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Divergent and strongly held positions characterize any discussion of the 
procedures for calculating traffic signal change and clearance intervals. Although 
the extended kinematic equation was recommended by ITE in Guidelines for 
Determining Traffic Signal Change and Clearance Intervals (2020), there remains 
a strong need to collect primary data to further test this approach and the other 
research needs identified in the recommended practice. This webinar provides a 
review of the recommended practice and an update on the current research that 
is underway along with some observations from agencies’ current practice.

Description
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• Gain an understanding of the background and key attributes of the extended 
kinematic equation for traffic signal change intervals in ITE’s Guidelines for 
Determining Traffic Signal Change and Clearance Intervals recommended 
practice.

• Learn about the literature review, study plan, and upcoming survey of practice 
being performed as part of the Traffic Signal Change and Clearance Interval 
Transportation Pooled Fund Study.

• Explore how transportation agencies are addressing ITE’s recommended use of 
the extended kinematic equation through research and policy considerations.

Learning Objectives
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• The Backstory
• The Process
• Approach to Document Development
• What Is in the ITE Report?
• Some Important Points for Application and Practice
• Need of More Research
• Looking Forward

Overview
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• 1960 - original paper by DeGazis, Herman, and Maraduddin proposes a kinematic 
equation but also notes limitations of their method:

• “…pertains to a single traffic light”
(i.e., thru movement)

• Examined speeds below and above 
speed limit (e.g.,  up to 1.25 𝑣𝑣0 )

• Variations related to divided 
highways and turning vehicles

• Longer vehicles (i.e., trucks, buses
vehicles with trailers) and their
maximum deceleration

The Back Story
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• 1965 – ITE Traffic Engineering Handbook (3rd ed.) incorporates DeGazis et al. as 
minimum duration of yellow interval.  Includes 2nd equation that provides time to 
clear intersection

• 1976 and 1982 Editions of the ITE Transportation and Traffic Engineering Handbook 
carry forward the kinematic equation 

• 1982 ITE Manual of Traffic Signal Design includes grade factor
• 1982-1989 ITE Committee works to develop recommended practice (not approved)
• 1994 ITE report by a new technical committee presents current methods
• 1999 ITE Traffic Engineering Handbook (5th ed.) uses the 1982 version
• 2001 ITE Informational Report on the history of change and clearance intervals

The Back Story
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• With the advent of automated enforcement the precision and calculation methods 
of change intervals began to be challenged.

• Roughly coinciding with the start of the NCHRP Report 731 project, ITE began a 
forming a committee and process to address issue (again) in a recommended 
practice.

• Initial work were listening sessions and a joint survey of practice with the NCHRP 
Report 731 project

The Back Story
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What does MUTCD Say?
Section 4D.26 Yellow Change and Red Clearance Intervals
Standard:
01 A steady yellow signal indication shall be displayed following every CIRCULAR 
GREEN or GREEN ARROW signal indication and following every flashing YELLOW 
ARROW or flashing RED ARROW signal indication displayed as a part of a steady 
mode operation. This requirement shall not apply when a CIRCULAR GREEN, a 
flashing YELLOW ARROW, or a flashing RED ARROW signal indication is followed 
immediately by a GREEN ARROW signal indication.
02 The exclusive function of the yellow change interval shall be to warn traffic of an 
impending change in the right-of-way assignment.
03 The duration of the yellow change interval shall be determined using engineering 
practices.

The Back Story
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What does MUTCD Say?
Support:
04 Section 4D.05 contains provisions regarding the display of steady CIRCULAR 
YELLOW signal indications to approaches from which drivers are allowed to make 
permissive left turns.
Guidance:
05 When indicated by the application of engineering practices, the yellow change 
interval should be followed by a red clearance interval to provide additional time 
before conflicting traffic movements, including pedestrians, are released.

The Back Story
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What does MUTCD Say?
Standard:
06 When used, the duration of the red clearance interval shall be determined using 
engineering practices.
Support:
07 Engineering practices for determining the duration of yellow change and red 
clearance intervals can be found in ITE’s “Traffic Control Devices Handbook” and in 
ITE’s “Manual of Traffic Signal Design” (see Section 1A.11).
Standard:
08 The durations of yellow change intervals and red clearance intervals shall be 
consistent with the determined values within the technical capabilities of the 
controller unit.

The Back Story
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What does MUTCD Say?
09 The duration of a yellow change interval shall not vary on a cycle-by-cycle basis 
within the same signal timing plan.
10 Except as provided in Paragraph 12, the duration of a red clearance interval shall 
not be decreased or omitted on a cycle-by-cycle basis within the same signal timing 
plan.
Option:
11 The duration of a red clearance interval may be extended from its predetermined 
value for a given cycle based upon the detection of a vehicle that is predicted to 
violate the red signal indication.

The Back Story
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What does MUTCD Say?
12 When an actuated signal sequence includes a signal phase for permissive/ 
protected (lagging) left-turn movements in both directions, the red clearance 
interval may be shown during those cycles when the lagging left-turn signal phase 
is skipped and may be omitted during those cycles when the lagging left-turn signal 
phase is shown.
13 The duration of a yellow change interval or a red clearance interval may be 
different in different signal timing plans for the same controller unit.

The Back Story
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What does MUTCD Say?
Guidance:
14 A yellow change interval should have a minimum duration of 3 seconds and a 
maximum duration of 6 seconds. The longer intervals should be reserved for use on 
approaches with higher speeds.
15 Except when clearing a one-lane, two-way facility (see Section 4H.02) or when 
clearing an exceptionally wide intersection, a red clearance interval should have a 
duration not exceeding 6 seconds.

The Back Story
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ITE Recommended Practice Development (generally)
• Project Committee established and develops content
• Peer Review and revisions by Project Committee
• Proposed report issued for public comment
• Comments undergo review

and resolution by the 
project committee and 
review panel

• Appeal(s), if any
• Adoption by ITE 
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This Recommended Practice
• No prior ITE Recommended Practice in this area
• Prior efforts to develop a Recommended Practice could not reach consensus
• Current volunteer-led effort began in 2007
• Survey of current practices conducted in 2009
• Comment / appeal versions of draft RP published in 2015, 2018, 2019
• August 2019 appeals panel meeting to resolve remaining issues
• Final Recommended Practice approved by ITE Board in January 2020
• Final Recommended Practice released on February 28, 2020   

The Process
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• Understanding of what agencies are doing in practice
• Provide summaries of research on the various different approaches to calculating 

change and clearance intervals
• Consider research and use of different intersection considerations, parameters, 

and variables
• Draw on the research to make recommendations
• Document broken into State-of-the-Practice and Recommended Method
• Test reaction to variations in research
• Reach consensus of technical committee and review panel
• Incorporate public comments

Approach to Document Development
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Purpose and Intended Use

• The recommended practices should yield reasonable times for yellow change and 
red clearance intervals for traffic signals

• ITE Recommended Practices are intended to provide consensus 
recommendations based on both theory and best practices, but they must be 
supplemented by engineering judgement to ensure a balance between sound 
engineering theory and practical application.

• ITE Recommended Practices are voluntary standards which are adopted at the 
option of the target audience (in this case agencies which own and operate traffic 
signals)
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Scope of Recommendations

• Calculation method for change 
and clearance intervals

• Through and turning 
movements

• Perception-reaction time
• Speeds
• Deceleration
• Intersection Width
• Vehicle Length
• Grade

• Minimum and Maximum 
Intervals

• Rounding
• Other Road Users
• Special Road Conditions
• Implementation
• Safety
• Driver Behavior
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Significant Recommendations
• Use of the Extended Kinematic Equation as Basis for Calculations
• Application to Left Turning Movements
• Application to Right Turning Movements
• Use of Speed Data and Assumptions
• Intersection Width
• Enforcement
• Use of Engineering Judgement
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Traditional Kinematic Equation
Yellow Change

𝑌𝑌 ≥ 𝑡𝑡 +
1.47𝑉𝑉85

2𝑎𝑎 + 64.4𝑔𝑔

Red Clearance

𝑅𝑅 =
𝑊𝑊 + 𝐿𝐿

1.47𝑉𝑉85
− 𝑡𝑡𝑠𝑠

Where:
𝑌𝑌 = minimum yellow change interval (sec.);
𝑡𝑡 = perception-reaction time (sec.);
𝑉𝑉85 = 85th percentile approach speed (mph);
𝑎𝑎 = deceleration (ft./sec./sec.);
𝑔𝑔 = grade of  approach (percent/100, 

downhill is negative grade); 
𝑅𝑅 = red clearance interval (sec.);
𝑊𝑊 = distance to traverse the intersection 

(width), stop line to far side no-conflict 
point along the vehicle path (ft.);

𝐿𝐿 = length of  vehicle (ft.);
𝑡𝑡𝑠𝑠 = conflicting vehicular movement start up 

delay (sec.).
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Extended Kinematic Equation
Yellow Change

𝑌𝑌 ≥ 𝑡𝑡 +
1.47 𝑉𝑉85 − 𝑉𝑉𝐸𝐸
𝑎𝑎 + 32.2𝑔𝑔

+
1.47𝑉𝑉𝐸𝐸

2𝑎𝑎 + 64.4𝑔𝑔

Red Clearance

𝑅𝑅 =
𝑊𝑊 + 𝐿𝐿
1.47𝑉𝑉𝐸𝐸

− 𝑡𝑡𝑠𝑠

Where:
𝑌𝑌 = minimum yellow change interval (sec.);
𝑡𝑡 = perception-reaction time (sec.);
𝑉𝑉85 = 85th percentile approach speed (mph);
𝑉𝑉𝐸𝐸  = intersection entry speed (mph);
𝑎𝑎 = deceleration (ft./sec./sec.);
𝑔𝑔 = grade of  approach (percent/100, 

downhill is negative grade); 
𝑅𝑅 = red clearance interval (sec.);
𝑊𝑊 = distance to traverse the intersection 

(width), stop line to far side no-conflict 
point along the vehicle path (ft.);

𝐿𝐿 = length of  vehicle (ft.);
𝑡𝑡𝑠𝑠 = conflicting vehicular movement start up 

delay (sec.).
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Calculated Change Interval Times
for Left Turn Movements

Approach 
Speed (V85)

Traditional 
Kinematic 
Equation

Extended 
Kinematic 
Equation

30 mph 3.2 seconds 3.9 seconds

50 mph 4.7 seconds 6.9 seconds

t = 1.0    a = 10 ft / sec / sec

VE = 20 mph  g = 0
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Application to Left Turning Movements

• For protected turning movements, calculate change interval, cap at 7.0 seconds if 
necessary

• For permissive turning movements, calculate change interval for both turning 
movement (cap at 7.0 seconds if necessary) and through movement, then select 
appropriate change interval between these two values, using engineering 
judgement and considering left turn volumes, approach speeds, intersection 
geometry and other factors as appropriate
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Application to Right Turning Movements

• Due to limited understanding of the complex nature of driver behaviors, 
interactions, and theoretical formulations of right turn maneuvers, a separate 
recommendation for calculating change intervals for right turning movements is 
not made.

• In our judgement, the recommended calculation procedures for through and left 
turning vehicles should safely accommodate right turning vehicles, but we have 
recommended additional research on the subject of clearance intervals for right 
turning movements. 
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Use of Speed Data and Assumptions

• Due to the significant influence of speed in the calculation of change and 
clearance intervals, use of actual speed data for approach and intersection entry 
speeds should be used whenever possible

• Where speed data is not available the following assumptions may be made
• Through movement approach and intersection 

entry speed – speed limit plus 7 mph
• Left turning movement approach speed – speed limit
• Left turning movement intersection entry speed – 20 mph
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Intersection Width
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Enforcement

• The Recommended Practice does not cover enforcement actions, either through 
traditional or automated means.

• However, the Recommended Practice does caution against enforcement of red 
light violations with zero tolerance due to the wide range of factors and 
assumptions regarding driver behavior that are used in the calculation of change 
intervals.

• ITE has developed a proposed policy that strongly supports automated 
enforcement for purposes of improving safety, but not for a goal of raising 
revenue
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Use of Engineering Judgement

• Emphasis on the use of engineering judgement is woven throughout the 
Recommended Practice.  It is important that professionals using the 
recommended practices have a full understanding of the concepts and associated 
assumptions and limitations.

• There is also a strong theme in the Recommended Practice for documentation of 
decision-making regarding the choice of yellow change and red clearance 
intervals.
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• The extended kinematic equation and kinematic equations are deterministic 
mathematical models of real world activity. 

• Extended kinematic equation was judged to have validity on the basis of the 
underlying theory.

• The formula calculates a minimum value… not the value of change and clearance 
intervals

• The yellow change interval is not the time to stop, rather 
the yellow change interval is the time to traverse the braking distance

• Approach speed (or 85th percentile) is not the speed limit… (it can be… but…)
• Approach speed and PRT are inversely related

Some Important Points for
Application and Practice
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• Use of engineering judgment is noted throughout recommended practice
• Document, document, document ! ! ! 
• Primary data is preferred 
• MUTCD states that change and clearance intervals, “… shall be determined using 

engineering practices.” 
• Approaches for proxies (surrogates) provided for approach speed and entry 

(traversal) speed 
• What drives the long yellow is speed differential between approach and entry 

speed… perhaps consideration of lower approach speed thru design techniques.

Some Important Points for
Application and Practice
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Additional primary data needed for:
• Safety Benefits of Yellow Change and Red Clearance Intervals
• Impact on Driver Behavior and Safety of Longer Yellow Change Intervals
• Perception-Reaction Time and Deceleration for Alerted Drivers for Turning 

Movements
• Approach and Passage Speed Variations Associated with Left and Right-Turning 

Movements
• Intersection Passage Speed Variations for Turning Movements
• Data Collection Methods for Capturing Approach and Intersection Entry Speeds
• Others as Described in the Recommended Practice
• Driver Behavior Factors, especially for right-turning vehicles

Need for More Research Identified by ITE
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• Approach speeds on “non-posted” roadways and on roadway with speed limits of 
35 mph or less

• Easy to implement method to determine the length of travel path through 
intersections for turning movements and complex intersection geometries

• Effect of weather conditions
• Detector types and impact of real-time data
• Alternative intersections designs

Need for More Research Identified by ITE
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Current Items That Will Impact Future Work:
• Transportation Pooled Fund Study results
• New edition of MUTCD (soon to be) released
• Public Rights-of-Way Access Guidelines released
• Other agency and university research

ITE’s Next Step(s):
• Welcome any research on applications of the extended kinematic equation
• When the Transportation Pooled Fund Study nears completion, ITE will 

reestablish Technical Committee and Review Panel to begin work on an updated 
recommended practice.

Looking Forward
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Douglas E. Noble, P.E., PTOE
Senior Director, Management and Operations
email: dnoble@ite.org

Resources

mailto:dnoble@ite.org


Traffic Signal Change and Clearance Intervals –
Agency Perspective

Alan Davis, PE, PTOE
State Traffic Engineer



Change and Clearance Intervals
• State of agency practice

• Agency response to ITE recommended practice

• Agency needs

• What’s next





NCHRP 731
Guidelines for Timing Yellow and All-Red 
Intervals at Signalized Intersection

• The perception-reaction time was confirmed to be 1.0s. 

• The deceleration rate was confirmed to be 10 ft/s2. 

• The 85th percentile approach speed for through vehicles 
is closely approximated by adding 7 mph to the posted 
speed limit. The actual 85th percentile approach speed 
should be used in the kinematic equation; however, if 
field data are not available, this estimation is acceptable. 

• The 85th percentile approach left-turn speed is closely 
approximated by subtracting 5 mph from the posted 
speed limit. This estimation should be used to calculate 
the yellow change interval. For red clearance interval 
calculations, the left-turn speed should be considered as 
20 mph, regardless of the posted speed limit



NCHRP 731
Guidelines for Timing Yellow and All-Red 
Intervals at Signalized Intersection

𝑌𝑌 = 𝑡𝑡 +
1.47𝑣𝑣

2𝑎𝑎 + 64.4𝑔𝑔
Where:

𝑌𝑌 = Yellow Change Interval (sec)

𝑡𝑡 = perception reaction time (sec) – recommend 1 second

𝑣𝑣 = 85th percentile approach speed (MPH)*

𝑎𝑎 = deceleration rate (ft/sec2) – use 10 ft/sec2

𝑔𝑔 = grade (ft/ft) – positive for uphill grade, negative for 
downhill grade, round up to nearest grade

∗ In lieu of field-measured speed data, the speed limit plus 7 mph should be used as a rule of 
thumb estimate for the 85th percentile approach speed used to calculate the yellow change 
interval for through movements. For left-turning movements, the speed limit minus 5 mph 
should be used to calculate the left-turn yellow change interval duration. 



NCHRP 731
Guidelines for Timing Yellow and All-Red 
Intervals at Signalized Intersection

𝑅𝑅 =
(𝑊𝑊 + 𝐿𝐿)

1.47𝑉𝑉
− 1

Where: 

𝑅𝑅 = Red clearance interval (sec)

𝑊𝑊 =   intersection width measured from the back edge of 
the approaching movement stop line to the far side of the 
intersection as defined by the extension of the curb line or 
outside edge of the farthest travel lane (ft)

𝐿𝐿 = Length of vehicle (ft) (recommend using 20 ft)

𝑉𝑉 = 85th percentile approach speed



ITE Proposed Recommended 
Practice
DRAFT Guidelines for Determining 
Traffic Signal Change and Clearance 
Intervals



ITE Proposed Recommended 
Practice
DRAFT Guidelines for Determining 
Traffic Signal Change and Clearance 
Intervals



ITE Recommended Practice
Guidelines for Determining Traffic Signal 
Change and Clearance Intervals

• Released March 2020

• Introduced the Extended Kinematic Equation



The Extended Kinematic Equation
Guidelines for Determining Traffic Signal 
Change and Clearance Intervals

• New element to the formula that was not balloted, or peer 
reviewed.

• Maximum yellow time increased to 7 seconds.

• New speed modification element of intersection entry.

• Results in substantially increased calculated yellow 
times. 

• Conflict with MUTCD.



The Extended Kinematic Equation



Letter from AASHTO

• “CTE’s primary concern is the inclusion of the extended 
kinematic equation in the published guidelines”

• “CTE requests that ITE rescind the guidelines as 
published”

• “…our Committee will be advising our state agency 
members to not adopt the guidelines and await 
completion of upcoming research through pooled fund 
studies sponsored by the Federal Highway 
Administration”

Committee on Traffic Engineering



Moving Forward

FHWA Sponsored Pooled Fund Research

• Coalition of agencies supporting effort

• Broad spectrum of topics to be researched

• Red light running enforcement

• Permissive yellow vs. restrictive yellow laws

• Leveraging technology to broaden 
understanding of human factors (e.g. dilemma 
zone)

• Context



What do agencies need?

• Consistency of implementation and driver expectancy

• “Easy” implementation vs. engineered for the context of 
every intersection

• Research based guidance to support engineering 
judgement

• Conclusive product?

• Framework to build on

• Automated enforcement issues

…or want?



More Needs from Clearance Intervals

Connected Vehicles and Red-Light Violation Warning



Ramp Metering
Virginia DOT

The minimum Yellow timing is an important timing factor that affects 
metering rate for multiple-vehicle-per-green, such as two-vehicle-
per-green, type of operations.
The Yellow is typically timed as a constant 2 seconds.

URMS Training Manual, California Department of Transportation, Sacramento, California (2011)



Alan Davis, PE, PTOE
State Traffic Engineer

404-635-2828
aladavis@dot.ga.gov
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