schedule that 
arise due to flextime privilegeo (13). 

To the extent to which any one~f these hypothe­
ses is a reflection of an individual's changed per­
ception of one mode, the remaining modes are compa~­
atively worse off. Freedom to match up with carpool 
mates who were previously unavailable may therefore 
result in diversions from transit to shared ride as 
well as from driving alone. 

Individuals' perceptions of these mode-change 
motivations were assessed in the survey by asking 
each individual who changed mode to indicate the im­
portance of each of the motivations in his or her 
decision to change mode. Each motivation had a 
five-point scale that ranged from not important 
through very important. If, for example, someone 
changed from drive alone to transit, he or she might 
check very important for saving money on gasoline 
and being able to cope better with transit unreli­
ability, and not important for all other motiva­
tions. The answers to these motivational questions 
contribute to a better understanding of the causes 
for the mode changes. 

The hypotheses about flextime and mode change de­
scribed in previous paragraphs led to the develop­
ment of a questionnaire for individual employees. 
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The questionnaire was pretested (±1_,~), revised, 
and used in a final survey at a suburban firm as 
well as central business district (CBD) firms. The 
analyses of the data used statistical tests to 
determine the significance of magnitudes of mode 
change; studied motivations for mode change; and 
used socioeconomic data to study distributional 
benefits and possible life-style effects. Details 
of questionnaire design are contained elsewhere (~) • 

DATA COLLECTION 

After the questionnaire pretest, several firms in 
San Francisco were contacted concerning their poten­
tial participation in the study. No firms were 
adopting flextime at that time, so a strict before­
and-after experiment was not possible. Instead, 10 
firms that had flextime were contacted as potential 
participants; 5 agreed to participate. One, the 
California Department of Transportation (Caltrans) 
district office in San Francisco, had very strong 
ridesharing incentives. These incentives were not 
typical of those likely to occur at other firms that 
adopt flextime or typical of other major employers 
in San Francisco. For these reasons, the balance of 
this paper discusses findings at the four remaining 
firms: Lawrence Berkeley Laboratories (LBL) in 
Berkeley; and Chubb-Pacific Indemnity Insurance, 
Standard Oil of California, and Metropolitan Life 
Insurance in downtown San Francisco. 

The four firms had nearly identical flextime pro­
grams. Flexible periods were typically 7-9: 30 a.m. 
and 4-6:30 p.m. Employees were generally allowed to 
vary their start times within the morning band, so 
long as they worked five days per week and a full 
work day (e.g., 8 h) each day. 

As an introduction to the data set used in the 
analysis, a brief description of flextime operations 
at each firm follows, including information regard­
ing the number and proportion of survey respondents 
and the type and duration of the flextime program. 
Also, unique transportation characteristics related 
to the firm or its location are examined. Much of 
the transportation-related data is summarized in 
Table 2. 

LBL employs approximately 3500 people, of whom 2800 
have flextime privileges. Located in the hills 
above the city of Berkeley, the laboratory conducts 
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high-technology, government-sponsored research on 
nuclear energy, as well as other research in the 
physical and life sciences. Because of the nature 
of the work, the composition of the work force is 
extraordinary for Bay Area firms that have flextime; 
a large number of the employees are research scien­
tists and joint-appointed faculty members affiliated 
with the University of California. The rest of the 
work force consists largely of administrative, 
clerical, and technical support staff. Demographic 
data on the work force indicate the following sig­
nificant features: 

1. The age distribution is heavily skewed toward 
older employees, 36 percent are 46 years of age or 
older; 

2. The occupational distribution is dominated by 
professionals (41 percent), consisting of scientists 
who conduct experiments and engineers who plan, 
operate, and maintain the physical plant; 

3. Employment at LBL has increased dramatically 
in the past 5 years; this is reflected in the high 
percentage (51 percent) of employees who began em­
ployment at the laboratory in the 1970s; and 

4. Seventy-one percent of the work force is male. 

The automobile is used for 73 percent of the work 
trips; other mode shares are as shown in Table 3. 
The heavy automobile mode share is due to a number 
of factors. Parking is free and, although supplies 
of close-in parking have been diminishing, conversa­
tions with LBL employees indicate that spaces are 
still available. Because the laboratory is located 
in the Berkeley Hills, it is not served by direct 
public bus and rail transit, which necessitates that 
the laboratory run its own shuttle bus. The vir­
tually mandatory transfer makes public transporta­
tion that much less attractive. Most LBL employees 
live within the cities of Berkeley or Oakland, which 
means a very short automobile trip and, concur­
rently, makes the schedule and transfer delays of 
transit even more onerous. The laboratory does 
participate in the university vanpool and carpool 
promotion, thus slightly better ridesharing incen­
tives are offered here than at the other three firms. 

Because of these unique travel characteristics, 
virtually all of the analyses in subsequent sections 
were conducted separately for LBL employees and the 
rest of the survey respondents. 

Table 2. Summary of transportation supply information for four selected Bay Area firms . 

Total 
Firm Respondents 

LBL 689 
Chubb-Pacific Indemnity Insurance 152 
Standard Oil of California 89 
Metropolitan Life Insurance Company 300 

Table 3. Mode shares for four selected firms. 

Firm 

LBL 
Chubb-Pacific Indemnity Insurance 
Standard Oil of California 
Metropolitan Life Insurance Company 

Automobile 

46.2 
3.3 
4.5 
2.0 

Response 
Rate(%) 

25 
81 
45 
38 

Carpool 

27.3 
20.4 
18.0 
20.0 

Parking 
Transit Carpool 

Availability Cost Availability Incentives 

Excellent Free Poor Limited 
Good High Excellent None 
Good High Excellent None 
Good High Excellent None 

Bay Area 
Rapid Transit Transit Walk Other 

4.8 8.9 4.9 7.3 
21.1 47.4 2.6 4.6 
38.2 34.8 3.4 1.1 
24.0 45.0 1.3 7.7 
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Chubb-Pacific Indemnity Insurance 

Chubb has approximately 187 employees who have flex­
time privileges, of whom 152 responded to the survey 
(81 percent response rate). The work force is 
largely clerical and administrative staff. The 
principal office tasks are to process insurance ap­
plications and claims. The flextime program has 
been in operation for approximately one year. 

The transportation characteristics for Chubb are 
similar to those of the other San Francisco-based 
firms. Chubb offices are located in the Bank of 
America Building on California Street, which is well 
served by all mass transit in the Bay Area. No 
special parking provisions exist for carpoolers, and 
parking supplies are scarce and expensive ($3-$6/ 
day). These factors account for the high transit 
mode shares illustrated in Table 3. 

Standard Oil of California 

Standard Oil, although a very large employer in San 
Francisco (approximately 3000 employees) , has only 
about 200 people on flexible work hours. The em­
ployees are not located in one work unit but are 
spread across many divisions. The 89 employees who 
responded to the survey (45 percent response rate) 
all work in the Standard Oil Building on Bush Street 
in the financial district o:r San Francisco. Like 
Chubb-Pacific, it also is well served by all mass 
transit in the Bay Area. No special parking is pro­
vided for any employees. As in the case of Chubb­
Pacif ic, the mode share for transit is very high 
(see Table 3). 

Metropolita n Life Insurance 

Metropolitan employs 1200 people at its downtown 
headquarters on Market Street. Approximately 800 of 
these employees have flextime privileges. The re­
mainder (telephone operators, security personnel, 
and computer systems people) are excluded from flex­
time by the demands of their jobs. 

There were 300 respondents to the questionnaire, 
for a 38 percent response rate. To test that the 
responses were representative of the entire firm, 
Metropolitan provided work start times from employee 
time sheets. A chi-square test failed to reject the 
hypothesis that the reported work schedules were 
drawn from the same population (with a significance 
probability, p = 0.45). 

Transportation supply conditions at Metropolitan 
are similar to those at Chubb-Pacific and Standard 
Oil. Metropolitan offers no parking incentive and 
is equally well served by transit. Table 3 indi­
cates the high mode share for transit. 

Summary 

The total flextime sample includes approximately 
1200 individual responses. The transportation sup­
ply characteristics of the downtown firms are sig­
nificantly different from those at LBL, and, there­
fore, the data analysis in the subsequent section is 
conducted for two groups: LBL employees and the em­
ployees at the three financial district firms. 

DATA ANALYSIS 

The experimental design illustrated in Figure 1 was 
used as a framework for the data analysis. The aim 
was to build on the information obtained during sur­
vey pretest. Separate analyses were conducted for 
the three San Francisco firms (hereafter referred to 
as CBD firms) and for LBL because of the different 
travel and socioeconomic characteristics of individ­
uals at the firms. 
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Magnitudes of mode changes for each of the two 
groups of data are examined and tested statistical­
ly. Next, the individuals who changed modes were 
compared both with individuals who retained modes 
and with other mode changers for several socioeco­
nomic variables. The aim was to identify profiles 
of the mode changers. The motivations for the mode 
change were then examined to see which, if any, of 
the hypotheses discussed were prevalent for our 
sample. As stated previously, the objectives of 
these analyses were the testing of the magnitudes of 
mode change and a study of motivations for mode 
change in order to provide guidance regarding the 
effect of flextime on mode change. 

Mode changes reported at LBL are summarized in Table 
4. Diagonal elments in the table represent individ­
uals who retained specific modes (e.g., 76 used 
transit before and with flextime) i off-diagonal ele­
ments represent individuals who changed from one 
mode before flextime to another mode with flextime 
(e.g., 20 individuals changed from driving alone to 
transit). The findings are similar to those ob­
served during the survey pretest in that all types 
of mode shifts occurred. Note, however, that the 
overwhelming shift was from driving alone to both 
transit and ridesharing. 

Statistical tests can be used to test the sym­
metry of Table 4. Mathematically, the null hypothe­
sis is 

Pii =pii i*j 

where Pij and Pji are 
portions in the tables . 

(1) 

the off-diagonal row pro­
Stated in words, the test 

examines whether the proportional change from each 
mode is equal to the proportional change to that 
mode 1 for example, if the proportional change from 
bus to carpool is equal to the change from carpool 
to bus. The test statistic is given (~) as 

x2 
= -~· [(Xij - xjY/(Xij + Xj;)] 

1-J 
(2) 

where the X's are the numbers of observations in the 
off-diagonal cells. The test statistic is asymp­
totically x2 -distributed with I(I-2)/2 degrees of 
freedom, where I is the number of cells in one di­
mension (in this case, 3). 

As can be expected by inspecting the table, the 
null hypothesis was rejected at a very high level of 
confidence. This is not surprising since, for ex­
ample, the mode change from drive alone to transit 
(20) is substantially more than the change from 
transit to drive alone (2). As mentioned pre­
viously, a gasoline supply and price crisis struck 
California in late May and early June of 1979. For­
tunately, questions were added to the questionnaire 
to attempt to screen temporary transit and rideshar­
ing arrangements that were stimulated by the energy 
problem alone. Ridesharers were screened to elimi­
nate new carpools (less than two months' duration) 
in which saving money on gasoline was checked as a 
very important motivation. New transit users were 
screened by using the gasoline motivation alone; if 
it was the only very important motivation for using 
transit, then the user was considered temporary. 
These controls were selected before the analysis so 
that they could be used to obtain a conservative es­
timate of flextime mode changes that were indepen­
dent of energy shortages. The lower half of the 
table shows small decreases in diversions from driv­
ing alone but s t ill strongly rejected t he hypot hesis 
of symmetry. 
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Figure 1. Experimental design for study of mode changes with flextime. 

HYPOTHESES ABOUT FLEX-TIME AND MODE CHANGE 

* Increase Solo Driving 

* Increase Rides haring 

* Increase Transit Use 

I 
DEVELOP QUESTIONNAIRE TO ADDRESS HYPOTHESES 

* Magnitude of Mode Changes 

* Individual Motivations for Change 

* Travel and Socioeconomic Characteristics 

of Changers 

I 
PRE-TEST AND REVISE QUESTIONNAIRE 

I 
CONDUCT FINAL SURVEY AT SELECTED FIRMS 

* Suburban Location 

* CBD Location 

l 
CONCLUSIONS AND RECOMMENDATIONS 

Table 4. Summary of mode changes with flextime for LBL. 

Mode Used 
Before 
Flextime 

Mode Used with Flextime 

Transit Drive Alone 

Before Screening for Energy Shortage 

Transit 76 2 
Drive alone 20 312 
Shared ride 2 5 
Total 98 3T9 

After Screening for Energy Shortage 

Transit 76 2 
Drive a1one 16 312 
Shared ride 2 4 
Total 94 ill 

Shared Ride 

5 
23 

160 
188 

I 
21 

160 
'i82 

Total 

83 
355 
167 
605 

79 
349 
166 
594 

Note: TabJe entries are the number of respondents who report use of specific 
modes before and with nextime. 

This test for symmetry can be considered a first 
cut at examining the magnitude of mode changes with 
flextime. A relevant policy questions is, "Has 
there been a significant increase (or decrease) in 
an individual mode share?" This question can be 
analyzed statistically by collapsing the 3x3 tables 
shown in Table 4 into a set of three 2x2 tables as 
shown below. 

Mode Before Mode with Flextime 
Flextime Transit Other Total 
Transit 76 7 83 
Other 22 2..Q.Q. lli 
Total 98 507 605 
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Mode with Flextime 
Mode Before Drive 
Flextime Alone ~ Total 
Drive alone 312 43 355 
Other 7 lli ~ 
Total 319 286 605 

Mode Before Mode with Flextime 
Flextime CarEQQl Other Total 
Carpool 160 7 167 
Other ~ 410 .!1!! 
Total 188 417 605 

The same test for symmetry can be conducted on 
each 2x2 table; however, the interpretation of the 
test is s lightly d i fferent. The hypothesis Pij = 
P. . essenti a l ly tes t s whether the mode share 
b~~ore flextime is equal to the mode share after 
flextime. The results of these tests both with and 
without energy controls are shown in Table 5. No­
tice that even with energy controls there is a sta­
tistically significant reduction in solo driving and 
significant increases in transit use and ridesharing. 

The next step is to compare the socioeconomic and 
travel characteristics of the mode changers with 
those who retained existing modes. It was hoped 
that profiles of likely mode changers could thus be 
identified. A wide range of variables was used in 
the comparison, including household location, auto­
mobile ownership per worker and per licensed driver, 
occupation, marital status and family structure 
(children, working spouse), household income, and 
age. In addition, for carpools only, comparisons 
were conducted regarding carpool composition, for 
number of riders, length of time in the carpool, and 
composition vis-a-vis spouse, children, other house­
hold members, non-household-members employed at same 
firm, and non-household-members employed at dif­
ferent firms. 

Very few (7) LBL employees shifted to driving 
alone, so there are insufficient data to perform 
statistical analyses. Of practical significance is 
that the magnitude of the change is very small. It 
appears that the motivations of congestion avoid­
ance, capturing parking places, and the freedom to 
run errands with a car contribute to mode changes to 
solo driving but for very few employees. 

The diversions from solo driving to transit and 
r idesharing were much more prevalent. The diver­
sions from solo driving occurred more frequently for 
clerical and administrative personnel than for pro­
fessionals and managers. The changes also occurred 
more often in lower-income households, a largely 
corroborative finding. These income pressures are 
not directly reflected in levels of automobile 
ownership, however, as more than 73 percent of the 
changers to transit and carpool had automobile 
ownership levels (per licensed driver and per house­
hold worker) equal to or greater than one. The in­
terpretation is that the vast majority of changers 
to higher-occupancy modes had an automobile avail­
able for a solo commute to work. The motivations 
for the changes illustrated in Table 6 support this 
income-centered view of mode change, but also show 
that flextime travel opportunities were crucial to 
the mode change decisions. 

The income-related pressures are revealed as re­
sponses to the gasoline-price motivation (Table 6). 
More than 83 percent (15) of the changers from drive 
alone to transit stated that the saving of money on 
gasoline was a very important motivation for their 
change in mode. Nearly as great a number (12) 
stated that flextime enabled them to use transit in 
spite of unreliable service. The ability to ride 
when seats are available and mesh with transit 
schedules also contributed to the mode changes. 
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Table 5. Results of hypothesis tests for mode share changes for LBL employees. 

No Energy Controls With Energy Controls 

2• 
Significance 

2• 
Significance 

Mode x Probability x Probability 

Transit 7.76 < 0.005 10.71 <0.005 
Drive alone 27.94 < 0.005 24.85 <0.005 
Shared ride 12.60 < 0.005 9.72 <0.005 

3
Reject H 0 \.\lith ex = 0.05. 

Table 6. Summary of mode change motivations for LBL. 

Changes from Drive Changes from Drive 
Alone to Transit Alone to Ridesharing 

Motivation NA NI SI VI NA NI SJ VI 

I. Arrive early to find parking 8 4 4 2 3 4 6 7 
2. Use car for errands 9 5 3 1 3 10 2 6 
3. Avoid rush-hour traffic 9 4 2 3 I l 5 15 
4. Adjust work schedule to 8 5 2 2 7 4 4 6 

share a ride with a family 
member 

5. Adjust work schedules to 13 2 0 2 4 4 6 7 
join or form a carpool 

6. Able to use transit even if 0 5 12 10 6 2 
it is unrr.li;:ihlP. 

7. Able to use transit when 6 6 11 6 2 
seats are available 

8. Easier to meet transit 4 s 8 II 6 0 
schedules 

9. Able to save money on gas- 0 3 15 4 2 6 6 
oline and leave car at home 

Notes: NA = not applicable, NI= not at all or not too important, SI= somewhat impor-
tant, and VI= very important. 

The interpretation is that income-related pres­
sures caused individuals to consider alternative 
modes, and flextime's freedom from tardiness helped 
individuals lessen concerns for transit unreliabil­
ity, allowing them to use public transit for their 
work trips. The reliability question is particu­
larly important at LBL since more thiln hillf of the 
mode changes were to Bay Area Rapid Transit (BART) , 
which experiences frequent service disruptions, 
breakdowns, and strikes. Individuals do not appear 
to be as strongly motivated by the ability to find 
seats or to buffer schedules as the hypotheses 
suggest. 

Interestingly, mode changers from drive alone to 
ridesharing reflect a rather different set. of con­
cerns. Table 6 indicates that the most important 
motivation was the ability to avoid rush-hour traf­
fic. Although gasoline prices were not inconse­
quential (very important for six respondents) , the 
ability to adjust schedules to form a carpool and 
the ability to arrive early and find a parking space 
were of nearly equal importance. The use of a car 
for errands was also important for eight of the re­
!;pondents. 

The importance of the rush-hour avoidance motiva­
tion is reflected in the behavior of the new car­
poolers. Nearly 62 percent of the new carpooler s 
saved time in their commute, compared with their 
travel time when driving alone. They were able to 
save time by traveling in the off-peak hours (near 
7:00 or 9:30 a.m. for the morning commute). Because 
many of these new carpools have only two occupants, 
the driver toured to pick up only one passenger, and 
was able to decrease the total commuting time by 
traveling when streets and highways were uncongested. 

Individuals who shifted to carpools did not have 
income levels significantly different from those of 
other carpoolers, but they tended to be newer em-
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ployees (employed less than 9 years) and were more 
likely to form two-occupant carpools (with a signfi­
cance probability, p = 0.14). Interestingly, the 
two-occupant carpools were formed with coworkers 
nearly 70 percent of the time. LBL's relatively 
isolated location has resulted in a lower number of 
carpools composed of spouses than the hypotheses 
would suggest. 

Comparisons of the income levels of changers to 
carpool and transit revealed that the new transit 
riders had significantly lower household incomes 
than the new carpoolers. The transit riders had a 
mean income of $22 000; carpoolers had a mean income 
of $27 000. More significantly, 84 percent of the 
new carpoolers had incomes above $20 000; 47 percent 
of the transit riders had incomes below $20 000. 
These findings corroborate the survey responses dis­
cussed previously: The new transit riders respond 
more strongly to income pressures, and the ride­
sharers are availing themselves of a new travel mode 
facilitated by flextime. 

The other motivations listed in Table 6 are of 
only marginal significance and importance. For ex­
ample, motivations 6-8 (transit related) were very 
important for the few individuals who indicated that 
they occasionally take transit when not sharing a 
ride. Similarly, two or three of the changers from 
drive-alone to transit rate factors 1-3 very im­
portant because they use the automobile for access 
to transit (primarily BART). 

The other mode changes that were shown in Table 4 
occurred for so few employees that analyses of 
socioeconomic characteristics and motivations could 
not be conducted. 

Only a few of the hypotheses concerning flextime 
and mode change appear to be prevalent at LBL. Em­
ployees have shifted in significant numbers from 
solo driving to both ridesharing and transit, de­
spite the prevalence of free parking and relatively 
poor transit service. Changers to transit seem to 
be strongly driven by increases in gasoline price 
but are able to use transit without the fear and 
stress of being late because of service unreli­
ability. Hypotheses concerning schedule buffering 
and finding a seat during off-peak hours are sup­
ported by the findings, but they do not appear to be 
as strong a motivation as coping with service un­
reliability. 

Mode-change findings for the three CBD firms are 
shown in Table 7. The pattern of mode change in 
these firms is substantially more complex than at 
LBL. The decrease in solo driving was substantial 
and significant (19) ; only one individual shifted to 
driving alone. There were, however, substantial 
diversions between transit and shared ride--26 in­
dividuals shifted from transit to shared ride and 21 
from shared ride to transit. These numbers do not 
change substantially, even after the gasoline-crisis 
mode changer!; are screened. 

Table 8 shows the results of hypothesis tests for 
significant mode changes. Before controls for 
energy are applied, there is a strongly significant 
reduction in driving alone and marginal increases in 
ridesharing and transit use. After the controls for 
energy shortages, there was only a small decrease in 
the number of individuals who changed from drive­
alone to both transit and shared ride; nearly all of 
the mode changes were tested as being independent of 
the energy crisis. There was enough of a decrease 
in transit riders to make the increase in transit 
use statistically insignificant; however, the in­
crease in rideshacing was of marginal statistical 
significance. 
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The CBD employees were analyzed for mode changes 
relating to transit and shared ride only because 
there were so few solo drivers that statistical com­
parisons were not possible. Concerning shifts to 
and from transit, trip distance was significant. 
Interestingly, individuals who had long-distance 
trips were more likely to shift both to and from 
transit. For all the mode changes that occurred be­
tween ridesharing and transit, trip distance was 
very significant : The individuals who changed from 
both ridesharing and transit had significantly 
longer trip lengths than did those who retained each 
mode. Commuting is certainly most onerous for these 
long-distance commuters, so it is not surprising 
that they are highly represented among the mode 
changers. The individuals who did change may have 
been dissatisfied with their previous choices but, 
until flextime, had no alternative available. 

Shifts from transit (which occurred exclusively 
to shared ride, except for one individual) occurred 
more frequently for married individuals who have 

Table 7. Summary of mode changes for CBD. 

Mode Used Mode Used with Flextime 
Before 
Flextime Transit Drive Alone Shared Ride Total 

Without Energy Controls 

Transit 344 I 26 371 
Drive alone 14 14 5 33 
Shared ride 21 0 77 98 
Total 379 15 108 502 

With Energy Controls 

Transit 344 I 26 371 
Drive alone 12 14 2 28 
Shared ride 20 0 77 97 
Total 376 15 105 496 

Note: Table entries are the number of responden ts who report use of specific 
modes before and with flextim e. 

Table 8. Results of hypothesis tests for mode share changes for CBD 
employees. 

Mode 

Transit 
Drive alone 
Carpool 

Without Controls for 
Energy 

x2 
1.035 

19.783 

1.935 

Significance 
Probability 

>0.25 
<0.005 
>0. 1 

8Reject H0 with a= 0.05. 

With Controls for Energy 

0.42 
13.44° 

1.34 

Significance 
Probability 

> 0.50 
<0.005 
> 0.25 

Table 9. Summary of mode change motivations for CBD. 

Changes from Transit 
to Ridesharing 

Motivation NA NI SI VI 

I. Arrive early to find parking 12 7 3 3 
2. Use car for errands 9 8 6 3 
3. Avoid rush-hour traffic 7 0 7 12 
4. Adjust work schedule to share a ride with a family 9 1 5 II 

member 
5. Adjust work schedules to join or form a carpool 7 4 3 II 
6. Able to use transit even if it is unreliable 13 2 7 4 
7. Able to use transit when seats are available 13 1 5 7 
8. Easier to meet transit schedules 13 3 6 4 
9. Able to save money on gasoline and leave car at home 14 1 3 7 
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working spouses and in households where incomes are 
higher (once again, highly corroborative). Compari­
son of automobile ownership levels indicates that 
these shifters did not have statistically different 
levels of automobile ownership from that of individ­
uals who remain transit riders. 

Analysis o f motivations f o r mode change (see 
Table 9 ) he lps to expl ain t he c a uses for t he mode 
changes. Responses to mo t ivations 4 a nd 5 indic ate 
that fl extime was impor tant i n a llowi ng individua l s 
to share rides with family members and adjust work 
schedules to form a carpool. These results are con­
sistent with the hypotheses that argue for increases 
in ridesharing. Surprisingly, the most important 
motivation for these new ridesharers is the ability 
to avoid the rush hours. In fact, 89 percent of the 
new ridesharers reported decreased commute times 
compared with t ho s e fo r the ir old transit mode , and 
79 percent we re able t o save time by a rranging 
shared rides to a r ri ve a t wo rk before 8:00 a . m. (the 
mos t congested portion of the p e ak pe riod). Of the 
79 percen t who r epor ted time s a v i ng s , nearly half 
had work arrival times before 7 :00 a .m.; a nother 35 
percent arrived between 7:00 and 8:00 a.m. 

The other motiva tio ns in Table 9 indicate that 
former transit patrons still rate the ability to 
find seats on transit fairly highly (12 of 26 rate 
it as somewhat or very important). Survey comments 
indicate that these individuals occasionally use 
transit and also value the ability to use it if 
ne c essary . The g r eat i mportanc e of saving money o n 
g aso line is e xplained by the fact that individuals 
a re c omparing their money sav ings if they dro ve 
a lone rather than carpooled . I n teresting l y , the 
capturing of parking spaces and use of car for er­
rands are r elatively unimportant. Remember that 
these switchers from transit to carpool have long 
trip lengths; theref ore, the concern for congestion 
avoida nce is rational. Commuting corridors in San 
Francisco are frequently congested for two hours or 
more during the morning and evening peak periods. 
These individuals have shifted from crowded, slow­
moving transit to ridesharing arrangements that 
allow travel in the prepeak period with concomitant 
savings in travel time . 

Analysis of i ndividua ls who changed from ride­
s haring to transit y i eld rather c omplemen t ary find­
ings . Ind i v i duals who s witched to t ransit were fre­
q ue ntly sing l e o r the sole wage earner . Once again, 
analysis o f a u tomobile ownership levels failed to 
detect dif f erences , compar;ed with level s for ride­
sharers who remained in their carpools. As at LBL, 
however, there appears to be an income effect: Mode 
changers from shared ride to transit had signifi­
cantly lower average incomes than did those who re­
tained the ridesharing mode. Further, mode changers 
from transit to shared ride had a mean income of 

Changes from Drive Changes from Drive Changes from 
Alone to Ridesharing Alone to Transit Ridesharing to Transit 

NA NI SI VI NA NI SI VI NA NI SI VI 

2 0 I 2 6 2 1 5 15 3 0 2 
2 0 0 3 4 3 2 4 7 4 4 2 
D 0 1 4 6 2 0 6 12 2 3 
3 0 0 1 9 3 I \ 14 3 2 

D I 3 8 4 2 0 15 3 1 0 
D 1 2 I 3 3 7 1 3 5 9 
0 0 3 I 1 4 8 2 2 4 12 
0 l 2 I 1 5 7 0 3 7 10 
0 0 3 2 2 1 9 5 0 3 13 

Notes: NA = not applicable, NI= not at all or not too important, S I = somewhat important, and VI= very important. 
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$26 000; however , changers from shared ride to tran­
sit had a mean income of $21 000; 62 percent of the 
new transit patrons had incomes below $20 000, but 
only 31 percent of the new ridesharers had household 
incomes less than $20 000. Responses to motivations 
for mode change in Table 9 support these findings: 
Saving money on gasoline is the motivation checked 
as very important by most people. Notice, how­
ever, that all the other transit-related motivations 
are nearly as important. Transit that arrived in 
the San ~·rancisco CBD was usually very crowded dur­
ing peak periods; some operations had frequent reli­
ability and schedule-adherence problems as well. It 
is therefore not surprising that these service-re­
lated motivations are ranked high by new transit 
patrons. Responses to the importance of carpool and 
automobile-related motivations reflect the use of 
these modes for access to t r ansit. Table 9 indi­
cates that the pattern of motivations for individ­
uals who change from drive-alone to transit is 
nearly identical to the results for changes from 
ridesharing to transit. 

In summary, the costs of long-distance commuting 
appear to bear heavily on the lower-income house­
holds that used to drive or ride in an automobile to 
work. These individuals are able to switch to tran­
sit because of the additional latitude that flext i me 
provides to avoid service unreliability, lack of 
seats, and mismatched schedules, by permittinq them 
to arrive at work in the prepeak period . . Ride­
sharers also travel in the prepeak hours, but do so 
to avoid rush-hour congestion, and arrive at work 
(and home) earlier in the day. 

SUMMARY 

Only some o f the hypotheses discussed appear to have 
motivated mode changes at the firms studied. Indi­
viduals at the CBD firms were most easily able to 
share rides with spouses, but at the more isolated 
site (LBL) this was not a major phenomenon. Neither 
group of indivi duals s howed a significantly 
inc r e ased incide nce of ridesha i::ing with individuals 
at other firms. Surprisingly, at both sites these 
new ridesha ~ers were attracted by the ability to 
avoid congestion as much as (if not more than) by 
the flexibility to form new carpool arrangements. 

New transit riders were strongly motivated by in­
come constraints and increased gasoline prices, but 
flextime allowed them to deal with unreliable tran­
s it service (particularly on BART) , and to travel 
during times when seats were available on transit 
vehicles. The hypothesis of schedule buffering did 
not receive much support for either group of em­
ployees. 

In many ways, the most satisfying finding was the 
signif icant decrease in solo d riving for both the 
LBL and CBD groups as well as for the survey pre­
test. For the individuals in this study, the 
freedoms available to avoid the rush hour, find 
parking spaces, and arrange work schedules to use a 
car for errands were not sufficient inducements to 
increase solo driving in larye numbers. In fact, 
many new ridesharers were able to avail themselves 
of these opportunities while traveling with a spouse 
or coworker. 

Flextime did not favor any one mode over all 
others. Clearly, each of the individuals who 
changed modes had improved commuting time as a re­
sult. Soc iety as a whole can be said to benefit by 
the decreased numbers of solo d rive rs. To answer 
the question originally posed as the motivation for 
this research: Yes--flextime is compatible with 
ridesharing and transit promotions, according to the 
responses to our study. Note, however, that only 
one o f the many va riants of flextime was studied. 
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It is hoped that the findings help allay fears of 
transportation professionals regarding flextime and 
mode change. 
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Assessment of Flextime Potential to Relieve Highway 

Facility Congestion 
PAUL P, JOVANIS 

Travel surveys offlextime workers at three firms in downtown San Francisco 
are used to assess the potential impact of flextime for relief of congestion on a 
freeway facility. The changes in work schedules for the survey respondents are 
extrapolated to reflect the effects of a large, areawide flextime promotional 
campaign. The froeway·corridor model FREQ was used to investigate two 
simulation scenarios. The first sconario resulted in few vohicles (less than 4 
percent) changing thoir t imes of trove! but yielded sub•tantial improvemonts in 
facility traffic flow. The second scenario resulted in n much largor number of 
vehicl es changing their time of travel, and actually rovealed a wo rsening of 
traffic-flow conditions on the Bay Bridge. Interpretation of the simulation re· 
suits vis·ii·vis the survey responses of individuals at the three firms indicates that 
these worsened traffic conditions are unlikely to occur for extended periods of 
time or on facilities that have different operating characteristics. It is clear that 
very few vehicles need to change their time of travel to have facility impacts, 
and that the numbers of vehicles needed are within the reach of modestly suc­
cessful flextime promotion campaigns. Interpretation of the simulation find· 
ings generally supports the promotion of fle.xtimo programs by transportation 
professionals to provide clear travel benefits to program parlicipants, and pos· 
sible travel bonofiu to users of a freeway facility who do not have flexitimo pri· 
vileges. 

Since the inception of the transportation system 
management (TSM) regulations in 1975 (.!_), alterna­
tive work schedules have been included in the list 
of tactics to be considered in the attempt to better 
manage the existing transportation system. Propo­
nents of these tactics hope that the removal of a 
few individuals from the peak will result in de­
creased congestion for travelers who remain peak­
period commuter s . 

Several areawide demonstrations have already 
illustrated the effects of two alternative work­
schedule policies--staggered work hours and flex­
time. A major promotion of staggered work hours in 
New York City (1_-_i) reported decreased peaking at 
several subway stations in the study area (e.g., 
passenger counts at the three busiest subway sta­
tions decreased by 6 percent in the peak 10 min) • 
Even more dramatic decreases in peak flows under 
flextime and staggered work hours were reported in 
'i'oronto (5). Before the demonstration, peak passen­
ger flows- occurred between 8:00 and 8:30 a.m.; after 

six months of the demonstration program, the peak 
shifted to between 7:45 and 8:00 a.m. and flattened 
considerably. Many people traveled before 7:45 a.m. 
and considerably fewer traveled during the former 
peak. 

These studies provide evidence of reduced peaking 
for subway lines; however, the situation for bus and 
highway systems is less clear. Results of a work­
schedule promotion in Ottawa (6) indicate that 
traffic flows at screenlines and parking facilities 
changed during the promotion, but the effect of 
changes in the work schedule could not be separated 
from seasonal flow variations and the influence of 
the 1973 energy crisis. 

Several recent studies have reported changes in 
the quality of the commute for individuals who have 
flextime. Findings from Albany, New York <ll; 
Cambridge, Massachusetts (~); and San Francisco, 
California (9), indicate that individuals who have 
flextime wer; able to save up to 15 min in travel 
time by commuting during the off-peak period. 

Two studies used analytic models to examine 
impacts of alternative work schedules. Tannir and 
Hartgen (10) used transportation planning models to 
assess areawide impacts of a hypothetical four-day 
workweek at the New York State Department of Trans­
portation in Albany, New York, and found 4-9 percent 
reductions in vehicle kilometers of travel near the 
work site, but negligible impacts areawide. Jones 
and others (11) used a freeway-corridor simulation 
model (FREQ) to study corridor impacts of flextime 
promot ions in San Francisco. The a nalysis assumed 
that t ime shifts would occur to elimi na t e congestion 
during the peak period. The results of eliminating 
congestion were a 16 percent decrease in travel 
time; 1.4 percent decrease in fuel consumption; and 
6-7 percent decreases in hydroca rbon and carbon­
monoxide vehicle emissions for the e ve n i ng peak only. 

These findings suggest that areawide impacts are 
likely to be negligible, but that impacts at the 
corridor level (pa rticularly for heavily traveled 
freeway corridors) are possible. Stronger conclu-
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sions are not possible because both studies were 
based solely on hypothetical work schedules. Tannir 
selected the four-day workweek because it was most 
popular in a su r.vey of preferred work schedules 
(!£). Jones did not have data on the time of actual 
work trips before and after f lextime. !:le conducted 
the research as an if-then experiment, i.e ., if the 
pe;ik were eliminated, then the slated impacts would 
result. 

This paper uses actual changes in work schedules 
rerorted by individuals who have t'lextime and 
e xtrapolates them to a hypothetical areawide 
promotion to determine whether the changes in work 
schedules result in decreased congestion for 
nonflextime travelers. 

FLEXTIME TRAVEL SURVEY 

Data concerning the changes in travel patterns of 
ind ividuals who have flextime were collected at 
three firms in downtown San Francisco in rnid-1979. 
Two of the firms, Chubb-Pacific Indemnity and Metro­
politan Life Insurance, are regional offices for 
insurance companies. The largely clerical and 
administrative work forces at these offices process 
insurance applications and claims and maintain 
company records. The third firm , Standard Oil of 
California, is a corporation headquarters operation 
that has a small portion (approximately 10 percent) 
of its nearly 3000-person work force on flextime . 

All three firms have a nearly identical fle·xtime 
policy . .Employees may start work between 7: 00 . and 
9:30 a.m. and are required to put i n a full work day 
during each weekday. Nearly all employees can vary 
theic start time daily, although the surveys indi­
cated that few chose to do so. The number of survey 
responses from each firm varied widely: 309 f rom 
Metropolitan Lii;e, 1.53 from Chubb-Pacific, and 89 
from Standard Oil (a 46 percent overall response 
rate) . 

All three firms are l ocated in the San Francisco 
financial district, an area of i ntense high-rise 
developme nt that has the following transportation 
system supply f eatures: 

1. Tr;a ns i access is extremely goocl for all 
commuting cor ridors . Streetcars , buses , and trolley 
coaches provide access for San Francisco residents 
and transfer passengers. A Bay Area Rapid •rransit 
(BART) rail rapid-transit line runs. under Market 
Street, which is within walking distance of all 
three offices . 

2. l:.'arking costs average $3-$6/day .and are not 
provided by any of the three employers. None of the 
employer s provides subsidized parking for carpools 
or vanpools. 

3. Automobile access to the financial district is 
very difficult during peak periods: b ridge access to 
the north and east and limited highway access from 
the south combine to produce delays that are com­
monly 15-20 min. Both bridges have priority treat­
ments for bus and carpool travelers . 

Further details of the data-collection procedure are 
contained elsewhere (13). 

STUDY SITE--OAKLAND BAY BRIDGE 

The westbound Oakland Bay Bridge was selected as a 
study site because of the availability of previous 
reports by the Institute of Transportatio'n Studies 
(ITS) at Berkeley, California (1:_1), and because of 
ongoing data collection sponsored by the Urban Mass 
Transportation Admi nistration (UMTA) (15). The 
westbound Bay Bddge is fed by a 0. 7 S-mile-long 
approach roadway that leads to a toll plaza . The 
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plaza has 17 booths, 3 o f which are dedicated to 
priority vehicle traffic. In the morning peak 
period, queues due tG toll collection freque ntly 
spill back beyond the beginning of the priority 
lanes , so that even priority vehicles (buses and 
carpools that have three or more occupants) are 
delayed on the bridgP 11pproach. 

An additional device used for priority treatment 
is a set of traffic signal meters approximately 0.25 
mile downstream of •· he toll. The mctcro control 
flow onto the bridge itself, so that queues do not 
form on the bridge upgrade. Priority vehicles pass 
through the meters directly , but nonpriority traffic 
is subject to additional delays that can reach 3-S 
min during peak congestion. 

Congestion on the approaches to the Bay Bridge is 
a serious problem from 6 :30 to nearly 9:15 a.m. each 
morning. Peak traffic delays, which occur near 7:30 
a. m. , frequently exceed 15 min. Considering the 
duration of congestion (6:30-9:15 a.m.) and its 
intensity (15-min delays) , the westbound Bay Bridge 
i s one of the most heavily congested facilities in 
the Bay Area . 

The conditions described above were typical of 
Bay Bridge operations during 1978. Because of two 
BART closings and the nat i onwide gasoline shortages, 
traffi c conditions on the Bay Bridge varied widely 
during 1979. For this reason, 1978 conditions were 
taken as a baseline for the flextime simulation 
studies. 

The FREQ model's basic structure involves divi­
sion of a directional facility (freeway) into sub­
sections of equal capacity and division of time into 
discrete slices (usually of 15 min) • For each 
subsection the user specifies the total freeway 
capacity, number of lanes, geometric information 
(e.g., gradient and curvature), and a function that 
describes the speed-flow relation for the traffic on 
the roadway. For each time slice the user provides 
origin-destination tables of the number of vehicles 
that demand service (traffic demand) from each 
freeway on-i:amp (or.I.y in) to each off-ramp (destina­
tion) (14). 

By applying the 15-min traffic demand to the 
described freeway facility , the peaking pattern of 
traffic and its associated queues and delays can be 
replicated. The model, when properly calibrated, 
has been shown to be an accurate predictor of free­
way travel conditions. The basic simulation outputs 
of speed and travel distance are used to compute 
fuel consumption and vehicle emission impacts for 
the vehicles on the f;:icility . Data from the 1971 
ITS Bay Bridge study l!.!l were modified to reflect 
1978 geometrics and traffic demands. 

Figure l compares travel times for the study 
section from the California Department of Transpor­
tation (Cal.trans) field studies (16 ) and fx:om the 
FREQ_ model. ca1 trans engineers familiar with Bay 
Bridge operations examined these and additional 
model outputs and agreed that the FREQ model pro­
vided a reasonable representation of 1978 traffic­
flow conditions fnr incident-free conditiono and 
good weather. Further details of model calibration 
can be found elsewhere (Jd) • 

COMPARISON OF FLEXTIME TRAVEL SURVEY WITH OTHER BAY 
AREA TRAVEL SURVEYS 

The flextime survey results were compared with a 
Metropolitan Transportation Commission (MTC) work­
place survey (17) and with travel modeling results 
conducted for MTC by Harvey of ITS (18). Both the 
MTC and ITS studies included employees from areas 
outside of the financial district but were used to 
test the representativeness of the flextime survey 
data . 
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Figure 1. Travel time by time of day for Oakland Bay Bridge : base conditions. 
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The mode shares from the three surveys (Table 1) 
a re dramatically different. Conversations with MTC 
officials indicated that the survey questions that 
relate to the shared-ride mode may not have been 
correctly interpreted by survey respondents. The 
mode share developed by Harvey for shared ride was 
acknowledged to have been more representative of 
travel conditions in 1978. Further comparisons 
between the MTC and flextime surveys were conducted 
for occupational classification, age, and household 
income to determine whether the mode share differ­
ences resulted from transportation supply differ­
ences or from differences in the individuals sur­
veyed. 

The flextime survey had nearly the same propor­
tion of managers and professionals as did the MTC 
survey but had a much higher proportion of clerical 
workers (Table 1) . One can argue that clerical 
workers are heavy transit users, thus the low auto­
mobile mode shares are explained; however, when mode 
shares were cross-tabulated with occupation, the 
shares were consistent across occupational groups 
among the flextime employees. The implication is 
that the high transit mode share at the flextime 
firms may be due largely to the locational charac­
teristics at the financial district: superior 
transit access, high parking cost, and heavy automo­
bile congestion. 

This conclusion was strengthened by additional 
survey comparisons. The age distribution of the 
survey respondents was not statistically differ­
ent--a chi-square test fails to reject the hypothe­
sis that the flextime results were drawn from a 
population characterized by the MTC results. The 
income comparison (discounting to the same base 
year) resulted in rejection of the hypothesis that 
the income distributions were the same. The flex­
time sample had fewer low-income households and more 
in the $40 000 and higher category. 

The conclusion is that the results of the flex­
time survey are not directly comparable to those 
obtained by MTC, particularly regarding composition 
of the work force and mode share. The composition 
of the work force is at least partly explained by 
differences in the types of firms surveyed, and the 
differences in mode share seem to be due to the 
locational attributes of the three financial dis­
trict firms. To assess the implications of these 
findings for a transportation facility, it is pro­
posed to conduct one simulation by using data pri­
marily from the flextime survey and a second simula­
tion by using mode shares and other travel data from 
the MTC and ITS surveys. The first simulation is 
called the financial district scenario, and the 
second simulation is called the central business 
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district (CBD) scenario. The experimental design, 
revised for the alternative scenario analysis, is 
shown in Figure 2 . 

Financial District Sce nario 

The procedure used to estimate the facility impacts 
is outlined below and is summarized on the following 
pages. Further details of the procedure are given 
elsewhere (.!]) • 

1. Determine total number of new flextime em­
ployees, 

2. Use proportion of people traveling from the 
East Bay to determine transbay person trips, 

3. Use mode shares before flextime to place 
people in a mode (single-passenger automobiles, 
carpools that have two occupants, carpools that have 
three or more occupants), 

4. Use ridesharing data to convert person trips 
by mode to vehicle trips, 

5. Use survey mode shares after flextime to 
account for mode shifts, 

6. Translate work arrival times at the workplace 
to approach arrival times at Bay Bridge, 

7. Distribute vehicles from time period of travel 
before flextime to time period of travel with flex­
time, 

8. Alter FREQ origin-destination tables to ac­
count for vehicle time shifts, and 

9. Compare basic FREQ6T simulation without flex­
time to simulation with altered origin-destination 
tables from step 8. 

The first step in the analysis is to determine the 
number of employees expected to participate in the 
promotion. This study used 25 000 individuals, 
which represents approximately 10 percent of the 
downtown work force. The flextime travel survey 
indicated that 35 percent of the respondents live in 
the East Bay (and use the Bay Bridge for commut­
ing). The mode shares before flextime were 6 per­
cent drive alone, 18 percent carpool, 68 percent 
transit, and 8 percent other. These mode shares 
result in 525 drive-alone persons and 1575 person­
trips in carpools from the East Bay. 

Once we know that the proportion of two-occupant 
carpools in the sample is 36 percent and that the 
average occupancy for carpools that contain three or 
more people is 3.44 £or the Bay Bridge, we can find 
the number of carpool vehicles by simultaneously 
solving 

1575 = 2x + 3.4y (I) 

z=x+y (2) 

x=0.36z (3) 

where x and y are the number of two-occupant and 
three-or-more-occupant carpools, respectively, and z 
is the total number of carpool automobiles. The 
computations yield x = 196, y = 348, and z = 544. 
Therefore, an hypothesized flextime promotional 
campaign that has 25 000 new flextime employees 
would directly affect 525 drive-alone vehicles and 
544 carpools on the Bay Bridge. 

The next step is to account for mode changes 
expected to occur with flextime. Although detailed 
analyses of flextime mode changes, reported in my 
other paper in this Record and elsewhere (!ll , 
indicate general decreases in driving alone and 
increases in transit use, they could not completely 
isolate the effect of flextime from other influences 
on mode change, such as the increased pr ice and 
decreased availability of gasoline. The motivations 
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Table 1. Comparison of flextime travel survey findings and other San Francisco 
travel studies. 

MTC Workplace Flextime 
Item Survey(%) ITS(%) Survey(%) 

Mode 
Drive alone 25 .7 32.4 6.4 
Shared ride 8.3 21.5 18.4 
BART 18.2 46.23 25.0 
Bus 39.2 42.7 
Walk 5.1 2. 1 
Other 3.5 5.2 

Occupation 
Professional 17.2 19.6 
Clerical 45.l 61.9 
Managerial 16.9 14.6 
Technical and other 20.8 3.9 

3 BART and bus combined: 

Figure 2. Revised design of experiment. 
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for mode change , however, clearly indicate that 
flextime provided opportunities to form carpools and 
use transit in the face of service unreliability. 
These opportunities provided by flextime were essen­
tial in the de.cisi on to change mode. The flextime 
procedure will, therefore, use the reported mode 
cha nges that occurred for the three financial dis­
trict firms. The mode shares after flextime were 3 
percent drive-alone, 20 percent carpool, 69 percent 
transit, .and 8 percent other. These .mode changes 
result in a decrease of 262 single-passenger automo­
biles and increases of 22 two-occupant automobiles 
and 38 three-occupant carpools. Mode changes to 
transit were assumed to be assimilated into existing 
services because of this study' s focus on highway 
congestion. In practice, mdde changes and time 
shifts of flextime travelers may bring pressures to 
stretch transit servioe. Although this is an im­
portant consideration, it is beyond the scope of 
this paper. 

Automobiles that contained flextime travelers 
were shifted one-half hour from their reported start 
time before flextime to account for travel from the 
Bay Bridge to the workplace (including in-vehicle 
travel time, parking, and walk access). Thus, an 
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individual who reported to work at 8:10 a.m. was 
located at the Bay Bridge approach at 7:40 a.m. 
(time slice 7). 

Vehicles were then shifted from the time slice 
that represents their travel before flextime to a 
time slice that reflects their time of travel with 
flextime by using data in Figure 3. Data from all 
downtown automobile and carpool trips were used to 
construct the figure. It would have been preferable 
to devillop separate tables for automobile ciml car­
pool and to use data for travelers who come from 
East Bay only. These considerations would have 
resulted in the construction of a 1G9-cell diagram 
with an extremely small sample size (less than 30). 
Cross-tabulation results for the limited observa­
tions indicated very small differences in carpool 
and automobile arrival times and in arrival times 
for East Bay residents compared with all residents 
in the sample. The conclusion was that Figure 3 was 
the most reasonable one to use for a hypothetical 
study of 25 000 flextime employees. The diagram is 
used by considering horizontal slices as the distri­
bution of vehicles from a time slice before flextime 
to new time slices after flextime. For example, if 
one considers the row for time slice 2 before flex­
time, the diagram indicates that 75 percent of the 
travelers remain in time slice 2, but the remaining 
25 percent shift from time slice 2 to time slice 6. 

The diagram assumes that changes to the work 
schedule do not vary. Although flextime employees 
have the ability to vary work schedules daily, 
previous research indicates that most individuals 
select a favorite work schedule and stick to it 
(.2_,13). Figure 3 can therefore be regarded as 
representing these favorite work schedules. 

The final step is to alter the FREQ origin-desti­
nation tables to reflect the time shifts shown in 
Figure 3 and to compare simulation results for the 
financial district scenario and the base conditions. 

Figure 4 shows the queuing diagram for the Bay 
Bridge with the f inancial district flextime program 
in effect; compar i son witn the base conditions 
reveals several important changes. First, queuing 
is initiated during time slice 2 rather than time 
slice 3. Further, queue lengths in time slices 2-6 
are longer than or as long as those that occurred 
without flextime. These increased queues were 
caused by the changes to earlier time periods of 
travel that were illustrated in Figure 3. However, 
after time slice 6, queues with flextime are shorter 
than before flextime. Congestion now terminates in 
time slice 10 rather than time slice 13. The dura­
tion of congestion has shortened by half an hour, 
and has been shifted in time by 15 min. 

The aggregate effects of the financial district 
flextime program are summarized below. 

Percentasie Chansie 
Financial CBD 

Item District Scenario 
Travel distance -1 0 
Travel time -8 10 
Gasoline -3 5 
Hydrocarbons -6 9 
Carbon monoxide -7 10 
Nitrous oxide 3 -8 

The overall effects are quite positive: a l percent 
reduction in travel distance (due to the mode 
changes from solo driving to both carpools and 
transit) 1 a substantial reduction (8 percent) in 
vehicle hours of travel 1 and f uel and vehic le-emis­
sions savings. The exception is the 3 percent 
increase in the emission of nltrou.s oxides, an 
inevitable .result when travel speed a increase. 

These aggregate benefits are very promising; 
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Figure 3. Distribution of flextime workers 
before and after flextime. 
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Figure 4. Queuing diagram of Oakland Bay 
Bridge-financial district flextime promotion. 

l?ZZJ Queue - Financial District Sce.nario Jm Queue - Base Conditions mz5a11 Queue - Both Conditions 

however, an even more interesting perspective of 
flextime is obtained by examining the distribution 
of the travel-time savings for various groups in the 
Bay Bridge driving population. A presentation of 
these benefits is illustrated in Figure 5, which 
displays travel-time differences for a trip that 
travels the entire length of the study section. The 
diagram is similar to Figure 3, except that it 
displays travel-time differences rather than numbers 
of vehicles. The figure is interpreted as follows: 
Entries along the diagonal (dark squares) represent 
travel-time changes for two groups of travelers, 
those who have flextime who did not change their 
trip timing and nonflextime travelers. For example, 
the diagram shows a O. 2-min increase in travel time 
for travelers in time slice 2 after flextime. All 
cells below the diagonal represent travel time 
changes for flextime travelers who shifted to ear­
lier work arrival times, and entries above the 
diagonal represent changes to later work arrival 
times. 

Concerning all travelers in time slices 1-6 after 
flextime, the distribution of travel-time changes 
may be summarized as follows: 

10 11 12 13 14 15 

Subsection Number 

1. Flextime travelers who shifted to earlier time 
periods (particularly to time slices 1-4) saved 
substantial amounts of time--one group saved 12. 6 
min and five other groups of flextime travelers 
saved more than 5 min. 

2. Flextime travelers who shifted from earlier 
time periods to time slices 5 and 6 generally had 
longer travel times (4.9-13.6 min longer). These 
shifts to more congested time periods are rational 
when considered with respect to survey responses 
that indicated that office needs and family schedule 
coordination influence some individuals to arrive at 
work near 6:00 a.m., which would necessitate travel 
in periods 5 and 6 (6,13). 

3. Nonflextime t~velers and those who had flex­
time who retained old work schedules experienced 
generally small increases in travel time. The 
increases were generally caused by flextime trav­
elers who shifted to earlier time periods. Although 
the flextime travelers saved time in doing s o, they 
imposed additional delays on other travelers of 
those earlier time periods who were unable to shift. 

The distribution of travel-time savings for 
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Figure 5. Travel differences for flextime and nonfle><time 
travelers in nonpriority vehicles: financial district flextime 
program. 
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Time Slice After Flex-t imea 
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Table ent rie s are changes in travel time (minutes) . 

travelers after time slice 6 is dramatically dif­
ferent for both flextime and nonflextime travelers. 
There are conl'li st.ent travel-time savingc for non­
f lex time travelers and for those who had flextime 
who did not change time periods (those along the 
diagonal from time slice 7 to 13). The time savings 
were as small as 0.3 min and as large as 3.0 min. 
The savings were caused by the shift of travelers 
from later to earlier time periods and also by the 
fact that congestion ended earlier with flextime 
(time slice 10) than before flextime (time slice 13) • 

Entries below the diagonal indicate that flextime 
workers who shifted from time slices 8 and 9 to time 
slice 7 experienced an increased travel time in 
doing so. As before, these shifts are rational, 
according to survey analyses that reveal off ice 
needs and family schedule coordination as motiva­
tions for work arrivals near 8:00 a.m. (travel in 
time slice 7 at the bridge would place individuals 
downtown belween 8:00 and B:l5 a.m.). 

All flextime travelers who shifted to later 
arrivals (those above the diagonal) saved time in 
doing so. Four groups of travelers saved more than 
5 min; the largest time savings were for those who 
shifted from time slice 7 to 11. Once again, these 
changes in time period are rational with reqard to 
survey findings that reveal desire to sleep late as 
the major motivation for later work arrivals. 

Alternative Fiextime Scenario--Promotional Campaign 
Throughout the CBD 

The same 25 000 flextime employees were used as a 
target of the CBD flextime promotional campaign. 
Data from the MTC workplace survey indicate that 23 
percent of the CBD trips odginate in the East Bay; 
this yields 5750 person-trips. Mode shares before 
flextime were taken from transportation planning 
analyses by Harvey (]j!) • The analyses were used to 
obtain mode shares for CBD employees who live in the 
East Bay, as follows: 28 percent drive-alone, 16 
percent r idesharing, and 56 percent transit. These 
mode shares yield 1610 solo drivers and 920 people 
in carpools. The average carpool occupancy for the 
CBD is 2.44 (]j!), which yields 377 carpool ve­
hicles. As in the financial district scenario, mode 
shares were decreased by 3 percent for drive-alone 
and increased by 2 percent for ridesharing and 1 
percent for transit. The CBD scenario thus resulted 
in 1861 vehicles that have the possibility of chang -

ing their time period of travel on the Bay Bridge. 
The queuing diagram in Figure 6 illustrates the 

Bay Bridge congestion with lhe hyJ,>othetical CBD area 
flextime program. The queuing starts one time slice 
earlier and terminates one time slice earlier, but 
the queues are much longer in time slices 4-7 than 
they were in the base conditions. The implications 
of this increased queuing are revealed in the pre­
vious table. There is a very small decrease in 
vehicle mileage due to mode changes, but there are 
substantial increases in all other impacts except 
nitrous oxides . The findings are generally very 
unfavorable and very different from those obtained 
for the financial district analysis. Analysis of 
the diagram in Figure 7 helps to explain why these 
travel-time increaoes occurred. 

Considering entries along the diagonal, all 
individuals who retained old work-start times have 
increased travel times during time periods 1-6. The 
size of the travel time increases are much larger 
than those observed in the earlier simulation (Fig­
ure 5). In fact, all travelers who retain work 
schedules in time slice 5 have their travel time 
increased by B. 2 min. Interestingly, entries below 
the diagonal for time slice 4 and earlier generally 
show travel-time cavings. However, all travelers in 
time slice 5 after flextime (the vertical column) 
have increased travel times (one by 11.5 min). 

Examination of Figure B illustrates what has 
caused these results. Use of the methodology de­
scribed resulted in a very large number of vehicles 
(216) being added to time slice 4. These additional 
vehicles caused rapid queuing, which made the addi­
tion of only 99 vehicles to existing traffic demands 
at time slice 5 an even more serious problem. If 
one examines the vertical column for time slice 5 
after flextime, one can see that all travelers of 
that time period have much higher travel times. 
Given the findings in the literature (8 , 13) regard­
ing the impor tance of avoiding the rush-hours, it 
seems unlikely that many travelers would actually 
remain i n time slice 5 for very long . Those who 
have flextime would seek to find alternative, l ess 
congested time periods. When considering the re­
sults in this perspective, it appears that these 
travel conditions may exist on the first day of 
operations, but eventually flextime travelers will 
find more suitable times to travel and probably 
produce less delay for others (nonflextime trav­
elers). 
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Figure 6. Queuing diagram of Oakland Bay Bridge : ~Queue - CBD Promotion ~Queue - Base Conditions miim Queue - Both Cases 

CBD flextime promotion. 

Figure 7. Travel time differences for CBD flextime 
program. 
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The findings for time slices 7-13 are similar to 
those for the financial district alternative. 
Travelers who retained existing work hours had 
decreased travel times, which ranged from 0.5 min to 
about 2.5 min. Travelers who changed from time 
slices 8 and 9 to time slice 7 had increased travel 
times. 

The major finding of this simulation of this 
areawide plan is the substantial negative conse­
quences that ensue. Congestion was actually worse 
with the hypothetical program than before. Although 
some of the work-arrival time changes inherent in 
the scenario are unlikely, the analysis does suggest 
one boundary condition where negative impacts are 
possible with flextime. 

SUMMARY 

This paper described the use of a freeway-corridor­
traffic simulation model, FREQ, to study the effect 
of flextime promotional campaigns on traffic opera­
tions at the Oakland Bay Bridge. Two hypothetical 
flextime programs were tested by using the model. 
The first simulated the effect of a flextime promo­
tional campaign that concentrated on the financial 
district and resulted in employees with travel 
characteristics from that area being placed on 
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flextime. Because of rather small automobile and 
carpool mode shares, this scenario resulted in a 
rather small number of vehicles changing time pe­
riods of travel. Nevertheless, substantial travel­
time savings accrued overall, as well as fuel con­
sumption savings and carbon monoxide and hydrocarbon 
pollutant decreases. Nitrous oxides increased, an 
inevitable result when travel speeds improve. 

The second scenario examined a hypothetical 
flextime promotional campaign in the CBD as a 
whole. Employees had mode shares that were close to 
average values for the San Francisco downtown. The 
results of the simulation studies were strongly 
negative: travel time, fuel consumption, carbon­
monoxide emissions, and hydrocarbon emissions in­
creased substantially. Only nitrous oxide emissions 
decreased. The negative results were due to the 
large numbers of vehicles that changed to earlier 
time periods, which resulted in increased congestion 
early in the mor ni ng (6: 15-7: 30 a.m.). Survey 
responses indicate t hat this phenomenon is unlikely 
to occur for extended periods of time, as most 
flextime travelers value avoiding rush hours very 
highly. It is, therefore, likely that these trav­
elers would shift to some other time periods where 
they would individually save some travel time (a new 
traffic equilibrium would be established) . 
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Figure 8. Traffic demand versus capacity at Bay Bridge toll plaza: base 
conditions. 
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The simulation findings provide a basis for 
suggesting expected impacts of flextime promotions 
in alternative operating environments. The inter­
pretation of the research findings indicated that 
three traffic-flow characteristics strongly affected 
the simulation results for the Bay Bridge. 

First, the degree of peaking at the Bay Bridge 
was relatively steep (see Figure 8); traffic demands 
exceeded facility capacity for only 1 h of a rnore­
than-3-h peak period. Second, the duration of 
congestion is long (3 h), because of the number of 
time periods when traffic demands are close to but 
do not exceed capacity. The large number of these 
time periods means that queues formed when demands 
exceed capacity take a long time to d i ssipate; 
congestion is therefore of long duration. Third, 
the Bay Bridge is one of the few travel corridors 
into San Francisco from the East Bay. The lack of 
alternative routes partly explains the peak and 
long-duration queuing that occur on the bridge. 
More importantly, perhaps, the lack of alternative 
routes causes all changes in flextime travel pat­
terns to be focused on one route rather than dis­
persed on a number of commuting corridors. 

The effects of these three factors are illus­
trated in the table below, which summarizes expected 
impacts of flextime promotional campaigns in various 
operating environments. 

Operating Environment 
Few travel corridors, 
traffic heavily con­
centrated 

Intense congestion of 
extended duration 

Intense congestion of 
brief duration 

Little congestion 

Expected I mpact 

Congestion improvement or 
degradation possible; 
recommend detailed site­
specific studies to assess 
reserve capacity 

Strong likelihood of 
travel-time savings, 
either small or large 

Small traffic impacts, pri­
mary benefits to flextime 
travelers; may shift inci­
dence of congestion to 
earlier time periods 
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Operating Environment 
Many travel corridors, 
traffic spatially 
dispersed 

Intense congestion of 
extended duration 

Intense congestion of 
brief duration 

Little congestion 

Expected Impact 

Improvement or degradation 
possible; risk of in­
creased congestion on some 
facilities near major gen­
erators; recommend site­
specific analysis 

May have small traffic 
benefit near large gen­
erators 

Small traffic impacts; 
small chance of shifting 
t he incidence of conges­
tion to earlier time 
periods 

The environment studied via simulation can be con­
sidered as operating environment number one. When 
small numbers of automobile drivers are placed on 
flextime, the outcome is likely to be positive at 
the facility level. When large numbers of automo­
bile drivers are on flextime, the CBD scenario 
revealed that this operating environment runs the 
strong risk of increased congestion for nonflextime 
travelers. I n particular , facility demand-capaci ty 
diagrams (see t'igu re 8) may be hel pful in assessing 
potential facil ity i mpac ts . Analyses s howed t ha t a 
moderate number of individuals on flextime may 
result in substantial increases in travel time, fuel 
consumption, and vehicle emissions. One can use the 
facility peaking data to see where spare capacity is 
available, t hen dec ide if flextime is l i kely to 
shift traffic into those time periods. 

For facilities that have highly peaked traffic 
patterns (case 2), the likelihood is that substan­
tial travel-time savings will result. There is a 
slight chance of retaining existing congestion and 
moving it earlier with flextime; but this seems 
unlikely based on flextime arrival profiles col­
lected in this research. Many individuals changed 
work arrival times by more than an hour--this should 
be sufficient to have large facility impacts when 
only a few individuals are on flextime. 

Operating environments that have few travel 
corridors and congestion is not peaked can generally 
expect small facility impacts, since there would be 
little delay during base conditions. Primary bene­
fits in these environments are likely to accrue to 
flextime travelers. 

In areas that have many travel corridors, the 
effect of areawide flextime promotion is likely to 
be diluted. If traffic flows result in highly 
peaked and spread congestion on many routes (as is 
the case in cities like New York or Los Angeles), 
then there is a chance of increased facility conges­
t ion, particularly for highways near large genera­
tors that adopt flextime. In this case, the indi­
vidual travelers will benefit but may impose some 
additional costs on nonflextime travelers. 

In areas that have many travel corridors that 
have highly peaked traffic flows, small, facility­
specific improvements in travel time are likely, and 
larger savings, again, accrue to highways near large 
traffic qenerators that adopt flextime. 

Areas with many trayel corridors and generally 
spread traffic flows are likely to experience minor 
facility impacts. The major effect will be the 
individual benefits that accrue to travelers with 
flextime. 

In summary, the travel implications of areawide 
flextime programs argue for their active support by 
transportation agencies. Significant travel and 
personal benefits occur for the individuals who have 
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flextime : opportun i ties to a void congestion, plan 
evenings with family and friends, re s olve household 
schedule conflicts, have a more comfortable and 
worry-free commuter trip on transit, and coordinate 
ridesharing arrangements with spouse of coworkers 
(8,9,13). The simulation studies indicate that 
rel;tively small numbers of automobile travelers who 
have flextime can have substantial effects on con­
gestion on the highway traffic system. In the 
financial district scenario, only 1069 of more than 
21 000 peak-period vehicles belonged to flextime 
travelers, yet their changes in travel resulted in 
substantial aggregate travel-time savings. Clearly, 
very few vehicles need to change their time of 
travel to have facility impacts, and the number of 
vehicles needed are within the reach of modestly 
successful flextime promotional campaigns. 

Even in areas that experience small aggregate 
travel-time increases, there are st i ll substantial 
travel benefits that accrue to flextime travelers. 
The situation faced by policymakers is not unlike 
that involving the decision to install traffic 
signals at intersections: traffic on side streets 
and pedestrians are provided safe access at the cost 
of additional delays imposed on main-street 
travelers. There is a clear decision to provide 
benefits to some groups of travelers at the expense 
of others. With flextime, the benefits clearly go 
to individuals who participate in the program, and 
possibly to nonflextime travelers through decreased 
traffic congestion. Even in areas where small 
increases in congestion may occur, flextime is still 
a policy worth advocating and pursuing. 
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Fuel Saving Potential of Low-Cost Traffic Engineering 

Improvements 

J.W. HALL 

The objective of this project was to develop priorities for certain low·cost urban 
traffic engineering improvements based on their potential for saving fuel. The 
study procedure involved the use of a test vehicle equipped with a precision fuel 
meter. Test runs were conducted on selected routes in Albuquerque and in off­
road simulated conditions. Data from the field tests were processed with linear 
regression techniques to develop a model for the prediction of a rate of fuel 
consumption. The principal independent variable in the model is the rate of 
vehicular motion, although a correction for gradient is required to provide con­
sistency between the model and the results of field tests. The model was ap­
plied to certain traffic improvements that could not be evaluated through 
before-and-after field tests. With respect to fuel saving, the most cost-effective 
improvements were found to be flashing signal operation, use of longer curb 
radii, and better use of existing coordinated signal systems and one-way streets. 
Pedestrian grade separations at school crossings cannot be justified solely on the 
basis of fuel savings, and the operation of neighborhood traffic diverters was 
found to result in an excess of fuel use. 

Virtually all studies of energy consumption in the 
United States report that approximately 25 percent 
of the energy used is devoted to transportation. 
Al though all modes contribute to this consumption, 
highway vehicles account for nearly 80 percent of 
the transportation-related energy consumption (JJ. 
These facts, coupled with the exclusive reliance of 
highway vehicles on petroleum products, have 
prompted a broad-based examination of methods for 
reducing automotive fuel consumption. The technical 
literature reports on a variety of techniques for 
reducing automotive fuel consumption. The principal 
methods are increases in efficiency of energy con­
version and load factors, shifts to more efficient 
modes, reduction in travel, and improvement in use 
patterns (l). Many specific programs within these 
five categories have been proposed, and potential 
fuel savings from some programs have been esti­
mated. The consensus appears to be that, during the 
next decade, improvement in the fuel economy of new 
vehicles will have the most pronounced effect. 

The principal involvement of the traffic engineer 
is in the area of improved use patterns, which en­
compasses most improvements to traffic flow. Many 
traffic engineers feel that their actions can help 
reduce fuel consumption. The technical literature 
related to the anticipated benefits from traffic en­
gineering improvements abounds with citations of the 
energy-saving merits of the improvements. In the 
typical case, however, the benefits are not quanti­
fied, nor is a basis proposed for such a quantifica­
tion. The qualitative basis for potential fuel 
savings due to roadway improvements include the fol­
lowing: 

1. Studies of fuel consumption, beginning in the 
1930s and continuing through the 1960s, on the ef­
fects of major geometric changes, which have been 
updated economically but not technically (3) i 

2. Theoretical studies that use comp;ter model­
ing techniques for vehicle flow and fuel consumptioni 

3. Common sense, which suggests that reduced ve­
hicle idling time and more uniform travel speeds 
will reduce fuel consumption; and 

4. Limited recent real-world studies of urban 
fuel consumption. 

Although the work that has gone into the previous 
studies is significant, the studies have deficien-

cies that limit their usefulness in 1980. The 
changes in vehicle mix and performance character is­
tics limit the value of older data. In addition, 
the transportation system management (TSM) improve­
ments that are being emphasized today differ sig­
nificantly from the major projects that were studied 
extensively earlier. And finally, some difficulties 
remain with the quality of data used in the com­
puter-modeling procedures. 

The purpose of this study was to develop a cost­
effectiveness hierarchy of urban traffic engineering 
improvements on the basis of their fuel-saving po­
tential. Although the study was conducted in Albu­
querque, the findings may have broader applicability. 

STUDY PROCEDURE 

The examination of traffic improvements when the in­
dividual savings per vehicle are small requires the 
use of a field study of actual and simulated traffic 
conditions. For this purpose, a precision displace­
ment fuel meter was purchased. The meter, which is 
factory calibrated to be accurate over all expected 
automotive fuel-consumption rates, measures fuel 
consumption in cubic centimeters and simultaneously 
records fuel temperature and elapsed time. The unit 
consists of an underhood transducer assembly and a 
display unit mounted on the dashboard. All fuel 
readings were adjusted for the equivalent fuel con­
sumption at 15.6°C for both fuel and air temperature 
(!) by using procedures established by the Society 
of Automotive Engineers. 

The meter was installed in a 1977 model compact 
vehicle. The fuel economy reported by the U.S. En­
vironmental Protection Agency (EPA) for this vehicle 
is close to the average for 1977 compact vehicles 
and is slightly less than that for all 1977 ve­
hicles. At the time this project was completed ap­
proximately 28 percent of the vehicles on the road 
were newer than the test vehicle. The vehicle was 
kept in good condition throughout the field testing 
period, and no major repairs were made during test­
ing. For all field tests, cold tire pressure was 
kept at 2.25 kg/cm 2 • 

In the initial stages of test vehicle use, a 
series of constant speed runs was made on two test 
routes for calibration purposes. Test route 1 par­
allels the Rio Grande River north of Albuquerque and 
has a grade of 0 .13 percent, and test route 2 is 
perpendicular to the Rio Grande River and has a sig­
nificant (4.11 percent) grade. Calibration runs 
were conducted on tesl routes 1 aml 2 during the 
early morning hours to minimize the influence of 
other traffic. On test route 1, a series of con­
stant speed runs was made at 8 km/h speed increments 
from 32 to 96 km/h, and at 113 km/h. On test route 
2, runs were made at 16 km/h increments from 32 to 
96 km/h. 

The field data from these and subsequent test 
routes were coded onto computer cards. The coding 
format varied slightly among the test routes, but 
the basic information common to all test routes in­
cluded route number, date, starting time, fuel con­
sumption, temperatures, and travel time. For cer­
tain test r outes, incremental fuel consumption and 
travel time, delay, acceleration time, curb radius, 
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and number of delayed vehicles were also coded. Al­
though the data processing differed somewhat for the 
various test routes, many of the processing steps 
were similar. A general flow chart for the process­
ing is presented in Figure 1. Initially, fuel data 
were adjusted for temperature according to Society 
of Automotive Engineers procedures. Fuel-consump­
tion rates, based on adjusted fuel consumption and 
test route length, were calculated. The commonly 
specified fuel-consumption value, miles per gallon, 
was calculated but it is not convenient for analysis 
purposes. Its reciprocal, gallons per mile, is more 
useful, but is not consistent with the values re­
ported by other researchers who used the metric sys­
tem. Several technical articles use liters/100 km 
or milliliters per kilometer, neither of which is 
consistent with established procedures for specify­
ing metric values. The fuel-consumption rate, which 
is proper dimensionally, is cubic millimeters per 
meter. This rate, which is numerically equal to the 
value for millileters per kilometer, was used in 
this research. For comparison purposes, a vehicle 
that has a fuel economy of 20 miles/gal has fuel­
consumption rates of 0.05 gal/mile and 117.6 mm'/m. 

The processing of data continued with the print­
ing of the original data and calculation of fuel­
consumption rates. The data were then separated by 
direction of travel or field test condition. Sepa­
rate calculations of average statistics were per­
formed by direction or condition. In some cases, 
regression analyses were performed with the fuel­
consumption rate as the independent variable. In 
these cases, the program prepared plots of the ob­
served and predicted rates. The t-test was per­
formed to compare appropriate variables by direction 
or condition. In certain cases, the data were pro­
cessed by using correlation or discriminant analyses. 

Following these runs, the engine oil was changed 
and the vehicle was taken to an authorized Ford 
dealer for a minor tuneup. The spark plugs and air 
cleaner were replaced, and the fuel and ignition 
systems were adjusted to the manufacturer's specifi­
cations. The vehicle was then retested on routes 1 
and 2. The fuel-consumption rates for these test 
routes are plotted in Figures 2-4. As shown in 
Figure 2, the minimum fuel-consumption rate on test 
route 1, which is virtually level, is in the range 
of 48-64 km/h. Figure 3 indicates that the minimum 
fuel-consumption rate occurs near 64 km/h on the 4.1 
percent downgrade and near 48 km/h on the 4.1 per­
cent upgrade. Both figures indicate that the tuneup 
had little effect on fuel consumption for this test 
vehicle. For test route 1, the average fuel-con­
sumption rate for all speeds changed form 104.92 
mm 3 /m {before) to 103.24 mm'/m {after), a 1.6 
percent decrease. The change is not statistically 
significant, and as indicated by Figure 2, at some 
speeds the fuel-consumption rate increased in the 
after study. On test route 2, the fuel-consumption 
rates in the after study were 2 percent higher on 
the upgrade and 6.5 percen.t lower on the downgrade. 
On this route, the round-trip fuel-consumption rate 
was O. 2 percent higher in the after study. A com­
parison of the round-trip fuel-consumption rates on 
test route 1 versus the similar data for test route 
2 showed that, for comparable running speeds, rates 
averaged 25 percent higher on the grade. In other 
words, the fuel saved while traveling downgrade is 
less than the excess fuel used on the upgrade. 

All of the data for test route 1 were combined 
and are shown in Figure 4. The combining of data is 
acceptable because the route is level, and there was 
no significant difference between the before and 
after tests. The minimum fuel consumption occurs at 
approximately 48 km/h, although the fuel-consumption 
curve is nearly constant at 93 mm' /m between 48 
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and 56 km/h. This is the speed range that should be 
maintained to minimize fuel consumption. Figure 4 
clearly shows the fuel penalty associated with 
higher speeds. What is less obvious from the graph 
is the penalty associated with low speeds. It has 
been reported that elimination of speeds less than 
32 km/h would reduce vehicle fuel consumption by 
more than that due to the the 88-km/h speed limit 
(2). This has led to the suggestion that the adop­
tion and enforcement of a minimum speed limit should 
be considered as part of a fuel-saving program. The 
apparent problem with the 88-km/ h speed limit is 
achieving motorist compliance: however, the most 
serious problem with a minimum speed limit of 24 or 
32 km/h is for the traffic engineer to provide a 
roadway environment that would permit motorists to 
comply with the limit. As a practical matter, a 
minimum speed limit for urban streets is not obtain­
able. However, the objective of reducing driving at 
low speeds, complete stops, vehicle idling time, and 
keeping speeds near the optimum level of about 48 
km/h can be partly accomplished through the applica­
tion of traffic engineering principles. 

Since money for traffic engineering improvements 
in an urban area such as Albuquerque is limited, it 
is important to know which types of improvements 
have the most substantial effect on fuel consump­
tion. This information can assist in establishing 
priorities for improvements. To evaluate the effect 
of various types of traffic-engineering improve-

Figure 1. General flow diagram for data analysis. 
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Rgure 2. Fuel-consumption rates at selected constant speeds on test route 1, 
before and after vehicle tuneup . 
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ments, a number of field experiments were conducted 
by using the instrumented test vehicle. 

Effect of Stop Sign 

One of the most visible forms of traffic control is 
the stop sign. Its use is required by law in cer­
tain cases, and the Manual on Uniform Traffic Con­
trol DevicP.s provides some guidelinec for the us@ of 
stop signs. Numerou s stud ies have shown that stop 
s igns will have only a l imited effect on the occur­
rence of traffic accidents. It has also been estab­
lished that the installation of stop signs for the 
purpose of controling vehicular speeds does not 
achi eve the desired intent. Despite these facts, 
citizens frequently request the installation of stop 
signs to solve perceived traffic problems. 

A disadvantage of the installation of stop signs 
is that extra fuel is consumed by a vehicle to de­
celerate to a stop and then rega i n speed. Winfrey 
(~) reports data from the mid- 1960s that is based on 
a 1815-kg passenger car that has an optimum fuel 
consumption of 100. 7 mm' /m. He reports the excess 
fuel consumed by this vehicle in one speed change 
cycle, which is defined as the process of reducing 
speed from and returning to an initial speed. In 
the case of a speed cycle from an initial speed of 
56 km/h to a stop and back to 56 km/h, the vehicle 
consumed 37.2 cm' more fuel than by driving at a 
constant speed of 56 km/h. Travel time was in­
creased by 14 s for this speed change, assuming no 
delay caused by other vehicles. 

Two parallel test routes were established to 
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Figure 3. Fuel-consumption rates at selected constant speeds on test route 2, 
before and after vehicle tuneup. 
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Figure 4. Fuel-consumption rates at selecterl constant speeds on level test 
route-combined results from all test runs. 
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determine the current effect of stop signs on fuel 
consumption. Both routes were approximately 1.26 km 
long and had +2 percent grades in the eastbound 
direction. Test route 3 had no stop signs, and test 
route 4 had a stop sign at one intersection. A com­
parison of the fuel-consumption and travel time data 
for the two test routes under conditions of low 
t raff ic volume is presented in Table l. 

The excess fuel consumed by the 56-km/h speed 
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change cycle was 36.1 cm' eastbound and 37.8 cm' 
westbound. The average of 37 cm' and the excess 
travel time (13. 5 s) are both in close agreement 
with the values reported by Winfrey . The data sug­
gest that, although fuel consumption is clearly re­
lated to the grade, the excess fuel consumption as­
sociated with the speed change cycle is independent 
of the grade. 

Effect of 24- km/h Schoo l Zones 

Albuquerque has approximately 120 posted school 
zones where the speed limit is reduced to 24 km/h 
during the hours when children are crossing. Al­
though crossing hours vary among schools, the lower 
speed limits are typically in effect from 8:00 to 
9:00 a.m., during the lunch period, and from 3 to 4 
p.m., for a total of 3 h. The zones, which are con­
trolled by adult crossing guards, are typically on 
arterials that normally have posted speed limits of 
48-56 km/h. The zones vary in length, but a survey 
found that they averaged 130 m. A 1978 study found 
that motorists generally comply with the speed limit 
(average speed = 26. 5 km/ h) , but that they quickly 
regain normal speeds once they have left the zone. 
It is hypothesized that compliance with the reduced 
speed limit is enhanced by the presence of the adult 
guard and by the short zone length, which is marked 
by appropriate traffic signs. 

There is no doubt that the 
causes excess fuel use. Winfrey 
speed change cycle from 56 to 24 
to 56 km/ h uses 24. 7 cm' excess 

lower speed limit 
(~) reports that a 
km/ h and returning 
fuel. This esti-

mate does not include the excess fuel used while 
traveling through the school zone, or the effect of 
a complete stop if children are crossing. Since the 
lower speed through the school zone defeats one of 
the objectives of a coordinated signal system, as 
motorists move through a progressive system, they 
may encounter delay and excess fuel consumption at 
nearby signalized intersections. 

To evaluate this situation, test route 5 was es­
tablished along a 1.63-km roadway section that has a 
124-m school zone near the middle of the section. 
The route has a 1. 4 percent grade eastbound, and a 
normal speed limit of 56 km/h. The test route was 
subdivided into 3 sections, one on the approach to 
each of the signalized intersections at the terminal 
points and a central section that included the 
school zone. Separate fuel and travel time data 
were collected by direction for each section. The 
data for the center (school zone) section of test 
route 5 are shown in Table 2. 

The excess fuel used due to the operation of the 
school zone was found to be 1 7 .1 cm 3 eastbound and 
28. 7 cm' westbound. Travel time through the sec­
tion varied as a function of whether a complete stop 
was required to permit children to cross. The 
travel time averaged 23 s longer when the school 
zone was in operation. The excess fuel consumption 
through the school zone is less than that that would 
be predicted from Winfrey's data. Further, analysis 
showed that the effect of the school zone on pro­
gressive movement of traffic on this test route was 
negligible. In other words, the entire difference 
in both fuel consumption and travel time for the 
total test route was attributable to the section 
that contained the school zone. 

One-Way Stre ets 

The technical literature (1) suggests that one-way 
streets offer the potential for reduced fuel con­
sumption, improved operations, and increased capa­
city. Because of the many variables involved in the 
design and operation of one-way streets, the tech-
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Table 1. Average data for test routes 3 and 4. 

No Stop With Stop 
Item Direction Sign Sign 

Fuel consumption (cm3) Eastbound 162.9 199.0 
Westbound 59.9 97.7 

Rate (mm3 /m) Eastbound 13 l.3 156.9 
Westbound 48.3 77. l 

Travel time (s) Eastbound 79.6 93.4 
Westbound 79.3 92.4 

Note: Grode of roadway is +2 percent eastbound and -'2 percent westbound , 

Table 2. Average data for center section of test route 5. 

Without With School 
Item Direction School Zone Zone 

Fuel consumption (cm 3) Eastbound 152.5 169.6 
Westbound 85.3 114.0 

Rate (mm3 /m) Eastbound 126.3 140.5 
Westbound 70.7 94.4 

Travel time (s) Eastbound 76.9 102.6 
Westbound 75.6 96.3 

Note: Grade of roadway is +J.4 percent eastbound and -J.4 percent westbound. 

nical literature does not indicate the amount of 
fuel savings that can be obtained from operation of 
a one-way street. The ideal approach to evaluating 
fuel savings would be through before-and-after 
studies. However, since Albuquerque was not 
planning to implement any new one-way-street systems 
during this project, it was necessary to select 
existing one-way streets and generally comparable 
two-way streets. It is not possible to choose 
routes that are completely identical, but two pairs 
of routes were selected as the best available al­
ternatives. Test routes 6 (one way) and 7 (two 
way) , eastbound and westbound in a suburban-commer­
c ial area, had some differences in traffic volume 
and roadside development. Test routes 9 (one-way) 
and 10 (two way), northbound and southbound in a 
central business district (CBD) fringe area, had 
similar geometric and operational characteristics. 

A series of test runs was conducted to compare 
the fuel-consumption effect of the one-way streets . 
The results are presented in Table 3. The excess 
fuel consumption on test route 7 versus the one-way 
couplet is 36.2 cm' eastbound and 58.9 cm' west­
bound. While these differences are statistically 
significant, the actual differences are probably 
even more substantial because test route 6 had some 
rise-and-fall, but the two-way route had an essen­
tially constant grade. The fuel saving is primarily 
attributable to the smoother flow of traffic on the 
one-way couplet, which resulted in less delay. At a 
constant speed of 56 km/ h, route 6 could theoreti­
cally be driven in 194 s. The actual average travel 
time was 210 s, only 8 percent above the theoretical 
minimum. On the other hand, the travel time on 
route 7 was 35 percent higher (75 s) than on the 
one-way couplet. The additional travel time, much 
of which was spent idling at traffic signals, ac­
counts for a substantial part of the increased fuel 
use on the two-way street. Based on the observe d 
idle fuel-consumption rate of 0.53 cm' / s, an ad­
ditional 75 s of idling time would use approximately 
40 cm' of fuel. The remainder of the observed 
difference in fuel consumption is due to the excess 
used during acceleration. 

As shown in Table 3, there is very little dif­
ference between the average fuel and tr avel time 
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Table 3. Average data for one· and two-way streets-test routes 6, 7, 9, and 10. 

One-Way Two-Way 
Item Direction Street Stree t 

Fuel consumption (cm3 ) Eastbound 350.4 386.6 
Westbound 240.3 299.2 
Northbound 201.5 207.8 
Southbound 178.3 195.3 

Rate (mm 3 /m) Eastbound 115 .2 132.7 
Westbound 79.4 102.9 
Northbound 119.3 125.2 
Southbound 106.5 117.7 

Travel time (s) Eastbound 207.5 279.8 
Westbound 213.8 291.5 
Northbound 166.4 181.1 
Southbound 168.0 210.2 

characteristics on test routes 9 and 10 (northbound 
and southbound directions). Although the fuel con­
sumption is slightly less on the one-way couplet and 
could be explained by the slightly longer travel 
times on test route 10, further testing showed that, 
with the exception of the southbound travel time, 
none of the apparent differences are statistically 
significant. 

The explanation for the lack of a fuel savings on 
these one-way streets in the CBD fringe is fairly 
straightforward. The traffic signals along the 
one-way couplet are not operated in a coordinated 
manner. Because of the lack of signal coordination 
that is generally obtainable on a one-way street, 
the po~ential fuel saving of this traffic control 
technique is not being achieved on this couplet. 

Al though this one-way couplet is not producing 
any benefits, it is still operating at a signifi­
cantly better rate of fuel consumption than more 
congested two-way streets in the CBD. This is veri­
fied by the results from test route 13, a 1.08-km 
section of the main street through downtown. The 
route, which carries two-way traffic and has a -0.14 
percent grade in the westbound direction, has six 
traffic signals. The average fuel-consumption rate 
on this section was 170 mm' /m. This is the 
highest rate found for any extended test route 
evaluated in this study. The rate is 50 percent 
higher than for the one-way couplet (test route 9) 
and is 30 percent higher than the average rate of 
fuel consumption for this test vehicle operating at 
a constant speed of 113 km/h. This is a further in­
dication that low travel speeds, such as average 24 
km/h on test route 13, have an extremely adverse ef­
fect on fuel consumption. 

Curb Radii 

One of the factors that influences intersection 
operation is turning vehicles. The standard cond i­
t ions for capacity calculations at signalized inter­
sections assume that an average of 10 percent of the 
approaching traffic turns right and another 10 per­
cent turns left. Actual turning percentages are de­
pendent on time of day and the particular intersec­
tion, but percentages higher than those cited above 
are found at many locations. 

A vehicle approaching an arterial intersection 
must slow considerably to make a turn. In the case 
of a vehicle turning right that approaches the in­
tersection in the right-most lane available for 
moving traffic and turns into the nearest lane on 
the cross street, the extent to which the vehicle 
must slow is primarily determined by the radius of 
the curb. At most right-angle intersections, the 
curbline is described by a constant radius circular 
arc. Measurements in older parts of Albuquerque 
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found that most curb radii were between 3.5 and 5 m. 
Winfrey (~) presents some data on the excess fuel 

consumption due to 90° corners. The data are of 
little value for most urban intersections because 
they are for radii from 7.6 to 76 m, in 7.6-m in­
crements. Because of physical limitations, pedes­
trian considerations, ancl other factors, radii in 
excess of 12 m are impractical for unchannelized ur­
ban intersections. 

The ba!!ic advantage of a larger curb radius is 
that a vehicle turning right does not have to slow 
down as much to safely negotiate the turn. On dry 
pavement, a vehicle can safely make a 90° turn with 
a 15-m radius at approximately 27 km/h, while the 
same turn with a 1.5-m radius requires a speed of 10 
km/h or less. The travel at low speed plus the ac­
celeration back to normal speed will result in ex­
cess fuel use. To evaluate this situation, an off­
road test was conducted in a large, vacant parking 
lot. This route, identified as test route 8, con­
sisted of two sections 53 m in length at right 
angles to each other. Various curb radii, from 1.5 
to 15 m in 1. 5-m increments were laid out and de­
lineated with chalk marks and traffic cones. A 
series of 12 test runs were conducted for each 
radius. During the test run, the vehicle entered 
the test route at 32 km/h, slowed to an appropriate 
speed to safely negotiate the curve, and accelerated 
back to 3~ km/ h. 

The results of this test are summarized in Table 
4. The fuel-consumption rate shows a dramatic de­
crease, from 201 mm' /m at 1.5 m to 103 mm' /m at 
15 m. The fuel-consumption rate for the 15-m 
radius, which was achieved with an average travel 
speed of slightly less than 32 km/h, is consistent 
with the values found on test route 1 for constant 
speed operation at 32 km/h. Although the use of 
15-m curb radii is not generally practical in an ur­
ban area, the data in Table 4 show a significant re­
duction in fuel-consumption rate for intermediate 
values of the radius. The reduction in travel time 
is minimal. As shown in '!'able 4, the change is only 
5 s with an increase in the radius from 1.5 to 15 m. 

Turning Movements 

In addition to the curb radii, another factor that 
can affect the fuel consumption of turning vehicles 
is the provision of exclusive turn lanes. These ex­
clusive lanes are most commonly used near the center 
of the roadway for vehicles turning left, but at 
some locations they are installed near the ecl9e of 
the roadway for vehicles turning right. They are 
frequently employed at signalized intersections, but 
on several major arterials in Albuquerque they are 
installed at nonsignalized intersections and at 
entrances to major traffic generators. 

The most suitable method for evaluating the ef­
fects on fuel consumption of exclusive turn lanes 
would be by a before-and-after study at an improved 
intersection. Since this was not possible in Al­
hnquerque during the study period, the effect of u.n 
exclusive right-turn lane was evaluated on test 
route 11, a pair of opposing approaches to a major 
intersection. Traffic volumes are similar on both 
approaches, but only the south approach had an ex­
clusive right-turn lane. The test routes consisted 
of a 0 .16-km section that included the approach to 
the intersection and a short distance around the 
corner. Test runs were conducted alternately, by 
direction, during both the morning and the evening 
peak periods. The average data for this test route 
are presented in Table 5. 

There is a fuel saving for the exclusive right­
turn lane during the morning peak period 1 however, 
during the evening peak period, fuel consumption is 
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Table 4. Fuel-consumption effect of various curb radii. 

Radius (m) Fuel (cm3 ) Rate" (mm3/m) Travel Time (s) 

1.5 21.9 201.l 18.0 
3 20.4 188.0 16.9 
4.5 19.4 180.5 16.4 
6 17.9 167.9 15.6 
7.5 15.0 140.9 14.7 
9 14.7 139.3 14.1 

10.5 13.8 131.5 13.7 
12 12.3 118.l 13.2 
13.5 I 1.1 107.0 13.0 
15 10.6 103 .2 13.0 

3 Rate includes correction for test route Jength, which varies because of radii and 
assumed vehicle placement at the center of a 3.6-m lane, from 109 mat ll 1.5-m 
radius to 103 mat a 15-m radius. 

Table 5. Fuel-consumption effect of exclusive right-turn lane. 

Approach 

Item Time South North 

Fuel consumption (cm 3 ) Morning 14.9 25.0 
Evening 24.1 22.2 
Both 18.6 23.9 

Rate (mm 3 /m) Morning 93.0 156.0 
Evening 150.9 138.6 
Both 116.2 149.1 

Travel time (s) Morning 20.9 35.8 
Evening 31.4 33.4 
Both 25.1 34.9 

slightly higher. Statistical testing showed that 
the morning differences were significant, but those 
in the evening were not. The reason for the lack of 
fuel saving in the evening peak is attributable to 
the substantially higher volumes on the south ap­
proach at this time of day. On the average, there 
were two vehicles in the queue in the exclusive 
right-turn lane versus only one vehicle in the right 
lane queue on the north approach. Because of high 
eastbound evening volumes on the intersecting 
street, opportunity for turning right on red from 
the south approach was limited. Depending on traf­
fic conditions, individual test runs recorded widely 
varying amounts of fuel consumption. On the south 
approach, fuel consumption ranged from a minimum of 
5 cm' to a maximum of 42 cm'; on the north ap­
proach, values ranged from 9 to 60 cm•. 

FUEL CONSUMPTION MODEL 

Since every possible traffic improvement cannot be 
tested, it is appropriate to develop a model of fuel 
consumption that can be used to estimate the effect 
of various improvements. The technical literature 
suggests that the rate of fuel consumption is re­
lated to the reciprocal of speed. One source re­
ports that this type of relation applies to urban 
conditions and speeds up to approximately 56 km/h. 
This speed corresponds to a rate of motion of 64 
ms/m (!1_) • 

To test this theory, the data from several hun­
dred test runs on routes that have lengths of at 
least 0. 8 km were analyzed by using linear-regres­
sion techniques. The resultant equation obtained 
for the rate of fuel consumption (R) as a function 
of the rate of motion (V*) was 

R(mm3/m) = 48.82 + 0.74 V*(ms/m) (1) 

Although the correlation coefficient is a com­
paratively low 0.69, it is highly significant due to 

33 

the large sample size. However, review of a plot of 
observed versus predicted rates of fuel consumption 
revealed that data for test routes with grades de­
viated substantially from predicted values. Spe­
cifically, observed fuel-consumption rates for up­
grades were higher than predicted, and those for 
downgrades were lower than predicted. 

In an attempt to correct this condition, an anal­
ysis was made of the data presented by Winfrey for 
fuel consumption on grades. The test vehicle used 
in this study has a rate of fuel consumption of ap­
proximately 92 percent of that for Winfrey's ve­
hicle. A regression model that used Winfrey's data 
for grades between -4 and +4 percent and speeds be­
tween 8 and 64 km/h was developed. The model, which 
has a correlation coefficient of 0.97, is given by 

R = 278.71 - 8.19S + 18.45G + 0.088S2 + 0.66G2 

where 

R fuel-consumption rate (mm'/m), 
S vehicle speed (km/h), and 
G = grade (%). 

(2) 

This equation was used to develop a correction 
factor (K) that could be applied to observed fuel­
consumption rates on grades. For a specific test 
route with a grade (G') and a particular test run 
with a speed of S', the correction factor is 

K = R(S = S', G = O)/R(S = S', G = G') (3) 

The fuel-consumption data used to develop Equa­
tion 1 were adjusted with the appropriate correction 
factor, and the resultant data were processed with 
linear-regression techniques. The equation produced 
by this process has a correlation coefficient of 
0.91 and is given by 

R(mm3/m) = 44.11+0.77 V*(ms/m) (4) 

Chang and others suggested (il that the first two 
coefficients in the equation have physical interpre­
tations. The first coefficient (44.11) is the fuel 
consumed per unit distance to overcome rolling re­
sistance. This coefficient, which in theory is 
directly proportional to the mass of the vehicle, is 
consistent with data reported in the technical 
literature. The second coefficient (0. 77) is the 
fuel consumed per unit of time (mm' /ms) to over­
come mechanical losses. This coefficient for 
various vehicles is reportedly a linear function of 
their idle fuel-consumption rate. In the case of 
this test vehicle, the value of this coefficient is 
1.44 times the idle fuel-consumption rate. 

The estimate of the fuel-consumption rate given 
by Equation 4 is applicable for rates of motion in 
excess of 64 ms/m. In comparison with the constant 
speed runs on test rout~ 1, the model provides esti­
mates that exceed the observed fuel-consumption 
rates for speeds of 48 km/h and less. At a speed of 
56 km/h, the estimate from the equation and the ob­
served rate are identical. The equation is not in­
tended to be used for extended operation at constant 
speed, however, but is applicable to real traffic 
situations under stop-and-go conditions. 

Strictly speaking, the estimates of fuel consump­
tion from this model apply only to the vehicle that 
was used in the field tests. As previously noted, 
however, the size and reported fuel economy of this 
vehicle are near the average for all current pas­
senger vehicles. 

As would be expected, there is some variation be­
tween the results of individual test runs and the 
rates predicted by Equation 4. However, the equa-
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tion is reliable when applied to the average values 
of V* for test runs on a particular route, when ad­
justment is made by using Equation 3. The model 
predicted fuel-consumption rates quite closely 
(typically within 2 percent) for individual test 
routes. This finding is not surprising, and in fact 
is a bit weak, because this testing made use of sub­
sets of the data used to develop the model. It was 
not possible in this project to conduct independent 
verification of the model. 

Application of the Model 

Certain traffic improvements that were initially 
considered for study were not directly evaluated 
through field studies. Some of these improvements, 
such as rest in red and flashing signal system 
operation, are not currently used in Albuquerque. 
Another improvement, the two-way left-turn lane, is 
used extensively in Albuquerque, but since such a 
lane was not constructed during the study period, a 
before-and-after study was not possible. And 
finally, some improvements, such as changes in speed 
limit, can be evaluated with the model rather than 
through field testing. The results of the applica­
tion of the model to these and other changes, in­
cluding progressive signal systems and neighborhood 
traffic diverters, are discussed in the project 
report (l,Q) • 

Establishing Imp rovement Priorities 

Under certain assumptions, the results of the field 
tests and application of the model permit a compari­
son to be made among the various improvements. In 
accord with the objectives of this research, the 
principal components used in these comparisons will 
be the potential for fuel saving and the relative 
cost of the improvement. Note that a change in 
traffic control that produces a fuel saving could, 
at certain locations, create other problems that 
outweigh its energy benefit. The following compari­
sons are therefore not intended to eliminate the 
need for proper engineering study, which must pre­
cede the implementation of traffic improvements. 
Rather, the results of the comparisons will add a 
new dimension to the traditional analysis of pro­
posed improvements. 

The principal basis for comparing improvements is 
the number of liters of fuel saved per year if one 
vehicle/day is affected by the change (l/v). Cer­
tain improvements in Alhuquerque, such as a speed 
limit change, could easily affect several thousand 
vehicles per day; however, other c.hanges, such as a 
neighborhood di verter, would probably affect con­
siderably fewer vehicles per day. In computing an­
nual benefits, it is assumed that the school zone is 
in operation for 180 days/year, and all other im­
provements are applicable for 365 days/year. 

Table 6 presents estimates of l/v for 10 traffic 
engineering improvements. A properly operated one­
way-street system and signing to achieve efficient 
motorist use of a coordinated signal system result 
in the largest annual fuel saving per vehicle. Re­
moval of an unwarranted stop sign or its equivalent, 
the decision not to place an unneeded stop sign, 
also shows a high benefit. The value of l/v is con­
siderably less for the other improvements. 

The actual saving for a particular improvement is 
clearly a function of affected volume, the char­
acteristics of the particular location, and driver 
behavior. Assumptions for typical locations led to 
the calculation of a realistic saving, which is pre­
sented in the third column of Table 6. The specific 
assumptions used in these calculations are identi­
fied in footnotes to the tabl e. The table shows 
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that encouragement of proper travel speed through a 
progressive signal system has a high potential for 
fuel saving. One method for realizing this benefit 
would be through the posting of standard signs to 
advise drivers of the speed for which the signals 
are set. The benefit would result only if drivers 
observed the signs ancl accepted their suggestion. 
The benefit for through traffic from the removal of 
a stop sign is also substantial. The apparent bene­
fit becomes a deficit when a stop sign !".hat cannot 
be justified on technical grounds is installed in 
response to other pressures. The realistic saving 
specified for the one-way street assumes that at­
tempts are made to divert some traffic from an 
existing two-way street to an existing one-way 
street. The benefit should be considerably larger 
for a new one-way-street installation. The saving 
associated with the pedestrian grade separation as­
sumes moderate arterial traffic volumes during the 
school crossing hours. The right-turn-lane saving 
is for a major signalized intersection. The opera­
tion of · traffic signals in a flashing mode during 
periods of low traffic volume results in a saving 
equivalent to that for an exclusive right-turn 
lane. The remaining improvements have comparatively 
small realistic savings, and the neighborhood 
diveter shows a negative fuel benefit. However, the 
importance of anticipated traffic volumes should not 
be overlooked in evaluating any of these improve­
ments at a specific location. Certain situations 
may deviate from the assumed volumes used in the 
calculation of realistic savings for the general 
case, and in these instances it would obviously be 
appropriate to calculate the saving by multiplying 
the volume by l/v. 

Three other criteria can be considered in the 
evaluation of traffic improvements. Cost per im­
provement is obviously important but is difficult to 
determine with any degree of accuracy without a 
thorough study at specific locations. Right-of-way, 
construction, and operation costs should all be con­
sidered. The extent to which a particular improve­
ment can be used is also important. For example, 
pedestrian grade separations have limited applica­
bility, but curb radii improvements could be made at 
a substantial number of locations. A third cri­
terion is the other (nonfuel) benefits associated 
with the improvements. The traffic engineering 
literature suggests that many of the improvements 
evaluated in this project have benefits for travel 
time, capacity, safety, or pollution reduction. 
These criteria were subjectively evaluated with re­
spect to the street system in Albuquerque, and the 
results are presented in Table 7. 

Table 6. Annual fuel savings. 

Improvement 

One-wny streQlc 
Coordlnnted signalsd 
Stop sign removal 
School pedestrian crossing" 
Right-turn lane 
Two-way-left-turn lane' 
Curb radius, 3-9 m 
Flashing signal operationg 
Speed limit, 40-48 km/hh 
Neighborhood diverter 

l/v• 

17.4 
17.4 
13.6 
4.1 
3.6 
3.4 
2.2 
2.1 
I.I 

-6.8 

Realistic Savingb 

15.1 
30.3 
26.5 
10.2 
3.8 
1.9 
I.I 
3.8 
0 to -3.8 

- I.I 

~Liters of fuet.sn.vtd/)'Hf/affected vohkle per d11y. 
Annual liters o r fu(l l a.:tVtd per imllfO'Jtment 1mdcr conditions of 
mod~race voh1mc. reo:u>1H1bli! motorist complh;inee \\Hb r g1_11 1uions. 

c••ld o thur conJhton ll;tcd in lhls 1u111er. 
dAs:sun10 l. l ktn 1<m1, s<>Od slsnnl coc.u:diuatio11. 

~~C::d0~:0~~,=~~111~~1r:fi,~;' :11/d";)J:~•h st1;nlng. 
Oo~ hluck lm1~1 n:::phtc::u previous m~il iirn hurrier. 

~Orcra 11ou for 8 h/doy vcrou isolated prrtimcd s ignal. 
Op1hnb:1lo o-m11npthm of motorbt cQm flli • n a \\illl 4G-k111 /h 
llmrt for ljv Cfllcul.11 1ion. 
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Table 7. Cost, applicability, and other benefits of improvements. 

Improvement Cost Applicability Other' 

One-way street b 

New installation High Very limited Very positive 
Existing installation Low Limited Positive 

Coordinated signa!s0 Low Limited Neutral 
Stop sign rcmov~I Low Moderate Positive 
School pedestrian crossingd Very high Limited Very positive 
Right-turn lane Medium Moderate Positive 
Two-way-left-turn lane0 Medium Moderate Very positive 
Curb radius 

New installation Low Limited Neutral 
Reconstruct ion Medium Extensive Positive 

Flashing signal operationf Low Moderate Uncertain 
Speed limitg Low Moderate Positive 
Neighborhood diverter Medium Limited Positive 

30ther benefits include travel time savings, increased capacity, improved operation, and 

b~~~o 3.2 km lortr;1 i;ood s.18031 coordlnutio11. 
~F'or 0.8·km secUoo. onc~dlrct:.Hon, whh ifQ.nlng.. 

GnuJo scpara tlon, crosslnitl '3 h/f.loy. 
e01H: bloa:k long, rcnluces lli:--=viou.s mcdhrn barrhas. 
t Opt:rnllon for 8 h/tfoiy w: riu:11 i:\ol tad pra.lfmtd slg.nol. 
lop tl n1iJt ic assu mption ormo1orl1< complhmre wilh 40-km/h limit. 

The results presented in Tables 6 and 7 were used 
to develop a general hierarchy of low-cost traffic 
engineering improvements to promote fuel savings. 
The priorities, listed below and limited to the im­
provements studied in this project, must be con­
sidered general in nature. The ranking differs from 
one that would be established on the basis of other 
criteria, such as safety. As noted before, the ap­
plication of a particular improvement at a specific 
location requires a study of sufficient detail at 
that location. 

Priority 
High 

Low 

Improvement 
Flashing signal operation 
Larger curb radii for new installation 
Progressive signal system signing 
Diversion to existing one-way streets 
Stop sign evaluations 
Lengthening existing curb radii 
Exclusive right-turn lanes 
Installation of two-way left-turn lane 
Installation of new one-way streets 
Change urban speed limits to optimal 

values 
Grade separations at school crossings 
Neighborhood traffic diverters. 

Despite these limitations, the findings summarized 
above warrant some consideration in the development 
of a traffic engineering improvement program for 
energy conservation. 
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SUMMARY 

This study has found that there are modest but dis­
cernible fuel benefits associated with traffic en­
gineering improvements. The savings are small in 
comparison with other programs to cut fuel consump­
tion such as improved vehicles, vanpools, and re­
duced travel. However, the traffic improvements are 
often low in cost and have the potential for provid­
ing benefits on a daily basis for an extended time 
period. 

The study has a deficiency that is worth 
noting. The time and financial constraints on the 
project, coupled with the nature of traffic improve­
ments made in Albuquerque during the study period, 
limited the types of improvements that were eval­
uated. There are clearly other TSM improvements 
that should be evaluated in a more comprehensive 
evaluation of this subject. 
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Assessment of Neighborhood Parking Permit Programs 
as Traffic Restraint Measures 

MICHAEL D. MEYER AND MARY McSHANE 

Residential parking permit programs have become an important component of 
traffic restraint schemes designed to improve the social and environmental 

characteristics of neighborhood areas. By restricting nonresident and commer­
cial velJicle parking, such programs are effective in controlling the use of the 



36 

neighborhood suoet network; howover, these pro_erams could also have many 
othor effecu that wore never anticipated. This paper assesses tho impact of 
neighborhood parking permit programs on economic, system efficiency, mobil­
ity, equity, environmental, end amenity objectives. Exporlonccs witl> recently 
implemented permit programs are used to Illustrate thoso impacu. A concep­
tual ponpective on how such pr09rams fit into a regional transportation system 
is also provided. This paper concludes that rCJidentlnl parkin'g permit programs 
are gonernlly h~neflcial to the neighborhoods in which they arc Implemented 
and have no discornlblc impact at the regional level, if their implementation 
considers that the result might be a simple redistribution of unwanted traffic 
rather than its absolute reduction. Finally, long-term evaluations of permit 
programs is recommended to discern those impacts that can only be identified 
over longer periods of time. 

When the Federal Highway Administration {FHWA) and 
the Urban Mass Transportation Administration {UMTA) 
issued joint planning regulations on transportation 
system management {TSM) in 1975, a major step was 
taken to encourage, on a more formal basis, many new 
types of transportation actions and programs (1). 
Initial descriptions of the TSM program emphasi;ed 
its orientation toward efficiency: The aim was to 
expand service without the use of significant levels 
of cesources. However, another set of obj ec·tives 
related to amenity considerations soon became impor­
tant to many program constituents. This amen ity 
orientation was e xpressed in one form as a desire to 
reduce (_~) "the impacts on neighborhoods from traf­
fi~ dangers and pollution, and to encourage designed 
environments requiring restraint of traffic." 

The purpose of this paper is to examine one type 
of TSM action, neighborhood parking permit strate­
gies, that has objectives that fit more closely 
within this latter category. Such strategies are 
designed to improve the social and environmental 
characteristics of neighborhood areas by restricting 
nonresident and commercial vehicle parking, by 
provi ding adequate parking for residents, and by 
discouraging high volumes and high speeds . Until 
recently, however, the development of a coordinated 
approach to parking management has been either 
nonexisten t or has f ocused solely on the objective 
of congestion relief, not yet totally accepted in 
principle by agencies that are traditiona.lly associ­
ated with provision, management, and regulation of 
parking supp.Ly. What has been lacking is the per­
spective that parking strategies, no matter at what 
geographic level they are implemented, have the 
potential of affecting more than one urban objective 
(}). To illustrate this relation, the impacts of 
neighborhood parking management strategies are 
examined from il multiobjective perspective. 

RECENT EXPERIENCE WITH NEIGHBORHOOD PARKING 
STRATEGIES 

Urban transportation planning in the United States 
has traditionally focused on such relat ively large­
scale concerns as accessibility, trip generation, 
network configuration, and changing land use pat­
terns. Only recently has there been any effort to 
examine in a systematic fashion the social, eco­
nomic, and environmental impact of vehicular traffic 
at the local or neighborhood level ( 4) • One of the 
first major policy statements conce~ing transporta­
tion impacts at this level is found in Buchanan's 
Traffic in Towns, an English report published in 
1963 that advocated the creation of environmental 
areas in cities (2). In fact, this report went so 
far as to propose environmental standards that 
relate to levels of safety, air pollution, noise, 
visual effect, and pedestrian condi tions. 

As illustrated by the Buchanan report, European 
cities experimented with traffic restraint strate­
gies long before North American planners even con­
sidE>rE>d such strategies to be f easible transporta-
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t ion actions or demand restraint to be a relevant 
objective. A recent study on TSM in Europe made the 
same conc,lusion about parking policies and further 
stated that strategies to manage the parking supply 
were often adopted in European cities in lieu of 
more dramatic demand-restraint approaches because 
!.~) "{i) where ch.:irges are involved, they are net 
earners of income for the administering locality, 
(ii) they are easy to implement, (iii) they are 
effective in holding down excessive car use in the 
controlled zone, and (iv) they are usually more 
politically expedient than more radical restraint 
rneasures. 11 

A leading example of neighborhood parking poli­
cies and how they relate to a traffic-restraint 
program is found in London. The London parking 
policy consists of several measures aimed almost 
exclusively at influencing the supply of parking. 
The most important measures include the following 
<lr.!!l: 

1. Controlled parking zones {CPZs) for on-street 
parking, 

2. Controls on the building of new public parking 
facilities, 

3. Controls on the operation of existing tempo­
rary and permanent public parking facilities, and 

4. Controls on the building of new private park­
ing facilitieo;. 

In 1966, the Greater London Council {the trans­
portation planning and policy agency for the metro­
politan area) designated a 100-km 2 area of London 
as an inner London parking area, where on-street 
parking was to be stringently regulated through the 
use of CPZs. Parking meters were used to limit the 
duration of the use of parking space, and special 
areas were set aside for residents who had purchased 
and displayed a pE>rmit. Parking surveys of two CPZs 
in 1966 and 1969 showed that in the three-year 
period the number of on-street parked vehicles fell 
by two- thirds, and long-t.,nu parking was reduced by 
80 percent and short-term parking was reduced by 44 
percent. At the same time, however, London's on­
street parking controls have not resulted in a 
reduction in streE>t traffic comparable to the on­
street parking reduction, because (2) : 

1. Many of the displaced on-street parkers merely 
switched to off-street parking facilities; in some 
cases {for all-day parkers) the incremental cost has 
been subsidizP.n by employers; 

2. Al though the number of on-street spaces has 
declined dramatically, the numbers of public for­
hire off-street spaces and, in particular, the 
number of private nonresidential spacE>s, appears to 
have incrE>ased, possibly in part due to the pres­
sures created by on-street demand restraint; and 

3. Through traffic has grown sharply , to replace 
vehicles that h<1ve downtown destinations now dis­
couraged from parking. 

In North America, a concern for neighborhood 
transportation problems and the subsequent planning 
of comprehensive neighborhood-level transportation 
programs did not begin until the early 1970s. For 
example, transportation plannE>rs in Ottawa , Ontario, 
initiated a series of neigb~borhood traffic studies 
in 1973 that havE> resulted in several changes in the 
provision of transportation services (10). In two 
of these studies , residents were only slightly 
concerned with parking issues; the most i mpor tant 
issue was the provision of off-street parking to 
meet the demand of those who lived, worked, and 
shopped in thE> study area (11,12). In another 
study I however I parking problemi.- were Qf (:0nsider-
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ably more concern among neighborhood residents and 
stimulated lengthy discussion on a number of alter­
native solution strategies (.!l): 

1. Residential zoning that permitted parking for 
commercial uses, 

2. Permit parking in commercial and mixed land 
use zones, 

3. Metered parking along a busy residential-com­
mercial street to increase space turnover, 

4. New off-street parking areas, and 
5. Strong enforcement of parking restrictions. 

In the United States, comprehensive neighborhood 
transportation strategies were little known outside 
of a few cities (Berkeley, Seattle, and Madison) 
until the mid-1970s. The most common strategy 
consisted of traffic restraint schemes that employed 
a combination of such measures as diverters, bar­
riers, street closures, and one-way street configu­
rations (14). Only in recent years have parking 
controls b;°come a major element of these neighbor­
hood schemes, due to the increased concern with 
parking problems expressed by local residents. 

The parking problem in residential neighborhoods 
is based on three principal issues (!2_) : 

1. Retention or restoration of on-street parking 
as a means of restricting the volume and speed of 
travel, 

2. Provision of adequate and convenient parking 
for residents, and 

3. Restriction of nonresident and commercial 
vehicle parking to preserve the residential charac­
ter of the neighborhood. 

A recent survey of 20 U.S. communities showed 
that the most widespread form of on-street parking 
strategy applied to address these issues was the 
residential parking permit program (RPPP) (1.§_). The 
characteristics of an RPPP usually reflect perceived 
specific needs of the community in which it is 
applied. The primary characteristic that denotes 
RPPPs is the assignment of parking privileges within 
a neighborhood area, usually through some sort of 
permit or sticker displayed directly on the vehicle 
windshield or bumper. In Cambridge, Massachusetts, 
for example, the principal elements of the current 
program include the following (_!l): 

1. Any Cambridge resident who 
chusetts registration is allowed 
parking sticker; 

has a valid Massa­
a citywide resident 

2. Visitors receive passes, 
the 13 designated neighborhoods 

3. Resident parking areas 
streets except for 
establishments; and 

areas in 

valid for only 1 of 
in the city; 

include all city 
front of commercial 

4. All permits are 
year to control the 

reissued January 1 of each 
use of permits by previous 

residents. 

In San Francisco, RPPPs have been established 
around some Bay Area Rapid Transit (BART) stations 
as well as in the more densely populated downtown 
area. In Washington, D. C. , the RPPP has been ex­
tended to 24 areas of the city to protect local 
residential parking space from automobile commuters 
attracted by universities, hospitals, transit ga­
rages, transit transfer points, and proximity to the 
central business district (CBD). 

As can be seen from the above discussion, the 
RPPP concept has been used mainly to protect local 
residents from the encroachment of nonresident 
automobiles. One suspects, however, that not only 
do RPPPs affect the level of congestion on residen-
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tial streets and provide a higher quality residen­
tial character, but they can also affect measures of 
accessibility, fuel consumption, air pollutant 
emissions, and economic development both in the 
neighborhood and at a much larger, regional scale 
<l!!.>. This comprehensive assessment of RPPPs has 
been lacking in the transportation literature to 
date. 

URBAN GOALS AND RPPPS 

A recent effort to place parking management within 
the broader context of management tools for the 
supply of urban transportation defined a slate of 
general urban goals and traced the traditional 
relation of each of these goals to urban transporta­
tion, in general, and parking availability and 
control, in particular (19). As shown in the list 
of urban goals related to parking strategy applica­
tions, these goal categories tend to embrace most, 
if not all, of the specific objectives proposed· by 
municipalities as reason for embarking on particular 
transportation policies. As such, they provide a 
useful means of gauging the potential range of 
impacts of RPPPs (19) : 

1. Healthy economic climate, and a business 
community able to support local employment needs, 
which means the ability to attract and keep desired 
kinds of development and industry, a healthy retail 
sales climate, and a stable or growing municipal 
revenue base; 

2. Most efficient use of existing transportation, 
land, and other public resources; 

3. Ease of mobility and accessibility of re­
sources for vehicles and pedestrians; 

4. Equity of resource distribution and preferen­
tial allocation of some resourqes; 

5. Environmental goals, especially reduced air 
pollution and the related goal of minimized energy 
consumption; and 

6. Enhanced amenity and cultural attractiveness, 
preservation of a city's unique character. 

Healthy Economic Climate and a Business Community 
Able to Support Local Employment Needs 

One of the most important concerns to city officials 
in the consideration of parking management schemes 
is the possible impact on the economic climate of 
the area. Some preferential access strategies have 
the potential to alter the kinds of new development 
proposed for the area of control, which results in 
an increase in activities that serve the favored 
groups and a decline in other kinds of development. 
When favored groups are explicitly identified and 
provided for, the result may be an increasing homo­
geneity of the area, and a consequent increase in 
demand for parking, even among those who meet the 
requirement for preferential treatment. 

Major off ice or business development is not 
likely to be discouraged by programs designed to 
give special access rights to local residents as 
long as (a) their own short-term customer or client 
parking needs are adequately provided for, (b) 
street access for service and delivery vehicles is 
not restricted, and (c) some form of alternative 
access (or preferential parking for carpooling 
commuters) exists to allow employees to get to 
work. In the long term, the existence of parking 
controls may alter land values faced by potential 
builders to reflect the increased desirability of 
locations served by reasonable transit service or 
within easy reach of unrestricted parking. For this 
reason, the extent of the area across which parking 
controls apply (and the perceived permanence of such 
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controls) may be important in the locational deci­
sions made by developers. 

In addition to development-related issues, local 
officials are likely to be concerned about the 
impact of parking-restraint measures on a continuing 
high level of retail activity. The relation between 
the availability of parking and retail success has 
not as yet been defined adequately, although impor­
tant attempts were made to formulate such a relation 
during the 1960s (1.Q). However, customer parking is 
still regarded as an absolute necessity by most 
retailers. In most cases, RPPPs have been imple­
mented to give special consideration to customers of 
local businesses (e.g., permitted 2-h parking in 
areas otherwise restricted to residents) . Conse­
quently, there is very little evidence to suggest 
that RPPPs have a detrimental impact on retail 
activity. A survey of business leaders in Alexan­
dria, Virginia, for example, found that most busi­
ness people did not perceive the RPPP as an incon­
venience but reported the sentiment that more off­
street parking facilities should be built (21). 
This suggests that, to some degree, RPPPs may crys­
tallize merchant demands for increased public park­
ing designed exclusively to serve retailer needs. 
In other cases, where the primary target group of 
parking controls was· clearly seen to be all-day 
commuter parkers, the congestion-relief character­
istic of strategies such as RPPPs are reported to 
have resulted in the attraction of more business 
activities to the area (~). In Washington, D.C., 
recent meetings between representatives of busi­
nesses located near the capitol and local transpor­
tation officials have shown near unanimous support 
from the business community for the local RPPP 
(16). The business representatives, especially 
those from small establishments, claim that the 
parking restrictions have resulted in larger numbers 
of customers and a healthier business climate. 

In sum, where RPPPs have been implemented with 
special considerations given to the requirements of 
business establishments, there is little empirical 
evidence to suggest that such programs have had 
negative effects on development and retail concerns 
thus far. Of course, these sorts of impacts tend to 
require long gestation periods before they become 
manifest, so that definitive conclusions regarding a 
strategy that has only become popular in this 
country in the last 5-10 years cannot yet be 
reached. It seems likely, however, that as long as 
sufficient provision is made for customer access, 
such impacts will be small. Indeed, the reaction of 
many business people in RPPP areas seems to indicate 
that such parking restrictions increase business 
activity by providing potential customers with an 
increased probability of finding a parking space. 

Most Efficient Use of Existing Transportation, Land, 
and Other Public Resources 

This goal can be restated in terms of deriving the 
maximum level of prod11r.t. i. vi ty from resources, where 
productivity is defined according to the functions 
that the resource is expected to serve. The imposi­
tion of specific parking management techniques is 
likely to be most directly relevant to efficient or 
optimal use of existing transportation and land 
resources. With respect to a limited number of 
parking spaces to serve a particular area, efficient 
allocation of parking resources may be interpreted 
as the reserving of sufficient quantities of parking 
for users who have no reasonable alternatives, and 
discouraging the use of the limited parking supply 
by patrons who could reasonably use other modes, 
transit in particular. By thus reserving space for 
residents, RPPPs serve to enhance the accessory 
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value of parking that is not in itself designed to 
be profit-making but which provides access to par­
ticular adjacent land uses. 

Limited findings have been reported concerning 
the impact of residential parking programs on the 
use of street space and on changes in travel be­
havior adopted by restricted parkers. In Alexan­
dria, Virginia, 12 percent of a commuter sample 
indicated that they had changed travel mode (to bus 
and carpool) as a result of the RPPP restriction. 
Close to 30 percent of the respondents had shifted 
to off-street parking facilities. In Baltimore, a 
previously underused parking garage in the RPPP area 
has become a more desirable parking location for 
displaced commuters. In San Francisco and Washing­
ton, D.C., parking programs resulted in dramatic 
decreases in on-street commuter parking (16). 

Thus, to the extent that residential permit 
programs encourage greater use of existing off­
street parking facilities or the diversion to tran­
sit of trips that can readily be served by existing 
services, they can be said to contribute, to some 
degree, to more efficient use of existing re­
sources. This is so if, in fact, existing transit 
is capable of handling the diverted demand, and if 
control can then be maintained over the size, opera­
tion, and location of any new additions to the 
parking stock designed to accommodate overflow from 
existing facilities. 

Ease of Mobility and Accessibility of Resources 

In urban areas, vehicles and pedestrians compete for 
limited space i each in a sense impedes the other's 
mobility. To the extent that parking policies have 
been used in the past to achieve ease of mobility, a 
primarily vehicle-based mobility has been encour­
aged. The primary motivation of agencies charged 
with the management of street traffic has generally 
been the reduction of vehicle congestion and the 
facilitation of traffic movement on city streets. 
However, parking policy may be related to pedestrian 
mobility in two ways. First, in that pedestrian 
safety and directness of access are enhanced when 
traffic volumes are reduced or removed altogether 
from certain r ights-Qf-way. A parking policy that 
discourages vehicular traffic from certain areas may 
work toward these ends. Second, a relation may be 
established between the amount and distribution of 
parking and the activity densities and lengths of 
walking trip of parkers and nonparkers in urban 
areas. 

RPPPs act both to decrease mobility by adding to 
the perceived cost of parking for commuters and to 
increase ease of mobility for residents by reducing 
traffic levels on residential streets and by provid­
ing easier means of parking. In particular, such 
programs may have the following consequences. 

They raise the perceived cost of parking, mea­
sured in both dollar cost and time spent searching 
or walking, for some or all parkers. In effect, 
RPPPs decreacc their mobility and trip-making ease. 
Some parkers may be unaffected or aided by partic­
ular strategies: Employees of firms that control 
their own parking, for example, will benefit from 
the increased value of their reserved spaces. Most 
nonresident parkers will be mobility-disadvantaged 
by strategies that make parking more _.difficult or 
more expensive. 

Residential parking strategies . may serve to 
reduce traffic on residential streets and thus allow 
enhanced movement by remaining vehicles and pedes­
trians. However, this effect will result only if 
(a) additional through traffic is not generated to 
replace diverted terminating traffic, and (b) the 
area across which parking is limited is wide enough 
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so that traffic diversion to the area's periphery in 
search of replacement parking is minimized. 

If parkers displaced by these strategies are 
largely commuters, they will be likely to seek 
alternative methods of making the same trips. In 
addition, it may be relatively easy to offer reason­
able travel alternatives to such trip makers. If, 
instead, displaced parkers tend to be short-term 
visitors or shoppers, they are likely to seek alter­
native destinations or to eliminate the trip alto­
gether. The latter eventually may be regarded as a 
more severe mobility loss, in terms of both individ­
ual and community impacts. 

As a neighborhood traffic restraint method, RPPPs 
a re designed to serve the first purpose mentioned 
above (i.e., decrease the utility of parking in the 
residential area for nonresidents). The evidence to 
date indicates that the parking programs are most 
successful in doing this. A sample study of two 
neighborhoods in Cambridge, Massachusetts, showed 
that, one year after RPPP implementation, the number 
of cars parked on the street decreased by 31 per­
cent. In San Francisco, a before-and-after study of 
one RPPP area indicated that the parking program had 
significantly reduced nonresident parking. In 
Washington, D.C., the decrease in the number of 
nonresident vehicles parked in two residential areas 
was 62 percent and 42 percent, respectively (~]). 

Equity of Resource Distribution and Preferential 
Allocation of Some Resources 

The difficulty of establishing transportation policy 
intended to achieve some measure of equity in the 
distribution of scarce resources lies i~ determining 
what is equitable, given a host of varying affected 
constituencies. Equity implies fairness, which can 
be translated into a number of principles, not all 
of them consistent with one another. 

Equity Implies Providing Just Compensation for 
Injuries Sustained or Hardship Borne 

Thus, for example, residents of a town that is 
transversed by a new freeway should, in principle, 
receive some priority in terms of access to that 
facility, prices charged for tolls, and parking 
compared with residents of other unaffected towns. 
However, this principle does not hold to the extent 
that access to a regional facility should be prohib­
ited de facto by parking re~trictions or other means 
to persons not residents of the town in which the 
facility is located. 

Equity Involves Nondiscrimination in the Provision 
of Services 

If it can be demonstrated that public transportation 
resources are allocated in a manner that grossly 
favors certain neighborhoods, social classes, or 
sets of interests over others, a legitimate equity 
case can be made. This is not to say, however, that 
it is necessary to provide equivalent levels of 
service in all parts of an area for the sake of 
equity. Such an approach would itself represent a 
misallocation of resources. 

Equity Requires a Fair Distribution of the Costs of 
Resources Consumed 

This is an argument frequently advanced by propo­
nents of congestion pricing: Such pricing repre­
sents a mechanism by which users of public resources 
can be charged directly for the indirect societal 
costs they generate. This principle is applied to 
some extent in differential transit fare structures 
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that charge more for travel in peak periods than in 
the off-peak. However, other direct applications of 
congestion-pricing, including price structures for 
parking that follow this same model, have been rare 
in this country, although they have been adopted 
elsewhere, most notably in Singapore. 

Equity issues arise with RPPPs in that they 
involve the establishment of hierarchies of pre­
f erred users, such as shoppers over commuters, or 
carpoolers over lone drivers, or residents over 
nonresidents, in areas where demand for parking 
greatly exceeds supply. Some applications are 
intended to reserve certain scarce privileges or 
resources for residents, explicitly excluding out­
siders. No behavioral change is desired of out­
siders, other than keeping away from the prized 
resource, but the privilege in question is not 
denied to members of the insider group who derive 
all the benefit from such actions. Usually, a valid 
case can be made for at least partial restrictions 
of the parking rights of outsiders on equity 
grounds, when such neighborhoods are genuinely 
threatened. In other areas, however, local autonomy 
over the creation of such programs may create the 
equivalent of snob zoning, especially when there is 
a valid reason for making some local parking avail­
able for outsiders (e.g., shoppers in neighborhoods 
that border downtowns or commuters at a park-and­
r ide transit or carpool facility). 

Several court cases have upheld the legality of 
the residential parking programs and have dismissed 
charges that such programs are inequitable to non­
residents (Ji). The court concluded in a case that 
challenged the Arlington ordinance that local objec­
tives of reducing air pollution and other adverse 
environmental effects are legitimate goals and that 
a "community reasonably may restrict on-street 
parking available to commuters, thus encouraging 
reliance on carpools and mass transit." In 1975, a 
nonresident of Cambridge, Massachusetts, brought 
suit against the city, arguing that the parking 
regulation discriminated against him in violation of 
his right to equal protection of the laws. The 
court disagreed and _upheld the legality of the 
permit program. 
Thus, residential parking programs have different 
levels of impact on various groups. The groups 
affected by RPPPs are listed below. 

1. Neighborhood--residents, store owners, 
students, parking lot owners, and schools and 
churches; 

2. Community, private sector--developers, 
employers, business people, and parking lot owners; 

3. Community, public sector--police; hospitals, 
schools, and other attractors of high traffic; 
traffic engineering department; chamber of commerce; 
parking authority; and planning department; 

4. Regional, private sector--commuters and 
developers' organizations; and 

5. Regional, public sector--transit provider, 
metropolitan planning organization, air quality 
agency, and cities and towns that adjoin RPPPs. 

The most affected group is the commuters who 
previously used the parking space. However, this 
incidence of impacts has been found acceptable by 
several courts throughout the country. 
Nevertheless, such programs should be viewed with a 
broad perspective on their ultimate consequences. 
In those cases, for example, where designated 
commuter parking that serves regional facilities is 
restricted out of concern for local amenity and yet 
alternative means of access to the station are 
likewise unacceptable to local constituencies, the 
access rights of legitimate customers of such 
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facilities are very likely being abrogated. At 
present, no right-of-review authority exists to 
overrule excessively exclusionary local demands. 

Environmental Goals, Especially Reduced Air 
Pollution and Related Goal of Minimized _Energy 
Consumption 

The idea of reducing air pollution levels through 
the application of parking constraints was one of 
the major thrusts of the U.S. Environmental 
Protection Agency's (EPA) transportation control 
plan regulations as applied to certain urban areas. 
That this idea failed in most applications was due 
largely to the political opposition generated by 
these constraints, which rendered them unenforceable 
and therefore ineffectual. Several residential 
parking programs, however, have been successfully 
advocated as means of reducing the levels of air and 
noise pollution. As mentioned before, the 
Arlington, Virginia, RPPP had been justified on the 
grounds of protecting the residential areas from 
polluted air and excessive noise. The evaluation of 
the London parking program concluded that it was not 
possible to identify any environmental effects of 
parking controls, although there had been a 
significant improvement in the street scene as a 
result of the reduction in on-street parking. 

An environmental acccssment of RPPPs must occur 
at two levels, the impact in the residential re­
stricted area and the spin-off effect of displaced 
automobiles on the surrounding areas of the region. 
In both cases, the environmental impact depends to a 
great extent on what happens to those drivers who 
previously parked in the restricted area. 

Within the residential area, the impact on air 
quality and noise levels should be favorable if 
large numbers of automobiles are deterred from 
entering the area. This seems to have been the 
result in San Francisco and Washington, D.C. How­
ever, as found in Arlington and to some extent in 
Baltimore, many of the automobiles displaced by the 
RPPP were diverted to nearby off-street facilities, 
so that areawide traffic and air pollution levels 
were not really reduced i they may have even been 
aggravated. If, in the longer term, the on-street 
restrictions created pressure to increase the number 
of off-street parking facilities in order to satisfy 
this new demand, the overall air quality situation 
could become worse than in the no-restriction case. 

In addition, restricted entry for commuter 
parkers (who make only one trip per day per space 
into and out of a neighborhood) may create addi­
tional space for retail customers or people on 
personal business. This may mean that a single 
on-street space will now serve three, four, or more 
trips per day--an outcome regarded as beneficial by 
local businesses but certainly more detrimental 
environmentally than if primarily commuter parking 
is served. 

From the viewpoint of regional environmental 
quality, another important consideration may be the 
displacement of previous automobile parkers to 
parking sites outside the zone of restriction. If a 
large percentage of these drivers switch to other, 
more efficient modes of transportation, such as 
carpooling or transit, then a net environmental 
benefit to the region would be expected. If, on the 
other hand, a large percentage of these drivers 
simply switch parking locations to areas that border 
the restricted zone, thereby creating congestion in 
these areas and increasing the amount of driver time 
and vehicle miles of travel spent searching for 
parking space, then the impact on air quality and 
other neighborhood environmental characteristics in 
the nonrestricted zone would be negative. 
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There are few data to support either one of these 
possible outcomes. However, a study for the Wash­
ington Metropolitan Council of Governments indicated 
that a nonresident restriction would reduce emis­
sions by about 1 percent. This reduction corre­
sponds to an estimated 1 percent reduction of auto­
mohilP trips (12 100 trips) daily and a correspond­
ing l percent increase (3900 trips) in transit trips 
(1,2). 

In Cambridge, Massachusetts, a preliminary evalu­
ation of the citywide RPPP has shown that, since the 
program was implemented, there has been an 18 per­
cent decrease in the amount of traffic that enters 
the city on an average day. However, local offi­
cials are uncertain about how much of this decrease 
can be attributed to the RPPP. Both of these ex­
amples indicate that the RPPP by itself will most 
likely not provide significant regional improvements 
in air quality. However, if combined with other 
tactics, it could be one of the most influential 
components of an air quality-transportation strategy. 

Enhanced Amenity and Cultural Attractiveness: 
Preservation of an Area's Unique Character 

The influence that transportation exerts on land use 
can be directed toward ends that are not explicitly 
economic in nature, but which are more closely 
related to urban design and amenity objectives. 
Residential parking programs are perceived by many 
affected residents as a way of maintaining neighbor­
hood character by limiting the intrusion of nonresi­
dents. Polls taken of residents in restricted areas 
show that they overwhelmingly support the imple­
mented programs. In San Francisco, for example, 74 
percent of those who responded to a questionnaire 
favored the continuance of that city's permit pro­
gram because they perceived that it was successfully 
maintaining the fabric of the neighborhood. 

The specific manner in which residential parking 
management strategies can be applied to achieve the 
amenity ann attractiveness goal does not lend itcelf 
to generalization as readily as do methods of struc­
turing parking controls to achieve other ends. 
Moreover, parking management strategies alone will 
not serve as a motivational force to stimulate major 
changes in how urban space is used. Such changes 
must be motivated by social and economic forces that 
can be taken advantage of, rather than controlled 
by, parking policy. 

SUMMARY AND CONCLUSIONS 

Although neighborhood parking programs have been in 
existence in some cities for several years, few 
attempts have been made to analyze their impact. 
This is not surprising. The evaluation of such 
programs would be a complicated undertaking because 
establishment of the cause-effect relation hP.tWP.Pn 
RPPP implementation in a complex urban environment 
and ensuring marginal changes in observed travel 
behavior is likely to be very difficult. Further, 
many ur the impact measures that would be essential 
in a comprehensive analysis (e.g., impact on retail 
sales or development location decisions) do not 
evidence change immediately but require several 
years before the effect is noticeable. However, the 
data that are available and the experiences of those 
RPPPs already implemented provide some indication of 
how such a program will impact a community. A 
summary of these impacts is shown in Table 1. 

Thus, rather than conclusions per se, this paper 
lends itself more appropriately to a set of summary 
observations regarding the interrelation of residen­
tial neighborhood parking controls and broader goals 
of the neighborhood itself and the urban area as a 
whole. 
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Table 1. Impact assessment of RPPPs. 

Neighborhood Regional 
RPPP Impact Impact Evidence 

Healthy economic climate + 0 Members of the local business community support of RPPPs in Washington, D.C., and Cambridge 
duu lo higher parking space turnover rate 

Efficient use of public resources + 0 lncrc.1sed use of off-street parking spnccs in 'Balllmorc, Alcxancirlo., ond London 
Ease of mobility ++ 31 per ent decrease in e;,rs puked in two CnmbridgG neighborhoods; 6'2 and 42 percent decrease 

in nonrc.~idcnt parked vehicles in two Washington, D.C., neighborhoods 
Equity of resource distribution + 0 Arlington, Cambridge, and Washington, D.C., court cases 
Environmental goals + Depends on behavior of displaced automobiles; preliminary finding of 18 percent decrease in auto­

mobiles entering Cambridge since RPPP lmplcmcntotion 
Neighborhood amenities ++ 0 Response of officials and residents in those communities that have RPPPs 

Notes: ++=significant positive impact,+= slight positive impact, O =no discernib]e impact, - =slight negative impact, and"/= unknown. 

The efficacy of particular types of controls with 
respect to certain goals depends, to a large degree, 
on what types of parking consumers are disfavored by 
such controls and what alternative access modes are 
available or acceptable to them. Parking controls 
that are limited in scope may achieve only the 
redistribution of unwanted traffic rather than its 
absolute reduction. This may be regarded as accept­
able or unacceptable, depending on the goals of the 
implementing jurisdiction, but it must be recognized 
that such redistribution is likely to create new 
problems in adjacent zones. 

Reports on the limited experience thus far with 
RPPPs suggest that such programs probably do not 
create development obstacles or difficulties for 
existing local business establishments if designed 
with these considerations in mind. Also, existing 
programs are generally reported to have modest 
beneficial impacts with respect to environmental 
indicators and in terms of increasing use of alter­
native transportation facilities. These are not 
general or definitive conclusions, however. The 
direction of the effect of an RPPP on many of these 
objectives depends very much on the specific situa­
tion in which it is applied, and on the degree to 
which individual programs are tailored to fit spe­
c if ic needs. 

With respect to other, less tangible, objectives, 
a set of criteria is needed for evaluating impacts 
of RPPPs. Also, since many of these effects tend to 
require a long time to develop, continued observa­
tion of and reporting on programs now firmly estab­
lished for several years are called for. 

As a traffic restraint measure (that is, as a 
method of discouraging or rerouting traffic away 
from specified neighborhood areas), the RPPP is a 
particularly effective strategy. However, such 
programs will also most likely affect other impor­
tant aspects of neighborhood and regional life. 
Because of this, a closer look at existing RPPPs 
and, most importantly, extensive evaluation studies 
of future neighborhood parking programs as they are 
implemented are needed. 
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South African Parking Standards 

T.C. MACKEY, O.A.W. VANZYL, AND J.C. VORSTER 

Certain minimum desirable parking standards were developed in the Urban 
Transport Branch of tho South African Det>artment of Transport during 1979-
1980. This was done to provide guidanco and requirements for uniform park· 
ing standards. This paper conveys these standards and some of the background 
to the development of the standards. The subject is dealt with in two parts: 
standards for parking dimension and requirements for parking provision. In 
the first section, the establishment of a South African design vehicle is dis· 
cussed-motor cars in South Africa are generally smaller than those in the 
United States and slightly larger than the European cars. From tho design vehi· 
de, at present proposed to be 4.8 m in length and 1.8· m wide, the dimensions 
of parking bays and aisle widths are derived and certain standards proposed. 
For 90° parking a basic standard module width is 17.6-m wide aisles. Dimon· 
sions for angle parking and for on-street parking are also proposed as well as 
di mensions for cortoln parking garages. In tho socond section, tho background 
to tho development of roquiremonts for provlsion ,of off-street parking is di s­
cussed. A questionnaire on current parking provision requirements was sont to 
all local authorities in the five declared metropolitan areas in South Africa. The 
results of this survey we re compared wilh fi ndings of parking demand survoys 
and South Afrieon and overseas proposed standards. A summary o·f the recom­
mended minimum dosl rnble standards for parking provision is thon glvc.n. 

Parking is a very important and integral part of the 
total transportation system in any metropolitan 
area. Because of the ever-increasing cost of land 
and construction of parking facilities and also 
because of the influence of on-street and off-street 
parking on traffic flow, it is necessary for all 
authorities to e nsure compliance with adequate, 
realistic, and effective parking r equire men ts and 
standards. The Urban Transport Branch of the 
Department of Transport therefore c ompiled a report 
on parking standards OJ, of which this paper is a 
summary. The object of the r epor t was to propose 
(a) standards for parking dimension and (b) require­
ments for parking prov1s1on to provide national 
guidance and requirements for uniform parking stan­
dards and also to assist t he National Transport Com­
mission in evaluating requests for subsi d i es for 
parking facilities. 

The National Tr a ns port Commission acc ept ed, in 
princ iple , t he pa rk i ng -dimens i o n standards a nd park­
ing- provi sion requirements , a s laid down i n the 
report, as the minimum desirable standards for the 
urban areas of South Africa . The commission further 
agreed that the report be distributed to all local 
authorities in the declared metropolitan transport 
areas, that it should be recommended to the core 
cities for possible acceptance and application in 
their respective transport plans, and that al l l ocal 

authorities should consider inclusion of the parking 
provision requirements in their town planning 
schemes, with the understanding that deviations 
would be possible if adequate motivation proves it 
necessary. 

The purpose of the report was to cover only those 
aspects of parking that may differ from available 
overseas standards and requirements. The use of 
other literature on parking in conjunction with this 
report is thus recommended [e.g., (1_)]. 

STANDARDS FOR PARKING DIMENSIONS 

South African Design Vehicle 

Minimum standards and desirable standards for dimen­
sions of parking bays can be laid down. For the 
purpose of this report, we decided to propos e only 
one desirable standard that will be applicable to 
most circumstances. Good judgment is necessary, 
however, in the application of these standards, and 
certain deviations may be necessary. These stan­
dards apply only to ordinary private vehicles such 
as motor cars, minibuses, and light delivery vehi­
cles but not to trucks and buses. South African 
motor cars are generally smaller than those in the 
United States and probably slightly larger than 
European cars: therefore, it was necessary to de­
velop a South African design vehicle from which di­
mensions of parking bays can be derived. 

A number of people, including the city engineer's 
department of Durban (3), Olivier (4), Uys and Van 
der Merwe (..?_), and th;- Division of -Highway Traffic 
Engineering of the South African Institute of Civil 
Engineers <ilr did some work on the dimensions of a 
South African design vehicle. Most of the above­
mentioned studies based the design vehicle on the 95 
percentile value of the different dimensions. This 
represents a conservative working value that covers 
the overall majority of vehicles. Cumulative fre­
quency diagrams were plotted for such factors as the 
length, width, turning circle, and height of vehi­
cles from which the 95 percentile values can easily 
be determined. 

Uys and Van der Merwe (..?_) found a definite trend 
toward smaller cars in South Africa. Volkswagen 
South Africa (7) confirmed this after studying the 
change in buyi;;g habits of the South African motor ­
ing public. They found an increase of 15 percent in 
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Table 1. Comparison of design vehicle dimensions. 

Place Source Length(m) Width(m) Turning Circle (m) 

United States Eno Foundation (jl_) 5.49 1.98 14.18 
Eno Foundation(~) 5.72 2.03 14.98 
Institute of Traffic Engineers (l.Q) 5.90 2.00 
Institute of Transportation Engineering (l!) 5.80 2.05 14.60 

Europe Glanville and Seymer (11) 4.78 l.78 9.92 
South Africa Durban Corporation (J) 4.88 1.83 12.20 

South African Institution of Civil Engineers(§) 4.85 l.85 
Olivier (,i) 4.85 1.85 12.0 
Uys and Van der Merwe (~) 4.75 1.80 12.4 

Proposed 4.80 1.80 12.4 

Note: The foJJowing factors are generally accepted to play a rnle in determining dimensions of parking bays: vehicle size dimensions, o perational 
characteristics, driving ability . and user convenience. 

Figure 1. Design vehicle and 90° stall. 

...J 

...J 

"" ,_ 
"' 
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the number of new small cars sold in the period 1973 
to May 1979 and a further increase was expected. 

After the available data were compared, the fol­
lowing basic dimensions for the South African design 
vehicle were proposed: 

Item 
Length 
Width 

Dimens i on Im) 
4.8 
1.8 

Turning circle 12.4 

A comparison between these dimensions, as set by 
various sources for the United States, Europe, and 
South Africa, is presented in Table 1. The follow­
ing additional characteristics for the South African 
design vehicle were then chosen (the front, rear, 
and side overhangs were based on limited data only) : 

Item 
Wheel base 
Front overhang 
Rear overhang 
Side overhang 
Minimum turning radius, inside 

rear wheel 

Dimension (m) 
2.85 
0.75 
1.20 
0.2 
3.1 

Minimum turning radius, outside 6.2 
point, front bumper 

Overall height 2.0 

The vehicle size dimensions will, to a certain 
extent, affect the bay and aisle dimensions. The 
most important dimensions are the following: 

1. Vehicle width; 
2. Vehicle length; 
3. Minimum turning radius, inside rear wheel; 
4. Minimum turning radius, outside front bumper; 

and 
5. Rear overhang. 

These dimensions affect the maneuverability of a 
vehicle directly and, therefore, the parking layout 
and dimensions. Another important factor is the 
lateral spacing between vehicles when parked or be-

tween a vehicle and a wall or other fixed objects, 
primarily for the opening of doors. After consid­
eration of proposals by various authors and the 
variation in car positioning in the stall, a stan­
dard of O. 7 m was proposed for design purposes. 
Kanaan and Witheford (11_) found that parkers did 
not, on the average, pull all the way into a parking 
bay. Therefore it was proposed that an additional 
O. 2 m should be added to the length of the design 
vehicle in determining stall lengths. No provision 
was made for vehicles parking with part of the over­
hang extending over curbs or sidewalks because pa r k­
ing like that might interfere with pedestrian activ­
ities and might also damage certain vehicles. 

Of f-S t r eet Parki ng 

If the tolerances mentioned above are added to the 
dimensions of the design vehicle, it results in a 
proposed general 90° bay size of 5.0 m in length and 
2.5 m in width, as shown in Figure 1. A parking bay 
next to a wall should be 0.35 m wider, however, to 
allow for the opening of doors. This results in a 
bay size of 5 m in length and 2.85 min width. 

When the standard parking bay width is known, t he 
width parallel to the end-of-stall line can be de­
termined for different angles. The stall depth per­
pendicular to a wall or the end-of-stall line for 
different parking angles, with or without the inter­
locking of bays, can also be determined. A summary 
of these dimensions is given in Table 2. 

Ricker (14) derived a formula for determining the 
aisle width between a row of parked cars and a wall 
or obstruction. This formula produces rather wide 
aisle widths, and, therefore, parking maneuvers were 
also simulated graphically to determine the proposed 
aisle widths given in Table 2. The proposed aisle 
width for 90° parking is 7.5 m. A parking module, 
which represents two rows of parking bays together 
with the aisle in between, is a standard dimension 
in planning and designing a specific parking lay-out 
configuration. For 90° parking, the proposed module 
width is 17.5 m. 

On-St reet Par k i ng 

There are basically two types of on-street parking-­
parking at an angle and parallel parking. Parking 
at an angle on-street is generally viewed as unsafe 
and should be avoided. There are three basic types 
of curb stalls--end stall, interior stall, and 
paired parking, which are shown in Figures 2 and 3. 

Paired parking is preferred to the interior stall 
layout in South Africa. The widths of curb stalls 
are prescribed in the different road traffic ordi­
nances of the provinces as 2. 2 m. To allow the 
driver and occupants of the vehicle to safely enter 
or leave the vehicle, the width of the traffic lane 
adjacent to curb parking should be increased, where 
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Table 2. Summary of proposed parking 
dimensions . 

Interlocking Parking Angle 
Bays (degrees) 

None 90' 

60 
45 

On one side 60 
45 

On both sides 60 
45 

3 Basic proposed standard. 

Figure 2. The interior stall. 

0'"'2. 2m 1 b•6,0m, C'"'5.Qm, d•2 .Qm 1 ea12 ,Qm 

Figure 3. Paired parking. 

possible. The proposed dimensions for on-street 
parking are shown in Figures 2 and 3. 

Pa.rking Garages 

Al though parking garages or structural parking is a 
comprehensive subject on its own, vertical clear_­
ance, slope of floors, and certain ramp characteris­
tics are discussed briefly. A minimum vertical 
clearance of 2.1 m is proposed for parking garages, 
which implies careful placement of lighting fixtures 
and overhead signs. However, the vertical clearance 
on the ground floor or part thereof of any parking 
garage should confor m to the maximum vertical height 
laid down in the ordinance (i. e ., 4.1 m). The slope 
of floors should not exceed 3 percent in directions 
longitudinal to parking stalls or 5 percent for 
cross slopes or aisles (2). The preferable maximum 
grade for sloping floor self-park garages is 4 per­
cent (1,2). 

Ramps should be skid-free and the maximum pro­
posed grade is 15 percent (15). A 10 percent grade 
is preferred for high-volum;-ramps. The width of a 
straight one-way ramp without a sidewalk and curbs 
should not be less than 3.5 m and with sidewalk and 
curbs not less than 3.0 m. A two-lane straight ramp 
with sidewalk and curbs should have a width of not 
less than 6.0 m for one-way operation and 7.0 m for 
two-way operation. The width of a circular ramp 
should not be less than 4.5 m. 

PARKING PROVISION REQUIREMENTS 

Off-Street Park i ng Reguirements 

In order to safeguard traffic f l ow on adjacent ar­
terials, ensure effective access, and protect the 
transportation system ' s general function i ng, a suf­
fic ient number of off-street parking spaces mus t be 
provided at all the different types of development 
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Stall Aisle Width (m) Module Width (m) 

Width (m) Depth (m) Two-Way One-Way Two-Way One-Way 

2.4 
2.5 
2.5 
2.S 
2.5 
2.5 
2.5 
2.5 
2.5 

5.0 8.0 8.0 18.0 18.0 
5.0 7.5 7.5 17.5 17.5 
5.0 7.0 7.0 17.0 17.0 
5.3 5.4 4.4 16.0 15.0 
4.9 5.2 4.2 15.0 14.0 
4.8 5.4 4.4 15.5 14.5 
4.?. 5.2 1.2 14.J 13.3 
4.8 5.4 4.4 15.0 14.0 
4.2 5.2 4.2 13.6 12.6 

in urban areas . Requirements for such parking pro­
vis ion are normally contained in t he town planning 
scheme for a particular area. Where it is the pur­
pose of this report t o develop and recommend such 
desirable minimum standards, these standards should 
be applied with the necessary ca re. The following 
factors may requil:e these standa r d s to be adjusted 
in a specific case : 

1. Size and nature of the development; 
2. Urban character, socioeconomic structure of 

the population, and residential density in the 
milrket or influence area; 

3. Availability of public transport; 
4. Availability of other on-street or off-street 

parking in the vicinity; and 
5. Certain combinations o f land uses , such ;is 

offices o-r theaters in shopping c e nters that may 
reduce the total combined parking requirement where 
the peak parking demand for the different land uses 
do not occur at the same time. 

In the central areas of major cities different 
situations exist from those in the outlying areas of 
central business districts (CBDs) of smaller cities 
and townc. Factors such as the high density of de­
velopment , avai:l,able public transport, major pedes­
trian flows, a nd scarcity and cost ot' land, may pro­
hibit or limit the provision o f parking in relation 
to outlying areas or smaller town centers. There­
fore, a separate parking policy normally exists for 
the CBD of a large city. 

Pata Collection 

Questionnaires on requirements for provision of 
off-street parking were distributed during June 
1979, with the assistance of the relevant provincial 
administrations, to all the local authorities within 
the five metroPQlitan areas of Johanneshurg, 
Pretoria, Cape Town, Port Elizabeth, and Durban. 
Most local authorities and provincial administra­
tions responded, and an excellent return of 44 com­
pleted questionnaires was achieved. 

Analysis of the completed questionnaires showed 
that t.here is a great diversity in the standards fur 
off-street-parki ng-provision requirements as applied 
by the local a'Uthocities. For example, among the 44 
cities and towns there are no less than 26 dif­
ferent parking requirements for general offices. 
This great d i versi ty indicates the need for guide­
lines on the uniformity of parking standards. 

In the analyses of the completed questionnaires 
we also endeavoured to determine whether there is 
any relation between the size of the city or town 
and the parking demand or requirement for the vari­
ous land uses. The local authorities were divided 
into three groups, depending on population size and 
the parking- provision requirements compared within 
each of these three groups. No trend or special 
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Table 3. Summary of recommended minimum standards for off-street parking. 

Land Use 

Residential 

Office 

Business 

Buildings 

Single and attached dwelling units 
One habitable room 
Two habitable rooms 
Three habitable rooms 
Four or more habitable rooms 
Visitors 

Hotel and motel 
Residential hotel and boarding house 
Old-age home and orphanage 
General office 
Bank, building society, and other public trade office 
Shopping center 

Neighborhood (< 5000 m2 ) 

Community (5000.1 S 000 m2
) 

Regionol (> IS 000 m2
) 

Hypermarket 

Standard• 

l.O space/unit 
1.0 space/unit 
l.25 spaces/unit 
l .5 spaces/unit 
0.5 additional space/unit 
1 space/habitable room+ 10 spaces per 100 m2 PAA 
0.6 spaces/habitable room 
0.3 spaces/habitable room 
2 sp•ces/100 m2 PFS 
4 spoces/ l 00 m1 PFS 

7 spaces/ 100 m 2 PFS 
6 spaces/ 100 m 2 PFS 
5 spaces/ 100 m 2 PFS 
7 spaces/ 100 m 2 PFS 

45 

Medical 
Single shop, excluding car showroom and plant nursery 
Consulting room 

6 spaces/ 100 m 2 PFS 
6 spaces/I 00 m 2 PFS 

Industrial and commercial 

Public garage 
Place of public worship 
Educational 

Recreation, sport, and 
entertainment 

Small private hospital and clinic 
General hospital 
Manufacturing 
Warehousing 
Dairy, bakery, and laundry 
Storage yard 

Nursery school 
Primary school 
Secondary school 
College 
University 
Community center 
Hall 
Movie and theater 

Within shopping center 
Isolated 

Sport stadium 
Swimming pool 
Library and museum 

Note: PAA = public accessibility area, PFS = permissible floor space. 

1 space/bed 
1 space/l>ed 
1 space/ 100 m2 PFS 
I space/ 100 m2 PF'S 
1 space/ 100 m2 P S 
I space/100 m2 PFS 
4 spaces/working bay + 2 spaces/ 100 m 2 spaces and sales area 
0.15 space/seat 
1 space/classroom or office 
1 space/classroom or office 
1 space/classroom or office 
0.25 space/student 
0.4 space/student 
2 spaces/ I 00 m2 PFS 
0.25 space/seal or 20 spaces/JOO m2 PFS 

0. l space/seat 
0. 2 space/seat 
0.25 space/seat 
0.25 space/seat 
2spaces/100 m 2 P FS 

3 Not applicable in CBD of large cities. b A hypermarket is a large discount store that .sells many items, including food, clothing, and furniture. 

relation within the groups or differences among the 
groups was noticed, and we therefore concluded that, 
at this stage, there is no noticeable or specific 
difference in parking demand for different sizes of 
local authorities. 

The requirements and proposals obtained from the 
questionnnaires were also compared with other sur­
veys of parking demand made in South Africa. 
Kruger, Van Zyl, and Du Plessis (~) used the 
results of their own surveys and surveys done by 
University of Pretoria students to propose parking 
indices for certain land uses. Jordaan and Switala 
(17) also compared results of a large number of sur­
veys done by students of the University of 
Pretoria. Guidelines were also prepared by the 
South African Institute of Civil Engineers (18) for 
off-street parking provision. Cognizance was also 
taken of other South African surveys and proposals 
for parking-provision requirements. 

Off-Street Parking Requirements 
for Different Land Uses 

The existing parking requirements, as applied by the 
different local authorities, were compared with 
South African and overseas recommendations in order 
to derive a minimum standard that can be applied 
under existing conditions to the average South 
African city or town. A summary of the recommended 
minimum standards is shown in Table 3. The complete 
comparison of parking requirements for different 
land uses, as well as definitions of the most impor­
tant descriptive units, is discussed in detail in 
the original report <.!>· 

CBD Off-Street Parking Reguirements 

As mentioned before, parking requirements for cen­
tral areas of large cities are generally substan­
tially less than the requirements shown in Table 3. 
In some cases no parking is required or the provi­
sion thereof prohibited. This may be due to good 
public transport access, the high density and high 
cost of land, and the pedestrian flow, which should 
not be interrupted by vehicle entrances. Parking 
provision can also be limited in order to limit the 
influx of traffic into the CBD. 

On the other hand it may be necessary to provide 
sufficient parking to combat decentralization and 
deterioration of the CBD. Specific policies in 
relation to on-street parking as well as core park­
ing for short-term shoppers and fringe parking for 
long-term workers should be adopted. 

The large South African cities reported that they 
have specific requirements for their central areas. 
Some smaller cities and towns indicated that, 
although there is no difference in their parking 
requirements for their CBDs compared with their out­
lying areas, they do allow, with the consent of the 
administrator, that a sum of money shall be used for 
the provision of the required number of parking 
spaces as a public-parking facility in the vicinity 
of the site in question. This is paid in their CBD 
payment, in lieu of the provision of the number of 
parking spaces. 

Pretoria divided its CBD into two zones. Zone A, 
which is the core, is about 25 street blocks in ex­
tent and no parking is allowed. In zone B, which is 
a fringe area around zone A, the parking must be 
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provided 
Pretoria, 
space/116 
provided. 

as is the case 
except in the 
m1 GFA (±0. 9 

for the 
case of 
space/ 100 

remainder 
shops where 

m1 ) must 

of 
1 

be 

In Johannesburg the central area is divided into 
four zones (A, B, C, and D). Except in certain 
special cases, no parking may be provided for any 
building in the core (i.e., zone A). In zones Band 
C it may only be provided for sites of 1480 m1 or 
greater in extent and in zone D on sites of 900 m1 

or larger. If pac king is provided in these zones, 
it may not exceed a certain number of spaces, as 
specified in the town planning scheme. These re­
quirements are much less than those for the 
remainder of Johannesburg. 

It is not possible to recommend minimum standards 
for the central areas of large cities as they depend 
on the local circumstances and also on the parking 
policy adopted by the local author! ty. The above 
summary of the requirements for the central areas of 
Pretoria and Johannesburg do, however, give some 
indication of what such requirements could be and 
the principle of precluding the provision of parking 
in highly pedestrianized areas is supported in these 
circ umstances . 

CONCLUSION 

We hope that the minimum desirable standards for 
parking dimensions and parking provision require­
ments developed in the report and summarized in this 
paper will provide guidance in South Africa and also 
contribute to some uniformity in parking standards 
in other countries. These are s tandards to be ap­
plied with the neces sary care and understandingi 
properly motivated deviations will be necessary from 
time to time . It will also be necessary to revise 
and update the report from time to time. Comments 
on the report will thus be welcome. 
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Implementation of a Regional Parking Policy: 

Institutional and Political Considerations 

JOSUE TANAKA AND MICHAEL D. MEYER 

Parking pol icy in most U.S. cities consists of the independent actions of a large 
number of transportation and parking agencies, each implementing different 
parking management strategies to achieve a wide variety of urban goals. How-

ever, the use of the provision of parking as a policy lever for attaining urban 
objectives in a comprehensive and consistent manner requires the formulation 
and implementation of a regional parking policy. This paper examines the in-
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stitutional issues that affect the formulation of such a policy. Case studies of 
Alexandria, Virginia; Baltimore; Boston; Evanston, Illinois; Hartford, Connecti· 
cut; and Seattle are used to illun rate the compiexlty of the inS1itutfonol stru c­
ture for parking policy. These case studies showed that formulation and imple· 
rnentation of parking policy are influenced by the capability of the lead agencies 
to adopt and implement parking strategies, the diversity of objectives and con· 
stituencies that correspond to these lead agencies, the degree of consensus on 
the policy objectives, the level of communication among these agencies, and 
the srate of the economy in the metropolitan area. A set of implementation 
~idolines is provided for formulating a regional parking policy. We conclude 
that a regional pa rking policy Is essenti al if parking is to bu u1ed os a means of 
Influencing urban objectives. Major effort has to be exencd in two areas to de· 
volop such ·a pol icy: lot es1<1bllshment of tho institutional base to support a 
regional parking policy ond (b) identification of a mean~ of measuring the effect 
of parking management s lrategies {and combinations theroofl on u rban objoc· 
tives. Wo recommend th at the latter task be tho focus of future resealch In the 
area of parking policy. 

The provision of adequate parking in urban areas has 
long been an important item on the agenda of public 
officials. Parking policy has been traditionally 
associated with public policy toward the automobile 
and its concomitant impacts. Before 1970, when the 
objective of most transportation policy was the 
accommodation of the automobile through highway 
construction, parking policy was simply focused on 
where sufficient space could be found to provide the 
needed storage for all of the automobiles that use 
these new highways. During the early 1970s, how­
ever, as the emphasis in transportation policy 
shifted away from a highway-oriented program, the 
role of parking in the transportation system, and 
pe rhaps its more important role in the larger 
economic and social urban environment, began to 
receive closer scrutiny (1_). The purpose of this 
paper is to e xami ne this expanded role for parking 
in the urban system and to ident ify the institu­
tional characteristics of the existing structure of 
parking policy formulation and implementation (£) . 

INSTITUTIONAL STRUCTURE OF PARKING MANAGEMENT 

Parking availability has traditionally been con­
sidered a necessary component of the trip-making 
sequence and thus a bas i c e lemen t of automobile 
accessibility and mobility . Unti l recent l y, how­
ever, the development of a coordinated approach to 
parking management has been either nonex ist en t or 
has focused solely on the objective of c ongest ion 
relief. Such an approach has also not yet totally 
been accepted in principle by agencies traditionally 
associated with the provision, management, and 
regulation of parking supply. The findings of a 
recent research study have indicated that "this 
restrictive perception of parking management is only 
one aspect of such tactics and, in fact, is not 
consistent with the application of parking manage­
ment tactics by many jurisdictions" (1). The 
institutional structure (i.e., the agencies and 
their interrelationships) for formulation and 
implementation of parking policy is very complex and 
of ten hinders the development of a coordinated 
parking management program . The various legal, 
financial, a nd operational aspects of the parking 
sector involve numerous organizations such as 
development agencies, police departments, building 
and zoning commissions, real property boards, or 
public works departments. 

One of the major identifying characteristics of 
the parking sector at the local level is its separa­
tion into public and private providers of parking 
space. In spite of functional complementarity, the 
public and private components of parking supply tend 
to exist independently of each other. However, the 
private sector is mainly interested in profits, and 
the public sector agencies have a multitude of 
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different objectives that they are trying to achieve 
through the use of parking and other transportation 
strategies. The private sector is mainly active in 
commercial off-street parking facilities (e.g., 
open-lots or garages) and also provides a substan­
tial number of parking spaces for business and 
private development not available for general use. 

The public sector is different in that a larger 
set of agencies and organizations and a more ex­
pansive set of objectives is involved. Indeed, the 
service represented by parking falls within various 
functiona l lines of many public sector organiza­
tions, and each one has its own particular concep­
tion of the role of parking. Traffic departments 
are largely responsible for the on-street supply 
and, in some cases, the off-street supply as well. 
Their primary responsibility is with traffic flow 
and safety, and, consequently, parking is viewed in 
light of its effect on vehicular movement. Transit 
authorities and sometimes state and county transpor­
tation departments often provide park-and-ride 
lots. The main objective here is to provide an 
adequate supply of spaces in order to facilitate the 
use of the transit system. 

Many cities also have a municipal agency respon­
sible for the provision of off-street parking. In 
smaller cities, this agency is usually found within 
the traffic engineering department and is generally 
concerned with how off-street parking can alleviate 
a perce i ved deficiency o f a va ilable o n-street park­
ing spaces. In most cas e s , o ff-s treet parking 
policies are basea o n t he bel ief that a n adequate 
aggregate supply of parking is a prerequisite for 
sound downtown economic development. Consequently, 
if the perceived level of on-street parking is 
inadequate, downtown business people will often 
advocate the provision of more off-street parking 
spaces. 

This institutional fragmentation in the parking 
sector often leads to a site- or action-specific 
approac h t o planni ng . As pa rticular needs or local 
p roblems arise, they are g ener a lly aealt with on a 
p iecemeal basis withou t fu ll conside ration of t he 
i mpacts o f p roposed so l utions on other e l ements of 
the parking sector or on the transportation net­
work. For example, when residents in urban areas 
complain about the parking situation in their neigh­
borhood, the common approach has been to solve the 
particular problem at the scale of the residential 
area concerned. Often, the adopted solutions at 
this scale solve the residents' problems; however, 
they also create greater difficulties for larger 
numbers of people. A good example of this is when 
large numbers of drivers who usually park near rapid 
transit stations are no longer able to park and ride 
the transit line; thus, the transit system is hurt 
and substantial numbers of people are inconvenienced 
(_!). 

The resolution of a problem at the subregional 
level can result in considerable negative impacts at 
the regional level. For this reason in particular, 
the consideration of a parking policy, defined here 
as a set of parking strategies to achieve broader 
urban objectives, can provide a basis for solving 
parking problems at both levels. 

The institutional fragmentation at the local 
level is generally matched by a parallel fragmen­
tation of federal mechanisms for intervening in or 
influencing parking-related decisions. The Federal 
Highway Administration (FHWA) can fund two types of 
parking facilities u nder t he f ederal-aid highway 
program: (a) fringe a nd transpor tation corr i dor 
parking and (b) r epl acement pa rking. In the f irst 
case, only public-transportation-related parking 
projects outside of the central business district 
(CBD) c~n be funded (~). In the second case, 
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federal-aid funds c a n be used to construct off­
street replacement parking facilities when the 
implementation of a federal-aid project requires the 
removal of on-street parking in an area that has a 
critical shortage of parking spaces (§). 

The Urban Mass Transportation Administration 
(UMTA) capital g rant program fu nd s park ing projects 
if they c an be re.lated to t r a.nsit se r v i ces. Al­
though under present guidelines for the urban 
initiatives program parking facilities can be funded 
if they are found essential to thp project and 
enhance proposed mass transit services, UMTA is 
currently considering stricter guidelines that would 
severely limit the type of parking project funded 
with UMTA funds. In fact, some UMTA reg i onal of­
fices seem to be already following a policy of not 
funding parking projects. 

The Federal Railroad Administration (FRA) , as 
part of its Nort he ast corridor Impr o veme n t Prog ram 
(NECIP), will s pend abou t $3 5· mll l i on f or parki ng in 
the renova t i on of s everal r ai l r oad s t a t ions . The 
FRA estimates that, in all, 8000 spaces will be 
provided through its program. 

In some cases, federal funding for parking proj­
ects can be at cross-purposes with the objectives of 
other federal programs. For example, while the U.S. 
Elnvfro nmental Protec t ion Agency (EPA) and UMTA, 
t hrough various programs , f ocus o n dec r easing the 
use o f a u tomobiles i n downt own a reas and fostering 
the c ompeti ti ve ness o f alte r nat i ve modes o f access , 
fu nds from the U.S. Depar tmen t o f Hou s i ng a nd Urban 
Development (HUD) continue to provide incentives for 
urban areas to plan (largely in isolation from other 
transportation decision making) large downtown park­
ing developments. 

In summary, the parking sector is characterized 
by a high degree of complexity and fragmentation, 
both in terms of the variety of organizations 
responsible for managing each of its components as 
well as in terms of the variety of objectives that 
motivate the involvement of these organizations in 
the parking sector. Perceived local parking prob­
lems tend to be dealt with as they arise (i.e., a 
specific action is chosen and tailored to address a 
particular problem). Thus, parking supply in the 
aggregate is ma naged by a large variety of indi­
vidual actions t hat attempt to deal with a set of 
specific problems. Th is isolated us e of park ing 
actions is also associate d with a gene ral l ac k of 
concern for secondary impacts of l oc a l problem 
solutions, part icularly in locations ad jace nt to the 
geographic area of immediate concern. As has been 
found in the implementation of neighborhood parking 
strategies, the problem has often just been trans­
ferred to adjacent areas (see paper by Meyer and 
McShane in this Record). 

The use of a specific strategy to deal with a 
particular problem might address only one aspect of 
the global pa r ki ng allocat i on problem. Indeed, 
parking p roblems cited by d iff e r e nt l oca lities migh t 
be conside r ed a s va riations on t he more basic prob­
lem of allocati ng a r e s t ricted s upply of par ki ng to 
a variPty of competing uses, c uc h as reside ntial 
parking, retail and business-related parking, enter­
tainment and other off-peak parking uses, and com­
munication. The definition of a strategy related to 
a specific local problem might, therefore, result in 
increasing the tensions in the allocative process 
among the other competing uses. 

One solution to the problems identified above is 
the articulation of a regional parking policy that 
consists of parking management packages . Not only 
is the notion of parki ng policy a prerequisite to 
the creation of a structure able to reduce the 
impacts of negative spillover effects, but it is 
also a prerequisite for addressing p r oblems at the 
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scale of the urban area. Because a comprehensive 
parking policy constitutes an action at the level of 
the urba n a rea , i t is a pa rticularly a ppropriate way 
of addre ssing urban objectives . A coordina t ed p ark­
ing pol i cy app r oach t hus constitu t e s a prerequisite 
to the s e rious link i ng o f pa r king policy a nd u rban 
objectives . 

The failure to reconcile the fragmented nature of 
the parking sector with the necessity for formu­
lating and implementing a comprehensive parking 
managemeul program leads to a tenuous link between 
action in the parking sector and the ability to deal 
with larger urban issues through parking. From this 
point of view, i s sues that surround pol icy implemen­
tation and the a nalysis of such issues become a 
prerequisite to the formulation of parking policy. 
The following analysis is the ref ore not aimed at the 
implementation of specific parking management strat­
egies but at the more basic analysis of the possible 
configurations in which parking policy might be 
conceived within the existing institutional environ­
ment of the parking sector. 

ANALYSIS OF PARKING POLICY FORMULATION AND 
IMPLEMENTATION 

The objective of the methodology used in this re­
search was to provide an analytical framework for 
understanding the institu tiona l f unc tioning o f the 
park in<J secto r . Such an understanding was necessa.ry 
in o r der to define insti tutional p recond itions that 
lead to the formulation and implemen tation of park­
ing policy. The tool of analysis us ed in the fol­
lowing methodology is institutional analysis. It is 
defined as the analysis of a group of organizations 
that interact in the pursuit of a particular task, 
and the resulting problems that arise from the 
nature of these interrelati ons at any stage of the 
policy process, by using elements of organization 
and political theo r y. As s uch, inst itu.t ional analy­
sis is nor ma t ive since it is a i med at i mproving the 
policymaking p r oc ess a nd policy conten t . It is also 
decision-oriented in the sense that it is used to 
produce an i npu t to the decision-making process. 
And it is ant icipatory in that it structures in a 
logical taxonomy the uncertainty that surrounds the 
pursuit of a particular task. 

A telephone survey of transportation, parking, 
and local elected officials in selected case-study 
cities was the primary method of data collection. 
The selection of the case-study cities was based on 
three sources of information that provided data on 
the characteristics of different cities in relation 
to their parking management activities: (a) the 
Virginia Highway and Transportation Research Council 
survey of 1977 (7), (b) the 1979 Public Technology, 
Inc. survey, ancl (c) the 1979 Peat, Marwick, and 
Mitchell study (},~). 

Three criteria were used in selecting the case­
study cities for this research: 

1. Together, the cities should have implemented 
a wide variety of parking management actions; 

2. Imllvidually, they should have implemented a 
variety of strategies; and 

3. There should be a common set of implemented 
strategies among the cities. 

By using these criteria, the following set of cities 
was chosen for study: a set of large cities, which 
consists of Baltimore, Boston, and Seattle, and a 
set of medium cities, which consists of Alexandria, 
Virginia; Evanston, Illinois; and Hartford, Con­
necticut. 

Baltimore 

Three major organizations are concerned with pa r k i ng 
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in Baltimore. The Baltimore Department of Transit 
and Traffic plays a central role in the planning and 
implementation of several parking management strat­
egies within the city limits. A carpool preferen­
tial parking program, which is part of the general 
policy to improve air quality in the Baltimore 
region by reducing the use of the automobile, and a 
residential parking program, which is aimed at 
solving the local parking problems of residential 
neighborhoods adjacent to large traffic generators, 
are examples of two such strategies. These two 
strategies, however, present some contrasting insti­
tutional characteristics. 

The carpool preferential parking program is de­
veloped within the administrative structure of the 
department. In contrast, the residential parking­
permit program requires, over an area of 10 blocks, 
signatures from 60 percent of the households (one 
signature per household) in order to support an 
application. Additional field work is then neces­
sary before implementation. The acceptance by key 
actors of the residential parking program has also 
been controversial. Many of the businesses and 
other establishments that attract nonresident auto­
mobiles have opposed such a program, thus the en­
vironment of program implementation is somewhat 
turbulent. 

Another major agency involved in the parking 
sector of Baltimore is the Off-Street Parking 
Commission, whose main role has been to provide 
funds for the building of off-street parking facili­
ties. The main objective of the commission is to 
support the development of the city with an adequate 
supply of off-street parking, an objective that is 
substantially different from that of the Baltimore 
Department of Traffic and Transit. 

The Baltimore Department of Traffic and Transit 
is more concerned about using parking management 
strategies to improve air quality and decrease the 
use of the automobile by commuters; however, the 
Off-Street Parking Commission has operated on the 
precept that the development of Baltimore depends on 
its accessibility to automobiles, particularly in 
terms of parking. Even though there is interaction 
between the Off-Street Parking Commission and other 
city agencies, it does not seem to affect the dual 
focus in Baltimore's approach to parking. 

The third major actor in Baltimore's parking 
program is the Greater Baltimore Committee, which is 
associated with the Baltimore Chamber of Commerce. 
The committee has established a task force that will 
examine the existing parking situation in Baltimore 
and recommend , both short- and long-term solutions. 
An underlying attitude among committee members is 
that there is a strong need for a more coordinated 
approach to the parking sector. 

The parking sector in Baltimore thus operates on 
the basis of a parking policy that is not clearly 
enunciated and reflects the dual concern of the city 
to improve air quality and maximize the redevelop­
ment of the downtown area. Consequently, in spite 
of executive intervention in such strategies as the 
preferential carpool program, there is a conspicuous 
lack of cohesiveness in the orientation of parking 
policy in Baltimore. The initiative of the Greater 
Baltimore Committee could possibly provide the 
catalyst for development of such an orientation. 

Seattle 

Seattle's parking program originated with the EPA 
state implementation plan (SIP) regulations aimed at 
improving air quality in the nonattainment area of 
the Seattle air quality control region. Even after 
the subsequent relaxation of EPA's enforcement, the 
concern and interest of the city to manage its 
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parking supply in a consistent manner has remained. 
Other transportation-related objectives, such as the 
reduction of peak-hour traffic or the increased use 
of transit, have also emerged as strong objectives 
underlying the parking program. The mayor's office, 
the Seattle Office of Planning and Evaluation, the 
City Council, and the Seattle Department of Com­
munity Development continue to maintain a positive 
attitude toward a structured and consistent parking 
management policy. 

A clear commitment for coordination exists in 
Seattle. Coordination is currently practiced in two 
ways: the definition of responsibilities within the 
parking sector and the creation of a task force on 
parking. In terms of role definition, Seattle 
presents a clear operational structure based pri­
marily on the guidance provided by the Office of 
Policy and Evaluation, the City Planning Commission, 
and the Department of Community Development. This 
guidance is predominantly oriented toward environ­
mental objectives, and no other parking policy 
guidelines are followed by other agencies within the 
city administration. This consensus allows for the 
development 0£ adequate supporting strategies for 
parking management and the derivation of maximum 
benefit out of the success of complementary activ­
ities such as transit and carpool. It then becomes 
possible to develop around the policy core accessory 
parking management strategies aimed at more local­
ized problems, such as a residential parking permit 
program or a growth-constraint program. 

This consensus on environmental objectives is, in 
addition, reinforced by actions aimed at maintaining 
a working relationship among parties who could 
easily be antagonistic. A good illustration of such 
a relationship is a collaborative effort between the 
city's Office of Downtown Development and the Down­
town Seattle Development Association in regard to a 
proposed downtown transit mall and the provision of 
additional parking. Although such collaborations 
are not a panacea, they provide valuable channels of 
communication and constitute useful conflict­
avoidance mechanisms. 

The definition of responsibilities also involves 
the Building Department, which overlooks the appli­
cation of the zoning ordinance, mainly from the 
point of view of a strict environmental interpre­
tation of the code. This role within a single 
organization allows for increased procedural eff i­
ciency and clearer decision making. It also pro­
vides for a better environment of policy guidance at 
the Office of Policy and E1.1aluation on particular 
development issues related to zoning in that it does 
not need to deal with a complex set of different 
agencies. 

A task force on parking, which constitutes a 
second mechanism of coordination, has been involved 
in two main areas of work. The first area concerns 
the development of means to alleviate the parking 
problems associated with the zoning ordinance. For 
example, a ban on demolition of any building for 
transformation into an open lot and, even stronger, 
a ban on new open parking lot facilities have con­
tributed to a decreased supply of available com­
mercial off-street parking. Among transportation 
strategies considered by the task force to provide 
alternatives to downtown parking have been vanpools 
or subsidies to transit users. 

Another function of the task force has been to 
examine the short-term parking supply in the retail 
core of the CBD. As the amount of spaces open to 
the general public has decreased and the private 
supply has increased substantially due to sign if i­
cant downtown development, the task force is search­
ing for new regulatory tools able to provide an 
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adequate supply of short-term parking within the 
retail zone. 

Recent judicial decisions have put new regulatory 
and intervention powers at the disposal of the city 
agencies for use in the parking sector. For many 
years, private operators succeeded in lobbying the 
state so that the city had a limited ability to 
build or acqu ire municipal lots a nd no taxa t ion 
power at all, because the city had to keep the 
parking tax aligned with that of other operators. 
Recent state legislation has given the cities the 
option to use their new development or taxation 
powers in the parking sector. Thus, the regulatory 
environment of commercial parking in the core area 
is substantially transformed and the public has 
increased control over the supply of parking. How­
ever, the city is still unsure about how to use 
these new powe r s because of the pressure exerted by 
private o perators and because it is still unsure 
about the technical consequences of such measures. 

The policy orientation of Boston relative to parking 
has not changed s ubsta ntially since 1972. The city 
continues to encourage the use of mass transit to 
downtown and to discourage the use of the auto­
mobile. In spite of some equipment problems, the 
transit network is efficient, extensive, and pro­
vides the support for such a policy. In addition, 
the recent economic upsurge of downtown Boston has 
also indirectly protected the development of such a 
policy because clear indication of the negative 
economic implications of the freeze on parking 
spaces can be made. The transportation and economic 
environments provide, therefore, a favorable setting 
for the development of a parking policy aimed at 
discouraging automobile commuter traffic and one 
that reflects a commitment to air quality improve­
ment objectives. 

The fringe parking and park-and-ride programs 
operated by the Massachusetts Department of Public 
Works and the Massachusetts Bay Transportation 
Authority (MBTA), along with the freeze on commer­
cial parking supply, are consistent with the ohjP.c­
tive of decreasing automobile use in the downtown 
area. Similarly, residential parking-permit pro­
grams and increased enforcement are aimed at pro­
tecting neighborhoods and congested areas of the 
city from high levels of inconvenience generated 
mostly by commuter parking. 

Even with a general consensus on these guidelines 
for parking policy (the only significant opposition 
to these guidelines, and the freeze in particular, 
was voiced by the Chamber of Commerce), some prob­
lems at the administrative level arise due to the 
relative independence of the agencies involved. In 
the case of the freeze implementation, for example, 
a lack of coordination between the Boston Air Pollu­
tion Control Commission and the Building Department 
produced procedural delays that could be avoided by 
the definition of a clearly expressed process that 
involves all concerned agencies. Similarly, in the 
case of parking spaces leased to private operators 
by the Real Property Department or of private com­
mercial parking operations, consistency in implemen­
tation is impossible. First, leases tend to be very 
long term, so that renegotiation of leases does not 
occur frequently and the inclusion of special pric­
ing clauses is rare. In addition, in the case of 
private ownership and operation, it is very diffi­
cult to obtain unanimous cooperation of the oper­
ators on particular adjustments to the rate struc­
ture. 

In 
policy, 

the absence of a clearly defined parking 
informal channels of communication operate 
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within the Boston administrative structure. In 
particular, informal communication operates among 
the Boi;ton Redevelopment lluthority, the Ti:affic anc.l 
Parking Department, and the Boston Air Pollution 
Control Commission. In addition, the Traffic and 
Parking Department has shown, particularly in its 
residential parking-permit programs, a particular 
concern for interaction with community organizations 
at all levels of the policy process. 

Boston presents, therefore, the case of a city 
that has a latent, unified set of purposes in rela­
tion to parking policy and a fragmented administra­
tive structure with partial channels of informal 
communication operating within it. 

Medium-Sized Cities 

The institutional structure for parking programs in 
medium-sized cities is generally fragmented and 
emphasizes a specific objective in agency actions. 
Indeed, all cities tend to be characterized by a 
major policy emphasis on growth. This emphasis 
varies in intensity among cities, depending on the 
particular economic environment. For example, Hart­
ford's emphasis on development is strong due to the 
strong impact it has suffered from suburbanization, 
but Evanston is mainly concerned about growth at the 
site-specific level due to the relatively high level 
of development within the city. 

Parking has become a major topic for debate in 
Alexandria, as evidenced by the following statement 
from the city of Alexandria Annual Report (_2., p. 14): 

The continuing revitalization of downtown Alex­
andria has increased demand for residential, 
shopper, and employee parking. Concurrently, new 
development has replaced some facilities.... A 
number of strategies have been applied or are 
under consideration to ease the situation. 
First, the city government is attempting to main­
tain the current supply of public parking. 
Second, all practical actions are being taken to 
place portions of the c ou rthouse parking garage 
in operation before courthou s e c o nstruc t ion is 
completed. Thirn, rity Council approved the reo­
idential parking permit system.... Fourth, the 
city government is supporting programs to reduce 
employee parking demand in the downtown area •••• 
Finally, city staff is preparing a feasibility 
study for possible parking garages. 

The major actors in the Alexandria parking 
program include the Traffic Engineering Department, 
which undertook much of the analysis and recommended 
implementation of specific strategies; the City 
Council, which actively debated and finally adopted 
a permit-parking program; and the Chamber of Com­
merce, which perceived the permit program as a 
hindrance to shopper convenience. 

The Chamber of Commerce has also played an ac­
tivist role i n establishing parking policy in 
Evanston. For 10 yea r s , t he chamber ha s been 
sponsoring a merchant's parking coupon system that 
provides attractive parking rates to customers in 
the downtown area. Evanston has also been unwilling 
to allow open areas to be used for parking lots and, 
given the high level of transit accessibility, the 
City Council has changed the zoning law to reduce by 
50 percent the minimum level of parking spaces 
needed in development projects. The City Council 
has also created a residential parking-permit 
program for a neighborhood adjacent to a major 
hospital. The Evanston parking policy is thus 
heavily oriented toward economic issues and in 
solving on a microscale basis problems that arise in 
specific neighborhoods or subareas. 
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A similar focus on urban economic development can 
be found in Hartford, where city officials and 
business groups have actively promoted downtown 
development through marketing, urban planning, and 
artistic design. In the process of defining the 
problems of the downtown area , these groups found 
that a major reason for s hoppers not coming to the 
center city was transportation. Accessibility t o 
shopping c e n t er s and a vailability of pa.eking were 
perce ived as c l early supe rio r in su.bu rban areas . To 
combat this , t he do wntown counc il , a government­
busi ness join t act ion group , has been active in 
promoting parking facilit ies in the downtown area, 
and the Hartford Devel opment Commission also 
includes parking availability as part of its promo­
tional strategy to attract development. In partic­
ular, it puts businesses directly in contact with 
private operators of packing facilities in areas 
where p a r king is scarce. The Zoning Commission 
enforces the effort to increase the parking supply 
by p utting no ceil ing on pack ing construc t i on and by 
r equ ir i ng rel a t ively h i g h minimum pa rk i ng require­
me nts for o ff i ce buildings (one s pace per 500 
ft 2 ). In addition, substantial areas of redevel­
opment lots are presently devoted to surface parking. 

To compete economically with the suburbs, the 
downtown council has developed, in conjunction with 
Connecticut Transit, Inc., and the Connecticut 
Department of Transportation, an instant-repay 
program aimed at making the downtown retail shops 
subsidize use of transit or parking in downtown for 
the customer. Special coins, sold by a major bank 
to merchants at $26/ 100 coins, can be used either on 
buses or in parking lots by a customer who receives 
them from the merchant or professional office vis­
ited. A coin is given to the customer on presenta­
tion of an instant-repay coupon, which is distrib­
uted in buses or parking lots. The number of coins 
given is left to the discretion of each business, 
although a standard practice has been to give one 
coin for a $5.00 purchase, two coins for a $10.00 
purchase, or a maximum of four coins per transaction 
(!1). 

Due to a high level of suburbanization, Hart­
ford's daytime population is three times larger than 
that at night. Following the decision by Governor 
Thomas Meskill to minimize the effects of the an­
ticipated gasoline shortage, a three-point program 
to reduce fuel consumption, traffic congestion, and 
air pollution was initiated by the Connecticut 
Department of Transportation. This program con­
sisted of fostering carpooling and buspooling in 
private industry through computer ridematching, 
construction of additional interchange parking 
facilities for carpools, and development of add i­
tional express commuter bus service between suburban 
areas and the CBDs of Connecticut cities (12). The 
program has , therefore, a strong fringe parking 
component aimed both at increasing the use of car­
pools and transit to downtown Hartford. The program 
has developed in an impressive wayi 121 commuter 
lots, which offer a capacity of more than 9000 
spaces, were provided statewide by the end of 1978, 
but only 434 spaces in four lots were offered in 
1970. 

In summary, the types of parking management 
strategies implemented in medium-sized cities 
analyzed in this research reveal an ability to deal 
with particular, well-defined problems. The 
instant-repay program in Hartford or the merchant's 
coupon program in Evanston are aimed at one partic­
ular segment of the parking problem. Similarly, the 
residential parking problems of Alexandria and 
Evanston are site-specific actions in response to 
particular parking problems that arise from growth 
and congestion. From an institutional perspective, 
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the small-scale nature of the parking actions taken 
in these cities implies a smaller level of inter­
action needed among agencies. Also, the business 
community seems to play a dominant role in the 
direction of parking policy for these cities. 

Analysis of these case studies indicates that 
five institutional variables seem to influence the 
process of packing policy formulation and implemen­
tation. These are as follows: 

1. The capability of the lead parking agencies 
in the adoption, planning, and implementation of 
parking management strategiesi 

2. The diversity of objectives and constitu­
encies that correspond to these lead agenciesi 

3. The degree of consensus among the agencies on 
the objectives of the parking management programi 

4. The level of c o mmunica tion between these 
agenciesi and 

5. The state of the economic environment of the 
metropolitan area. 

The identity of the different agencies involved 
in the adoption, planning, and implementation of 
parking management strategies used within a city 
provides a first indication of the level of concen­
tration of effort in the parking sector. The range 
of effort includes a single agency to plan and 
implement a ll parking strategies to a variety of 
different agencies that are i nvol ved at each stage 
in the development of each parking management strat­
egy. Initial inquiry about the nature of these 
age nc i es, the refore, const i tutes a nec essary pre­
limi na ry s tep t o assess the level of diver s ity that 
exists among the set of a ge ncies i nvolved in parking 
management. 

Throughout the case studies, both the economic 
environment and the urban transportation context had 
a substantial impact on the nature of the set of 
parking management strategies implemented. The 
state of the economic environment affects the sub­
stantive goals of a city. In a city attempting to 
induce redevelopment in its downtown area, prior­
ities are set relative to the necessity of attract­
i ng developers downtown . Alte rna tively , in a city 
enjoying a stable and consistent rate of g r o wth , the 
managemen t o f growt h , r a the r than seeking it , be­
comes the predominan t not i o n . I.n t he sense that 
p a r king tends to be perceived as a n i mpo rtant 
c ompone n t o f downtown r evitalization t hrough i ts 
p ositive. i mpact on a ccessibili t y , parking. policy 
i tself becomes affected by the nature of the eco­
nomic environment. As the state of the economy 
improves and stabilizes at a consistent rate of 
growth, consideration of other objectives, suc h as 
environmental quality or res idential amenities, 
becomes an essential guiding element in the deter­
mination of the set of objectives that supports the 
sele ction of parking management strategies. 

The diversity of objectives and constituencies 
that correspond to this variety of parking strat­
egies leads to the other important characteristics 
of the institutional structure for parking--the 
level of consensus and communication among the 
relevant agencies. The level of consensus on the 
objectives to be reached through the implementation 
of parking management strategies reflects the over­
all coordination and integration of parking policy 
within the metropolitan area. The degree of com­
munication among the different agencies also affects 
the level of integration that can be reached within 
the existing institutional framework. 

IMPLEMENTATION GUIDELINES FOR A REGIONAL 
PARKING POLICY 

The analysis of the case studies described in the 
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previous section p rovides useful inpu t into the 
formulation of a strategy for developing a compre­
hensive, rcgion;:il parking policy and, mui; t 11111Jo r­
tantly, for identifying the roles of transportation 
agencies at all levels of governme nt in encouraging 
such a policy. The following g uidelines are offered 
for an individual or group of individuals who wish 
to set up the necessary institutional structure and 
to establish the foundation for a comprehensive 
policy. 

Identify Relevan t Participants and Their Capabi lities 
f oe Act i ve Pa r t icipation in a Pa r king Policy 
Formu l a tion Pr ocess 

As was seen in the case studies, each metropolitan 
area has a different institutional structure for 
parking management. In some cases, city agencies 
are the most important actors; in others, the 
chamber of commerce or other business group plays a 
prominent role. The first step in developing a 
metropolitan parking policy is, therefore, the 
identification of organizations and individuals that 
play an important role in the provision of and 
policy guidance on public and private parking avail­
ability. An important task in this identification 
is also to determine the capability of each actor to 
actively participate in a policy formulation pro­
cess. Some questions that need be asked here are, 
What staff capabilities do these groups have? What 
are the political and financial constraints under 
which these groups operate? What specifically can 
these groups contri bute to a comprehensive parking 
policy? Over what c omponent of the parking system 
do these group s have con trol ? 

Establish an I ns t i t utional Base f o .r the Formulat ion 
of a Pac ki ng Folicy 

Once these groups have been identified, it is 
necessary to establish some means of continuous 
interaction and a forum for discussion on, and 
resolution of, conflicts that surround the direc­
tions of parking policy in a metropolitan area. A 

the creation of a new agency responsible for coordi­
nating the operations of the parking sector to 
reliance on the entreprene uria l sk i lls of agency 
staff to coordinate the p r oce ss . In those cities 
where a sense of a regional parking policy has 
alt.,.,uy been established, a task torce or subcom­
mit tee has be e n t.he most us ed mechanism f oe p rovi d­
i ng the needed fo r um. The task o f e s tab l ish ing this 
i ns titutiona l base, howeve r , is not necessar i l y an 
easy one in that agencies that have different ob­
jectives and capabilities are often hesitant to 
discuss issues aimed at creating a mutually satis­
factory position on parking policy. This is es­
pecially true when both private and public interests 
are important actors in developing an integrated 
policy. However difficult it might be, the creation 
of such an institutional base is a prerequisite for 
efforts to develop a parking policy. 

Develop Awareness o f t he Different Objec tives· f or 
Whi ch Park i ng Strategies Can Be Used 

Because such a wide variety of agenciP.~ ~rP involved 
with parking, there will generally be little con­
sensus on one major objective that should guide the 
development of a parking policy. To try and reach a 
consensus on such an objective, given the different 
agency mandates and constituencies ·, would be most 
difficult. Instead, each participant in the process 
should be made aware that parking management strat­
egies affect a large number of urban objectives and 
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that they can thus be used as a policy lever f o r 
achieving a diverse set of purposes, such as the 
following <.!.> : 

1. Healthy economic climate and a business com­
munity able to support local employment needs, which 
means the ability to attract and keep desired kinds 
of development and industry, a healthy retail sales 
climate, and a stable or growing municipal revenue 
base; 

2. Most efficient use of existing transporta­
tion, land, and other public resources; 

3. Ease of mobility and accessibility of re­
sources for vehicles and pedestrians; 

4. Equity of resource distribution and preferen­
tial allocation of some resources; 

5. Environmental goals, especially reduced air 
pollution and the related goal of minimized energy 
consumption; and 

6. Enhanced amenity and cultural attractiveness, 
or the preservation of a city's unique character. 

As shown in Table l, officials from different 
agencies in the case-study cities viewed the imple­
mente d strategies as he lpful in attaining several 
o bjectives. As was also f ound in the case studies, 
however, many agency officials considered parking 
strategies solely from the perspective of their own 
agency's mandate and did not necessarily understand 
the relationship between their actions and the 
actions of other parking-related agencies. It is 
thus essential that a general awareness of what 
parking management strategies can and cannot do be 
developed among the participants of the parking 
policy process so that an internally consistent and 
multiobjective policy will be produced. 

Identify and Analyze the Types of Parking 
Management S t r ategies Ava ila ble 
f o r t he Pa ck i ng Pol icy 

The range of impacts of a parking policy can be 
evaluated through the scope of the parking manage­
ment strategies of which it consists. Based on the 
case studies, three levels of application may be 
aetined (see Table 2). The areawide level corre­
sponds to the broadest range of impacts and reflects 
that many strategies affect not only a particular 
area of the city but also the urban area as a 
whole. Park-and-ride programs, for example, are 
typical strategies that are not honnn tn ~p1>r.ific 

geographical subareas of the region. The next level 
corresponds to strategies that have an impact at the 
level of the neighborhood. Residential parking 
programs fall mostly wi thi n this catego ry. Finally, 
some actions are typ ical ly i mplement ed at the . site­
specific level. This means, for example, that a 
particular set of parking management actions is 
applied at a local site in order to reduce the level 
of demand for site park.ing. 

Each of the parking management strategies should 
be related to the objectives of the parking policy 
and estimates should be made, where possible, of the 
impact the strategies have on the attainment of 
these objectives. In most cases, the conclusions 
regarding feasible combinations of parking strat­
egies and urban goals will be based largely on the 
likely effects of different market forces imposed on 
different parking-supply-demand scenarios and on 
implications of past experiences. No obvious metric 
exists, or has been used, to judge the absolute or 
relative effects of various parking management 
techniques on the goals being examined. Al though 
preliminary efforts have been made in this direc­
t ion, the analysis of parking management strategies 
must necessarily be based on experience and judgment 
l]d). 
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Table 1. Perceived objectives of 
implemented parking management 
strategies in the case-study cities. 

Strategy 

Parking freeze and zoning 
Park-and-ride 
Preferential carpool parking 
Parking enforcement 
Residential parking permit programs 
On-street parking restrictions 
Local constraints and pricing 
Preferential parking for retail shopping 

Table 2. Perceived scope of parking management strategies in the case-study 
cities. 

Strategy 

Parking freeze and zoning 
Park-and-ride 
Preferential carpool parking 
Parking enforcement 
Residential parking permit programs 
On-street parking restrictions 
Local constraints and pricing 
Preferential parking for retail shopping 

Scope 

Areawide Neighborhood 

x 
x 
x 

x 
x x 
x x 

Formulate a Strategy for Implementing 
the Parking Policy 

Site 
Specific 

x 
x 
x 

In a recent book on policy implementation, Nakamura 
and Smallwood state (.!2_) , "The policy implementation 
process is characterized by a complex series of 
diverse linkages among policymakers, implementers, 
and evaluators, and a high degree of political 
judgment and leadership is required to tie this 
system into an integrated whole." The institutional 
structure for parking policy is clearly character­
ized by such diverse linkages and thus susceptible 
to obstructions and delays throughout the parking 
policy formulation and implementation process. As 
such, it is extremely important that a strategy for 
policy implementation, where organizational respon­
sibilities are clearly spelled out, where the lead 
agency or agencies have introduced features into the 
policy (e.g., incentives, mandates, or sanctions) to 
deal with resistance, and where efforts have been 
made to establish a feasible coalition of parking 
policy proponents, be developed and used. 

CONCLUSIONS 

The case studies of parking policy illustrate the 
fragmented nature of the institutional structure of 
parking policy in American cities. A large number 
of orga nizations, both in the public and private 
sectors, have a major role to play in establishing a 
comprehensive and coordinated parking policy. Cur­
rently, most parking policy in American cities 
consists of the independent actions of several 
agencies, each of which has a different mandate and 
a different set of constituencies. Each uses a 
variety of parking management actions to achieve 
objectives that often conflict. As i s argued in 
this paper, however, a coordinated parking policy 
constitutes a prerequisite to the serious linking of 
parking policy and urban objectives. 

The development of such a parking policy requires 
a close examination of the institutional relations 
that exist in the parking sector and the formulation 
of a strategy for establishing an institutional base 
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Preceived Objective 

Improve Improve Encourage Encourage Produce 
Air Residential Retail Downtown Congestion 
Quality Areas Activity Development Relief 

x x 
x x 
x x 

x x x x 
x 

x x 
x 

x x 

for a regional parking policy. Given the large 
number of agencies often involved with parking, one 
could expect significant obstacles in developing a 
policy aimed at achieving one or two objectives. It 
is therefore r ecommended that a major purpose of the 
policy formulation process should be to make the 
participants aware of the impact parking management 
strategies have on a large number of urban ob­
jectives. 

Finally, a major obstacle to the development of a 
comprehensive parking policy is the lack of data on 
the impact of various parking management techniques 
on urban goals and objectives. The identification 
of such impacts and the formulation of a consistent 
set of effectiveness measures are research items 
that should receive top priority. 
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Role of Law Enforcement in Transportation Planning 
JAMES E. SMITH 

Tho oporationol ex pert ise that law onforcemont has gained in carry ing out its 
traffi c safety mandate is seldom voiced, considnred, or even sought as a part of 
the transportat ion planninn process. This is partly a result of n lnck of under· 
standing of the complexities of transportation planning among the law enforce· 
ment community and others who share responsibility for the implementation 
of public policy. It also stems from the fact that the traditional law enforce· 
ment focus has been on problems of expediency, and law enforcement agencies 
are reluctant to become involved in planning. The obvious result of this situa· 
tion can bo (and often is) that society receives a suboptimal return for the capi· 
tal improvements made to tho t ransport.at ion system in both operational effi· 
ciency and the prevention of economic loss from accidents. In the era of 
plentiful funding, the effects of incomplete or misdirected planning could be 
overcome through trial and error. Today , h.owover, such luxury can no longer 
be afforded. A framework is needed so that all parties who have an interest or 
expertise in transportation can contribute toward a determination of the most 
desirable alternatives to meet transportation neods. Within such a framnwork, 
the operational expertise of law enforcement can provide vital assisunce to 
transportation planners in the attainment of a broad range of transportation 
goals. 

As this nation's highway system developed, certain 
tasks associated with highway operations were in­
evitably a111;i9nPil to or as&umed by law enforcement 
agencies. Typical of those tasks are traffic law 
enforcement, congestion relief, parking control, and 
accident investigation. This operational orienta­
tion has continued to the present. Consistent with 
this traditionally operational role, enforcement 
agencies have seldom contributed their experti s e to 
the development of local, regional, or statewide 
transportation plans. The philosophy has been that 
enforcement agencies need not be involved with 
transportation projects until after facilities have 
been constructed. And then, their involvement is 
generally limited to expressing safety and opera­
tional concerns in an effort to bring about engi­
neering corrections or to acquire addit ional re­
sources to handle problems not anticipated during 
plan development. 

This relationship between transportation planners 
and law enforcement has not been altogether unsuc­
cessful. Despite the absence of police participa­
tion during the planning process, safety and other 
law enforcem.e nt concerns have not been t o tally 
ignored. Mode rn highways reflect lessons learned in 
the past, and the existence of state highway patrols 
and traffic divisions within local police depart­
ments is an ind i c a tion of an awareness of transpor­
tation-related enforcement needs. 

Unfortunately, for enforcement agencies to main­
tain their traditional reactive stance with respect 
to transportation planning is no longer feasible or 
responsible. One reason for this is the expansion 
of transportation purposes, or goals, and the 

strategies that have been adopted to achieve those 
purposes. Where transportation was once viewed 
simply as a means of mobility, it is increasingly 
being accepted as a means to achieve other social, 
economic, and environmental objectives. These 
objectives would include, for example, rational 
growth, enhancement of existing urban areas, con­
servation of fiscal and natural resources, minimiza­
tion of environmental degradation, and achievement 
of social equity. 

CASE FOR PLANNING IN TRANSPORTATION 
SYSTEM MANAGEMENT PROJECTS 

With respect to this new direction of transporta­
tion, and of particular interest to law enforcement, 
is the emphasis being placed on the application of 
transportation system management (TSMJ strategies. 
Many TSM strategies are dependent on enforcement for 
their success. High-occupancy-vehicle (HOV) lanes 
on freeways and metered-ramp bypass lanes are 
examples of this dependence. An HOV facility that 
ic overcrowded with vehicles that cauy fewer than 
the required number of passengers provides little or 
no time-saving advantage or incentive for carpools 
and vanpools. Appropriate enforcement of TSM-related 
traffic regulations can help to maintain the incen­
tive needed to ensure that the purposes of such 
facilities (e.g., decreased congestion and fuel con­
servation) are achieved. 

Conversely, the lack of law enforcement involve­
ment during planning for TSM facilities can result 
in situations where enforcement agencies are unable 
to provide an adequate level of service. Recent 
experience with TSM projects provides several per­
tinent examples. In Miami, during the three-person 
carpool phase on the Interstate 95 preferential 
lane, minimal enforcement resulted in a violation 
rate of 75 percent. Likewise, in Boston, a self­
enforcing voluntary diamond lane experienced a 
violation rate of greater than 80 percent. Both of 
these projects had a specific characteristic that 
precluded the application of traditional traffic law 
enforcement tactics: Neither project had a median 
shoulder to permit the immediate stopping of a 
violator. Consequently, if any enforcement action 
was to be taken, the officer would have to follow 
the violator to the terminus of the project. A 
slightly different situation occurred in Cali­
fornia. Enforcement of the Santa Monica diamond 
lane regulations kept the violation rate between 10 
and 20 percent; however, absence of any physical 
separation between the diamond lane and the general 
traffic lanes, coupled with the speed differential 
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between the two types of lanes, created a situation 
in which accident rates increased by as much as 150 
percent. 

Another situation that illustrates dramatically 
the need for law enforcement involvement in the 
initial planning of a high-cost project is the pro­
posed I-105, Century Freeway, in Los Angeles. This 
17-mile freeway project will incorporate several TSM 
strategies and cost approximately $1.7 billion. The 
freeway is being designed to accommodate mass 
transit facilities within a 64-ft-wide median. The 
long-range plan calls for a light rail system: how­
ever, the freeway will be served initially by buses 
that use the rail bed. In addition, HOV lanes, 
transfer facilities, and park-and-ride lots will be 
strategically situated along the project corridor. 

This enormous investment of public funds for the 
I-105 project dictates that consideration for the 
ultimate success of the project not be limited to 
the aesthetic, environmental, and basic transporta­
tion issues. It is imperative that the entire 
facility fulfill the purposes for which it is being 
built. Therefore, project planning must include 
comprehensive consideration of enforcement needs, 
not only in terms of personnel but also with respect 
to facility design. First, without engineering for 
enforcement and provision for a level of service 
sufficient to ensure a minimum violation rate, the 
HOV lanes can be expected to be less than effec­
tive. Consequently, the incentive for motorists to 
carpool or use mass transit would be lost and the 
entire corridor would suffer from the increased con­
gestion and air pollution that result from the 
breakdown of the system. 

Another concern that law enforcement input should 
be used to address is that of crimes against persons 
and property that occur in or about the transfer 
stations and park-and-ride facilities. These loca­
tions, by virtue of the large number of people and 
vehicles and predictable traffic patterns, are an 
attractive setting for the criminal element. Activ­
ities such as vandalism, pickpocketing, automobile 
theft, and assault must be discouraged if the motor­
ing public is to consider mass transit an attractive 
transportation alternative. Law enforcement ex­
pertise during the planning for transit-related fa­
cilities will help to ensure that safety and secu­
rity needs are adequately addressed, and thereby 
contribute to the ultimate attainment of transporta­
tion goals. 

LAW ENFORCEMENT PARTICIPATION 

To provide adequate enforcement under circumstances 
such as those described in the preceding examples 
requires a substantial redeployment of available 
resources. The alternatives are to either abandon 
the projects or attempt to alter design configura­
tions. This suggests a second reaimn for law en­
forcement participation in the transportation plan­
ning process--cost. Project abandonment, redesign, 
and redeployment all involve costs that are re­
flected in either additional resource requirements 
or a decreased overall level of service. In many 
cases, law enforcement involvement in the transpor­
tation planning process could help to avoid or mini­
mize those costs since operational problems are less 
expensive to solve prior to the pouring of con­
crete. Finally, from an enforcement resource point 
of view, it will usually cost less to maintain ac­
ceptable violation rates if enforcement needs are 
recognized during the planning stages and personnel 
and procedures are made available on implementation 
rather than allowing high violation rates to become 
an established practice. In a similar sense, com­
petition for public funds is increasing and it is no 
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longer realistic to expect law enforcement agencies 
to justify budget increases for transportation proj­
ects that have already been built. 

These observations are indicative of only a few 
of the problems and opportunities that surround law 
enforcement involvement in the transportation plan­
ning process. Clearly, effective operations, cost­
efficient use of resources, and both economic and 
social concerns for traffic safety are within the 
purview of law enforcement responsibility. The con­
clusion that there is a need for greater law en­
forcement involvement in transportation planning is 
no guarantee, however, that such involvement will 
occur. Resistance both within and without the law 
enforcement and transportation_ planning communities 
is inevitable. Even when there is general support, 
there will be obstacles to overcome. A significant 
problem is that few transportation planners have any 
substantive ideas about how to best use the ex­
pertise of law enforcement during the planning pro­
cess. Therefore, the responsibility for initiating 
participation will largely be borne by enforcement 
agencies. This may also be of concern to law en­
forcement because many agencies do not have person­
nel who are sufficiently familiar with the trans­
portation planning process to design and implement 
an effective program for involvement. 

FRAMEWORK FOR INVOLVEMENT 

The California Highway Patrol has developed a pro­
gram or framework for involvement in the transporta­
tion planning process. This program is called 
Transportation Planning for Operations, Resources, 
and Traffic Safety (TRANSPORTS). Applications out­
side California would naturally require modification 
to fit the particular transportation planning en­
vironment in question. 

Concerning the transportation planning environ­
ment, transportation planning in California is gov­
erned by statute and is designed to facilitate plan­
ning on a regional basis. Every other year the 
regional transportation planning agencies (there are 
43 regional agencies) prepare individual regional 
transportation plans (RTPs). The California Depart­
ment of Transportation (Caltrans) uses these RTPs as 
input in preparing its annual proposed State Trans­
portation Improvement Program (STIP). The proposed 
STIP is transmitted to the regional planning agen­
cies, and those agencies that represent urban areas 
that have populations of 50 000 or more prepare and 
adopt a Regional Transportation Improvement Plan, 
(RTIP), which can differ from the proposed STIP. 
Regional planning agencies that do not represent 
urban areas of 50 000 or more review the portion of 
the proposed STIP that concerns their respective 
region and develop comments. Disagreements raised 
by comments on the proposed STIP or RTIP differences 
are resolved by the California Transportation 
Commission, which has ultimate responsibility for 
developing and adopting the STIP. 

The California Highway Patrol is responsible for 
providing enforcement services on all highways 
within unincorporated areas of the state and all 
freeways, wherever they are located. The patrol's 
headquarters is in Sacramento and eight field divi­
sions are located throughout the state. Divisions 
are divided into area commands, and there are 96 
such areas. 

It is within these transportation planning and 
operational environments that the California Highway 
Patrol is attempting to establish its TRANSPORTS 
program. 

TRANSPORTS 

The main thrust of TRANSPORTS is departmentally 
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oriented; however, the program is intended to con­
tribute to improved transportation system effec­
tiveness and the ability to deal with change, ex­
ternally as well as internally. The overall ob­
jectives of the TRANSPORTS program are as follows: 

1. To promote traffic safety and departmental 
objectives in the transportation planning process and 

2. To facilitate the coordination of depart­
mental planning (strategic, resource, and opera­
tional) and the transportation planning process at 
all government levels (local, state, and federal). 

The basic approach to achieving these objectives 
will be to develop and implement a departrnentwide 
program of internal education, research, planning, 
and representation. These functions are the four 
elements of the TRANSPORTS program. 

P rogram Concep t and ·Framework 

Figure 1 is a general model of the major elements of 
the TRANSPORTS program and their interactions. As 
can be seen, all program elements are interrelated 
and contribute not only to the TRANSPORTS purposes 
and objectives but also to the support and operation 
of each individual element. 

Inasmuch as Figure 1 describes graphically the 
element relationships, the model is mainly a broad, 
functional description of the TRANSPORTS program. 
In order for the model to have working value, direc­
tion must be provided to coordinate and balance each 
element with respect to three program dimensions: 
level of participation, subjects of emphasis, and 
areas of involvement. 

P·r o g rarn Dimensions 

The level of participation is, in essence, a rec­
participation in transportation sys­

rnay be accomplished in several inter­
with varying intensities. Ideally, 

ognition that 
terns planning 
active ways 
interaction among agencies, public officials, and 

Figure 1. TRANSPORTS model. 

HE1'HESEN­
TATION 

EDUCATION 

Figure 2. Program framework. 
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private groups should take place throughout the 
entire system planning process. The desirable 
characteristics of such interaction are that all 
participants should feel that their interests are 
adequately represented. Informal as well as formal 
ties should be developed, and each participant 
should make the choice as to how deeply involved in 
the process he or she could and should be. Levels 
of participation are applicable to the other two 
program dimensions in terms of actions taken or 
degree of activity. Interaction at any participa­
tion level cannot be self-serving but must con­
tribute to improving the decision-making process if 
the program is to be successful. 

The subjects of emphasis are defined as enforce­
ment operations, resources, and traffic safety. 
These areas reflect, in general, the purposes of law 
enforcement's involvement in the transportation sys­
tems planning process. 

Areas of in vol vernent, the last di mens ion of the 
program, provide the direction for participation in 
the transportation systems planning process. Three 
areas of involvement have been established: 

1. Systems policy includes those decision-making 
activities associated with broad economic, social, 
and environmental factors; typical policy areas 
would include level of service, funding, mode 
selection, and needs assessment; 

2. System facility design includes those deci­
sion-making activities that address facility conf ig­
urations, locations, operations, and implementation 
of transportation facility projects; 

3. Systems engineering includes those decision­
rnaking activities that relate predominately to traf­
fic safety. 

Ta ken together, these three d irnensions provide 
the framework for law enforcement's participation in 
the transportation systems planning process. As 
shown in Figure 2, the levels of participation pro­
vide the how of involvement, the subjects of em­
phasis provide the why, and the areas of involvement 
describe what to be involved in. Within this frame­
work, for a given area of involvement and subject of 
emphasis, levels of participation may vary, depend­
ing on location or other circumstances. Thus, a 
basic principle of this program is the recognition 
of diversity in transportation planning. Law en­
fnrcement involvement in the process should be cnm­
rnensurate with the scope and implications of the 
planning being performed. 

The conceptual framework and the principles of 
commensurable involvement are not only significant 
to the development of the program elements that fol-

AREAS OF INVOLVEM ENT LEVELS OF PARTICI PATION 

POLICY 
DESIGN 
ENGINEERING 

TRANSPORTS 

PROGRAM 

SUBJECTS OF EMPHASIS 

OPERATIONS 
RESOURCES 
TRAFFIC SAFETY 

AWARENESS 
PERIODIC PARTICIPATION 
INTE~SIVE PARTICIPATION 
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low but also to the implementation of the program. 
This is perhaps best illustrated through the educa­
tion element where, for example, a system of courses 
in transportation planning may be developed that 
range from basic awareness to intensive coverage. 
The basic awareness course would then be conducted 
for all management personnel, but only those manage­
ment personnel (or their staff) that have the need 
(e.g., managers of commands located in major re­
gional planning areas) would be given the advanced 
course. Other parallel examples could be given for 
the other program elements; however, the basic prin­
ciple is the same--involvement in the process should 
be commensurate with need. 

Program Elements 

The TRANSPORTS program consists of four elements: 
education, research, planning, and representation. 

Education 

The purpose of education is to increase awareness 
and interest in the transportation systems planning 
process as it impacts or affects the law enforcement 
agency's missions, goals, and objectives. In addi­
tion, it is intended that, through this element, in­
dividual skills necessary to work with transporta­
tion planning will be developed in varying degrees, 
based on need. 

Research 

The purpose of research is to (a) develop concepts, 
methods, and information concerning transportation 
and transportation systems that will be useful to 
the management and operation of the law enforcement 
agency; (b) contribute to the other TRANSPORTS pro­
gram elements; and (c) expand the knowledge of the 
law enforcement-transportation planning communi­
ties. The scope of this element is constrained by 
the enforcement agency's goals and objectives, the 
subjects of emphasis, and the areas of involvement 
presented in the program framework. 

Planning 

The purpose of planning is to transfer the informa­
tion gained through the program elements research 
and representation to the agency's routine planning 
processes. Through this activity it is intended 
that proactive agency plans will be developed to 
provide the overall direction needed 

1. To assist the organization to more effec­
tively fulfill its public responsibilities and 

2. To identify opportunities for the organiza­
tion to make even greater contributions to the goals 
of effective transportation systems. 

Representation 

Representation is externally oriented and is vital 
to the success of the program. The purpose of this 
element is directly related to the overall program 
objective of promoting traffic safety and the objec­
tives of the law enforcement agency in the transpor­
tation planning process. Representation will help 
the law enforcement agency to identify and deal with 
problems directly related to the responsibilities of 
other entities. Likewise, the agency will become a 
resource for the planning community by being able to 
contribute another dimension in the analysis of 
problems and the development of alternative solu­
tions. 

Many representation strategies could be devised 
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to achieve the TRANSPORTS objectives. A sampling of 
these potential strategies would include the fol­
lowing: 

l. Initiation and maintenance of staff contacts 
with other appropriate and involved governmental 
agencies, 

2. Development of existing and new contacts with 
nongovernmental agencies involved in the planning 
process (e.g., automobile club, highway users feder­
ation, environmental organizations, and citizens' 
groups), 

3. Development of federal transportation agency 
contacts, 

4. Development of local and regional planning 
contacts, and 

5. Enhancement of liaison activities with the 
state department of transportation. 

Anticipated Benefits 

The ultimate benefits of law enforcement participa­
tion in transportation planning include a reduction 
in the number and severity of traffic accidents, 
alleviation of traffic congestion, and improved 
enforcement operations. These benefits will not, 
however, be achieved as a direct result of estab­
lishing a TRANSPORTS program. The primary role of 
such a program will be one of ensuring that enforce­
ment concerns are considered in the transportation 
systems planning process and that enforcement per­
sonnel are properly equipped to contribute to the 
process. The decisions that result from law en­
forcement involvement in the transportation planning 
process will lead to achievement of the higher-order 
benefits. 

From a practical or operational point of view, 
implementation of a law enforcement transportation 
planning program can be expected to provide many 
additional tangible and intangible benefits. Exam­
ples of these anticipated benefits include the fol­
lowing: 

l. Improved resource utilization and needs as­
sessment. This occurs through participation in 
project development where operating strategies can 
be developed and resource requirements determined. 
Research activities also contribute in this area. 

2. Increased awareness of the role transporta­
tion plays in the socioeconomic environment and the 
contribution enforcement efforts make to this set­
ting. This occurs primarily as an educational­
training activity both internal and external to the 
enforcement agency. Externally, the role of law 
enforcement is enhanced. Internally, the insight 
gained contributes to opportunity identification and 
expansion of the agency's overall value. 

3. Improved service to the public. This benefit 
affects not only safety, security, and other emer­
gency services but also extends to fiscal responsi­
bility and information delivery concerning the high­
way system. 

4. Increased contribution to the field of trans­
portation, traffic safety, and traffic law enforce­
ment. This occurs primarily through research but 
also through representation in the transportation 
systems planning process. 

SUMMARY 

The TRANSPORTS program, or any similar program, 
should not put law enforcement agencies in the busi­
ness of transportation planning. The primary con­
cerns of law enforcement with respect to the trans­
portation system must continue to be safety, 
security, and enforcement operations. The law 



58 

enforcement perspective, however, is a resource that 
is available to the transportation planning com­
munity, not only for its safety expertise, but for 
improving the effectiveness and efficiency of the 
transportation system and ensuring that the goals 
and objectives for individual projects are met. 
Awareness of that perspective and using it for the 

Enforcement of TSM Projects 

JOHN W. BILLHEIMER 

Transportation system management (TSM) strategies introduced on California 
freeways in recent years have included ramp metering, preferential lanes for 
high-occupancy vehicles, and bypass lanes for buses and carpools at metered 
ramps. Several factors have frustrated efforts to enforce the traffic laws that 
accompany these strategies; these include personnel limitations, enforcement 
priorities, public hostility, confusion,,and physical constraints imposed by the 
geometry and design of specific projects. As a consequence, violations have 
increased on several projects. This paper covers the first six months of an on­
going two-year study designed to measure and evaluate the effect of different 
enforcement options, engineering features, and educational programs on viola­
tion rates for various TSM freeway strategies and to trace the resulting impact 
of these violation rates on safety, freeway performance, and public attitudes. 
During this six-month period, statistics were assembled to describe violation 
rates, enforcement levels, and operating performance on current and past Cali­
fornia projects; drivers were surveyed; and different levels and combinations 
of routine and special enforcement activities were tested on a variety of TSM 
projects. Violation rates were measured before, during, and after the assign­
ment of highway patrol officers to enforce specific projects. This paper docu­
ments current violation rates, sketches profiles of violator behavior prior to 
special enforcement activities, outlines the preliminary results of the first wave 
of special enforcement, and documents the results of surveys designed to test 
the attitudes of drivers toward violators, enforcement, and the TSM projects 
themselves. 
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lanes for high-occupancy vehicles (HOVs) and other 
transportation system management (TSM) projects 
requires an effective mixture of enforcement, engi­
neering design changes, and public education. Al­
though past experience with similar projects has 
given the Calilornia State Department of Transporta­
tion (Caltrans) and the California Highway Patrol 
(CHP) a number of insights regarding the potential 
effectiveness of different enforcement strategies, 
engineering changes, and education programs, this 
experience has not been documented with the quanti­
tative precision necessary to identify the appropri­
ate levels and mixture of these factors needed to 
obtain adequate motorist compliance. The purpose of 
the study described in this paper is to provide a 
detailed, quantitative, and objective assessment of 
the effect of different enforcement options, engi­
neering features, and educational programs on viola­
tion rates for various TSM freeway strategies and to 
trace the resulting impact of these violation rates 
on safety, freeway performance, and public attitudes. 

STUDY OVERVIEW 

As a first step in accomplishing the study objec­
tives, SYSTAN Inc., developed a detailed study 
design (!) that itemizes project objectives, speci­
fies measures of effectiveness, outlines procedures 
for data collection and analysis, and provides a 
structured statistical framework for assessing the 
effectiveness of different enforcement options, 
engineering features, and educational programs. 
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public good are the sole purpose and intent of 
TRANSPORTS. The transportation planning and law 
enforcement communities must share the responsibil­
ity for bringing that perspective into focus. 

Publication of this paper sponsored by Committee on Traffic Law Enforcement. 

Projects to be Evaluated 

Mainline HOV Lanes 

In the case of mainline HOV lanes, the different 
engineering options to be evaluated are limited to 
the major projects currently in place on California 
freeways. These projects include the nonseparated 
right-of-way on Marin RT-101 north of the San Fran­
cisco Bay Area; the preferential lane of Interstate 
580 in Alameda County, which is separated from 
regular traffic by a buffer lane; and the 11-mile 
San Bernardino Busway east of Los Angeles, where the 
preferential lane is separated from general traffic 
by concrete barriers on the western end of the free­
way and by a buffer shoulder and pylons on the 
easternmost 7 miles of the project. Detailed 
descriptions of each of these projects may be found 
in the study design (.!) • 

Ramp Bypass Lanes 

The full range of characteristics of bypass lanes 
represen~ed on cai1rornia freeway ramps are oe i ng 
tested to determine their impact on enforcement and 
violations. More than 130 ramp bypass lanes cur­
rently provide preferential access to carpoolers and 
buses that use Los Angeles freeways; San Diego has 7 
such lanes, 3 of which have been installed on free­
way-to-freeway connectors. Existing bypass lanes 
have been classified in groups according to a number 
of important geometric features, design choices, and 
performance characteristics, including the visi­
bility of the enforcing officer and the current 
violation rate. In developing a sampling framework, 
three levels of officer visibility and ramp viola­
tion rates were defined: 

Officer visibility--not visible, queue-dependent, 
and visible. 

Ramp violation rates--high, more than 12 percent; 
medium, 12-6.5 percent; and low, less than 6.5 
percent. 

The visibility of the enforcing officer is rated 
from the driver's point of view as he or she enters 
the ramp. If the eufo1ci11g office1 Cdu ue :oeeu dS 

soon as the driver is on the ramp, enforcement is 
classified as visible; if the officer cannot be seen 
until a violator passes the meter, enforcement is 
classified as not visible; if the visibility of the 
officer depends on the position of the driver in the 
queue on the ramp, enforcement is classified as 
queue-dependent. In addition to ramp violation 
rates and officer visibility, other classification 
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concerns include the characteristics of the area 
served by the ramp (i.e., residential or indus­
trial) , ramp geometry (i.e. , diamond or loop) , 
availability of a refuge area for enforcement, 
length of time a ramp has been operating, relative 
percentage of regular users, freeway performance in 
the vicinity of the ramp, and existence of any 
special engineering problems (i.e., turning lanes 
that can trap single-occupant vehicles in the car­
pool lanes) • 

Data Collection 

A typical pattern for field observa tions for a 
specific TSM project is shown in Figure 1. This 
patte rn calls for observation of violation rates for 
2 or 3 days prior to the introduction of special 
enforcement activities, followed by as many as five 
observations during the 2 months following these 
activities. This series of observations focuses 
attention on the behavior of the motorist after 
special enforcement activities have ceased. The 
need for the last observation i n each sequence is 
determined by applying prespecified testing proce­
dures to earlier observations in the sequence l1J • 
Experiments with different enfo r cement levels have 
been scheduled sequentially over a period of nearly 
2 years, so that the results of ongoing analysis and 
the observations of enforcement personnel can be 
used to direct future te s ting. 

This paper summarizes the results observed during 
the first six months of the ongoing 2-year study. 
During this 6-month period, statistics were assem­
bled that describe violation rates, enforcement 
levels, and operating performance on current and 
past TSM projects in California; drivers were sur­
veyed; and an initial wave of enforcement was 
launched in which different levels and combinations 

Figure 1. Typical pattern of field observations. 
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Table 1. TSM project violation rates and historical enforcement levels. 

Violation Data 

Ramp or 
Lane Freeway 
Violation Violation 

Type of Roadway Project Rate(%) Rate (%) 

Mainline HOV lanes 
Nonseparated lanes Marin-IOI 21.5 

Santa Monicab 15. l 1.0 
Separated lanes Alameda 1-5 80 30.5 

San Bernardino 8.8 
Metered ramps 
Without bypass lanes 3.8c 3.8c 
With bypass lane Los Angeles 37.7 12.8 

San Diego 19.5 3.0 
Exclusive HOV bridge San Francisco-Oakland 5.4 0.7 

lane Bay Bridge 
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of routine and special enforcement activities were 
tested on a variety of TSM projects. Violation 
rates were measured before, during, and after the 
assignment of CHP officers to enforce specific HOV 
lanes and metered freeway ramps. This paper docu­
ments current violation rates, sketches a profile of 
violator behavior on each TSM project prior to 
special enforcement activities, outlines the prelim­
inary results of the first wave of special enforce­
ment, and documents the results of surveys designed 
to test the attitudes of drivers toward violators, 
enforcement, and the TSM projects themselves. Addi­
tional details on each of these topics may be found 
in the first interim report on the project (~). 

VIOLATION CHARACTERISTICS 

Table 1 summarizes violation statistics on key Cali­
fornia TSM projects during the study implementation 
phase, prior to the introduction of any special 
enforcement programs. This table shows that the 
percentage of vehicles that used California mainline 
HOV lanes illegally during the preenforcement phase 
of the study ranged from 8.8 percent on the San 
Bernardino Busway to 30.5 percent on the contro­
versial Alameda I-580 diamond lanes. Occupancy vio­
lations on the shoulder-separated right-of-way of 
the San Bernardino Busway averaged 7. 3 percent of 
all vehicles in the lane during the morning peak and 
10.5 percent of all vehicles in the afternoon. 
These violation rates were lower still (estimated at 
3 to 4 percent) on the portion of the busway where a 
physical barrier makes lane-switching impossible. 
Although violation rates on the San Bernardino 
Busway and Alameda-580 had not increased appreciably 
over prior measurements, the 21.5 percent violation 
rates recorded on Marin-101 represented an increase 
over the violation rates of 5-15 percent reported 
roughly 1 year earlier. 

The average lane violation rate for a sampling of 
39 metered ramps that have HOV bypass lanes in the 
Los Angeles area was 37.7 percent, which is appreci­
ably higher than the comparable violation rate on 
any mainline HOV project in California. This rate 
appears to be increasing on most ramps, and bypass 
lanes that have been operational for several y ears 
have significantly higher ramp violation rates than 
do newly opened lanes. The relative number of 
vehicles that use bypass lanes illegally ranged from 
a low of 13 percent to over two-thirds of all vehi­
cles in the bypass lane. (In terms of the total 
number of vehicles on the ramp itself, these per­
centages range from a low ramp violation rate of 2.4 
percent to a high rate of 39 percent.) 

Enforcement Data 
AverageHOV Time 

Past Citation Apprehension Savings (min 
Rates Rate(%) during peak hour) 

11 .6/day 2.6 Negligible' 
55 /day 5-6 
2.5/day 0.8 Negligible' 
10.8/day 3.3 5-7 

NA NA NA 
0.27 /ramp/day 0.18 1.3 
0.07 /ramp/day 0.24 0.4 
2.4/day 1.1 4-5 

8 Average time savings is under 20 s. bProjec t discontinue d . cMeter violation rate. 
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HOV lane violation rates were found to be con­
siderably lower (averaging 19.5 percent on a sarnp­
lin9 of SQVQn HOV bypass lanes) in San Diego, where 
the peak traffic periods are shorter, meters are 
traffic-responsive, and the HOV lanes themselves are 
meter-controlled. The lowest lane violation rate 
recorded on any HOV project in California was the 
5.4 percent violation rate on the San Francisco­
Oakland Bay Bridge, which consistently offers car­
poolers substantial time savings of 4-5 min, in 
addition to a toll-free trip across the San Fran­
cisco Bay. 

The number of drivers who ignore meter restric­
tions by running the red light is relatively low, 
and is not considered to be a major problem by 
either Caltrans or the CHP, particularly because 
such violations tend to occur when traffic volumes 
are low and ramp queues are short or nonexistent. 
In Los Angeles, the level of meter violations is 
significantly higher on ramps without bypass lanes 
than on ramps with such lanes (3.8 versus 0.99 
percent of all vehicles on the ramp), as the bypass 
lane itself provides a convenient pathway for those 
potential violators who might otherwise simply run 
the red light. 

VIOLATOR BEHAVIOR 

Violations by Time of Day 

On Marin-101, violations tend to cluster on the 
fringes of the morning and evening operating hours. 
A high proportion occur just after restrictions come 
into play at 6:00 a.rn., again at 4:00 p.m., and just 
before restrictions are removed at 9:00 a.m. and 
7:00 p.rn. (see Figure 2). A similar phenomenon was 
observed during morning and evening operating hours 
on the ill-fated Santa Monica Freeway diamond lanes 
<ll. In the case of Alarneda-580, preferential lane 
restrictions begin officially on Monday at 6:00 a.m. 
and are legally in force until Friday at 6:00 p.m. 
However, an unusually high proportion of violations 
occur between 6:00 p.m. and 7:00 p.rn. every weekday 
(see Figure 3), which suggests that a large number 
of drivQrs wrongly interpret the oper~ting hours to 
be 6:00 a.rn. to 6:00 p.m., Monday through Friday. 
In this case, then, a significant proportion of 
peak-period violations could presumably be elimi­
nated by redesigning either the signs or the operat­
ing hours. 

On the separated right-of-way of the San 
Bernardino Busway, violations during the evening 
peak coincide with peak traffic volumes, but viola­
tions during the morning peak are concentrated 
during the first hour of lane operations, when 
darkness and CHP shift changes combine to create a 
lull in enforcement activities. Violations on Los 
Angeles bypass ramps also tend to be slightly higher 
at the beginning of the morning metering period and 
at the end of the evening period, when darkness 
makes the lanes difficult to observe and enforce. 
Ramp violation rates in San Diego tend to coincide 
with periods of heavy morning traffic and peak on 
the hour, just before 7:00 a.m. and just before 8:00 
a.m. 

Impacts of Delays 

Little correlation was found between ramp violation 
rates and the time saved by bypassing the queue in 
the metered lane (see Figure 4). Although ramp 
violation rates increase slightly with the delay in 
the queue (rising to an average of 19 percent for 
delays of 2 min) , the average violation rate re­
corded for delays under 20 s was a still-formidable 
12 percent. The majority of the delays recorded by 
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Figure 2. Mean violation rate by time of day (Marin). 
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Figure 3. Mean violation rate by time of day (Alameda). 
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Figure 4. Ramp violation rate versus delay. 
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roadside observers were under 20 s. 
Observers reported that some single-occupant 

vehicles in Los Angeles used the HOV lane illegally 
even when the non-HOV lane had no cars at all. 
Drivers of those vehicles apparently simply wanted 
to avoid stopping for the signal, and felt that 
running a red signal light was a more serious 
violation (or potentially more hazardous to their 
health) than was illegal use of a HOV lane. 

Although violation rates varied widely and 
unpredictably with ramp conditions, some evidence 
suggests that drivers' perceptions of delay stern not 
so much from the queue length as from the meter 
rate. Given the same delay, drivers appear more 
willing to stay in a long queue that is moving 
relatively fast than in a short queue that is moving 
very slowly because of a long meter cycle time. 
Figure 5 plots the mean ramp violation rate as a 
fun<:"t ion of the meter cycle time for a sampling of 
29 Los Angeles ramps. 

Repeat Violations 

Relatively few instances of repeat violations were 
observed on any TSM project. Preliminary findings 
suggest that HOV lane violation rates tend to re­
flect the actions of a large number of drivers who 
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Figure 5. Impact of meter rate on ramp violations. 
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Figure 6. Ramp violation rate over time for Orangethorpe ramp in the morning. 
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transgress at infrequent intervals, rather than the 
day-to-day actions of a small group of repeaters. 
This indication is supported by the responses to 
numerous survey questions, which suggest that 
observed violators are not markedly different from 
ordinary drivers. 

ENFORCEMENT IMPACTS 

Past En forcement Levels 

In the past, the CHP has applied a policy of rela­
tively low-priority, routine enforcement to ramp 
bypass lanes. Available personnel have enforced the 
lane restrictions in addition to performing regular 
patrol duties. As the number of bypass lanes in Los 
Angeles has exceeded 130, however, the supply of 
bypass lanes in some CHP command areas has actually 
outnumbered the supply of officers available for all 
patrol duties during the peak traffic periods. As a 
result, a ramp-by-ramp survey of seven command areas 
in Los Angeles and two in San Diego showed that the 
average number of occupancy citations issued per 
bypass lane was slightly more than one per week at 
the start of this study. 

Past citation rates on mainline HOV lanes have 
been considerably higher than those for bypass 
ramps, and range from a low of 4 tickets/weekday on 
Alameda-580 to 14 tickets/weekday on the San 
Bernardino Busway. Additional officers are 
routinely assigned to patrol the freeways adjacent 
to the mainline HOV lanes in order to enforce the 
preferential lane restrictions. 

Special Ramp Enforcement Activities 

The first wave of special enforcement activities on 
ramp bypass lanes in Los Angeles and San Diego was 
scheduled over the 4-month period between June and 
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September 1980. Officers were assigned to particu­
lar projects for a specific number of days each week 
for periods of 1-3 months. These special assign­
ments were applied randomly and interspersed with 
periods of routine enforcement. 

Enforcement tactics employed on the ramp bypass 
lanes varied from officer to officer and ramp to 
ramp. The most popular and effective tactic on 
ramps with ample refuge areas entailed parking the 
patrol car or motorcycle beyond the meter and stand­
ing in place in the refuge area to wave violators 
over. On ramps that have scanty refuge areas, of­
ficers positioned themselves and their vehicles 
either ahead of the meter or behind it, and pursued 
suspected violators along the freeway until they 
could be pulled over. Since this tactic leaves the 
officer at some distance from the ramp being en­
forced, it is less efficient than in-place enforce­
ment, both in producing citations and in providing 
an example to other ramp users. 

Typical Violation Patterns 

The interim report (ll contains detailed accounts of 
observed violation rates before, during, and after 
the first wave of special enforcement activities on 
each sample ramp in Los Angeles and San Diego. Fig­
ure 6 charts the typical behavior of ramp violation 
rates over this period, by using as an example the 
Orangethorpe ramp leading to westbound CA-91 in 
Orange County. This graph reflects the general 
tendencies observed on most Los Angeles ramps. His­
torical counts collected prior to the current 
project are typically lower than the preenforcement 
counts collected in May and June 1980, which indi­
cate a general trend of increasing violations. The 
average preenforcement ramp violation rate was 7. 6 
percent, which reflects an average of 121 viola­
tions/peak period. The violation rate dips to 5.9 
percent during the special enforcement period, which 
covered a one-month period between mid-June and mid­
July. During this period a motorcycle officer was 
stationed at the head of the Orangethorpe ramp 2 
days each week for the entire period of meter 
operation. The officer issued 59 citations during 
this period, for an average of 8.4 on each day of 
special enforcement, or 3.0 on each weekday during 
the month. This citation rate was far higher than 
the average of 0. 23/ramp/day turned in on all ramps 
within the cognizant CHP area during the early 
months of 1980. 

Following the one-month enforcement period, the 
violation rate dipped still further and reached a 
low of 4.3 percent (73 violations) during the third 
week following enforcement. The violation rate then 
began to climb and rose to 6 .1 percent four weeks 
after the special enforcement period eased and 6. 7 
percent eight weeks following enforcement. Statis­
tical tests showed that the difference between the 
four week level and the preenforcement level was not 
statistically significant (at the 0.05 level), so a 
conservative assumption was made that the impact of 
special enforcement was no longer felt at this point. 

Different Enforcement Levels 

During the first wave of ramp enforcement activi­
ties, several different levels of special enforce­
ment were tested on ramps that have different 
geometric characteristics and violation histories. 
At this time broad conclusions about the overall 
impact of this activity can be drawn, but data are 
still being assembled regarding the details of 
citation rates and enforcement tactics. Figures 7 
through 10 chart the broad impacts of four different 
levels of special enforcement: 
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Figure 7. Composite enforcement impacts for eight-ramp sample. 
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Figure 8. Composite enforcement impacts for five-ramp sample. 
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Figure 9. Composite enforcement impacts for four-ramp sample. 
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1. One officer, 1 day/week for 1 month (Figure 
7); 

2. One officer, 4 days/w&&k for 1 month (Figure 
8); 

3. One officer, 1 day/week for 3 months (Figure 
9) ; and 

4. Two officers, 2 days/week for 1 month (Figure 
10). 

The results of these enforcement levels are plotted 
for composite ramps constructed by averaging the 
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violation rates on appropriate ramps before, during, 
and after the indicated levels of enforcement were 
appliec'l. 'l.'his method of aggregating results con­
tains several inherent statistical flaws: 

1. All postenforcement measurements are averaged 
together, which masks upward trends as the impact of 
enforcement wears off. For this reason, the after 
percentages in Figures 7-10 actually represent a 
conservative upper bound on the impact of enforce­
ment. 

2. The results are biased by the nature of the 
ramps selected to receive each level of enforce­
ment. Ramps that have a history of low-violation 
rates tended to receive lower levels of enforcement 
and did not respond as dramatically to these levels 
as did ramps that had a history of higher enforce­
ment levels. The heavy presence of these low-viola­
tion ramps in the composite statistics for low 
levels of enforcement activity biases these results. 

3. The composites depicted in Figures 7-10 tend 
to obscure the results obtained on individual ramps, 
which will be the focal point of future analyses. 
The ramp-by-ramp response of violators to special 
enforcement activities can be found in the interim 
report (_~). 

In spite of all these drawbacks, the composite 
results depicted in Figures 7-10 summarize the 
central outcome of the first wave of enforcement 
activities with a minimum amount of distortion. 
That is, even the lowest level of special enforce­
ment activity (one officer, 1 day/week, for 1 month) 
reduced ramp violation rates significantly. More­
over, violation rates tended to remain low for as 
long as four to eight weeks following the cessation 
of special enforcement activities. Extension of the 
period of special enforcement from 1 to 3 months did 
not produce a corresponding reduction in ramp viola­
tions, which suggests that the margin al impact of 
special enforcement activity diminishes with time. 
Future study activities will further explore this 
relationship. 

Because of the longer time spans involved, the 
impacts of 3-month periods of special enforcement 
were not available for analysis at this time. 

Effect of Past Violation Patterns 

Special enforcement appeared to be most effective on 
ramps where violation rates were previously medium 
or high (see Table 2). 

On ramps where ramp violation rates were already 
low (i.e., under 6. 5 percent) , special enforcement 
seems to have less impact in reducing occupancy 
violations further, and violation rates returned to 
preenforcement conditions much faster. This sug­
gests that there is a practical limit on the reduc­
tions that can be brought about by enforcement, and, 
consequently, special enforcement efforts should not 
be expended in an attempt to make tolerably low 
violation rates lower still. 

Enforcement on Newly Opened Ramps 

Start-up enforcement strategies were tested by 
selecting matched pairs of newly opened ramp bypass 
lanes similar in geometric configuration and en­
forcement visibility, initiating special enforcement 
activities on one ramp of each pair, and restricting 
the other ramp to low-priority routine enforcement. 

After one month of special enforcement activi­
ties, all ramps that received special enforcement 
had significantly lower violation rates than did 
their opposite numbers. In general, the heavier the 
ramp enforcement activity, the wider the spread 
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Table 2. Effect of enforcement on 
ramps that have different historical 
violation rates. 

Ramp Violation Rates 

Preenforcement Violation 
Category 

Avg 
Preenforcement 
Level 

Avg Level During 
Enforcement Drop(%) 

Avg Post­
enforcement 
Level Drop(%) 

Table 3. Lane violation rates before, 
during, and after enforcement for 
mainline HOV lanes. 

High violations, 14 ramps 
Medium violations, I 0 ramps 
Low violations, 9 ramps 

19.9 
9.0 
3.8 

Marin-IOI 

Item Morning 

No. of violations 
Before enforcement 14.l 
During enforcement 9.9 
After enforcement 

Week I 9.7 
Week 2 9.9 
Weeks 3 and 4 18.2 
Week 5 19.l 
Weeks 7 and 8 

No. of additional 0 
officers 

Days per week 
No. of weeks 

between violation rates on the enforced ramps and 
their unenforced counterparts. Violation rates on 
the unenforced ramps rose relatively rapidly and 
exceeded 15 percent within 6 weeks of the opening 
date on two of four control ramps. This rapid rise 
suggests that Los Angeles drivers who use the new 
lanes have had enough past experience with bypass 
lanes in other areas to have formed opinions regard­
ing the relatively low levels of CHP enforcement and 
the correspondingly low probability of violator ap­
prehension. 

Special Mainline Enforcement Activities 

The first wave of special enforcement activities 
took place on mainline HOV lanes early in May 1980. 
Periods of special enforcement were shortened to 2 
weeks so that postenforcement measurements could be 
made in advance of summer vacation. Between two and 
four additional officers were assigned to each 
project for 2-4 days/week during each 2-week en­
forcement period. 

Preferential lane restrictions on Marin-101 are 
generally enforced by using motorcycles because of 
the lack of a median lane and the limited amount of 
shoulder space. Enforcement officers need to guide 
violators across three lanes of traffic to a narrow 
8-ft shoulder. During the winter rains, when motor­
cycle use is hazardous, a patrol car is parked in a 
highly visible position on the freeway shoulder to 
discourage violators, slow down traffic, and respond 
to accident calls. In recent months, preferential 
lane enforcement activities have been concentrated 
during the evening peak. These evening activities 
have evidently had a chastening impact on morning 
drivers as well, since the average lane violation 
rate is lower in the morning than in the evening 
(14.1 percent during the morning peak versus 29. O 
percent during the evening peak). 

Alameda-580 is most often enforced by patrol 
cars. Officers on Alameda-580 pull violators over 
to a fairly wide shoulder that has a dirt median. 
The San Bernardino Busway is enforced by a combina­
tion of patrol cars and motorcycles. Occupancy vio­
lations are detected by assuming a position on the 
buffer lane that separates the eastern section of 
the busway from the general flow of traffic, and 

12.8 
5.9 
3.3 

Alameda-580 

35.7 
34.4 
13.2 

13.2 
5.7 
2.9 

San Bernardino Busway 

33.7 
36.7 
23.7 

Evening Morning Evening Morning Evening 

29.0 28.5 32.7 7.3 10.5 
17.4 25.9 21.3 6.0 7.0 

21.2 11.S 19.8 5.4 6.5 
23.6 25.0 20.5 4.1 5.4 

24.8 19.0 3.7 4.8 
25.2 16.4 21.1 2.6 4.7 
33.3 25.2 
2 

4 
2 

2 2 6 4 

2 3 2 2 
2 2 2 2 

citations are issued either on the shoulder or on 
the buffer lane itself. Enforcement of the physi­
cally separated western section of the busway is 
minimal because violation rates are low, and the 
limited access makes it difficult to patrol effi­
ciently. 

Table 3 lists lane violation rates before, dur­
ing, and after enforcement for the three mainline 
HOV lanes. On each project, the special enforcement 
activity had a significant impact in reducing viola­
tion rates. Projects differed primarily in the 
residual impacts of enforcement. Violation rates on 
both Alameda-580 and the San Bernardino Busway 
remained lower than preenforcement levels for at 
least 8 weeks, until the summer vacation period 
began. Marin-101 experienced large reductions 
during both the morning and evening peak periods, 
even though special enforcement activities were only 
scheduled during the evening commute hours. The 
percentage reduction, however, was smaller in the 
morning, and conditions returned to normal faster. 
The relative decline in violation rates was not so 
great on the San Bernardino Bu sway as on the other 
two mainline lanes, primarily because the busway 
violations were relatively low to begin with. 

DRIVER ATTITUDES 

Before special enforcement activities were initi­
ated, surveys were mailed to a sample of single 
drivers, carpoolers, and carpool-lane violators on 
three mainline HOV lanes, six ramp bypass lanes in 
Los Angeles, and two bypass lanes on freeway-to­
freeway connectors in San Diego. 

The populations surveyed on each project were 
contacted by sampling the license plates of vehicles 
that use the carpool lane and adjacent lanes, by 
using department of motor vehicles records to obtain 
the addresses of vehicle owners, and then mailing 
the surveys to the owners' homes. To ensure the 
anonymnity of respondents, no attempt was made to 
link the surveys to a particular driver. Surveys 
were printed separately for each project and color­
coded so that the responses of violators, carpool­
ers, and general drivers could be analyzed inde­
pendently. Copies of the basic survey form and a 
summary of the response rate from each project group 
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can be found elsewhere <ll . The overall response 
rate for all projects averaged 22. 5 percent; the 
highest response rate was from general drivers 124.4 
percent), followed by carpoolers (20.9 percent), and 
violators (18.8 percent). 

Findings 

In general, the tabulated survey responses seem to 
indicate that, although the differences among vio­
lators, carpoolers, and general users on a particu­
lar project are few and generally predictable, major 
differences separate the attitudes and perceptions 
of users of individual projects. This was espe­
cially true on the mainline HOV lanes. All classes 
of drivers on the controversial Alameda-580 project 
viewed the preferential lanes unfavorably; however, 
drivers who use Marin-101 and the San Berndadino 
Busway were generally more tolerant of HOV proj­
ects. Relatively few drivers on these two projects 
opposed the idea of more freeway lanes for car­
pools. Among the users of ramp bypass lanes, San 
Diego drivers viewed the idea of dedicated freeway 
lanes more favorably than did Los Angeles drivers. 
Some of the Los Angeles opposition seemed to reflect 
the much-publicized controversy that surrounded the 
ill-fated Santa Monica Freeway diamond lanes in 1976 

CD· 

Perceptions of Enforcemen t 

One of the major differences among the projects 
themselves may be found in the perceived enforcement 
level reported by drivers. Drivers on mainline HOV 
lanes were much more aware of CHP enforcement 
activities than were drivers who use the survey 
ramps in Los Angeles and San Diego (see Figure 11) • 
Only 14 percent of the mainline HOV-lane users said 
that they had never seen CHP enforcement of occu­
pancy violations, but 38 percent of the San Diego 
ramp users and half of the Los Angeles ramp users 
responded that way. Al though these differences in 
awareness certainly reflect the relative emphasis on 
enforcement on the different projects, they also 
provide insights into the impression made by differ­
ent enforcement techniques. On the San Bernardino 
Busway, where violators are usually apprehended and 
ticketed in the buffer lane in full view of passing 
motorists, only 13 percent of all respondents said 
they had never seen the CHP ticketing violators. On 
Mririn-101, hnwPvPr, whPrP t.hP (;HP mnRt. PRr:nrt vin­
lators to the side of the freeway before a ticket is 
issued, 26 percent of all respondents reported that 
they had never seen an occupancy citation issued. 
On one San Diego ramp that has a scanty refuge area 
that forces officers to pursue violators and issue 
tickets some distance from the ramp itself, 70 

Figure 11. Perceptions of enforcement levels. 
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percent of all respondents reported they had never 
seen a citation issued for illegal use of the car­
pool lane, On a nearby ramp that has an ample 
refuge area where CHP officers could stand and wave 
over violators in full fiew of other drivers, the 
corresponding percentage was 25 percent. 

Only about 10 percent of the drivers on all 
projects, except Alameda-580, thought that current 
enforcement levels were sufficient. On Alameda-580, 
however, 33 percent of the respondents thought that 
there was no need for the CHP to enforce more often. 

Perceptions of Violations 

The violation levels perceived by drivers also vary 
from project to project. When asked, "What per­
centage of the drivers in the bus-carpool lane would 
you estimate use the lane illegally?" drivers on 
mainline HOV lanes consistently overestimated the 
actual violation rates. Los Angeles drivers asked 
to estimate the relative number of bypass lane vio­
lators tended to underestimate, and San Diego dr iv­
ers guessed that the lane violation rates on the 
I-15 and I-805 interchanges were higher than the 
actual rate computed from roadside observations. 
Driver estimates of violation rates cover a narrower 
range than do roadside observations, which indicates 
that drivers may tend to overestimate low violation 
rates and underestimate high rates. 

Drivers on Alameda-580 were less concerned than 
other drivers about the presence of violators, which 
is presumably a reflection, again, of the adverse 
media publicity and public hostility directed toward 
the project. Of the Alameda-580 respondents, 43 
percent thought that lane violations are no prob­
lem. Similar attitudes from drivers on other proj­
ects typically constituted only 15-20 percent of the 
responses received. 

Attitudes Toward Ramp Metering 

Overall, survey responses seem to indicate that ramp 
users have mixed feelings about the benefits of ramp 
metering, Although 70 percent of Los Angeles ramp 
nsPrR nncl fifi pPrr:Pnt nf Snn Diego ramp users agree 
that metering has improved freeway flow, only 14 
percent of all Los Angeles respondents and 21 
percent of their counterparts in San Diego thought 
that metering has shortened their overall trip 
time. Over half of all ramp users thought that ramp 
metering hao no effeot on their overall travel time 
and one-third of them believed that it has actually 
increased their travel time. 

Perceived Time Savings 

Drivers on both mainline HOV lanes and sample ramps 
that have bypass lanes were asked how much time they 
save by using the preferential carpool lanes. Tabu­
lations of results show that drivers who respond to 
this question wildly overestimate the amount of time 
saved by using the carpool lanes (see Table 4). In 
each case, violators, carpoolers, and general 
drivers alike greatly overestimated the average time 
savings available to carpoolers. 

One interpretation for the wide discrepancy be­
tween perceived time savings and actual time saved 
may be that differences tend to be amplified when 
one lane (i.e., the carpool lane) is moving while 
the other is not. In addition, the survey drivers 
may tend to cite the time savings available driving 
the worst freeway congestion (or longest meter 
delay) that they remember. This tendency to per­
ceive greater time savings in the carpool lane, how­
ever, undoubtedly makes the carpool lanes appear 
more attractive to drivers than to statisticians and 
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Table 4. Driver estimates of HOV-lane time savings. 

Time Savings (min) 

Lane Perceived Measured 

Ramp bypass 
National, LA-I 0 5.4 2.4 
Woodman, LA-IOI 2.5 0.7 
Vernon, LA-I I 5.1 2.0 
Olympic-Pico, LA-405 2.4 0.3 
Colorado, LA-5 4.4 0.2 
Orangethorpe, LA-91 3.1 0.4 

Mainline HOV 
San Bernardino Busway 13.9 5-7 
Alameda-580 6.9 <0.3 
Marin-101 6.6 <0.3 

indicates that there may be a psychological advan­
tage in providing a carpool lane, even when the 
available time savings appear minimal. The illusion 
of greater time savings also helps to explain the 
relatively high violation rates observed on ramps in 
the face of negligible delays. 

PRELIMINARY FINDINGS 

Key findings with respect to violator behavior, 
enforcement effectiveness, and driver attitudes are 
summarized below. 

Violator Behavior 

On mainline HOV lanes that do not have barriers to 
separate the preferential lanes from the general 
flow of traffic, violations are heaviest at the 
fringes of the morning and evening operating hours. 

Little correlation was found between violation 
rates on ramps and the time saved by bypassing the 
queue in the metered lane. Although violation rates 
increase slightly with the delay in the queue, and 
rose to an average of 19 percent for delays of 2 
min, the violation rate recorded for delays under 20 
s was a still-formidable 12 percent, and many viola­
tions were observed when there was no queue at all. 
Given the same total delay, drivers appear to be 
more willing to stay in a long queue that is moving 
relatively fast than in a short queue that is moving 
very slowly because of a long meter cycle time. 

The number of drivers who fail to stop at the red 
signal light on a metered ramp is relatively low 
(less than 4 percent of all drivers on ramps without 
bypass lanes) and does not pose a major problem, 
particularly because such violations tend to occur 
when traffic volumes are low and ramp queues are 
short or nonexistent. 

Enfo r cement Impa c ts 

Even the lowest levels of special enforcement tested 
to date (one officer, 1 day/week, for 1 month) have 
had a significant impact in reducing violation rates 
on most HOV projects. Moreover, the residual ef­
fects of special enforcement actions have kept vio­
lation rates from returning to normal for at least 
4-8 weeks after the actions have ceased. 

Special enforcement appeared to be most effective 
on ramps where violation rates were previously 
high. On ramps where ramp violation rates were 
already low (i.e., under 4 percent), special en­
forcement seems to have less impact on reducing 
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occupancy violations further, and violation rates 
returned to preenforcement conditions much faster. 
In the absence of enforcement, ramp violation rates 
can be expected to increase over time to the point 
at which meter effectiveness is minimized. 

Driver Attitudes 

Al though the attitudinal differences that separate 
violators, carpoolers, and general drivers on a 
particular project are few and generally predict­
able, major differences separate the attitudes and 
perceptions of drivers on different HOV projects. 
Drivers are much more aware of in-place enforcement 
actions conducted in refuge areas near the HOV fa­
cility than of citations issued on freeway shoulders 
some distance from the facility. 

More than two-thirds of the drivers on metered 
freeways feel that metering has improved freeway 
flow; however, less than 21 percent feel that it has 
shortened their individual trip times. Violators, 
carpoolers, and general drivers alike greatly over­
estimated the average time savings available to 
carpoolers from using HOV lanes, which indicates 
that there may be a psychological advantage in 
providing carpool lanes even when the available time 
savings appear minimal. 

FUTURE DIRECTIONS 

The findings of this paper must necessarily be 
regarded as preliminary, because data are still 
being assembled on citation rates and enforcement 
tactics, and a second wave of special enforcement 
activities has been scheduled on each sample TSM 
project. The impacts of these activities will be 
monitored to gain further insights into the relation 
between enforcement and violation rates. In addi­
tion, the effects of enforcement on freeway per­
formance will be investigated, accident rates before 
and after the introduction of TSM projects will be 
analyzed, and the effects of increasing routine 
enforcement levels in the absence of special en­
forcement will be tested in two CHP command areas. 
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Abridgment 

Enforcement of Parking Management Strategies: 
A Critical Element in Program-Project Implementation 

JAMES SHELDON-DEAN AND MICHAEL D. MEYER 

Parking management strategies have become an important component of urban 
transportation programs. However, the implementation of such strategies and 
their eventual success is heavily influenced by the degree to which their new 
requirements are enforced. This paper examines the enforcement component 
of parking management strategies and identifies some of the key enforcement 
characteristics of successful strategies and programs. Case studies of a towing 
and booting program and a residential parking permit program in Boston are 
used to illustrate the important role that enforcement has in project implemen­
tation. The enforcement and adjudication process established should consider 
not only the types of tactics that can be used but also the capability of the 
agencies involved in the process to handle their responsibility. This is especially 
true in the adjudication component when the responsible actors are the courts. 
Finally, the U.S. Department of Transportation should take appropriate action 
to incorporate the start-up costs of parking enforcement programs into existing 
federal-aid programs. 

Transportation professionals have become increas­
ingly interested in parking management strategies as 
a means of restricting urban and neighborhood auto­
mobile use, encouraging public transit use, improv­
ing the urban economic base through better access to 
shopping establishments, and developing a source of 
revenue from parking fines (l). Several studies 
have shown that such strategies as residential 
parking permit programs (RPPPs), preferential park­
ing for high-occupancy vehicles, differential pric­
ing, and provision of off-street parking are effec­
tive ways of achieving these and other objectives 
(£,1). To succeed, however, a strategy must have 
public compliance, and that compliance is heavily 
influenced by effective enforcement, particularly 
during the initial stages of project implementa­
tion. This paper examines the role of enforcement 
in the implementation of parking management strat­
egies and identifies some of the characteristics of 
successfully implemented enforcement programs. Case 
studies of two parking enforcement programs in 
Boston (a RPPP and a tow and hold-booting program) 
illustrate the importance of enforcement and the 
role of enforcement agencies in the project develop­
ment process. 

PARKING ENFORCEMENT IN THE UNITED STATES 

Transportation planners and engineers have long 
recognized that enforcement was a critical component 
of project implementation, especially as it related 
to the success of parking strategies. As the fol­
lowing statements reveal, effective enforcement of 
parking regulations is an important and complex 
component of parking management strategies. 

The practical difficulties of initiating and 
operating a restraint scheme must be addressed. 
Administration and enforcement of present day 
parking controls has proved to be costly and 
difficult. (_~) 

Strict enforcement, particularly in well-traveled 
areas, is generally required in order to achieve 
maximum benefit from parking controls.... Thus 
full enforcement of existing parking restrictions 
might preclude further restriction or removal of 
on-street parking. (2,) 

Although transportation planners recognize the 

importance of enforcement strategies in the overall 
transportation program (~),a number of factors make 
it difficult to define, in a general way, enforce­
ment's role and P.ffP.ctiveness. For example, the 
objectives of an enforcement strategy will vary from 
case to case. In Louisville, Kentucky, parking 
enforcement is used to improve traffic flow along 
specific roadways; in Arlington, Virginia, and Palo 
Alto and San Francisco, California, enforcement 
programs are the key elements of residential parking 
programs (},~). Washington, D.C.'s parking enforce­
ment program, one of the most extensive and all 
encompassing in the nation, grew out of the dis­
trict's problems with high numbers of illegally 
parked automobiles (see paper by Meyer and McShane 
in this Record). Another difficulty in defining the 
effectiveness of enforcement is distinguishing be­
tween the effects of a strategy and the effects of 
its enforcement. Clearly, enforcement will influ­
ence the success or failure of a parking management 
strategy, but its specific contribution is almost 
impossible to isolate. This determination is also 
hampered because enforcement has not been considered 
an important component of project implementation in 
recent years; therefore, data on its use are limited. 

Despite these difficulties, enforcement programs 
are starting to receive closer attention along sev­
eral dimensions. A sample study of two RPPP neigh- -
borhoods in Cambridge, Massachusetts, showed that, 1 
year after RPPP implementation, the number of cars 
parked on the street decreased by 31 percent. As 

shown in the table below (1_), enforcement has also 
had a major impact on parking patterns in Washing­
ton, D.C. (2.l. 

Item 
Legal hours parked (%) 
Illegal hours parked (%) 
vacant hours (%) 
Turnover 

Prior to 
Enforcement 
Program 
13 
84 
3 
1.2 

After 
Enforcement 
Pros ram 
56 
31 
13 
2.9 

Perhaps of more importance to local officials con­
cerned with municipal finance, more data are avail­
able on the impact of enforcement programs on 
revenue generation. Washington, D.C. 's enforcement 
program netted an impressive $14 million in 1979: 
initial start-up costs were $776 000. Cambridge, 
Massachusetts, tripled its enforcement revenues, and 
in Portland, Oregon, the budget for the traffic 
engineering department is covered by enforcement 
program revenues. Thus, enforcement programs serve 
not only as effective means of achieving transporta­
tion and environmental objectives but also produce 
revenue for the implementing municipalities. How­
ever, as will be seen in the following discussion of 
parking enforcement in Boston, these programs are 
often difficult to implement and maintain. 

PARKING ENFORCEl'IENT IN THE BOSTON AREA 

Al though Boston has a reputation for motorists who 
show little respect for traffic (and especially 
parking) regulations, the Boston area uses some of 
the more innovative parking control and enforcement 
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techniques in use in the country today (Jdl . In 
recent years, citywide and neighborhood RPPPs, a 
center-city automobile-restricted zone, an enhanced 
ticketing program, towing programs, and the Denver 
Boot have all been used with varying success to 
control the use of the automobile in the metropoli­
tan area. 

Towing and Booting Proaram in Boston 

Boston began its Tow and Hold operation in the early 
1970s. Tow and Hold was a minor program until 
Boston's 1976 fiscal crisis. Then, by using a list 
of scofflaws, Tow and Hold became a means of col­
lecting millions of dollars of unpaid parking fines 
for the city. In 1977, to improve the campaign's 
effectiveness, the city began use of the Denver 
Boot, a mechanical device that locks the axle of the 
automobile, and thus immobilizes it. The advantages 
of booting over towing were numerous: Damage claims 
and thefts from impounded cars were eliminated, the 
number of impoundment lots needed was minimized, 
cars parked in difficult locations for towing could 
still be immobilized, traffic jams caused by towing 
operations were eliminated, booting was faster (five 
boots can be placed in the time it takes to tow one 
car), equipment was less expensive, and, perhaps 
most importantly, boots, visible on a scofflaw's car 
for hours while he or she pays tickets, demonstrated 
vividly to motorists the consequences of illegal 
parking and nonpayment of tickets. 

The process of booting a vehicle and securing 
back payment for fines outstanding is quite simple. 
Meter maids from the Traffic and Parking Department 
and police officers issue violations. After 21 
days, unpaid tickets are turned over to the courts 
for collection. The courts, after warnings and 
summonses have been issued and ignored, turn the 
lists of violators who have five or more tickets 
over to the city for Tow and Hold immobilization. 
Scofflaws must pay all outstanding tickets before 
their cars are released and, in doing so, must often 
visit several court districts. The time and annoy­
ance involved have become well known and are a de­
terrent in themselves. 

The city averages 140 cars booted per day, at a 
cost of $150-$160/ car. Initially, the program aver ­
aged $300/car and yielded about $2 million for the 
city during the first year. No detailed evaluation 
of the program has been undertaken, but city offi­
cials feel the program is a great success. One city 
official estimated that the number of tickets paid 
today is twice the number paid in 1976. Parking 
lots in Boston also appear to be more heavily used 
since the introduction of booting, because motorists 
have come to learn that illegal parking is more 
risky than it once was. The impact of booting has 
thus reached far beyond the scofflaws who owe back 
tickets. 

The f i rst RPPP in the Boston area was instituted as 
a portion of the Boston transportation control plan 
(TCP) and consisted of a 2-h parking limit and a 
peak-hour parking ban on nonresident parking 
throughout Boston. Stickers were issued to city 
residents that exempted them from these parking 
restrictions. Enforcement of the peak-hour, non­
resident restrictions was straightforward because 
violations are easily recognized by the absence of a 
resident sticker. However, enf'orcement of the 2-h 
limit was problematic in that the identification of 
violations requires multiple sightings of a non­
resident vehicle in the same location at least 2-h 
apart. Given limited resources, the police depart-
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ment was unable to enforce this 2-h limitation and 
thus the program rapi dly became ineffective. 

Cambridge, across the Charles River from Boston, 
instituted the first neighborhood RPPP in the Boston 
area in response to parking congestion created pri­
marily by the city's proximity to Boston. In re­
sponse to neighborhood requests, Boston soon fol­
lowed Cambridge in implementing neighborhood RPPPs 
that are in force 24 h/ day, 7 days/ week, to provide 
neighborhood residents with spaces reserved ex­
clusively for them. Resident support (15 percent 
minimum) and precise neighborhood boundary defini­
tion were crucial to the successful enforcement of 
these programs . 

I nsti tutional Consideration s 

Although enforcement can contribute a great deal to 
the successful implementation of parking management 
strategies, the enforcement process it.self is 
subject to both financial constraints (in the form 
of start-up costs) and institutional conflict. 

The Boston criminal courts play a critical role 
in the enforcement process, but often they cannot 
give top priority to parking violations. A slow 
rate of fine collection has created some tension 
between the court system and city agencies, as has 
the courts' reluctance to allocate adequate re­
sources for ticketing. To correct this situation, 
the city has proposed removing the process from the 
courts and the creation of a Parking Violations 
Bureau. Several cities, most notably New York and 
Washington, D.C., have adopted such a system of 
administrative adjudication to handle parking viola­
tions, but such an approach often encounters many 
legal, institutional, and political obstacles. 

Ticketing agencies are also critical actors in 
the enforcement process. In most cases, police 
officials do not consider parking enforcement to be 
a major task of their agency. Because of this per­
ception, Boston placed enforcement responsibility in 
the hands of a new Traffic and Parking Department, 
which used meter maids to distribute tickets . The 
police still participate in ticketing violations, 
particularly at night when union rules prevent meter 
maids from working, but their role is peripheral to 
the program's operation. 

In summary, implemention and enforcement of a new 
parking management strategy require cooperation, 
often between several agencies at different levels 
of government. Police departments; traffic engi­
neering and planning departments i city, county, and 
state offices and agencies; courtsi and community 
interest groups all have a potential interest and 
role in parking enforcement programs. Success 
depends on the participation of all major actors in 
the planning process and on their subsequent will­
ingness and capability to handle their responsibil­
ities in the program. 

CONCLUSIONS 

Parking management experiences from several U.S. 
cities have shown the importance of enforcement in 
the implementation of such strategies. The case 
studies of parking enforcement programs in Boston 
have illustrated some of the important character­
istics of enforcement strategies. 

1. Enforcement of the parking strategy was 
provided at the beginn i ng of p roject implementation 
and applied per iodical ly to r e inforce the public 
perception of serious enforcement commitment to the 
project. 

2. Enforcement strategies have been developed in 
cooperation with community groups and local offi-
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cials so that a constituency for such a program is 
developed at the local level. 

3. The adjudication component of the enforcement 
process is often a barrier to the overall effective­
ness of the program. The courts have other respon­
sibilities that decrease the amount of resources 
they devote to parking enforcement. 

4. Police departments also have other responsi­
bilities that they consider mor.e important than 
parking enforcement; meter maids can be used ef­
fectively in their place to distribute tickets. 

5. Revenues from parking enforcement can often 
be quite substantial, many t i mes more than paying 
for the costs incurred for progr~m operat ion. 

6. A major o bs t acle in establishing a parking 
enforcement program is in obtaining the funds to 
initiate the program. Currently, the U.S. Depart­
ment of Transportation provides funds for such a 
purpose. 

In summary, parking management programs are of 
increasing interest to transportation officials 
concerned with economic development, congestion, 
neighborhood amenity, and city finances. The ef­
fectiveness of these programs, however, is directly 
related to the leve l of enforcement provi ded during 
the ini tial s tages and th roughout t he project's 
life. To formula·te an ef f ective enfo rcement strat­
egy requires the participation of the police depart­
ment, local officials, the courts, community groups, 
and the business community. This process can often 
be very controversial. However, each of these 
actors has an important role to play if the enforce­
ment program is to be successful. 
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Enforcement Requirements for High-Occupancy Vehicle 
Facilities 

CRAIG MILLER AND ROBERT DEUSER 

Enforcement of high·occupancy vehicle (HOV) traffic restrictions forms an 
integral and sometimes critical element of HOV preferenlial treatment projects. 
This paper summarizes the findings of a research study conducted for the 
Federal Highway Administration. This research (a) reviewed enforcement on 
HOV f&cilitios, (b) identifi ed effective HOV enforcement t ochniques, (c) de­
veloped model legislation for effeclivo HOV cnforcemont, and (d) prepared 
HOV onforcomont guidelines . Sixteen projecu In the United States, re pre­
sentative of eech type of freoway and ertorial treatment, were visited to gain 
in-depth operational end enforcement dota on each project. These projects 
exhibited var.ying enforcement programs, defici enci es, and performance 
levels. Enforcement guidelines have been prepared for each typo of freeway 
and arterial priority treatment of HOVs. In order to improve enforcement 
of HOV facilities. innovative techniques, involving photographic instrumenta­
tion, mailing nf citaiions, tand em (team) patrol. an d pnraprofou ional officers, 
have been identified within tho context of this research. For those innovative 
techniques to bo effective, a compatible leoal environment is necessary. 
This research conductod a legal review of six prominent legal Issues posed by 
these techniques. Model legislation is drafted to provide the propor legal 
environment for effective HOV enforcement. 

A number of high-occupancy vehicle (HOV) projects 

have suboptimal levels of enforcement. This is due 
in part to a lack of engineering concern with en­
forcement, even though the enforcement issue has a 
considerable impact on the operational and safety 
characteristics of HOV projects. As diversification 
in the design of HOV preferential treatment projects 
continues, the issue of enforcement of HOV facili­
ties takes on greater importance and the need for 
developing enforcement strategies becomes essential. 

ENFORCEMENT PLANNING PROCESS 

In selecting a final HOV design strategy for imple­
mentation, the enforceability of that concept should 
be taken into consideration. For each HOV design 
strategy, the project planning and design team 
should ask, "How difficult will it be to enforce the 
restrictions associated with each of these strat­
egies?" Possible modifications to the HOV design 
strategies should be explored to alleviate as many 
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potential enforcement problems as possible. 
Traffic law enforcement personnel should be 

intimately involved in the planning effort so that 
their valuable insight into the nature of possible 
enforcement problems may be encountered and also to 
gain their support for and sensitivity to the con­
straints within which the transportation engineer 
has to work. In many cases, compromises may have to 
be made in terms of the final design concept or the 
desired enforcement program. 

Once the HOV design concept has been selected 
from a number of candidate strategies, a compre­
hensive enforcement program should be developed. 
Several enforcement strategies may be applicable to 
the realistic enforcement objectives of an HOV 
project. A careful review of the local legal en­
vironment and state statutory requirements should be 
made, particularly if innovative enforcement prac­
tices are under consideration. There are two basic 
criteria that can be used to judge the performance 
of the various enforcement options. These are (a) 
the projected violation rate and (b) the projected 
cost of the enforcement program. The selection of 
the alternative that produces the best results per 
dollar invested can be made in a straightforward 
manner. Unfortunately, detailed statistical infor­
mation is lacking to forecast the violation rate. 

In view of the lack of precise data on which to 
base the design of the final enforcement program, an 
evaluation plan should be developed to ensure a 
continuous flow of empirical data and feedback for 
program optimization. Specific areas related to HOV 
lane and enforcement operations that should be 
quantified include the following: 

1. Relation between the number of citations 
issued and the number of violations 

2. Interrelations among the 
apprehension rate, and the travel 
the HOV lane; and 

that occur; 
violation rate, 
time savings of 

3. Changes in the violation rate due to changes 
in the quantitative, qualitative, or substantive 
aspects of the enforcement program. 

A detailed enforcement manual is recommended for 
effective management of a complex HOV program. This 
manual should provide descriptions of the HOV proj­
ect, system operations, enforcement procedures, and 
reference information. 

Public awareness is essential for any new en­
forcement program. If the public understands the 
HOV operating strategy and its restrictions, the 
tendency to violate may be reduced. Furthermore, 
enforcement agencies concur that a public awareness 
program that notifies the public of enforcement 
activities increases the effectiveness of the en­
forcement effort. Inexpensive public education 
techniques available include news releases and 
conferences, public service advertising, transit 
advertising, speakers' bureaus, pamphlets or hand­
outs, and banners over the roadway. More expensive 
techniques include paid television, radio, and 
newspaper advertising, as well as roadside bill­
boards. The primary message that should be trans­
mitted about HOV enforcement should be a simple 
statement of (a) what the law states and what is 
prohibited, (b) what will be done if a violation of 
that law occurs, and (c) what the consequences are 
if a violator is apprehended or cited. 

HOV ENFORCEMENT PROGRAMS 

A number of interrelated elements may comprise the 
HOV enforcement program. These elements are 

1. Enforcement strategies, 
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2. Enforcement procedures, 
3. Objectives of the enforcement program, 
4. Priority assigned to the HOV enforcement 

program, 
5. Assignment of enforcement personnel, 
6. Enforcement equipment, 
7. Enforcement budget and funding, 
8. Enforcement planning, and 
9. Legal and judicial environment. 

Enforcement strategies related to HOV projects 
can be organized into three broad categories: rou­
tine, special, or selective. Routine enforcements 
are those enforcement activities that are randomly 
conducted in concert with the normal assortment of a 
uniformed police officer's duties. Special enforce­
ment involves police activities planned and applied 
specifically to the HOV project on a continuing 
basis. Selective enforcement is a combination of 
both routine and special approaches, to the extent 
that special enforcement is applied periodically by 
officers in conjunction with a routine enforcement 
program. Routine enforcement can be an effective 
approach if the HOV project's geometric or opera­
tional features result in an acceptable (or toler­
able) violation rate. If it does not, then special 
or selective enforcement would be required, provided 
funds are available. 

Enforcement procedures may vary among HOV proj­
ects because accepted traffic law enforcement 
practices consist of a myriad of procedures. HOV 
enforcement programs consist of procedures for 

1. Surveillance and detection, such as foot 
patrol, mobile patrol, stationary patrol, and hidden 
patrol; 

2. Apprehension and citation, such as standard 
pursuit, stationary apprehension, wave-off, mail-out 
warnings, and team approach; and 

3. Management approach, such as interagency 
approach, public information campaign, and enforce­
ment manual. 

The enforcement objective, whether stated 
formally or informally, is generally described as 
maintenance of the integrity of the HOV project. 
Once the HOV project gains operating experience, 
some enforcement programs establish a specific 
enforcement objective by defining a tolerable 
violation rate. 

The level of relative priority assigned by the 
enforcement agency to the HOV enforcement program is 
usually indicated by the type of enforcement program 
selected for deployment. Special enforcement indi­
cates relatively high priority because additional 
resources are required to execute such strategies. 
The extra enforcement personnel associated with a 
special enforcement program are assigned to detect, 
apprehend, and cite the violators of the HOV re­
strictions. 

The number of personnel assigned to each HOV 
project is dependent on many factors, the most sig­
nificant of which include the following: 

1. Project length, 
2. Project operation, 
3. Project restrictions, 
4. Enforcement strategy, and 
5. Availability of enforcement personnel and 

funds. 

The number of enforcement 
cover an HOV project can 
similar projects. The motor 
equipment item. 

HOV enforcement programs 

personnel assigned to 
vary greatly between 
vehicle is the primary 

are usually funded 
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through the enforcement agency's existing budget . 
This is especially true for enforcement programs 
that involve routine pati:ol dull 8t!lt!l;tive patrol 
strategies. The enforcement agency may be unable to 
allocate special funds for special or selective 
enforcement of an HOV project, and thus the HOV 
project must operate with routine enforcement. HOV 
enforcement should not necessarily be considered a 
drain on public funds. Each time a traffic citation 
is issued for an HOV violation, a fine is usually 
paid. The dollar amount of these fines is then 
allocated in some manner to the local or state 
treasury. The dollar amount of fines collected for 
HOV citations could exceed the costs of enforcement 
for the HOV project. 

One of the most-significant factors in achieving 
a succesful enforcement program is the early in­
volvement in the planning process by representatives 
of the enforcement agencies affected. This is es­
pecially true for HOV projects that will require 
either special or selective enforcement. The ad­
vantages of the early involvement of the enforcement 
agency in the planning process of an HOV project 
centers on these areas: 

1. Provision of technical advice, 
2. Promotion of cooperative relations, and 
3. Personnel planning and budgeting. 

In general, the HOV violation is cited either as 
a failure to obey a traffic control device if the 
project is based on general legislation or as a 
specific offense of the HOV designation if the legal 
statute or ordinance is more specific. The fine is 
dependent on the fine schedule established within 
the jurisdiction responsible for the project. 

A good enforcement program can be undermined by 
the judicial branch of government if the judicial 
branch does not uphold the citations issued. An HOV 
project is susceptible to misinterpretation by the 
judicial branch. Briefings for traffic court judges 
regarding the HOV project can have an important 
influence on court attitudes. Jud icial appreciation 
of the pro ject's merits he lps develop t he proper 
judicial oupport for the p roject . Sp~clf l~~l ly, the 
judges should be informed of 

1. Objectives of the HOV project, 
2. Traffic regulations applied to achieve the 

objectives, 
3. Enforcement approach, 
4. Previous court rulings on similar projects, 

and 
S. Legal basis for the restrictions and enforce­

ment procedure. 

Problems and Deficiencies 

A number of HOV enforcement problems and deficien­
cies are created by geometric, operational, or 
institutional factors. The problems are as follows: 

1. The lack of a safe and easily accessible 
refuge area bordering the HOV lane that can be used 
to apprehend and cite HOV violators; 

2. The absence of any vantage point from which 
enforcement can observe the HOV facility while 
keeping out of view may cause enforcement to be 
inefficient and too visible, 

3. Some concurrent-flow HOV projects do not 
have the HOV lane physically separated by barriers, 
traffic posts, or other implements from the general 
traffic lanes and thereby provide the motorist with 
an infinite number of locations to violate the HOV 
regulation; 

4. If an HOV facility does not have a paved 
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surface, clear of obstructions, for passing, then 
apprehension maneuvers can be difficult because 
general traffic lanes, especially on freeways, are 
usually congested; 

s. On HOV systems where carpools are permitted, 
the determination of the number of occupants in a 
vehicle is made difficult by young children, vans 
and mobile homes, mirrored glass, hours of darkness, 
and inclement weather; 

6. Most HOV projects have a speed differential 
between the HOV lane and the general traffic lanes, 
which presents a significant safety concern for all 
traffic and especially enforcement; 

7. For HOV projectR where refuge areas are not 
adjacent to the HOV lane, the citing of HOV vio­
lators is less visible to the motorists; 

8. Certain HOV restrictions require judgment 
decisions on the part of the enforcement personnel; 
the primary judgment situation faced by enforcement 
personnel focuses on curb bus lanes and the use of 
the bus lane by vehicles turning right; 

9. A good enforcement program for an HOV proj­
ect requires proper coordination and cooperation 
between project management, enforcement, and judi­
cial interests; if the cooperation between any two 
participants deteriorates, for whatever reason, then 
the enforcement program will suffer; 

10. Traffic law may limit the effectiveness of 
potential HOV enforcement programs; because of 
geometric or operational problems associated with an 
HOV project, it may be extremely difficult for the 
officer who witnesses the offense to be the officer 
who apprehends the offender; 

11. Many enforcement agencies have personnel 
constraints that hinder the traffic enforcement re­
quirements imposed on the agency; and 

12. A low probability of being cited, especially 
when combined with a low fine, offers little incen­
tive toward compliance with HOV restrictions. 

Prog r a m Per f o r ma nce 

The primary measure of effectiveness of an HOV 
enforcement program is the violation rate achieved. 
On most projects, and for the purposes of this 
report, the violation rate is defined as the per­
centage of the total number of vehicles that use the 
HOV lane that fail to meet eligibility criteria for 
the HOV lane. The violation rates for the HOV proj­
ects encompass a wide range of percentages--from n 
nearly O percent violation rate to a violation rate 
of greater than 50 percent. The latter percentage 
means that the majority of vehicles that use the HOV 
lane are violators. 

That an HOV project experiences a relatively high 
violation rate may not necessarily indicate failure 
of the objectives of the HOV project. The intent of 
employing a certain enforcement strategy is, in 
part, to achieve a violation rate that is considered 
tolerable to project management, enforcement person­
nel, motorists, or the general public. A high vio­
lation rate could very well be considered to be 
tolerable by the determinant group. 

A number of factors affect the violation rate. 
These include the following: 

1. HOV lane signing, 
2. Bus versus carpool HOV lane restriction, 
3. Travel time benefits, 
4. Probability of apprehension, 
5. Accessibility to the HOV lane, 
6. Operating period, 
7. Occupancy restriction, 
a. Visibility, and 
9. Weather conditions. 
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One of the objectives of HOV projects is to 
improve traffic flow on the particular facilityi 
however, enforcement of the HOV projects often 
disrupts traffic flow. The directly related traffic 
flow problems are mainly associated with an appre­
hension procedure that results in hazardous weaving 
maneuvers performed by the enforcement vehicle alone 
or the enforcement-violator tandem. Once an HOV 
violator is escorted to a refuge area, the enforce­
ment effort can be indirectly involved in disrupting 
traffic flow and contributing to traffic accidents 
through the phenomenon known as rubber-necking, 
which is associated with the curiosity of motorists 
and the presence of enforcement of any kind. 

ENFORCEMENT OF HOV PRIORITY TREATMENT PROJECTS 
ON FREEWAYS 

Certain recommendations for enforcement of HOV 
priority treatment projects are common to all 
freeway applications: 

1. Enforcement requirements should be included 
in the earliest stages of project planning, and 
enforcement personnel should be active members of 
the planning teami 

2. To the maximum extent possible, HOV priority 
projects should be designed, constructed, or modi­
fied in strict conformance to American Association 
of State Highway and Transportation Officials 
(AASHTO) and Manual of Uniform Traffic Control 
Devices (MUTCD) standardsi 

3. Officials of the traffic court system should 
be briefed prior to the project start-up about the 
project's operational goals, traffic restrictions, 
enforcement program, and legal basisi 

4. On a project that has as its operational goal 
travel time savings, the HOV restrictions should be 
imposed only during those time periods when these 
savings can be achievedi 

5. The entire project should be opened at one 
timei 

6. Enforcement should be supported by extensive 
public education and publicity of the seriousness of 
the HOV restrictionsi and 

7. Aggressive enforcement should begin immedi­
ately to instill a degree of respect for the HOV 
restrictions. 

Separate Facilities 

Separate freeway facilities for HOVs include sep­
arate roadways and exclusive ramps. These facili­
ties are designated for exclusive use by specified 
HOVs and all other vehicles are expressly prohib­
ited. Separate facilities possess many of the 
operational characteristics of tunnel facilities, 
one of which is an irrevocable commitment to using 
the facility. This attribute makes separate facili­
ties generally easy to enforce. 

Separate HOV roadways characteristically have low 
violation rates, which vary from 0 to 6 percent 
where separation is permanent and from 5 to 10 
percent where violators can gain access or egress by 
crossing partial separations. 

The following specific recommendations are of­
fered for separated HOV facilities: 

1. The facility should have full right and left 
shouldersi 

2. On partly separated facilities that have 
common shoulders, the shoulders should be flush and 
easily accessible by disabled vehicles but they 
should also be well delineated to discourage cross­
ing the median shoulderi 

3. On reversible facilities, access control must 
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be positivei use of lane control signals is sug­
gested by MUTCD and AASHTO, and gates or barricades 
should also be providedi and 

4. Access locations should be designed to meet 
the traffic demand but should also be upstream of 
bottleneck locations if possible. 

Except for some project-specific reason, the 
enforcement strategy should involve mobile patrol of 
the general traffic lanes with officers also con­
scious of the HOV facility. When the incidence of 
violations appears to be increasing, patrols should 
be stationed at strategic points on the shoulder of 
the HOV roadway. This surveillance should vary by 
timing and should use inconspicuous locations. 
Apprehension should generally be made on the HOV 
lane shoulder, unless a convenient exit can be 
safely reached. 

Concurrent-Flow Lanes 

Concurrent-flow HOV lane-priority projects on free­
ways generally involve the designation of the median 
lanes for use by buses alone or by buses and car­
pools. Access to the restricted lane is most often 
continuousi that is, there is no physical separation 
or other barrier between the HOV lane and general 
lanes. This feature makes concurrent-flow lanes 
among the most difficult HOV treatment to enforce. 
Concurrent-flow HOV lanes can be created by either 
reserving an existing lane for HOVs or, more com­
monly, by constructing new lanes in the median. 
These two approaches have differing effects from an 
enforcement point of view. First, the addition of 
lanes often eliminates or reduces median shoulders 
or refuge areas that otherwise might be used as 
vantage points for police patrols and for issuance 
of citations. Second, the taking of a lane for HOVs 
most likely will increase the congestion in the 
general travel lanes, thus making it more desirable 
for a motorist to violate. The public acceptance of 
this type of HOV treatment has been much better when 
new lanes are constructed for the HOVs. 

Violation rates among concurrent-flow-lane proj­
ects can vary dramatically, ranging from 10 to 60 
percent. The following specific recommendations are 
offered for concurrent-flow HOV lane projects: 

1. The facility should have median shoulders and 
refuge areasi these are needed both for public 
safety and to provide an area for officers to mon­
itor HOV operations effectivelyi 

2. On projects that operate in both directions 
during the same hour, median barrier cuts should be 
provided (if there is a median barrier) to enable 
motorcycle officers to enforce in both directions i 
and 

3. Signing and markings should conform rigidly 
to MUTCD standards, and special supplemental signs 
should be used as neededi limits of the HOV priority 
section should be clearly defined [special demarca­
tion between the HOV lane and general traffic 'lanes 
can be provided by wider skip lines (8 in) or by a 
continuous row of mountable buttons]. 

The enforcement strategy should involve monitor­
ing by motorcycle officers in the median. If not 
possible, mobile patrols in adjacent general lanes 
should then be used. Apprehension and detention 
should not generally be made in the median. Of­
fenders should be pursued to the outside of the 
freeway and then off the facility in order to 
minimize disruption to traffic flow. If congestion 
is heavy in general lanes, extreme care should be 
exercised in escorting violators off the freeway. 
Where left-hand exits exist downstream, violators 
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should be escorted in the HOV lane to these exits. 

Contraflow Lanes 

The common application of contraflow HOV lanes is to 
assign the inside (median) lane in the opposing 
(off-peak) direction to a special class of vehi­
cles. The contraflow lane is separated from the 
other travel lanes by insertable plastic posts. If 
sufficient capacity remains in the off-peak direc­
tion, an additional lane can be taken for use as a 
buffer lane. The vehicles qualified to use the 
contraflow lane are usually buses. Buses (and other 
vehicles if permitted) enter thP. lam~ via Fl mPnian 
crossover or by a special ramp and proceed in the 
peak direction against the flow of off-peak­
d irection general traffic, and thereby bypass 
congested traffic in the peak direction. The output 
terminal depends on the site and may be a crossover 
merge with the general freeway or it may terminate 
at a bridge, tunnel, or toll facility. 

Violation rates on contraflow HOV lane projects 
approach 0 percent. 

The following specific recommendations are of­
fered for contraflow HOV lane projects: 

1. Delineation of the HOV lane should include 
removable safety posts and barricades, changeable 
message signs at access points, and lane control 
signals (red X and green arrows) over the contra­
flow, buffer, and adjacent general lanes; 

2.. Spacing of lane control devices should have 
at least one, and preferably more, devices in view 
of opposing traffic; spacing of delineators should 
be close enough to discourage lane changes and a 
40-ft maximum spacing is recommended; 

3. A buffer lane should be provided if possible; 
4. Full right and left shoulders should exist 

for emergency stops in both the contraflow lane 
(median shoulder) and opposing general traffic 
(right shoulder); 

5. If the output terminal is not inherently 
suitable for detaining violators (such as a toll 
plaza), a refuge area should be provided, preferably 
in the median; 

6. Speed limits on both HOV and opposing general 
lanes should be lowered as necessary to reduce rela­
tive speeds; and 

7. Quick-reaction incident detection and removal 
RyRtPmR Rhnuln be incorporated into the project; if 
possible, median cuts should be provided if there is 
no buffer lane so emergency vehicles can approach in 
the proper direction. 

The most-effective enforcement strategy is to 
have officers stationed at the access point to 
divert nonqualified vehicles from using the lane. 
Depending on the site-specific requirements of the 
project, the preferred strategy can be selective or 
continuous special enforcement. Routine freeway 
patrols should be extremely observant for violators 
and, more importantly, for incidents. Even acci­
dents in the opposing general lanes can cause 
swerves into the contraflow lane by vehicles trying 
to avoid rear-end collisions. Violators detected in 
the contraflow lane should be apprehended in the 
terminal area if possible. 

Ramp-Metering Bypass 

Ramp metering has been used for nearly two decades 
to improve general operations on freeways by limit­
ing access onto the mainline of the freeway. As an 
incentive to HOVs, bypass lanes have been con­
structed that allow these vehicles free access to 
the freeway without the delays encountered by low-
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occupancy vehicles at the ramp signal. The ramp­
metering-bypass (RMB) technique can be used at 
isolated ramps or can be incorporated into a series 
of ramps that collectively form an RMB-HOV priority 
system. RMB lanes are generally constructed by 
widening existing ramps or redesignating one lane of 
existing multilane ramps. 

Violation rates among RMB projects can vary 
dramatically and range from 0 to 40 percent. 

The following specific recommendations are of­
fered for RMB projects: 

1. Provide a physical separation between the RMB 
lane and the general ramp lane, if space and funding 
resources permit; if there is no physical separa­
tion, then there should be a solid white-line demar­
cation between the lanes, supported by raised pave­
ment buttons for additional emphasis; 

2.. A vantage point should be provided for a 
stationary officer to monitor the RMB lane out of 
view of the motorists; adequate shoulders should be 
provided for the apprehension and ticketing of 
violators; and 

3. The selection of right or left lanes as the 
HOV lanes is important, particularly on nonseparated 
RMB ramps; consideration should be given to access 
to the ramp, position of signals, relation to the 
stopped queue, and how the two lanes will merge. 

Because of the isolated nature of this priority 
treatment, continuous enforcement is impractical, 
particularly if a large number of ramps is in­
volved. Bus-only RMB ramps are less prone to viola­
tions but still require periodic attention. A 
selective enforcement system should be established 
so that each ramp is targeted on a periodic, but 
random, pattern. The enforcement assignment should 
be dependent on violation levels, which requires 
some type of data-collection scheme. 

Patrols, preferably motorcycle mounted, should 
station themselves where they can observe the HOV 
lane and the ramp signal and observe for violators. 
Preferably, the position is hidden from view. Once 
a violator is detected, he or she should be pursued 
or (if possible) waved over to the shoulder. Tick­
ets should be issued in view of the ramp traffic for 
maximum effect because the disruption to ramp traf­
fic is not as detrimental as it is on the mainline. 

ExclusivP. Toll Pli'17.n Ll'lnP.R 

A toll plaza is inherently a bottleneck on a free­
way. Exclusive toll plaza lanes serve several 
purposes. They allow HOVs to (a) bypass queues on 
the approach, (b) move through the toll station with 
minimal delay, and (c) gain preferential access to 
the toll facility itself. 

Exclusive toll plaza lanes for HOVs can operate 
efficiently and with relatively few violations. 
Selective enforcement, when used periodically, can 
maintain a sustained violation rate that is lower 
than 10 percent. 

The following specific recommendations are 
offered for exclusive toll plaza lanes: 

l. Provide special areas, such as a refuge area 
or shoulder, adjacent to the HOV lanes in order for 
officers to monitor the HOV lane and conduct the 
enforcement operations; 

2.. Provide a physical separation, such as a 
barrier wall or raised curb, between the HOV lanes 
and general lanes so long as such a barrier does not 
pose safety hazards itself; and 

3. Where the facility is not metered, the capa­
bility of informing toll attendants to halt traffic 
should be included (this would clear the downstream 
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roadway and allow police vehicles to pursue violat­
ors and, more importantly, allow emergency vehicles 
to travel unimpeded). 

Mobile patrols should provide routine enforcement 
by monitoring the HOV lane operations from station­
ary positions, preferably adjacent to the lanes. 
The toll booths are an excellent location for detec­
tion, but apprehension is disruptive. When war­
ranted by increasing violation rates, selective 
enforcement teams should be called in to set up 
shunt lanes (if refuge areas do not exist) in which 
to store violators while they are being ticketed. 

ENFORCEMENT OF HOV PRIORITY TREATMENT PROJECTS 
ON ARTERIALS 

The nine recommendations for enforcement of HOV 
priority treatment projects, which are presented as 
being common to all freeway applications, are also 
common to all arterial street and highway applica­
tions. 

Separate Facility 

Separate facilities on an arterial street system are 
commonly referred to as transitways because the 
transit coach is often the only type of vehicle that 
is permitted to travel on such a facility. A 
transitway may serve as a major transit collection­
distribution route and provide benefits of transit 
accessibility and separation of different classes of 
vehicles. Also, a transitway may serve the line­
haul portion of transit service and provide the more 
traditional HOV benefits of travel time savings and 
increased total person throughput. 

Transitways tend to be easily enforced and viola­
tions of the restrictions are virtually nonexistent. 

The following specific recommendations are 
offered for separate facility HOV lane projects: 

1. Appropriate pedestrian controls should be 
instituted if pedestrian crossing is considered to 
be a safety problem (these controls include pe­
destrian cross-walks, pedestrian signals, and strict 
enforcement of jay-walking); 

2. Procedures regarding bus operations on the 
transitway should include reduced bus speeds and 
increased driver awareness and courtesyi 

3. Cross-streets across the transitway should be 
eliminated whenever possiblei when the elimination 
of cross-streets is impossible, the turning move­
ments between the transitway and the cross-streets 
should be restrictedi and 

4. Terminal areas and any other access areas 
should be well signed and marked and the traffic 
appropriately channeled. 

The use of routine enforcement in either mobile 
or pedestrian modes should be satisfactory for HOV 
enforcement purposes. 

Concurrent-Flow Lane 

Concurrent-flow priority applications on arterial 
highways involve reservation of either the curbside 
lane or the median lane for HOVs. Curbside lanes 
have historically been installed to provide better 
transit circulation in the central business district 
(CBD) or to improve downtown traffic flow through 
the segregation of buses and automobiles. A second 
objective may be to provide a travel time improve­
ment (not advantage) for buses. Taxicabs, other 
vehicles that load and unload passengers, vehicles 
turning right, motorcycles, and bicycles may also be 
permitted to travel in the curb HOV lane. Enforce-
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ment requirements on the curbside concurrent-flow 
lanes address illegal stopping, parking, or ineli­
gible vehicular travel in this lane. Median lanes 
are generally intended to provide HOVs with travel 
time advantages by bypassing traffic congestion in 
the general traffic lanes. Enforcement requirements 
address the illegal travel in the lane as well as 
possible illegal turning movements across the median 
HOV lane. 

Concurrent-flow lane projects can be operated 
effectively with reasonably few violationsi however, 
this may require a special enforcement program. 
Without special enforcement, the number of viola­
tions may interfere with the operations of the HOV 
lane. The following specific recommendations are 
offered for concurrent-flow HOV lane projects: 

1. Enforcement of HOV lanes may have 
t ional concern with parking and turning 
tions i these restrictions may require more 
ment attention than will violations of the 
itselfi 

an addi­
restric­
enforce­
HOV lane 

2. For a median lane HOV treatment, use of bays 
for left turns (closed off due to left-turn restric­
t ion) have proved to be an effective area for en­
forcement vantage points and detention areas, when 
coupled with a special enforcement programi 

3. Signing and markings should conform rigidly 
to standards, but special supplemental signs should 
be used as needed i limits of the HOV priority sec­
t ion should be clearly definedi 

4. For a median lane HOV treatment, cones or 
safety posts should not be employed to separate the 
HOV lane and general travel lanes (these implements 
can pose safety problems and do not favorably affect 
the violation rate) ; 

5. For a curbside lane HOV treatment, locations 
should be available or provided where officers can 
apprehend and issue citations to violators without 
encroaching onto the main roadwayi the use of cross­
streets may be an appropriate detention areai and 

6. For a curbside lane HOV treatment, the sign­
ing to permit right turns should specifically state 
the point at which a vehicle that is turning right 
may enter the priority lane. 

Median lane HOV treatments should be enforced by 
selective or special enforcement efforts. On curb­
side HOV lane treatments, routine patrols (mobile or 
foot) could be justified as capable of producing a 
tolerable violation environment. 

Contraflow Lanes 

A contraflow HOV lane is commonly a lane in the 
off-peak direction reserved for HOV vehicles travel­
ing in the peak direction. It can incorporate the 
median lane or the curb lane of a highway facility. 
A contraflow HOV lane that operates in the median 
lane is commonly associated with express-bus service 
that operates in a through mode or on a line-haul 
trip. A contraflow HOV lane that operates in the 
curb lane occurs on a facility that otherwise serves 
one-way traffic. This type of operation is commonly 
associated with local bus service that makes peri­
odic stops for loading and unloading passengers. 

Enforcement of both types of contraflow-lane 
treatments are concerned with (a) violators of the 
HOV restrictions and (bl violators of the supple­
mental traffic restrictions necessary to operate the 
contraflow lane. The violators of the supplemental 
traffic restrictions are frequently of much greater 
concern to enforcement officials. Supplemental 
traffic restrictions may involve turning movements 
across the HOV lane and parking or stopping in the 
HOV lane. 
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Violations of the bus-only restriction are un­
common because bus volum~s in the contraflow lane 
can be high and this provides a self-enforcing 
feature. Also, a non-bus vehicle in the contraflow 
lane is very conspicuous to police officers. An­
other deterrent is that the general lane traffic is 
moving in the opposite direction of the contraflow 
lane. With a bus-carpool contraflow lane, viola­
tions may be more prevalent because a violating 
vehicle is no longer as conspicuous as in the case 
with a bus-only restriction. 

The following specific recommendations are of­
fered for contraflow HOV lane projects: 

l. In addition to HOV lane violations, enforce­
ment also needs to focus on turning and parking 
restrictions: these restrictions may pose greater 
responsibilities for enforcement: 

2. Geometric and traffic control techniques 
intended to eliminate or physically impede access­
egress at intermediate intersections greatly en­
hances enforcement on contraflow facilities and 
should be deployed where possible: 

3. Overhead lane-use signals and signs should be 
used, especially where extensive visual clutter 
decreases the effectiveness of roadside signing: 

4. The use of temporary traffic control devices 
(such as cones, gates, and signs on stanchions) has 
proved to be effective in eliminating illegal turns 
across the contraflow lanes on projects that have 
physical medians: the elimination of illegal cross­
ing turns on projects that do not have physical 
medians will require site-specific enforcement; 

5. If possible, curbside contraflow lanes should 
be wide enough for a bus to pass a disabled bus 
safely: wide lanes enhance enforcement by providing 
an enforcement vantage point, a passing lane for 
violator apprehension, and a detention-citation 
area: and 

6. If possible, median contraflow lanes should 
have a median from which enforcement officers can 
monitor the project's operation: without this 
median, enforcement will be increasingly difficult 
and police will be required to cross the general 
craffic lanes. 

Routine line patrols should be adequate for 
enforcing many contraflow HOV projects. However, 
extensive turning restrictions when coupled with 
very little geometric or physical control of such 
restrictions can produce a significant amount of 
illegal and hazardous turning maneuvers. Therefore, 
selective and special enforcement strategies should 
be considered in such situations. Specific selec­
tive or special enforcement may include stationary 
or mobile patrols. 

INNOVATIVE ENFORCEMENT TECHNIQUES 

Readily available innovative techniques that could 
benefit HOV enforcement include the following: 

l. Use of photographic systems and instrumenta­
tion to detect HOV violations and identify the vio­
lators, 

2. Use of law enforcement paraprofessionals to 
detect HOV violations and identify the violators, 

3. Mailing of traffic citations and warning 
letters to the registered owner (identified through 
the license plate) of a vehicle that violates the 
HOV facility, and 

4. Mass screening of license tags to identify 
habitual violators. 

Two separate research projects sponsored by the 
U .s. Department of Transportation have studied 
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photographic instrumentation for enforcement pur­
poses. These projects are the Mobile ORBIS III 
speed enforcement demonstration project in Arling­
ton, Texas, and a photographic system for obtaining 
automobile occupancy counts. The Federal Highway 
Administration is extending this latter research, in 
part to produce a photographic system specifically 
for the various needs associated with enforcement of 
HOV facilities. This photographic system consists 
of a camera, a stroboscopic light source, and a 
vehicle-actuated triggering mechanism. 

The use of paraprofessionals removes the enforce­
ment responsibility from a valuable resource in 
short supply--the law enforcement officer. The use 
of such personnel or civilian observers for non­
arresting activities, such as development of a data 
base, could enhance the efficiency of the enforce­
ment process. 

The legal environment required to mail HOV cita­
tions to the owner of a vehicle that violates the 
HOV facility would exist if two legal concepts, de­
criminalization and presumption, are included in the 
jurisdiction's statutes or ordinances. Inclusion of 
these two legal concepts should preclude challenges 
made against citations mailed to the registered 
owner. 

A mass screening technique for license tags uses 
a small portable computer that stores information on 
vehicles that have been involved in certain types of 
unlawful activity. The data base is used by enter­
ing the license tag number of each vehicle en­
countered at an apprehension point. The system 
responds by indicating whether or not the driver 
should be detained. This concept could be adapted 
to HOV enforcement by defining the data base to 
include only those vehicles identified as repeat 
(but unapprehended) violators of HOV regulations. 

LEGAL ISSUES 

For many of the HOV projects that were surveyed, 
changes in law are necessary prior to the incorpora­
tion into the enforcement process of any innovative 
techniques. Certainly, a better understanding of 
the capabilities of traffic enforcement to execute 
such techniques within the existing legal environ­
ment is highly desirable. This research has identi­
fied five key legal issues associated with the 
innovative enforcement techniques. 

Admissibility of Photographic Evidence 

Courts recognize that photographs may be relevant to 
the issues and so they may be introduced as evidence 
to establish identities. It is highly unlikely that 
photographic evidence would be denied by the courts 
because of invasion of privacy, right to equal 
protection, or freedom of association. Use of pho­
tographs for other than HOV enforcement may consti­
tute illegal surveillance. Destruction of HOV 
photographs may also hinge on whether they are con­
sidered an exception to the public record statutes 
or ordinances. 

Instrumentation and Certification Requirements 

An HOV photographic instrumentation technique would 
undoubtedly need to undergo the process of securing 
judicial acceptance of the technique. Credentials 
of a judicially unestablished scientific device must 
be proved by expert witness testimony. Given suffi­
cient training, police officers and paraprofes­
sionals could be trained as experts in the workings 
of the HOV equipment so that their testimony would 
satisfy the expert witness requirement. After 
judicial acceptance, the need for repetitious expert 
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ver i fication will no longer be necessary. 

Visibility of Occupa nts 

The basis for the visibility of occupants issue is 
that fulfillment of the requirement for number of 
occupants in a vehicle in the HOV lane will be 
related solely to their visibility. It would be 
necessary to write into the legislation a presump­
tion clause that, unless the required number of 
persons is visible, the vehicle is in violation. 
This visibility presumption may be a rebuttable 
presumption so that the driver of the vehicle could 
present proof of the existence of the required 
number of occupants. The importance of this 
statutory language is that the burden of proof is 
initially on the motorist not the citing officer. 

Mailing of Citations to Owner of Vehicle 

HOV citations may be mailed to the owner of a 
vehicle in violation of the HOV facility if two 
legal concepts, decriminalization and presumption, 
are included in the jurisdiction's statutes or 
ordinances. Inclusion of these two legal concepts 
should preclude challenges made against citations 
mailed to the registered owner. Most states have 
established prima facie evidence presumptions in 
municipal parking ordinances whei:eby the registered 
owner is presumed to be the violator. These pr ima 

75 

facie presumptions have been found to be valid and 
constitutional. Where moving violations are treated 
as noncriminal infractions, they may be considered 
no different from parking violations. This is 
especially true where no points are assessed against 
a driver's record for the violation and the only 
penalty is a fine. 

Citation Issued by Nonwitnessing Officer 

Speed devices such as radar 
have been used extensively to 
officers to cite the violator. 

and air surveillance 
allow nonwitnessing 
Where the appropri-

ate statutes or ordinances have been passed or 
judicial precedent has allowed, such citations 
issued by nonwitnessing officers have been consis­
tently upheld by the courts. 
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Transit Lane Enforcement in the Central City 

GLENN ERIKSON, WILLIAM E. HURRELL, AND BONNIE WEINSTEIN NELSON 

Transit lanes in crowded urban core streets are potentially effective for improv· 
ing transit operations when they are available to transit vehicles. Concurrent· 
flow transit lanes are susceptible to violation by motorists. Police enforcement 
is often costly and inconsistent. A 2-year demonstration grant, from the Urban 
Mass Transportation Administration to San Francisco, tested the concept of 
self-enforcing lanes by using improved lane markings to heighten motorist's 
awareness and, hence, voluntary compliance. A separate study of nontraditional 
enforcement techniques was included within the grant funding. The results of 
the test showed negligible change in motorist's behavior, but the research un· 
covered valuable information about more significant contributors to transit de· 
lay, namely, double-parked vehicles and a spotty parking enforcement program. 
Subsequent implementation of new transit lanes on a downtown San Francisco 
street reflected the lessons learned on design techniques and enforcement pri· 
orities. 

Enforcement has always been cited as a key factor in 
the design and operation of transit priority treat­
ments. In the central city, enforcement of transit 
lanes, malls, and other transit preferential fea­
tures is both important and difficult. In San 
Francisco, effective enforcement of transit lanes in 
the central city poses a problem of unique com­
plex i ty. 

The central city area of San Francisco was 
originally laid out during California's gold rush 
era. As a result, the area is characterized by 
short blocks and narrow streets that are well suited 
for pedestrians. Today, however, transit vehicles, 
trucks and commercial vehicles, private automobiles, 
and bicycles all compete with the pedestrian for use 
of the streetscape. In this environment, the curb 
has become a valuable commodity. The central city 

largely lacks alleys and serviceways, and as a 
result, most of the movement of goods and service 
deliveries occur at the curb. At the same time that 
transit vehicles require use of the curb to load and 
unload, private automobile drivers similarly desire 
to use the curb for quick business and shopping 
stops. 

The result of this intense competition for use of 
the curb space in central San Francisco is frequent 
double parking and general abuse of curb parking and 
load i ng restrictions. These conditions contribute 
to a congested street environment, particularly 
during the midday when trucks and service vehicles 
are most prevalent. The general level of street 
congestion that prevails in the central area also 
encourages drivers to violate transit lanes. At the 
same time the San Francisco Police Department has 
been constrained by (a) limited resources, (b) a 
general public attitude that places a low priority 
on enforcement of traffic and parking, and (c) a 
need to ensure that the movement of goods and ser­
vice operations is not unduly hampered. 

These factors have combined to result in rela­
tively poor operating conditions for vehicles in 
central San Francisco. Transit vehicle speeds of 
4-8 mph are common on many street sections. Transit 
drivers often avoid use of transit lanes to stay 
clear of curb activity and avoid being trapped 
behind a double-parked vehicle. 

BACKGROUND 

In 1977, a formal study program, designed to di-
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rectly address the problem of transit lane design 
and enforcement in central San Francisco, received 
i'ln llrhiln Mass 'l'ran&portation Adminiotrntion (UMTA) 
grant. The 2-year demonstration project would focus 
on practical means to improve transit lane enforce­
ment and performance. Ultimately, the findings of 
the demonstration project would be applied to the 
design of new transit preferential treatments on the 
narrowest portion of four downtown streets. The 
demonstration project was just one of a continuing 
series of study, design, and implementation efforts 
undertaken as part of San Francisco's transit pref­
erential streets program. 

In 1972, in order to improve the overall effi­
ciency of transit vehicles, the city adopted a 
transit-first policy. The transit preferential 
streets program was initiated to implement that 
policy. San Francisco now provides an extensive 
system of transit preferential treatments. For the 
most part, however, these treatments have met with 
mixed success and public acceptance. Two related 
problems have clearly emerged to limit the success 
of the transit preferential treatments, particularly 
the central area transit lanes: 

1. The lanes were subject to continuous viola­
tions by motorists and repeated blockage by double­
parked vehicles and 

2. The lane markings and signing lacked high 
visibility and were confusing to motorists. 

These problems resulted in a general lack of 
acceptance of the value of the lanes by the public, 
the transit drivers, downtown merchants and busi­
nesses, and the police. If not resolved, it was 
feared that the ongoing efforts to fully implement 
the transit priority street program would be halted 
and that already implemented treatments would be 
eliminated. 

Two elements of the UMTA project were designed to 
deal directly with the enforcement problems: 

1. A self-enforcing transit lane demonstration 
project and 

2. A re,_riew !:!.!!".:! e•.1al!..!atic~ ~f ~~~t:-~ditiCii.Cil 

enforcement techniques. 

The goal of the self-enforcing transit lane 
demonstration project was to test the belief that 
improved transit lane markings and signing could 
i. mprove enforcement characteristics. The improve­
ments would be designed to reduce violations and 
also to facilitate existing police efforts to 
enforce the lanes. The study involved a before 
evaluation of the performance of the transit lanes, 
the design and implementation of the signing and 
pavement marking improvements, and then the after 
evaluation of the self-enforcing capabilities of the 
lanes. 

This study involved the identification and the 
evaluation of innovative techniques of transit lane 
enforcement. These techniques were to avoid the 
costly traditional approach of improved enforcement 
by allocating additional efforts by police officers 
assigned to traffic _patrol and were to emphasize 
cost efficiency, public acceptance, and ease of 
implementation. A particular concern of implemen­
tation was the legality of any proposed technique. 

SELF-ENFORCING TRANSIT LANE DEMONSTRATION 

San Francisco adopted an official policy of transit 
first by resolution of the board of supervisors in 
1973. It states, 

Declaring that municipal railway vehicles and 
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other transit vehicles be given priority over 
other vehicles on San Francisco streetsi that the 
Department of Cily Pldnnlny aml the Public Utili­
ties Commission develop a preferential transit 
street system within six monthsi suggesting meth­
ods of expediting transit service on duly desig­
nated "transit" streets. 

A report was published by three city departments 
later in 1973, and several concurrent-flow transit 
lanes were installed on Mission Street, the Sutter­
Post one-way pair, and later on the Geary-0' Farrell 
one-way pair. The experience with these lanes has 
been mixed. They have had some impact on motorists' 
driving behavior and have shifted traffic volumes 
from the bus-only lane to the remaining general 
traffic lanes. However, the violation rate remained 
high and active police enforcement was required in 
excess of that deemed desirable by the police de­
partment. 

Problem 

The concurrent-flow transit lanes in San Francisco 
are generally designed as 18-ft right-hand lanes and 
permit parking and goods delivery (curbside loading 
and unloading) at all times except during peak 
hours, when no stopping is permitted and towaway is 
in effect. Since right turns are also permitted 
from the transit lane, the mere presence of a 
motorist in the lane does not constitute a violation 
of the transit lane. To provide traditional en­
forcement, a police officer must observe the motor­
ist driving in the lane for some distance and 
continuing across an intersection. Then, having 
established that a violation of the transit lane has 
occurred, the officer must stop the motorist to give 
the citation. This stopping of the motorist for 
enforcement purposes can result in a more serious 
blockage of the transit lane than the original 
violation. Even during the peak hour, when curb 
towaway is in effect, the stopping of motorists by 
police can create a blockage of the lane (see Figure 
1). Finally, the traditional enforcement only 
catchP.!=t ~ perce!!t~ge of 't ic later~ •::hen it i:: ~~­

t ively pursued, and it is not feasible to maintain 
active enforcement full time. An additional element 
present was the reluctance of police officers to 
enforce these lanes because of a high incidence of 
motorists claiming they were unaware that they were 
<lrlving in a bus-only lane. 

Although some traditional enforcement is neces­
sary to keep teeth in the laws and to create a 
credible image to the motorist's mind that the lane 
is, in fact, reserved for transit use only, some 
other means of improving the effectiveness of these 
lanes was needed. 

Assumptions 

It was assumed that (a) a more clearly identified 
transit lane would result in a reduced rate of 
violation, (bl fewer police would be required to 
enforce the lanes, and (cl fewer motorists in the 
lane would increase the effectiveness of the transit 
lane and result in improved transit speed and reli­
ability. The concept of designing a self-enforcing 
lane developed after several years of experience 
with the initial lane design. A formal demonstra­
tion was proposed to the Office of Service and 
Methods Demonstration, UMTA. A grant was awarded in 
1977 for a 2-year study that included three prin­
cipal elements: 

1. A before-and-after measurement of the effect 
of improved lane markings on the violation rate and 
transit operational experience, 
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Figure 1. Enforcement procedures block transit lane . 

2. A study of nontraditional enforcement tech­
niques that might be used, and 

3. Design of new all-day transit-only lanes for 
the narrower portions of four downtown streets. 

All three elements are essentially complete. 

Methodology 

The research methodology for the self-enforcing lane 
demonstration was devised by UMTA' s Transportation 
Systems Center in Cambridge, Massachusetts, and the 
local evaluation consultant, Systan, Inc., of Palo 
Alto, California. An extensive before data base was 
compiled in July 1979. The statistics were gathered 
for three streets where the original lane marking 
and signing was in place and traditional enforcement 
had been employed periodically for several years. 
The three streets included the one-way pair of 
Sutter and Post and a six-block, two-way segment of 
Mission Street. 

The data collection included time-lapse movie 
films, speed and delay runs on board buses over the 
length of the test segments, and a postcard survey 
of both motorists and bus passengers relative to 
their awareness of the transit lanes and their 
feelings concerning the utility of the lanes. 

An experimental lane marking was developed by 
Wilbur Smith and Associates in conjunction with the 
multidepartmental committee that monitored the 
project. Bio-Technology, Inc., of Falls Church, 
Virginia, also made valuable inputs into the design 
of the markings; they were under contract to the 
Federal Highway Administration (FHWA) to test and 
evaluate several kinds of experimental highway lane 
markings. The adopted test design was a bold lane 
buffer or striping that included two parallel solid 
white lines, 8 in apart, with small diamond symbols 
10 ft on center between the lines. The transit lane 
was further defined by large painted diamonds in the 
lane, diagonal stripes at the beginning of each 
block, and overhead signs over the lane that clearly 
state BUS ONLY. These overhead signs were to sup-
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plement the existing roadside post-mounted signs. 
The after data were collected in July 1980 in a 

manner essentially identical to the before data. 

Results 

Table 1 (!.l shows little change in the motorists' 
rate of violations, and no measurable improvement in 
bus operating performance can be seen in the data 
below (!_) • 

Post Card Surve::t (%) 

Post Sutter Mission 
Bus Lane Awareness ~ Street Street 
Before new markings 94.4 90.4 90.6 
After new markings 94.0 91. 4 94 .1 

Overall, 41 percent were not aware of bverhead 
signs and 6 percent were not aware of the street 
pavement markings. 

Bus speeds showed no significant decrease in 
travel time. Data were not available on how well 
buses adhered to the schedule on Post-Sutter 
Streets. On Mission Street, no difference could be 
detected in mean headways between buses and the 
standard deviation of buses on schedule. 

Bio-Technology gathered independent data on two 
of the three test streets. Their methodology, which 
relied primarily on time-lapse films and some 
questionnaires, compared before-and-after data on 
the Post-Sutter one-way pair against similar data 
for a control sample of an adjacent one-way pair, 
Geary-0' Farrell. The control sample one-way street 
couplet has the older design, less-elaborate, 
transit-only lane markings [see Table 2 (l)J. 

What We Really Learned 

As with many experiments, what we learned was not 
necessarily what we set out to discover. The in­
tensive daily scrutiny of the lanes resulted in a 
clearer picture of what were the true inadequacies 
of the lanes. 

The problem was not one of moving violations by 
motorists driving in the lane nearly so much as it 
was one of parked vehicles and fixed obstructions in 
the transit lane. The vehicles legally in the lane 
to make right turns or to maneuver into a parking 
space were one source of delay. These vehicles most 
often result in the buses moving from the transit­
only lane to the general traffic lane to pass. This 
is a minimum delay factor in light-traffic situa­
tions but can become significant if the general 
traffic lanes are in heavy use. The most serious 
factor in delay to transit is caused by double­
parked trucks, tour buses, and, to a lesser extent, 
taxicabs and automobiles. Double parking can become 
so prevalent that, in some blocks, it is more common 
for a bus to be out of the transit lane than within 
it. The double parking stems from problems with 
commercial loading zones (yellow) , passenger loading 
zones (white and green), and special truck loading 
zones. In short, delay of transit vehicles is 
primarily the result of inadequate use and enforce­
ment of curb parking restrictions. 

Some of these difficulties may be unique to San 
Francisco, its physical design, its pattern of 
streets, lack of alleys, the zoning codes for off­
street loading, and even the history of police 
priorities and political pressures. However, many 
are no doubt similar to problems and situations in 
other cities and our findings and recommendations 
may have application elsewhere. Several steps are 
underway to correct the problems in San Francisco 
and are listed below. More general recommendations 
for implementation of concurrent-flow transit lanes 
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are included at the conclusion of this article. 
The immediate tasks necessary in San Francisco to 

imprnvP the pffpr:t.ivPnPRR nf thP tnrnRit lam~R and 
achieve this goal without heavy reliance on tradi­
tional police enforcement of moving violations 
include the following: 

l. A thorough reevaluation of the allocation and 
placement of curb space to various needs, such as 
parking, loading, goods deliveries, and turning 
lanes; 

2. Dramatically improved enforcement of the 
commercial loading zones and passenger loading zones; 

3. Changes in the designs of all new buildings, 
including nt!w hol.,ls, lo providt! parking fo1· service 
vehicles, deliveries, taxis, and tour buses on site 
or in a manner that will least impinge on the 
transit lane; 

4. Adoption of special legislation to specif­
ically prohibit double parking within a transit-only 
lane; and 

5. Tightening of the regulation of day-time 
street construction along the critical transit 
streets, especially in areas of heavy midday con­
gestion. 

NONTRADITIONAL ENFORCEMENT TECHNIQUES 

Where self-enforcement and design features of 
transit lanes are ineffective or insufficie'nt in 
eliminating violations, other enforcement techniques 
must be pursued. The need for additional enforce­
ment often arises when parking violations on an 
existing facility inhibit bus movement. Stricter 
enforcement practices may be required to reduce the 
conflict between goods movement and transit in the 
central areas of many major cities. 

Traditionally, the need for stricter enforcement 
has been met by sworn police officers who issue 
citations to violating vehicles. However, many 
police departments question the economics of spend­
ing police officers' time on traffic details at the 
expense of other law enforcement duties. Public 
response to traffic officers has always been nega­
tive, which reinforces the view that other police 
activities are more important than traffic law 
enforcement. For these reasons, many police depart­
ments are turning to traffic enforcement procedures 
that do not require the specialized training, au­
thority, and expense of a sworn officer. Although 

Table 1. Transit lane violation rate as percentage of all traffic on street. 

Street Time and Direction Before(%) After(%) 

Mission Morning inbound 16.5 19.6 
Evening inbound 25.2 23.4 
Morning outbound 20.2 19.6 
Evening outbound 23.0 23.6 

Post Morning inbound 4.7 2.5 
Sutter Evening outbound 5.7 4.5 

Note: Data are preliminary. 

Table 2. Summary of field study findings. 

Issue Where Intended Finding 
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many such procedures have been widely accepted for a 
number of years in selected locations, they are 
'J iven the ')eneric label nontraditional enforcement 
techniques because they attempt to break from the 
traditional concept of enforcement in which a single 
uniformed police officer performs traffic enforce­
ment activities randomly, along with the normal 
assortment of other police duties. 

Selective Versus Special Enforcement 

Nontraditional enforcement techniques can be divided 
into two major classes--selective and special, de­
pending on their frequency of application. Selec­
tive enforcement is generally a concentrated effort, 
applied periodically to areas where high violation 
rates have been reported. Because of the temporary 
nature of this strategy, no new personnel are nor­
mally required. Existing enforcement officers are 
temporarily reassigned until the program is con­
cluded, usually for a period that ranges from a few 
days to two weeks (_l) • 

Selective enforcement programs can be very well 
planned and executed at target areas on a scheduled 
basis, or they can be implemented based on the need 
for improved enforcement at specific locations. On 
the Interstate 35W bus bypass ramps in Minneapolis, 
selective enforcement campaigns are implemented by 
the police department when complaints are received 
from the public and from bus drivers. A selective 
enforcement program of the San Francisco-Oakland Bay 
Bridge toll plaza high-occupancy-vehicle (HOV) lanes 
is instituted following weeks when the violation 
rate exceeds 10 percent, as reported by toll takers 
and officers on patrol. 

Special Enforcement 

Special enforcement is characterized by (_l) "con­
tinuing, systematic manpower allocations and en­
forcement tactics specifically dedicated to enforce 
HOV (or transit lane) violations." Special enforce­
ment techniques are especially appropriate when 
routine enforcement measures cannot effectively 
i'!ddrPRR t.h,. Rper:i11l nPPclR nf thf' trnnRit priority 
treatment without sacrificing performance of other 
duties given equal or higher priority by police 
management. 

Special enforcement techniques vary greatly in 
their level of innovation, technology, use of police 
personnel, and cost. A special enforcement tech­
nique may be as simple as reallocation of existing 
staff to a transit priority enforcement batallion or 
as complex as use of photography and computers to 
issue citations. Although most special enforcement 
programs are relatively new and have not been 
thoroughly evaluated, they are generally regarded as 
successful from the standpoints of relieving the 
burden on sworn officers and improving the effec­
tiveness of transit priority treatments. 

Selective and special enforcement techniques can 
be combined in an integrated enforcement program. 
Use of each technique should be determined by the 
location of the facility, type and severity of 

Effect of buffer zone in 
arterial settings 

San Francisco 24-h 
bus lane 

No clear reduction in violations; no change in temporary special use lane intrusions 

Effect of shoulder-mounted 
versus overhead signs 

Effect of complete upgrading 
in information system 

San Francisco 

San Francisco arterial 

Violations reduced by 25-40 percent; drivers became more aware of special use lane 

Reductions in violations (25-40 percent) and temporary intrusions; effect lasted 30 
days only on one of the two streets; increased driver awareness of special use lane 
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violations, and availability of enforcement per­
sonnel. 

Enforc emen t Te c hn iques 

Many cities in the United States and elsewhere have 
used nontraditional enforcement techniques for all 
or part of their traffic enforcement program. The 
following techniques were examined as part of the 
transit preferential streets (TPS) demonstration 
project in San Francisco. 

Raised and Differential Fines 

The raising of fines for traffic violations is not 
in itself an innovative enforcement technique, but 
higher fines can induce self-enforcement when their 
rates are clearly advertised. Philadelphia recently 
raised fines for all traffic violations, and pre­
liminary reports indicate both an increase in reve­
nue and a decrease in the violation rate. City 
officials believe that the success of this program 
is due largely to the clear posting of the fines for 
violation of parking laws. Many motorists are 
willing to risk a citation for violating a parking 
restriction when the fine is equal to or slightly 
more expensive than the cost of parking in a down­
town parking garage. However, fines that range from 
5 to 10 times the cost of parking are a significant 
deterrent to violators. 

Many cities have developed differential fines 
based on the severity of the violation problem in a 
given area. Chicago, for example, charges special 
fines for vehicles that violate parking restrictions 
on streets designated as snow routes. Parking 
violations in Chicago normally carry a fine of $20, 
but violators on cited snow routes when there is 
more than 1 in of snow are assess ed a $100 fine. 
Repeat violations of the posted snow routes are 
assessed increasingly higher fines (e.g., $200 for 
second violation and $300 for third violation) and 
finally a license can be revoked. 

Implementation of a raised or differential fine 
program is often politically difficult. However, 
raised fines tend to increase city revenues without 
additional public expense and without invoking an 
unpopular tax. Public acceptance of raised fines 
can be improved through media campaigns geared 
toward educating the public about the purpose and 
scope of the new fines. A selective enforcement 
campaign, where warning-only citations are written, 
staged shortly after the raised fines are enacted 
can attract media attention and effectively prepare 
the public for the new fines. 

Civilian Officers 

The use of civilians in jobs that are normally 
performed by sworn officers has increased greatly 
over the past two decades. A large number of police 
departments throughout the country, including 
Seattle and Fort Lauderdale, Florida, have used 
civilian personnel for all or part of their traffic 
enforcement program. The work performed by these 
civilians is usually of very high quality, largely 
because traffic enforcement is their primary respon­
sibility. In Fort Lauderdale, where civilians write 
accident reports as well as enforce traffic laws, a 
study by the police department revealed that reports 
written by transit aides were of a higher quality 
than those written by sworn officers when evaluated 
on the basis of clarity, completeness, readability, 
explanation, and illustration. 

Although San Francisco employed 
civilian traffic aides prior to the 
study revealed many problems with 

two types of 
TPS study, the 
their program. 
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Traffic controllers were employed to direct traffic 
and issue citations for any traffic code violations 
they witnessed. However, the civilian aides gen­
erally did not have vehicles of their own and thus 
found it difficult to stop a motorist committing a 
moving violation. Parking controllers in San 
Francisco were mobile civilians who were empowered 
to issue parking citations only. Despite the 
mobility of the parking controller, problems de­
veloped with this program because of the physical 
danger to civilian aides who do not receive the 
respect accorded a uniformed police officer. 

Despite the problems with civilian programs, they 
remain a primary resource for improving enforcement 
levels without employing sworn officers. Civilian 
officers generally return more revenue to the city 
treasury than they displace for salaries, training, 
and equipment. The effect i veness of a civilian 
program can be enhanced through capital investment 
in specially marked uniforms and patrol cars. These 
distinctions also help to give an aura of authority 
to civilian aides. 

In Washington, D.C., a civilian force of 64 
persons is responsible for more than half of all 
tickets written in that city. This program gen­
erated more than $6. 5 million in revenue in 1977, 
and cost approximately $1 million. A cost-revenue 
breakdown for this program is shown in Table 3 (_!, 
p. 7) . Although the information in Table 3 is 3 
years old, it can serve as an order-of-magnitude 
estimate for the potential application of this 
program to San Francisco. Additional savings can be 
realized when sworn officers are supplanted by 
civilians whose salaries and benefits are signifi­
cantly lower than those of sworn officers. 

Transit Employees as Enforcement Officers 

Many transit agencies employ, or receive the ser­
vices of, a transit police unit. In some cities 
this unit is a group of sworn officers who have full 
powers, including traffic control. More often, 
transit police are specially trained employees of 
the transit authority. In either case, their 
primary responsibility is crime prevention. The 
duties of the transit police could be expanded to 
include traffic control, especially during peak and 
daylight hours when the perceived danger in riding 
transit is low. 

Other transit agency employees can also be used 
to assist in traffic law enforcement. In San 
Francisco, San Francisco Municipal Railway (MUNI) 
transit service inspectors have the authority to 
issue citations for both moving and parking viola­
tions in the transit lane. San Francisco is cur­
rently the only major city to employ such a program, 
which is seen as moderately successful by both MUNI 
and the police department. MUNI inspectors are 
primarily street supervisors and are limited because 
they operate on foot. Another limitation of this 
program is the time burden it places on the inspec­
tors, who are fully occupied during peak periods. 
Their assistance can be most helpful in citing 
parking violations before and after the peak travel 
periods. 

Public reaction to the use of transit personnel 
for traffic law enforcement has been generally 
unfavorable. The public views the role of transit 
police as strictly one of crime prevention and 
generally resists having their boundaries expanded. 
The use of other transit employees for traffic 
control is also viewed negatively because transit 
employees are not considered to have enough au­
thority to enforce the law. However, proper public 
education could help this problem and give more 
flexibility in the selection of enforcement offi­
cials. 
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Table 3. Cost-revenue profile of civilian enforcement program, Washington, D.C. 

Item 

Tickets 
Issued 
Collected (%) 
Avg collateral per ticket($) 
Gross revenue($) 

Cost($) 
Salaries for 64 employees 
Vehicles 
Gasoline and maintenance 
Equipment and supplies 
Uniforms 
Subtotal 

Net revenue 

sleeping Police 

Amnnnt 

975 000 
58 
11.32 
6 400 000 

766 000 
97 000 
24 000 

124 000 
19 000 

1 030 000 
' 170 000 

The sleeping police technique has been successfully 
implemented by many cities and highway patrols, 
including that of Sacramento, California. This 
technique involves the stationing of an empty patrol 
car in a visible location in areas where a high 
violation rate has been experienced. Motorists who 
are aware of traffic laws generally exhibit a higher 
degree of compliance in the presence of a police 
vehicle. This technique is especially effective in 
reducing moving violations because it is difficult 
to determine whether a parked car is occupied from a 
moving automobile. The sleeping police technique 
can be combined with live foot or car patrols to 
increase the impact of the decoy. The sleeping 
police technique can be combined with any of the 
others to reduce the personnel costs of more-labor­
intensive techniques. 

Boot and Tow 

A boot-and-tow program is the harshest of the inno­
vative enforcement methods examined in this report. 
It is also the most successful at reducing viola­
tions. This program is actually a combination of 
twn R~rnng ~nfnrcP-mP-nt ma~~ures: a towing and 
impoundment and a booting operation. A program of 
this nature was instituted in Washington, D.C., in 
October 1978 in response to rampant parking viola­
tions in the central area. 

Under the towing and impounding component, a unit 
of 33 civilian officers radio in the license plate 
number and location of the illegally parked vehicle 
to their supervisors, who phone or radio the dis­
patch off ice of a towing company under contract with 
the city. The civilian officer places a brightly 
colored orange citation under the windshield wiper 
of the violating automobile. The citation serves as 
a flag to the towing company and frees the enforce­
ment officer from waiting for the tow truck to 
arrive. John M. Brophy, public parking adminis­
trator at the Police Department in Washington, D.C., 
says that the tow vehicles are radio dispatched 
within a given beat radius and response time to a 
supervisor's call generally varies from 15 min to 1 
h. All towing operations connected with parking 
enforcement are provided by a private contractor, 
who is compensated with towing fees paid by viola­
tors. Dispatching and storage operations are con­
trolled by the district. 

All towed vehicles are automatically impounded. 
The registered owner of the vehicle must pay a $50 
towing fine, $3/day storage charge, plus all fines 
for previous tickets that the driver may have accum­
ulated. Ten dollars of the $50 towing penalty is 
returned to the towing company, leaving the remain­
ing $40 for the city. 
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The booting component of the enforcement program 
in Washington, D.C., is designed to stop repeat­
parkinq-law offenders and to decrease the number of 
parking citations that are not paid by violators. 

Each day, a special group of traffic enforcement 
personnel is given a list and description of vehi­
cles that have four or more delinquent tickets. 
Every time a traffic ticket of any kind is being 
issued, the enforcement officer checks the list to 
determine whether this vehicle has been a repeat 
delinquent offender. Sometimes an enforcement 
officer will find a booting candidate that may be 
parked legally. The vehicle will still be booted 
even if it is properly parked at that time, provided 
that it has four or more delinquent charges against 
it. If one of these cars is found, a boot is ap­
plied to the left-front wheel that prevents the 
vehicle from being moved. The boot will attach to 
vehicles both with and without a hubcap without 
harming the vehicle in any way. It can only be 
removed with a special key that is not reproduci­
ble. There has never been a recorded instance of a 
boot being removed by the violator. 

To remove the vehicle, the owner must go to the 
Office of Traffic Adjudication, as instructed on the 
boot, and pay a fine of $25 plus all delinquent 
ticket charges. If a booted automobile is not 
claimed within 48 h, the car is impounded, and the 
towing-impounding fees are charged in place of the 
$25 boot charge. This year the department hopes 
that its staff of 28 full-time civilian field 
officers will boot 20 000 automobiles. 

The boot-and-tow program has been considered 
successful, both by the police department and the 
transit authority. The primary positive impacts of 
the program have been the following: 

1. Improved deterrence--The system discourages 
illegal parking because violators are aware of the 
high penalties of impoundment or booting. 

2. Reduced operating costs--Contracting costs 
less than towing by the cityi the district did not 
have to invest in a large equipment inventory or 
place an added burden on its vehicle maintenance 
operationi further, the civilian aides cost less 
than sworn police officers on a one-to-one com­
parison. 

3. Increased towing activity--Increased towing 
activity, from 60 cars/day to 450 cars/day, improved 
clearance of critical automobile and bus lanes and 
reduced the number of hazardous and flagrant viola­
tions. From a January 1976 study of parking viola­
tions in the district, it was concluded that up to 
40 000 cars daily commit a parking violation for 
which they could be towed. 

A boot-and-tow program is relatively capital 
intensive. However, the experience of the District 
of Columbia indicates that the municipality can 
expect a net gain in revenues from this project, 
especially when fines for violations are increased 
for more serious or repeated violations. The boot­
and-tow operation in Washington, D.C., cost approxi­
mately $2.8 million in 1977, including one-time 
start-up costs of approximately $600 000. The 
program currently has net receipts of more than $10 
million, some of which is used to finance transit 
service. 

Table 4 (1, p. 8) summarizes the costs and 
revenues derived from the program in Washington 
during the start-up year. One additional revenue 
source that is not cited in Table 4 is the expansion 
of parking meter revenues, which have risen by more 
than 35 percent since the boot-and-tow program was 
inaugurated. Much of this increase can be attrib­
uted to the self-enforcement aspect of assigning 
high penalties to parking violators. 



Transportation Research Record 816 

Table 4. Cost-revenue profile of boot-and-tow operations. 

Item Tow($) Boot($) Total($) 

Revenue 
Tow revenue8 5 625 ODO 5 625 ODO 
Boot revenueb 400 ODO 400 ODO 
Delinquent fine revenue 3 734 ODO 3 734 ODO 
Storage feec 750 ODO 750 ODO 
Gross revenue 6 375 ODO 4 134 ODO ID 509 DOD 

Expens.:s 
Contract towingd I 125 ODO I 125 ODO 
Salaries and supplies 624 ODO 457 ODO 1 081 ODO 
Start-up costs 404 DOD 181 ODO 585 ODO 
Total 2 153 ODO 638 ODO 2 791 ODO 

Net revenue 4 222 ODO 3 496 DOD 7 718 ODO 

~1'ow ra\.oouci ~ '25 truc k.."1: 12 11 :si: l . S tows/h x 250 days x S SO. 
c Uoo1 rcv~nua = Io crews x 8 bool.$ x 250 days x 16 000 collections x $25. 
dStorage fco = $3 x no. of lO\\'S. 

Con tr.ace cowing= s 10 x no. or l OWll. 

Photography 

Still photographs have been used as an aid to the 
traffic enforcement officer in experiments in 
England and New Zealand. Professional photographers 
are placed on the civilian police staffs and are 
used in accident investigation as well as in enforc­
ing routine laws by photographing the license plate 
number of the car in a picture that clearly shows 
the infraction. A sworn officer or other civilian 
personnel issues a citation after the photographs 
are developed. The photograph is then considered 
admissible evidence in traffic court. Both the 
programs in England and New Zealand are still in the 
initial stages. 

In this country researchers have been experiment­
ing with the use of remote-controlled, time-lapse 
movie photography as a means of observing traffic 
flow. Three areas have been identified in which 
photography may be useful in enforcing traffic laws 
on transit priority streets. These are identifying 
violating vehicles, obtaining evidence of a viola­
tion, and studying violation patterns. 

A number of problems are associated with the use 
of photography as an enforcement tool, except in 
cases where moving or still photographs are used to 
identify violation patterns rather than for identi­
fication of a particular violator. For the most 
part these problems need not preclude the use of 
photography as an enforcement tool but will limit 
the amount and usefulness of the data that may be 
obtained. 

Camera Placement 

To take a clear picture of a vehicle suitable for 
submission as evidence in traffic court, an average 
distance of 50 ft between the camera and the auto­
mobile should be maintained. This consideration 
poses a problem for facilities that do not have an 
adequate median or sidewalk area. Camera placement 
may also be affected by security considerations. 
Photographs used for observation purposes only 
should be taken by a well-hidden camera so as not to 
bias the sample. Cameras placed in the open may 
contribute to self-enforcement, but they are also 
susceptible to vandalism. 

Weather and Lighting Conditions 

Weather conditions are impossible to control and are 
thus, perhaps, the greatest single barrier to the 
use of this technique. Lighting variations, espe­
cially during the evening peak hours, can affect 
photograph quality. Other ambient conditions, such 
as thick fog or rain, can further impair photograph 
reliability. 

Bl 

Cost 

The initial capital investment in camera equipment 
and the processing can be significant for this 
technique. These costs are particularly burdensome 
because the capital items may not replace any labor 
hours. Although a photographic detection system is 
highly mechanized, the analysis of data obtained 
from this technique is quite labor intensive. 

Legality 

Many municipal codes will not allow photographs as 
evidence in traffic court situations. In addition, 
there is a constitutional implication of invasion of 
privacy. Extensive research should be done on this 
aspect before an enforcement program is implemented. 

Public Educa t ion Programs 

Public awareness is a critical element in any 
enforcement program, particularly when the program 
includes innovative enforcement techniques. As the 
level of enforcement increases, so too should public 
awareness. However, public awareness is not a re­
placement for enforcement, it simply enhances a 
well-planned enforcement program. An extensive 
public education effort can reduce violations by 
giving active enforcement measures a self-enforcing 
characteristic. People who understand the need for 
improved enforcement generally have a more positive 
attitude toward the new enforcement program and the 
enforcement officers who carry it out. 

In the planning phases of a project, informal and 
formal public meetings and hearings are an appropri­
ate forum for discussion of the enforcement program 
and its content and consequences. 

A small expense for pamphlets or news releases 
may generate far more coverage as the media gain 
knowledge of the new programs. Inexpensive tech­
niques for public education include news releases 
and conferences, public service advertising, transit 
advertising space, speakers bureaus, and pamphlets 
or handouts. All public information should empha­
size the positive aspects of a change in the en­
forcement program, such as improved transit trip 
times and generally improved traffic flow. Where 
possible, drivers should be made to feel that they 
have several avenues of recourse, which vary from 
the judicial process to riding transit. 

In all cases, the primary message should be a 
simple statement of (a) what the law states and what 
is prohibited, (b) what will be done if a violation 
of that law occurs, and (c) what the consequences 
are if a violator is apprehended or cited. Other 
messages may be integrated, including the rationale 
for the law and appeals for mutual cooperation for 
the public good. 

SUMMARY AND CONCLUSIONS 

The San Francisco experience with a transit-first 
policy and transit lanes on city streets extends 
over 7 years. The program got off to a good start 
with a fair amount of interdepartmental cooperation, 
high expectations, and an extensive program of 
transit lanes and other transit preferential im­
provements. However, the program began to languish 
from a combination of inattention and less-than­
hoped-for-impacts on transit operating performance. 
Resistance to expansion of the program to areas of 
greater need, hence greater potential impact on 
motorists and merchants, grew and political and 
staff support waned. One particular problem was the 
cost and difficulty of providing an active enforce­
ment program with police personnel. 
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A 2-year UMTA grant has provided a full-time 
staff person to oversee the program and the means to 
furn] dUU o;xperiment with nontraditional enforcement 
techniques, including the design and evaluation of 
self-enforcing transit lanes. This focused atten­
tion has resulted in a new awareness of the poten­
tial and limitations of concurrent-flow transit 
lanes on city streets. An unanticipated byproduct 
of this study is a new emphasis on enforcement of 
parking regulations and a closer scrutiny of alloca­
tion of curbside parking and loading functions and 
their impacts on bus operating performance. 

A number of lessons learned from this experience 
should be transferrable to other cities that have or 
may be planning concurrent-flow bus lanes. Several 
of these important lessons or recommendations are 
listed. 

Self-En.f o rcement by Design 

The chief conclusion of the San Francisco study was 
that properly designed streets and transit priority 
treatment would lead to lower violation rates. At­
tention should be given to proper width, lane mark­
ings, curb bulbing, and bus-stop design. Curb 
bulbing is the moving of the curb out the width of a 
parked car (6-7 ft) at a bus stop. This will pre­
vent cars from parking in the bus stop. A poorly 
designed facility will continue to be an enforcement 
problem even with the most sophisticated and inno­
vative enforcement techniques. Specifically, the 
following practice is recommended. 

1. If at all possible, avoid lane designs that 
incorporate parking or turning movements within the 
lane by nontransit vehicles; 

2. Design lanes that are highly visible, in­
cluding a buffer strip between the lane and adjacent 
general travel lanes, large diamonds and the words 
"bus only" stenciled on the pavement, large roadside 
signs, diagonal markings or chevrons at the begin­
ning of each block, and, if feasible, overhead signs 
that call further attention to the bus-only designa­
tion; 

3. Desiyn tran:;lt:. li:iu.,:; of adequate width; if 
they are to include curb parking and loading, a 
minimum of 20 ft is recommended; 

4. Develop the maximum publicity concerning the 
existence and purpose of the lanes and point out 
that enforcement by regular police personnel is an 
integral part of the program. If the tine for 
driving in the lane is written on the signs, this is 
an additional self-enforcing technique; and 

5. Try to eliminate problems in the design stage 
by providing for the necessary loading, delivery, 
and service vehicle functions off-street, or at 
least away from the transit lane. 

Publ i c I nf o rma tion a nd I nnova t i ve Enf orc ement 
Techn i ques 

Public information must be a part of both self- and 
active-enforcement programs. Public information is 
critical in both distributing factual information 
and gaining public acceptance for a new enforcement 
program. 

The most effective of the innovative techniques 
are those that set strict penalties for violations, 
and thus encourage self-enforcement and reduce 
police labor hours in traffic enforcement. A prop­
erly administered boot-and-tow program, such as the 
one in Washington, D.c., is an excellent example of 
a good, strict enforcement plan. 
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Finally, in adopting a new enforcement plan, 
evaluate each element on the basis of cost, ease of 
implementation, public acc&ptanc&, ana Gnnrn 1 ni'tt ion 
with other elements of the enforcement plan. A 
fully integrated plan should incorporate both self­
and active-enforcement techniques and should use 
both selective and special enforcement measures. 

The Board of Supervisors in San Francisco has 
authorized a 10-month demonstration and evaluation 
of the first major new exclusive bus lane in several 
years. The lane was installed on Stockton Street 
through the heart of Chinatown and the Union Square 
retail area downtown early in 1961. Everything that 
has been learned in the last 2 years about the real 
and assumed causes of delay to transit influenced 
the design. The self-enforcing lane markings, lane 
signs, wider lanes, relocated midblock bus-curb 
bulbs, and a careful look at all adjacent land uses 
and the curbside access needs were incorporated in 
the Stockton Street lane. Enforcement, especially 
of the parking, loading, and double-parking regula­
tions, is a key element of the 10-month program. 
This is the first time the city has authorized a 
transit-only lane in an area where it is vitally 
needed. Success will depend on the combination of 
many factors in the design and operation of the 
transit lane. However, in San Francisco, we are 
concerned that a large measure of the success or 
failure of the transit lane will depend on the 
enforcement and that enforcement begins in the 
courts. 
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Enforcement as a Consideration in TSM Planning 

MICHAEL D. MEYER AND JAMES SHELDON-DEAN 

With the recent focus in transportation planning on obtaining more efficient 
use of the existing transportation system, many agencies unaccustomed to 
playing a major role in transportation planning and implementation are of 
critical importance in successful project development. This paper examines 
the role (and the obstacles of playing such a role) of enforcement agencies 
in the transportation system management planning process. Two transpor­
tation projects in Boston-a preferential lane on an expressway and a center 
city automobile-restricted zone-are described and used to illustrate the im­
portance of enforcement in successful project implementation. The paper 
concludes that several institutional barriers hinder effective police partici· 
pation in the project planning process. In general, police representation 
somewhere in the project development process was deemed necessary by 
police officials. In the case of Boston, the police agencies provided useful 
technical information to project planners. Strong enforcement should begin 
immediately at project initiation and then taper off to be reapplied when 
necessary. It is recommended that local transportation agencies provide op­
portunities for police participation in project planning, with the needed 
financial support if necessary. Also, the U.S. Department of Transportation 
should modify existing transportation programs (or seek the legislative 
changes needed to do so) so that enforcement activities can be funded. 
Technical information should be provided to both transportation planners 
and police officials on the role that enforcement has in transportation proj­
ect development. 

Urban transportation planning in the United States 
has changed tremendously during the past two de­
cades. Most recently, transportation planning has 
experienced a pronounced shift toward planning that 
is service-oriented (rather than facility-oriented), 
that involves relatively inexpensive actions, and 
that seeks, through operational changes, the most 
efficient use of existing facilities (j). This 
shift in focus was first formally introduced into 
the transportation planning process by the joint 
transportation system management (TSM) planning 
regulations of the Urban Mass Transportation Admin­
istration (UMTA) and the Federal Highway Administra­
tion (FHWA) in September 1975 (1). One consequence 
of this type of planning is that it requires the 
participation of actors who never thought of them­
selves as being related to transportation planning 
because of the previous long-range focus and the 
general disregard for implementation concerns of 
such efforts. The purpose of this paper is to ex­
amine the role of one such group of actors--those 
agencies that are responsible for enforcing the TSM 
actions once they have been implemented. 

TRANSPORTATION PLANNING AND ENFORCEMENT 

Several examples in the transportation sector illus­
trate the enforcement component of TSM projects. In 
Miami, where minimal enforcement was provided for a 
preferential lane project on a major freeway in the 
region, the percentage of vehicles not in compliance 
with the mandated occupancy level reached 75 percent 
(3). Police enforcement of the Santa Monica diamond 
i;ne experiment kept the violation rate to only 
10-20 percent (4). In Boston, a self-enforcing, 
voluntary diamond lane experienced a violation rate 
of greater than 80 percent (.?_). When police began 
ticketing violators through the mail, the violation 
rate fell to 35 percent (and the resulting conges­
tion in the general use lanes became so unacceptable 
to expressway users that, through political pres­
sure, the project was terminated). At a recent 
meeting of the regional TSM committee in Boston, a 
planner, in describing a recently implemented auto­
mobile-restricted zone (ARZ) stated that the en­
forcement campaign had been the biggest factor in 

the ARZ's success to date. In Washington, o.c., an 
innovative parking enforcement program has played a 
major role in controlling the illegal use of parking 
space and in maintaining traffic flow (&_). 

The literature in transportation planning seldom 
mentions the role of enforcement in project 
planning. In fact, a recent review of the litera­
ture, along with interviews of TSM planners in 18 
U.S. cities, found the following (]_): 

1. Most police agencies consider traffic en­
forcement measures solely as a means to reduce acci­
dents or improve the safety conditions of a specific 
facility. The use of enforcement to achieve other 
objectives (e.g., improve traffic flow or reduce 
parking availability) has not been found in the 
literature. 

2. The transportation agency most often cited as 
having some interaction with the police department 
is the traffic engineering department. This inter­
action was necessary for accident prevention and 
other safety-related issues. Little evidence was 
found of cases where the police participated on an 
ongoing basis in a transportation planning process. 

3. An effective enforcement program encompasses 
more than just the police agency; it also includes 
the courts, state licensing agencies, and transpor­
tation implementing agencies. 

4. Administrative adjudication has been used in 
some cases to relieve the heavy load of traffic 
cases that the courts must hear. This has provided 
speedier, less-expensive disposition of traffic 
cases. 

5, The important role of enforcement in parking 
management strategies has received the most atten­
tion in the transportation literature. Most 
authors, however, have simply commented on the 
necessity for enforcement and do not examine reasons 
why it might not occur. 

6. Recent attention to the success and failure 
of high-occupancy vehicle (HOV) lanes has pinpointed 
enforcement as a critical factor in the operation of 
the facility. A concern over the safety of the 
police officer, a lack of resources to undertake 
such an effort, and the noninvolvement of the police 
agency in the project design phase have contributed 
to a hesitancy on the part of the police to enforce 
HOV lanes. 

7. Those TSM plans that do mention enforcement 
include it as a component of specific projects. Few 
mention enforcement as a TSM strategy in its own 
right. 

8. Few TSM planners consider enforcement during 
the planning process. Most planning for specific 
TSM projects assumes that the project will be en­
forced and that the specifics of the enforcement 
strategy will be worked out between the police 
agency and the implementing agency. 

All of these examples underscore one important 
lesson--if we are truly serious about managing the 
existing transportation system, we cannot ignore en­
forcement as a strategy that has the highest poten­
tial payoff. And yet, few TSM planners consider 
problems of enforcement during the planning pro­
cess. Further, representatives of enforcement agen­
cies are not actively involved in the planning of 
such projects. These findings lead to some inter­
esting research questions about what role enforce-
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ment agencies should have in the TSM planning 
process. 

1. What are some of the institutional con­
straints that limit the participation of enforcement 
agencies in the transportation planning process? 

2. How do police representatives view their in­
volvement (or lack thereof) in the planning process? 

3. What information or technical capabilities do 
enforcement agencies have that could complement 
existing planning approaches? 

4. How can transportation agencies at all levels 
of government contribute to an increased role for 
the police? ilnd 

5. How do the characteristics of an enforcement 
strategy relate to project implementation? 

To answer these questions, several case studies 
were conducted of TSM project planning in the Boston 
metropolitan area. Two projects--a preferential 
lane on a major expressway and an automobile-re­
s tr icted zone in the center city---will be briefly 
discussed in this paper. A more detailed analysis 
of these and other projects and their relationship 
to enforcement concerns can be found elsewhere (~) . 

CASE STUDY A: THE SOUTHEAST EXPRESSWAY RESERVED 
LANE 

The Southeast Expressway is the most heavily con­
gested roadway in Massachusetts. This major highway 
serves the Boston metropolitan area. During the 
past 20 years, it has received increased attention 
from local transportation planners and engineers as 
to possible ways of decreasing the burden. The ex­
pressway has also become the focus of often heated 
public debate as the different attempts at solving 
the expressway problem have created negative impacts 
on several constituent groups. The Southeast Ex­
pressway reserved lane was the latest, and most con­
troversial, effort to improve the performance of the 
expressway. The purpose of this case study is to 
examine the role of the enforcement agencies in the 
planning and implementation of the lane, with 
special attention given to the problems of such a 
scheme as perceived by those responsible for en­
forcement (.2_) • 

Enforcement Problem 

The type and extent ot entorcement for the Southeast 
Expressway reserved lane project were influenced by 
several factors. First, the reserved lane removed 
and existing lane from general use without providing 
for additional capacity, thus large numbers of 
drivers could be expected to attempt (and, in fact, 
did attempt) to circumvent the resulting congestion 
in the remaining general purpose lanes by using the 
reserved lane. The enforcement of the lane, there­
fore, given this large potential for violations, 
would have to be on an extensive scale. Second, the 
8-mile reserved lane was to be separated from the 
general use lanes by 19-in plastic posts spaced 20 
ft apart in heavily congested areas and 40 ft apart 
in the remaining areas. Given that there was no 
physical separation between the preferential and 
nonpreferential lanes, the safety risks of cars 
weaving in and out of the reserved lane were quite 
high. Third, there was no space along the length of 
the project where violators could be pulled over and 
ticketed. Enforcement control of the lane would 
thus have to occur at the beginning or end of the 
project. Finally, the project extended through two 
police agency jurisdictions, which required that 
some effort be made to coordinate the activities of 
both agencies. 
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The Plann i ng Stages 

'.l'he planning or the reserved lam• l.Jegdu almost 2 
years before it was actually implemented and in­
volved most of the transportation agencies in the 
Boston region. The Massachusetts Department of Pub­
lic Works (MDPW) was the key agency involved with 
the project in that it was responsible for the 
operation of the Southeast Expressway. Starting in 
November 1976, weekly meetings were held under its 
auspices with the other affected agencies to coordi­
nate preparations for lane implementation. The 
other agencies included the Executive Off ice of 
Transportation and Construction (EOTC), which is the 
state department of transportation and whose offi­
cials were the major proponents of the lane i the 
Massachusetts Bay Transportation Authority (MBTA), 
which is responsible for operating public transpor­
tation in the Boston region; and the Metropolitan 
District Commission (MDC) and the state police, the 
agencies responsible for policing specific highways 
in the region. 

The major proponents of the project viewed the 
lane as a very visible and effective means of show­
ing the region's commitment to TSM and air quality 
and energy conservation objectives. Other transpor­
tation officials, however, were skeptical about the 
feasibility of the lane. The MDPW officials argued 
that the engineering considerations for implementing 
the project were formidable, and police officials 
stated that, given its design characteristics, the 
lane was unenforceable. Perhaps more importantly, 
the opportunity for cars to weave in and out of the 
lane created serious safety problems. It was 
decided early in the project planning process that 
driver compliance to the reserved lane would be on a 
voluntary basis because (lQ.) 

1. The voluntary approach simplified the legal 
requirements for implementation and enforce­
ment of the express lane project. 

2. Public acceptance of a voluntary lane would 
be greater and the concept could be proven 
without alienating those opposed to the proj­
ect at the o;larl. The respon.!libility for the 
success or failure of the project was, there­
fore, shifted to the general public (and each 
commuter then using the expressway) and away 
from a focus on the police's ability or right 
to enforce the three-occupant carpool re­
quirement. 

The role of the enforcement agencies was thus to 
be limited to assisting in accident situations and 
traffic control, which was the role both agencies 
were satisfied in playing. 

Representatives from the MDC and state police 
agencies attended the weekly meetings at the MDPW 
and reported on their efforts to increase their 
capability to respond to any incidents on the ex­
pressway. Often at these meetings, however, police 
representatives expressed the concern that had 
worried them throughout the planning stage--the pos­
sibility of serious accidents caused by vehicles 
weaving in and out of the reserved lane. Police 
representatives repeatedly suggested that some pro­
cedure be adopted that would result in some respect 
for the cones. MDC representatives suggested that 
repeat violators be sent a letter to the effect that 
their action had been reported to the Registry of 
Motor Vehicles for disciplinary measures. They also 
requested that press releases about the reserved 
lane emphasize that, although compliance was volun­
tary, noncompliance was, in fact, a violation. Both 
of these suggestions were adopted. 

In summary, both the MDC and state police agen-
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cies played an active role du ring the plann i ng of 
the reserved lane. Both agenc ies , however, wel'.e of 
the opinion that (a) the lane was unenforceable and 
(b) serious safety problems were associated with the 
weaving of automobiles in and out of the lane. But, 
because the decision had been made to go ahead with 
the project, the agencies were very cooperative in 
designing a strategy for effective implementation. 

I mplementation 

When finally implemented on May 4, 1977, the re­
served lane extended along an 8-mile stretch of the 
Southeast Expressway and was reserved for buses and 
carpools of three or more occupants. During the 
early days of operation, the results were close to 
those expected. Travel times in the reserved lane 
decreased (between 20 and 40 percent), travel times 
in the regular lanes increased (by 40 percent) , the 
number of carpools on the expressway increased (by 
a bout 33 percent) , and the noncompliance r ate was 
high (the percentage of legal users of the lane 
ranged between 22 and 41 percent). The high non­
compliance rate was of serious concern to transpor­
tation official s because it not only negat ively af­
fected the abi li ty of the lane to ha ndle HOVs but 
also encouraged automobile drivers caught in the 
congested regular lanes to weave into the reserved 
lane. Indeed, the violation rate i ncreased steadily 
until, by the end of May, it was decided that some 
enforcement effort had to be made. 

Two major c ha nges were made at the e nd of May 
that were des igned to improve the compl iance rate. 
First, the state began recording the license plate 
numbers of viola tors and sent them letters request­
ing that they compl y. Second, add itio nal plastic 
inserts were placed in those sections that ex­
perienced the highest rate of weaving movements. 
Signs were posted that noted the weaving restriction 
and the police began to enforce it. The enforcement 
and compliance obse rvation was accompl i s hed by 
having police cru i se r s travel in the lane nearest to 
the reserved lane, which provided the police officer 
with good opportunities to observe automobile be­
havior in the lane. The results of these enforce­
ment efforts, however, were discouraging. 

By early October, the reconstruction work on the 
expressway was completed. However, transportation 
officials had already decided to continue the lane 
past the reconstruction stage because they were con­
vinced that the concept had been successful in in­
creasing the productivity of the expressway and that 
it was now accepted by the commuters as a feasible 
use of road space. It was further decided that, if 
the lane were to have a major impact on travel in 
the corridor, it was essential that it be enforced 
and that fines be levied against those in violation. 

The decision to enforce the lane created problems 
for the police agencies. The police agency rep­
resentatives still maintained that the lane was un­
enforceable, except for sending citations through 
the mail , and they were uncertain as to the legality 
of t his action. It was not until a local judge 
agreed that the mailing of citations was acceptable 
that the police agencies agreed to enforce the 
regulation. The regulat i on, similar to one already 
used by the Massa chusetts Tu rnpi ke Authority in en­
forcing toll payment, stated that (ll): 

..• Where a violation is observed by a police of­
ficer and the officer is unable to give the 
original of the citation to the violator at the 
time of such offense because the violator could 
not have been s topped or the failure is justified 
for some other r e ason ••• the c i tation shall be is­
sued to the registered owner's last address as 
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appearing in the records of the Registry of Motor 
Vehicles. 

This regulation also provided for a maximum fine of 
$20 payable by the owner of the car in noncompliance. 

This new phase in the lane operation began on 
October 17, 1977, and almost immediately there was a 
public outcry against the project . Several legis­
lators introduced a bill that would have prohibited 
the MDPW from continuing the lane and another bill 
that would have decreased the occupancy requirement 
for the lane from three plus to two or more persons, 
an action that would have effectively killed the 
project. On November 2, 1977, the MDPW commissioner 
announced the immediate termination of the project. 
All citations that had been issued during the en­
forcement period were dismissed. 

CASE STUDY B: THE DOWNTOWN CROSSING 

The Boston downtown retail district has been the 
focus of many improvement programs during the past 
15 years. Numerous new office buildings, the con­
struction of a government center, and the recently 
completed and successful Faneuil Hall complex, all 
located in the downtown area, have made the Boston 
central business district (CBD) one of the most ac­
tive and thriving in the United States. In an ef­
fort to encourage the continued physical and eco­
nomic revitalization of downtown Boston, city 
officials proposed and implemented an ARZ centered 
on Washington Street, the center of the commercial 
district ( 12) • The ARZ, called the Downtown Cross­
ing, was designed to take advantage of the high 
level of mass transit access provided by four subway 
lines and several express and local bus routes and 
the pedestrian activity that occurs in the area. As 
has been stated by several Boston officials, how­
ever, the successful enforcement of restricted ve­
hicle access and parking was the key factor in the 
initial acceptance and eventual success of the Down­
town Crossing. 

Enforcement Pro blem 

The successful implementation of any innovative 
transportation project requires that the general 
public be informed of the new system or service and 
also that special effor ts be made to ensure com­
pliance with new rules or regulations, if such 
exist. One of the major components of plans for 
ARZs is a scheme for rerouting the traffic that 
originally traveled through the study area and a 
plan to direct those automobiles that were original­
ly parked in the ARZ area to special park i ng ' loca­
tions at the per i phe ry. The enforcement component 
of the strategy to implement an ARZ is thus to en­
force all parking, traffic, and loading regulations 
in the study area and in the areas immediately adja­
cent to the ARZ. This enforcement is necessary not 
only to ensure the safety of the pedestrians who now 
use the street areas but also to maintain the flow 
of traffic that now bypasses the central area. The 
first objective (to ensure the safety of the pedes­
trian) is even more critical in those ARZ plans that 
do not begin with massive redesign of the street 
system so that it looks like a pedestrian zone but 
rather convert the existing street to pedestrian use 
as the first stage in an incremental implementation 
strategy. 

The Downtown Crossing provided an especially dif­
ficult enforcement problem. Although the original 
traffic volumes on the streets that would constitute 
the ARZ were not large in comparison with those for 
other cities, the narrow streets and complex traffic 
circulation in the area produced high levels of con-
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gestion throughout the day. On Washington Street, 
for example, the evening peak-hour volume was close 
to 1000 vehicles, a traffic volume that would now 
have to find alternative routing (assuming that the 
Downtown Crossing would not significantly affect 
modal choice for the work trip). Another factor 
that exacerbated the congestion problem was the high 
level of illegal parking that occurred throughout 
the area. For example, a traffic study completed in 
1976 indicated that traffic flow in downtown Boston 
could be increased by 35-40 percent if illegal park­
ing were eliminated in the area (13). A previous 
study in 1972 found that 27 percent of all cars 
parked in downtown Boston on an average day were 
parked illegally (14) . In specific regard to the 
Downtown Crossing, it was estimated that its imple­
mentation would eliminate approximately 600 on­
street parking spaces, 240 legal and 360 illegal 
Cl?.). Thus, the implementation of the Downtown 
Crossing would displace a large number of vehicles 
that would need alternative locations to park and 
presumably, if given the chance, would still be 
parked illegally in the Downtown Cros sing area . 

In add ition to the large number of legally and 
illegally parked cars in the ARZ area, the downtown 
was the focal point for many deliveries of urban 
goods. On an average day, almost 3000 deliveries 
were made in the area that includes the Downtown 
Crossing and areas adjacent to it. Again, if the 
Downtown Crossing was to be a safe area for pedes­
trians, access to the area by delivery vehicles had 
to be strictly controlled and would require strong 
enforcement of loading and unloading restrictions. 

In summary, the enforcement problems associated 
with the Downtown Crossing were formidable. The 
public had for many years considered illegal parking 
an acceptable risk to take because of the lack of 
follow-up to any tickets received. The crossing was 
also going to displace a relatively large number of 
parkers whose initial reaction would most likely be 
to park illegally in the ARZ area. Although the 
volume of traffic that now had to be rerouted was 
not large, the narrow streets would create high 
levels of congestion that, if augmented by delays 
caused by illegally parked cars, could become un­
bearable. Finally, the downtown area attracted 
almost 3000 delivery trips daily that would now have 
to be consolidated or the times of delivery changed 
so that the deliveries could be made during speci­
f icd hours. Enforcement of these loading regnlll­
tions would be critical to the success of the Down­
town Crossing. All of these factors created the 
need for a well-conceived enforcement strategy and a 
potentially vital role for the police department in 
the project planning process. 

Round 1: The Ea.Ely Stages 

Transportation problems in Boston have, for a long 
time, received a great deal of attention from city 
officials and professional planners. The governor's 
decision in the early 1970s to halt plans for major 
highway construction in the city created a cadre of 
transportation professionals concerned with many of 
the then nontraditional approaches to TSM. Thus, 
during the past decade we have seen in Boston ef­
forts to increase parking restrictions, the imposi­
tion of a freeze on the provision of new commercial 
parking spaces, consideration given to discouraging 
commuter traffic through neighborhood areas, and 
greater emphasis on the important role that trans­
portation investment can have on encouraging 
development in the downtown area. With this as a 
background, it is not surprising that serious ef­
forts would be made to implement an ARZ in downtown 
Boston. 
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The Downtown Crossing was not the first time that 
an automobile restriction had been tried in Boston. 
In the 19~Us, Winter Street had 1..>""11 closed on an 
experimental basis several times. In 1971, Washing­
ton Street was closed on Saturdays to allow car-free 
shopping. However, the Downtown Crossing was the 
first attempt to create an ARZ on a permanent 
basis. The idea for the crossing came from offi­
cials in the mayor's off ice who thought that the 
c rossing made sense not o nly from a transpor tation 
p lanning point of view but also as a n illustra t i on 
o f the mayor ' s conce r n and i n ter est i n maintain ing 
t he Boston downtown area as the focal po i n t of re­
g ional economic activ ity. In these ear l y stage s , 
three a gencies were i nvolved i n t he proj ec t develop­
me n t p rocess--the Boston Rede velopment Autho rity 
(BRA) , the Boston Traffic a nd Parking Commission, 
and t he mayo r's off ice . However , onl y afte r the 
major proponents of the c r ossing l eft the mayor's 
off i c e and bscame key officials i n t he Traffic and 
Parking Commission did the Downtown Crossing become 
a priority item on the transportation agenda for the 
city. 

The perspective on the enforcement component of 
the Downtown Crossing plan differed significantly 
between the staffs of the different agencies in­
volved. Staff members of the BRA thought that the 
project had to be designed for self-enforcement 
(i.e., the project should incorporate as many fea­
tures as possible that make the Downtown Crossing 
look like an area where cars should not be). Sug­
gestions for these features included mountable 
curbs, brick paving, and special lighting. Staff 
members of the traffic and parking commission 
thought that, given the public attitude toward en­
forcement, any effort to enforce the regulations in 
the crossing area would be ineffective and that the 
best strategy would be to sign and signalize the 
area so as to discourage drivers from entering. The 
officials in the mayor's office, however, felt very 
strongly that, unless a major effort were made to 
actively enforce the crossing, it would be a fail­
ure. Their desire for an active enforcement program 
grew over time, especially when representatives of 
tne aowntown merchants stated thai: Lb~it- ouppvLt fvL 
the project was contingent on the provision of 
police enforcement. 

Thus, when planning for the Downtown Crossing be­
came a priority activity, the question of what level 
of enforcement would be appropriate and feasible for 
the project became very i mportant . The role of the 
police department up to this time had been minimal. 
With enforcement now an issue, the police department 
had to be involved in the project planning process 
and, at the request of the traffic and parking com­
missioner, a representative of the police department 
participated in formulating the enforcement compo­
nent of t he project p roposal . His major role, how­
ever, was to review the proposed enforcement strate­
gies and to identify barriers to their successful 
implementation. 

The proposal to UMTA to request federal money to 
support the Downtown Crossing included a request of 
$134 400 in Section 6 of the Urban Mass Transporta­
tion Act of 1964, as amended, demonstration grant 
funds for the provision of enforcement. This figure 
included funds for four police officers (two from 
8:00 a.m. to 4:00 p.m. and two from 4:00 to 10:00 
p.m. ) and two add itiona l t ow-truck opera t o rs , both 
group s f o r a period o f 5 2 weeks . The enforc ement 
cos t s were to c o ve r Clli " i nunediate police tow i ng of 
illega l ly parked c ars and t he assignment o f o fficers 
at the t wo majo r e n try po i nts i nto the TTI P (Down­
town Crossing] area and at the intersections which 
require traffic officers ." 

Up to the s ubmiss ion of this grant application, 
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the police department had not been actively involved 
in the project planning process. However, enforce­
ment was now clearly identified as a major factor in 
the likely success of the Downtown Crossing. Police 
officials were to play a critical role in the suc­
cessful implementation of the Downtown Crossing, al­
though this role was not so much a result of police 
department policy as it was of personal commitment 
to the project. 

Round 2 : Implementation 

With approval of the UMTA demonstration grant, more 
detailed plans could be made on the specific imple­
mentation steps needed to complete the project suc­
cessfully. An enforcement plan, so detailed as to 
discuss the exact position of police officers on the 
streets, was developed by a planner in the traffic 
and par k ing commission and an official in the 
mayor's office who was familiar with the then exist­
ing towing program. The police department represen­
tative reviewed this plan and identified the prob­
lems that would be faced in its implementation (such 
as the personnel assignments being incompatible with 
the existing structure of work shif ts) . As before, 
the role of the police department throughout this 
stage of the project was one of reviewing the plans 
made by others rather than developing a plan of its 
own. However, individual police officers were soon 
beginning to influence the evolution of the plan as 
they became actively involved with specific compo­
nents of the plan. 

One of the most useful inputs from the police de­
partment came from a group of lieutenants being 
trained in the Boston Police Academy. They were 
asked as an exercise in one of their classes to ex­
amine the enforcement plan of the Downtown Crossing 
and to recommend changes that would make the plan 
more effective. The enforcement resources in the 
original proposal were considered by this group to 
be too small by half. The lieutenants recommended a 
three-phase program. The intensive phase 1 included 
five entry control officers, three of whom patrolled 
successive blocks of Washington Street that led to 
the restricted area. These officers were to siphon 
off traffic before it could cause a disruption at 
the entry point. Additional resources allocated in 
phase 1 included five tow trucks and four meter 
maids. Phase 2 was to be a program to maintain con­
tinuous enforcement surveillance in the area, and 
phase 3 would be an intensive program done randomly 
to freeze positive enforcement attitudes (ll). 

The plan was thus to provide heavy enforcement 
during the first month, remove the pressure for two 
weeks, and then reapply it for two more weeks . The 
reasoning for this strategy was that the public had 
to be convinced early in the project operation that 
city officials were serious about enforcing the re­
strictions. Enforcement could then be allowed to 
taper off but reapplied at periodic intervals or 
when circumstances dictated. Another element of the 
plan included a concentration of enforcement efforts 
on the main street and allowances given to illegal 
parking on side streets. The lieutenants thought 
that this differentiation between important area s 
and less-important areas helped create an image of 
enforcement in the crossing area while not tying up 
traffic on peripheral steets with massive towing of 
vehicles. The maintenance of the traffic pattern 
was considered by the lieutenants a crucial objec­
tive of the enforcement plan. 

Another key police actor in the development of 
the enforcement plan was the lieutenant in charge of 
the police towing enforcement unit. The lieutenant 
and an official in the ma yor's office worked closely 
in devising a towing program for the Downtown Cross-
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ing that made a vailable towing capability by switch­
ing the duties of existing tow operators from 
general scofflaw apprehension (tow and hold) to a 
concentrated effort on the Downtown Crossing. No 
additional towing resources were thus necessary, and 
there was also no added pressure placed on the ad­
judication process, which was already reaching ca­
pacity. 

The initial towing program consisted of motor­
cycle off ice rs, meter maids, and police tow trucks 
supplemented by private-contractor tow trucks. As 
it turned out, the meter maids did not participate 
in the enforcement program because union rules re­
quired that they be consulted in any decisions to 
reallocate their services. This had been overlooked 
by the enforcement planners, and accordingly the 
meter maids refused to participate. Although 
drivers of the buses that use the Downtown Crossing 
were requested to call the dispatcher to report any 
illegally parked cars, there are few examples of any 
bus driver doing so. The major reason for this 
seems to be that many of the bus drivers were un­
aware of their having such a capability. 

Three days before the Downtown Crossing was im­
plemented, leaflets that informed drivers of what 
was about to happen were placed on the windshields 
of all automobiles in the study area . In anticipa­
tion of having to tow a much larger number of ve­
hicles than under normal circumstances, the police 
towing unit focused on three major streets prior to 
the initiation of the crossing and raised its towing 
rate to 60 tows/day. 

The Downtown Cros sing opened on the Tuesday after 
Labor Day, and the strict enforcement started that 
Thursday. The police lieutenant and the transporta­
tion official from the mayor's office supervised the 
towing program directly by riding around the study 
area and g1v1ng instructions and calling in tow 
trucks. Both felt that consistency was the most im­
portant attribute of the towing program during the 
initial phase of the operation. Initially, 50-75 
cars/day were towed. The reaction time of the 
police tow trucks was very small--as soon as a car 
parked in a tow area, a truck was called and the car 
removed. Close to 600 cars were towed in the first 
week and 400 in the second week. 

One of the major problems with the towing program 
was associated with the private contractor. The 
initial contract stipulated that the contractor 
would receive payment on a per tow basis·, which en­
couraged the truck drivers to quickly dispense of 
the cars they were handling and return to the 
streets to get more. Several cars were damaged in 
these high-speed runs to the impoundment lot, which 
resulted in claims against the city. In response, 
police officers in the Downtown Crossing called 
their own tow vehicles when the need arose. As a 
result of these problems, and also given an in­
creased public understanding and acceptance of the 
crossing, the tow rate decreased to about 10 
tows/ day when the contract expired in June 1979. 
Currently, there is no special attention given to 
towing in the crossing area. The problem of illegal 
parking is minimal because the crossing has now been 
redesigned with the pedestrian totally in mind 
(i.e., it is obvious to the automobile driver that 
he or she should not be in the area) • 

CASE SUMMARIES AND INTERPRETATION 

The reserved lane on the Southeast Expressway is 
perhaps the best example of the role of enforcement 
agencies in the planning of innovative projects. 
The two police agencies involved (the MDC and the 
state police) cooperated in the project planning 
process, although they often expressed severe reser-
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vations about the project. Specifically, they 
argued that the project was unenforceable and that 
the possibility tor high levels of Wt!clVillg between 
the general purpose and reserved lanes created un­
acceptable safety hazards. It was not until the 
decision had been made by high-level officials in 
the MDPW and the EOTC that there would be a project 
that the police agencies turned to developing a 
strategy for enforcing the project. This response 
reflects the general behavior of the police agencies 
throughout the project planning process--decisions 
made by higher authorities will be implemented. 

Because of the difficulties with geometric de­
sign, the lane operated on a voluntary basis during 
the reconstruction of the expressway. As was ex­
pected, the violation rates were quite high and, 
although notifications of violation were sent 
through the mail, the noncompliance rate remained 
high throughout the summer. Safety issues once 
again were the dominant concern of the police agen­
cies and they played an important role in identify­
ing weaving sections that were particularly 
dangerous and that were to be the focus of increased 
enforcement efforts. 

When transportation officials decided to continue 
the project beyond the end of the reconstruction 
period jind also decided that the only way to make 
the lane successful was to enforce it, police of­
ficials once again voiced concerns about the en­
forceability of the lane. They were particularly 
worried about the legality of sending citations 
through the mail and were not about to participate 
actively in the enforcement program until they had 
assurances that the courts would permit such a 
scheme. This attitude illustrates a key char­
acteristic of police behavior in traffic enforce­
ment--the legality of the action and the capability 
and willingness of the courts to follow through on 
citations were important points to establish before 
the police agencies participated willingly in the 
program. 

The enhanced enforcement strategy of the reserved 
lane was indeed successful in that the violation 
rate decreased significantly. In one location, the 
violation rate wcss cslmosl halved--from 74 percent to 
35 percent of the vehicles in the lane in noncompli­
ance. However, the negative impact on the general 
use lanes was so dramatic and significant that the 
resulting controversy resulted in the termination of 
the project. For example, the average travel time 
on the expressway (ll.4-mile segment) in the general 
use lanes jumped from 24 min during the construction 
phase to 40 min during the enforcement phase, an in­
crease of 67 percent (this figure is for a time 
period that starts at 7:30 a.m.). One could con­
clude, therefore, that the enforcement strategy was 
indeed successful in making the lane operate more 
effectively by discouraging violators from using the 
lane. One of the ironic results of this case, how­
ever, is that the success of the enforcement 
strategy could have been a major cause for the con­
troversy that surrounded the project and its even­
tual termination. 

The · results of this case suggest two courses of 
action that could have been taken by transportation 
officials that might have changed the outcome of the 
project. First, the enhanced enforcement program 
(i.e., sending citations through the mail) could 
have begun at the beginning of the project, when the 
lane was more closely associated with the recon­
struction. To begin enforcement after 5 months of 
operation, when drivers are now accustomed to the 
delays and congestion, and also taking away the 
original rationale for the project had a high poten­
tial of raising the anger and frustration of the ex­
pressway users. The second option for the authori-
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ties was to continue lane operation as it had 
occurred during the reconstruction (i.e., low levels 
of enforcement e.nd accept the high level of viola­
tions). This option was not acceptable to the 
transportation officials, who argued that the pro j ­
ect would, to all intents and purposes, be worthless. 

This case illustrates what seems to be the most­
effective enforcement strategy for innovative TSM 
projects--enforce the p rojec t from the beginning of 
operation. This means that a great deal of effort 
must be made to ensure the willing cooperation of 
the enforcement agencies and to alleviate their con­
cerns about public safety, legality, and judicial 
follow-through. 

Although city off icials had considered the en­
forcement component of the Downtown Crossing for 
some time, the final traffic enforcement strategy 
was defined by the requirements of the plan sub­
mitted by the police lieutenants. Swift, sure, and 
firm enforcement had to be provided in order to 
change the habits of Boston motorists. Instant 
towing and plenty of traffic direction were the 
cornerstones of the learning process for the Boston 
driver . The initial intense effort was to taper off 
to a lower level after the new patterns had become 
established. Periodic crackdowns would occur when­
ever violations became a problem in order to freeze 
positive enforcement attitudes. 

Another more-passive enforcement strategy was to 
make the restricted area as self-enforcing as pos­
sible. This approach, led by BRA, involved design­
ing the restricted areas to look as though automo­
biles did not belong there so that police needs 
would be kept to a minimum. Although not available 
in the beginning, capital improvements such as 
bricking, lighting, and amenities were made during 
1978 and 1979. They define the regulated areas well 
and keep present-day entry enforcement requirements 
to a minimum. IDng-term ability for self-enforce­
ment is a worthwhile goal and, combined with vigo­
rous enforcement, makes an effective campaign for 
the establishment of new driver behavior patterns. 

Announcements about the crossing and the changes 
to be made were distributed through the media. 
Radio statione. were helpful in referring to the 
changes positively and not as potential disasters 
precipitated by downtown congestion. The support of 
the public and motor is ts was deemed crucial to the 
success of the plan, where success was defined as 
improvement of the downtown environment for shoppers 
and businesses. The public had to knuw what changes 
were being made and how they could cope with them. 

In general, the large level of effort expended in 
considering all facets of the implementation process 
was rewarded by the success the crossing now ex­
periences. Even in this case, where police officers 
played an important role in the implementation of 
the project, some problems can still be identified. 
Even though the police department had some input in 
the planning through the lieutenants' critique of 
the plan, it was generally left out of the planning 
process itself. Some police officers felt as though 
the plan was handed to them as a fait accompli and 
were resentful of being excluded from the planning. 
They felt that , in projects that involved police 
participation, a police representative should attend 
meetings regularly so that at least one officer be­
comes familiar with the project. The meter maids' 
reaction is illustrative of what happens when key 
actors are not involved. 

Other agencies, in turn, are reluctant to include 
police officers in project planning for fear of 
police intransigence. This attitude between trans­
portation planners and police officials is long 
standing and well known in the limited literature of 
traffic enforcement planning. This attitude, com-
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bined with an admitted lack of resources (and per­
haps interest) in traffic enforcement on the part of 
the department, creates a complex and frustrating 
set of relationships between the images of various 
city agencies. In the case of the Downtown Cross­
ing, where ties of cooperation and friendship 
existed, planning was well done and actions well 
executed. Where contacts were not so strong (meter 
maids, MBTA drivers), few successes were seen. 

The conclusions that can be drawn from the Down­
town Crossing project are straightforward and recog­
nized by most of the actors involved. In light of 
previous experimental failures as a result of inef­
fective enforcement and management, enforcement for 
the crossing was judged critical. Merchants in­
sisted on it and the new traffic pattern would 
demand it, at least initially. The use of federal 
funding to support enforcement was essential. Even 
though the enforcement effort was considered at 
least as important as any other feature of the plan, 
it comprised only 4 percent of the total expense of 
the project. 

The coordination of planning and enforcement 
agencies was very important. Coordinated actions 
worked effectively, but those without coordination 
were not successful. This coordination could be 
facilitated if some formal relationship were estab­
lished to overcome the lack of regular established 
relations between agencies. Planning groups should 
seek out contacts in areas in which they have little 
or no expertise if they want to develop effective 
plans. The early involvement in the process of 
agencies critical for successful implementation is 
essential. 

All persons questioned considered the Downtown 
Crossing successful and thought that it has improved 
downtown Boston. Enforcement and coordination were 
named as key issues. Although generalization from 
the Boston experience might be dangerous, the favor­
able results in Boston help support a stated need 
for police agency involvement in the planning pro­
cess of innovative TSM actions. 

CONCLUSIONS 

This paper began by listing several research ques­
tions on what role enforcement agencies should have 
in the TSM planning process. The case studies des­
cribed in this paper have provided some insights on 
the answers to these questions. 

1. What are some of the institutional con­
straints that limit the participation of enforcement 
agencies in the transportation planning process? 

Enforcement agencies tend to be isolated from the 
other agencies in a metropolitan area involved with 
transportation efforts. They have not traditionally 
held close liaison with planning and implementing 
agencies, and, indeed, have often focused resources 
on other issues perceived more important than traf­
fic law enforcement (e.g., serious crime apprehen­
sion and prevention). Further, enforcement agencies 
tend to be closely tied with the judicial system and 
do not undertake actions that will not be supported 
by the courts. Finally, the lack of financing of 
police participation in transportation planning and 
project implementation creates serious obstacles to 
effective implementation. 

On the other side, transportation planners often 
ignore the potentially critical role that police of­
f ice rs have in the design of TSM projects. Police 
representatives are often incorporated into the 
project planning process, but usually late in the 
process and without full recognition of the contri­
bution that such representatives could make. 

2. How do police representatives view their in-
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volvement (or lack thereof) in the planning process? 
The Boston case studies represent a very small 

sample on which general conclusions can be made. 
Indeed, in these cases, police officers expressed 
two viewpoints on this particular issue. One group 
suggested that the current situation of law involve­
ment was most appropriate given the other more im­
portant demands on the police force. However, 
another group, represented by those most actively 
involved in the Boston projects, felt that a more 
active involvement was necessary. This group could 
not understand why the police department was added 
to the planning process as a minor actor when police 
participation during project implementation was ab­
solutely critical to project success. In general, 
most police officers felt that a strong police rep­
resentation somewhere in the project development 
process was necessary. 

3. What information or technical capabilities do 
enforcement agencies have that could complement 
existing planning approaches? 

Police officers are probably the most qualified 
individuals to comment on driver response to chang­
ing circumstances. They work on a day-to-day basis 
with this type of behavior. Thus, police represen­
tatives would be able to provide insightful comments 
on the feasibility of project concept and design and 
also establish the basic characteristics of an en­
forcement strategy that would effectively reinforce 
desired project results. 

These conclusions were borne out most visibly in 
the Downtown Crossing project where police represen­
tatives changed the enforcement plan prepared by 
transportation planners and devoted a lot of re­
sources during the initial stages of project imple­
mentation. Without this input, the project might 
not have been quite so successful. 

4. How can transportation agencies at all levels 
of government contribute to an increased role for 
the police? 

Government agencies should adopt three major ac­
tions to accomplish this increased role. At the 
local level, transportation agencies should recog­
nize the importance of police participation in proj­
ect and plan development and provide formal op­
portunities for their participation. These 
opportunities should be supplemented with financial 
support where necessary to allow such participation. 

At the federal level, the U.S. Department of 
Transportation should (a) provide for the funding of 
enforcement activities in the existing funding pro­
grams (and strive for legislative changes where 
necessary) and (bl disseminate information to trans­
portation planners and police officers as to the im­
portant role of enforcement in project implementa­
tion. Often both groups do not understand the pro­
cesses, procedures, and motivation of the other. 

s. How do the characteristics of an enforcement 
strategy relate to project implementation? 

In both Boston project cases (and in others ex­
amined in this research project), the implementation 
of the project depended heavily on enforcement. The 
lessons from these projects indicate that heavy en­
forcement of the project should be provided in the 
initial stages of implementation with a gradual 
tapering off, if necessary. And, as illustrated by 
the reserved lane, enforcement should be provided at 
the beginning of the project so that desired travel 
behavior is encouraged from the beginning. The 
project implementation process is as critical (if 

not more so) in the design of a project as the 
planning process, thus great care should be made in 
providing for early and effective police involvement. 
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New Jersey Turnpike Automatic Traffic Surveillance 
and Control System Performance Observation 
PAUL M. WECKESSER AND JERRY KRAFT 

The New Jersey Turnpike Authority's Automatic Traffic Surveillance and Con­
trol system be~amo fully operational in January 1976. The system has proven 
to be an effectivo tool for managing traffic flow on the New Jersey Turnpik 's 
most heavily traveled section. Motorists are provided with a diversion capabil­
ity to the least·congested roadway by means of changeable message signs. The 
paper describes the unique roadway configuration covered by the system as 
well as the traffic parameters that dictate sign changes. Traffic flow affected by 
tho system during 1ho aftornoon and evening peak hours of' two high·volumo 
traffic day$ was evaluated. Automatic sign changes, the magnitude of traffic 
parometers that cau1ed the sign changes, and the number of vehicles diverted 
during these two days are described in this paper. 

The New Jersey Turnpike Authority's Automatic 
Traffic Surveillance and Control (ATSC) system was 
installed and made operational in January 1976. 
This system was originally conceived and developed 
prior to and during the widening of the northern 36 
miles of the New Jersey Turnpike in the latter part 

of the 1960s. Its purpose is to completely automate 
traffic control on the 12-lane section of the New 
Jersey Turnpike that extends 36 miles from central 
New Jersey to the George Washington Bridge ap­
proaches. The ATSC system provides traffic sur­
veillance and control based on traffic data received 
from the field. The traffic parameters obtained 
from the computer are occupancy, average running 
speed, volume, unused capacity, and vehicle class i­
f ication. These parameters are collected by means 
of 850 loop detectors imbedded in the pavement of 
all roadway components of the 36-mile network. 

The traffic data collected are transmitted via 
buried cable to two front-end processors that 
process and compress the raw data and, in turn, 
transmit the refined data to a main computer for 
further analysis and action, if necessary. This 
main operating computer is a Digital F.quipment 



Transportation Research Record 816 

Corporation PDP 11-40. The traffic control is 
implemented by this main computer through use of 
traffic control strategies and accompanying algo­
rithms programmed therein that react to the data 
collected and, by remote control, operate various 
changeable message directional signs, variable 
message speed limit signs, and hazard warning signs 
installed at key locations throughout the 36-mile 
section. 

The purpose of this paper is to examine the 
performance of the ATSC system during peak-period 
travel times. A comprehensive description of the 
system can be found elsewhere OJ . The ATSC system 
has saved motorists from delays by means of diver­
sion. The diversion capability is due to the unique 
design of the roadway in the most northerly 36 miles. 

The two parameters obtained directly from the 
field that dictate sign changes are occupancy, used 
for the purpose of incident detection, and unused 
capacity, used for balancing traffic on two parallel 
roadways. The occupancy parameter is defined as 
that portion of time, in percent, that vehicles 
occupy a loop detector during 1 min. For example, 
if vehicles occupy the loop detector for 6 s during 
a 1-min interval, the occupancy is 10 percent. The 
unused capacity parameter is a measurement that 
takes into consideration existing hourly equivalent 
volume based on 1-min measurements and the capacity 
of the roadway. Unused capacity is defined as the 
capacity of the roadway minus the hourly equivalent 
volume. Normally the capacity of the roadway is set 
at 1800 equivalent vehicles/ h per lane. However, in 
some locations a roadway-capacity adjustment is made 
to achieve proper sign changes. For example, in the 
area near interchange 14, where considerable merging 
and diverging maneuvers take place, the capacity of 
the roadway is set at 1500 vehicles/h per lane . The 
hourly equivalent volume is the volume per minute 
multiplied by 60. Vehicle classifications are done 
by means of the measurement of vehicles over a loop 
trap configuration. A vehicle length threshold of 
23 ft was found to give excellent results. Pas­
senger car equivalency of 2. 5 for each commercial 
vehicle was found to be most effective, based on 
observations of sign changes triggered after using 
passenger car equivalency between 1.8 and 2.8 

The advantage of using the occupancy parameter 
for monitoring quality of flow is that this parame­
ter can be measured directly in the field, by using 
pulse lengths transmitted directly from the detec­
tors. The percentage of occupancy, based on 1-min 
measurement, is equal to 

Q= IOO[(T1 + ... Tn)/60] (!) 

where 

Q percentage occupancy during a specific min-
ute, 

T1 first pulse length(s) during the specific 
minute, and 

Tn last pulse length(s) during the specific 
minute. 

The ATSC system also provides average running 
speed per minute at each loop detector site. The 
average running speed is used only for monitoring 
the motorist's compliance in certain sections where 
the speed limit is reduced. Figure 1 indicates the 
relationship between percentage occupancy and aver­
age running speed. This information was obtained 
from various ATSC system computer printouts that 
showed percentage occupancy and average running 
speed for the same period. Figure 1 also contains 
level-of-service indicators. Table 1 shows level­
of-service A-F as it related to occupancy and aver-
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age running speed. The relation between the average 
running speed and the level of service was taken 
from a Transportation Research Board circular (l_, 
Table 2.1, p. 168). 

The congestion-producing incident is detected by 
means of a mathematical formula that takes into 
consideration the percentage occupancy at an up­
stream and downstream loop detector. This mathe­
matical formula is composed of the following: 

Occupancy upstream - occupancy downstream> 10 percent 

100 percent[(occupancy upstream - occupancy downstream) 

.c occupancy upstream] > SO percent 

(2a) 

(2b) 

Equation 2b ensures that the ATSC system would 
not consider an incident when the roadway is heavily 
congested. For example, if the upstream detector 
indicates an occupancy of 53 percent and the down­
stream detector indicates an occupancy of 30 per­
cent, Equation 2b is not satisfied. However, when 
the two conditions are satisfied, an incident alarm 
will sound off. Then, the computer will make appro­
priate sign changes that result in the diversion of 
traffic from the incident area. Traffic diversion 
will also occur when the unused capacity on the 
three-lane roadway section is less than 500 equiva­
lent vehicles, provided that the parallel roadway is 
capable of accommodating the diverted traffic. The 
computer can determine the effect of the diverted 
traffic prior to the actual sign change. The pro­
jection is done by using historical traffic data 
that are stored in the computer. An example of 
actual sign changes triggered as a result of occu­
pancy and unused capacity is described in the last 
part of this paper. 

ROADWAY SECTION 

For the purpose of explaining the action taken by 
the ATSC system, a brief explanation of the area is 
given. As previously indicated, the ATSC system 
covers 36 miles between the area near interchange 9 
(milepost 82) and its northern terminus at US-46 
(milepost 118). The area between mileposts 82 and 
106 is known as the dual-dual roadway. This section 
is composed of two separate three-lane parallel 
roadways that are separated by a median barrier. 
Under normal conditions, all trucks and buses that 
enter the dual-dual roadway must use the outer road­
way. Passenger cars, on the other hand, can use 
either the outer or the inner roadways. The area 
between mileposts 106 and 118 is composed of two 
separate roadways, which are known as the easterly 
and westerly roadways. All vehicles are allowed to 
use either roadway. The easterly roadway primarily 
services traffic to and from the Lincoln Tunnel 
(interchanges 16E and 17) and the westerly roadway 
primarily services through traffic on Interstate 95 
to and from the George Washington Bridge (inter­
change 18W) • Figure 2 shows the area of the New 
Jersey Turnpike covered by the ATSC system. Tables 
2 and 3 show the 28 locations where the changeable 
message signs are located at points where traffic 
can be diverted to a desired roadway on both the 
northbound and the southbound directions, respec­
tively. 

EXAMPLES OF TRAFFIC DIVERSION 

The following section describes an actual traffic 
diversion executed during two peak travel days. A 
search of the records indicates that the effective­
ness of the ATSC system's performance can best be 
described by examining the following two days: Wed­
nesday, November 23, 1977, the Wednesday preceding 
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Figure 1. Average running speed versus percentage occupancy by level of service. 
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Table 1. Level of service descriptions. 

Level 
of Average Running 
Service Traffic Flow Description Speed (mph) Occupancy (%) 

A Free flow > 50 0-12 
B Free flow > 50 0-12 
c Stable flow 48-50 12-14 
D Approaching unstable flow 40-48 14-16 
E' Unstable flow, capacity 30-40 16-20 
F Forced flow < 30 > 20 

~ . . - - . ' . - - - .. . - c apacity occ urs wnen ave rage running speeu Ls t.:4u<:11 ~u .:iu 111p11 <111u vc:n. c: 1uai:,c: v ..... .... -

pancy is equal to 20 percent. 

the Thanksgiving holiday, and Friday, June 23, 
1978. These two days were selected because they 
represent days on which sign changes took place to a 
large extent due to heavy traffic flow. On Wed­
nesday, November 23, 1977, most of the traffic 
consisted of long-distance holiday travelers. Traf­
fic on the second day consisted primarily of travel­
ers to summer resorts located in New Jersey. On 
both days commuter traffic was also a significant 
factor. The total traffic on the New Jersey Turn­
pike during November 23, 1977, was 438 485 and on 
June 23, 1978, it was 450 623. This traffic volume 
can be compared with the 1977 average annual daily 
traffic (AADT) of 311 ·408 vehicles and the 1978 AADT 
of 330 473 vehicles. On November 23, 1977, sign 
changes were due to congestion that resulted from 
accidents and heavy traffic flow. On the other 
hand, on June 23, 1978, sign changes were due to 
congestion that resulted from heavy traffic flow 
only. For the purpose of simplifying the descrip­
tion of the ATSC system's performance, the following 
roadway designations are used: 

SNO--outer roadway, northbound; 
NSO--outer roadway, southbound; 
SNI--inner roadway, northbound: 
NSI--inner roadway, southbound; 
SNE--easterly roadway, northbound: 

NSE--easterly roadway, southbound: 
SNW--westerly roadway, northbound: and 
NSW--westerly roadway, southbound. 

The first letter of the designation signifies the 
direction from which traffic is coming; the second 
letter signifies the direction of traffic flow, and 
the third letter describes the roadway. These road­
way des igna t i ons are also used by operat i ng per­
sonnel, wh ich include s State Po lice, emerg e ncy vehi­
cle operators, and the New Jersey Turnpike Authority 
n~~-~~~~~- ~~~~nr•e A;an~~~hor~ . ..... r .... &.w .......... ~4 .... -- .. -- ...... ---c- ------ - · 

November 23 , 19 77 

The following is a description of sign changes and 
traffic characteristics for vehicular flow on the 
New Jersey Turnpike that took place on Nuveml>e.r 23, 
1977, between 3:25 and 6:00 p.m., the time when all 
signs returned to normal. 

At 3 : 25 p.m., an accident occurred at milepost 
110 SNW. This location is about 1 mile north of 
interchange 15W. The accident resulted in blockage 
of the left and center lanes. An occupancy reading 
of 24 percent was detected at a loop detector lo­
cated just south of the accident. On the other 
hand, the downstream detector north of the accident 
indicated a reading of 5 percent. Since the con­
gestion criteria for an incident detection was met, 
an alarm was sounded to indicate to the operator 
that an incident had just occurred. 

At this point, the changeable message signs 
located at the SNO and SNI roadways about 1 mile 
north of interchange 14 displayed the message ALL 
TRAFFIC to direct traffic to the SNE roadway . The 
message to the SNW roadway from the SNO and SNI 
roadways displayed the message EXIT 15W ONLY. These 
message displays were mandatory rather than advi­
sory. In addition, the computer displayed a 35 mph 
speed limit message at milepost 109 SNW and 45 mph 
at milepost 107 SNW. The computer also activated 
the speed warning signs at these locations to read 
REDUCE SPEED AHEAD--CONGESTION. On the verification 
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Figure 2. Area on New Jersey Turnpike covered by ATSC system, mileposts 82-118. 

THE DUAL - DUAL ROADWAY 

INT.14 lNT. 15E 

• CHANGEABLE MESSAGE SIGNS 

Table 2. location of entry points where northbound traffic can be diverted. 

Location of Entry Milepost Diversion Capability 

Dual-Dual Roadway 

Mainline split 
Interchange 9 
Interchange I 0 
Interchange 11 
Service area I ON 
Interchange 12 
Interchange 13 
Service area 11 N 
Interchange 14 

82 
83 
88 
91 
93 
96 

100 
102 
105 

Easterly and Westerly Roadway 

Main line, southern I 06 
mixing bowl 

Interchange I SE" I 07 
Interchange l 5Wb I 09 
Interchange 16Wb 112 

Interchange 173 112 

Main line, northern 11 7 
mixing bowl 

8 Located on easterly roadway. 

Outer or inner roadway 
Outer or inner roadway 
Outer or inner roadway 
Outer or inner roadway 
Outer or inner roadway 
Outer or inner roadway 
Outer or inner roadway 
Outer or inner roadway 
All traffic to outer roadway, no diversion 

capability 

Easterly or westerly roadway 

Easterly or westerly roadway 
Westerly or easterly roadway 
Westerly roadway (normal message) or east­

erly road via NJ-3 eastbound to inter­
change 17 

Easterly roadway (normal message) or west­
erly roadway via NJ-3 westbound to inter­
change 16W 

1-80 westbound or US-46 westbound, I-95 
eastbound or US-46 eastbound 

bLocated on westerly roadway. 

of an accident, the word ACCIDENT was added to the 
speed warning sign. 

Dur ing the period between 3:25 and 3:50 p.m., 
1450 vehicles that normally would have used the 
westerly roadway were d ive rted to the easterly 
roadway, away from the accident area. Although 
traffic on the easterly roadway became quite heavy 
due to the addit i onal traffic, it was easier to 
remove the vehicles that were involved in the 
accident more expeditiously. At 3:50 p.m. the 
computer changed the signs on the SNO and SNI 
roadways, and displayed a normal message. Note that 
al l three lanes on the SNW roadway a ·t the accident 
location were available at 3 :46 p.m. At 3 :50 p.m., 
the speed limit sign located at milepost 1 07 SNE 
d isplayed 45 mph a nd the speed limit sign at mile-
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._1_80 Northern 
-1-95 Mixing 

Bowl 

Table 3. location of entry points where southbound traffic can be diverted. 

Location of Entry Milepost Diversion Capability 

Easterly and Westerly Roadway 

Mainline from I-80 117 
and U-46, northern 
mixing bowl 

Mainline from I-95, 117 
northern mixing bowl 
bowl 

Service area 13 116 
Interchange l 6W8 112 

Dual-Dual Roadway 

Mainline, southern 106 
mixing bowl 

Mainline, southern I 06 
mixing bowl 

Interchange 14 105 
Interchange 13 I 00 
Interchange 12 96 
Service area 1 OS 93 
Interchange 11 91 
Interchange I 0 88 
Interchange l 6Eb 112 

a Located on westerly roadway. 

Easterly or westerly roadway 

Easterly or westerly roadway 

Easterly or westerly road way 
Westerly roadway (normal message) or east­

erly roadway via NJ-3 eastbound to Inter­
change 16E 

Outer or inner roadway from easterly road­
way 

Outer or inner roadway from westerly road-
way 

Outer or inner roadway 
Outer or inner roadway 
Outer or inner roadway 
Outer or inner roadway 
Outer or inner roadway 
Outer or inner roadway 
Easterly road way (normal message) or west­

erly roadway via NJ-3 westbound inter­
change 16W 

bLocated on easterly roadway. 

post 109 SNE displayed 30 mph. The location of 
milepost 109 SNE is about 3 miles south of inter­
change l6E. 

At 4:00 p.m., the computer displayed a message to 
divert all northbound traffic at interchange l5E to 
the westerly roadway. During the 15-min display of 
this message, about 250 vehicles were diverted from 
interchange 15E to the westerly roadway, thus the 
load on the easterly roadway was eased. At 4: 30 
p.m., the occupancy on the SNW roadway was 24 per­
cent, and on the SNE roadway the occupancy was 16 
percent. During the period between 4:30 and 5:35 
p.m. several sign changes took place, which lasted 
no more than 10 min at a time. These sign changes 
resulted in a diversion of 1300 vehicles. At 4:30 
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p.m., the speed limit on the SNE roadway was back to 
55 mph1 at 5: 05 p.m., the speed limit at milepost 
lU 'I l::iNW was returned to 55 mvh1 ciml cil 6 : 00 p.m. the 
speed limit sign at milepost 109 SNW was back to 55 
mph. In addition, all changeable message signs were 
back to normal at 6:00 p.m. 

During the period between 3:25 and 6:00 p.m., all 
speed limit adjustments, as well as diversionary 
sign displays, were done automatically by the com­
puter. However, these sign changes were carefully 
monitored by traffic engineers and Operations Center 
personnel. An examination of the ATSC computer 
printout information indicated that the level of 
service attained on both the SNW and SNE roadways at 
6:30 p.m. could not have been attained prior to 8:00 
p.m. without the availability of the ATSC system. 

June 23 , 1978 

Another example of traffic diversion occurred on 
Friday, June 23, 1978. The diversion on this date 
occurred primarily on the southbound roadways. 
Traffic from the NSW and NSE roadways traveled 
through the southern mixing bowl to the NSO and NSI 
roadways. The normal signing directs all buses and 
trucks and all vehicles destined to interchange 14 
from the NSW and NSE roadways to use the NSO road­
way. On the other hand, passenger cars from the NSW 
and NSE roadways can use either the NSI or NSO road­
ways. 

On Friday, June 23, 1978, due to traffic volume, 
sign changes were made to direct the southbound 
traffic from the NSW and NSE roadways and from 
interchange 14 southbound. At 3:30 p.m. all NSE 
roadway traffic was diverted to the NSI roadway. 
The reason for this change was based on unused 
capacity figures. The unused capacity on the NSO 
roadway was o. The NSI roadway had an unused ca­
pacity of 2260 equivalent vehicles. During this 
period the occupancy in the area between the 
southern mixing bowl southbound and interchange 13 
on the NSI roadway was 9 percent. The occupancy at 
the same location on the NSO roadway was 12 percent. 

At 5 : 00 p.m. the changeable message signs from 
t.he N5E roadway were ba(..:k Lo nu.c:rnal. All !~SW 

traffic was directed to the NSI roadway. During 
this period the unused capacity on the NSO roadway 
was 0 and the unused capacity on the NSI roadway was 
1580 vehicles. The ' occupancy during this period was 
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10 percent on the NSI roadway between the southern 
mixing bowl and interchange 13 and 12 percent in the 
same location on the NSO roadway. At 5:10 p.m. all 
traffic from the NSE roadway was directed to the NSI 
roadway. Between 5:20 and 5:30 p.m. all traffic 
from the NSE roadway was directed to the NSO road­
way. From 5:30 to 5:40 p.m. all traffic from the 
NSE roadway was diverted again to the NSI roadway 
and traffic from interchange 14 was diverted to the 
NSO roadway . At 5: 30 p.m. the unused capacity in 
the area between the southern mixing bowl and inter­
change 13 was 900 on the NSI roadway and 1400 at the 
same location on the NSO roadway. At 5:40 p.m. all 
changeable message signs and all speed limit signs 
were returned to normal. An examination of the ATSC 
system computer printouts indicated that about 50 
min of delay time were saved by motorists who were 
traveling southbound from the easterly and westerly 
roadways. 

CONCLUSIONS 

The New Jersey Turnpike Authority's ATSC system has 
proved to be an effective tool for traffic manage­
ment. Comparison of operational experience before 
and after the installation of the ATSC system indi­
cates an improvement in traffic flow on the New 
Jersey Turnpike, especially during times of peak 
travel demand. Without the system, proper accommo­
dation would have been difficult for the 15 percent 
growth in traffic on the northern 36 miles of the 
New Jersey Turnpike that occurred between 1976 and 
1979. The system has provided motorists with an 
effectively used roadway network and authority 
personnel with a valuable tool for providing optimum 
service to the traveling motorist in terms of rapid 
incident detection, rapid response time, · and allevi­
ation of congestion. 
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