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Good Morning, my name is Raid Tirhi. I am a Senior Intelligent Transportation Systems 
Engineer with the city of Bellevue. 

This presentation is about our goals and objectives for managing the City’s traffic signal 
system.

Today, I will touch on 3 related topics:  
Equity and modes of transportation. The correlation between the efficiency & safety, then 
will discuss COVID-19 impacts to the transportation system.
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Moving All Modes of 
Transportation in the Most 
Efficient Yet  Safe Manner

A politically correct statement would be: 
Our goal is moving people safely and efficiently.

However, in a traffic signal operations world, I say that my primary goal is to move all 
modes of transportation in the most efficient, yet safe manner. Hopefully, you will soon 
understand my choice of words.
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Bellevue normally serves 1.2 million trips per day. And we help move people and goods. 

We serve pedestrians, cyclists and all types of vehicles.  And of course, the light rail that is 
on its way to Bellevue.

Unfortunately, serving multiple users at the same location, creates conflict zones and 
potentials for collisions.

There could be a pedestrian wanting to cross the street, while a car is making a right turn 
and a cyclist trying to go through.

A complete street is a street that serves all transportation modes. Unfortunately, Right-Of-
Way is limited In a built out urban setting. Therefore, we can’t re-construct every street to 
become a complete street.  However, we strive to construct a complete street network.  
Which is a network that provides reasonable routes, space, and proper time for each travel 
mode.
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Traffic Signal Operations:
Efficiency & Safety Objectives

 Minimize delay for all transportation modes

In the traffic signal operations field, there are strong correlations between the efficiency 
and safety.  Following are our objectives:

Minimize the time for a driver, a cyclist, or a pedestrian that need to wait at a traffic light.

Using the shortest cycle length possible, reduces the temptation to run a red light or to 
jaywalk. Hence, reduces the potential for collisions.
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Traffic Signal Operations:
Efficiency & Safety Objectives

 Minimize delay for all transportation modes
 Synchronize traffic signals 

Synchronizing green lights reduces delay, fuel consumption and emissions…which improves 
the environment.

From a safety aspect, it reduces the number of stops that lead to rear-end & T-Bone 
collisions.  
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 Minimize delay for all transportation modes
 Synchronize traffic signals 
 Manage traffic queues

Traffic Signal Operations:
Efficiency & Safety Objectives

We manage traffic queues to reduce gridlock & drivers blocking crosswalks. 
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 Minimize delay for all transportation modes
 Synchronize traffic signals 
 Manage traffic queues
 Improve arterial traffic flow

Traffic Signal Operations:
Efficiency & Safety Objectives

Improving arterial traffic flow, promotes livable communities.

This way, drivers don’t need to speed through residential neighborhoods and possibly harm 
pedestrians.
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Traffic Signal Operations:
Efficiency & Safety Objectives

 Minimize delay for all transportation modes
 Synchronize traffic signals 
 Manage traffic queues
 Improve arterial traffic flow
 Maximize system efficiency

We maximize the system efficiency to reduce collisions, that result from traffic congestion.
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 Minimize delay for all transportation modes
 Synchronize traffic signals 
 Manage traffic queues
 Improve arterial traffic flow
 Maximize system efficiency
 Save lives  

Traffic Signal Operations:
Efficiency & Safety Objectives

And the bottom line is that: While we are moving traffic, we are helping in saving lives.   
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If we sacrifice the efficiency

Delay       Frustration       Illegal behaviors       Collisions

Efficiency vs Safety

Unfortunately, in the traffic signal timing world, for every action there is a reaction and 
unintended consequences.

If we sacrifice the capacity of the transportation system and the efficiency of the 
intersection, people will experience unreasonable delay. Which leads to frustration, illegal 
behaviors, and collisions.

Therefore, the ITS team need to balance, finetune, and operate the signal system at 
maximum efficiency, without sacrificing safety.
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More collisions

Higher volumes

In general

Bellevue’s 20-year 
Collision History

This is an example of a 20-year collision history for a severely congested intersection.  116th

and NE 8th St serves about 70,000 vpd.

The blue bars represent collisions per hour.

The red line represents traffic volumes superimposed for those hours.

It is obvious to see that: there is direct relationship between traffic volumes and collisions; 
where: Higher Volumes, normally result in more collisions.
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More collisions

Higher volumes

In general

Bellevue’s 20-year 
Collision History

However, during the morning peak hours, we can see that the collision frequency was less 
than predicted by traffic volumes.

Now, let’s look at the 5-6 evening peak hour & compare with the noon to 7 time period 
that is highlighted in yellow.

12



During the 5pm 
Gridlock a

10 % traffic 
increase

generated a 

50 % spike 

in collisions

Bellevue’s 20-year 
Collision History

The 5 O’clock hour only show a 10 % increase in traffic volumes. However, it generated a 
whapping 50 % increase in collisions.

This additional spike in collisions, is a result of limited roadway capacity, severe delays, and 
traffic congestion.

Therefore, in order to improve safety, we must maintain roadway capacity, and maximize 
the system efficiency to the maximum extent feasible.
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Dynamic Traffic Volumes  Dynamic Optimum Cycle Adaptive system

Variable Traffic Conditions

In traffic signal operations, the optimum cycle is defined as… The lowest, yet most efficient 
cycle length.

The graph indicates that increasing the cycle length improves the efficiency and reduces 
delay up to the optimum cycle.  However, once we increase the cycle beyond that point, 
the system become inefficient and we suffer unnecessary delay.

Collisions, snow days, school holidays and special events (such as the COVID-19 pandemic) 
all change traffic volumes. This means that the optimum cycle is dynamic, and we need an 
adaptive system that keeps up with the changing demand.

Bellevue… has just the right system for that. It is called SCATS which stands for Sydney 
Coordinated Adaptive Traffic System.
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Adaptive Signal System
Sample signal history report

The red line in the graph represents the dynamic cycle along NE 8th Street.
Unlike the old system – which used a fixed cycle.  

The adaptive system constantly changes the cycle length to match current traffic 
conditions.

The difference in the cycle length is the improved efficiency and a benefit to all roadway 
users including pedestrians, cyclists and drivers.

The system also adjusts the green times for each movement, of each direction.
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What would the system do:

 If the northbound left turn lane 
has no demand…

 If one of the two northbound 
thru lanes is closed… 

 If everyone is struggling for 
more time…

Adaptive Signal System

Following are examples on how the system works:

• If the NB left turn lane has no demand…
The green phase is skipped…and the time is reallocated to the next phase.

• If one of the two NB thru lanes is closed…
The other lane will have more volume…NB votes AND gets for more time.

• If everyone is struggling for more time… 
The cycle length automatically ramps up to the limit set by the engineer.  The 

intersection may also automatically synchronize with other signals.

When COVID-19 hit Bellevue, volumes and cycle lengths dropped and several intersections 
ran in a free mode for the most part of the day. 
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We provide equal opportunities 
for all travel modes, 
yet equitable service 

based on existing demand.

Example: 10 seconds for vehicles, 
25 seconds for a pedestrian

Adaptive Signal System
& Transportation Modes

From a traffic signal timing prospective, We provide equal opportunities for all travel modes, yet equitable 
service based on existing demand.

For example: Assume vehicles require 10 seconds of green time, but it takes 25 seconds to serve a pedestrian 
traveling in the same direction, 
Then the green time served will actually be the 25 seconds to cover the pedestrian’s interval.

However, If there were no pedestrians at that time, only 10 seconds of green would have been served.

If an emergency vehicle issues a pre-emption in the NB direction, the signal truncates the green & the walk 
times for all other directions. It serves the (Flash Do Not Walk), the yellow and all red clearance intervals.  
Then the emergency vehicle gets the green.

When COVID-19 hit Bellevue, we investigated if we should automatically place a constant call for people so 
that they don’t need to touch pedestrian bottoms.  The decision was not to proceed as that will significantly 
increase signal cycle length & hinder the efficiency and the safety of the transportation system.  
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COVID-19 
Traffic Volume Reductions

64 % Rapid 
Reduction

34 % Current Reduction

Figure-2
2020 Bellevue’s Traffic Volume Reductions

Figure-1

COVID-19 significantly affected the entire transportation system.  It changed travel 
patterns, volumes, and modes of transportation. 
Bellevue’s signal system automatically handled it very well with minor intervention from 
the engineers. 

Once Governor Inslee issued the-stay home stay-healthy order, everyone witnessed traffic 
volume reductions at varying degrees.

Figure-1 shows the reduction trend on all Washington State highways. 

The bar graph is specific to the city of Bellevue.  The red line shows about a 65% severe 
drop for a month, then volumes gradually increased.  As of mid September, they evened 
out to about 35% of February baseline conditions.  Please keep this graph in your mind as I 
will come back to it later.     
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COVID-19 
Traffic Volume Reductions

AM Peak

PM Peak

This is a typical example of the hourly traffic volume pattern for many Bellevue 
intersections.

The blue line represents Pre-COVID conditions.  The red line is for April and the yellow line 
shows August volumes.

After the pandemic, the new trend is that the morning rush hour simply vanished. 

What is most important is that: volumes, steadily increased from the morning but to a 
much lesser evening peak hour.
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Pre COVID-19 Collisions

Now, let’s look at collisions.

This chart shows the weekly collision frequency for the last 3 years prior to the pandemic. 
And the average is represented by the blue line.
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Pre COVID-19 vs 
COVID-19 Collision

The average of the collisions for the time period shown is calculated at 29 collisions a week. 

The green line represents weekly collisions during the COVID-19 Era.  
Now, lets compare these patterns.
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COVID-19 Collision
Patterns

Started with a 66 %   Reduction                                                41 %    Current Reduction

Similar to traffic volume reductions, collisions witnessed a severe drop once the stay-home 
stay-healthy governor's order was issued.  In late July, collisions went slightly back up.

Next we will superimpose the collision trends with traffic volumes trends.  
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COVID-19 
Traffic Volumes

64 % Rapid 
Reduction

34 % Current Reduction

Figure-2
2020 Bellevue’s Traffic Volume Reductions

And Just to refresh your memory, the red line represents  the COVID19 volumes that we 
saw a few slides before. 
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COVID-19 Trends
Volumes vs Collisions

Volume reduction is from 29 to 19  = 34 %
However

Collision reduction is from 29 to 17  = 41 %

Traffic volumes shown in the red line hit rock bottom for about a month then gradually 
increased and flattened.

However, the collision dip held steady for 4 months then… suddenly increased and 
flattened. 

What is interesting is that collisions stayed at 8 % less than expected from the traffic 
volume line.

The question that begs itself is why did we witness this 8% bonus safety benefit in 
collisions?
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COVID-19 Citywide Historical 
Hourly Collision Trends

2020 Collisions

Time of day

The spike in collisions 
that used to happen 
due to congested 
evening peak hour 
conditions is 
eliminated

Pre COVID Collisions

Time of day

The two bar graphs represent the collision frequency by time of day.  The top graph is 
before… and the bottom is after COVID hit Bellevue.

Well…the spike in collisions that used to happen as a result of severe evening peak hour 
traffic congestion… is eliminated.

And this takes us back to the same point made earlier which showed the correlations 
between the efficiency, the capacity, and the safety of the transportation system.

25



Bellevue’s Collision History & 
Published Research

Research:

“Exploring the level of Service and Traffic Safety 
Relationship at Signalized Intersections”  

(By Ana M. Almonte & Mohamad A. Abdel-Aty, ITE 
Journal - June 2010)

A Research paper conducted by Ana Almonte and Dr. Mohamad A. Abdel-Aty tried to 
understand the relationship between LOS and collisions at signalized intersections.  The 
conclusion was that : “the p.m. peak period has been found to have the highest risk overall 
in all crash frequency models, and within this time frame this risk is at its highest while 
having a LOS F i.e. (Excessive Delay)”.

Therefore, based on above research and Bellevue’s collision history before and during the 
covid-19 era, it is now more apparent than ever before that Engineers should balance 
competing needs and continue to improve the system efficiency to the maximum extent 
feasible in order to improve safety.

https://www.ite.org/pub/?id=E256F005-2354-D714-5183-A88DC54B0A63 
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COVID-19 
Collision Severity

2019, a one year 5-month data set (Pre-COVID)

2020, same 5-month data set,  (596-214)/596 = 64 % total collision reduction  

Severe 
Collisions

Before

9/596 = 
1.5 %

Severe 
Collisions

After 

3/214 = 
1.4 %

And finally, a question that begs itself.  Did the collision severity percentage increase due to 
COVID-19?

The two graphs on the left of the screen represent totals of all collisions… and on the right, 
are for severe collisions only 
The top two graphs are for before COVID-19. They indicate that 9 out of 596 were severe 
collisions.

And of course, the bottom two graphs are during the pandemic.  During this period, we had 
3 bike collisions and all of them were serious.  Note that we also had three bike collisions 
before COVID during the same time period.  

Comparing the percentages of serious and fatal injury collisions vs total collisions for both 
pre and post COVID conditions. The city of Bellevue did NOT witness a significant difference 
in collision severity.

The disclaimer is that the results are only based on Bellevue’s experience which is an urban 
setting and are limited to a 5-month data set. Therefore, it might be too quick to draw any 
statewide or national conclusions and additional research in this matter would be 
worthwhile. 

27



Thank You

Presented by:

Raid Tirhi, PE
Senior ITS Engineer

Rtirhi@bellevuewa.gov
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