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The usual practice for through movements
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Yellow intervals for 
the through 
movements, 
controlled by circular 
indications, are 
determined by a 
kinematic formula to 
eliminate the 
“dilemma zone.”

Here a 45 mph street 
receives a 4.3-second 
yellow.
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The “usual” practice for left turn phases
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For left turns, no 
kinematic formula has 
been widely adopted 
so far. 

Some agencies make 
the left yellow the 
same length as 
through arrow.

Here a 45 mph street 
receives a 4.3-second 
yellow for both 
through and left turn 
moves.

6/17/2024



The “usual” practice for left turn phases
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Other agencies make 
the left yellow shorter 
than the through 
arrow.

Here a 45 mph street 
receives a 4.3-second 
yellow for through 
moves and 3.2-
seconds for left turn 
moves.
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ITE Recommended Practice for left turn phases
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ITE’s Recommended 
Practice has kinematic 
formula that has NOT 
been widely adopted 
so far. 

It’s not hard to see 
why.

Here a 45 mph street 
receives a 4.3-second 
yellow for through  
6.9- second for left 
turn moves.
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Vehicles that stop

Green light

Perception-reaction 
time: 1.0 seconds is 
the standard

6

Limit line

Braking rate: 10 ft/s2 
is the standard
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Vehicles that do not stop

Yellow duration is the 
time for a non-
stopping vehicle to 
cover the same 
distance as a stopping 
vehicle

Green light

7

Red clearance 
interval is 
optional

Limit line

Perception-reaction 
time: 1.0 seconds is 
the standard
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Stopping 
Sight 
Distance

Please help to eradicate this formula off of the face of the Earth.

This is the stopping sight distance formula used in all nations still 
using Imperial units.
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Stopping 
Sight 
Distance

Stopping sight distance  is the area of the 
rectangle and the triangle.
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Stopping 
Distance for a 
decelerating 
vehicle

Stopping sight distance for a vehicle that is 
already decelerating is the area of the 
trapezoid and the triangle.
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reaction time
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Stopping sight distance for a vehicle that is 
already decelerating is the area of the 
trapezoid and the triangle.
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for grade:
• uphill
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decelerating 
vehicle



ITE Recommended Yellow Change Formula
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Guidelines for Determining Traffic Signal Change and Clearance Intervals: An ITE Recommended 
Practice , March 2020 edition

The formula was amended July 2021 to correct for grade adjustment. The yellow formula is:

𝑌 ≥ 𝑡 +
1.47(𝑉85−𝑉𝐸)

𝑎+32.2𝑔
 + 

1.47𝑉𝐸

2𝑎+64.4𝑔
 
Where 
𝑌 = minimum yellow change interval (sec.);
𝑡 = perception-reaction time (sec.);
𝑉85  = 85th percentile approach speed (mph);
𝑉𝐸 = intersection entry speed (mph);
𝑎= deceleration (ft./sec./sec.);
𝑔 = grade of approach (percent/100, downhill is negative grade).
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ITE Guidelines in unit-independent format
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Let’s rewrite into a unit-independent format that works for SI and Imperial units, and rename some 
variables:

𝑡𝑌𝑒𝑙 ≥ 𝑡𝑃𝑅 +
(𝑉𝐴−𝑉𝐸)

𝑎
 + 

𝑉𝐸

2𝑎

Where 
𝑡𝑌𝑒𝑙= minimum yellow change interval (sec.);
𝑡𝑃𝑅 = perception-reaction time (sec.);
𝑉A  =   approach speed (m/s or f/s);
𝑉𝐸 = intersection entry speed (m/s or f/s);
𝑎= assumed deceleration (m/s/s or f/s/s).

Note that approach speed is relabeled so as to not imply it is the 85th percentile speed, and that 
adjustments for grade, if any, are incorporated in the broader deceleration variable a. 

The effects of grade will not be addressed today. That could be the subject for later study.
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For through movements
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Today, “left turn” assumes right-side driving like in the United States and Canada (other than the US 
Virgin Islands) and feet and miles are used instead of meters and kilometers. For those where 
driving is on the left-side of the road, do the mental flip. For those using SI units, do the conversion.

For through movements: The formula is relatively uncontroversial where VA = VE and the middle 
term disappears. Common assumptions: 𝑡𝑃𝑅 = 1.0 seconds and 𝑎= 10 f/s/s (or metric equivalent)

𝑡𝑌𝑒𝑙 ≥ 𝑡𝑃𝑅 +
(𝑉𝐴−𝑉𝐸)

𝑎
 + 

𝑉𝐸

2𝑎

VE = 30 mph → 3.2-second yellow
VE = 45 mph → 4.3-second yellow
VE = 60 mph → 5.4-second yellow
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For left turn movements
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For left turn movements, the formula produces yellows that could be much longer than for the 
adjacent through movements. Left turn yellows are shown below, using common assumptions: 𝑡𝑃𝑅 = 
1.0 seconds and 𝑎= 10 f/s/s (or metric equivalent) and this formula:

𝑡𝑌𝑒𝑙 ≥ 𝑡𝑃𝑅 +
(𝑉𝐴−𝑉𝐸)

𝑎
 + 

𝑉𝐸

2𝑎

6/17/2024

Movement 𝑉𝐴 𝑉𝐸 𝑡𝑌𝑒𝑙

Through 30 mph 30 mph 3.2 sec

Left 30 mph 20 mph 3.9 sec

Left 30 mph 15 mph 4.3 sec

Left 30 mph 10 mph 4.7 sec

Through 45 mph 45 mph 4.3 sec

Left 45 mph 20 mph 6.1 sec

Left 45 mph 15 mph 6.5 sec

Left 45 mph 10 mph 6.9 sec

Through 60 mph 60 mph 5.4 sec

Left 60 mph 30 mph 7.6 sec

Left 60 mph 20 mph 8.4 sec

Left 60 mph 10 mph 9.1 sec



For left turn movements
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The ITE formula for turn movements is 
based on this assumed speed profile, 
depicted as Figure 2.9 in the 
Guidelines:

6/17/2024

𝑎𝑚𝑎𝑥= Maximum uniform safe and comfortable deceleration 
(ft./sec./sec. or m/sec./sec.) 

In the previous calculations, 10.0 f/s/s is assumed.



But does this make sense?
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The formula is based on assumptions 
that I question, such as:

1. Do motorists approaching a green 
turn signal follow the speed and 
deceleration trajectory shown, 
defined only with Vo, VE, and 
amax?

2. Is the critical point, defined as the 
point where a motorist chooses 
whether to proceed or stop, 
shown correctly?

3. Is the perception-reaction time 
shown correctly?
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Thoughts on trajectories

18

The trajectory in the diagram has not been proven. The 
trajectory of motorists should be re-evaluated based on 
actual behavior. 

a. A “design motorist” should be selected, 
representing an 85th percentile motorist. 
Conceivably, as automated vehicles become 
common, the motorist population includes 
robots.
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Recommendation: collect trajectories
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Actual trajectories should be 
collected using video or other 
detection equipment, and 
plotted as time-vs-distance 
diagrams.

Only trajectories for motorists 
faced with a green light at a 
predetermined upstream 
location should be collected. 

Motorists initially faced with a 
yellow, possibly due to road 
curvature or blockage by a 
truck, would not be 
considered.

Suppose the resulting 
trajectories were as shown.
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Motorists impeded by 
vehicles ahead who 
stopped

Motorists impeded by 
vehicles ahead who 
entered the 
intersection

Motorists unimpeded 
by vehicles ahead who 
stopped

Motorists unimpeded 
by vehicles ahead who 
entered the 
intersection
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Time



Impeded motorists can be disregarded

20

Let’s stipulate: Motorists 
impeded by vehicles ahead 
should not be used in the 
yellow calculation. Their 
trajectory is primarily affected 
by the actions of the vehicles 
ahead.

Let’s assume: Unimpeded 
motorists who stop do not 
need to be considered. Their 
trajectories should be 
collected, and might prove 
valuable to determine 
whether other variables are 
needed, but for now we can 
disregard them.
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Motorists impeded by 
vehicles ahead who 
stopped

Motorists impeded by 
vehicles ahead who 
entered the 
intersection

Motorists unimpeded 
by vehicles ahead who 
stopped

Motorists unimpeded 
by vehicles ahead who 
entered the 
intersection
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Focus on impeded motorists who proceed

21

Focus on unimpeded 
motorists who proceed.

Let’s assume these motorists 
could have stopped but made 
the choice to go.
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Motorists unimpeded 
by vehicles ahead who 
entered the 
intersection
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Note: these trajectory curves 
are fictitious.



Unimpeded motorists who proceed: a small population!

22

Those familiar with traffic signal 
timing would recognize that 
motorists being able to proceed 
through an intersection when 
faced with a green arrow signal 
prior to their entering a turn lane, 
with no impedence by vehicles 
ahead, would be a rare 
occurrence.

But it could happen, due to:
• Long minimum greens
• Long passage times
• Long detector zones
• Recall
• Red or yellow lock.
• Holds by concurrent phases, 

such as for a lagging left.
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Motorists unimpeded 
by vehicles ahead who 
entered the 
intersection
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Therefore, use unimpeded motorists who 
proceed for the design trajectory.



Which is the design trajectory?
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Even after limiting the selection 
to unimpeded motorists who 
proceed, a wide variation could 
remain. Consider:

• Cautious Cathy, with slower 
velocities and deceleration

• Hurry-up Harry, with faster 
velocities and harsher 
deceleration

(Apologies for the stereotypes 
and the use of gender-specific 
pronouns: it works better for this 
explanation.)

Just two trajectories are shown. 
Conceivably, a trajectory 
representing the 85th percentile 
motorist would be selected.
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Braking distance is a function of the instantaneous velocity!
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The ITE Formula makes two 
questionable assumptions: that the 
braking distance is a constant, based 
on the approach speed, i.e. 𝑉𝑂

2/2a, 
and that deceleration a the same as 
that used to negotiate the 
maneuver into the turn lane.

Braking distance should be 
𝑉2/2𝑎𝑏𝑟𝑎𝑘𝑒 where V is a variable 
and 𝑎𝑏𝑟𝑎𝑘𝑒 is the braking rate, 
which could be 10 fpsps. The graph 
shows that Cathy’s braking distance 
is shorter as she decelerates in the 
turn lane. 

Harry’s braking distances are likely 
to be longer due to his higher 
velocities.
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The braking function can be plotted on a time-distance graph

25

The dashed red curves reflect 
the braking function, which is 
not a trajectory but shows the 
location of each motorist’s last 
opportunity to brake in order to 
stop at the limit line. Cathy’s 
curve is different from Harry’s

The critical point is the point 
where each motorist chooses to 
stop or go.

Duration of yellow needed 
would be the time from critical 
point to time of entry. A 
perception-reaction time would 
typically be added. Yellow time  
differs depending on which 
motorist is selected.
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What about perception-reaction time?

26

Perception-reaction time for a 
motorist in a through lane faced 
with a green circular indication 
that changes to yellow is 
typically assumed to be 1.0 
seconds.

Arguably, perception-reaction 
time for motorists approaching 
a turn signal would be less 
because they are anticipating 
the change to yellow. And 
arguably, Harry’s would be 
expected to be shorter than 
Cathy’s

Each motorist’s tPR would be 
applied to arrive at their yellow 
intervals. 

6/17/2024

D
is

ta
n

ce

Time

Cathy’s braking distance

H
ar

ry
’s

 c
ri

ti
ca

l p
o

in
t

Harry’s braking distance

C
at

h
y’

s 
cr

it
ic

al
 p

o
in

t

Cathy’s 
yellow 
with her 𝑡𝑃𝑅

Harry’s 
yellow 
with his 𝑡𝑃𝑅



Who is the design motorist?
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with her 𝑡𝑃𝑅
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Which yellow time should be 
selected, Harry’s or Cathy’s? If 
we only have two samples, 
select whichever yellow is 
longer. In this fictitious example, 
Harry’s is longer. 

If 100 samples were collected, 
select the 85th percentile yellow.



Using Time-vs-Velocity Curves
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Time

85th percentile motorist 
velocity curve

Converting the 85th percentile time-space 
curve to time-speed might result in a 
trajectory involving an irregular velocity 
curve.  A fictitious 85th percentile velocity 
curve is shown here, in green.

A motorist’s braking distance varies at each 
point of the curve. In this example, the 
critical point, calculated from the time-
space diagram, occurs after the motorist 
completed decelerating to negotiate the S-
curve is shown as the area beneath the red 
abrake line. The end of yellow is defined 
where a motorist who proceeds would cover 
the same distance as a motorist who stops, 
which could be solved graphically as shown 
in the diagram. The start of yellow would be 
the time of the critical point, minus the 
perception-reaction time.
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Braking 
distance is the 
area of the red 
dashed triangle

End of yellow should be 
where the distance 
covered beneath the 
green line, i.e. area of 
the green trapezoid, 
equals the braking 
distance (area of the 
red triangle).



Using Time-vs-Velocity Curves
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Time

85th percentile motorist 
velocity curve

What if the critical point occurs before the 
start of deceleration?

I suspect (needs to be proven) that would 
happen at higher speeds with a lesser 
differential between approach speed and 
entry speed. In other words, the green 
curve would be less steep. 

In this example, the critical point, occurs 
before the motorist decelerates to negotiate 
the S-curve. Braking distance is shown as 
the area beneath the red abrake line. The end 
of yellow is defined where a motorist who 
proceeds would cover the same distance as 
a motorist who stops, which could be solved 
graphically as shown in the diagram. The 
start of yellow would be the time of the 
critical point, minus the perception-reaction 
time.
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Braking 
distance is the 
area of the red 
dashed triangle

End of yellow should be 
where the distance 
covered beneath the 
green line, i.e. area of 
the irregular polygon, 
equals the braking 
distance (area of the 
red triangle).



What would a new ITE formula look like? 
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I suspect a new ITE yellow formula would be 
in two parts: one where the critical point 
occurs after start of deceleration and one 
before. 

Ideally the deceleration rate would be close 
to  constant, call it aavg between Vo and VE. 
Intuitively, this seems reasonable. This 
velocity curve would resemble that of Figure 
2.7 of the ITE Guidelines. 

“Ideally” because the yellow time would be 
solvable with a quadratic equation. 

The derivation of formula follows.

Time

Assumed 85th percentile 
motorist velocity curve

Sp
e

ed

Vo

C
ri

ti
ca

l p
o

in
t

En
d

 o
f 

ye
llo

w

Braking 
distance is the 
area of the red 
dashed triangle

End of yellow should be 
where the distance 
covered beneath the 
green line, i.e. area of 
the green trapezoid, 
equals the braking 
distance (area of the 
red triangle).VE



What Would a New ITE Formula Look Like? 
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Time

Assumed velocity curve assuming 
constant deceleration from Vo to VE 

Inputs:
𝑡𝑃𝑅 = perception-reaction time (sec.);
𝑉o  =   approach speed (m/s or f/s);
𝑉𝐸 = intersection entry speed (m/s or f/s);
𝑎avg= deceleration in turn lane, based on field 
observations (m/s/s or f/s/s).
𝑎𝑏𝑟𝑎𝑘𝑒 = braking rate (m/s/s or f/s/s).

Calculations
Velocity during aavg decel, with time t 
measured from start of deceleration.
V = Vo – aavgt

Distance covered during aavg deceleration:

Ddecel =  
(𝑉𝑜−𝑉𝐸)(𝑉𝑜+𝑉𝐸)

2𝑎𝑎𝑣𝑔
 i.e. entire area beneath 

the aavg curve.

Tdecel  =  
(𝑉𝑜−𝑉𝐸)

𝑎𝑎𝑣𝑔
 i.e. the time elapsed during 

deceleration aavg
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Braking distance is 
the area of the red 
dashed triangle

End of yellow should be 
where the distance 
covered beneath the 
green line, i.e. area of 
the green trapezoid, 
equals the braking 
distance (area of the 
red triangle).VE



What Would a New ITE Formula Look Like? 
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Distance covered during aavg deceleration:

Ddecel =  
(𝑉𝑜−𝑉𝐸)(𝑉𝑜+𝑉𝐸)

2aavg
 i.e. entire area beneath the aavg curve.

tdecel  =  
(𝑉𝑜−𝑉𝐸)

aavg
 i.e. the time elapsed during deceleration aavg

Xgo = Ddecel -
(𝑉𝑜+𝑉 )

2
t  =  Ddecel - Vot + ½ aavg 𝑡

2

Xstop = V2/2abrake =(Vo – aavgt)
2/2abrake = 

 𝑉0
2−2𝑎𝑎𝑣𝑔𝑉𝑜𝑡+ 𝑎𝑎𝑣𝑔

2 𝑡2

2𝑎𝑏𝑟𝑎𝑘𝑒

To find critical point, set Xgo  = Xstop 

Ddecel - Vot + ½ aavg 𝑡
2   = 

 𝑉0
2−2𝑎𝑎𝑣𝑔𝑉𝑜𝑡+ 𝑎𝑎𝑣𝑔

2 𝑡2

2𝑎𝑏𝑟𝑎𝑘𝑒
      or

2𝑎𝑏𝑟𝑎𝑘𝑒Ddecel −2𝑎𝑏𝑟𝑎𝑘𝑒Vot +𝑎𝑏𝑟𝑎𝑘𝑒aavg 𝑡
2  = 𝑉0

2  − 2𝑎𝑎𝑣𝑔𝑉𝑜𝑡 +  𝑎𝑎𝑣𝑔
2 𝑡2 or

0 = [−𝑎𝑏𝑟𝑎𝑘𝑒aavg + 𝑎𝑎𝑣𝑔
2 ]𝑡2   +  [2𝑎𝑏𝑟𝑎𝑘𝑒 − 2𝑎𝑎𝑣𝑔]𝑉𝑜t  + [𝑉0

2 - 2𝑎𝑏𝑟𝑎𝑘𝑒Ddecel]  a quadratic equation.  Let 𝑎Δ= 𝑎𝑏𝑟𝑎𝑘𝑒 − 𝑎𝑎𝑣𝑔

tcrit = 
𝑉𝑜

𝑎𝑎𝑣𝑔
 −

𝑎Δ(𝑎Δ+𝑎𝑎𝑣𝑔)𝑉𝑜
2−2𝑎Δ𝑎𝑏𝑟𝑎𝑘𝑒𝑎𝑎𝑣𝑔𝐷𝑑𝑒𝑐𝑒𝑙

𝑎Δ𝑎𝑎𝑣𝑔
     and   tyel  = tpr + tdecel – tcrit 



What Would a New ITE Formula Look Like? 
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Recapping: If the critical point occurs after 
start of deceleration, then

Ddecel =  
(𝑉𝑜−𝑉𝐸)(𝑉𝑜+𝑉𝐸)

2aavg
 i.e. entire area 

beneath the aavg curve.

tdecel  =  
(𝑉𝑜−𝑉𝐸)

aavg
 i.e. the time elapsed during 

deceleration aavg

𝑎Δ= 𝑎𝑏𝑟𝑎𝑘𝑒 − 𝑎𝑎𝑣𝑔

tyel  = tpr + tdecel - tcrit

Where 

Time

Assumed velocity curve assuming 
constant deceleration from Vo to VE 
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End of yellow should be 
where the distance 
covered beneath the 
green line, i.e. area of 
the green trapezoid, 
equals the braking 
distance (area of the 
red triangle).VE

tcrit

tdecel

tPR

tyel

tcrit = 
𝑉𝑜

𝑎𝑎𝑣𝑔
 −

𝑎Δ(𝑎Δ+𝑎𝑎𝑣𝑔)𝑉𝑜
2−2𝑎Δ𝑎𝑏𝑟𝑎𝑘𝑒𝑎𝑎𝑣𝑔𝐷𝑑𝑒𝑐𝑒𝑙

𝑎Δ𝑎𝑎𝑣𝑔

But this formula only works where the critical point occurred 
before deceleration!



What Would a New ITE Formula Look Like? 
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Before using the solved quadratic formula, 
first check whether the critical point occurs 
before the start of deceleration. This would 
be the case if maximum braking distance is 
greater than the distance traveled while 
decelerating, i.e 

𝑉𝑜
2/2𝑎𝑏𝑟𝑎𝑘𝑒 >   

(𝑉𝑜−𝑉𝐸)(𝑉𝑜+𝑉𝐸)

2aavg
  ?    If yes, 

Then find when the critical point occurs 
relative to start of deceleration, by solving:

tpreDecel = Vo/2𝑎𝑏𝑟𝑎𝑘𝑒  −
(𝑉𝑜+𝑉𝐸)

2V𝑜
 tdecel   OR

tpreDecel = Vo/2𝑎𝑏𝑟𝑎𝑘𝑒  −
(𝑉𝑜+𝑉𝐸)(𝑉𝑜−𝑉𝐸)

2𝑉𝑜𝑎𝑎𝑣𝑔

And  tyel  = tpr + tpreDecel + tdecel

Time

Assumed velocity curve assuming 
constant deceleration from Vo to VE 
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End of yellow should be 
where the distance 
covered beneath the 
green line, i.e. area of 
the green trapezoid 
plus rectangle, equals 
the braking distance 
(area of the red 
triangle).

VE

tdecel

tPR

tyel

tpreDecel



What Would a More Reasonable Formula Look Like? 

356/17/2024

Potential new ITE formulas: 
Given 𝑡𝑃𝑅 = perception-reaction time (sec.);
 𝑉o  =   approach speed (m/s or f/s);
 𝑉𝐸 = intersection entry speed (m/s or f/s);
 𝑎avg= deceleration in turn lane, based on field observations (m/s/s or f/s/s).
 𝑎𝑏𝑟𝑎𝑘𝑒 = braking rate (m/s/s or f/s/s).

Does critical point occur after deceleration?

𝑉𝑜
2/2𝑎𝑏𝑟𝑎𝑘𝑒 <   

(𝑉𝑜−𝑉𝐸)(𝑉𝑜+𝑉𝐸)

2aavg
  ?    If yes

Ddecel =  
(𝑉𝑜−𝑉𝐸)(𝑉𝑜+𝑉𝐸)

2aavg
    tdecel  =  

(𝑉𝑜−𝑉𝐸)

aavg

𝑎Δ= 𝑎𝑏𝑟𝑎𝑘𝑒 − 𝑎𝑎𝑣𝑔

tcrit = 
𝑉𝑜

𝑎𝑎𝑣𝑔
 −

𝑎Δ(𝑎Δ+𝑎𝑎𝑣𝑔)𝑉𝑜
2−2𝑎Δ𝑎𝑏𝑟𝑎𝑘𝑒𝑎𝑎𝑣𝑔𝐷𝑑𝑒𝑐𝑒𝑙

𝑎Δ𝑎𝑎𝑣𝑔

and   

tyel  = tpr + tdecel - tcrit

Does critical point occur before deceleration?

𝑉𝑜
2/2𝑎𝑏𝑟𝑎𝑘𝑒 >   

(𝑉𝑜−𝑉𝐸)(𝑉𝑜+𝑉𝐸)

2aavg
  ?    If yes

tdecel  =  
(𝑉𝑜−𝑉𝐸)

aavg
 i.e. the time elapsed during 

deceleration aavg

tpreDecel = Vo/2𝑎𝑏𝑟𝑎𝑘𝑒  −
(𝑉𝑜+𝑉𝐸)(𝑉𝑜−𝑉𝐸)

2𝑉𝑜𝑎𝑎𝑣𝑔

And  tyel  = tpr + tpreDecel + tdecel

 



The “hump”

366/17/2024

The hump is created by the sharp inflection point where the  approach speed suddenly decelerates, using the assumed 
trajectory. The height of the hump becomes further exaggerated with a sharper deceleration. The hump would 
decrease if a smoother trajectory were assumed. However, the algebra becomes more difficult. 

Time

Assumed velocity curve 
assuming constant 
deceleration from Vo to 
VE 
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Velocity curve without sharp 
inflection point would produce a 
less-pronounced “hump”
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The yellows 
become shorter, 
but developing the 
85th percentile 
trajectory would 
be difficult.

Instead, consider 
the assumption on 
the next slide . . . 



Testing the Candidate Revised Formula
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Using the candidate revised formulas: 
Given 𝑡𝑃𝑅 = perception-reaction time (sec.) = 1.0 sec
 𝑎avg= deceleration in turn lane = 5.0 fpsps.
 𝑎𝑏𝑟𝑎𝑘𝑒 = braking rate (m/s/s or f/s/s) = 10.0 fpsps

For Vo = 30 miles per hour (44 fps)

VO (mph) VE (mph)
Crit Pt before 

or after decel?
Calculated 

Yellow (sec)
30 30 Before 3.2

30 25 After 3.3
30 20 After 3.4
30 15 After 2.8
30 10 After 2.2



Testing the Candidate Revised Formula
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Using the candidate revised formulas: 
Given 𝑡𝑃𝑅 = perception-reaction time (sec.) = 1.0 sec
 𝑎avg= deceleration in turn lane = 5.0 fpsps.
 𝑎𝑏𝑟𝑎𝑘𝑒 = braking rate (m/s/s or f/s/s) = 10.0 fpsps

For Vo = 45 miles per hour (66 fps)

VO (mph) VE (mph)
Crit Pt before 

or after decel?
Calculated 

Yellow (sec)
45 45 Before 4.3
45 40 Before 4.4
45 35 Before 4.6
45 30 After 4.6
45 25 After 4.0
45 20 After 3.4
45 15 After 2.8
45 10 After 2.2



Testing the Candidate Revised Formula

396/17/2024

Using the candidate revised formulas: 
Given 𝑡𝑃𝑅 = perception-reaction time (sec.) = 1.0 sec
 𝑎avg= deceleration in turn lane = 5.0 fpsps.
 𝑎𝑏𝑟𝑎𝑘𝑒 = braking rate (m/s/s or f/s/s) = 10.0 fpsps

For Vo = 60 miles per hour (88 fps)

VO (mph) VE (mph)
Crit Pt before or 

after decel?
Calculated 

Yellow (sec)
60 60 Before 5.4
60 55 Before 5.5
60 50 Before 5.6
60 45 Before 6.0
60 40 After 5.9
60 35 After 5.3
60 30 After 4.6
60 25 After 4.0
60 20 After 3.4
60 15 After 2.8
60 10 After 2.2



Now What?

406/17/2024

The revised formula generates yellow times that are closer to the through movement yellow at higher speeds, 
and much shorter yellow times for low entry speeds. Apparently the ITE Recommended Practice was 
generating lengthy yellows by selecting the longest possible braking distance but without adjusting for the fact 
the critical point occurs at a different time. The ITE Recommended Practice also assumes a steeper 
deceleration rate than would be expected for a motorist arriving on a green light.

But is the candidate revised formula presented here good enough?

• It is unknown what to use for the  aavg deceleration. Is 5.0 ft/s/s  appropriate?
• A curious hump occurs such that yellow time peaks when VE is about two-thirds the value of Vo. 
• This formula is still purely kinematic, i.e. all physics. Nothing relies on motorists’ expectations, other than a 

standard perception-reaction time. Is this realistic?



The “hump”

416/17/2024

The candidate formula produces yellow change intervals that are slightly longer when the entry speed is slightly slower 
than the approach speed, producing a hump when yellow times are plotted against entry speeds.  

The implication is that yellow times for turn movements should be increased above that for the adjacent through 
movement unless the entry speed is much slower than the approach speed.

Is this realistic?
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Should turn yellows NOT exceed through yellows?

426/17/2024

What if we assume the following?

Motorists have the expectation that turn movement yellow 
durations are equal to or less than that of the through movement.

This assumption seems reasonable, given that:

• Almost all existing installed turn yellows are equal to or less than that of the through movements.

• Motorists can witness locations where the turn yellow is obviously shorter than the through movements, such as 
where there the left turn phase leads at some times of day but occasionally lags.

An advantage of this assumption:

• Self-driving vehicle manufacturers could program their vehicles to react properly if they were informed that turn 
yellows would not exceed through yellows.



How will this assumption affect the formula?

436/17/2024

If this is true . . . 

Motorists have the expectation that turn movement yellow 
durations are equal to or less than that of the through movement.

 . . . the candidate formula can be revised so that:

• The maximum cap on yellow duration would be the through yellow duration.

• The second part of formula where the critical point occurs before deceleration is discarded.



What Would a Modified More Reasonable Formula Look Like?

446/17/2024

Candidate yellow formula #2: 
Given 𝑡𝑃𝑅 = perception-reaction time (sec.);
 𝑉o  =   approach speed (m/s or f/s);
 𝑉𝐸 = intersection entry speed (m/s or f/s);
 𝑎avg= deceleration in turn lane, based on field observations (m/s/s or f/s/s);
 𝑎𝑏𝑟𝑎𝑘𝑒 = braking rate (m/s/s or f/s/s).

𝑎Δ= 𝑎𝑏𝑟𝑎𝑘𝑒 − 𝑎𝑎𝑣𝑔

tcrit = 
𝑉𝑜

𝑎𝑎𝑣𝑔
 −

𝑎Δ(𝑎Δ+𝑎𝑎𝑣𝑔)𝑉𝑜
2−2𝑎Δ𝑎𝑏𝑟𝑎𝑘𝑒𝑎𝑎𝑣𝑔𝐷𝑑𝑒𝑐𝑒𝑙

𝑎Δ𝑎𝑎𝑣𝑔

and   

tyel  = tpr + tdecel – tcrit

But no less than 3.0 seconds and, unless the entry speed for the 
turn movement is higher than for the through movement, no more 
than 𝑡𝑌𝑒𝑙𝑇ℎ𝑟𝑢

Calculate yellow time for adjacent through 
movement: 
𝑡𝑌𝑒𝑙𝑇ℎ𝑟𝑢 = Vo/2𝑎𝑏𝑟𝑎𝑘𝑒   +  tPR 

tdecel  =  
(𝑉𝑜−𝑉𝐸)

aavg
 

 i.e. the time elapsed during deceleration aavg

Distance traveled during deceleration

Ddecel =  
(𝑉𝑜−𝑉𝐸)(𝑉𝑜+𝑉𝐸)

2aavg
  = 

𝑉𝑜 (𝑉𝑜+𝑉𝐸)

4𝑎𝑏𝑟𝑎𝑘𝑒
 



Testing the Candidate Revised Formula #2
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Using the candidate formula #2: 
Given 𝑡𝑃𝑅 = perception-reaction time (sec.) = 1.0 sec
 𝑎avg= deceleration in turn lane = 5.0 fpsps.
 𝑎𝑏𝑟𝑎𝑘𝑒 = braking rate (m/s/s or f/s/s) = 10.0 fpsps

For Vo = 30 miles per hour (44 fps)

VO (mph) VE (mph)
Calculated 

Yellow (sec)
30 30 3.2

30 25 3.2
30 20 3.2
30 15 3.0
30 10 3.0
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Testing the Candidate Revised Formula

466/17/2024

Using the candidate formula #2: 
Given 𝑡𝑃𝑅 = perception-reaction time (sec.) = 1.0 sec
 𝑎avg= deceleration in turn lane = 5.0 fpsps.
 𝑎𝑏𝑟𝑎𝑘𝑒 = braking rate (m/s/s or f/s/s) = 10.0 fpsps

For Vo = 45 miles per hour (66 fps)

VO (mph) VE (mph)
Calculated 

Yellow (sec)
45 45 4.3
45 40 4.3
45 35 4.3
45 30 4.3
45 25 4.0
45 20 3.4
45 15 3.0
45 10 3.0 0.0
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Testing the Candidate Revised Formula

476/17/2024

Using the candidate formula #2: 
Given 𝑡𝑃𝑅 = perception-reaction time (sec.) = 1.0 sec
 𝑎avg= deceleration in turn lane = 5.0 fpsps.
 𝑎𝑏𝑟𝑎𝑘𝑒 = braking rate (m/s/s or f/s/s) = 10.0 fpsps

For Vo = 60 miles per hour (88 fps)

VO (mph) VE (mph)
Calculated 

Yellow (sec)
60 60 5.4
60 55 5.4
60 50 5.4
60 45 5.4
60 40 5.4
60 35 5.3
60 30 4.6
60 25 4.0
60 20 3.4
60 15 3.0
60 10 3.0
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Yellow Change Interval Calculator 

486/17/2024



. . . Or, simply use this More Reasonable Yellow table 

496/17/2024

Vo (mph) 30 35 40 45 50 55 60

VE (mph)

60 5.4

55 5.0 5.4

50 4.7 5.0 5.4

45 4.3 4.7 5.0 5.4

40 3.9 4.3 4.7 5.0 5.4

35 3.6 3.9 4.3 4.7 5.0 5.3

30 3.2 3.6 3.9 4.3 4.6 4.6 4.6

25 3.2 3.6 3.9 4.0 4.0 4.0 4.0

20 3.2 3.4 3.4 3.4 3.4 3.4 3.4

15 3.0 3.0 3.0 3.0 3.0 3.0 3.0

10 3.0 3.0 3.0 3.0 3.0 3.0 3.0



. . . Compare with ITE’s Table 

506/17/2024

Vo 

(mph)

30

35 40 45 50 55 60

VE 

(mph)

60 5.4

55 5.0 5.4

50 4.7 5.0 5.4

45 4.3 4.7 5.0 5.4

40 3.9 4.3 4.7 5.0 5.4

35 3.6 3.9 4.3 4.7 5.0 5.3

30 3.2 3.6 3.9 4.3 4.6 4.6 4.6

25 3.2 3.6 3.9 4.0 4.0 4.0 4.0

20 3.2 3.4 3.4 3.4 3.4 3.4 3.4

15 3.0 3.0 3.0 3.0 3.0 3.0 3.0

10 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Vo 

(mph)

30

35 40 45 50 55 60

VE 

(mph)

60 5.4

55 5.0 5.8

50 4.7 5.4 6.1

45 4.3 5.0 5.8 6.5

40 3.9 4.7 5.4 6.1 6.9

35 3.6 4.3 5.0 5.8 6.5 7.2

30 3.2 3.9 4.7 5.4 6.1 6.9 7.6

25 3.6 4.3 5.0 5.8 6.5 7.2 8.0

20 3.9 4.7 5.4 6.1 6.9 7.6 8.4

15 4.3 5.0 5.8 6.5 7.2 8.0 8.7

10 4.7 5.4 6.1 6.9 7.6 8.4 9.1

The More Reasonable Left Turn Yellows ITE’s Left Turn Yellows



Which model for left turn yellow lights?

6/17/2024 51
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