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FOREWORD

This research report provides the background and the analysis which

led to the development of criteria and procedures for removing traf-

fic signal installations. The report will be of interest to city and
State traffic engineers who are involved in traffic signal reduction
programs. The research was conducted as part of the Federally Coordi-
nated Program (FCP) of Research and Development in Highway Transportation
as a study in Project 1A--Traffic Engineering Improvements for Safety.

The criteria developed for removing traffic signals was based on an
extensive review of experiences from 31 jurisdictions where signals at
226 intersections were successfully removed, and at 42 locations where
the removal of the signals was attempted, but failed. The premise for
the criteria was to identify measures which had been successfully
applied for traffic signal removal and to determine the safety, delay,
and fuel consumption impacts from such removals. The results of this
research are presented in a "User's Guide," which is being published
as an "Implementation Package."

Sufficient copies of this report are being distributed by FHWA to pro-
vide two copies to each regional office, two copies to each division
office, and two copies to each State highway agency. The State and
division office copies are being sent directly to each division office.

(i 4;%
Charles F. S _;#Z}
Director, Office of Research

NOTICE

This document is disseminated under the sponsorship of the Department
of Transportation in the interest of information exchange. The United
States Government assumes no liability for its contents or use thereof.

The contents of this report reflect the views of its authors who are
responsible for the facts and the accuracy of the data presented herein.
The contents do not necessarily reflect the official views or policy

of the Department of Transportation. ‘

This report does not constitute a standard, specification, or regulation.
The United States Government does not endorse products or manufacturers.

Trademarks or manufacturers' names appear herein only because they are
considered essential to the object of this document.



GENERAL DISCLAIMER

This doéument may be affected by one or more of the following statements

This document has been reproduced from the best copy furnished by
the sponsoring agency. It is being released in the interest of making
available as much information as possible.

This document niay contain data which exceeds the sheet
parameters. It was furnished in this condition by the sponsoring
agency and is the best copy available.

This document may contain tone-on-tone or color graphs, charts
and/or pictures which have been reproduced in black and white.

This document is paginated as submitted by the original source.
Portions of this document are not fully legible due to the historical

nature of some of the material. However, it is the best reproduction
available from the original submission.
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CHAPTER I

INTRODUCTION AND SUMMARY

This is the final technical report documenting the proce-
dures and results of the project entitled, "Criteria for Removing
Traffic Signals." A separate document, "Users Guide for Removing
Traffic Signals", provides a concise set of instructions and
guidelines for applying the signal removal criteria and decision
process developed in this project.

The project objective was:

"to develop and field test criteria that may be
adopted as warrants for the removal of existing
traffic control signals."

The work, then, had the goal of developing rational criteria
by which to justify the removal of traffic control signals where
they should not be operating. The removal criteria apply only to
signals that alternately assign right-of-way and not to flashing
51gnals or beacons. The criteria are designed to allow the traffic
engineer to predict the expected impacts that will result from the
removal of a traffic signal at a particular intersection. Knowing
these probable impacts on intersection safety, operatlons,
energy conservation and costs, the traffic engineer can then make
a sound technical decision concerning the removal of a signal.
Recognizing the fact that traffic signal removal often involves
institutional or p011t1ca1 constraints, the signal removal criteria
and decision process also include con51derat10n of these issues in
addition to the technlcal factors.

Another goal of the study was the development of signal
removal procedural guidelines. The project thus included review
and development of procedures which should be employed to carry
out the actual implementation of the removal of a traffic control
signal. These guidelines' address such issues as advance public
information needs, transition methods of changing control devices,
and follow-up information needs.

In order for the results of this project to be of practical
use, the principal findings, the signal removal criteria, and the
procedural guidelines needed to be disseminated to the practicing
traffic engineers who have the responsibility for making objective
signal removal decisions and recommendations. To meet this need,
a separate Users Guide was developed.

NEED FOR SIGNAL REMOVAL CRITERIA

Y

: Traffic control devices are used at intersections to regu-
late the flow of conflicting traffic streams. Since the traffic
signal provides the maximum degree of at-grade intersection



control, the general public has erroneously assumed it to be a
panacea for all intersection safety problems. Thus, in many com-
munities, due to a lack of transportation engineering expertise,
or political pressure, or both, traffic control signals have been
installed at intersections where they are not warranted. . The
result has been . an increase in stops, delay and fuel consumption
and in many cases, an increase in the number of accidents.

While the relationship between new traffic signals, inter-
section accidents and operations has been widely studied, very
little was known about the impacts of traffic signal removal. The
signal removal study was initiated by the Federal nghway Adminis-
tration (FHWA) to identify what conditions and criteria have been
used throughout the United States for the removal of traffic sig-
nals and to develop criteria that may be adopted as warrants for
the removal of ex1st1ng traffic signals.

The development of the signal removal criteria was based
--largely, as in a legal argument, on precedent. Those cases where
positive impacts were realized by removing signals served to iden-
tify the criteria and conditions under which other signals should
be removed. . Likewise, cases involving negative impacts or unsuc-
cessful removal attempts were reviewed to identify those conditions
where signal removal should not be pursued.

IMPACTS STUDIED

Four major impacts of signal removal were of greatest
concern: safety impacts, fuel consumption, traffic flow impacts,
and cost impacts.

The effects on accident frequency and severity are very
important because of the common argument of signal removal ~oppo-
nents that accidents and injuries will increase if a signal is
removed. The development of signal removal criteria obviously
must include a good understanding of the actual accident impacts.

The impacts on stops and delays, and the corresponding
impact on fuel consumption, are increasingly.important concerns.

The cost savings accruing to the traffic englneerlng agency
as a result of replacing signals with stop control is also a major
factor motlvatlng decisions to remove signals. To jurisdictions
operating with austere budgets this factor can be of paramount
importance.

CASE STUDIES

The study of the impacts of signal removal relied heavily
on case study data from 31 jurisdictions across the United States




that had removed.traffic sighals and documented the results.
Enough data were collected from the case study sites to establlsh
the following signal removal data base:

. 5 rural signals converted to 2-way Stop

. 5 rural signals converted to multi-way stop

. 191 urban signals converted to 2-way stop

. 26 urban signals converted to multi-way stop

. 42 signals where signal removal attempts failed.

ACCIDENT IMPACTS

The size of the rural intersection data base was too small
to be considered representative. Therefore, the analy51s focused
on the impacts of signal removal in urban areas.

Conversion to Multi-Way Stop Control

"For the group of 26 intersections converted to multi-way
stop control, there was a decrease in the average annual accident
frequency of more than one accident per year. "Annual accident
frequency was reduced 60 percent from 1.70 to 0.68 accidents per
year, a statistically significant change. Annual injury accident
frequency per intersection was also reduced significantly from
0.50 to 0.19.

It must be emphasized that all the intersections in this
group had characteristics favorable to multi-way stop control:
i.e., low traffic volumes and relatively balanced major road and
side road flows. These results should not be interpreted to ‘
mean that multi-way stop control should always be used when sig-
nals are removed. Indeed, in a majority of cases, side road vol-
umes are much lower than main road volumes at candidate locations,
and multi-way stop control is not an appropriate alternative. '

Conversion to Two-Way Stop Conttol

Signals were replaced by two-way stops at 191 of the urban
case study intersections. The average result was a small decrease
in both total accidents (from 2.46 to 2.38 per year) and injury
accidents (from 0.70 to 0.63). These changes were not statisti-
cally significant. ' '

Right angle accidents increased 51 percent and rear-end
accidents decreased 49 percent, as expected, following signal re-
moval and replacement by two-way stop control. These changes were
offsetting and did not result in any significant net change in
. either total collisions or injury accidents. /



Factors Influencing Accident Impacts

There was a wide dispersion of accident impacts of signal
removal at the individual intersections converted to two-way stop
control. The study explored which intersection characteristics
had a significant influence on whether accident frequency in-
creased or decreased following signal removal.

Three variables were found to have a significant effect on
the accident outcome of signal removal:

1. Adequacy of side street sight distance.

- 2. Traffic volume magnitude (i.e., as measured by
the number of hours per day when traffic volumes
satisfy at least 60 percent of the signal instal-
lation traffic volume warrant #1).

3. Average annual accident frequency at the inter-
- section prior to signal removal.

Predicting Accident Impacts

Prediction models for estimating the accident impacts of
replacing traffic signals with two-way stop control were developed
from the case study data using two different methods -- cross-
classification and multiple regression. Both methods used the
same two independent (predictor) variables: (1) intersection
volume magnitude as measured by the number of hours meeting 60
percent of signal installation volume warrant #1 and (2) the
"before" annual accident frequency. The multiple regression ap-
proach proved to be a somewhat better prediction method than the
cross-classification approach.

Both prediction methods indicate that higher volume inter-
sections are associated with increased accidents - following signal-
removal, and vice versa. Intersections with low accident fre-
quencies prior to signal removal tend to have increased accident
frequency after removal, and vice versa. Intersections that are
good candidates for signal removal are ones with relatively low
traffic volumes and annual accidents of at least 2 or more per
year.

Impact of Inadequate Corner Sight Distance

Signal removal experience at intersections with inadegquate
corner sight distance was separately considered. The case study
data set contained only 15 such intersections. For these, the
average annual accident frequency following signal removal rose
dramatically from 2.03 to 4.85 per year. Annual average injury




accidents doubled from 0.60 to 1.21 per intersection. These
increases can be fully attributed to the increased risk of right
angle collisions.

IMPACTS ON DELAYS, SrOPS, AND FUEL CONSUMPT ION

Traffic signal removal results in substantial impacts
on intersection delays, stops, and the resulting excess fuel
consumption. Empirical data on intersection stops, delays,
and fuel consumption were not available from the case study |,
data base; consequently, analytical estimates of these impact
variables were made for a range of intersection types .and
traffic volumes. -

Conversion to Two-Way Stop Control

Replacing unjustified signalS‘with 2-way stop control
has an especially beneficial effect in reducing intersection
‘delays, stops, and fuel consumption. The range of impacts per
vehicle is relatively consistent for a wide range of intersection
conditions.

When signals at 4-way intersections are replaced by
2-way stop signs, the following~approximate impacts occur:

.. Total aelay per vehicle is reduced by about
10 seconds.

. Idling delay per vehicle is feduced by about
5 to 6 seconds.

. Stops are reduced from about 50 percent of
‘total intersection traffic to about 20 to
25 percent or even less if side road volumes
are low in relation to total 1ntersectlon
volume.

. Excess fuel consumption due to intersection stops
and delays is reduced by about 0 002 gallons per
vehlcle.

In the case of similar volumes ‘at a T-intersection, the reductions
in delays, stops, and fuel consumption would be slightly greater.

The approximate order of magnitude of the daily impacts
of signal removal and replacement by 2-way stop control can be
estimated by multiplying the precedlng "per-venicle" impacts
by total 24-hour traffic volume, This would normally be computed
for typical weekday volumes although, at some locations, the week-
end volumes may be critical. Annual impacts can be approximated
by multiplying the total weekday impact estimates by 320.



For example, with respect to. excess fuel consumption, °
at an intersection with typical weekday traffic volume of 10,000
per day, traffic signal removal and replacement by 2-way stop
control would save approximately:

0.002 X 10, 000 = 20 gallons per weekday

Corresponding annual energy conservatlon at the 51ngle
intersection would be: e : ‘ : '

s 20 X 320» 6,400 gallons per year. -

Conversion to Multi-Way Stop Control

When an unjustified traffic signal is replaced by multi-
way stop control at a four-way intersection with moderate traffic
volumes and fairly evenly balanced main road and side road flows,
the following approximate impacts occur.

. Total delay per vehicle does not change by much.

. Idling delay per vehlcle is reduced by about
5 seconds.

. Stops always equal 100 percent of total traffic,
approximately double that experienced under
signal control.

. Excess fuel consumption is increased by about
0.0015 gallons per vehicle.

At an intersection serving 10,000 vehicles per day on an average
weekday, the daily increases in fuel consumption would total
roughly

10,000 x 0.0015 = 15 gallons per weekday.

Annual increases in -energy would equal about:

15 x 320 = 4,800 gallons per.year..

Nomographs and Worksheets

A set of nomographs are 1ncluded<u1pages 64 75 estlmatlng
intersection delays, stops, and excess fuel consumption for a
‘'wide range of combinations of main road and side. road hourly"
volumes. The nomographs permit estimates of the impact variables
under. traffic signal control and two-way stop control for 6
different common intersection design types.




A standard worksheet is also included for systematic calcu-
lations of the daily impacts of signal removal from the nomograph
estlmates of hourly 1mpacts. S

COST SAVINGS OF SIGNAL REMOVAL

Traffic signal removal is one of those rare activities that
saves the money of the traffic engineering agency. For a typical
uncomplicated existing signalized intersection, the comparative
annual costs of continued signal operation versus signal removal
and replacement with 2-way stop control are estimated as follows:

Annual Costs of Continued Signal Operation

Electrical costs . =$ 250
Malntenance ' = 7;,100
Traffic s;gnal t1m1ng = . 50

Total $1,400

Annual Costs of Signal Removal

(EquiValent annual costs for 15
year period @12 percent interest)

Remove SLgnal = $295
Install stop: 51gns = 25
Sign maintenance = 20

‘Total - ,$340

The annual savings in agency costs resulting from signal removal
for this typical case is $1,060 per year. It is emphasized that
costs of signal removal and of continued signal operation are
highly dependent on local conditions and on the unique features
of a given 51gnallzed 1ntersect10n.

SIGNAL REMOVAL CRITERIA AND DECISION PROCESS

The results of this research were utilized to develop a
recommended set of signal removal criteria and an associated deci-
sion process. The process is ‘divided into two stages: (1) a
preliminary screening to determine if detailed consideration of
signal removal is. worthwhlle and (2) a detalled analy515 of signal
removal impacts. - : \

In the end, the signal remoVal decision is, by necessity, a
combination of quantitative and qualitative considerations. The



findings of this project, as reflected in the proposed signal
removal criteria, hopefully will make the decision process more
objective and systematic.




CHAPTER II
DATA COLLECTION

REVIEW OF PUBLISHED LITERATURE

A review of available literature on the subject of traffic
signal removal was undertaken to determine the existance and
. applicability of other proposed signal removal criteria, to de-
termine applicable intersection parameters, and to identify
- government agencies that have removed, traffic signals.

Signal Removal Criteria

; "There are currently no widely accepted criteria for removing
existing traffic signals. The 1978 edition of the Manual on Uniform
Traffic Control Devices(l) states that if the installation warrants
are not met, a traffic signal should not continue in operation if
already installed. The word "should" means that this is considered
to be advisable criteria, recommended but not mandatory. As a

point of contrast, the 1948 MUTCD required that:

"When for a period of two or more consecutive hours the
total vehicular volume entering an intersection having
fixed-time signals installed under the warrant falls
below 50 percent of the minimum volumes stated above
for urban and rural intersections, flashing operation
shall be substituted for fixed-time operation for the
duration of such periods of reduced volume."

KLD Associates Inc. researched traffic 51gnal warrants
under NCHRP 3-20(2), The objectlve of the research was to eval-
uate the adequacy of the existing traffic signal warrants pub-
lished in the MUTCD and the need for revised or additional war-
rants. The study recommended a downgrading warrant which is
applicable at those signalized intersections where all of the
following conditions are satisfied:

* None of the signal installation warrants are satisfied.

* Traffic signal was not installed under the Accident
Experlence Warrant.

< No hours of the recommended vehlcular volume warrant are
satisfied.

* Signal is not required in the judgement of .the engineer.
KLD also recommended an interim period of 24 months prior to

removing a signal during which time the signal is to operate
in a flashing mode and the accident experience monitored.



The recommended downgrading warrant was developed by KLD
in response to the returns of a survey of current traffic engine-
ering practices. The survey cons1sted of ‘a questionnaire mailed
nationwide to states, counties and municipalities. . Approximately’
70 percent of the jurisdictions respondlng to the survey concurred
that warrants are required for the purpose of downgradlng existing -
signal 1nstallatlons. The survey questlonnalres were .reviewed by
the research team for appllcatlon to this ' project and were useful °
in 1dent1fy1ng government agenc1es that had removed trafflc 51gnals.

Studies on Signal Removal

Very llttle research was avallable -on the 1mpacts of ‘removing
traffic signals and replacing them with stop sign control. One :.-
study( ) reported a general decrease 'in accidents after signals : :
were removed ‘at five low volume intersections -of simple geometric
design in Terre Haute, Indiana. 'Although no removal criteria were
suggested, the use of some form of interim control perloc and/or -
driver notification process was recommended .

Another study( ) examlned the before and after effects of the.
removal of a signal in Albany, New York on accidents, delay and
fuel consumption. The signal was not justified under the MUTCD - .
signal installation warrants. After removal of the signal, there -
was a significant decrease in accidents and improvement in traffic
flow. The éevaluation showed that the removal resulted in over two
million fewer vehicle stops per year and almost 52,000 hours/year
of reduced vehicle idling time to major sStreet vehlcles. This ‘
_resulted in an, estlmated annual sav1ngs of 51, 855 gallons of gasollne

Other Studles

Research on signal installation warrants was reviewed to
determine parameters that should be considered in the development
of signal removal criteria. As has already been discussed, KLD
& Associates (NCHRP 3-20) developed new warrants and modlfled
some - of the existing ones. ,

The engineering data requ1red to determlne the nece551ty for
a signal installation. under warrants proposed by KLD, include
hourly volume counts for each intersection approach turning move-
ment counts, pedestrian volume counts, 85- percentlle speed of free- .
flowing vehicular traffic on the major street, physical layout of
the intersection, and accident experience by type, dlrectlon, and
severity for a period of a least two years. L

A study by Paul Box(s) cons;sted ‘of the collection. of
available information and data on intersection traffic. volumes,
vehicle headways, gaps in traffic streams, 'gap acceptance and
rejection, delay, accidents, and other factors which should be
considered in establishing warrants for traffic control signals.
His report to the National Joint Committee also included the fol-
lowing suggested warrants: peak hour delay warrant,.systems
warrant and a pedestrlan warrant. S ~
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Numerous studies (References 6-20) of the relationship be-
tween the installation of new traffic signals and intersection.
accidents were rev1ewed to determlne what traffic and physical
conditions tend to be unfavorable for an improved accident experi-
ence after s;gnallzatlon. This was done on the assumptlon that
these same conditions might indicate a decrease in intersection
accidents in the case of signal removal. The overall results of .
these studies varied con81derably and were often contradictory.

In some studies the total number of accidents decreased, while in
others, an increase in total accidents after signalization was
reported. Nevertheless, the data from this research did support
some general conclusions which are discussed in a subsequent
section. ‘

.. A variety of literature concerning traffic operations
at intersections under various types of intersection controls
(References 2, 5, 20-22) were reviewed to develop techniques
for estimating the changes in delay, stops and excess fuel
consumption following the removal of a traffic signal. A
number of local traffic engineering departments were contacted
and several reports (References 2, 22, 23-25) were reviewed
in determining the impact of signal removal on jurisdiction-
related costs such as signal operation and maintenance. ‘

- SELECTION OF STUDY LOCATIONS

% The initial task in collecting the extensive data base re-
Y quired to develop the criteria was to identify those political

Y"Jurlsdlctlons throughout the country that had recently removed

" traffic signals and to determine the availability of the desired
data. The study contract required that 30 or more political

. entities which had removed traffic studies be selected and then
i visited for purposes of collecting pertinent information on the

., unique experience with the removal of traffic signals. In addi-
. tion, the jurisdictions were to be selected in order to provide a
= good geographlcal cross-section of urban areas and governmental

" agencies whlch include c1ty, county, and state representatlves.

Study Location Review

An initial list of potentlal study locatlons was developed
by reviewing the questionnaires used by KLD Associates during
their research on traffic signal warrants (NCHRP Project 3-20).
In partlcular, the question of the survey which ‘covered the
number of existing signal installations annually downgraded to
sign or no control was analyzed and seventy-five jurisdictions
were identified that had removed traffic 51gnals. : .

The informatioh contained in the NCHRP 3-20 questionnaires
was six'years old and there was nothing in the KLD survey results
concerning the -general nature of the signal removals nocr on the
availability of accident and trafflc data. In light of these:
drawbacks, it was necessary to review the data with jurisdictions:
on the intial list by telephone and to determine thelr recent
experience with trafflc signal removal as well as the availability
of before and after data at those intersections where signals had -
been removed. A number of " jurlsdlctlons not on the 1n1t1al list
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were also contacted to provide a better geographic and demographic
distribution and because it was known from other sources that . :
particular jurisdictions had recently removed traffic signals.

In all, over 100 political entities in 41 states were con-
tacted during the data review. Most of the jurisdictions reviewed
were cities, although 26 state DOT/Highway Departments and approx-
imately 5 county governments were contacted as well. The purpose
of the data review and the general objective of the study was
first explained to each state/county/city traffic engineer or an
appropriate assistant. Each traffic engineer was then asked to
update the data to indicate if any signals had been removed and
replaced with stop signs or flashers in their jurisdiction during
the recent past (3-5 years).Those that provided affirmative data
were then asked approximately how many, the extent and availabil-
ity of before and after data, and the general reason- for the sig-
nal removals (e. g- unwarranted, closing of nearby major trafflc
generation, opening 2f new parallel highway, etc.).

Fifty-three jurisdictions, or just slightly over half of
those contacted, had removed at least one signal in the last few
years. The actual number of signals removed as well as the reason
"for their removal varied from jurisdiction to jurisdiction.  For
example, one city had removed only one signal in ten years and that
was a school crossing signal (having two lenses in esach face and
operating only a few hours a day) which was removed after the
adjacent school had been closed. On the other hand, -a number of
jurisdictions, such as Philadelphia, Pennsylvania; Columbus, Ohio;
Kansas City, Missouri; Houston, Texas; and Milwaukee, Wisconsin,
have had an active signal removal program ongoing for several
years - removing signals at 5 to 10 intersections annually.

From the results of the KLD survey and telephone data re-
view, it appears that the practice of signal removal is most
prevalent in the midwest and southern states, particularly in
older established cities. 1In the western portion of the country,
signal removal is not very common although some of the large
metropolitan areas have removed a 51gn1f1cant number of signals
in the last few years. Signal removal in the northeast is almost
non~existent except for locations in the State of New York.

It should be noted that while a large number of States indi-
cated on the KLD questionnaire of the existance of an annual sig-
nal downgrading program, the results of the telephone data review
indicated that many of these states had been removing signals at
a significantly lower rate or not at all during the last few
years. An explanation of this is the fact that in most of the
States reviewed, signal removal occurred at locations on rural
routes after a parallel interstate route had opened thereby drasti-
cally altering the travel patterns on the rural route. Six to ten .
years ago, segments of the interstate system were opening at a
rapid pace. Since then, however, new freeway construction has
dropped thereby eliminating the condltlons under which many States
had been removing 51gnals.
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Selection of the 30 Jurisdictions

As prev1ously stated 30 study jurlsdlctlons were to be se-
lected and visitied for the purpose of requesting written docu-
ments and records pertaining to the removal of traffic signals.
It was necessary to reduce the number of study locations to keep
transportation costs as low as possible yet still maintain a data
base of sufficient size. To accomplish this, those locations
meeting both of the following criteria were chosen as recommended
study sites:

* Five or more intersections where signals were removed.

.* Adequate data available and obtainable.
A few locations that had removed signals at less than five inter-
sections were also included because of their close proximity to

another study location that met both of the criteria.

ACQUISITION AND SUMMARY OF INFORMATION

The traffic engineers for each of the selected jurisdictions
were contacted by phone and arrangements were made for a member
of the research project team to visit each one. Each of the phone
calls was confirmed with a letter which included a list of the
information and data that was belng requested. The information
included on this list (Table 1) is quite extensive. It was not
expected, however, that any of the jurlsdlctlons would have
all of this information available. The primary purpose of such a
comprehensive list was to identifyall of the various information
that was desired and thus enable the research team to collect any
and all pertinent data which was available in the local traffic
engineering files.

During a three month period in early 1979, the thirty-one (31)
political entities shown in Figure 1 were visited. This included
traffic engineering units of four state departments of transpor-
‘tation: Alabama, Louisiana, North Carolina, and Ohio. A demo-
graphic analysis of the sites visited is provided in Table 2.

The purpose of these visits was threefold:

- Collect written documents and records pertaining to the
removal of traffic signals at intersections in each juris-
diction; : ‘

+ Meet with the local traffic engineers and their staffs
and determine the rationale and local procedures utilized
to remove traffic signals. Also discuss institutional,
political and legal implications;

« Field check and photograph as many of the study intersec-
tions as possible in order to obtain additional information
that might not be available in the traffic engineering
department's files.
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Table 1. Reguested Information .

Individual Intersection Characteristics (for each intersection
where signal was removed or attempt was made to remove signal)

Physical geometrics‘(turning“radii, sight*distances,
one-way operation, pavement markings, parking)

Surrounding Land Use (re51dent1a1 rétail, industrial)

Special Con51derat10ns (dlstance to nearest school park,
church) :

Locations of nearby signals ‘ ‘
Signal Layout (number of signal heads, dlsplays)
Phasing ‘ »
Type of Control (pre t1med aétuated,\intercoﬁnedt)
Approach Speeds. ‘ :

Traffic Volume (both before and after removal, turning
movements, new nearby generators)

Pedestrian Volume

Accident Experience (before and after removal, accident
reports, collision diagrams)

Other (significant effects at nearby intersections)

Procedural Information (for each intersection)

Initial signal installation (warrants cited, polltlcal
considerations) :

Justification presented for removing traffic signals
Concerns expressed by government body and other agencies

Opposition (type and make-up of opposition groups,
arguments and concerns, tactics)

Type of control installation to replace signal (2-way
or multl-way stop signs or flashing beacon)

Overriding factor for retalnlng 51gna1 (if signal not
removed)

Public notification used before 51gnal removed (newspapers,
public relations)

Interim adjustment period (signal put on flash, how long)
Liabilities and legal problems after removal
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" TABLE 2. DEMOGRAPHIC ANALYSIS OF STUDY LOCATIONS

JURISDICTION ’ NO. OF
TYPE POPULAT;ON RANGE» f LOCAT IONS
Cities/Counties < 50,000
’ 50,000 - 100,000
{ 100,000 =~ 400,000 14
. 400,000 - 700,000
700,000 - 1,000,000
1,000,000 +
States | - ‘ : 4
TOTAL | - 31

Prior to beginning the extensive traveling required to assem-
ble the signal removal data base, tHhere was some concern as to
the quantity and quality of information that would be available
from the participating agencies. As it turned out, however, this
was not a major problem. Not only were all the jurisdictions vis-
ited very cooperative, but most of them had available,as a minimum,
volume data and before and after accident data for one year on at
least three intersections where signals had been removed. Several
of these locations, including Houston, Texas; Kansas City, Missouri:
Milwaukee, Wisconsin; Philadelphia, Pennsylvania; and Buffalo,
New York, had adequate information available on twenty or more
intersections. Additional data on such items as type of signal
control, distance to nearest signal, and intersection geometrics
was available from a majority of the participating agencies. The .
data acquired from the traffic engineering files was supplemented
by field investigations at a number of the intersections. 1Infor-
mation obtained from these field investigations included additional
data on intersection geometrics, lane configuration, surrounding
land use, and side street sight distance. No before and after
data on intersection stops and delays was available,
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As one would expect, the raw data from each of the study
locations varied as to the form in which it was received. For
example, accident information included simple tables with just
yearly totals for the intersections, computerized accident reports
detailed collision diagrams, and even police accident reports.
Some jurisdictions had traffic counts for only the AM and PM peak
hour while others had 24 hour machine counts ‘and 12 hour manual
turning counts.

In all enough data and 1nformatlonwerecollected during the
data acquisition stage of the project to create the following
data base.

. 227 1ntersectlons where signals were successfully renoved

* 42 intersections where signal removal attempts fa11ed
The various data and information available on each of these inter-
sectionswere then summarized on a separate form in order to

simplify the analysis of the data. A form, which is included in
Appendix A, was filled out for each intersection.
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CHAPTER III

SIGNAL REMOVAL PROCESS  -CHARACTERISTICS

As was mentioned in the previous chapter, one of the
purposes of the site visits was to obtain information on the
signal removal procedures utilized in each location. This
-includes such process characteristics as identification of
candidate locations, removal criteria, removal authority,
interim adjustment period control, public notification, and
legal problems after removal. The findings of this element
of the study are discussed below. !

SIGNAL REMOVAL PROGRAMS

Of the 31 jurisdictions visited,five had an .active-signal
removal program. All fiveof these jurisdictions are large metro- -
politan areas and have been actively searching for unwarranted
signal ‘installations for a number of years - remov1ng an average
of five to ten signals each year. -

A few of the political entities,-  including some States, had
short-term signal removal programs lasting a year or two at the
most. These short~term programs were implemented for a variety of
reasons including energy conservation, financial constraints, and"
implementation of a computer-based signal system. The most notable
example of a short-term program is Buffalo, New York where nearlv
100 signals were removed in 1976 as a cost reduction measure.

Most of the study locations have handled signal removal on a
case-by-case basis - removing or attempting removal of an unwar-
ranted signal installation as a particular situation arises.
Examples of some of these conditions are listed below:

* Closing of major traffic generators such as .large business
establishments, recreational areas, schools '

* Disruption of street continuity due to urban development
or interstate construction thus changing traffic flow
patterns .

- New interstates or improvement of alternative routes
51phon1ng traffic away from 1ntersectlon :

. Change in street patterns (two—way operatlon to one-way
operatlon) S -

. Ant1c1pated ffeeway volume~ never materializing:

- Signal removed instead of being modernized to curient
design standards ‘

- Construction of pedestrian overpass

.. Repeated vandalism or maintenance problems

A ' 1 8



- Removal of temporary 51gna1 orlglnally 1nsta11ed for con-
' structlon detour . :

. Removal requested by police (in one city, pollce requested

removal of a signal because at night, occupants of vehicles
stopped at the signal were being robbed). :

CANDIDATE LOCATIONS

In almost all of the jurisdictions visited, the identifica-
tion of candidate locations: for signal removal was an intuitive
process. .The local traffic engineering staff determined which
signals should be considered for removal ‘and additional analysis.
based on their personal knowledge and/or observation of the gen-
eral conditions that existed at or near a particular intersection.
Formal gquanititative processes for identifying candidate locations
were not used

A few jurlsdlctlons had used the findings of areaw1de traffic
englneerlng studies (e.g., TOPICS Study) to identify candidate
locations in addition to personal knowledge. Only three cities

“had a continuous program for. reviewing and evaluating-all sig-
. nalized -intersections with regard to the installation warrants.

. The programs generally consisted of taking volume counts at all
- signalized intersections on a periodic-basis and comparing the

intersection volumes to the installation warrants. Because of
~ manpower and financial constraints, such counting programs have
.. often fallen behind schedule and these jurisdictions have also
. used subjective observations to identify candidate locations.

f SIGNAL REMOVAL CRITERIA -

All the study locations used the MUTCD volume warrants as a
basis for their removal criteria. While not part of a formal
policy on signal removal, ‘almost all the traffic engineers did
state that the intersection volumes must be "substantially" below
the warrants before removal of the signal would be attempted.

In practice, this means that signal removal -.is not attempted in
most jurisdictions if the intersection volumes exceed the volume
warrant values for more than one or two hours. Two cities did
have guidelines- whereby a signal was designated as unwarranted if
the intersection volumes did not satisfy a percentage of the MUTCD
volume requirements for at least eight hours. One city used an
arbitrary value of 75 percent. The other city, based on the as-
sumption that five or more correctable accidents w0u1d occur each
year with stop sign control, used an 80 percent value. (The MUTCD
Accident Experience Warrant requires that there exist a vehicular
volume not less than 80 percent of the requirements specified in
the Volume Warrants).
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In addition to intersection volumes, several jurisdictions
used other factors as signal removal crlterla which are listed
‘below:

* 8School Crossing - If the signal is at an established
school crossing or even near a school, removal of the
signal is not attempted due to the politically sensitive
nature of such an action. (It should be noted that a few
cities have had some success with removing traffic signals
near schools. 1In all, eight intersections in the data set
of successful signal removals were adjacent to schools.)

. Progre551ve Movement - If the 51gnal does not adversely
affect signal coordination, removal may not be attempted.
On the other hand, if the traffic signal causes poor sig-
nal spacing, removal may be agressively pursued.

. Sight Distance - One jurisdiction's policy was to not
remove a signal if the intersection sight distance was
less than the recommended minimum specified in the
Transportation and Traffic Engineering Handbook (26).
While other jurisdictions had no formal policy, it should
be noted that the removal of signals at intersections
with poor sight distance was encountered infrequently.

* Engineering Judgement - As has already been discussed, -
this involves intuition and general knowledge of the con-
ditions, both present and future, that exist at the inter-
section. Political judgement is also very important.
There are existing traffic signals that, regardless of
how unnecessary and unwarranted they may be, have no
chance of being removed due to institutional and political
constraints.

SIGNAL REMOVAL AUTHORITY

In approximately two-thirds of the political entities visited,
. the authority to remove a traffic signal rests within the juris-
diction's traffic engineering or transportation department. 1In
most of the other jurisdictions, removal of a traffic signal had
to be approved by the City Council or a similar legislative body.
The authority to remove a signal in three cities was vested in an
independent committee or the city manager. In one of these cities,
this committee was a Traffic Control Board which consisted of the
traffic engineer, city engineer, and representatives from the
police department, legal department, and department of community
development. A unanimous vote was requlred to authorize the re-
moval of a signal.
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There appeared,6 to be no correlation between the success of a
signal removal program and the type of authorization required.
For example, in some of the cities that have the most successful
signal removal programs, City Council approval is required prior
to the removal of a signal.

INTERIM CONTROL

All the jurisdictions visited, except for two, used some
sort of interim control measure prior to the signal hardware being
removed. The purpose of the interim control period is to allow
drivers to adjust to the new intersection control. It also pro-
vides time to see if there are any complaints and to gauge the
relative strength and validity of any opposition. Two forms of
interim control measures were identified - bagging the signal
heads and placing the signals in the flash mode.
Bagging - Three cities used this interim control measure
with stop signs being installed on the intersection ap-
proaches at the same time the signal heads were bagged.
The 51gnals remained bagged for perlods ranging from one
month -to six months.

.. Flashing - Placing the 51gnals in the flashing- mode
was the predominant method of interim control. Signals
that were converted to two-way stop control were
flashed red-yellow, while signals at those inter-
sections changed to multi-way stops were flashed red-red.
Almost all of study locations that used this interim
control measure flashed the signals for at least 30
days.. Some jurisdictions flashed the signals for even
a longer period. Three locations flashed signals for
three months while three other locations left the
signals on flash for six months. One city initially
flashed the signals except during the peak hours and
then later put the signals on 24-hour flash. Only
three jurisdictions used this interim control measure,
for a period of less than one month.

NOTIFICATION |

In general, most jurisdictions have provided very little no-
tification of the plans to remove a traffic signal. 1In a number
of cities, the traffic engineer has informed the police department
as a matter of courtesy. 1In several of those cities where c1ty
council approval is not required, the council or the appropriate
councilperson is often notified of the proposed signal removal
and the subject is discussed so the councilperson can answer to
the constituency in the event of complaints.

In those locations where city council approval of signal re-
moval is required, the council meetings do get coverage in the
local newspapers. In this way, some notification is provided to
the general public. Nevertheless, in general, signal removal is a
low keyed process and public notification is very limited. 1In
three jurisdictions, the date that the interim control is to be
implemented and the general reasons for the signal removal are
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published in the newspaper. A press release from the City of
Omaha, Nebraska is provided as Appendix D. Another three cities
have made a practice of contacting the surrounding residents and
business establishments, either by phone or by letter.

‘The most effective means of public notification, in terms of

- coverage and ensuring that the public is made aware of the proposed .
removal, was found in Colorado Springs, Colorado. During the 30

day period when the signal is in flashing mode, a sign is posted

on all intersection approaches stating that the signal is to be
removed and the date it is to be removed. An example of the sign

is shown in Figure 2. B B ' :

ﬁ '*‘('  ﬂfr ‘ ¢ '  ~ D
- PROPOSAL
REMOVE EXISTING
o | TRAFFIC. SIGNAL’ o |
| ONMAR. 9,1979 | LT
 TRAFFIC ENGR. DIV. |
401 W. FONTANERO - . .
CITY 80901

.

FIGURE 2. SIGNAL REMOVAL SIGN - COLORADO SPRINGS

SIGNAL REMOVAL STRATEGIES

The removal of a traffic signal is often a political and institu-
tional decision as much as it is a technical decision. There are
certain strategies that can be very useful 'in increasina the chances
of a signal removal attempt being successful. During the study '
location visits, several strategies were identified which are
discussed below. o S ' : e

Facing the Opposition

Opposition to a proposed signal removal is often a very emo-
tional situation in which technical and logical explanations are
useless. In one city, when there is a large amount 'of opposition
to a proposed removal, the traffic engineer or one of his assis-
tants meets with representatives of the opposition at the inter-
section during the peak hour to show and to explain to them that
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there is no traffic problem when a signal is not operating at the
intersection. (The signal is in the interim control mode at the
time. ) - . .‘ 2 S ‘

Opportunity

Some jurisdictions have been very opportunistic about signal
removal. For example, in one city, signals that were disabled
due to vandalism or a traffic accident were simply removed instead
of being repaired or replaced. 1In another city, signal instal-
lations have been removed while one of the intersecting streets
has been closed for repair. After completion of the construction,
however, the slgnal has not been reinstalled and, in general, people
have not been concerned that a trafflc 51gna1 had existed there
before.

Timing

Several traffic engineers of cities where city council
~approval is required stated that they never bring a signal re-

‘fdgmoval proposal before the council during the members' campaigns
, . for re-election. With the removal of a signal being such a visible

. -item and often politically sensitive, the chances of having the
.proposed signal removal. approved by the council are at the1r Jlowest
just prior to electlon time. , ‘ o )

In a northern city, 51gnals are not removed during the
e winter since snow drifts may reduce the side-street sight distance
.. during the first critical months of driver adjustment to stop
; ~control. The reduced sight distance may cause an increase in the
first months following signal removal thereby forc1ng relnstal-
latlon of the signal.

Relocation

ThlS strategy has been used by a few of the study locatlons

with great success. The unwarranted signal: is "relocated" to an-
- other, near-by intersection whlch will benefit from signalization

or at least where the negative aspects of signal. control are not .
as great. While the signal hardware is not physically relocated, by
placing the unwarranted signal in the interim control mode at the
same time the new signal installation is turned on, a signal can
be removed under conditions (such as public opposition and politics)
that otherwise might make removal impossible. The following two
case studies demonstrate how effective this strategy can be.
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Oakland, California - MacArthur Blvd‘ at Rahdolgh Ave.

‘ Due to the opening of the MacArthur Freeway in. 1965 the pre-
timed traffic signal at the intersection of MacArthur Blvd and ..
Randolph Avenue was no longer warranted. The traffic crossing.
MacArthur Blvd. at this intersection was practically non-existent
(300-400 vpd) since Randolph had been dead-ended by the Freeway
approximately 150' beyond the intersection. 1In addition, the
traffic volume on MacArthur, having been converted .to a local
traffic carrier, had been reduced from 19,000 to 5,000 vpd.

Thus, the City Traffic Engineer initiated the removal procedures
by sending. a letter to the -residents and businesses in. the area:
stating that the signal. was. g01ng to be removed. '

The response to the proposed removal was guite large and
mostly negatlve. A number of letters were sent to the traffic
engineering department; a petition was submitted and many phone-w”»
calls were received opposing the removal of the signal.. A
sampling of some'of the:comments that-were made include:

* "removal would be against. the well being and Safety of
all concerned"

* ‘"danger to children”ﬂ

* "fear that bus..stop will be removed if signal removed"

+ "street'will become a race track" |

* "deep concern fdryelderlyupeopie who live on the block"

+ "bound to be accidents if signal is removed"

Despite all these complaints, the signal was put 6n‘fiaah1ng -
operation on January 31, 1966. This action caused another petltlon;
more complaints and even some threats such as:

* "I am going to talk to my. counc1lman

* "number of deaths will occur"

- Mif I get killed, (my) heirs will sue the Clty |

The signal remained on flash until the next Oakland City
Council meeting on February 15, 1966 when the Council decided to

retain the signal.
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Another attempt to remove the signal was made in 1971, but
this time the strategy of relocation was used. It was proposed
that the signal be relocated one block to the intersection of
MacArthur and Ardley Avenue. In June, another letter was sent to
the residents and merchants in the area. This time, 13 written
responses- to the letter were received - 10 in favor of the reloca-
tion with, comments such as:

. "poor planning - should have been done by 1965"
. . "excellent idea" |
. “very good and timely"

On September 7, 1971, the Oakland City council ‘approved the re-
location and the 51gna1 at MacArthur Blvd. and Randolph Avenue
was finally removed.

The signal at MacArthur and Ardley was not warranted either.
Obviously, the optimum action would have been to remove the signal
at Randolph Avenue and not signalize the intersection at Ardley Ave.
As was just described, this was tried and was politically impos-
51b1e.  The intersection of Ardley and MacArthur was the only inter-
section in the immediate area that was even close to satisfying
the signal warrants (the volumes did satisfy the MUTCD Volume
Warrant for two hours and Ardley is a through street with an over-
pass over the MacArthur Freeway). While having a signal at this
intersection may be the better of two bad situations, the negative
impacts of signal control are much less than if the signal had
remained at the Randolph intersection.

Cincinnati, Ohio - Clifton Ave. and University Ave.

Clifton is a major street that goes through the University of
Cincinnati. University Avenue was closed to through traffic but
was still used as a crosswalk for pedestrians, although not enough
to warrant a signal. During the peak hour, 140 pedestrians crossed
the major street and the volume on University Ave. was approximately
1800 vph. The signal was poorly located with respect to progres-
sive movement on Clifton Avenue.

_ _ The signal was put on flash in June, 1973 with the intention
of installing a new midblock signal at another near-by location

on Clifton Avenue. This new crosswalk location not only served
four times the number of pedestrians, but was superior with re-
spect to progressive movement on Clifton as well. Even .after a
pedestrian fatality occurred at the intersection of Clifton and Uni-
versity while the signal was still on flash in November 1973, the
University of Cincinnati indicated no objection to the proposed
"relocation". (Note - The pedestrian involved in the fatal ac-
cident was not in the crosswalk and was cited by the police while
the driver of the vehicle was not). Nevertheless, it is still
somewhat astonishing that the signal was removed with the concur-
rence of the University and the City Council even after a fatal
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accident had occurred there. The 51gnal was removed at Clifton
and University when the new cross walk location was 51gnallzed
The crosswalk at University and Clifton was retalned and was
illuminated w1th spotllghts.

The use of this strategy is dependent on there being an
unsignalized intersection in the immediate area (one or two
blocks at most) that is more suitable for signalization than the
"one planned for signal removal. The strategy of "relocation"
does not decrease the number of signalized intersections and is
thus not recommended as a general practice. However, under the
right circumstances and when severe political constraints exist,
it can be very effective.

'LEGAL REPERCUSSIONS

None of the jurlsdlctlonsav151ted have: had any 1egal
repercussions or law suits arising out of signal removal.
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CHAPTER 1V

CHARACTERISTICS OF SIGNAL‘REMOVAL DATA BASE

The information from the 31 study locations on signal re-
moval experience was summarized and statistics characterizing
various intersection descriptors were prepared. The- intersection
descriptors included variables which depict the physical and geo-
metric features, traffic flow characteristics, accident experience,
site location, traffic signal design and operation characteristics
of the intersections where signals have been successfully removed.

The data set involving successful signal removals was divided
into the following categories:

. Rural Intersections - 10 locations
-+ Urban Intersections - 217 locations.
The characteristics of each data set are discussed'sepérafely.

RURAL INTERSECTIONS

The data set for rural intersections is unfortunately quite
small. The reason for this, however, is not due to a lack of
signal removal practice in rural areas. From the NCHRP 3-20
guestionnaires and the telephone contacts made as part of the
study location review, it is quite obvious that several states
have removed numerous signals during the last decade.* A number
of these removals were in conjunction with the opening of segments
of the Interstate Highway System and the resulting siphoning of
traffic off of the major rural routes.

The problem was the availability of adequate data on these
rural intersections. For example, the State of Alabama removed
between 70-100 unwarranted signals in the early 70's as part of
a state-wide signal upgrading program. However, because of the
period of time that has elapsed since their removal, no data’
were available. Similarly, North Carolina has removed nearly 50
signals in the last 10-12 years. Very few of these were removed
in the last 3-5 years for which data were available.

The ten intersections in this data set were located in
or near small towns having a population of less than 20,000.
Balf of these signalized rural intersections were maintained
by State DOT's. Of the ten locations, five were converted to
two-way stop control, while the other five were changed-to all-
way stop control None of .the intersections satisfied the current
MUTCD warrants (70 percent values) during any hours except one

* fThe results of the KLD questionnaires indicate that during
the early 1970's, states were removing an average of 2.5
signals/year..
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location which exceeded the warrant -values for only one hour.
The speed limit at those locations downgraded to an all-way
stop was less than 40 miles per hour. The speed limit at two
of the locations converted to a two-way stop was greater than
40 miles per hour. ‘ . ,

URBAN INTERSECTIONS

The large size and quality of the data set for urban inter-
sections made it possible to determine the distribution of a
number of intersection descriptors and thus, identify the
general characteristics of those intersections in urban areas
where signals have been successfully removed. -

Physical and Geometric Features -

Table 3 summarizes the physical and geometric features of
the urban intersections where signals were successfully removed.
It is evident that the geometrics of these intersections is
relatively simple: three or four approaches with usually no more

than one or two lanes in each direction, streets crossing at right .

angles, and no offset between opposite approaches.

Land-Use Characteristics

The distribution of the surrounding land use at urban inter-
sections where signals were removed is shown in Table 4. 0f the
ten intersections classified as "other", eight were located within
one block of an active school.

Operational Characteristics

Table 5 summarizes the signal operation and design charac-
teristics of the urban intersections where signals were removed.
At nearly three-fourths of the urban intersections, the signal
layout conformed with the design standards contained in the MUTCD.
The great majority (77 percent) of the signal installations down-
graded to stop sign control operated with fixed-time controllers.
This is slightly higher than the proportion of all urban signal
installations utilizing pre-timed controllers (71 percent). *
Similarly, the percentage of removed signals that. operated with
two phases (91 percent) is slightly higher than the percentage of
all urban signals utilizing two phase operation (86 percent).

* This figure was obtained from the results of the KLD ques-
tionnaires which were received from 135 cities throughout

the country.
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Table 3.

Phy51ca1/Geometr1c Characteristics of Urban

Intersections (Slgnals Removed)

)|

Number of Number of
Approach Legs Intersections

3 .75 (34%)

4 149 (65%)

5 2. ( 1%)

Number of
Offset Approaches Intersectlons

Yes | 10 ( 6%)

‘No

165 (94%)

Angle of Crossing

90°
75°-90
60°-75°
45°-60°

(o]

Number of’

Intersections
141 (81l%)
14 ( B%)

10 ( 6%)

10 ( 6%)

Major Street Type

, One-way ‘
Two-way, undivided
Two-way, divided

Number of

Intersections
34 (16%)
162 (77%)
14 ( 7%)

NOTE - Total number of intersections for each

condition description varies depending
on the availability of information.




Table 4. Land-Use Charaéteristics‘of Urban Intersections
3 _ (Signals Removed)

Surrounding "~ Number of
Land Use | ngnterséétions
Residential | 38  (26%)
Commercial B 49 (34%)
Mixed (Res./Comm.) [ =~ 29 (20%) -
Industrial - .| . 19. (13%)
‘i other | 10 (7%)

Table 5. Operational Characteristics of Urban Intersections
(Signals Removed)

Number of

.. .Signal Operation- . ~ . Intersections
Fixed Time . 99  (77%)
Actuated 30 (23%)

Number of

.Signal Design . 'Intersections
MUTCD Cohformity ‘ : ‘gl- 102 - (74%)
MUTCD Non-Conformity | 135 (26%)

o Number of

Number of Phases ' . Intersections
-2 | - 118 (o1
3+ ~ ' 11 (. 9%)
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Traffic Volume Characteristics

Table 6 summarlzes the traffic volume characteristics of the
urban intersections where traffic ‘signals were removed. As would
be expected at an intersection where a signal has been replaced
with stop signs, the traffic volumes are relatively low. The
highest volume intersection in the study had a peak hour entering
volume of just over 3,000 vehicles (the side street traffic ac-
counted for less than two percent of this total, thus the signal
was not warranted). ‘ ‘ :

' Anothérfmethod‘usedlto analyze the volume characteristics of
the urban intersection data set was to examine the number of

hours the traffic volumes at each intersection satisfied the
current MUTCD vehicle volume warrants. Warrant #l1 is the Minimum
Velume Warrant and Warrant #2 is for the Interruption of Contin-
uous Flow. - Of the 208 intersections. for which it was possible

to determine the number of hours a signal was warranted, only 24
or 11 percent of the sample, satisfied Warrant # 1 during any

hours of the day at all. At most of these locations the volume
equalled or exceeded the warrant values for one to two hours. Only
two intersections 1n the study satisfied Warrant #l1 for five or
more hours. :

A larger‘number of intersections did meet for at least one
hour the minimum values of Warrant #2 (23 percent). Neverthe-
less, it is quite obvious that at the great majority of intersec-
tions where signals have been removed, traffic conditions have
not satisfied the MUTCD volume warrants during any hours of the
day. These results verify what was discussed in the previous
chapter on signal removal process characteristics - that it is
the practice of most traffic éngineers not to attempt removal of
an existing traffic 51gnal unless it is "substantially" unwar-
ranted.

Pedestrian counts were avallable for only a few of the
study locations. With.the exception of one location, the
number of pedestrians crossing the major street was quite low-
an average of 14.1 pedestrians during the peak hour (not
counting the above mentioned intersection). The pedestrian
activity at the other study locations for which pedestrian counts
were not available was described as "little" or "non-existent"
by the local traffic engineers. As mentioned, one intersection,
the Cincinnati case study on the strategy of relocation,did have
substantial pedestrian activity - 140 pedestrians crossing the .
major street during. the peak pedestrlan hour. Nevertheless, this
intersection did not satisfy the MUTCD Pedestrian Crossing War-
rant during any hours of the day as did none of the other study
locations.

A
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Table 6: Traffic Volume Characteristics of Urban Intersections
(Signals Removed) .

Peak Hbur ‘ ‘ Number of

_ Entering Volume* Intersections
0-500 | 40  (18%)
1500-900 | 78 (36%)
900-1300 54 (25%)
1300-1700 26 (12%)
1700+ ) 19 ( 9%)

'Number of Hours o
MUTCD Warrant #1 Number of

Satisfied - Intersections
0 184 (89%)
1-2 ‘ 15 ( 7%)
3-4 : 7 ( 3%)

5+ 2 ( 1%)

Numbe: of Hours

MUTCD Warrant #2 Numbér of
~ Satisfied o zgterSections

0 160 (77%)

1-2 26 (13%)

3-4 11 (‘5%)

5-6. o 7 ( 3%)

7+ ‘ 4 (2%)

fSum-of'Major St:eet Volume and Higher Side Street volume
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Accident Experience

The "before" accident experience at the intersection in the
urban data set is shown in Table 7. In addition to low volumes,
intersections in urban areas were signals have been removed also
tegd to have a low accident frequency. The mean accident frequency
Prior to removal for the urban data set was 2.36 accidents/year.
Over 60 percent of the intersections had an average annual accident
fregugncy of two or less. The average accident frequency at
1nd}v1dua1 intersections prior to signal removal ranges from zero
accidents/year (which occurred at 16.3 percent of the intersections)
to eighteen accidents/year at one of the study intersections.

TWO-WAY STOP vs. MULTI-WAY STOP

When a traffic signal is removed, it is necessary to install
an alternate traffic control device - usually some form of stop
sign control. The urban data set of urban intersections where
signals were successfully removed was divided into the following

~ groups and analyzed: ‘ S

. Intersections converted to two-way stop -- 191 intersections.
. Intersections converted to multi-way stop --{ 26 intersections.-

As can be seen from the relative size of the two groups,
most of the urban locations visited have primarily utilized the
two -way stop sign arrangement at intersections after the removal
of a signal. Two cities, Philadelphia, Pennsylvania and Terre
Haute, Indiana, have replaced signals with multi-way stops at most
of the removal locations in their jurisdictions. '

" There was no discernable differences between the two groups
with regards to the geometric features, land use, and signal
operation characteristics of the intersection. There are,
however, some major differences in accident experience and traf-
fic flow characteristics between the two groups which are sum-
marized in Table 8.

As should be expected, the major street and side street
traffic volumes are more balanced at those intersections con-
verted to multi-way stop control than at the two-way stop con-
trolled intersections. This is further indicated by the fact
that at none of the 26 intersections converted to multi-way stop
did traffic volumes at any time meet the minimum values of
Warrant #2, the Interruption Warrant, which favors unbalanced
flow conditions. The ratio of major street volume to total
side street volume for the intersections converted to multi-way
ranged from 1.1 to 4.6 with an average of 2.1.

7 1
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Table 7. "Before Accident Experlence of Urban Intersectlons
‘ (Signals Removed) ' -

Average Annual - Pereentage of

Accident Frequency 3 Intersectlons
" 0 16. 3%
0-1. 22.8%
1-2 21,8%
2-3 12.1%
3-4. 11.2%
4-5 7.0%
5-6 3.7%
6+ 5.1%

Table 8. Traffic Flow Characteristies and Accident Experience at

Signalized Urban Intersections Before Downgrading To
Two-Way Or Multi-way Stop Control :

Two-way Multi-way
Intersection Descriptor Stop Stop

Mean Average Annual Accident N '

Fregquency 2.46 1.70
Mean Peak Hour Entering Volume* 980 vph 480 vph
Mean Average Entering Volume during 4 o

Peak Hours* ‘ 850 vph 420 vph
Percent of Intersections Satisfying- .

MUTCD Warrant #1 for at Least One o

Hour 11.5% 12.5%
Percent of Intersections Satisfying

MUTCD Warrant #2 for at Least One

Hour 26.6% 0.0%
Mean . Ratio: lMajor Street Volume/

Higher Side Street Volume

(During 4 Peak Hours) .

‘ ~15.0 - 2.8

*Total Major Street Volume plus Hiéhef
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only four intersections in this group ‘actually satisfied
the Multi-Way Stop Sign Warrant contained in the MUTCD.* 1In
fact, over one-half of the intersections did not even meet ore
hour of the warrant. Nevertheless, these results do indicate
that, in general, those cities included in the study are imple-
menting multi-way stop control after signal removal at locations
where it is beneficial, 'i.e. intersections with relatively low vol-
umes and balanced traffic flows between the major street and
side street. o : ‘

% a) The total vehicular volume entering the intersection from
' all the approaches must average at least 500 vehicles per
hour for any eight hours of an average day:; and.

b) the combined vehicular and pedestrian volume from the
minor street or highway must average at least 200 units

per hour for the same eight hours. .
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« CHAPTER V

ACCIDENT IMPACTS - I

This chapter of the report covers, the investigation of the
impacts of traffic signal removal on accidents. Data used in-
this analysis were obtained for the 227 case study intersections
from across the country where 51gnals have been removed.

OVERVIEW OF ACCIDENT IMPACTS

Table ‘9 summarizes the changes in average annual accident
frequency per intersection following traffic signal removal.

Traffic volume data were not available for most intersec-
tions both before and after signal removal. Therefore traffic
volume based accident rates were not analyzed. Where both before
~and after volume data were available, changes in volume levels
were small and no upward or downward trends were apparent. There-
fore, use of changes in average annual accident freguency per inter-
section should not differ greatly from an analysis of accident
rates based on volume.

The data are divided into four basic subsets:
. Rural Intersection
- Signal Replaced by Two-Way Stop
- Signal Replaced by Multi-Way Stop
. Urban Intersection
- Signal Replaced by Two-Way Stop
- Signal Replaced by Multi-Way Stop
It should be noted that the category "two-way stop" is synonymous‘
with "minor-road stop". 1In some cases minor roads are either
one-way or terminate at a T-intersection, thereby forming only
one stop-controlled approach. The phrase two-way stop is used

for simplicity.

Rural Intersections

The data base contained only 10 rural intersections for
which accident data were available for the periods before and
after signal removal. These were split evenly between conver-
sions to two-way stop and multi-way stop.

36




Table 9. Summary of

~

Accident Impacts of Signal Removal

Rural Intersection

Signal Replaced By

Urban Intersection

Sighal Réplaced By

Two-Way

Multi-Way | Two-Way |Multi-Way
;Stop ‘Stop - - Stop- Stop
Number of Intersections - C
in Sample e 5 5 191 © 26
Total Accidents
Average ‘Annual Frequency
per Intersection
Before Signal Removal- 4.83 0.53 2.46 1.70
After Signal Removal 8.60 0.60 2.38 0.68
Change +3.77 +0.07 -0.08 -1.02
v Significant | ‘Not Mot Significant
at=,10 Significant Significant ateC =,005
Injury Accidents
Average Annual Frequency
per Intersection °
Before Signal Removal 0.88 0.07 0.70 0.50
After Signal Removal 3.17 0 0.63 0.19
Change +2.29 -0.07 -0.07. =0.31
Significant Not Not Not
v ate =,10 Significant | significant | significant
NOTE: Statistical difference tests were performed uéing the paired

comparison t test.
methodology.
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Two-Way Stop - Rural Intersections

For conversions to two-way stop control, the mean change
in annual accident frequency following signal removal was an in-
crease of 3.77 accidents per year, statistically significant
change at o =0.10 The annual frequency of injury accidents also
increased significantly by 2.19 accidents per year at these rural

intersections after signals were replaced by two-way stops. There
were no fatal accidents at these intersections. :

It is important to note that, although the accident im- ‘-
pact results for the sample of rural intersection conversions
to two-way stop control showed significant accident increase,
the sample (n = 5 intersections) is much too small to draw
general conclusions. Nontheless, there is a concern that, other
things such as traffic volume being equal, there is greater
inherent risk in attempting to cross or enter a main rural road
from a stop-controlled side road because higher speeds make gap
acceptance judgements a more difficult task. Additionally,in-
volvement- of higher speed vehicles in collisions increases the
risk of injuries. The data in this study tend to confirm the
above hypotheses, but are not drawn from a sufficiently large
cross-section of conditions for the results to be considered.
representative or generalizable.

Multi-Way Stop - Rural Intersections

For the five rural intersections in the data base where
signals were replaced with multi-way stop control, average annual i
accident frequent changed by very small and statistically in- I
significant amounts following signal removal. . No significant
changes were found for either total intersection accidents or w4
injury accidents. Once again, it should be noted that the sample
of only five rural intersection conversions to multi-way stop was
too -small for the results to be representative or generalizable.

One can hypothesize that multi-way stop reduces the risk of
severe angle collisions and increases the risk of main road rear-
end collisions. However, the sparse sample did not permit these
hypotheses:; to be tested. ) ‘

The reader should take care not to make a direct compari-
son .of the relative risks of conversions to-:two-way versus con-
versions to multi-way stop control at rural intersections based
on these research results. First, the samples are too small;
and second, conditions at the two sets of intersections, parti-
cularly traffic volume levels, are not comparable.

Urban Iﬁtersections

The signal removal accident impact data base was much
larger for urban intersections. Included were 191 intersections
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where signals were replaced by two-way stops and 26 intersections
where conversions were made to multi-way stops.

Two Way Stop

" For the total set of conversions to- two—way stop control,
no statistically significant change occurred in average annual
-frequencies for either total accidents or injury accidents. ' (Note =
Only one intersection experienced a fatal accident. This was
included in the analysis as an injury accident.) Because of the
relatively large sample size, however, these intersections were
stratified with respect to key independent variables affecting .
accident outcome following signal removal. The results of this
analysis are presented subsequently in thlS chapter. . ,

Table 10 and Figure 3 presents the frequency distribution
of changes in average annual accident frequency for individual
urban intersections where signals were replaced by two-way stop"
~control. The distribution is symmetrical and approximates the
normal form.:  The change in average accident frequency after sig-
nal removal at individual intersections ranged from an ‘increase
of 7.1 accidents/year at one location to a reduction of 12.8
accidents per year at another. :

While there was little change in overall accident freguency
per urban intersection following conversion to two-way stop control,
there was a shift in the types of collisions. This shift in colli-
sion type is illustrated in Table 11 which is based on data from 128

-of the 191 urban intersections converted to two-way stops for which
information on collision type were available. The results show that,
following conversion from signal control to two way stop control,
rear-end collisions tend to decrease whereas right-angle collisions
teénd to increase. This shift is the opposite of what generally hap-
pens. after signals are installed. 1In case of this study's data the
relative magnitude of these opposite shifts in collision types are
approximately equal. Rear end collisions fell by 49 percent while
right angle collisions rose by 51 percent. The data showed very
little changes in turning, pedestrian and "other" acc1dent ‘catego-
ries following 51gnal removal.

‘The.literature, in general, shows somewhat higher rates of
injury in right-angle collisions than in rear-end collisions.
But in this study, the result of the shifts in collision type
following signal: replacement by stop control at urban intersec-
tions had no statlstlcally significant effect on average annual
frequency of injury accidents. These results suggest there is
no need, at least at the urban intersections, to make a "trade
off" analysis of the increase in right-angle collisions versus'
decreases in rear-end collisions following signal conversion to
two-way stop. .
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-Table 10.

Distribution of Accident Impacts of Signal

Removal, Replaced by Two-Way Stops, Urban Intersections.

CHANGE IN ANNUAL ACCIDENT FREQUENCY | NUMBER | PERCENT
3.5 or more 10 5.2
2.5 to 3.5 8 4.2
INCREASE 1510 25 13 6.8
"5t0 1.5 25 13.1

LITTLE 5 to +.5

CHANGE 5 to+. 59 30.9
+=-5t0-15 31 16.2
DECREASE -1.5 to =25 25 131
-2.5 to -3.5 13 6.8
-3.5 or more 7 3.6

Table 11. Impact on Urban Signal Replacement by Two-Way
" Stop Control on Collision Types,, Urban Intersections

- AVERAGE ANNUAL ACCIDENT FREQUENCY
PER INTERSECTION '

- | COLLISION BEFORE AFTER PERCENT
1 TYPE REMOVAL REMOVAL  CHANGE
Rear End 864 437 -49%: Significant
Right Angle .80 1.36 _ +51%: Significant
Turning .316 314 Not Significant
Pedestrian .141 083 Not Significant
Other 374 356 . Not Significant
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Multi-Way Stop - For' the:urban intersections :converted to
multi-way stop control (see previous Table 9), there was a stat-
istically significant decrease of 1. 02 in average annual accident
frequency per intersection following signal removal.. 'Average
‘annual injury frequency also decreased by 0.31 per intersection °
after signal removal but this- change was not statlstlcally 51g—
nificant. o B e o :

Although the sample size for conversions to all-way stop -
(n = 26 intersections) is much smaller than-for conversions to =
two-way stop (n = 191 1ntersect10ns), these results are viewed
as important. In general, it can be said that for intersections:

where signal control has been replaced with multi-way stop  con- ip,h

trol, the average improvement in safety has been significant.
(It must be emphasized that these are intersections with lower
volumes ‘and much smaller main road to side road volume ratlos
than the intersections converted to two-way stop) '

This is clearly ‘different from the flndlng of no 51gn1f1-
cant change in average annual accident freguency at -intersections
converted from signals to two-way stops. But one should not’
directly compare either the absolute accident frequencies or
the changes in accidents for the two cases. Intersections where
signals were replaced by multi-way stops are not comparable to
intersections where conversions were made to two-way stops.

FACTORS INFLUENCING ACCIDENT IMPACTS

From the results just presented, it is obvious that a simple
signal/no signal dichotomy ‘is inadequate to explain the differ-
ence in accident experience after signal removal at urban_ihter-
sedtions which are converted to two-way stop control. There are
other factors or intersection descriptors which contribute to
the change in accident frequency after signal removal. The
sample of urban intersection conversions from signal to two-way
stop control was large enough, however, (n = 191 intersections)
to permit a more detailed examination of intersection factors
affecting accident outcome.  This subset was stratified with
respect to a variety of intersection de51gn and trafflc charac- L
teristics variables to determine if the accident outcome ‘
following signal removal was significantly dependent on any of
these factors. This was done using two-way classification (or
so-called contingency) tables in which each'variable was arrayed
against change in- average annual accident frequency- following
signal removal., Tests of the 51qn1f1cance of each variables'
affect on accident outcome was tested using the Chi- -square ‘
statistics. The results of this ‘analysis are summarized in
Tablel2. Detailed results are. presented in Appendix B..

The results indicate that three variables had a signifi-
cant effect upon the accldent impact follow1ng szgnal removal
and conver51on to two-way stop control._ , .
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Table 12. Intersection Condltlon Descrlotors and The1r
' Influence on Accident Impacts. | 4

Intersection Condltlon
Descrlptor '

)

Results of Chi-Square Test

Numberfof Approaches

Angle of Crossing:

# Lanes (Major St.) |

"# Lanes (Minor St.)

Side Street Sight Distance .
Major St. Operation (One way, two waw
Distance from Nearest Slgnal
Signal Design (Conformance to MUTCD)
Signa 1__0perat:|_on (Pre<timed, actuated)
Entering Volume (Peak Hour)

Product (Major St. Volume X
Minor St. Volume)

# Hours MUTCD. Warrant 1 Satlsfled‘-

# Hours MUTDC Warrant 1 Satisfied
(80% Values)

¢ Hours MUTCD Warrant 1. Satlsfled
(60% Values) ' 3

# Hours' MUTCD Warrant 2 Satlsfled‘
"Before" Accident Frequency
Right Angle Accrdent Frequency

Rear-End Accident Frequency

Not .

Not

'Not

Not

Not

Not

Not -
~ Not
Sign‘ificant at o =
 Not

Significant.

Slgnlflcant

Slgnlflcant o

Significant

S;gnlfxcant‘

Slgnlflcant

Significant
Significant
Significant

Significant
Significant

Significant

Slgnlflcant B

significant at &K= ,10
‘Not '
:Not
.th

'ﬂNOt;

.10

51gn1f1cant at °<—'.001

: Not
.. Not

Slgnlfzcant
Slgnlflcant
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. Side-street sight distance as deflned in the
Transportation and Traffic Engineering Handbook (26).

. Intersection volume magnitude, as measured by the
number of hours per day that volumes satisfy at least
60 percent of the MUTCD signal installation Warrant
Number 1. o

. Average annual frequency of total accidents per inter-
section with traffic signal control in effect, i.e.
before signal removal. A _ :

Effect of Side-Street Sight Distance

The urban data set included 15 intersections with inadequate
sight distance (i.e. less than 300 feet) for safe crossing or
entering gap acceptance for main road speeds of 30 mph. All of
these were intersections at which signals were replaced by two-
way stop control. Ten of these 15 intersections had before and
after data on injury accidents as well as total accidents.

"The research results, summarized in Table 13, show that
accidents increased significantly following conversion to two-
way stop control at the poor sight-distance intersections. The
frequency of total accidents increased by an average of 2.82 per
year per intersection, while average annual injury accidents rose
0.61 per intersection. Twelve of the of 15 intersections experl—
enced an increase in annual acc1dent frequency.

As expected, the increase in total accident frequency was
attributable mainly to higher incidence of right angle collisions.
This is shown in Table 1l4. The frequency of right angle colli-
sions inc¢reased by an average of 2.64 per intersection per year
following conversion from signal to two-way stop control. None
of the other collision types had statistically significant changes
in annual frequency following signal removal.

Traffic Volume Magnltude and Accident Frequency Before Signal
Removal

The other two variables which significantly ‘influenced the
accident impact of signal removal, as noted previoulsy, were:
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Table 13. Accident Impacts at 15 Urban Intersections
With Poor Sight Distance. -

Annual Average Accident Total Injury
Frequency per Intersection Accidents Accidents
Before Signal. Removal 2.03 0.60
After Conversion to Two-Way Stop 4.85 ©1.21

Change +2.82 +0.61
'Significant (Significant
‘at oL = 0.005) | ato< = 0.05)

Table 14. Accident Impacts at 12 Urban Intersections

With Poor Sight Distance, by Collision Type

Average Annual Accident Frequency per Intersection’

Collision ‘ .
: Before After Conversion
Type Signal Removal | To Two-Way Stop. Change

Right Angle 1.03 3.67 +2.64

) (Significant at

=« = 0.005)

Rear End 0.47 0.47 ' Not Significant
Turning 0.25 0.49 Not Significant
Pedestrian 0.12 0 Not Significant
Other 0.29 0.78 . Not Significant

Note:

Totals for "before and "after" accident frequency do not

equal values in. Table 13 since collision type data were
available for only 12 of the 15 intersections with inade-
guate sight distance.
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. Traffic volume magnitude, as measured by the number of
hours per day the intersection traffic volumes equal or
exceed 60 percent of the minimum volumes in MUTCD Warrant
NO.l. Intersections with higher traffic volumes tended to
have increased accident frequency, whereas one with lower
volumes tended to have reduced acc1dent frequency follow-
ing 51gna1 -removal. ‘ o .

. Average annualiaccident‘frequency before signal removal
At intersections with very low "before" accident fre-

quencies (less than 1 per year), signal removal tended = ' "

to result in increased accidents. Conversely, acc1dentft
reduction followed signal removal at intersections with
higher before accident frequenc1es i, e. more than 4 per
year). : : :

The accident impacts of these two variables were analyzed
jointly using two methods: (1) .cross-classification analysis,
and (2) multiple regression analysis. Either of the methods may
be used to estimate the accident impact of signal removal.

The signal removal case study data base used .for this
analysis comprised a total sample of 164 intersections (exclu-
sive of the 15 intersections with poor sight distance and 12

intersections with insufficient data). A random subset of 43
intersections was selected for use as a validation test set. The-

remaining subset of 121 intersections was used to carry out the
initial cross-classification and multiple regression analyses.

Cross-Classification Method

In this method the sample nf intersection accident data was
subdivided into different classes of each of the two independent
variables. Three class intervals were established for each ind-. - -
pendent variable, resulting in a three by three, or nine~cell ma-
trix. Each cell of the matrix represents a unique combination of
levels of two predictor variables. For each cell, the changes in -
annual total accident frequency and annual injury accident fre-
‘quency following signal removal were computed. The cell means
provide one estimate of the expected accident outcome for a candi-
date intersection falling in that cell. Student +t ‘tests were
performed to determine if each cell mean was statistically dif-
ferent from zero-- i.e., a significant change in accident frequen-
cies was evident for that cell. Cross classification computations
were made for. average annual changes in both the total accident :
freguency and the 1njury accident frequency per intersection. The
results are presented in Tables 15 and 16. The results from both
matrices were encouraging. The individual cell means for change
in total accidents ranged from -2.91 to +2.43 accidents per year,
four of the cell means were significantly different from zero, and
" the trends across the rows and down the columns were generally
consistent.
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Table 15. Effect of Volume Magnitude and. Before ACcident
Frequency on Accident Impact,of Signal Removal

VOLUME | NUMBER OF HOURS PER DAY IN WHICH
MAGNITUDE | TRAFFIC VOLUMES EQUAL OR EXCEED
R 60% OF MUTCD WARRANT No. 1 TOTAL
BEFORE
ACCIDENT . —
FREQUENCY \ | © 1-4 5 OR MORE
< o
S | LESS - o w - *
b= g TH1AN +.07 +1.26 | +2.43 +1.10
1 I R
O ad
O«
<5
2a | |
2 W 1-3.99 -.16 +.29 -5 -.01
Z 0 ,
.l
w m
<>
£ 9 w |
> w 4 OR ' | L, __*® | , *
< 8 MORE _2.91 - _1.58 : —.63 -195
u .
| * | | *
TOTAL -70 -.04 +.39 -31

*STATISTICALLY SIGNIFICANT AT o< = 0.10 OR BETTER.

Numbers in the table_are changes in average annual accident fre-

quency per intersection following conversion from signal to two way
Plus means accidents increase.

stop control.

decrease following signal removal.
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Table 16.

Effect of Volume Magnitude and Before Accident

‘Frequency on Injury Accident Impact of Signal.
Removal.

VOLUME

NUMBER OF HOURS PER DAY IN WHICH

MAGNITUDE | TRAFFIC VOLUMES EQUAL OR EXCEED
\ " 80% OF MUTCD WARRANT No. 1 TOTAL
BEFORE | - o
ACCIDENT ,
FREQUENCY 0 1-4 5 OR MORE
1(.! . .
S LESS | - | N
* * * | *
= % TH1AN +.18 +.45 +.93 - +49
TN
e
O <
< <
8 |
<
W | 1-399 -31 0 +.07 -.14
Z0 o - .
<
62
S| 40R _ ® | % -
<3 | MoRe 1.05 .56 +04 . .63'
& i . .
TS
TOTAL -42 -.07 +.35 -.15

*STATISTICALLY SIGNIFICANT AT ©< = 0.10 OR BETTER

Numbers in the table are

changes in average annual injury accident

frequency per intersection following conversion from signal

to two-way stop control.

Plus means injury accidents increase,

minus means injury accidents decrease following signal removal.
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Similar results were found for the changes in injury accident
frequency. These findings suggest that the two-variable classifi-
cation table provides a useful way to discriminate between inter-
sections which are conducive to improved safety following signal

“removal and intersections. where safety degradation is likely to:
occur if 51gnals are removed

One dlsadvantage of the cross c1a551f1cation method is that,
because of the relatively small sample size (n=121), the number of.
class intervals for each variable must be kept small and therefore
the ranges of the class intervals are large.

- Multiple Regression' Method

1 The alternative to cross classification was the multiple
regre551on method. 1In this approach, each intersection has a
unique set of independent variables (i.e. volume magnitude and
before accident frequency) and dependent variables (i.e. changes
in average annual frequency for total accidents and injury acci-
dents). - ‘ ‘ |

Multiple linear regression equations were derived uSing the
121 1ntersection analySis subset.

First, for estlmating Y; ,the change in average annual
‘acc1dent frequency following 51gnal removal:

- ¥y = 0.952 + 0.130X; - 0.556X>
Where,

A

'X] = Number of hours that satisfy 60 percent of the MUTCD
Warrant No. 1 volumes,

X2

Average Annual accident frequency prior to signal
removal

This regression equation had a coefficient of multiple correlation
R, of 0.62 and a standard error of 1.79. _

And for estimating Y2, the change in average annual’injury
accident frequency following signal removal:

'Yy = 0. 153 + 0 089X1 - 0 184X2

This regression had a coeff1c1ent of multiple correlation, R, of
0.428 and a standard error of 1.12.
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The results of the multiple regre551on ‘anlayses for changes
in total accidents and changes in injury accidents were quite
similar in terms of separating intersections with increased acci-
dents from those with decreased accidents. This. is shown graph-
ically in Figure 4. in which break even lines are plotted for o
changes in total accidents and injury acc1dents based on the mul- -
tiple regression results. :

It is believed, based on the results, that accident impact
prediction should focus principally on changes in total accident
frequency. The absolute value of changes in injury accidents are
much smaller and the relationship to predictor variables is weaker
as measured by the multiple correlation coefficient. Moreover,
many of the intersections in the analysis test set had no injury
accidents at all in the before or after period. Accident predic- .
tion, especially when applied to individual intersections, is
subject to a wide range of variability. Attempting to predict
shifts in injury accidents is far more difficult because the vari-
ability is superimposed on much smaller estimated absolute values
of changes in injury accident frequency. For all of these reasons
it was considered prudent to recommend accident impact prediction
only for total accidents. '

Validation of Accident Prediction Methods

Both the cross-classification and multiple regression meth-
ods of accident prediction were subjected to validation tests. :
This was done utilizing the 43 intersection validation test subset
which had been extracted from the total sample prior to developing
the prediction models. Predictions of changes in annual accident
frequency were made for each of the 43 individual intersections
- by both prediction methods. The predictions were compared with
the actual changes in accident frequency which occurred at each
intersection and the resulting predlctlon errors, &, were com-
puted.

The following results for the mean value, e, -and standard
deviation, Se of the prediction errors were determined.

Cross - ' Multiple
Classification © Regression
Method g Method
Meanwpfediction error, & 4+ 0.019 " + 0.29
‘Standard deviation of , ‘
prediction error, S, . 2.57 1.92

Neither of the mean prediction errors-are statistically signifi-
cant (different from zero) atel= 0.10 or less. Therefore we can
say that both of the predlctlon methods "are unbiased, i.e. the
average prediction error is not different from zero.
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Figuré 4. Break Even Lines for Changes in Total Acc1dents
‘ and Changes in Injury Acc1dents
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The results do indicate that the multiple regression meth-
od yields slightly less (statistically significant at <= .05) -
‘error variability. For this reason, it was concluded that the
multlple regression method is a slightly better predlctlon ap-
proach in thlS ‘case. :

Another way of assessing the validity of the two prediction
methods is shown in Tables 17 and 18, respectively, for the cross-
- classification and multiple regression methods. These tables
subdivide the test intersections into two sets: (1) accident
increases predlcted and (2) accident decreases predicted. The
actual changés in accident frequencies for each prediction subset
are then classified and tabulated : -

The results show that both predlctlon methods were quite
effectivein predicting accident impacts of signal removal and con-
version to two-way stop. This was especially true when a decrease
in accidents was predicted. For example, in the case of cross-
classification predictions (Table 17 ), out of the 20 intersections
for which accident decreases were predicted, only 5 intersections
experienced increased accident frequency following signal removal.
Thirteen of the 20 had decreased accidents as predlcted and the
other two experienced no change.

The prediction results were even stronger for the multiple
regression method (Tablel8). 1In this case, out of 16 intersec-
tion for which accident reductions were predicted, only one actu-
ally experienced an increase in accidents following signal removal.
Thirteen of the 16 had decreased accidents, as predicted, and the
other two intersections had unchanged accident frequences.

The validity of the predictions were also quite strong for
the cases where increases in accidents were predicted. However,
" the most critical test, we believe, is the error rate associated
with predicted reductions in accidents. The results highlighted
above indicate a low rate of occurrence of such critical errors.

Final Accident Prediction Model

Following the successful validation tests, all of the urban
intersection test data (n = 164) were combined and used to derive
a final multiple regression equation for estimating changes in
average annual accident frequency per intersection resulting from
conversion from signal to two-way stop control.

Y) = 1.01 + 0.139Xy - 0.605X7.

Where X; and X, are volume magnitude and before accident frequency,
as previously defined.
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Table 17. Test of Cross Classification Accident Predictions

PREDICTED CHANGE IN NUMBER OF INTERSECTIONS FOR WHICH

ANNUAL ACCIDENT ACTUAL ACCIDENT FREQUENCY
FREQUENCY INCREASED _ DID NOT DECREASED
‘ CHANGE :
INCREASE

(23 INTERSECTIONS) 10 A &

DECREASE
(20 INTERSECTIONS ) |

Table 18. Test of Multiple Regression Accident Predictions

PREDICTED. CHANGE IN NUMBER OF INTERSECTIONS FOR WHICH

ANNUAL ACCIDENT | ACTUAL ACCIDENT FREQUENCY
'FREQUENCY INCREASED DID NOT | DECREASED
o - CHANGE
INCREASE 1 ; 6

(27 INTERSECTIONS)

DECREASE
(16 INTERSECTIONS)
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This regression has a coefficient of multiple correlation,
R, of 0.675 (R2 = 0.455) and a standard error of 1.79. Curves
for various predicted changes in annual accident frequency are
shown in Figure 5.

It should be noted that the above equation applies only to
urban intersection converted from signal to two-way stop gontrol,
and excludes intersections with inadeguate corner sight distance..

DISCUSSION

, There are several pitfalls in any before/after acc1dent
analysis and some of these may be present to some degree in the

foregoing assessment of accident impacts of traffic signal

removal. For example, many factors that are unrelated can
cause a change in accident frequency.

One concern is the nature of the overall trend in
accident frequencies and rates. If significant trends exist,
they may affect the before and after comparisons. Our signal
" removal data came from a large number of cities and it was
not feasible to investigate background trends in accident
frequencies and rates for each city. However, national trends
for 1967 through 1976 in urban areas show that for combined
non-fatal injury'accidents and fatal accidents, the total
fregquencies were in a gradual uptrend of about 2 percent
annually, whereas rates were in a gradual downtrend of just
over 2 percent per year. Our study focused on annual accident
frequencies before and after signal removal; accident rates
could not be calculated at many case study intersections
because of the absence of reliable before and after volume
data. Thus, one might expect slight increases in accident
frequencies from the before and after periods as a historical
trend. However, since typical before and after periods were
of one to two years duration, (say, for example, 1.5 years
from the midpoint of the before period to the midpoint of the
after period), the historical trend background would be an
increase in accident frequency of only about 3 percent. It
is believed, therefore, that any confounding of treatment
impacts and historical trends in this study were negligible.

Another concern in before and after accident comparisons
is the statistical phenomenon of "regression to the mean”. This
simply means that if the accident frequency or rate at a given
intersection in the before period is very high compared with the
average of the set being analyzed, the after period frequency
or rate is likely to get lower (i.e., move toward the mean).

The reverse also tends to be true; locations with extremely
low accident experience before would tend to get higher.
' . P

This phenomenon is undoubtedly present to some degree
in our finding that intersections with low before accident
frequency have increased accidents following signal removal and

54




1)

Ss

VOLUME MAGNITUDE - (# Hours that Intersection Volumes

Exceed 60% of MUTCD Warrant No.

LA

3

.5
Annual Average Accident Frequency

Figure 5. Predicted Changes in Average Annual Accicent Frequency
Following Signal Removal (Conversion to Two-Way Stop Control)

~



vice versa. In statistical terms, however, we were not
selecting "extreme" cases for treatment which are the type.
most affected by the regression to the mean phenomenon. Our
hlghest class of before accident frequency of 4 or more

to two-way stop control had a before average of only 5.99
accidents per year. This is a "moderate" accident frequency
for the total populatlon of signalized urban intersections;
hence the ‘likelihood is small that regression to the mean
had any major effect on our findings.
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STOPS, DELAYS, AND FUEL CONSUMPTION IMPACTS

This chapter presents the findings of the assessment
of the impacts of signal removals on intersection stops, delays,
and fuel consumption. The analysis included developing a set
of nomographs and supporting calculation procedures so that these
traffic performance impacts can be estimated for any set of inter-
section traffic volume conditions. A limited set of specific
case example impacts were also completed to provide the reader
with a perspective of how signal performance affects stops,
delays and fuel consumption.

METHODOLOGY

Calculations of stops and delays relied primarily on the
calculation procedures contained in the Swedish Capacity Manual,
1976 (21). 1In the case of four-way stops, the intersection delay
(¢xc1usive of acceleration and deceleration delay) was estimated
from findings reported by Benioff, et al. in "A Study of Clearance
Intervals, Flashing Operation and Left Turn Phasing," Volume 3,
Flashing Operation, 1978 (22).

Estimates of "Excess Fuel Consumption", i.e., that portion
attributable to intersection stop cycles and idling delay time,
were calculated using the following coefficients:

0.0045 gallons
0.00015 gallons

1 stop from 30 mph
1 second of idling

These coefficients were estimated for passenger cars on
- the basis of fuel consumption data from a variety of sources.

CASE EXAMPLE FINDINGS
Data from two representative case examples were used.

1. From the signal removal research study data base,

" all intersections of 4-lane main road and 2-lane
side road, for which detailed volume data were
available, were used as one case. Traffic volumes
of these 19 intersections were averaged for the 4
highest hours of the day for the analysis. Results
are shown in Table 19.



Table 19. Performance Summary for Intersection
of Four-lLane Major and Two-Lane Minor
"(Average Case From Research Data Base)

Traffic Volumes (vph)
Main Road - 832
Side Road - 150

Total - 982
Total . _ ‘ ' _
Intersection B ‘Signal 2-Vay ‘4-Way
Performance | Control* Stop Stop
Stop Probability 0.46 0.17 1.00
Averagé Delay/Vehicle-
(seconds) ’
Idle 7.1 1.3 2.7
Accel./Decel. =~ | 6.8 2.5 12.0
Total ] 13,9 3.8 14.7

Excess Fuel Consumption , o Lo

Gallons/Veh.  0.00316 | 0.00097 0.00490
Energy Savings ) .

Gallons/Veh. Base 0.00219 (0.00174)

* Cycle = 60 seconds
Side Street Green = 18 seconds
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2. From the trial application of signal removal
criteria in Terre Haute, Indiana, data were
available from eight intersections of 2-lane
main roads and 2-lane side roads, Volume
data from these intersections were averaged
to form 2 cases:

. The average of the 2 peak hours of the
day.

. The average of the remaining 22 non- peak
hours of the day.

The Terre Haute case study results are summarized in
Table 20. These case examples represent typical conditions at
intersections where signal removal is being pursued. Also, since
both peak and non-peak conditions are analyzed, the range of traf-
fic volume magnitudes is quite wide. The most interesting results
of these case analyses is the strong similarity of flndlngs. The
general results are summarized as follows:

. When a traffic 51gpal is replaced by 2-way S£op
control

- Average delay per vehicle is reduced by
approximately 10 seconds (5 to 6 seconds of
which is idling delay)

- — Stop probability is reduced from about 0.50
to about 0.20 (depending on the ratio of main
road to side road volumes and the magnitude
of main road left turning vehicles),

- Excess fuel consumptibn is reduced by about
- 0.0022 gallons per vehicle (this finding is
very consistent).

. When a traffic signal is ;gplaced with fédr-way
stop control

- Average overall delay pef vehicle is only
slightly reduced, but idling delay is reduced
by about 5 seconds.

- Stop probability is approx1mately doubled,
from about 0.50 to 1,00,
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Table 20.

Performance Summary For'Average of Eight
Terre Haute Intersections
(Two Lane Major and Two Lane Minor)

2 PEAK HOURS

22 NON PEAK HOURS

Traffic volume (vph)

Side Street Green = 15 seconds

Main Road 600 264
Side Road 150 66
Total 750 330
Total , :
Intersection Signal 2-Way 4-way | Signal - 2-Way 4-wWay
Performance Control Stop Stop Control*| Stop Stop
Stop Probability 0.52 0.22 1.00 -0.51 0.21 1.00
Average Delay/Vehicle
{seconds) ,
Idle - 7.3 1.8 2,2 6.4 0.7 l.6
Accel/Decel - 8.8 3.4 12.0 8.5 3.6 12.0
‘Total 16.1 5.2 14.2 14.9 4.3 13.6
Ekcess Fuel
Consumption - . S
Gallons/veh 0.00345 0.00127| 0.00483]10.00323 | 0.00104 0.00474
- Energy Savings - :
Gallons/veh BASE 0.00218|(0.00138) BASE - 0.00219 }(0.00151)
*Cycle = 50 seconds




- excess fuel consumption is increased'by'about
0.0015 gallons per vehicle. The savings due
to less idling ‘delay are not nearly enough to
overcome the energy waste due to doubling the
number of stops.

In all of the above calculations, traffic signals are
assumed to be set with near optimum cycles and splits (subject
. to minimum green time constraints for adequate pedestrian crossing
time). Also, these calculations are for isolated intersections.

NOMOGRAPHS FOR DELAYS, STOPS, AND EXCESS FUEL CONSUMPTION

- The preceeding case examples gave relatively consistent
signal removal impact results for varying conditions. However, to
be more precise, impacts should be estimated on the basis of the
unique design and traffic volume characteristics of the candidate
intersection. To aid in this process, a set of intersection delay,
stops, and excess fuel consumption nomographs have been prepared '
for use in comparlng traffic signal control and two-way stop control.

Nomographs were prepared for 6 dlfferent types of 1ntersectlon
design, as illustrated in Figure 6:
. 2-lane mejor, 2~lane minor
-~ 4-way intersection

—= T-intersection -

~+ 4-lane major, 2-lane“minor
- 4-way intersection -
- T-intersection
. 4-lane major, 4-lane minor
- 4-way intersection

- T-intersection

‘ For each type of intersection, calculations of intersection
idling delay (i.e. delay waiting in queue at the signal or stop
sign), intersection total delay (i.e. idling delay plus deceleration.
and acceleration delay), intersection stops, and excess fuel con-
sumption due to stops and idling were calculated for both signal
control and 2-way (minor road) stop sign control.

All nomograph calculations are based on the assumption that
the intersection is not in close proximity to neighboring signals
and, therefore, vehicle arrivals follow a random distribution.

(The range of differences in stops and delays with adjacent, coordi-
nated signals on .the main road is discussed in a subsequent section.)
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ILLUSTRATION .

 NOMOGRAPH FIGURE

. NUMBERS |
INTERSECTION | MINOR | :
. TYPE — -
MAJOR ROAD IDLING & | STOPS &
‘ — TOTAL DELAY|]  FUEL .-
| rosp | o
4-WAY INTERSECTION, | AJ‘H L' '
2-LANE MAJOR ROAD, — = 7 g
2-LANE MINOR ROAD. ]'If[
T-INTERSECTION, == o
2-LANE MAJOR ROAD,
' 2-LANE MINOR ROAD. !? 9 10
4-WAY INTERSECTION, | - —- == -
4-LANE MAJOR ROAD, e~ 11 12
2-LANE MINOR ROAD, - —_— - _
.
T-INTERSECTION, ==
4-LANE MAJOR ROAD, - == - - 13 14
2-LANE MINOR ROAD. «] |?[~f
vl ) |
4-WAY INTERSECTION, -—- -—_
4-LANE MAJOR ROAD, — _— 15 16
4-LANE MINOR ROAD, -z |, —-- ‘ ,
‘ Ll
R =— _
T-INTERSECTION, — - |
4-LANE MAJOR ROAD, -== - 17 18
4-LANE MINOR ROAD. o
| It
L

Figure 6.
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For the traffic signal. cases, near optimum signal timing
was assumed with a 50 second signal cycle and equal degree of
saturation phase splits (subject to a mimimum green time
constraint of 15 seconds). In practice, traffic signal timing
is almost always sub-optimum and typically ranges from 10 to
20 percent less effective. than optlmum timing. Hence, for the
isolated 51gna1 case, the savings in delay, stops and fuel re-
‘sulting from 51gnal removal are somewhat conservative. In general,
however, as seen in a subsequent .section, if adjacent intercon-
nected and well coordinated signals are present on the main road,
the traffic performance under. signal control can be significantly
better (and the benefits of 51gna1 removal less) than for the
1solated 51gnal case.‘ L ‘

Each nomograph ie“constructed to permit estimation for any
combination of main road and Side road hourly traffic volumes. -

Plotted on the horlzontal axis of each graph is "side road
volume per approach", in vehicles per hour. For 4-way inter-
sections, this value is. the average of the two side road approach
-volumes. For T-lntersectlons, this value equals the approach
volume on the only 51de road approach :

Plotted as a famlly of lines in- the body of each nomOgraph
is "total main road volume", in vehicles per hour. This value is.
equal to the sum of the two approach volumes on the main road.

, Plotted on the vert1ca1 axls of each graph is the variable
being estimated. There are four graphs for each intersection
type, one for’ each of the following variables of interest:

;"Intereection‘total idling delay, veh. hrs. per hr.
. Intersection tbtal delay, veh. hrs. per hr.

. ‘Intersection total’stops, veh. stops.per hr.

. ‘Total intersection excess fuel consumption,
o gal. per hr.

If de51red the above estlmates can be converted into "per
vehicle averages" simply by dividing by total intersection approach
volume and, in the case of delay, convertlng units from hours to
‘seconds.

The nomographs are presented in Figures 7 through 18,
,organlzed accordlng to the 115t in Flgure 6 .

One word of caution 1s‘appropr1ate with respect to esti-

mating characteristics at 4-way intersections. If the 2 side
road volumes are substantially different (e.g., they differ by
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by more than 25% or so), make separate estimates by plotting each
side road volume and then average the two estimates.

The user should not attempt to estlmate to any closer
precision than 2 significant digits for any of the variables.
Graphical interpolation accuracy simply does not justify attempt—
ing greater precision, nor is it warranted for a "generalized"”
set of nomographs.

EXAMPLES OF NOMOGRAPH ESTIMATES

This section presents the results of example calcula-
tions of estimates of intersection delays, stops, and excess
fuel consumption using the nomographs. Six examples are
calculated, one for each of the intersection design types
represented in the set of nomographs. Various volume levels
are selected to indicate example results covering a substantial
range of volume conditions. Identical total main road volumes
are chosen for the comparable pairs of 4-way intersections and
T-intersections in order to permit an examination of the effect
of this difference in intersection type.

The results of the six examples are presented in Table
21 and 22. sSufficient detail is presented to permit the reader
to use the nomographs to check each example as a training exer-
cise.

The reader is reminded that the nomographs are entered
with hourly traffic volumes and the resulting estimates are
hourly totals of vehicle hours of idling delay, vehicle hours
of total delay, stops, and gallons of excess fuel consumption.
Also shown in the example table are the reductions in the
hourly totals resulting from signal removal and replacement
by 2-way stop control and transformations of these differences
into per vheicle values (i.e., delay per vehicle, stops per
vehicle or stop probability, and excess fuel per vehicle).

Since the nomographs are based on computations made
using the Swedish Capacity Manual methodology for estimating
stops and delays, the results are highly similar to the case
examples from the research data base and from Terre Haute
intersections given earlier in the chapter. Slightly greater
variation, but still within quite narrow bounds, is apparent
in the examples of nomograph estimates. The ranges of reduc-
tions in the four traffic flow related variables are summarized
in Table 23. °

76



LL

Traffic Volumes, vph

Of Delay

I1dling Delay Total Delay
Side . 2-vay - Diff. 2-Way Diff.
Intersection Figure Main Road Total Signal © Stop Diff. per veh. Signal Stop Diff. per veh,
Road per Intersection veh. hrs/ veh. hrs./ veh. hrs{  sec. veh. hrs./ veh. hrs/ veh. hrs,/  sec./
Tﬁ"_! Numbers Total Approach ‘hr. hr. hr. veh. hr. hr. hr. veh.
4-Way, .
2 Lane Major, 1 750 125 1,000 2.2 0.5 1.7 6.1 4.4 1.5 2.9 10.4
2 Lane Minor. - .
- 4-Way, ) - .
4 Lane Major, 11 1,000 175 1,350 3.2 1.3 1.9 5.1 6.4 2.5 3.9 10.4
2 Lane Minor. - '
4 .- .
4 Lane Major, 15 500 100 700 1.2 0.2 1.0 5.1 3.0 l.0 - 2,0 10.3
4 Lane Minor. :
T-Intersection ‘ .
‘2 Lane Major, .9 750 125 875 1.9 0.3 1.6 6.6 3.5 0.7 2.8 11.5
2 Lane Minor. : . .
T-Intersection
4 Lane Major, 13 1,000 175 1,175 2.7 0.8 1.9 5.8 5.3 1.2 4.1 12.6
2 Lane Minor. .
T~Intersection ) . .
4 Lane Major, 17 500 100 600 1.2 0.2 - 1.0 6.0 2.7 0.5 2.2 - 13.2
4 Lane Minor. - - .
Table 21. Examples Of Nomograph Estimates
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N

Traffic Volumes, vph Stops Excess Fuel mmptim
Side ~Way . Diff. 2-¥ay er. Difef.
Intersection Figure Main  Road Total Signal Stop Diff. in Signal Stop Diff. per veh,
- foad  per  Intersection stops/ spops/  Stops/  Stops/ gal/ 9a1/ gat/ gal/
TyPe Nurbers Total Approach hr. hr. nr. veh, hr. - r. hr. veh,
4-way, , - .
2 Lane Major, 8 750 - 125 1,000 540 270 270 0.27 3.7 1.5 2.2 0.0022
2 Lane Minor. ' . -
4 Lane Major, C 12 1,000 175 1,350 180 380 0 0.30 5.2 2.5 2.7 0.0020
-y - ) ) i , .
4 Lane Rajor, 16 00 100 00 30 210 170 0. 2.3 1.0 13 0.009
4 Lane Minor..
T-Intersaction - - L
2 Lane Major, 10 750 125 85 " 450 ] : ‘ o.3s . 0.8 2.2 0.002%
2 Lane Minor. ‘ 140 no b 3.0 ,
;une :.’:.' " 1,000 1 s €70 ‘200 a0 0.40 4.5 1.3 3.2 0.0027 .
1 Lone Mo 18 %0 10 600 o : 0.40 . 0.6 1.5 0.002%
. m, : ‘ . 34 100 240 4 2.1
13
Table 22, -Examples of Nomograph Estlmates of Stops

and Excess Fuel Consumption




~Table 23, Ranga of Impacts Resulting from Conversion
from SignaL Control to Two-Way Stop Control

Range of Reductions kesulting‘
from Conversion from Signal Control

‘ o 'to Two=-Way Stop Control
Variable Y P

_ -Foﬁr—Way ' - S
Intersections T-Intersectloas
Idling delay, 5.1 to 6.1 5.8 to 6.6
sec. per veh. o - - h
Total delay, | 10.3 to 10.4 - 11.5 to 13.2
sec. per veh. . ' S .
Stop probability, . 0.24 to 0.30 0.35 to 0.40
'stop per veh. ‘ S o _
Excess fuel consumption, | 0.0019 to 0.0022 | 0.0025 to 0.0027
'gal. ‘per veh. : N

‘Note: Based on examples detailed in Tables 21 and 22.

It is noted that for similar volume patterns, the
benefits of signal removdl and replacement with 2-way (minor
road) stop control are slightly greater for T-intersections than
for 4-way intersections. This is especially true of reductions
in stop probability and excess fuel consumptlon at T-inter-
sections converted to stop control.

ESTIMATES OF DAILY AND ANNUAL‘IMPACTS

| The next step in the process of estimating signai removal
impacts is to translate hourly impacts estlmated from the nomo-
- graphs into dally and annual impacts. ;

Daily Impacts

Three alternatlve approaches were. con51dered for computing
daily impacts: : : :

1. Make separate nomograph estimates of the impact variables for
each of the 24 hours of a typical weekday and ‘sum to obtain the
daily total. This method is more detailed .than justified because,
except possibly durlng peak hours, the various hours of the day
will usually fall in the 11near range of the nomographs.
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2. Divide the typical weekday into two parts:
. the two peak hours of the day

. the remalnlng 22 hours of the day

Calculate the average hourly traffic volumes for each of
these two sub-sets and use these in the nomographs to obtain . ;
corresponding estimates of the impact variables. Then estimate
daily impacts as follows: ‘ : :

AX = 2AX + 224X
daily 2 ' 22
where: |
Ax = the reduction in an hourly impact variable (e.g.,
2 . vehicle hours per hour of idling delay) resulting

from replacement of signal control with 2-way stop
- control for the average of' the 2 peak hours. ‘

= X, signal - X , stop
-2 2

~AX = same as above for the average of the remalnlng 22
22 hours.

= X22 signal - X22 stop

’

AX

daily = daily total reductlon in the 1mpact varlable.‘

An example of the calculation method is shown in
Table 24. A blank worksheet is provided as Append;x E.

This method is believed appropriate in the case of inter-
sections where the peak hour volumes are high enough to be in the
non-linear range of the nomographs. For lower volume inter—,
section cases, an even simpler approach can be employed, as
‘indicated below.

I

3. Calculate the average hourly traffic volumes for the 24 hours
of a typical weekday. Use these average hourly volumes to
estimate the hourly impact variables from the nomographs and
multiply by 24. -

DXgai1y = 24 BXy,

where:

£§x24 = the reduction in an hourly impact variable
resulting from replacement of signal control
with 2-way stop control for the average of
24 hours of the day :
= x24'519nal ‘-X24, stop

. ¢
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18

INTERSECTION TYPE 4 4—w§y 3 T-Intersection IDLING | TOTAL | TOTAL | FUEL
Main Road CJ2Lane % 4 Lane DELAY | DELAY | sTOPS | SON-
Side Road (3 2Lane [XJ 4 Lane | (VEH. HRS.) | (VEH. HRS.) | (VBLSTOPS) | TION

' ' - (GAL.)
— - 2 , —

AVERAGE OF THE Signal Control | 8| 14 S 630 4.y
2 PEAK HOURS g ~ :

, 2 Way Stop |2| _ , ' <

Total Main Road Vol. - 1esq Control  |§| ©S .S 280 16
ide Road Vol. :
| Approach = 135 | . preRrence 1.8 3N 400 2.3

- Total Intersection Vol. = 1250 - ‘ : '

TOTAL OF THE x2 x 2 x2 x 2 x 2 _x2

TWO PEAK HOURS | =3soc | = DIFFERENCE. 3.6 .4 Roo] | s

AVERAGE OF THE ‘Signal Control |8 0.3 2.0 | 10 I 6

REMAINING 22 HOURS . g ~

: - 2 Way Stop |

gpdtal |évlaig \F/toi'-.l/d Vol. = 400 Control § 0.1 0.4 110 0.5

ide Road Vol. - .
Approach =_so | I Tt

Total Intersection Vol. = soo _ : D'FFERENCE 0.0 Vo “’Q ok
TOTAL OF THE RE- x 22 x22 x 22 x 22 x22 | x22
MAINING 22 HOURS | ~ 11 000 - DIFFERENGE 1S.4 35.2] | [3529] | [2u
: i 2+22 2+22 2+22 2+22

2 Hrs.+22 Hrs. 2 Hrs.+22 Hrs. -

24 HOUR TOTAL " 13 500 = DIFFERENCE 19.0 42,6 432.0 29.%

PER VEHICLE IMPACTS (Divide ?4 Hour Differences By 24 Hour Volume) | 001y .0037_ 0.3 Nelolp }

TABLE 24 WORKSHEET FOR ESTIMATING DAILY IMPACTS OF SIGNAL REMOVAL AND REPLACEMENT BY TWO WAY STOPS




Or alternatively,

- A,
Axdaily ‘,V24ltot. *24‘2
where: o
V24t6t‘£ the total 24 hour intersection volﬁme,‘,*
' i.e., the sum of all approaCh'volumes
Z:;x24 = the average reduction Eer vehicle in an impact

variable" for the average hour.4

For example, if excess fuel consumption is reduced by 0.0022
gallons per vehicle during an average hour of the day and the
24 hour total weekday intersection traffic volume is 8,000
vehicles, then the daily impact is a reduction of:

ADx

daily

8,000 - 0.0022 =

[P

18 gallons per day. -

This third and simplest method can be used for approximations
when all of the hourly traffic volumes, including the peak hours,
are in the linear range of the nomographs

;

Annual Impacts

To estimate annual impacts of signal removal, mﬁltiply
the daily (i.e.,"typical-yeekday)[total’impacts by the ratio:
Annual total intersection volume o

Typical weekaay‘zl -hour intersection volume

Experience has shown that this factor generally ranges from
310 to 330." Use an average factor of 320" or a unigque factor
if one has been estimated for your jurisdiction.:

EFFECTS OF ADJACENT SIGNALS

All of the foregoing analysis of delays, stops and fuel
consumption is based on the assumption that the signal being con-
sidered for removal lS‘"lSOlated" from adjacent signalized inter-
sections. Separation is assumed to be great enough to result in
random arrivals rather than cyclical platooned arrivals at the
candidate signal. This raises the questions: ' Would the impacts
of signal removal be different if the candidate signal is in a
coordinated system with nearby adjacent signals? '‘And by how
much? Thése are difficult dquestions because in such cases there
is a very large number of combinations of variables that could
affect the impact of signal removal on delays and stops.
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Because the project resources that could be devoted to in-
vestigating this question were small, only a limited study could
be made. The purpose was not to gain an understanding of all the
relationships between the host of variables and signal removal
impacts but, rather, to test a sufficient number of conditions
to estimate the likely range of posszble effects compared with
the 1solated 1ntersect10n case.

... -The general scenario studied was a 51gna1 removal candi-
date intersection located on an arterial between two adjacent
signalized intersections, as shown below.

Adjacent - ” s A ~ Adjacent
Signal R S Cag?;::§e L | Signal
(Major) ‘ o ' ' o (Secondary)

¢.2’ | | |

'?One adjacent signal is assumed to be a "major" crossing and the
“other a "secondary" crossing with somewhat lower side-street
.wolumes. When the candidate signal is removed it is replaced
by two-way stop control.

. The existance of the two adJacent s;gnals w111 have .two
rtypes of effects when the middle signal is removed, compared with
the isolated 51gna1 removal case: ‘

1. ‘Delays ‘and stops on the main road approaches to the
.candidate signal (links T and Z2 in the diagram) will
vary when there are adjacent signals that cause

"platooned” arrivals. Usually, with platooned flow,

it will be possible to set signal offsets so that
traffic performance is better than with random arri-
vals at an isolated signal -- thus, the signal removal

.- benefits to main road traffic would be less. Sometimes,

however, the candidate signal may be located at "just
the wrong place", making good signal offsets in both
directions impossible, and possibly resulting in
greater main road approach delays at the candidate
signal than in the isolated signal case.

2.. Delays and stops on the main road approaches to the
adjacent signals from the direction of the candidate
. intersection (links 3 and 4 on the diagram) may change
. when the candidate signal is removed. In the case of

83



L)

isolated signals (i.e. spacing long enough so that
arrivals at adjacent signals are random), removing the
middle signal has no effect on traffic arrivals or stops
and delays. at the other signals. However, when adjacent
signals are close enough to result in cyclical platooned
arrivals, removing the middle signal may permit better
signal offsets between the two remaining outer signals,
thereby providing additional signal removal benefits.

On the other hand, removing the middle signal may "spread
out" the platoons' arrivals at the outer signals due to
longer platoon dispersion distances and, if the previous
signal offsets (with the candidate signal not removed)
were fairly good, delays may actually increase some after

signal removal.

The above discussions indicate that it is not certaln, a
priori, that signal removal benefits will be greater or® less when
adjacent signal effects are accounted for. It will depend on the
specific traffic flow, signal timing, and spacing conditions.

Methodology

The question of the effects of adjacent signals on signal
removal impacts was studied by carrying out a limited simulation
experiment using the TRANSYT model (version 7). A total of 36
unigue conditions with different traffic volume and signal spac-
ing combinations were tested.

Different levels of the following four variables were in-
corporated in the experimental design:
. Main road volume -- 2 levels

. Side road volume -~ 2 levels for each main road volume
level : ‘

. Distance between the two outer adjacent signals -- 3
levels

. Relative location of the candidate signal -- 3 levels
for each distance. ‘

Figure 19 illustrates the four unique traffic volume com-
binations studied. Main road total volume is 250 vph in cases

1l and 2 and 1,000 vph in cases 3 and 4. For each main road volume,

side road volumes at the candidate (middle) signal are either one-
fifth (cases 1 and 3) or two-fifths (cases 2 and 4) of the main
road volumes.

At one of the adjacent signals, side-street volumes are
equal to main road volume. At the other adjacent signal, side-
street volume is six~-tenths of main road volume.
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Figure 19. Traffic Volume Cases Studied
(For Adjacent Signal Impacts)
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Figure 20. Signal Spacing Alternatives Studied
(For Adjacent Signal Impacts)
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In cases 1 and 3, the adjacent signal side-streets have 2
lane approaches. 1In cases 2 and 4 the adjacent signal side-
streets have 1 lane approaches. Main road green splits at the
outer signals are greater in the former case than the latter
case. The above variations and the different levels of crossroad
volumes at the candidate signal mean that cases 1 and 3 have more -
main road green time at each of the three signals than cases 2
and 4.

Spacing between the outer signals was tested at 880 feet
‘(one-sixth mile), 1,320 feet (one-quarter mile), and 1,760 feet
(one-third mile).  The candidate or middle signal was located
one-quarter, one-half, or three-quarters of the distance from the
secondary adjacent 51gnal (see Flgure 20).

‘ Each of the test conditions was simulatad on the TRANSYT
model both with and without the candidate signal in place. The
case of isolated signals with random arrivals was also tested..

Every TRANSYT test case was made for a 50 second cycle,
equal degree of saturation splits at all signals, and TRANSYT
optimized signal offsets. Thus, the tests represent traffic
performance under a highly refined set of signal timing plans
for all cases considered, including the random arrivals (1solated)
signals) case and the candidate signal removed case.

It is further assumed, for the low to moderate volume
levels characterizing typical signal removal cases, that the side
street delay in waiting for an acceptable gap at the stop sign
is not appreciably affected by adjacent signals. Earlier research:
(References 27, 28) has shown that delay at the stop sign is some- -
what lower w1th platooned flow on the main road than with random
arrivals. However, this effect is not appreciable until total
main‘*road volumes reach 700 to 800 vph -- volume levels that
usually would be present only during peak hours at signal removal
cases. By calling this factor negligible, the estimated signal
removal delay savings may be slightly conservative (i.e. on the
low side).

Results

~ The results of the TRANSYT tests to evaluate the effects on
signal removal benefits of adjacent signals are presented in three
subsequent tables. These tables contain impacts on intersection
delay for the various cases tested. The impacts on stops were
very similar to the impacts on delays.

Table 25 summarizes main road 1d11ng delay savings per

vehicle at the candidate signal resulting from signal removal.
Included are delay savings estlmates for each test case, for the)
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. Table 25.

Main Road Idling Delay Sévings at Candidate Signal

Resulting from Removal of Cahdidate Signal, seconds per vehicle.

Traffic Volumes at Candidate Signal-

Distance Rela_tive
Between LOCat_IOFI Of | Total Main Road = 250 v.p.h. | Total Main Road = 1000 v.p.h.
Outer Candidate — —
Signals Signal Side Road Vol. per Approach Syde Rqad Volf per Apprpach
(ft.) (ft) 25 v.p.h. 50 v.p.h. 100 v.p.h. 200 v.p.h.
220 4.2 5.3 3.1 3.7
880 440 2.3 4.5 2.7 5.0
660 2.9 3.3 2.3 3.5
330 2.6 3.7 2.6 3.9
1320 660 3.6 5.3 4.0 5.5
990 2.5 4.0 2.6 4.2
440 2.6 4.3 2.9 4.7
1760 880 2.6 3.0 3.0 3.7
1320 2.0 3.5 2.5 4.1
Average for the Above 8 Cases 2.8 4.1 2.9 4.3
Long Spacing Between -
Adjacent Signals 3.6 6.8 4.2 7.8
(Random Arrivals) ,
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average of all those cases, and for the corresponding isolated
sxgnal/random arrival case., The results show that delay savings
on the main road approaches to the removed signal are usually, but
not always, less for the platooned arrival cases than for random
arrivals. On the average, the platooned arrival test cases show
main road delay savings of 1 to 3 seconds less than the delay
savings for the isolated case.

Table 26 summarizes main road idling delay savings at the
two adjacent signals resulting from removal of the candidate sig-
nal. The only links affected at the adjacent intersections are
the "exit" leg links connecting the candidate intersection with
each of the two adjacent intersections (i.e. labeled as links
3 and 4 in the diagram on page 83). The table shows that these
adjacent intersection approach links have less delay savings in
some cases and more delay savings in other cases compared with the
isolated 51gnal/random arrivals case. The average effects for
the different spacings and volumes tested are very small.

Table 27 is 'the: combination of the two previous tables.
It summarizes the main road- average delay savings per vehicle at
the candidate intersection plus the adjacent intersections. The
test cases 'show that the delay savings resulting from signal re-
moval are 'slightly less when ‘adjacent signal effects are accounted
for than when isolated signal/random arrivals are assumed. On
the average, the .delay savings are about 40 percent less (i.e.
about 1 to 3 seconds less reduction in main road idling delay)
than for the isolated signal case. There is a high degree of
variability  in the individual test cases. The impacts of signal
removal at any given ‘location obviously depend heavily on the
unique site characteristics including signal spacing, signal
timing, and traffic flow characteristics.

All of the preceding analyses has assumed that if the can-
didate signal is not removed, it will be operated with near
optimal signal timing. This assumption means that estimates of
signal removal benefits are conservatively low:.-- i.e. signal
delays are likely to be somewhat higher than estimated -~ possibly
'by as much as 15 to 20 percent. This underestimation of benefits
at least partially offsets the small overestimation of benefits
resulting from not taking adjacent signal effects into account
when developing the signal removal impact nomographs.

In the final analysis, unless one knows the specific
unique site characteristics of a signal removal candidate inter-
section and is willing and able to use a simulation tool like the
TRANSYT model, the impact nomographs (which were computed assum-
ing no adjacent signal effects) should be reasonably valid for
~making order of magnitude estimates of signal removal benefits.
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-Table 26. Main Road Idling Delay Savings at Adjacent Signals Resulting
from Removal of Candidate Signal, seconds per vehiqle.

Distance Relative . Traffic Volumes at Candidate Signal
Between lé)caéigntm Tota! Main Road = 250 v.p.h. | Total Main Road < 1000 v.p.h.
ndi - ‘
Solgrtlg:S aSignaaI e Side Road Vol.-per- Approach | Side Road Vol. per Approach
(ft.) (ft) 25 vph | 50 vph | 100 vph.. 200 v.p.h.
220 -2.0 | -2.3 1.1 0.2
830 440 -0.4 1.9 -0.3. . 2.4
660 1.1 0.4 0.9 3.6
- 330 -0.7 -0.7 0.9 -0.9
- 1320 660 0.1 2.2 0.6. 1.9
990 -0.4 -0.4 -0.6 -0.3
: , 440 -0.9 -0.7 -0.9 -0.7
© 1760 880 -0.3 -1.7 -0.2 -2.1
| 1320 -0.3 -0.3 -0.7 -0.3
Average for the Above 9 Cases - ~0.4 -0.2 -0.4 +0.4
Long Spacing Between
Adjacent Signals 0* 0* 0* 0*
(Randpm Arﬂvam)

*Note: With long signal spacing and random main road arrivals, removal
of candidate signal has no effect on delays at adjacent signals.

"Minus signs mean there is "negative™ savings in delay at adjacent .
signals (i.e. an increase).
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Table 27. Main Road Delay Savings at Candidate Signal and Adjacent
Signadls Resulting from Removal of Candidate Signal, seconds

per vehicle.

Distance Relative Traffic Volumes at Candidate Signal
Between [ Location of | totat Main Road = 250 v.p.h. | Total Main Road = 1000 v.p.h.
Outer | Candidate - - - .
Signals - Sigrial Side Road Vol. per Approach | Side Rpad Vol. per A‘pprovach‘

(ft.) (ft) 25 v.p.h. 50 v.p.h. 100 v.p.h. 200 v.p.h.
220 | 2.1 2.9 2.0 3.9.
880 440 1.9 | 6.3 2.3 7.5
660 | 3.9 3.7 3.2 7.1
330 1.9 3.1 1.7 | 3.1
1320 660 3.7 7.5 4.5 7.4
990 2.0 3.6 |- 1.9 4.0
440 1.7 3.6 2.0 4.1
1760 880 2.3 1.3 2.8 1.6
1320 | 1.6 3.3 1.8 3.9
Average for the Above 9‘Case§ 2.3 3.9 2.5 4.7
Léng Spacing Between ‘
Adjacent Signals 3.6 6.8 4.2 7.8
(Random Arrivals)
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CHAPTER VII
COST IMPACTS

Another element to be considered in signal removal is the
costs of continued signal operation as compared to the costs of
removing the signal and installing and maintaining stop signs at
an intersection. Since the costs of operating and malntalnlng
signals are a significant elément of a traffic engineering depart-
ments' budget, any cost savings from signal removal can be very
beneficial and should be considered, along with the other 1mpacts,
in developing recommendations for 51gnal removal.

The costs of a continued signal operation include the
annual costs of electricity, maintenance, and other operational
costs such as signal timing. Additionally, the annualized cost
of upgrading the signal display should also be included if it is
below design standards or will soon require major investment. The
costs of signal removal include the one-time costs of. removing
the signal hardware and 1nsta111ng stop signs; and the annual
cost of maintaining the signs. This chapter discusses these
various costs. ' e

’

[ COST OF SIGNAL OPERATION

L The costs of signal operation and maintenance vary widely
between individual intersections and between jurisdictions. The
- costs are dependent upon a number of factors including the type
. of signal control; number of signal faces and other hardware;
1 local cost of electricity; the jurisdiction's commitment to main-
+ taining up to date signal timing; and level of effort for routine
< signal maintenance as well as the amount of emergency maintenance
. performed. 1In developing the estimate of the cost impacts of
signal removal, it is assumed that most signal installations which
are considered for removal will not be complex (generally two or
three phase operation) and, at most, standard design. The various
costs of continued signal operation are discussed below and
summarized in Table 30 (Page 94).

Electrical Costs

Annual power requirements for traffic signals in a number
of jurisdictions is summarized in Table 28.
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Table 28. Power Requirements of Traffic Signals

TYPE POWER ‘
JURISDICTION CONTROLLER| PER YEAR COMMENTS
Alexandria, VA Pre-Timed | 2,450 KWE* Singlé, 4-way signal head -
' , B" lens
Alexandria, VA Pre-Timed 7,480 KWH| 8 Signal Faces-8" + 12" lens
Alexandria, VA Pre-Timed [16,700 KWH| 11 Signal Faces - 12" lens
San Francisco, CA Pre-Timed [12,700 KWH | Reference (22)
West Covina, CA Pre-Timed 18,900 KWH| Reference (22)
* KWH = Kllowatt Hours

In the West Cov1na Study, it was found that semi-actuated:
control required approximately 25% less power than pretimed oper-
ation. (Much of this reduction in the power requirements is pro-
bably due to the fact that solid-state construction requ1res less
energy than electro-mechanical.)

The cost of this power consumption is obviously dependent
on the local rate for energy. Using an energy cost between 2¢ to
3¢ per kilowatt hour, the annual cost of power consumption at
signalized intersections generally range from $50 to $550 per
intersection. 'For example, the average annual cost of electricity
at signalized intersections in Philadelphia is $250 per inter-
section. :

Maintenance Costs

Table 29 summarizes the ranges of maintenance costs for
the various types of signal operation. The estimates made by
Tarnoff and Parsonson were based upon the results of a nationwide
survey conducted in 1978 to determine the costs incurred by State,
county, and municipal traffic engineering organizations for signal
system equipment. The KLD cost figures represent the average of
the responses to their survey of traffic engineering practices
which was conducted as part of the NCHRP 3-20 data collection
effort in 1972. The cost figures have been adjusted to account
for the effect of inflation (8% annual rate) so as to reflect
1980 costs.
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Table 29. Signal Maintenance Costs

, Annual Maintenance Cost
g{ggaif per Signalized Intersection
- Operation Tarnoff &. -
Parsonson , - KLD California
(Reference 23) . (Reference 2)

Pretimed | $1,586 | s740 $600
Semi-Actuated | $1,857-$3,025 $972
Full-Actuated $2,264-83,503 $1,203 $750

Other Operating Costs

Other operating costs such as signal timing are extremely
varlable.‘ Tarnoff and Parsonson estimates the following annual cost
per 1ntersect10n for rev1ew1ng timing: T ‘

. Pretimed | ‘ $4B/Year
. Full-Activated . $24/Year

. Semi-Activated . - $24/Year -

Costs of Upgrading

If the signal installation being considered for removal is
below current design standards, or, if certain hardware elements
are in immediate need of replacement, these costs should be in-
cluded in the total cost of continued signal operation. The cost
of upgrading a signal installation may invlove a few thousand
dollars if only new signal heads are required. If total redesign
of the intersection is required, including the installation of
new signals, cable, poles, controller and underground conduit,
the cost can easily reach $25,000 and even higher. As with the
other signal operational costs, the costs of upgrading a signal
are dependent on the conditions at each individual intersection
and the design practices of the local jurisdiction.
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For purposes of comparison, the cost of upgrading a signal
installation is converted to equivalent uniform annual costs by
multiplying it by the appropriate capital recovery factor or CRF.
Assuming a 1l5-year functional life for the new hardware and an
interest rate of 12%, the CRF is 0.147. Thus, the estimated equiv-
alent uniform annual costs to upgrade a signal installation are
as follows for some common work items:

Replace signal heads - ' §$ 2,500 X 0.147°=S 368

Replace controller (pre-timed) $ 6,000 X 0.147 = § 882

Replace controller (actuated) $ 9,200 x 0.147 = $1,352

Total redesign $25,000 X 0.147 = $3,675
Table 30. Cost Impacts of Continued Siénal'OperétiOn

'TYpe,bf Signal‘Control
Annual Costs o ‘ ' ) o
Per Intersection | Pretimed Semi-Acuated | Full-Actuated | =
Electrical '$ 50-$ 550 | § 50-$ 550 | $ 50-$ 550 | :
Maintenance $600-$1600 | $750-$3000 | $750-$3500 g S
'Signal Timing S 48 ) $ 24 $ 24 ‘ ;
TOTAL . $700-$2200 | $800-$3570 | $800-$4075

COSTS OF SIGNAL REMOVAL

The costs of signal removal involve removing the signal
hardware and installing stop signs., Estimates of these costs,
which are shown in Table 31 , were obtained from several sources;
including recent contractor's bids for signal work, local juris-
dictions, the NCHRP 3-20 survey (2), and a study of sign mainte-
nance in certain States (24).

-
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Table 31. Cost Impacts of Signal Removal

Item ‘ Fre‘ueac . ‘ Equivalent Uniform
o ?:. Y“~ Cost Annual Cost*
| Remove Signal Once - per $1 000 - $3 000 '$142 - $441
~ Hardware o 1ntersection CoL
Install Stop ‘Onceﬁ- per sign . - $50 - $120 '$7 - $18
Signs S . o
Sign Maintenande Once - per eignl $5 -~ $15 7 o $5 - 8§15

*Note - Analysis_périod'is 15 years and an interest rate of 12%.

COST SAVINGS OF SIGNAL REMOVAL -

To emphasize what was stated earlier in this chapter, the
costs of signal operation and signal removal vary greatly between
individual intersections and are dependent on the amount and type
of hardware installed at the intersection. A signalized inter-
section with several actuated phases, mast arm assembly and a
large number of 51gnal faces, is obviously going to cost signifi-
cantly more to maintain and operate than a simple or substandard
design. Accordingly, the cost of removing the signal hardware
will also be greater at the hlgh design intersection.

- As an.example for a "typical" intersection where signal
be considered, (e.g. pre-timed control, standard

removal may

desiun-8 signal faces) the various costs are broken down as

follows:

Cost of Continued Signal

=

Annual Electrical C

Annual Maintenance

osts
Costs

" Annual Timing Costs

TOTAL
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= $1100
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Cost of Signal Removal (Egquivalent Annual Costs)

‘Remdve Signal = $295

Install 2 Stop Signs = § 25

- Sign Maintenance = $ 20
TOTAL = |

$340

Thus, for this typical case, the annual savings of signal
removal are $1,060/year (equivalent annual costs). If this inter-
section required a new pre-timed controller and new signal heads,
an additional $1,250/year would be saved for a total sav1ngs of
$2,310/year (equivalent annual costs). 4

Another way of analyzing the cost savings from signal re-
moval is to determine the amount of time that is required for the
savings in annual signal operating and maintenance costs to equal
the one-time, total costs of removing the signal. For the "typical"
intersection case (no upgrading required), the actual oneftime,
cost of removing the signal and installlng stops signs is $2,180.
Thus, in this case and probably in most cases the pay-back period
is between- one and two years.
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CHAPTER VIII

ANALYSIS OF UNSUCCESSFUL SIGNAL REMOVAL ATTEMPTS

This chapter covers the results of an investigation of inter-
sections at which unsuccessful attempts were made to remove sig-
nals. Unsuccessful signal removal attempts are defined to include
two cases: : ‘

1. The traffic engineer's recommendation to remove the 51g—
nal was never implemented.

2. The signal was "removed" (i.e., the signal was placed in
the interim control mode or signal operation was actual-
ly discontinued and replaced by stop control) but within
a short time period, ranging from a few days to several
weeks, signal control was relnstltuted ,

The ‘data base contained 46 intersections at which signal ‘
removal attempts were unsuccessful. The characteristics of these
- intersections were analyzed to determine if they were character-
ized by frequently recurring special conditions. ‘Also, compari-
sons were made of the physical and traffic characteristics of the
46 intersections where removal attempts were unsuccessful and the
. main data set of 191 urban intersections where signals were suc-
. cessfully removed in order to identify any 51gn1f1cant differen-
tiating factors. :

REASONS FOR FAILURE

At 41 of the 46 intersections where signal removal attempts
failed, the reason cited was strong public opposition. This
opposition was expressed in the form of phone calls, letters and
petitions to the traffic engineer and the city council from resi-
dents and business in the immediate locale of the intersection.
In a few cases, complaints were received from parents of school
children even though the signals in question were not in close
proximity to schools. At one location, the opposition to signal
removal came from transit operators that used the signal to turn
onto the major street.

The complalnts usually concentrated on a perceived safety
problem that would exist if the signal was removed. The safety
problems mentioned most frequently included an incredse in acci-
dents, traffic fatalities, high speeds, and difficulty for pe-
destrians, (particularly elderly people) in crossing the street.

Signal removal attempts were unsuccessful at the other five
intersections for technical reasons including increases in acci-
dents during the interim control period and an increase in side-
street vehicular delay due to capacity constraints downstream of
the intersection on the major street.
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RECURRING SPECIAt CONDITIONS

The review of the intersections where srgnal”removal
attempts were unsuccessful 1nd1cated two major recurrlng
conditions: :

. Signals located at major traffic generators.-
especially employment sites) where sharp peaks
occur during commuting- perlods and problems in _

" ‘crossing or entering the main road are percelved o
: for these short perlods.‘ :

. slgnals located near spec1al generators ‘which
generate either substantial volumes or ‘special
categories of pedestrian traffic as perceived by
those opposing removal - (e.g., schools, libraries,
homes for the elderly, hospitals, etc.)

OTHER FACTORS DIFFERENTIATING SUCCESSFUL AND UNSUCCESSFUL
SIGNAL REMOVALS

Intersection Geometrics

Intersections with "non-standard" geometrics were over-
represented in the unsuccessful signal removal data set. Twelve
percent of the intersections where signal removal attempts
failed had offset approaches as compared to 5.3 percent of the
successful signal removal attempts. Similarly, 36 percent of the
unsuccessful signal removal attempts involved intersections with
an angle of crossing of less than 90° as compared to 19 percent
of those intersections where signal removal was successful.

Traffic Volumes

Traffic volumes were generally higher at those intersec-
tions where signal removal failed. The average peak hour enter-
ing volume at these intersections was approximately 1200 vph,
nearly 300 vph higher than the peak-hour volumes entering the
intersections where signals were successfully removed. This
additional traffic volume was due to heavier traffic on the major
street rather than higher side-street volumes. An indication of
this is the percent of intersections in each group that satisfied
the minimum volumes of Warrant #2 (Interruption Warrant) for at
least one hour. As discussed previously, only 23.2 percent of -
the successful signal removal attempts satisfied Warrant #2 for
at least one hour. On the other hand, 55.5 percent of the un-
successful removal attempts ‘involved - rntersectlons with volumes
that satisfied the Interruptlon Warrant- for one or more hours.
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SUMMARY

It appears that special site conditions (e.g., spe-
cial traffic generators, schools, hospitals, libraries) are more
accountable than any other factors for unsuccessful signal re-
moval attempts. Next most important as a possible indicator of
difficulty in attempting to remove a signal is traffic volume
that exceeds the MUTCD Interruption Warrant for one or more hours.
Atypical intersection geometry may also be a differentiating
factor to which the traffic engineer should be sensitive in con-
templating signal removal, although it should be noted that there
were more successful removals than unsuccessful attempts at such
intersections. ‘ :
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CHAPTER IX

] TRAFFIC SIGNAL REMOVAL DECISION PROCESS

' Trafflc signals enjoy a high status among many segments of
the public, elected officials, and public administrators. The
popular belief, though often unsupported by evidence, is that sig-
nals somehow enhance traffic safety and improve traffic flow con-
ditions. The bias in favor of traffic signals was found to exist
in varying degrees in all of the local and state jurisdictions
- visited. Given this popular bias, the practical reality is that
signals are considerably harder to remove than to install. This
is a reality that cannot be changed simply by instituting an
objective set of signal removal criteria, but one that can only
undergo gradual transformations as more complete data on signal
removal impacts becomes available. Consequently, in order to be
of practical use to traffic engineers, signal removal criteria
have to be more stringent than signal installation warrants.

In keeping with the practical realities cited above, the
proposed approach to signal removal justification is a sequential
screening process in which a series of criteria must all be satis-
fied before signal removal is recommended. This approach differs
markedly from the signal installation justification process in
which only one criterion from a set of alternatives must be satis-
fied.

The signal removal decision is organized as a two-stage
process:

. 'Stage I - Preliminary Screening. This part of
the process can be completed fairly quickly once
‘'the basic inventory data on intersection conditions
have been collected. The purpose of this quick
"screening is to determine if additional analy51s
of the 1ntersectlon is justified.

. Stage II - Detailed Analysls. This is a more time
‘consumlng process which 1s pursued only if the can-
didate intersection survives the scre=2ning -process.
The analysis includes predicting the change in ac-
cidents, computing other impacts of signal removal
canvassing the general strength of signal removal:
opposition, and finally making the decision whether
or not to remove the signal.

The following sections detail the procedures utilized in
~each of these two stages. ‘
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STAGE I - PRELIMINARY SCREENING

Figure 2l illustrates the structure of the preliminary
screening process. ‘The first step of the process is to make
an inventory of current conditions at the intersection. The
specific data required to perform the 51gna1 removal ana1y51s
are as follows

Intersection‘geometrics (e.qg., number of lanee/
approach)

;  Side-street sight distance

The number of vehicles entering the intersection
in each hour from each approach during a repre-v
sentative day . : ,

.,'Accident experience at the intersection (total
number of accidents) for at least one year -

Depending on.site-specific conditions, additional data, such

as major street speeds, heavy turning movements, pedestrian.

counts, etc. may also be necessary. After the intersecition

data is obtained a series of criteria are considered, each of
which must be satisfied in order for the intersection to sur-
vive the screening. Namely:

1. Sight Distance Adegquacy?

Is the sight distance for side street drivers adequate
for them to observe acceptable gaps in the main road
traffic stream in the event the signal is replaced by
stop sign control? If the sight distance is less than
the minimum values recommended in the Transportation and
Traffic Engineering Handbook (26), the signal should be
retained. (See Table 32). 1If limited sight distance
'is caused by an easily removed obstruction (e.g.,
overgrown foliage), or a multi-way stop control is
planned after signal removal, consider this criterion
satisfied and proceed to next step in the screenlng
process. . ‘

2. Special‘*site Conditions?

Do special site conditions make signal removal insti-

tutionally infeasible? The review of the intersections
where 51gna1 removal attempts were unsuccessful indicated-
only two. major recurrlng COHdlthnS'
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INVENTORY OF CURRENT CONDITIONS

;

NO " tS SIDE STREET SIGHT DISTANCE >

ADEQUATE FOR SAFE GAP ACCEPTANCE ?

YES
N

YES / DO SPECIAL SITE CONDITIONS MAKE >

\ REMOVAL INSTITUTIONALLY INFEASBLE ?

NO
b4
FORECAST TRAFFIC VOLUME LEVELS TO
INTERMEDIATE FUTURE (ie. 5 YRS.) -

YES DOES EXISTING OR FUTURE TRAFFIC SATISFY
ANY OF THE SIGNAL INSTALLATION WARRANTS ? :
NO
N .
: YES ¥ REASON OTHER THAN STANDARD
WARRANTS JUSTFEED INSTALLATION
DO THESE REASON STRLL PREVAIL ? s
ACCDENT NO ACCIDENT
RECORD J &~ OPTIONAL. RECORD
B GhALTH COMPARE ACCIDENT FREQUENCY AND WORE AyTH
‘ SEVERITY BEFORE AND AFTER SIGNAL
1 INSTALLATION (IF DATA IS AVAILABLE ) -
NO SIGNFICANT CHANGE
N ACCIDENT RECORD
OR NO DATA
| HAVE ALTERNATIVE SAFETY
MPROVEMENTS BEEN CONSIDERED ?
NO
QEYFE CONSIDERATION PROCEED WITH [TPROCEED WITH BROADER
R DETAILED SIGNAL ALTERNATIVES ANALYSIS
OF SIGNAL REMOVAL REMOVAL ANALYSIS INCLUDING SIGNAL REMOVAL)
STAGE B

Figure 21. Signal Removal Dec151on Process

‘Stage I - Prellmlnary Screening
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Table 32. Suggested Corner nght Distance

" At Intersectlons.

Design Speed - MPH .| . = 20 30 40
(KPH) (32) ©(48) (64)
Minimum L= ft 290 390 | 400
Side Street ' ’ o ,
Distance* S (m) 3 (61) (91) (122)

*Corner sight distance measured from a point of the minor
road at least 15 feet (4.6 m) from the edge of the major
road pavement and measured from a height of eye of 3.75 ft.
(1.1 m) on the minor road to a height of object of 4.5 ft.
(1.4 m) on the major road. i :
Source: Baerwald, J. E. (ed.), Transportation and Traffic
Engineering Handbook, Prentice-Hall, Inc., Englewood
Cliffs, New Jersey, pg. 613, 1976 (Ref. 26)

'« Signals located at major traffic generators (espe-
cially employment sites) where sharp peaks occur
during commuting perlods and problems in crossing
or entering the main road are perceived for these
short perlods.

.. Signals located near special generators which gen-
erate either substantial or special categories of
pedestrian traffic as perceived by those opposing
removal (e.g., schools, libraries, homes for the
eIderIy, hospitals, etc) "

At these locations 1t ;s best to first discuss the
proposed removal with the affected employment site,
school or neighborhood association prlor to making
any in-depth studles.

3. Signal Installatlon Warrants Met?

Are any of the standard signal installation warrants
satisfied by either current or intermediate term or
future traffic volumes?
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. Special Justifications?

If reasons other than the standard warrants were used-
to justify the signal installation, do these reasons

- still prevail? There are undoubtedly, cases where un-
warranted signals have been installed as a result of

pressure from a small special interest 'group based on
reasons which either are no longer percelved as problems
or can be shown to be invalid. . o

Accident Changes After Slgnal Installatlon° (Optional

‘Crlterlon)

Were accident fregquency and severity levels significantly-
worse. after signals were installed than before? This is
an optional criterion which should only be used when the:
signal installation is relatively recent (e.g., five to
ten years old), where adequate accident data are avail--
able, and where traffic volumes have not changed sub—
stantially during the life of the signal.

Alternative Improvements Considered?

‘If accident problems were significantly worse after

signal installation than before, have alternative
safety improvements been fully considered? Examples
of alternative actions to con51der in lleu of signal
removal include:

. signal display upgrading

+ signal clearance interval lengthenlng (u51ng
all red periods) :

. signal offset improvements to achleve smoother
flow and reduction of stops ,

. double cycling of " signal timing to reduce the

number of side street greens per hour -

. semi-actuation or full actuation

. shortening of average side street green inter-

vals through pedestrian actuation

. installation of advance warning devices

. improving pavement friction
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. turn prohibitions

. parking prohibitions

. removal of site obstructions

. improqu geometric design features, etc.

If Suéh alternatiﬁes have not been considered, then
their potential and relative costs should be inves-

" tigated as possible alternatives to signal removal.

STAGE II - DETAILED ANALYSIS

This is a more time consuming analysis process which is
pursued only if the candidate intersection survives the preliminary
screening process. At this time a preliminary decision should be
made concerning the type of sign control that is to be installed
after the signal is removed--namely, either two-way stop or multi-
way stop. This decision is a local matter and should be based on
- a number of factors including the current multi-way stop sign
warrant contained in the MUTCD, the type of stop control used at
-adjacent ‘intersections, the local policy and procedures for signing
intersections, and engineering judgement. 1In the event the traffic
engineer is unsure of the "best" type of sign control to install,
‘the signal removal impacts should be calculated for both the two-
way and multi-way cases. A final decision can be made based on
these predicted impacts.

. Figure 22 presents the framework for the more detailed
~stage of the traffic signal removal decision process. The steps
.contained in the detailed analysis are designed to allow the
traffic engineer to predict the impacts that will result from the
removal of the traffic signal at a particular intersection. Know-
ledge of these impacts forms the technical basis for the final
decision to remove or not remove the signal. The steps in the
detailed analysis are as follows:

l. Accident Impacts °

The predicted changes in the annual accident fregquency
resulting from signal removal is calculated. If the
signal is to be replaced with two-way stop control, the
following equation is used:

Y = 1.01 + .139 x1 - .605 X,
where: Y = change in average annual accident frequency

resulting from the removal of a signal and
installation of two-way stop control
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COMPUTE PREDICTED CHANGES IN ACCIDENT
FREQUENCY RESULTING FROM SIGNAL REMOVAL -
AS A FUNCTION OF INTERSECTION CONDITIONS.

T COMPUTE OTHER USER IMPACTS

QSTOPS
®DELAYS
®EXCESS FUEL CONSUMPTION

| ESTIMATE COST OF SIGNAL REMOVAL

AND COSTS OF CONTINUING SIGNAL.
‘ MAINTENANCE - :

{

CANVASS STRENGTH OF OPPOSITION TO
AND SUPPORT FOR SIGNAL REMOVAL .

*'

ASSESSING ALL FACTORS , DECIDE
WHETHER TO REMOVE SIGNAL 1
OR NOT o

PREPARE SIGNAL REMOVAL
JUSTIFICATION REPORT
OBTAIN AUTHORIZATION TO
PROCEED WITH ‘SIGNAL REMOVAL

Figuﬁe 22 S1gna1 Removal Dec1s1on Process
Stage II - Detailed Analysis
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X;= Volume magnitUde as measured by the number of

hours per day when traffic volumes satisfy at
least 60 percent of the signal 1nsta11at10n
volume warrant (MUTCD Warrant #1).

X.= Average annual ‘acdcidefit frequency at the inter-

section under signal control.

If multi-way stop control is planned after removal of the
signal, a decrease in acc1dents can’ generally be expected
as was discussed in chapter V. It inust be emphasized that

this pred;ctedﬂdecreasegls‘valld'onlywif_the intersection
possesses the following characteristics:

. 1low volumes (less than 800 enterlng vehlcles
during- peak hour) .

relatlvely balanced flows (ratlo of major street
volume/51de street volume < 3.0)

Traffic Flow Related Impacts

Compute estimate of other 1mpacts of 51gnal removal
which are related to improved traffic flow efficiency,
i.e., intersection stops and delays and derivative
impacts on energy -consumption.: Methods for doing this

were discussed and presented in chapter VI

Jurlsdlctlon Related Costs‘

Estimate the costs of continued- ‘signal operation as
compared to the costs of - 51gnal removal. The costs,
of a continued signal operation include the annual
costs of maintenance, electricity, and other opera-
tional costs such as signal-timing. Additionally, -
the cost of upgraolng the signal display may also be
included if ‘it is below design standards. The costs
of 51gnal removal include the one-time costs of
remov1ng the .signal hardware. and installing stop-
signs; and the annual cost of maintaining the signs.

107



4. Canvass Public Opposition.

Assess the relative strength of opposition to,

support for, the proposed signal removal. This is

a consideration that begins here and continues even
after the decision to remove a signal has been made.
‘Inltlally, at this stage of the decision process, .. - .
the local councilperson, nelghborhood and business.
leaders and/or police can be contacted for their
'oplnlons. This initial canva551ng provides a general
idea of the opposition that may be expected during.-
the-interim control period and/or at council meetlngs
This item is pursued further durlng the publlc notifi-
cation which is discussed in the next chapter.

5. Signal Removal Decision

All of the above findings are then weighed by the
traffic engineer and the decision is made whether or
not to remove (or recommend removal of) the traffic
signal. "It is neither possible nor desirable to
avoid a significant amount of professional judgment
in this final decision. In most cases, a number of
institutional constraints must also be considered.
However, the technical findings from the detailed
analysis should provide a strong factual basis for
reaching, supporting, and defending the final de-
cision or recommendation.

All of the findings of the decision process would be sum-
marized by the traffic engineer in a signal removal justification
report for use in gaining necessary authorizations to proceed.

DISCUSSION

The two stages that comprise the traffic signal removal
decision process are very distinct and different. The first stage,
or preliminary screening, is made up of a set of criteria with each
individual criterion involving a go/no-go decision concerning signal
removal. If a signalized intersection survives this preliminary
screening, then the second stage, or detailed analysis, is pursued.

The detailed analysis does not involve actual criteria,
but is instead a process for estimating the major technical and
institutional impacts of removing a traffic signal--namely accidents,
fuel consumption, jurisdiction-related costs, and public ogpqsition.
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No decision is made concerning traffic signal removal until the
last steps of this process after all of the impacts have been

estimated and weighed by the traffic engineer.

Under normal circumstances, it is assumed that a traffic
engineer will not remove a signal if an increase in ac¢cidents and/
or a large amount of strong opposition is predicted. However, in
the event a jurisdiction is undergozng a budgetary crisis or a
severe fuel shortage, the reductions in Jurlsdzctlon costs and
excess fuel consumption may be weighed more heavily and, as a
- result, the traffic engineer may be willing to accept a predicted
small increase in accidents. It is once agaln emphasized that
the final decision concerning signal removal is a blend of ana-
lytical procedures and constitutional/political considerations
coupled w1th profess;onal judgement.
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CHAPTER X

DEVELOPMENT OF SIGNAL REMOVAL PROCEDURAL GUIDELINES

Once 1t has been determined that a traffic signal installa-
tion should be removed, orderly procedures are necessary to carry
out the actual implementation of the removal of the signal hard-
ware. The primary objectives of the removal procedures are as
follows:

. To reduce the hazards associates with driver
unawareness of a change in intersection control -
during the initial transition perlod e.g., to’
reduce the surprlse element ' '

. To‘convey to the pub11c (including potential opponents)
that the signal removal decision was carefully assessed
and is likely to result in safety, energy conservation and

cost beneflts.

The issues involved in these guidelines include advance public
information needs, transition or interim control methods, and
follow-up information needs. Each issue is discussed separately.

PUBLIC NOTIFICATION

As was discussed in a previous chapter, signal removal has
been handled in most jurisdictions on a low keyed basis. A major
reason for this is the uncertainty with which traffic engineers
have had to face signal removal. No accepted signal removal cri-
teria have been available which has meant that traffic engineers
have had to base their decisions on the signal installation war- -
rants as modified by engineering judgement. Additionally, practi- .
cally no information has been available on the impacts of signal ;
removal, particularly its effect on intersection accidents. W1thout
this klnd of 1nformatlon, answering to signal removal opponents
whose major argument is safety, can be very dlfflcult Under these
c1rcumstances 1t is only natural to try to av01d any confrontatlons.

With sound signal removal criteria that are based on prece-
cent and an accurately predicted improvement in both intersection
operations and intersection safety, much of this uncertainty has
been done away with. The local traffic engineer now has the neces-
sary facts and technical information with which to counter the
arguments of signal removal opponents. In many cases, notifying
the public in advance should not Jjeopardize the chances of a pro-
posed signal removal being successful. Not only is the advance
notification important in terms of reducing the surprise element °
of a change in traffic control device, but public involvement, even
in potentially controversial situations,should be a goal of the
professional. However, it is also recognized that such goals are
easier to discuss in a report than to carry out in the real world
environment of time and resource constraints.
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Three methods of advance public notlflcatlon appear to be
the most effective in terms of providing the necessary information
to the public, partlcularly those most affected by the removal of
a signal. Each one is discussed below: :

. Press Release - By being distributed to local newspapers,
radio and television stations, this method can provide
the widest coverage. The release should include infor-
mation such as the intersection location, the date and
time that the signal is to go into the .interim control
mode, general reasons that the signal is being removed

. (e.g., change in traffic flow patterns, closing of near-
"by " generator) and a description of the benefits that will
be derived from its removal (reduction in delay, fuel
consumption and accidents). The major drawback to the
press release is that there is no guarantee that those

. residents, commercial establishments and drivers most
-affected by the 51gna1 removal will receive 1nformatlon

. Letter - A letter contalnlng the same 1nformatlon as in
the press release can be sent directly to the residents
and commercial establishments within the immediate vicin-
ity, say one or two blocks, of the candidate signalized
intersection. This ensures that these particular citizens
will be notified of the proposed signal removal. Two
drawbacks of this method are the time and cost involved
in preparing and mailing the ‘letters, and the fact that
drivers who.utilize the intersection do not receive the
information unless they happen to live or work in the
immediate vicinity of the intersection. :

. Sign - Posting a sign on the intersection approaches is
a very effective way of providing notification to both -
the surrounding residents/commercial establishments and.
the drivers who use the intersection. A suggested
- sign for signal removal is shown in Figure 23. Because
-of limited space, a 51gn can only provide the information
that the 51gna1 is going to be removed and the date that
the removal is to take place. . A description of the _
_ benefits that will result from signal removal is obviously
-.not ‘possible w1th a sign..

To ensure the maximum degree of public notification, the
signal removal signs should be posted a few days before the signal
is placed in the interim control mode. To supplement' the sign,
either a letter .Or press release can be distributed at the same
t1me. : ‘ : :
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" TRAFFIC
- SIGNAL

REMOVAL
SCHEDULED FOR

(DATE SIGNAL IS TO BE REMOVED)

(ADDRESS

. TRAFFIC ENGR. DEPT. .

OF TRAFFIC ENGINEERING DEPARTMENT )

A
\

Figure 23. Suggested Signal Removal Sign
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It is recognized that the issue of public notification is

. very much a local matter and is subject to a number of considerations
including the local political atmosphere and the existing policies
and procedures for notifying and responding to the public. Thus,

the above recommendations concerning public notification are general
in nature and may require modification to meet specific local needs.

INTERIM CONTROL METHODS

The most w1dely -used transition methods of changing control

- devices at an intersection are placing the signal in the flash
mode and bagging the signal heads. There is the additional option
of providing no transition control at all - 51mply just removing
the traffic signal hardware and 1nsta111ng stop signs. The effec-
~tiveness of these three alternative interim control measures was
analyzed by comparing the accident experience during the first
month of the transition period with the accident experience

during the remaining "after" period. The purpose of this analysis
was to determine how effective each interim control method was at
preparlng the driver for the final change in traffic control

' devices.

: The first 30 days of interim control was chosen as the time

. period for the comparison on the assumption that after the first

. 30 days, most drivers have had enough time to adjust to the

. change in the intersection operation and because mostof the study
" jurisdictions used a 30 day interim control period. Only urban
intersections converted to two-way stop control were analyzed.

- The results of this analysis are presented in Table 33.

Table 33. Comparison of Interim Control Measures

Interim | o | | 'Difference in Accident Frequency
Control Number of - between First Month and Remaining
Measure Intersections - "After" Period

Flash - 23 / ~ 12% Lower During First Month

- Bag 25 No Difference
None 62 e 43% Higher During First Month

When the signals were flashed or bagged there was very little
difference in the accident experience between the first month of
. interim control and the remaining "after" period. This indicates
'that both of these interim control measures provide for a smooth
‘transition. On the other hand with no transition control the
accident experience was 43 percent higher durlng the first
critical month. Although this difference is not statistically
. significant, it indicates the p0551b111ty that a driver adjustment
problem does exist and that some sort of interim contrcl measure
is required. It is therefore suggested that signals be flashed

or bagged for a mlnlmum of 30 days prlor to removal.
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As to which method of interim control is to be used, it
should be noted that in two of the three cities where the .
signals are bagged, most of removed signals have been far-corner,
post mounted installations. ' In fact, according to the traffic '
engineer of one of these cities, when the signal removal program
was first begun, the signals were flashed and there was . an in-
crease in accidents during the interim control period. To counter-
act this situation, the signals were bagged instead and since.
then there haven't been any problems, : . e

On the-other hand, in most of the jurisdictions that flash
the signals prior to removal, the signal installations generally
had at least one signal head positioned overhead. Considering the
fact flashing beacons are generally overhead installations, it
may be that drivers are more comfortable with and use to an over-
head flashlng 51gnal than one that is post mounted

There is not suff1c1ent 1nfornat10n upon whlch to base a
suggestion concerning the type of interim control method that
should be used. Bagging has worked very well on both post mounted
and overhead signal installations. Flashing has been very effec-
tive with overhead signals and has worked well on post-mounted
installations in a number of the study locations. The decision
whether to flash the signals or bag the signal heads has to be
made by the local traffic engineer based on the predominant type
.0of signal installation, the general driving habits of the public,
and engineering judgment. It is essential however, that one of-
the two modes be used for a minimum of 30 days and that the same
method of interim control be used throughout the jurisdiction for’
consistency. ‘ -

While the size of the data set on urban signalized inter-
sections converted to multi-way stop control is not large enough
to perform the same level of analysis, it does appear that the
use of a transition control is not as critical at these locations
as it is at two-way stop locations. Nevertheless, for the sake
of consistancy, it might be advisable to use the same method of
1nter1m control at these locatlons as well.

Although not used by any of the study'jurisdiCtions, the
"Stop Ahead” warning sign may be installed on the stop-controlled
approaches to supplement the interim control at the intersection.
After the 30 day interim control period when the signal has been
removed, it may be advantageous to keep the "Stop Ahead" sign
for a few months to emphasize the change in intersection control.
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FOLLOW-UP INFORMATION NEEDS -

Clearly, because prediction of accidents at individual
intersections is not completely accurate, it is important to

‘closely monitor accidents throughout the interim control period.

Thus, if not already in existance, ‘a close liaison needs to be
developed between the traffic engineering department and the
acc1dent records division of the jurisdiction's . police department.

'An increase in the. acc1dent rate during .the f1rst critical
month is not sufficient reason to abandon the plans for removing.
the signal. Although-if an increase does occur, the signal should ~
remain in the transition control mode for a few more months. If
the accident rate is still higher after a few months, an in-depth
accident analysis should be performed and retention of the signal
should be seriously considered. As part of the accident analysis,
other studies such as speeds and delay measurements may prove
benef1c1a1 : - : S

Accurate acc1dent information should be. malntalned on all
the intersections in the jurisdiction where signals have been
removed for at least a few years following signal removal.

+~Assuming that there will be a decrease in accidents at most of
", these intersections, this kind of "positive" information which
i is based on intersections within the jurisdiction itself not

-+only lends credibility to the local signal removal progam, but
. also sets a valuable precedent for additional signal removals.

When it has been determined that the signal hardware can

~ be removed, it may be advisable to remove the signal heads and

- controller equipment only, and monitor accidents and intersection
-operations for up to a year prior to removing the remaining hard-
“ ware. In this way, if the signal needs to be reinstalled due

to technical or political reasons, it W1ll not be an expensive
endeavor.

SUMMARY

The follow1ng signal removal orocedural guidelines are
suggested_ ,

. Some form of public notification is suggested
prior to the removal of the signal. The most
effective method is the use of a signal removal
.sign at the 1ntersect10n.. :

. Slgnals should be flashed or bagged for a minimum
‘of 30 days prior to the signal hardware being re-
moved. If two-way stop control is to be installed
after signal removal, the 51gnals should be flashed
red-yellow. 1If four-way stop control is to be
installed, the signals should be flashed red-red.
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Accidents at the intersection should be monitored
- very closely during the interim control period. If
there is an increase in accidents during this period,

the signal should remain in the transition control
mode a few more months.
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APPENDIX A .
SIGNAL REMOVAL CRITERIA

Successful/Unsuccessful Removal Attempt

'Intersection - City

Type New Control

~.# Approach Legs_ » Angle of‘Crossiné

- Major St. Rd. Type - App. Lanes . Ex.Left
Minor St. Rd. Type C App. Lanes Ex.ieft
‘Major St. Speed;L;mit‘ — : Minor St. Speed Limit

- Minor St. Sight Distance

--Int. Location___ . _ 7 Adjacent Land-use

Nearest MaJor,St..$ignal§

-Signal Control Type

‘Signal Display

. # Phases
Malor Street : . Minor Streef
. VOLUMES ~ {Both Approsaches) % Left (Hizhest Single Avoroach)
Pesk Hr.

Ave-l pk. hrs.

Ave-8 pk. hrs.

PED Volumes (Xing Major St)
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" SIGNAL REMOVAL CRITERIA, cont'd

Date Normal Operation Stopped

Adjustment Period Control

18. # Accidents

Rt. Angle
Rear end
Turning

' QOther

PD
Injury
Fatality

Total

19. Special Conditions - schools, change in

J

Date Signal Removed

Before

After
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APPENDIX B

ANALYSIS OF RELATIONSHIPS BETWEEN INTERSECTION
DESCRIPTORS AND ACCIDENT IMPACTS

The accident impacts present a most challenging analysis .
problem. . Accidents are relatively rare events, and the causation
factors are wide ranging, complex and go beyond a simple signal/,
no signal dichotomy. This makes it extremely difficult to predict
the accident consequences resulting from individual signal removals.
However, due to the political and institutional nature of traffic
signal removal and the general consensus of may people that the
traffic signal is a safety device, the development of sound
signal removal criteria must include an understanding of the acci-
dent impacts of signal removal In ths appendix, the analytical
- approach used to identify intersection characteristics which are
strongly associated with changes. in accident experience after
signal removal is discussed and the results of the analy51s are
presented. : :

ANALYSIS APPROACH.

The . initial step of the analysis was to divide the‘date set . .
of urban intersections converted to two-way stop control into
the following three subsets describing the accident experience
at each intersection following signal removal:

. Increase in Accident Fregquency: AAccidehts > +1

. Little Change in Accident Frequency: -1<AAccidents < +1

Decrease in Accident Fregquency: A Acidents £ -1
For each of the three accident outcome subsets, the distributions
of each of a wide variety of intersection condition descriptors
were compiled.

The same data set was also divided into the following three.
subsets describing the injury accident experience following signal
removal:

. Increase in Injury Accident Frequency: A > 0

. No Change in Injury Accidént.Frequency: A= 0

. Decrease in Injury Accident Frequency: A < 0
Frequency classification tables were then computed for a number

of intersection variables as was done earlier for differences in
overall accident fregquency.
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The classification tables for total accident fregquency ~
were used to identify which intersection descriptors are signifi-
cantly different across the accident outcome subsets thereby
narrowing down the long initial list of variables to a manageable
number for use in the signal removal criteria. The Chi-sqguare
test was utilized to determine if accident outcome was dependent
on a particular intersection condition descriptor or if the two
variables were independent. The -Chi-~sguare value for each matrix

was calculated as folloWs
. £, |
Zf N
chi-square value -

the actual frequency in the it ﬁe

"F, the expected frequency in the itP cel1 (assuplno
accident outcome is independent of the 1ntersectlon
descriptor being tested) ‘

the number of cells in the matrix g ‘

the total number of intersections used in the matrix

Where X
£

- 4
mn

If the chi-square value was less than the critical chi=square
value for ©f = .10, the intersection descriptor was considered
.mnot to have a 51gn1f1cant effect of the acc1dent outcome follow1ng
51gna1 removal

. One of the customary recommendations in applicatiens of

- the Chi-square test is that the smallest expectation in any call

. should be at least 5. Throughout thé analysis when this requi-
rement was not met in the oritinal classification and when it was
- possible neighboring classes were combined until the rule was '
. satisfied. Nevertheless, some of the matrices still did not meet
. this general rule. Fortunately, for statistical applications, the
. results of theory sometimes remain substantially true even when
some assumptions fail to hold. Thus, it is believed that for
those matrices that have only one or two cells with expectations
of less than five, using the Chi-square test is still-a valid
method for determining whether or not an intersection condition
descriptor is important. The purpose of this analysis was to isolate
which of the intersection descriptors exhibit a strong association
with the change in accident experience following signal removal
and was not the final statistical analysis. Those variables which
were shown to be significant were subjected to further analysis of
their relationship to accident impacts.

ANALYSIS OF URBAN INTERSECTIONS (MULTI-WAY STOP CONTROL)

Because of the small amount of data for urban intersections
converted to multi-way stop control, frequency classification
analysis had to be limited to urban intersections converted to
two-way stop control.
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'éﬁALYSIS OF URBAN INTERSECTIONS (TWO-WAY STOP CONTROL)

Intersection Layout

Frequency classification matrices were developed for the
number of approaches, angles of crossing, number of lanes per major
street approach, and number of lanes per side street approach.
These matrices are shown in Tables 34 - 37. None of these in-
tersection descriptors show a significant association with the
signal removal accident experience. Only 5.3 percent of the study
intersections had offset approaches which made it difficult to
draw any conclusions concerning this intersection descriptor.

Intersection Sight Distance

Since one of the overall effects of signal removal is a sig-
nificant increase in right angle accidents and the rlght angle
acc1dent frequency at a stop controlled intersection is affected
by the sight distance, it was hypothesized that intersections.
with limited side street sight distance are more likely to have
an increase in accidents after the removal of a signal. The re-
sults of the sight distance matrix (Table 38) support this hy-
pothesis in that the differences across the accident outcome sub-
sets are significant (e= .10). Of particular interest is that of
the study intersections with corner sight distance less than min-
imum value (300').recommended .in the Transportation and Traffic
Engineering Handbook (26), over half experienced an increase in the
average acc1dent frequency of one or more acc1dents per year after
removal.

Table 38. Relationship Between Slde Street Sight Distance
and Accident Outcome

(x2 = 9.44 , significant at o = .10)
: ‘Change'in Accident Frequency. o
Sight ‘ ‘ Total
Distance Increase Little Decrease
' C Change :
7 5 1 | 13
<300 (54%) (35%) (27%) ‘
18 13 | 20 51
300'-600" (35%) (25%) (40%) :
| 11 16 14 41
>600' | (27%) (39%) (34%)
OTAL 6 4 ’ 105
T (382) G | 33

(NOTE - This is one of the few matrices that has a cell size

of less than 5. It was decided not to combine sight distance
categories and create a single category of "<£600'" since

300' is the minimum allowable corner intersection sight distance
for a design speed of 30 -mph.)
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Table 34. Relatlonshlp Between Number of Approaches
and Accident Outcome

.(Xz =.3.2 , Not Slgnlflcant)
$ of - Change in Accident4Frequehcy
r ‘ g *
Approaches . Little . 5 :‘a . _ TOTAL
ncrease Change _‘ecre se L
3 15 | 24 .26 1~ 65
> (23%) (37%) © (40%) o
e+ | 37 ' 32 | - 110
(34%) - (37%) . (28%) ‘
1 52 65 | s8 1. 175
TOTAL @ty | @1y | 33wy |

The total number of intersections may véry from;matrix to
matrix depending on the availability of applicable data.

Table 35. Relationship Between Angle of Crossing
and Accident Outcome

(X2 = 5,0 , Not Significant)
Change in Accident Frequency
Angle of » | Total
Crossing Increase | Little Decrease
Change
90° 40 58 43 141
. (28%) (41%) (31%)
75° =90 | 7 2 s 14
L (50%) o (14%) (36%)
S —
<75 ‘5 5 10 20
(25%) (25%) (50%)
TOTAL 52 65 58 175
(30%) (37%) (33%)
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Table

36. Relationship Between # Lanes Per
Major Street Approach and -Accident Outcome

( X2 = 1.5, not significant)
# Lanes Change in Acc1dent Frequency
‘Per Major 'T £a1 ;.
Street Increase thtle Decrease 0
Approach Change . :
1 27 29 26 82
(33%) (35%) (32%)
2 18 ( .28 - 22 68
(26%) (41%) (32%) C
3+ 7. 8 10 25
_(28%) (32%) (40%)- '
TOTAL 52 65 58 175
(30%) . (37%) (33%) o
‘Table 37. Relatlbnshlp Between 4 Lanés‘Péf ,;
Side Street Approach and Accident Outcome
(X2 = 3.05, not significant)
# Lanes Change in Accident Frequency
Per Major Total
Street .
Increase Little Decrease
Approach . Change
1 45 48 a4 137
(33%) (35%) A(32%)“
2 7 17 14 38
(18%) (45%) (37%)
TOTAL 52 65 58 175
(30%) (37%) (33%)

126




Major Street Operation.

.Another design feature:influencing intersection accidents
. is.the number of conflicts points. For the same side street con-
figuration, a two-way major street has twice the number of conflict
. points as a one-way major street. Thus, the hypothesis was made
that an intersection with a one-way major street will have a
better accident experience (e.g., reduction) after signal removal
-than an intersection with a major street with two-way operation.
The results in Table 39 do not support this hypothesis.

Table 39.  Relationship Bétween\Major Street Operation
‘ : 4 _and AcCident,OutSome
(x4 = 4.53 , Not Significant)

Majbr ChangerlnﬁAcc1dent Frequency
Street o . : , Total
" Increase | Little Decrease
Operation T Change :
One-Way 9 11 6 26
: “(35%) - (42%) | (23%)
Two-Way 43 - 54 | 52 149
(29%) (36%) (35%)
rota. | 52 | 65 58 175
(308) |  (37%) (33%)

Intersection Location

The matrik fér.diétahde'from nearest major street signal
(Table 40) indicates that this variable does not have any strong
association with the accident experience after. signal removal.
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Table 40, Relationship Between bListance from Nearest
Major Street Signal and Accident Outcome
(X2 = 2.44 , Not Significant)

Distance Change in Accident Frequency
From 1 Total
Nearest Increase Little ‘Decrease ora

- Signal o Change - -
0-600" - 20 24 20 64

) (318%) (38%) (31%)
600'=~% mi. 14 13 15 42

A (33%) (319) | (359)
% mile + 5 7 | 11 23

: (22%) | (30%) (48%)
TOTAL 39 ' 44 1 46 ~129

(30%) (34%). ‘ (36%) ‘

Intersection Operation

Several studies have shown that upgrading the signal display
(e.g., mast arms, 12 inch heads, 2 signals/approach etc.) at sig-
nalized intersections results in a reduction .in accidents.  With
this is mind, the hypothesis was developed that the removal of a
signal at those intersections where the signal layout did not
conform with the MUTCD design standards would generally result in
better accident experience as compared to the effect of removing
the signal at a signalized intersection that was in conformance.
The results shown in Table 41 do not support this hypothesis and
indicate that the intersection condition descriptor does not ex-
hibit any significant difference relative to the signal removal
accident experience. Similarly, the type of 51gna1 operation
(Table 42) does not explain any of the variation in the d;fferences
in accident frequency after signal removal.
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Table 41. Relationship Between MUTCD Signal Design .
Coq{ormance and Accident Outcome ;
(X2 = 1.49 , Not Significant)

_ . Change in Accident Frequency ‘
Signal : —— ~  Total
Layout Increase Little Decrease

Change
Conformance| 30 ¢ 35 34 99
: : (30%) (35%) (34%) | - -
Non- 14 15 9 38
Conformance (37%) (39%) (24%)
TOTAL 44 50 43 137
(32%) (36%) (32%)
Table 42. Relationship Between Signal Operation
and Accident Outcome
(x2 1.30 , Not Significant)
Change in Accident'FreQuency‘
Signal .
Operatlon Increase Little Decrease Total
Change

Fired 32 , 37 30 99
Time (32%) (37%) (30%)

Actuated 7 11 12 30
\ (23%) (37%) (40%)

TOTAL 39 48 42 129
- (30%) (37%) (33%)
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Traffic Volumes

From the very beglnnlng of the research it was felt that
the vehicular volume entering an intersection would be a major
factor in the development and application of signal removal cri-
teria. - Obviously, the more vehicles there are entering an inter-
sectlon, the greater the exposure to collision. Moreover, higher
major road traffic volumes are associated with shorter distribu-
tions of gaps for side street vehicles. Addltzonally, five of the

eight MUTCD signal 1nstallat10n warrants utilize intersection
volume to some degree.

The hypothesis was developed that intersections with higher
traffi¢c volumes will experience a change in accident frequency
after signal removal which is worse than.at those’ intersections
with lower traffic volumes. The first freguency classification
matrix developed: for traffic volumes used the entering volume as
the variable (Table 43). Not only did this ‘intersection descrip-
tor exhibit no significant association with accident experience
following signal removal, but the general trend appears to be
just the opposite of what would loglcally be expected; that is
the percentage of intersections experiencing a reduction in
accidents after signal removal increases with higher entering
volumes instead of decreasing. - Similar results occurred when the
average of the four peak hours was used. One explanation for
these results may be that entering volume is not an adequate
measure of potential conflicts between major street and side
street vehicles. For example, more conflicts exist at an
., intersection with a major street volume of 800 vph and side
street volume of 200 vph than at an intersection with a
major street volume of 950 vph and a side street volume of 50

vph even though the total enterlng volume is the same for both
1ntersectlons.‘
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Table 43. Relationship Between Entering Volume
‘ and Accident Outcome . . : :

(x2° = ~7.61, Not Significant)
:”Entéring_ Chang?:}n’Ac§1dept'Freguep?y~_ 1.“‘ .
.J;;Voiume | Increase | Little | Decrease | -1o%al
(Ieaf‘ﬁ°ur2, ' ‘Change : : - L
0-500 7 12 5 24
(29%) (508) | (21%)
500-900 | 20 | To25 | 16 | . 6L -
o 33y | (419) (26%) |
900-1300 | 13 14 17 " 44
- (30%) S (328) | (39%)
1300+ | 11 10 18 39
A (28%) (26%) (46%) -
TOTAL | - 51 61 | s | 168
. _(31%) _(36%) (33%)

In order to hopefully account for this situation, the product of
the major street volume and higher side street volume at each
intersection was used as the volume variable. The product of
the conflicting traffic flows has shown to be a useful measure
such as in determining the need for exclusive left turn phases.
However, as can be seen in Table 44, the matrix of the traffic
flow products contains no significant results or discernable
trends. '

The next volume related intersection descriptor analyzed was
the number of hours each intersection satisfied the minimum values
of the MUTCD volume warrants. The results for Warrant #1 (Minimum
Volume) are shown in Table 45. The results for Warrant #2 (Inter-
ruption of Continuous Flow) are shown in Table 46.
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Table 44. Relationship Between Product of Major Street
Volume x Side Street Volume and Accident Outcome
¢ X2 = 9.38 , Not Significant)

'Product Changg in Accident Frequency
+ 100 - | Increase | Little Decrease Total
(Peak Hrf)‘ ‘ Change
0-400 | 15 30 24 69
. . - (22%) - (43%) |’ (35%)
400-800 | 13 14 | 8 35
(37%) (40%) (23%)
800-1200 14 8 6 28
(50%) (29%) (212)
1200+ 8 7 9 24
(33%) (29%) (38%)
TOTAL 50 59 47 156
(32%) (38%) (30%)

Table 45. Relationship Between Warrant Satisfaction
and Accident Outcome ,
s (MUTCD Warrant #1)
(X = 2.54 , Not Slgnlflcant)

# Hours Change in Accident Frequency
Warrant #1 — Total
Satisfied Increase Little Decrease
' Change
0 g3 s9 | 49 | 1
' (2€%) - (39%) T (33%) .
1-2 s |3 a0 a2
- (42%) . (25%) (33%) C
3+ -3 2 1 6
| (50%) ‘| (33%) (17%)
TOTAL 3 64 54 169

(308) |- (38%) (323)
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Table 46. Relationship BetweenAWarrant‘Satisfaction
' ‘ ‘ and Accident Outcome - '
(MUTCD Warrant #2) B

(X2 = 4.24 , Not Significant)
# Hours Change\1n,Acc1dent Frequency .-
gaiFagF 22 Increase Little | Decrease Total
atisfie o , Change | ,
0 - 34 52 38 124
(27%) | (42%) (31%) f -
1-2 10 5 9. 24
(42%) (21%) (37%) .
3+ 7 7 7 1 21
(33%) (33%) (33%) |-
TOTAL 51 64 54 169
(30%) (38%) (32%) [ -

‘The number of hours that a signal is warranted under the
Interruption Warrant (#2) shows no correlation with the accident
experience after removal. On the other hand, the results of the
frequency classifiaction matrix for Warrant #1 do differ across
the three accident outcome subsets in a logical fashion although
the difference is not significant. A major problem.with Table
45 is that since very few intersections satisfied the minimum
volume warrant for any hours at all, over half of the matrix
cells have inadequate number of entrees. In order to obtain
a better distribution and thus alleviate this problem, 80 percent
and 60 percent of the warrant values were utilized to determine
the level of warrant statisfaction at each study intersection.
The results are shown in Table 47 and 48. '
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Table 47, Relationship Between Warrant Satisfaction and
" ~Accident Outcome (MUTCD Warrant #1 - 80% Values)

(x2 = 3.37 , Not Significant) /
¢ Hours Change in Acci@ent Frequency . “ .
g:iizﬁiegl Increase gﬁttle Decrease Total
(802) ange
-0 ' 34 44 ‘ - 43 ‘121
‘ (28%) (36%) (36%)
1-2 ' 10 7 7 24
(42%) (29%) (29%)
3+ ‘ 7 4 4 15
(47%) (27%) : (27%)
TOTAL 51 55 54 160
(32%) " (34%) (34%)

Table 48. Relationship Between Warrant Satisfaction and
Accident Outcome (MUTCD Warrant #1 - 60% Values)

(x2 = 8.2 , Significant at o = ,10 )
" # Hours Change in Accident Frequency o
Warrant: #1 :
Satisfied Increase ‘Little Decrease “Total
(60%) Change - ‘
0 18 33 27 78
(23%) (42%) (35%)
1-4 2 14 ‘ 21 ‘ ~ 56
(38%) (25%) - (38%)- L
5+ 12 8 6 - 26
(46%) (31%) ' (23%)
TOTAL ~ 51 55 - 54 - 160
. (32%) (34%) (34%)
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_ It is obvious that thls intersection condition description
does exhibit some association with the accident outcome after
signal removal. While there was not statistical significance
for 80 percent values, the results for the .60 percent values
were 51gn1f1cant atd(— .10.. As another measure of these differ-
ences in accident experience, the mean change in the average
annual accident frequency was calculated for the various levels
of warrant satisfaction (60 percent values). The results are
shown in Table 49.

‘Table 49, Changes in Average Annual Accident Freguency
After Signal Removal for Various Levels of
Warrant Satisfaction
(MUTCD Warrant #1 - 60% Values)

# Hours ‘
- Warrant Mean ' Remarks
Sat%ggéfd Change

0 ‘ - .48 Decrease Significant: o( = .025
1-2 - .14 | Change Not Significant
3-4 ' + .1 Change Not Significant

5+ +1.85 Increase Significant: o = .005

The results of the analysis of intersection volumes indicate
that this intersection descriptor should be a significant part of
signal removal criteria. The number of hours that an intersection
satisfies Warrant #l1 or some percentage thereof appears to be a
very sensitive volume index in that it takes into account both
major street volume, side street volume, and the relationships
between the two.

Accidents

The frequency classification matrix for the average annual
accident frequency prior to removal is shown in Table 50.
Most notable, is that this intersection condition descriptor
exhibits a very significant difference (ot = .00l1) relative to
the signal removal accident experience. The greater the accident
frequency before removal, the better chance there is for a reduc-
tion in accidents. (It must be remembered however, that. most of
these signal installations had very low volumes.) This variable
is thus a prime candidate for inclusion as one of the intersection
condition detectors to be used in the signal removal criteria.
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Table 50. Relétibnship Between "Before" Accident
Frequency and Accident Outcome

(x2 =

40.2,

Significant at ol = .001)

("Before")

Averzge Change in Accident Fregquency ‘
Annual ' Total
Accident Increase . Little Decrease )
Frequency. | - Change : ‘
0 14 16 - 30
(47%) (53%) :
0-1 - 12 20 7 39
(31%) (51%) (18%)
1-2 12 16 13 41
(29%) (37%) (32%)
2-4 9 8 19 - 36
(25%) (22%) (53%)
5 5 19
4+ (17%) (17%) (66%) 23
TOTAL 52 65 58 175
‘ (30%) (37%) (33%) . 5
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The changes of the right angle and rear end accident fre-
quencies after signal removal are significant- (See Table 11, page 40).
Based on this finding, the assumption was made that an intersec-
tion which already had a relatlvely high right angle accident
frequency would experience an increase in accidents after signal.
removal. Similarly, it was hypothesized that an intersection
with a relatively high number of rear end accidents prior to
removal would experience a decrease in the overall accident fre-
quency. Frequency classification matrices were constructed for
both of these variables which are shown in Tables 51 and 52.
Neither of these variables have a significant effect on the
accident experience following signal removal.

Injury Accidents

A similar analysis was performed for the change in the num-
ber of injury accidents after signal removal. The frequency
classification matrices for some of the variables that demonstrat-
ed some association with the injury accident experience are shown
in Tables 53 through 55. Major street approach speed would
have been a useful variable to analyze and its relation to injury
accidents. However, since these intersectors were all located
in urban areas, there was not a good distribution of speeds. All
intersections, except one had a major street speed limit between
20 mph and 35 mph. :

The results of the injury accident analysis are very similar
to the findings for total accidents, although the differences
across the- accident outcome subsets are generally not as great.
The results for the before period accident frequency and level of
warrant satisfaction are statistically significant while the re-
sults for sight distance are not significant. Thus, the same
intersection condition descriptors can be used for predicting both
the number of acc1dents and severity after signal removal.

SUMMARY

This section described the analysis which was conducted to
relate the change in accident frequency and the change in acci-
dent severity to a variety of intersection descriptors. The
purpose of this analysis was to reduce the number of variables
to a few intersection condition descriptors which exhibit a
strong association with accident experience following 51gna1
removal. The follow1ng variables were identified for use in the
signal removal criteria.
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Table 51. Relatzonshlp Between Right: Angle Acc1dent Frequency
-and’ Accident Outcome '
(Includes only those 1nter~ect1ons with a total frecuency > 0)

‘ (X2 = 5.6, No Significant)

AVQ- Annual Change in Acc;dent Frequency

- Number of . -

"Right Angle‘ | Increase . Little {ﬁ»-Decreaseu‘,
Accidents: |- . . . Change |« - L

Total

o - 10 100 f 12 |32
| (31%) (313) (38%)

0-1 8 14 | .21 | a3

S e | (33%){ ]ﬁ:‘(49%) R

(368) | . (14%) j‘Hxsbg,;-yr‘~'zeu |

ToraL . | . 28 | 28 .47 . | 103 .
(27%) 2783 | (46%) |

. Table 52. Relatlonshlp Between Rear End Acc;dent Frequency
~ ‘and Accident Outcome
(Includes only those 1ntersectlons with a total frequency >0)

(x = 6.01 , Not ngnifzcant)

Avg. Annual Change in Accident Frequency
Number of.. oral
Rear End Increase | Little | Decrease .
Accidents e Change o
o v e 8 | 2
L (28%) (40%) | (32¢) |
0-1 s} 13 |2 | a0
- ~‘f(3l%) C(27%) - (42%)
1+ T 4 17 28
: - (25%) (14%) (61%)
TOTAL 29 | 21 46 102
(28%) (26%) (46%)
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. Side Streetlsight Distance.

. Volume ( A measure that 1ncorporates both major street.T‘
© volume, s;de street volume, and thelr relatzonshlps) :

j

. | "Before"

Table 53,

‘ acc:Ldent experlence.

and Injury Accident Outcome.

Relatlonshlp Between 81ght Distance

(x3;‘= . 6. 67, Not Significant)

L , Changn in Injury Acc;dent Frequency S|
Sight Total
Distance Increase No Decrease ‘

: : = . Change -
o 6 3 1 10-
300" - (60%) ©(30%) . (10%)
110 1 | 1| a3

300'-600" (23%) (44%) - (32%)

14 100 9 | 33
600" (42%) (30%) (27%) |
TOTAL 30.. | 32 24 86
: = (35%)‘“ - (37%) - (28%) L -
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Table 54. Relationship Between Warrant Satisfaction and
and Injury Accident Outcome
(MUTCD Warrant #1 - 60% Values)
(x2_= 10.60 , Significant atet = .05)
# Hours Change in Injury Accident Frequency
Warrant 1 - — — N Total
Satisfied Increase No Decrease
(60%) Change
0 .19 29 22 70
. o (278) (41%) (32%) -
Cl1-4 12 . 15 17 4y
L (27%) (34%) (39%) :
5-8 14 5 4 23
" (61%) (22%) 0 (17%)
'TOTAL . 45 49 43 137
‘ V‘L33%l (36%) (31%}) _
Table 55. Relationship Between "Before" Accident
' ‘Frequency and Injury Accident Outcome
(X2 = 30.02 , Significant ate = .001)
Average ‘Change in Injury Accident Frequency A
Annual ) : -
Accident rotal
Freq. Increase No 5
.= ‘ " Change »ec;ease
0 12 15 - 27 .
(44%) (56%)
0-1 9 20 6 '35
(26%) (57%) (17%)
1-2 11 11 12 34
(33%) (33%) (34%)
2-4 6 8 12 26
(23%) (31%) (46%)
4+ 9 -3 13 25
(36%) (12%) (52%).
TOTAL 47 57 43 147
‘ (32%) (39%) © (29%)

140




' APPENDIX C _
STATISTICAL METHODOLOGY: PAIRED COMPARISON t TEST

The principal statistical methodology used in this study
for testlng whether accident frequencies changed following con-
version from signal control to stop control was the palred com-
parison t test. The use of a paired comparison test is an
appropriate and often-used technique for analyzing before and
after conditions in which data are collected from a sample of
specific locatlons. The paired comparison test has several
advantages- ‘ : R

. It eliminates the effects of extrareous variables
(e.g., differences in intersection design). Each
pair is alike in most respects except for the *
treatment effects (i.e., signal control vs.- stop
control) we are trying to measure.

«. It is not necessary to assume that the variances
of the before and after data set are equal. Nor
'is it necessary to assume that the individual
variables (i. e., the before and after accident
frequencies) are sampled in a random and inde-
pendent manner. | :

: The accident variable used for the before (Xp;) and after
_(XAi) condition at each intersection was the average annual
accident frequency. This measure was selected for two basic
reasons: ‘ ' o

. The durations of the before and after periods
often differed for an individual intersection.

. The durations of‘before and/or after periods
also differed w1dely for different inter-
-sectlons.

For each 1ntersection in the sample, the change in average
annual accident frequency, dj, following signal removal was com-
puted for each 1ntersectlon- ,

di = Xai " Xpj
The null hypothesis tested was that the population mean values of

annual accident frequency before and after 51gnal removal are
equal , i.e.: .
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The alternative Hypotheszs was that the betore and after
population means are not equal, i.e.:

Hp: f“‘A # | Me

The sample data were stratified into a number of subsets
prior to testing to reflect important variables such as: urban/
rural, two-way stop/all-way stop, and inadequate sight distance.
For each subset of paired data, the sample data were used to
compute the t statistic: :

!

_ '_E;:;Be
t = s‘:ﬁ—“

where: _
d = Z;]ii = the sample mean of d
N = sample size (i. e., number of intersections in
the subset) ‘ o
s = zd‘i-z - (sapim R
: ‘ = the sample standard

N-1 deviation of 4.

This statistic has the student s t distr1bution w1th N-1
degrees of freedom. : :

The null hypothesis of equal before and after means is
rejected when the absolute value of t computed from the sample
exceeds the tabled value of tlﬁkac ; N-l

We used a level of s;gnxfzcance,dc = 0 10. Thzs means
that when the null hypothesis was rejected (i.e., when a "signi-
ficant" difference was found) the probability that the difference
was due to chance was 0.10.

Table 56 shows an example of the paired comparison t
test computations.
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' ' )
TABLE S6. EXAMPLE OF PAIRED COMPARISON t TEST.

.91

significant at
0.005 -

_ } 2
Xpi  Xai 93 = Xp5 - Xy d;
1.0 1.3 + 0.3 0.09
1.2 1.1 - 0.1 0.01
3.2 17.1 + 13.9 193.21
4.9  12.0 y 7.1 '50.41
2.1 3.4 "+ 1.3 '1.69
0 3.0 + 3.0 9.00
1.0. - 1.0 0 Y
2.0 2.7 + 0.7 .0.49°
0. 5.0 + 5.0 25.00
1.0 2.0 + 1.0 1.00
6.5  11.0 + 4.5 20.25 | -
2.0 0 - 2.0 4.00
0 3.0 + 3.0 9.00
1.4 1.8 + 0.4 0.16-
4.0 8.5 + 4.5 20.25
. _ ‘ 2 _
N =15 Sa;= +42.6 S a;% = 334.56
T = TA/N = +42.6/15 = +2.84
4.2 - (4.2 334.56 - (42.6)2%/15
s =|29 29 236 :0) /15 . 3
AT 14 |
t= —9=-0 2.84 2.81
s/ ’N 3.91/./15 « =

Note: ~Sample shown is for‘urban intersections with:
inadequate corner sight distance.
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: | APPENDIX D | |
INTER-OFFICE COMMUNICATION .

Date  March 22, 1976

Construction, General Services & Maintenance

TO: ‘
FROM: Traffic Engineering Division
SUBJECT: Press_3e1ease

The following press‘release is to be released on Tuesday ﬁarch

23, 1976 at 9:30 AM. If you have any comments or questioné, you. are.

asked to contact the Traffic Engineering Division prior to the above - = *

time.

"An engiheering study has been completed at the intersection of

- 26th Avenue and Douglas Street to determine if thé»exiéﬁing traffic

signal 1s still warranted. Traffic counts, accident experience and
engineering judgement were included in this. study. 'Traffie conditiQns
have changed sufficiently ehough at this intersection so that;fhe “
signal is no longer warranted. Thie was due to the‘openiné of
Interstate 480 through Downtown Omaha. The traffic volumne on Douglas

Street was much higher when the Interstate gap existed and;a11‘eastbound,

" vehicles on Interstate 80 used Dougias Street. . The removal of this

'signal will reduce aceidents; vehicle oberating eosté@_dejey enq_mainteg-

ance costs for the City. This traffic signal will be turned off on
April 7th. o o
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€-1 86/8.6-0CL 0861:30144C ONILNIHd ANIWNYIAODD 'S0

. < | 3 EXCESS
1NTERSECT|ON TYPE C] 4-Way C T-Intéfsectlon |DL|NG TOTAL TOTAL‘ FUEL
Main Road ) (12 Lane .C3 4 Lane | DELAY | DELAY | sToPs | SON-
; , - SUMP-
Side Road 3 2Lane [14 Lane (VEH. HRS.) | (VEH. HRS.) | (VEH STOPS) | * TION
‘ ’ , - (GAL.)
_ — -
AVERAGE OF THE Signal Control §
2 PEAK HOURS ) §
' 2 Way Stop =
Total Main Road Vol. - Control 8
Side Road Vol / 7 -
Total Interse_,ction Vol. = DIFFERENCE |
TOTAL OF THE. x 2 x 2 _x2 x 2 x 2 _x2
TWO PEAK HOURS | - : = DIFFERENCE j
AVERAGE OF THE Signal Control | §
REMAINING 22 HOURS g
Total Main Road Vol 2 Way Stop | ¢
. Total Main Road Vol. = trol 2
Side Road \Il\ol;l h ’ Contro ,
pproacn = __
Total Intersection Vol. = DIFFERENCE
TOTAL OF THE RE- x 22 x 22 x 22 x 22 x22 | x22
MAINING 22 HOURS | ~ = DIFFERENCE |
27Hrs.+ 22 Hrs. 2+22 2422 2+22 2+22

24 HOUR TOTAL

. 2 Hrs.+22 Hrs.

= DIFFERENCE

PER VEHICLE IMPACTS (Divide 24 Hour Differences By 24 Hour Volume)

WORKSHEET FOR ESTIMATING DAILY IMPACTS OF SIGNAL REMOVAL AND REPLACEMENT BY TWO WAY STOPS
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