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ABSTRACT 

Various guidelines that have been proposed for the operation 
of traffic signals in the flashing mode were reviewed. The use of 
existing traffic simulation procedures to evaluate flashing signals 
was examined and a study methodology for simulating and evaluating 
potential flashing signal schemes was developed. A case study is 
described in which the performance of existing signal settings versus 
flashing signal strategies was tested for different levels of main 
street and side street traffic volumes. •The study showed that the 
main street flow improves with flashing signals in its favor under 
all circumstances, while increased volumes typically create longer 
delays at the side street. Major and side street traffic volumes 
are recommended as the focus of guidelines for using flashing sig- 
nals during peak flow periods. 
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INTRODUCTION 

Nationally, as a means of improving the efficiency of traffic 
flow, consideration has been given to the operation of traffic sig- 
nals in the flashing mode at selected intersections. Implementation 
of this strategy has been limited, and universal criteria for oper- ating traffic signals in a flashing mode under given circumstances 
have not been developed.(1) 

One application of the use of flashing signals that has been 
widely discussed but seldom used is for the control of peak-hour 
traffic at locations where the two-way main street volume is greater 
than 200 vehicles per hour (vph) and the ••io of the main street to 
the side street volume is greater than 3. Traffic signals are 
often placed on flashing operations when low overall traffic volumes 
are experienced, as in the early morning hours. Warrants for chang- 
ing signal control between regular and flashing operations are pro- 
vided in the Manual on Uniform Traffic Control Devices (MUTCD), and 
a•e based on •he•f011o'Wing Consid%rat•ons.' 

When for a period of four or more 
consecutive hours any traffic volume drops 
to 50% or less of the stated volume warrants, 
it is desirable tha• flashing operation be 
substituted for the conventional operation 
for the duration of such period. (2 

At present, many arterial highways operate very inefficiently, 
especially during work-peak periods, and undue delays to commuters 
result from traffic signals at junctions of access to local businesses 
and shopping centers which experience peak traffic at other times. 

In most cases, field experimentation with traffic controls is 
impossible due to limitations of time and cost and the effects on 
motorists. Simulation modeling, on the other hand, gives the engi- 
neer the ability to choose among alternatives before committing 
financial resources to the implementation of a control strategy in 
the field. 



SCOPE 

This report first summarizes the state of the practice of 
setting traffic signals in the flashing mode. Various guidelines 
that have been proposed for the operation of flashing traffic sig- 
nals are listed. 

A case study site was selected to evaluate, via simulation, the 
performance of existing signal settings versus various flashing sig- 
nal strategies. The ability of the NETSIM model to accomplish the 
desired simulation was evaluated along with the performance of the 
alternative signal plans. 

Recommendations are given citing conditions where traffic engi- 
neers should consider operating traffic signals in the flashing mode. 

For the purpose of this study, it was assumed that the effect 
of a flashing signal control on accidents is similar to that of a 
two-way stop sign. This is an important statement because accident 
measures were not obtainable for this investigation so that infer- 
ences on the influence of flashing signals and accidents had to be 
drawn from experiences with two-way stop signs. A recent study for 
the NCHRP concluded that there was no statistically significant re- lationship between control device (two-way stop sign vs. signal) 
and overall accident cost. The two-way stop sign generally {roduced 
fewer but more severe accidents than did the signal control. 3) 

CURRENT PRACTI CE 

While the MUTCD provides no strict guidelines for operating 
traffic signals in the flashing mode, there are reports of cases 
where traffic engineers have implemented flashing signal strategies 
during periods where there were volumes below the levels specified 
in the traffic signal warrants. Research on the subject has been 
conducted and local warrants recommended. 

The studies described in Appendix A have demonstrated that 
traffic signals produce greater total intersection delay than two- 
way stop signs. It has been found that side street delay is reduced 
by a properly timed traffic signal only when the volume associated 
with it is relatively high. These findings suggested minimum vol- 
umes at I00 •h for a one-lane approach and 150 vph for two-lane 
approaches. ( When the side street volume is lower, it was demon- 
strated that side street delay and total intersection delay will 
increase; therefore a flashing operation is recommended below such 
volume levels. Another study suggested that the main street to 



side street volume ratio should be 3.0 or more before flashing opera- 
tion is implemented. (I) Hydrocarbons and oxides of nitrogen emissions 
meet the same 3.0 criterion found for fuel consumption. Carbon 
monoxide emissions due to idle time are somewhat higher. 

Table 1 summarizes the criteria found in the literature for 
the operation of traffic signals in the flashing mode. All but 
Box's peak-hour-delay warrant are associated with prolonged drops 
in some specified traffic volume. The 1961 edition of the MUTCD and 
KLD • Associates recommend a period of four or •more hours before 'switch- 
ing to flashing operations. Benioff and Smith do not clearly state 
how long the drop in volume should be before flashing operation is 
considered. The information provided suggested a period of four 
hours or more for the Benioff sZudy and possibly two hours for the 
Wilbur Smith study. The latter considers regular operation only 
for the pronounced peak period associated with the daily start or 
end of operation of a major traffic generator. 

The Box peak-hour-delay warrant is based on the waiting time 
for those vehicles at the side street approaches. At a constant 
average delay (D/V), only a lower volume for the side street would 
reduce the vehicle-hours delay for that approach. 

All the above show that there is potential for enhancing the 
efficiency of traffic flows by utilizing the flashing mode when side 
street volumes are low. These low volumes may occur during the main 
street peak hour at locations like shopping center entrances and 
industrial driveways. 

Table 1 

Suggested Criteria for the Operation of 
Traffic Signals in the Flashing Mode 

(2) 
Source 

Paul C. Box & Assoc. 

critter ia, ,for ,F.I a.s.hl., n g ,Op eration 

I. When traffic volumes drop below 50% of the 
minimum volumes stated in the Minimum Vehicular 
Volume Warrant for four or more consecutive 
hours. 

2. Traffic actuated signals should not flash 
unless an unusual circumstance occurs. 

3. Flashing operation should be restricted to no 

more than three separate periods during each 
day. 

i. During those periods of at least two hours in 
which the delay caused by a stop sign is less 
than 60% of that suggested in the peak-hour- 
delay warrant. 



Table i (cont.) 

Source 

(3) 
KLD & Assoc. 

(4) 
Wilbur Smith & Assoc. 

Benioff et al. (TJKM) (i) 

Cri.t.eria for Flashing Operation 

i. To flash any fixed-time signal installation 
when this study's vehicular volume warrant 
is not satisfied during periods of at least 
four consecutive hours. 

2. To flash the traffic-actuated signals in- 
stalled at school crossings during all 
times other than school crossing hours. 

i. Flashing operation is recommended when the 
side street volume drops below some speci- 
fied volume. These guidelines are for side 
streets (driveways) that exhibit pronounced 
peak periods due to the operations schedule 
of the associated development. 

i. Flashing yellow/red operation is suggested 
when two-way traffic volumes on the main 
street are below 200 vph. 

2. For traffic volumes over 200 vph, flashing 
yellow/red is suggested if the ratio of 
main street to side street volume is greater 
than 3.0. 

NOTE: See Appendix A for description of the above criteria. 

SIMULATION STUDY METHODOLOGY 

Model Specifications 

Although the aforementioned guidelines do suggest cases where 
traffic signals can be placed in the flashing mode to reduce delays, 
energy consumption, and atmospheric emissions, there is sufficient 
uncertainty that a careful site analysis is needed in most cases to 
estimate the impacts of the plan. The most promising technique avail- 
able to the traffic engineer for this purpose is a traffic simula- 
tion model. (6) By using the simulation model and carefully analyzing 
the statistical output, he can compare the operational effects of 
flashing signal strategies with those of other plans. Thus, if the 
guidelines suggest that flashing signals may be appropriate for an 
urban arterial at specified points, a procedure for projecting the 
results will complement the guidelines to provide a comprehensive 
planning method. 



Various network simulation models are available, and some 
have been extensively tested and validated fop specified applica- 
tions. Three of the most commonly used models ape TRANSYT, SIGOP 
II, and NETSIM. These are discussed in Appendix B and only con- 
clusions are presented here. (7,8,9,10) 

One of the objectives of the research was to simulate traffic 
flow along an arterial street with traffic signals operating in the 
flashing mode. Therefore, it was necessary that the strategies used 
simulate signals in the flashing mode and prbvide output data on the 
measures•.of effectiveness under investigation. 

Model Selection 

No network tmaffic simulation model available includes a sub- 
routine for the simulation of traffic signals in the flashing opera- 
tion mode. However, flashing operation acts like a two-way stop sign when signals flash yellow/red, om a •-way stop sign when signals 
flash red/red. Therefore, a model that could adequately represent 
the stop sign operation was used for this research. 

The TRANSYT model handles the stop sign by merely reducing the 
discharge according to the opposing Zmaffic volume. This pemfommance 
does not agree with the tmaffic regulations for stop signs. SIGOP II, 
as TRANSYT, was designed for the optimizaZion of signalized inter- 
sections. Unsignalized intersections cannot be represented with this 
model, unless they are represented as source/sink nodes or as a "dummy" signal; therefore, stop signs are not accepted by this model. 
Both SIGOP II and TRANSYT outputs include measumes of delay and ve- 
hicle stops, but produce no output on fuel consumption and .vehicle 
emissions. 

On the other hand, the NETS IM model was designed as an evalua- 
tion tool. It can represent a variety of intersection controls, 
including the stop and yield signs; fixed-time traffic signals, 
operating either independenZly or as part of a coordinated system; 
vehicle-actuated signals; or more complex signal systems operating 
under dynamic, real-time control. Because these capabilities make 
the model capable of simulating signals in the flashing operation 
mode it was selected for this study. The output it provides in- 
cludes many parameters of the performance of Zhe simulated network. 
In addition to various measures of delay, vehicle stops, and travel 
time, the fuel consumption and vehicle emissions, which are relevant 
here, are estimated. 



Selection,of the Case,,Study 

The U. S. Route 29 north corridor in the Charlottesville- 
Albemarle metropolitan area was selected as the study location. 
This arterial connects the University of Virginia with the 
shopping centers located north of the city through 3.5 miles 
(5.6 km) of industrial and commercial facilities, most of them 
with direct access to the arterial. A link-and-node diagram of 
this highway is shown in Figure i. Thirty internal nodes (seven 
of which correspond to the ramps that connect the Route 250 By- 
pass with Route 29 north, and 40 dummy nodes are included. The 
dummy nodes are required to evaluate the performance of the side 
street links.* (The model accumulates statistics only for internal 
nodes.) There are 84 internal links and 40 entry links in this 
"ladder" network. Also, four pseudo-links are present" Lambeth 
parking lot, Carruther's Hall south entrance, Holiday Inn's south 
entrance, and Woodland Day School Road. 

Data Collection 

The NETSIM model requires the following input data, which must 
be entered into the model to define the network to be simulated.(10) 

Intra-link target speeds 
Intersection discharge rates 

Input flow rates (vph) 
Frequency of rare events 

Intersection turning movements 

Bus system data 

Traffic composition (vehicle types) 
Pedestrian flows and delays 
Network geometry and special channelization 

Signal timing and phasing 
Detector location and type 

*See Appendix C for an explanation of the dummy node. 
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Data collection was a major task for the simulation, with 
much of the data being provided by the Virginia Department of 
Highways and Transportation's Culpeper District Office and by 
the city of Charlottesville. The remaining data were collected 
by the Council as a part of this study. Since it was impossible 
to simultaneously obtain traffic data for the whole network be- 
cause of economic and personnel limitations, it was necessary to 
utilize traffic counts that had been made at different dates. 
These data were adjusted as accurately as possible to represent 
the traffic flow conditions to be simulated and used for computer 
input. The input flow rates for the entry links are shown in 
Tab ie 2. 

Appendix C describes the process of translating the field 
data into the format required for input to the computer, as well 
as the particular problems with the model and i•s documentation 
that had to be overcome prior to obtaining a successful simulation. 

Table 2 

Entry Link Volumes 

Link Flow Rate (veh/hr) Link Flow Rate (veh/hr) 

(800, 20) 482 (826, 29) 938 
(801, 21) 802 (847, 38) 419 
(802, 22) 476 (845, 37) 63 
(803, 23) 17 (852, 42) 204 
(804, 24) 253 (854, 43) 214 
(805, 61) i0 (856, 45) 169 
(806, 25) 394 (858, 46) 60 
(807, 26) 166 (840, 52) 30 
(808, 63) 93 (841, 53) 21 
(809, 62) iii (843, 55) 53 
(810, 28) 768 (844, 56) 121 
(811, 27) 672 (849, 57) 64 
(812, 65) 53 (860, 48) 572 
(813, 64) 43 (862, 49) 583 
(823, 71) 29 (864, 50) 930 
(814, 67) 196 (850, 58) 150 
(817, 66) 164 (851, 59) Ii0 
(820, 68) 385 (842, 54) 162 
(821, 70) 292 ( I, 2) -18 
(822, 69) 8 ( 5, 6) 7 
(824, 72) 158 ( 15, 16) -61 
(825, 30) 720 ( 36, 40) 4 



Simulation Method 

Because of the excessive compute• costs incurred in simulat- 
ing the test system (an average of $800 per run), the simulations 
weme run to represent 5 minutes of meal time. For test cases, 
various simulations with different volume levels were attempted. 
The first run was made with the actual conditions for the traffic 
signals with the afternoon peak hour volumes. Using the same 
t•affic volumes, a simulation was pemfommed using flashing signals 
at the following intersections or entrances" Wise Street (5)• 
Shoppem's Womld (•i), and Fashion Square Mall (•). This was ac- complished by the use of side street stop signs in the NETSIM 
codification. 

Since the intention of the study was to investigate the flash- 
ing operation of signals at diffement volume levels, fumther simula- 
tions were performed. These included runs at 50% and 150% of the 
afternoon peak-hour volumes. Also, another simulation was made in 
which the traffic volumes at the three signalized major shopping 
area entrances were those for the morning peak hour. This was 
done to check the intersection's performance when the side street 
volume was very low and the arterial volume at its peak. 

When simulations at double- and triple-peak afternoon volume 
levels were attempted, they were impeded by limitations of the 
computer model. Efforts to overcome such limitations were un- 
successful. 

The network occupancy capability of NETSIM is only 1,800 ve- 
hicles. When the afternoon peak-hour volume was doubled, this maxi- 
mum occupancy• was attained after 51 seconds of simulation, and then 
simulation was aborted. When the volume was tripled, simulation 
was aborted before starting; equilibrium could not be obtained at 
such volumes with the occupancy constraints intrinsic to the pro- 
gram. 

The occupancy limitations of the model can be increased, but 
this will increase computer time considerably. For this case study 
it was attempted. Personnel from KLD g Associates, consultants for 
the NETSIM computer model, were contacted. They commented that an increase in the model occupancy capability would not be worthwhile 
because of the already congested entry links. A complete modifica- 
tion of the network was suggested as an alternative. This was not 
attempted because of time limitations. Also, the scope of the 
investigation was considered to have been met with the volume levels 
already simulated. 



RESULTS 

Prior to the analysis of the flashing signals the accuracy 
of the simulated traffic volumes was examined. The simulated 
volumes of various locations were compared with the volumes sub- 
mitted as input to the program. It was found that most of the 
volumes were satisfactorily simulated (with 10% difference). The 
computer output volumes at the intersection of Route 29 north with 
Barracks Road were low compared with the actual counts. The main 
reason for this was the limitation of NETSIM related to the co- 
ordination of dual-ring traffic signal controllers. The actual 
timing and phasing for this signal was not coded because NETSIM 
would not accept it. When the improvised flashing operation was 
simulated using stop signs for the approaches that flash red, the 
stops per vehicle (S/V) at some of them were lower than 1.0. This 
finding is an indication that stop sign operation is not correctly 
reproduced by NETSIM. All vehicles that face a stop sign (or a flashing red signal) should be shown to stop before proceeding 
through the intersection. 

Corridor Impacts 

The results obtained for the afternoon peak-hour volume, for 
50% and 150% of such peak volume, and for the traffic volume during 
the morning peak at the three signalized major shopping area en- 
trances are shown in Tables 3 through 6, respectively. These tables 
include the MOE's estimated by NETSIM for each of the runs. 

Afternoon Peak-Hour Volume 

The results contained in Table 3 for the afternoon peak-hour 
volume show a slight improvement in the Route 29 north corridor 
performance when the signals at the three major shopping area en- 
trances were changed to flashing operation. An analysis of the 
performance of the signalized intersections showed that at the 
locations changed to flashing operation, the total intersection 
delay (TID) and the av.erage delay per vehicle (D/V) were decreased, 
and that the overall performance there was better. The D/V for 
side streets at these intersections increased for some approaches 
and decreased for others, depending on the intersection geometrics, 
traffic volume, and conflicts in turning movements. Wise Street 
forms a "T" intersection with Route 29 north; therefore no through 
traffic impedes the left-turning movements. This helped to reduce 
the delay there. 

I0 



Table 3 

Measures of Effectiveness for Flashing and 
Regular Operation of Traffic Signals at Afternoon 

Peak-Hour Volume 

Ef f ec t iv ene s s* 

Vehicle miles 

Regular Flashing 
Opera.•t iqn Operation •Ch.ange 

Vehicle trips 

725.36 742.71 + 17.35 + 2.39 

+ 7.00 

Vehicle minutes 

841.00 848.00 

Stops/vehicle 
(avg.) 

+ 0.83 

2,721.60 2,623.70 97.90 3.60 

Average speed 
(mph) 

2.06 2.03 0.03 

Average delay/vehicle 
(sec./veh. ) 

15.99 16.98 0.99 

To tal delay 
(v eh 

.- 
min. ) 

113.97 105.22 

Delay/veh. mile 
(min./veh. mi.) 

8.75 

i, 597.50 I,.•487• i0 -ii0.40 

Fuel consumption 
(mp•) 

2.20 2.00 0.20 

Veh. emissions 
(gm. / mile ) 

HC 

10.02 10.30 0.28 

3.94 3.80 0.14 

NOX 

67.59 64.68 2.91 

6.82 6.72 0.i0 

1.46 

+ 6.19 

7.68 

6.91 

9.09 

+ 2.79 

3.55 

4.31 

1.47 

*NOTE: i mi. 1.6 km. 
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Table 4 

Measures of Effectiveness for Flashing and 
Regular Operation of Traffic Signals at 50% Increase 

in Afternoon Peak Volume 

Measure of 
Effectiveness* 

Vehicle miles 

Regular Flashing 
Operation .Op eration Change 

867.58 872.62 + 5.04 

Vehicle trips 

Vehicle minutes 

Stops/vehicle 
(avg.) 

Average speed 
(mph) 

Average delay/vehicle 
(see./veh.) 

1,167.00 1,142.00 25.00 

% 
Change 

+ O.58 

2.14 

5,371.20 4,984.30 -386.90 7.20 

To tal delay 
(veh 

.- 
min. ) 

2.62 2.18 0.44 

Delay/veh. mile 
(rain./veh. mi.) 

9.69 10.50 + 0.81 

Fuel consumption 
(mpg) 

206.64 190.81 15.83 

Veh. emissions 
(gm./mile) 

HC 

-16.79 

CO 

+ 8.36 

NOX 

7.66 

4,019.10 3,631.80 -387.30 9.64 

4.63 4.16 0.47 

7.31 7.77 + 0.46 

5.52 5.17 0.35 

101.55 94.60 6.95 

7.55 7.28 0.27 

-10.15 

+ 6.29 

6.34 

6.84 

3.58 

*NOTE" i mi. 
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Table 5 

Measures of Effectiveness for Flashing and 
Regular Operation of Traffic Signals at 50% Decrease 

in Afternoon Peak Volume 

Measure of Regular Flashing 
.,E f f e.c.t.ivenes s.*, Operation Op•r at.l.on chang e 

Vehicle miles 401.40 407.19 + 5.79 + 1.44 

Vehicle trips 4 45. O0 4 57. O0 + 12. O0 + 2.70 

Vehicle minutes 1.066.10 1.039.20 26.90 2..52 

Stops/vehicle 1.67 i:152 0.15 
(avg.) 

8.98 

Average speed 22.59 23.51 + 0.92 
(mph) 

+ 4.07 

Average delay/vehicle 
(sec./veh.) 

62.45 56.07 6.38 10.22 

Total delay 463.20 427.10 36.10 
(v eh. -rain. ) 

7.79 

Delay/veh. mile 
(min. / v eh. -mi. ) 

1.15 1.05 0.i0 8.70 

Fuel consumption 12.02 12.51 + 0.49 
(mpg) 

+ 4.08 

Veh. emisslons 
(gin./mile) 

HC 3.14 2.95 0.19 6.05 

CO 50.95 47.12 3.83 7.52 

NOX 6.37 6.10 0.27 4.24 

*NOTE: i mi. 1.6 kin. 

13 



Tab le 6 

Measures of Effectiveness for Flashing and 
Regular Operation of Traffic Signals 

Volumes at Nodes 5, 41, 
and 44 During Morning Peak Volume 

Measure of 
Effectiveness* 

Regular Flashing 
Operation Operat ion 

Vehicle miles 700.81 704.42 

Vehicle trips 835.00 817.00 

Vehicle minutes 

.Change 

Stops/vehicle 
(avg.) 

+ 3.61 

Average speed 
(mph) 

18.00 

Average delay/vehicle 
(sec./veh. ) 

% 
Change 

Total delay 
(veh.-min.) 

+ 0.52 

Delay/veh. mile 
(min./veh. mi.) 

2.16 

Fuel consumption 
(mpg) 

2,423.20 2,436.00 + 12.80 + 0.53 

Veh. emiss ions 
(gm./mile) 

HC 

0.06 

CO 

• 0.00 

NOX 

+ 2.91 

1.90 1.84 

17.35 17.35 

97.52 100.43 

3.16 

÷ 0.00 

+ 2.98 

1,357.10 1,367.50 + 10.40 + 0.77 

+ 0.00 

+ 0.21 

0.09 

1.24 

1.94 1.94 

10.30 10.51 

3.79 3.70 

64.49 63.25 

6.79 6.58 0.21 

+ 2.04 

2.37 

1.92 

3.09 

*NOTE: i mi. 
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At the south entrance to Fashion Square (node 41), the per- 
centage of traffic that executes a left-turning movement (94%) is 
high and crosses five lanes. Also, the arterial traffic volume is 
high. Therefore the D/V increased at this link. Link 46-44 (Bill 
Edward's Oldsmobile) has only one lane for all turning movements, 
and a slight increase in delay occurred there. All links but the 
southern entrance to Fashion Square had a D/V lower than the 25- 
second maximum recommended by KLD & Associates. The D/V at the 
arterial links of the three intersections having a simulated flash- 
ing operation was also reduced. 

The performance at almost all signalized intersections was improved. The arterial traffic flow was better because of reduc- 
tions in the average delay, and total delay it experienced. The 
lowering of the total delay and number of vehicle stops reduced 
the fuel consumption per vehicle-mile of travel as more energy is 
consumed when a vehicle stops than during idling delay. "A ve- 
hicle stop is equivalent to one minute of idling delay in its 
energy use, even though a vehicle stop without idling time causes 
less than one minute of delay. ''(II) 

Fifty P..erc.en. t Incre.ase.i.n Af.t.e.r.•pon.. P.e ak. v..olume 
When the afternoon peak-hour volume was increased 50%, the 

simulation results were similar to those discussed before. Although 
the network performance was inferior, due to the higher congestion, 
the flashing operation at the selected signalized intersections 
improved the traffic flow as compared to regular operation. Table 4 
shows these results. The percentage improvement in the arterial 
performance when some signals were changed to the flashing opera- 
tion mode was higher with the increase in volume. The D/V at the 
south entrance to Fashion Square (node 41) increased from 22.3 sac./ 
yah. to 45.• sec./veh., much abov.e•)the_• maximum tolerable limit 
recommended by KLD • Associates 

Fifty Percent Decrease in Afternoon Peak Volume 

When the afternoon peak-hour volume was reduced 50%, the net- 
work performance was improved, too. At this volume, the overall 
performance was much better than in previous situations due to the 
lower traffic volume. Also, the D/V for side streets was reduced 
in all the intersections, changed to flashing operation. The TID 
was reduced from 3.0 veh.-hr, to 0.64 veh.-hr, at node 5; from 
5.16 veh.-hr, to 1.24 veh.-hr, at node 41; and from 3.96 veh.-hr. 
to 1.32 veh.-hr, at node 44. These reduced delays are lower than 
the ones included in the criteria for the installation of traffic 
signals mentioned earlier. A signal installed based on such criteria 
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(see Table i) is recommended to operate in the flashing mode dur- 
ing the low volume period. At least two consecutive hours of light 
traffic must occur to merit changing the mode of operation without 
confusion to drivers. 

Table 5 shows the computer output results for these volume 
levels. The reduction in the total delay and in the S/V improved 
the average speed of the network. These reductions in delay also 
increased the fuel efficiency from 12.01 mpg to 12.51 mpg. The HC, 
CO, and N0X vehicular emissions decreased 6.1%, 7.5%, and 4.2%, 
respectively. 

M...orning Peak•V.o!umes on Min0._r street s .a.t Nodes 5,.. _41,. and. 44 

The final system simulation used the morning peak volumes for 
the side streets at the intersections whose signals were placed in 
the flashing mode. The major approaches and other minor streets 
were assigned the afternoon peak volumes as before. Table 6 shows 
the computer results for the simulation. As in the three cases 
discussed before, the TID at the intersections changed to flashing 
operation was reduced. The D/V was also reduced at almost all the 
links for these intersections. 0nly the south entrance to Fashion 
Square had an increase in the D/V, possibly because of the gap required for this traffic to enter the intersection. 

The results in Table 6 show that the average speed and the 
delay per vehicle mile did not change. The total delay and D/V 
slightly increased. Vehicle stops were reduced by 3.2%. The 
drop in vehicle stops improved the fuel efficiency and reduced the 
vehicular emissions. 

Flas,,hi, ng In, ters,,e, ction Impacts 

To develop guidelines for the implementation of flashing 
traffic signals at selected intersections along arterial street 
systems, the aforementioned system simulation results were used to 
determine the effects of flashing signals on the approaches to the 
intersections. Tables 7, 8 and 9 contain measures of total delay 
and volume for each approach with a flashing signal indicated on 
the link node diagram for a 5-minute period. 

These figures show that for the normal volumes (multiply 
figures in parentheses by 12 to obtain an hourly flow rate), the 
flashing operation reduced delay to traffic on the major street 
and increased the flow rate. In only one case (link 42-41) did 
the delay to minor street traffic increase significantly. When 
the volumes on all approaches were increased 50%, the resulting 
delay at that intersection was 45 sec/veh., which was equivalent 
to 4 vehicle hours/hr. This would be intolerable according to the 
Box study.<4) 
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Norm 

,,Link ,Reg_.,. Flash._ 

Table 7 

Intersection at Wise Street 

Vo,lume L•e•el/Mo d e. 

26-5 9.9* 3.3 
Minor (13) ** (13) 

+50% -50% 

Re• Flash.: Re• Flash..., Re• .Flash 

15.7 14.9 5.4 0.9 4.4 1.8 
(23) (17) (6) (7) (5) (5) 

4-5 11.2 3.9 22.7 5.4 7.5 1.0 10.9 3.6 
Major (67) (70) (91) (108) (41) (32) (72) (74) 

6-5 5.7 4.2 11.7 3.9 2.2 1.3 4.8 4.1 
Major (72) (83) (74) (86) (47) (49) (72) (77) 

*Total vehicle delay (minutes) 
**Volume (5 minutes) 

(864) • 5• 
(804 veh./hr.) 

Intersection layout and normal approach hourly volume levels. 
Ref. Figure I. 
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Table 8 

Intersection at Shopper's World and Fashion Square 

Vo lume Level/Mode 

Norm +50% -•50% 

_Link Reg. Flash. Reg. F!•a.s.h, Re• Fi_ash. Reg. 

40-41 27.6* 8.6 31.9 22.1 10.3 2.6 
Major (117)** (123) (157) (124) (68) (57) 

Flash. 

20.1 
(127) 

7.1 
(121) 

42-41 7.6 10.3 8.5 19.6 2.2 0.9 1.3 0.8 
Minor (17) (18) (23) (26) (8) (9) (2) (i) 

43-41 2.3 2.4 3.9 10.4 2.3 1.2 
Minor (17) (18) (25) (22) (9) (9) 

44-41 29.3 3.3 109.8 5.9 II.0 1.5 
Major (69) (72) (94) (i00) (32) (31) 

6.3 
(7) 

0.8 
(6) 

15.5 
(44) 

0.7 
(5•) 

*Total vehicle delay (minutes) 
**Volume (5 minutes) 

828) 
.20,4) 41 (2047 

4: 

(1,404 veh./hr. ) 

Intersection layout and normal approach hourly volume levels. 
Ref. Figure I. 
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TaSla 9 

Intersection at Fashion Square and 
Bill Edward' s OldsmoSile 

Volume Level/Mode 

Norm +50% -50% 

Lin k .Reg_. Flash. •@•.• F•!ash. 
.. 

Reg. Flash. 

41-44 19.7" 2.9 37.6 2.4 12.0 0.8 
Maj or (84) ** (92) (108) (86) (49) (39) 

45-44 3.0 2.4 3.6 3.4 2.1 0.7 
Minor (16) (14) (21) (22) (7) (7) 

46-44 0.4 0.5 1.5 i.i 0.4 0.3 
Minor (5) (5) (7) (7) (3) (3) 

47-44 16.7 9.5 38.2 38.4 5.1 4.8 
Major (68) (68) (104) (Ii0) (34) (37) 

Flash. 

16.7 
(92) 

1.6 
(83) 

0 
(o) 

0 
(o) 

0 
(o) 

0 
(o) 

14.9 
(68) 

9.9 
(68) 

*Total intersection delay (minutes) 
**Volume (5 mlnutes) 

47 

16) 
(192) ( 6 ) f---,\ 44• 

(I,, 008 veh./hr. ) 

Intersection layout and normal approach hourly volume levels. 
Ref. Figure I. 
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These observations directly relate to the interruption of 
continuous traffic warrant for traffic signal installations given 
in the •MUTCD.(2) That warrant is designed to apply to_ "oper•ating 
conditi0•s•where the traffic volume on a major street ms so heavy 
that traffic on a minor intersecting street suffers excessive 
delay or hazard in entering or crossing a major street. ''(2) For 
the cases considered here (two-lane major street, one- or two-lane 
minor street), the minimum vehicular volumes as specified by the 
warrant for each of any 8 hours of an average day are 900 vph 
(total of both approaches) for the major street and 75 or I00 vph 
for the minor street. The simulation results indicate that this 
warrant may be too conservative for general conditions and that 
higher volumes can be handled with less delay with flashing signals. 

For example, Table I0 provides summary statistics on the 
effects of flashing signal operation for different volume levels 
at the intersections shown in Tables 7, 8, and 9. Table I0 shows 
that at the T intersection, the flashing signal reduced delay for 
all volume levels shown (1-4). Even with a major street volume of 
2,000 vph (#2), the simulation indicates that the flashing signal 
did not increase minor street delay; it was, in fact, slightly de- 
creased. It is concluded, therefore, that for T intersections with 
major street volumes below 2,000 vph and minor intersection volumes 
at less than 300 vph, a flashing signal will reduce the TID. 

The data on the two four-leg intersections do not provide as 
clear insight into the problem •s for the T intersection. Firstly, 
a comparison of data points 5, 6, 9, and i0 indicates that where 
the directional distribution on the major street was rather 
balanced (9,10), volumes between 1,500 and 2,500 on the major street 
and 200 to 300 vph on the minor street provided acceptable condi- 
tions for flashing signal operations. On the other hand, for direc- 
tional distributions approaching 3"2 (5 and 6) the flashing signal 
reduced total delay relative to the major street, but increased the 
delay to the minor street considerably. Flashing signals are, there- 
fore, not recommended for consideration under such conditions. 
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CONCLUSIONS AND RECOMMENDATIONS 

This study has shown that the recently suggested criteria 
for operating traffic signals in the flashing mode may be too 
conservative and that there are more opportunities for turning 
off signals than previously had been realized. It was found that 
major approach flows improve under all circumstances with a flash- 
ing signal in their advantage. For side streets, flashing signals 
were shown to create higher delays for very high traffic volumes 
as noted in Table i0. 

Because each intersection is in many ways unique, the delay 
to side street vehicles should be carefully estimated prior to 
implementation of a flashing signal when main street volumes are 

at a peak. The NETSIM model has been demonstrated to be a valid 
tool for this task. Also, by its comprehensive nature, the NETSIM 
analysis reflects the effects of nearby streets and signals on 
flashing intersections that otherwise would not be reflected in the 
analysis of the single intersection. 

The simulation tests conducted in the course of this study 
demonstrated that the NETSIM model replicated actual conditions 
fairly well. Problems that were encountered in applying the model 
can probably be corrected. In this regard, a revised NETSIM manual 
that includes better descriptions of the required inputs than are 
given in the current manual would help. The necessary components 
of the link-and-node diagram should be clarified. Major difficulties 
were encountered when encoding traffic-actuated signals. Since the 
logic required for this type of equipment is usually complicated, 
a more detailed description of its input parameters and procedures 
is needed, possibly with examples. 

The capabilities of the model should be expanded to include 
pedestrian-actuated phases and coordinated control of dual-ring 
controllers. Urban grid networks usually have this type of equip- 
ment. The error messages should be revised to eliminate uncertainty 
in their interpretation. 

Finally, the NETSIM model was selected for this research be- 
cause of its ability to simulate stop sign performance; the traf- 
fic that faces a flashing red signal shall perform as if the signal 
were a stop sign. The computer results do not agree with the ex- 
pected NETSIM performance. When the flashing alternative was tried; 
the stops per vehicle (S/V) at the individual side streets (links) 
that were facing a flashing red bulb should be equal to or greater 
than 1.0. Several of those links had an S/V less than 1.0, which 
is a clear indication of performance that should be corrected or 
at least called to the attention of users of the package. 
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The Department and cities should considem the use of 
flashing signals at intersections where the following volume 
conditions exist. 

Type Intersection 

Maj or Street 
Total Volume 

All Approaches, 

Minor Street 
Highest Approach 

-Volume, 
vph 

T 2,000 300 

Four-leg (balanced flow) 2,500 250 

Four-leg (unbalanced flow, 3:2) 1,500 50 

The above guidelines were infemred fmom the simulation results 
given in Table i0 and should be verified in the field. That is, 
intersections that exhibit the described volume conditions, par- ticularly intersections of shopping centers and arterial highways, 
should be signalized in the flashing mode during peak conditions 
and volume and delay data taken. The NETSIM model should also be 
validated with the field data on flashing signals. 

The time of opemation of signals in the flashing mode was 
not directly addressed in this study. The pmimary motive fore 
establishing a minimum time of operation derives from a desire to 
provide a consistency in a signal plan. That is, theme is a fear 
that •oo many changes during the day in a signal's timing will 
confuse motorists. Howevem, with the current emphasis towamd 
making traffic operations mome efficient, such a philosophy may 
be outdated. Accordingly, a minimum flashing period of two hours 
appeams to fit both needs. 
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APPENDIX A 

GUIDELINES FOR FLASHING SIGNALS 

This appendix describes various guidelines that have evolved 
over the years concerning the use of traffic signals in the flash- 
ing mode during select periods of the day. The practices ape 
viewed undeP the following classificaZions- The Manual of Uniform 
•TPaffic ConZmol Devices (MUTCD), local wamPants, and policy-orlented 
Pese•mch s•dies. This material was the basis for deriving the 
summamy given in Table i. 

The IS• edition of the MUTCD included the following guide- 
lines fop the operation of traffic signals in the flashing mode. (I) 

All fixed-time traffic control signals, otheP than 
progressive systems of three or more intersections, 
should be changed fPom tmaffic control STOP and GO 
to flashing opema•ion when for any period exceeding 
two hours tmaffic conditions fall below the voltune 
Pequirements set forth except that if the acci- 
dent waPPant is satisfied the signal may be operated 
during such light traffic hours on a cycle of not 
mope than 30 seconds. 

Duping certain hours the tPaffic at many signalized 
intersections is too small in volume to warmant STOP 
and GO opePation. Signals at such locations may have 
great utility during hours when tPaffic flow is heavy. 
The change to flashing operation during light traffic 
periods not only facilitates the movement of traffic, 
but also tends to secure observance of the signals 
when Zhey are operated as STOP and GO devices. In 
general STOP and GO opemation is not waPmanted duping 
the hours fPom ii'00 p.m. to 7"00 a.m. Special con- 
sideration should be given to wamPanted houPs of oper- 
ation on Sundays and holidays. 

In the 19•8 e4ition of the MUTCD these guidelines were 
cluded as 

follows_(2) 

When for a period of two or more consecutive hours 
the total vehicular volume entering an intersection 
having fixed-time signals installed unde• (the mini- 
mum vehicular volume) warrant falls below 50 percent 
of the minimum volumes stated above for urban and 
rural intemsections, flashing operation shall be 
substituted for fixed-time operation for the duration 
of such pemiods of reduced volume. 



In many of the medium and smaller sized communi- 
ties, a change to flashing opemation will frequently 
be warranted by 8 or 9 p.m. on an ordinary evening. 
The impmacticability of changing the method of 
opemation many times during the day is recognized 
and therefome it is recommended that flashing opema- 
tion be limited to not more than thmee periods in 
24 hours. 

Since traffic-actuated signals, properly timed, 
cause a minimum of unnecessary delays, there is no 
justification for changing them to flashing operation 
during light traffic periods. Right-of-way is nor- 
mally denied approaching motorists only when inter- 
secting streets are in use by others or when safe 
approach speeds are exceeded. 

The 1961 edition of the MUTCD stated that both low volumes 
and the respective time period should be considered. (3) It states 
for pretimed signals, 

When for a period of four or more consecutive hours 
any traffic volume drops to 50 percent or less of 
the stated volume warrants, it is desirable that 
flashing operation be substituted for conventional 
operation for the duration of such periods. How- 
ever, such flashing operation should be restricted 
to no more than three separate periods during each 
day. 

For traffic-actuated signals it states" 

Since traffic-actuated signals which are properly 
adjusted operate effectively in periods of light 
traffic and tend to cause a minimum of unnecessary 
delays, they should normally be operated at all 
times as stop-and-go devices. However, they may be 
placed on flashing operation because of certain 
special circumstances such as" 

I. During breakdowns, repairs, or maintenance. 

2. In conjunction with nearby pretimed signals 
on flashing operation. 

3. Upon preemption by a railroad crossing protective 
signal. 



The 1971 edition of the MUTCD makes only the following amend- 
ment regarding flashing operati0h "(except in reference wi• safe 
operation or preemption by trains or emergency vehicles). ) 

When a traffic control signal is put on flashing 
operation, normally a yellow indication should be 
used-for the major street and red indication for 
the otheP approaches. Yellow indicaZions shall 
not be used fop all appPoaches. 

The cuPrent (i•78 editi)on) MUTCD has the same guidelines as the 
previous (1971) one. 

(5- Thu•', 'the t•end seen through •he 193•, 
19•8, and 1961 editions of the MUTCD reveal a consensus toward 
flashing signals only if they wi'll"•apply during relatively long 
periods (g or more hours). No quantitative guidelines for the 
use of traffic signals during selected peak intervals in the 
flashing mode exist today. 

Local Warrants 

As implied in the last section, the criteria most widely used 
for the operation of traffic signals in the flashing mode is the 
lowering of intersection traffic volumes to a level less than that 
stated in the MUTCD minimum vehicular traffic volumes warrants. A 
study conducted b'y 'KLD Associates which included questionnaires to 
157 cities, counties, and states, asking for (their) criteria for 
placing ignals flashing on sults.-•6• on operati 

, 
produced the following me- 

Of the 9g that answered the relevant 
question, 6 indicated that their jurisdiction 
had no specific criteria for flashing operations.. 
The remaining 88 responses were divided into four 
major groups" 

23 (26%) never converted signals to 
flashing operation (except for emer- 
gencies or malfunction), 

21 (2•%) use the criteria of the 1961 
edition of the MUTCD. 

25 (28%) other than the 50% mentioned 
above used a reduct-ion in traffic 
volume as the criteria. 



The remaining 19 (22%) generally indicated 
the use of criteria not dependent upon traf- 
fic volumes. These included 9 respondents 
who flashed on a fixed, jurisdiction-wide 
time schedule and 3 who used comparative 
delay as the primary criterion. 

Paul C. Box and Associates conducted a study for the Signal 
Committee of the National Joint Committee on Uniform Traffic Con- 
trol Devices (NJCUTCD) which involved the collection of existing 
data in the area of signal warrant application. (7) They collected 
information up through 1967 on various subjects related to traffic 
signal warrants. Over 70 different studies on the delay subject 
were examined. 

From the analysis of the collected field data and simulation 
studies performed by Box and Associates, a peak-hour warrant for 
traffic signals tied with flashing operation during sustained low- 
volume periods was recommended. The warrant was a delay of 3.0 
vehicle hours of waiting time for two side-street approaches under 
two-way STOP sign control, or a delay of 2.0 vehicle hours for a 

single approach intersection. Table 1 shows the peak hour delay 
warrant suggested for a different number of controlled approaches. 
The type of signal control is indicated for the various ranges of 
the peak hour factor (PHF). To determine flashing needs, the peak- 
hour volume for the leg under consideration should be divided by 
the eight highest hours' volume. If the percentage obtained is 20 

or greater, delay studies should also be conducted at other lower 
volume hours. Flashing operation should be considered during 
periods when the delay time for STOP sign control is less than 60% 
of the peak hour delay warrant for at least two consecutive hours. 

Wilbur Smith and Associates developed a set of traffic signal 
warrants for very pronounced peak periods such as those which occur 

at large factories during the beginning and ending of shifts. (8) 
Among them is included one that sets volume criteria for placing 
signals in flashing operation. This is shown in Table 2. The 
figures represent the minimum minor street volumes below which sig- 
nal control is not recommended, since it will increase rather than 
decrease minor street delay. When hourly volumes fall below these 
stated values, existing traffic signals should revert to flashing 
operation. 



Table I 

Suggested Peak Hour Delay Warrant 

Numb er o f 
Controlled 
Approaches I 

Vehicle 
Hours 

2 Delay 

Min. 
Veh. 
Vol.3 

Type of Allowable Control. 
.4 by Peak Hour Factor 

3 or less .31 to .50 over .50 

i 2.0 I00 FA SA or FA any 
2 3.0 i00 FA SA o r FA any 
3 4.0 300 FA SA or FA any 
4 4.0 400 FA 

5 
any any 

I. When a single approach, or one leg with over 60% of common 
phase entering traffic, has less than two moving lanes, the 
warrant test may not be applied without first adding a second 
lane by parking prohibition for at least i00 feet on approach 
and departure sides or by widening, provided such widening is 
not physically impractical due to restricted built-up rlght-of- 
way, or other major physical barriers such as bridge abutments. 

-2. Waiting time delay, measured by 15 second queue count, at 15 
minute summary intervals during the peak traffic hour of a 
typical weekday, or five peak hours of a Saturday or Sunday. 

3. The entering volume of (3) above, divided by four times the 
highest 15 minute volume of the one or two lowest volume 
approaches which would operate on the same signal phase. 

4. FA = Full-actuated type control. 
SA Semi-actuated type control. 
These limitations apply only where the location will not be 
progressively timed as part of a signal system on one of the 
routes. 

Source: Reference 7. 



Table ,2 

Side Street Volumes Below Which 
Signals Should Revert to Flashing Operation 

Type of 
Intersection 

Minor Street Volume 
at which STOP Sign 
and Signal Control 
Produce Equal Total 
Minor Street Delay 

(Vehs/hour) 

3-way i I00 

4-way i 150 

3-way 2 300 

4-way 2 400 

Number of 
Approach Lanes 
on Minor Street 

Source: Reference 8. 

Policy Studies 

Activity concemning flashing signal uses has also taken place 
at the state and local levels. Fore example, a mecent study fore 
the state of Colomado evaluated 57 potential altemnatives fore me- 
ducing fuel consumption. (9) In temms of the foum cmiteria that 
weme used, the stmategy of setting signals in the flashing mode 
was manked as follows: 

Cost Savings Number 24 from top 
(with an estimation 
of 22¢ in other cost 
saved for each gallon 
of fuel saved). (7- 
79 prices) 

Impacts of Action Number 5 from the top, 
in the most desirable 
category, "Highly Comple- 
mentary with Other Trans- 
portation Objectives". 

Implementation Feasibility" Number 4 from the top. 
In the category, "Highly 
Feasible", requiring no 
legislation or bureaucracy 
and "In use elsewhere, 
generally popular." 



Summary of Profiles Of the three categories 
of Popular but Weak; 
Efficient; Strong but 
Unpopular: 
the "use of Flashing 
Yellow" appeared in the 
upper quartile of the 
Efficient category. 

In another study, before and after studies were conducted on 
data from a large number of intersections around the country.(10) 
The largest data base was a computer tape containing the records 
of all traffic accidents in the city and county of San Francisco 
from January I, 1974, to April 30, 1977. During that period, San 
Francisco was in the midst of a program to operate a large portion 
of its traffic signals in the flashing mode at nighttime. 

The analysis of the data produced the following conclusions 
on how flashing operation affects delay and stops relative to the 
other forms of signal control" 

Delay 

Flashing yellow/red produced less delay than 
any form of regular operation under all combi- 
nations of main and side street volumes. 

Flashing red/red produces less delay than pre- 
timed control under all volume combinations, 
even where signals are coordinaZed on an arterial 
or in a network. 

Flashing red/red produces more delay than fully 
actuated and semi-actuated• isolated control at 
all volume ratios. 

Except at volume ratios (main street volume 
divided by side street volume) above 9, flashing 
red/red produces less delay than semi-actuated 
signals with a background cycle. 

Stops 

Flashing yellow/red produces fewer stops than 
pretimed operation when the volume ratio is 

above i.i for isolated signals 
above 2.5 for signals timed along 
an arterial 

above 3.0 for signals timed in a 
network 



Flashing yellow/red produces fewer stops than 
any of the types of actuated control under all 
combinations of main and side street volumes. 

Flashing red/red produces more stops than any 
form of regular operation under all combinations 
of main and side street volumes. 

The study's recommendation for the operation of traffic sig- 
nals in the flashing mode are as follows" 

i. Flashing yellow/red operation may be used when 
two-way traffic volumes on the main street are 
below 200 vehicles per hour. 

2. Flashing yellow/red operation may be used where 
the two-,way main street volume is greater than 200 
vehicles per hour provided the ratio of main street 
to side volume is greater than 3. 

3. At locations that flash yellow/red, the accident 
pattern should be monitored. Signal operation 
should be changed to regular operation if the 
accident pattern during the flashing period meets 
or exceeds the following guidelines" 

A short-term rate of 3 right-angle 
accidents in one year 
A long-term rate of 2.0 right-angle 
accidents per million entering ve- 
hicles during flashing operation if 
the rate is based on 3 to 5 observed 
right-angle accidents. 

A long-term rate of 1.6 right-angle 
accidents per million entering ve- 
hicles during flashing operation if 
the rate is based on 6 or more ob- 
served right-angle accidents. 

4. Flashing red/red operation should not be used as an 
alternative to regular operation of a signal during 
early morning, low volume periods. 

This study did not validate the following recommendations, 
but they were included. 

5. It seems reasonable that flashing yellow/red 
operation not be used where side street drivers 
have a restricted view of approaching main street 
traffic. 



In areas where stopped motoris•sare subject to 
assault, flashing yellow/red operation may be 
considered where it otherwise should not be. 

7. The use of flashing red/red opemation seems 
measonable when it is needed fop emePgency signal operation, preemption by tmains om 
emergency vehicles, om prior to tumning on a signal at an intersection controlled by a four- 
way stop sign. 

Subsequently, the city and county of San Francisco began a 
p:Pog:P•m to ope:Pate traffic signals in the flashing mode during low- 
volume periods. The p•og•am was in•ended to •educe energy consump- tion due "co the vehicle delay• and to use less elec'trical power', to 
operate signals. Upon total implementation of the program, i• is 
estimated that drivers there would save 51•000 vehicle houz, s of 
delay, and gS0,000 gallons (118,g00 liters) of gasoline per yea•. 
It was found that a typical in'•erseetion (8 three-light 6? watt 
t•affic signals and 8 "Walk-Don'• Walk" llg wat• pedestrian sig- 
nals) 

• 
the electrical energy consumed d•"opped f•"om 1.t,•8 kilowatt 

hours to .268 kilowatt hour per hou• of operation when changed 
"co the flashing mode after being on regular', operation. A 10% 
system-wide reduction in electrical energy consumption is exDected 
when the program including 670 signals is fully implemented. "(11) 

The city of West Covina evaluated the energy conservation 
effect of setting traffic signals on all-red flashing operation "during early morning, low traffic volume hours." (i0) All-red flashing operation was selected to have this mode available in case 
of an emergency. The results obtained show that total energy usage (vehicle fuel plus electrical) increased under the flashing all- 
red mode they used. This was due to the increased number of Stops required on the major street. Their finding contrasted with San 
Francisco's flashing yellow/red results, which produced a reduction 
in the energy consumed. 

The same study found that except for pretimed signals in a network, flashing yellow/red was the most efficient control in terms 
of fuel consumption. (i0) A volume ratio of 3.0 or more was recom- 
mended for flashing operation based on their analysis of accident 
statistics. 
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APPENDIX B 

TRAFFIC SIMULATION MODELS 

This appendix reviews three of the most widely used traffic 
simulations distributed by the FHWA. The observations noted here 
were the basis for selecting the NETSIM model for use in this 
study. 

TRANSYT 

TRANSYT was developed by D. I. Robertson of the Road Research 
Laboratory in England. it is a signal optimization program. How- 
ever, it contains, as an integral element, a simulation program 
that ••bles the user •o either use or omi• the optimization fea- 
ture. 

The simulation program is used to calculate a performance 
index for the network for a given set of signal timings. The opti- 
mization feature consists of a "hill climbing" iterative optimiza- 
tion process which tends toward optimal signal phasing and off- 
sets. 

The program is totally macroscopic and completely deterministic; 
no random numbers are used. Uniform vehicle flow enters The up- 
stream end of the furthest upstream link of the network. The flow 
arrives at the downstream end of the link, where it accumulates 
during the red phase. The departure rate leaving the link is 
assumed to be equal to the saturation flow when a queue exists at 
the signal approach, or equal to the arrival rate if no queue is 
present. The emergent platoon of vehicles now has a specific 
"shape", and arrives at the next downstream stop line with a delay 
appropriate to the length of the link and to the speed of progres- 
sion on the link. Slight dispersion of the platoon is allowed 
depending on the length of the link and the amount of traffic. The 
shape of the platoons at any intersection reflects the effects of 
all the upstream intersections. The model provides for the ve- 
hicles' •urning movements and for the arrival of vehicles at the 
stop line from such secondary flows as have turned onto the link. 

Input requirements include input flows, actual speeds of 
progression on the links, and discharge capacities of the signals. 
The simulation program output consists primarily of delays and 
stops; however, it is able to represent the effects of changes in 
the signal system with great precision. A problem with the model 
is that STOP signs are handled by merely reducing the discharge 
according to the opposing traffic volume. 



The TRANSYT program has been tested extensively, both in 
Europe and the United States, and has significantly demonstrated 
effective results. An American version of TRANSYT 7F, has a 

preprocessor to provide a simplified input and a postprocessor 
to provide a time-space diagram and improved output. (2) 

In a British Road Research Laboratory study it was found that 
TRANSYT accurately predicted network delay and was very effective 
in obtaining optimum offsets. The process was very stable since 
a standard deviation of about 1% was found among delay results for 
optimum signal settings obtained from different sets of initial 
settings. 

SIGOP II 

SIGOP II (Signal Optimization) is a descendant of TRANSYT and 
SIGOP I and like them is an optimization program. Like TRANSYT, it 
has a macroscopic model of traffic flow which can be u•e• to evalu- 
ate the stops and delays of an existing signal system." 

SIGOP II can handle both arterial and urban street grid net- 
works. This version gives particular attention to the treatment 
of turning movements, multi-phase signal control, and short-term 
fluctuation of volume about the mean. Parameters considered in the 
optimization process include vehicle delay, vehicle stops, •nd the 
relationship of queue length to available storage capacity.•3) 

The optimization procedure used in SIGOP II minimizes system 
"disutility". The optimization procedure can handle policy decisions 
to provide excellent service along a specific street at the possible 
expense of some of the cross streets. This is done through input 
weighting of importance of the links representing the preferred 
street. 

A disadvantage of SIGOP II is that unsignalized intersections 
must be treated with source/sink nodes or a dummy signal must be 
inserted. The traffic model in SIGOP II is not as accurate as the 
one in TRANSYT, but this is outweighed by the smaller computer time 
requirements. An advantage of SIGOP !I is that it is able to accu- 
rately represent traffic behavior when congestion occurs. 

(3) 

Input preparation is straightforward after mastering the nota- 
tion for describing multiple-phase signals. Error messages and 
diagnostic tests are embedded in SIGOP II to help the user. Output 
includes time-space diagrams of the optimal signal setting along 
specified arterials as well as link-by-link statistics. 



NETSIM 

The NETSIM (NETwork SIMulation) model is based on a micmo- 
scopic simulation of individua$ vehicle trajectories as they 
move through a street network. (•) It has the capacity to treat 
all major forms of traffic contmol encountemed in the centmal 
areas of American cities. It includes a set of "default" values 
for many input parameters, themefore meducing the necessity to 
make traffic studies to obtain them. 

The model treats the stmeet network as a series of intem- 
connected links and nodes along which vehicles ame pmocessed in 
a time-scan fommat, subject to the imposition of traffic control 
systems. It is designed primarily to serve as a vehicle for test- 
ing melatively complex netwomk control stmategies undem conditions 
of heavy traffic flow. It is pamticulamly appmopmiate for the 
analysis of dynamically-controlled tmaffic signal systems based 
upon meal-time surveillance of netwomk tmaffic movements. It may 
also be used to evaluate strategies for simple traffic engineering 
problems (e.g., parking and turn controls, channelization, and one- 
way street systems) and a full mange of standard fixed-time and 
vehicle-actuated signals. In addition to the nommal data on ve- 
hicle performance such as speed, delay, and vehicle-miles, the 
output data include estimates of fuel consumption and vehiculam 
emissions. 

NETSIM requires considerable preparation and codification 
pmiom to utilization. It has been approvingly subjected to an 
extensive program of field testing and validation. The entime 
model is written in FORTRAN IV and can be run on the IBM •60/•70, 
CDC 6600, or upper series UNIVAC machines. It requires a local 
core memory of 256 kilobites and is highly efficient. The pmogram's 
stmucture is modular, consisting of a pmepmocessom, simulator, 
fuel consumption and emissions, and a data postprocessor. 
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APPENDIX C 

DATA CODIFICATION 

The codification of the data gathered was difficult. The 
User's Guide for the NETSIM Model was not clear in many resp•its. 
The firS%" rdi6irem'ent •0"opemate the model is a coded link-and- 
node diagram of the network to be simulated. Nodes and links 
must be differentiated between internal• entry, exiZ, and source/ 
sink nodes. Internal links are inside the network• and statistics 
are accumulated that pertain to these links. Entry links sePve 
to introduce vehicles at the input flow rate specified using the 
volume data obtained. Vehicles are emitted when signals and traf- 
fic conditions permit. No sXatistics are accumulated for these 
links. 

Exit links receive all the vehicles discharged from the net- 
work. Their geometric characteristics are not required. Source 
(or sink) nodes are associated with internal links and are con-. 
nected to them by pseudo-links. These nodes exit (or absorb) 
vehicles onto (from) that internal link, and are used to represent 
traffic at such facilities as garages, parking lots, side streets, 
or alleys not represented on Zhe network diagram. For each simula- 
tion sub-interval• only the net flow of traffic (without vehicle 
type classification) is specified. 

The first link-and-node diagram prepared did not accomplish 
its intended purpose. The simulation attempted using this diagram 
as the coding reference, failed to produce the information expected. 
The diagram required was more complex than the one utilized. In 
order to simulate intersections, iZ was required to include addi- 
tional dummy nodes at all approaches, so as Zo obtain statistics 
of the performance of each link. IZ should be .pointed out that 
this was not clearly explained in the user's guide manual. To 
simulate the traffic performance at an intersection, it was found 
that it required a link-and-node diagram as shown in Figure C-I. 

To codify the link's operation (card number 5), the free flow 
speed, queue discharge rate, and lost time or queue start-up delay 
was needed. The free flow speed used was the posted speed limit 
and the discharge rate was assumed to be 2.2 seconds. The start-up 
delay used was the default value provided by the model. The other 
information was obtained from field inspections. 

The model uses turning movement (card number 7) as a percentage 
of traffic from each approach or as actual counZs. For those links 
where actual counZs needed no adjustment• they were used as such. 
When adjustments were necessary, percentages were codified. 
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Figure C-I. Link-and-node diagram for the intersection 
of Route 29 north and Ivy Road and University 
Avenue nodes 20, 21, and 22 are "dummy" nodes. 



Where it was not clear from the network geometry which left- 
turn movements could be done without conflict, an auxiliary to- 
pology card (card number 8) was included to make the model recog- 
nize •he existing conditions and eliminate the traffic impedance 
associated with left-turning vehicles. 

Entering the timing, phasing, and detector locations was, indeed, the most difficult part of the codification. Although it 
is not indicated in the user's manual, the NETSIM model does not 
include desirable features such as pedestrian-actuated phases and 
coordinated control of dual-ring controllers. 

All traffic signals in the case study arterial are traffic 
actuated and most are dual-ring controllers. At the intersection 
of Wise Street and Route 29 norZh (see Figure C-I) 

• a pedestrian 
phase is provided. The section from Massie Road to Barracks Road 
is interconnected• with the Barracks Road controller acting as the 
master for system coordination. This controller is also of the 
dual-ring type. 

From observations at the intersection of University Avenue• 
Ivy Road and Route 29 north• it was found that only four phases 
were in operation• instead of five as indicated on the city traffic 
engineer's phasing and timing sheet. Timing of these four phases 
was coded as obtained from the city traffic engineer. The fifth 
phase was ignored. The operation of the signals at the inte•- 
sections of Massie Road• Arlington Boulevard, and Hydraulic Road 
with Route 29 north was coded as obtained from the municipality's 
data. The pedestrian-actuated phase at the intersection with Wise 
Street could not be included per intrinsic NETSIM limitations. 

As mentioned, the controller at the intersection with Barracks 
Road is in dual-ring operation and it was codified as such. Simu- 
lations made with this coding were not successful. The controller 
phasing remained in the first phase and a queue was developed at 
the intersecZion's approaches that was never discharged. 

As generally known, traffic-actuated controllers require 
detectors to calculate the lapse of time assigned to each approach. 
A NETSIM phase operation card (card number 17) has to be included 
for each phase to indicate the location of each deZecZor (approach 
and lane). Detectors that call for a particular phase• as well as 
those that modify the phase's duration, have to be identified by 
their location. Right-turn pockets must be coded as a • or 5; a 
• is used if there is a left-turn pocket also, and 5 if not. Left- 
turn pockeZs are always coded as 5. This is not indicated with the 
specifications for Zhe phase operation cards• but is a requirement 
for the NETS IM surveillance cards (card number 25). 



Surveillance cards were said to be optional in the user's 
manual, but when simulation was attempted without providing one 
of these cards for each access controlled by a traffic actuated 
controller, the simulation was aborted. Subsequent attempts at 
eliminating the surveillance cards gave more error messages, a 
clue that they were required for all traffic actuated controlled 
access. 

All the findings while coding and running the program using 
the preprocessor to identify the coded errors led to a successful 
run, and finally an acceptable output. To obtain this, the link- 
and-node diagram had to be redrafted. Then, all cards were re- 
coded using the new diagram. The interconnection master controller 
at the intersection of Barracks Road and Route 29 north was assumed 
operating in single-ring mode; therefore, the timing and phasing 
for this controller was modified. Only four signal phases were 
included instead of the five actually in operation. The pedestrian- 
actuated phase at Wise Street was not included. The detector lane 
location was corrected in the phase operation cards. A NETSIM 
surveillance card was provided for each approach controlled by a 
traffic actuated controller to identify each detector in the link. 
A fixed-time control signal card (card number I0) was added for 
each unsignalized intersection. 


