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Potential Definitions of CongestionPotential Definitions of Congestion

CongestionCongestion [[kuhkuh nn--jesjes--chuhchuh n]n]
1.1. Overcrowding; cloggingOvercrowding; clogging
2.2. A giant headache.A giant headache.
3.3. ItIt’’s relative. You know it when you see it.s relative. You know it when you see it.
4.4. Anything below the posted speed limit?Anything below the posted speed limit?
5.5. The inability of the highway to carry sufficient vehicles The inability of the highway to carry sufficient vehicles 

to meet demand, resulting in lower speeds and to meet demand, resulting in lower speeds and 
highways operating at below maximum efficiency highways operating at below maximum efficiency 

6.6. A good thing: a sign of economic successA good thing: a sign of economic success
7.7. Moving very slowly at less than 10 mph (17%). (U.K. Moving very slowly at less than 10 mph (17%). (U.K. 

Survey, 2001) Survey, 2001) 
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Molecules DonMolecules Don’’t Think, but People Do: t Think, but People Do: 
Sources of CongestionSources of Congestion

Figure 5.10 The Sources of Congestion
National Summary
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Source: NCHRP 3-68, Cambridge Systematics, et al. Guide to Effective Freeway 
Performance Measurement. Preliminary Draft Final Report.
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Source: TRB Project 20-24 The 21st Century Operations-Oriented State DOT.  Breakdown 
averaged from TTI and ORNL larger urban area figures as reported by FHWA

Molecules DonMolecules Don’’t Think, but People Do: t Think, but People Do: 
Sources of CongestionSources of Congestion
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Performance Tracking and Performance Tracking and 
Reporting: The Next FrontierReporting: The Next Frontier

……The biggest challenge of performance The biggest challenge of performance 
measurement, especially when applied to the measurement, especially when applied to the 
operations side of transportation, is that the field is operations side of transportation, is that the field is 
behind the curve of both other professions and behind the curve of both other professions and 
other areas of the transportation professionother areas of the transportation profession……some some 
areas of transportation have embraced  areas of transportation have embraced  
performance measurement for nearly two decades. performance measurement for nearly two decades. 
Applying performance measurement to operations Applying performance measurement to operations 
is much more of a recent focusis much more of a recent focus……

(from (from BertiniBertini, You are the Traffic Jam; 2006), You are the Traffic Jam; 2006)
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Performance Tracking and Performance Tracking and 
Reporting: The Next FrontierReporting: The Next Frontier

Highway Systems (aka Mobility)  performance Highway Systems (aka Mobility)  performance 
measurement is a very complex, and often measurement is a very complex, and often 
politically sensitive measurement areapolitically sensitive measurement area
No No ““magic bulletmagic bullet”” measurement system exists measurement system exists --
One size does not fit all. One size does not fit all. 
Cultural shift to active, real time, customer Cultural shift to active, real time, customer 
focused  system management continues to be focused  system management continues to be 
difficult difficult 
RealReal--time data needs pose significant challenges time data needs pose significant challenges 
Mobility measures are constantly evolving Mobility measures are constantly evolving -- ItIt’’s s 
an iterative processan iterative process



Session IV – Module 2 7

RealReal--time Performance Information time Performance Information 
Needs To Feed RealNeeds To Feed Real--time Operational time Operational 
DecisionsDecisions

Examples Include:Examples Include:
•• Ramp metering ratesRamp metering rates
•• Messages posted on dynamic message signs Messages posted on dynamic message signs 

(DMS) or other information dissemination systems (DMS) or other information dissemination systems 
(e.g., the Internet)(e.g., the Internet)

•• Changes in lane control signs (LCS) and/or barriersChanges in lane control signs (LCS) and/or barriers
•• Toll rates (for High Occupancy TollToll rates (for High Occupancy Toll——HOTHOT——lanes lanes 

and other value priced, managed lanes)and other value priced, managed lanes)
•• Incident response actions Incident response actions 
•• Requests for enforcementRequests for enforcement

Source:  Mark Hallenbeck , The Role of the Highway Network 
Manager, UW -TRAC
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RealReal--Time Operational Data and Time Operational Data and 
Information Flow Within The Smart Information Flow Within The Smart 
HighwayHighway

Source: Mark Hallenbeck , The Role of the Highway Network Manager, UW -TRAC
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What Should a Highway Agency What Should a Highway Agency 
Measure and Routinely Report On?  Measure and Routinely Report On?  

The level of facility use and how is it changingThe level of facility use and how is it changing
How often the roadway is congested How often the roadway is congested 
When and where that congestion takes place When and where that congestion takes place 
and how long it lastsand how long it lasts
How many incidents/accidents take place, How many incidents/accidents take place, 
where they are located, and their naturewhere they are located, and their nature
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It Should Also Routinely Examine the It Should Also Routinely Examine the 
Effects of Management ActionsEffects of Management Actions

How does the congestion frequency/location/duration How does the congestion frequency/location/duration 
change as new traffic management actions are taken?change as new traffic management actions are taken?
How quickly are incidents cleared?  How quickly are incidents cleared?  
Are specific staff more effective than others at clearing Are specific staff more effective than others at clearing 
incidents?incidents?
How do volumes and speeds change once specific How do volumes and speeds change once specific 
message signs are placed?message signs are placed?
How large are queues at ramp meters?How large are queues at ramp meters?
Are road maintenance contractors getting in and out of the Are road maintenance contractors getting in and out of the 
rightright--ofof--way at the designated times, and are their traffic way at the designated times, and are their traffic 
control strategies effectively mitigating congestion at the control strategies effectively mitigating congestion at the 
construction location?construction location?

Source:  Mark Hallenbeck , UW -TRAC
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……and How Do Customers React To and How Do Customers React To 
Agency Policies and Strategies, i.e.: Agency Policies and Strategies, i.e.: 

How has demand changed when the pricing How has demand changed when the pricing 
structure (for managed lanes) is changed structure (for managed lanes) is changed 
(total demand, and patterns of use)?(total demand, and patterns of use)?
Does the new pricing structure result in an Does the new pricing structure result in an 
improvement in revenue/usage/congestion improvement in revenue/usage/congestion 
relief?relief?
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National & International Efforts National & International Efforts 
Related To Mobility Measurement Related To Mobility Measurement 
and Reporting and Reporting 

NTOCNTOC--Recommended Performance Measures: focused on quality Recommended Performance Measures: focused on quality 
of service (outcome). of service (outcome). 
Texas Transportation Institute (Texas Transportation Institute (TTITTI’’ss) Urban Mobility Report ) Urban Mobility Report 
(annual)(annual)
American Society for Testing and Materials (ASTM) ITS data American Society for Testing and Materials (ASTM) ITS data 
standardsstandards
““National Strategy to Reduce Congestion on America's National Strategy to Reduce Congestion on America's 
Transportation  System and Urban Partnership Project (USDOT)Transportation  System and Urban Partnership Project (USDOT)
National Traffic Incident Management Coalition: National UnifiedNational Traffic Incident Management Coalition: National Unified
Goal for Traffic Incident ManagementGoal for Traffic Incident Management
International Efforts, UK, Japan, Victoria, Australia, etc.International Efforts, UK, Japan, Victoria, Australia, etc.
AASHTO: The 21AASHTO: The 21stst Century OperationsCentury Operations--Oriented State DOTOriented State DOT
Strategic Highway Research Program (SHRPStrategic Highway Research Program (SHRP--2)2)’’s Reliability s Reliability 
Focus AreaFocus Area
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Defining System Management Goals  Defining System Management Goals  
and Targets and Targets 

Optimization:Optimization:
Maximum number of vehicles/people?Maximum number of vehicles/people?
Maximizing revenue?Maximizing revenue?
Minimizing delays?Minimizing delays?
Maximum benefit gained from dollars spent Maximum benefit gained from dollars spent 
(cost/benefit)?(cost/benefit)?
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Maximizing System ThroughputMaximizing System Throughput

The speed volume curve The speed volume curve –– What does it really What does it really 
mean?mean?

At speeds slightly below 
the speed limit, throughput 
is increased

Max throughput is reached 
at roughly 42-50 mph

As congestion causes 
speed to drop, throughput 
declines dramatically



Session IV – Module 2 15

...Showing the Data…

Maximizing System ThroughputMaximizing System Throughput
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Measuring and Communicating the Measuring and Communicating the 
Productivity GapProductivity Gap

And Telling the Story:And Telling the Story:

……According to the realAccording to the real--time data recorded on some of the time data recorded on some of the 
most congested freeways in the Central Puget Sound, less most congested freeways in the Central Puget Sound, less 
than half the existing capacity is effectively used at a time than half the existing capacity is effectively used at a time 
when it is needed the most. When cars are stuck in when it is needed the most. When cars are stuck in 
congestion, the difference between the potential capacity of congestion, the difference between the potential capacity of 
the roadway and the actual number of cars that the road is the roadway and the actual number of cars that the road is 
serving is called serving is called ““lost productivity,lost productivity,”” ““lost throughput,lost throughput,”” or or 
““lost capacitylost capacity””. Whatever the term, congested freeways . Whatever the term, congested freeways 
deliver far fewer benefits to citizens than if the roads could deliver far fewer benefits to citizens than if the roads could 
be kept flowing smoothlybe kept flowing smoothly……
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Considerations for Mobility Considerations for Mobility 
Measures: Related ResourcesMeasures: Related Resources

BertiniBertini, R. (2005) , R. (2005) You are the traffic jam: An examination of congestion measures.You are the traffic jam: An examination of congestion measures.
Bremmer, D., Cotton, K., Coty, D., Bremmer, D., Cotton, K., Coty, D., PrestrudPrestrud, C., & Westby, G., , C., & Westby, G., Measuring Congestion: Learning from Measuring Congestion: Learning from 
Operational DataOperational Data; 2003, TRB; 2003, TRB
BrydiaBrydia, R. (2006) , R. (2006) Background development and concept of operations for a realBackground development and concept of operations for a real--time performance time performance 
measurement monitoring systemmeasurement monitoring system..
FHWA (2006) Travel Time Reliability: Making it There On Time, AlFHWA (2006) Travel Time Reliability: Making it There On Time, All the Timel the Time
Hallenbeck, M. UWHallenbeck, M. UW--TRAC, unpublished White Paper, TRAC, unpublished White Paper, The Role of the Highway Network Manager. The Role of the Highway Network Manager. With With 
permission.permission.
NCHRP 3NCHRP 3--68, 68, Guide to Effective Freeway Performance MeasurementGuide to Effective Freeway Performance Measurement (2006)(2006)
NCHRP 20NCHRP 20--24 (21), 24 (21), The 21The 21stst Century OperationsCentury Operations--Oriented State DOTOriented State DOT (2005)(2005)
NCHRP Synthesis 311; NCHRP Synthesis 311; Performance Measures of Operational Effectiveness for Highway SePerformance Measures of Operational Effectiveness for Highway Segments and gments and 
Systems (2003)Systems (2003)
Texas Transportation Institute. Texas Transportation Institute. Urban Mobility Report.Urban Mobility Report. College Station, Texas:  Texas A&M University, 2005College Station, Texas:  Texas A&M University, 2005
WSDOT, WSDOT, Gray NotebookGray Notebook, September 2006, Annual Congestion Report , September 2006, Annual Congestion Report 
WSDOT WSDOT Highway Congestion; What Is To Be Done Highway Congestion; What Is To Be Done (Senate Presentation, January 16, 2006)(Senate Presentation, January 16, 2006)
Victorian Competition & Efficiency Commission. Making the right Victorian Competition & Efficiency Commission. Making the right choices : Options for managing transport choices : Options for managing transport 
congestion. Melbourne, Victoria : Aus. Government Printing Officcongestion. Melbourne, Victoria : Aus. Government Printing Office, (2006).e, (2006).
U.S. Department of Transportation, U.S. Department of Transportation, National Strategy to Reduce Congestion on AmericaNational Strategy to Reduce Congestion on America’’s Transportation s Transportation 
Network Network (May 2006).(May 2006).
Japanese Ministry of Land, Infrastructure, and Transport, Road BJapanese Ministry of Land, Infrastructure, and Transport, Road Bureau ureau 
www.mlit.go.jp/road/road_e/index_e.htmlwww.mlit.go.jp/road/road_e/index_e.html
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Mobility Performance Measures: Mobility Performance Measures: 
Key Principles, Principle 1Key Principles, Principle 1

Mobility performance measures must be based on 
the measurement or estimation of travel time.

Travel time: the average time consumed by vehicles 
traversing a fixed distance of freeway.

Handout: Key Principles of Mobility Performance 
Measurement, NCHRP 8-36: Guide to Effective Freeway 
Performance Measurement.
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Mobility Performance Measures: Mobility Performance Measures: 
Key Principles, Principle 2Key Principles, Principle 2

22--a:a: Measure where you can Measure where you can –– model model 
everything else everything else 

22--b:b: Measure where you can Measure where you can ––Develop Before Develop Before 
and After Case Studies. and After Case Studies. 
•• Lots of Data: Ongoing system monitoring Lots of Data: Ongoing system monitoring 

and reportingand reporting
•• Limited or Little Data: Before and After Limited or Little Data: Before and After 

Project/Activity Analysis Project/Activity Analysis --show on a caseshow on a case--
byby--case basis the changes in system case basis the changes in system 
performanceperformance
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An Example of OnAn Example of On--going, Realgoing, Real--time time 
Data Reporting Data Reporting 

Figure Source: WSDOT 2006 Congestion Report
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An Example of Before and After An Example of Before and After 
Analysis  Analysis  

Figure Source: WSDOT 2006 Congestion Report

I-405/SR 167 Ramp Separation (flyover 
ramp) Project in Renton
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Mobility Performance Measures: Mobility Performance Measures: 
Key Principles, Principle 3Key Principles, Principle 3

Average congestion Average congestion 
conditionsconditions
Capacity bottlenecksCapacity bottlenecks
ThroughputThroughput
Customer satisfactionCustomer satisfaction
SafetySafety

Ride qualityRide quality
EnvironmentEnvironment
Incident responseIncident response
WorkzoneWorkzone
Operational efficiencyOperational efficiency

Multiple metricsMultiple metrics should be used to report should be used to report 
freeway performance, especially for mobility: freeway performance, especially for mobility: 
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Mobility Performance Measures: Mobility Performance Measures: 
Key Principles, Principle 4Key Principles, Principle 4

Traditional Highway Capacity ManualTraditional Highway Capacity Manual--based based 
performance measures for mobilityperformance measures for mobility (Volume to (Volume to 
Capacity ratio and level of service) should Capacity ratio and level of service) should 
serve as supplementary, not primary, serve as supplementary, not primary, 
measures of performance in most cases. measures of performance in most cases. 
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Mobility Performance Measures: Mobility Performance Measures: 
Key Principles, Principle 5Key Principles, Principle 5

Both Both vehiclevehicle-- and personand person--based performance based performance 
measures of throughputmeasures of throughput are useful and should be are useful and should be 
developed, depending on the application. developed, depending on the application. 
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Mobility Performance Measures: Mobility Performance Measures: 
Key Principles, Principle 6Key Principles, Principle 6

““Quality of service (outcome) measures are extremely Quality of service (outcome) measures are extremely 
important for agencies because they represent the important for agencies because they represent the 
““bottombottom--line for their customers (travelers).line for their customers (travelers).””
Reporting trends in performance measures at one level of Reporting trends in performance measures at one level of 
detail usually begs the question, detail usually begs the question, ““why did this happen?why did this happen?””..
Most incident response measures are output measures Most incident response measures are output measures 
(how long it takes to clear) (how long it takes to clear) 
Cannot (yet) quantify what impact removing the Cannot (yet) quantify what impact removing the 
obstruction has on traffic, which is the true outcome obstruction has on traffic, which is the true outcome 
measuremeasure

Both quality of service (outcome) and activity-based 
(output) performance measures are required for 
freeway performance monitoring. 
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Mobility Performance Measures: Mobility Performance Measures: 
Key Principles, Principle 7Key Principles, Principle 7

ActivityActivity--based measuresbased measures should be chosen should be chosen 
to complement quality of service to complement quality of service 
measures. Choose activity measures measures. Choose activity measures 
whose improvements can be linked to whose improvements can be linked to 
improvements in quality of service improvements in quality of service 
measures. measures. 
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Mobility Performance Measures: Mobility Performance Measures: 
Key Principles, Principles 8 & 9Key Principles, Principles 8 & 9

Principle 8:Principle 8: Customer satisfaction measuresCustomer satisfaction measures
should be included with quality of service should be included with quality of service 
measures for monitoring freeway performance. measures for monitoring freeway performance. 

Principle 9:Principle 9: The measurement of travel time The measurement of travel time 
reliabilityreliability is a key aspect of freeway performance is a key aspect of freeway performance 
measurement and reliability measures should be measurement and reliability measures should be 
developed and applied. developed and applied. 
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Mobility Performance Measures: Mobility Performance Measures: 
Key Principles, Principle 10Key Principles, Principle 10
Three dimensions of freeway mobility: Three dimensions of freeway mobility: source of source of 
congestion, temporal aspects, and spatial detail.congestion, temporal aspects, and spatial detail.

Figures Source: September 30, 2004 Gray Notebook, p. 51
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Mobility Performance Measures: Mobility Performance Measures: 
Key Principles, Principle 11Key Principles, Principle 11

CommunicationCommunication of of 
freeway performance freeway performance 
measurement should be measurement should be 
done with graphics that done with graphics that 
resonate with a variety of resonate with a variety of 
technical and nontechnical and non--
technical audiences. technical audiences. 

3D-Map of Congestion Loss Time 

Source: Roads in Japan, Road Bureau, 
Ministry of Land, Infrastructure and 
Transport 
www.mlit.go.jp/road/road_e/contents02/2-1-1.html
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At 7:00am in 2002, you had about a 45% 
chance that traffic would be moving at less 
than 35 mph.  In 2003, the situation was a 
little worse (black line above the gray line); 
your chance that traffic would be moving 
slower than 35 mph was about 65%.

At 7:00am in 2002, you had about a 45% 
chance that traffic would be moving at less 
than 35 mph.  In 2003, the situation was a 
little worse (black line above the gray line); 
your chance that traffic would be moving 
slower than 35 mph was about 65%.

At 8:30am in 2002, you had about a 55% 
chance that traffic would be moving at 
less than 35 mph.  In 2003, the situation 
was a little better (black line below the 
gray line); your chance that traffic would 
be moving slower than 35 mph was 
about 45%.

At 8:30am in 2002, you had about a 55% 
chance that traffic would be moving at 
less than 35 mph.  In 2003, the situation 
was a little better (black line below the 
gray line); your chance that traffic would 
be moving slower than 35 mph was 
about 45%.

20%

40%

60%

80%

20%

40%

60%

80%

7:00 am in 2002

7:00 am in 2003

8:30 am in 2002

8:30 am in 2003

Finding Ways To Illustrate Changing System Conditions 
in Easy To Understand Terms: Measuring Speeds less 
than 35 mph on Key Commutes
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Mobility Performance Measures: Mobility Performance Measures: 
Key Principles, Principle 12Key Principles, Principle 12

This is especially difficult, since often measures This is especially difficult, since often measures 
are evolving as well.are evolving as well.
Save your data sets so that when you pick a new Save your data sets so that when you pick a new 
measure, you have a chance to go back and measure, you have a chance to go back and 
recalculate past years using that data.recalculate past years using that data.

ContinuityContinuity should be maintained in performance should be maintained in performance 
measures across applications and time horizons; measures across applications and time horizons; 
the same performance measures should be used the same performance measures should be used 
for trend monitoring, project design, forecasting, for trend monitoring, project design, forecasting, 
and evaluations.and evaluations.
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Principles of Mobility Measurement: Principles of Mobility Measurement: 
Related ResourcesRelated Resources

Primary Source: NCHRP 3Primary Source: NCHRP 3--68, 68, Guide to Effective Freeway Performance Guide to Effective Freeway Performance 
MeasurementMeasurement (2006)(2006)
BertiniBertini, R. (2005) , R. (2005) You are the traffic jam: An examination of congestion measures.You are the traffic jam: An examination of congestion measures.
Bremmer, D., Cotton, K., Coty, D., Bremmer, D., Cotton, K., Coty, D., PrestrudPrestrud, C., & Westby, G., , C., & Westby, G., Measuring Measuring 
Congestion: Learning from Operational DataCongestion: Learning from Operational Data; 2003, TRB; 2003, TRB
BrydiaBrydia, R. (2006) , R. (2006) Background development and concept of operations for a realBackground development and concept of operations for a real--
time performance measurement monitoring systemtime performance measurement monitoring system..
FHWA (2006) FHWA (2006) Travel Time Reliability: Making it There On Time, All the TimeTravel Time Reliability: Making it There On Time, All the Time
NCHRP 20NCHRP 20--24 (21), 24 (21), The 21The 21stst Century OperationsCentury Operations--Oriented State DOTOriented State DOT (2005)(2005)
NCHRP Synthesis 311; NCHRP Synthesis 311; Performance Measures of Operational Effectiveness for Performance Measures of Operational Effectiveness for 
Highway Segments and Systems (2003)Highway Segments and Systems (2003)
Texas Transportation Institute. Texas Transportation Institute. Urban Mobility Report.Urban Mobility Report. College Station, Texas:  College Station, Texas:  
Texas A&M University, 2005Texas A&M University, 2005
WSDOT, WSDOT, Gray NotebookGray Notebook, September 2006, Annual Congestion Report , September 2006, Annual Congestion Report 
WSDOT WSDOT Highway Congestion; What Is To Be Done Highway Congestion; What Is To Be Done (Senate Presentation, (Senate Presentation, 
January 16, 2006)January 16, 2006)
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Mobility Performance Measurements Mobility Performance Measurements 
for Congestion: Overviewfor Congestion: Overview

Duration: Amount of time system is in 
congested conditions (how long) 
Extent: Number of people or vehicles affected 
by congestion, and geographic distribution of 
congestion (how many)
Severity: Intensity of congestion (how bad)
Reliability: Trip predictability,  impacted  by 
first three elements 
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Mobility Performance Mobility Performance 
Measurements for Congestion: Measurements for Congestion: 
Commonly Used MeasuresCommonly Used Measures

1.1. Travel TimeTravel Time
2.2. ReliabilityReliability
3.3. IndicesIndices
4.4. DelayDelay
5.5. ThroughputThroughput

6.6. DurationDuration
7.7. VolumeVolume
8.8. Safety and Safety and 

CongestionCongestion
9.9. Other MeasuresOther Measures
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1. Speed/Travel1. Speed/Travel--TimeTime--Based Based 
Performance MeasuresPerformance Measures

Average Peak Travel TimeAverage Peak Travel Time. . The average travel time on a route The average travel time on a route 
during the peak travel period. (here worst fiveduring the peak travel period. (here worst five--minute peak)minute peak)
Average Travel TimeAverage Travel Time
OriginOrigin--destination travel times are well suited  for realdestination travel times are well suited  for real--time and time and 
corridor analysescorridor analyses S

ource: W
S

D
O

T 2006 C
ongestion R

eport
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2. Why Measure Reliability?2. Why Measure Reliability?

It matters to our customers. Commuters plan trips It matters to our customers. Commuters plan trips 
based on the worst days, not the average day.based on the worst days, not the average day.
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2. Measuring Reliability: 2. Measuring Reliability: 
Buffer IndexBuffer Index

Buffer Index:Buffer Index: The buffer index represents the extra buffer time (or time The buffer index represents the extra buffer time (or time 
cushion) that most travelers add to their average travel time whcushion) that most travelers add to their average travel time when en 
planning trips to ensure onplanning trips to ensure on--time arrival. This extra time is added to time arrival. This extra time is added to 
account for any unexpected delay. account for any unexpected delay. 
For exampleFor example, a buffer index of 40 percent means that, for a 20, a buffer index of 40 percent means that, for a 20--minute minute 
average travel time, a traveler should budget an additional 8 miaverage travel time, a traveler should budget an additional 8 minutes nutes 
(20 minutes (20 minutes ×× 40 percent = 8 minutes) to ensure on40 percent = 8 minutes) to ensure on--time arrival most of time arrival most of 
the time.the time.

Graph source: FHWA,(2006) ”Travel Time Reliability: Making it There ON Time, All the Time”
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2. Reliability: 95% Reliable Travel 2. Reliability: 95% Reliable Travel 
TimeTime
The 95% Reliable Travel Time.The 95% Reliable Travel Time. An estimated travel time with 95% An estimated travel time with 95% 
certainty. certainty. 
For exampleFor example, if you travel during peak travel periods five days a , if you travel during peak travel periods five days a 
week for a fourweek for a four--week period (20 weekdays), using the 95% reliable week period (20 weekdays), using the 95% reliable 
travel time, you will get to your travel time, you will get to your 
destination ondestination on--time on 19 out of time on 19 out of 
those 20 days.those 20 days.

Table Source: WSDOT 2006 Annual Congestion Report
Graph source: NCHRP 3-68, Guide to Effective Freeway Performance Measurement (2006)
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3. Index3. Index--Based Performance Based Performance 
MeasuresMeasures
Travel Time IndexTravel Time Index:: The ratio of travel time in the peak period The ratio of travel time in the peak period 
to the travel time at freeto the travel time at free--flow conditions. flow conditions. 
For exampleFor example, a TTI of 1.5 means that a 20, a TTI of 1.5 means that a 20--minute freeminute free--flow trip flow trip 
takes 30 minutes in the peak period (Texas Transportation takes 30 minutes in the peak period (Texas Transportation 
Institute Institute –– Mobility Report)Mobility Report)
Index measures are well suited for larger geographies or Index measures are well suited for larger geographies or 
combinations of system elementscombinations of system elements

EXCERPT: 
TTI’s 2005 Urban Mobility Report
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3. A Maximum3. A Maximum--ThroughputThroughput--Based Based 
Index: The New Kid on the BlockIndex: The New Kid on the Block
Maximum Throughput Travel Time Index (MTMaximum Throughput Travel Time Index (MT33I):I): Ratio of Peak Ratio of Peak 
Travel Time to Maximum Throughput Travel Time. Travel Time to Maximum Throughput Travel Time. 
For exampleFor example, an MT, an MT33I of 1.5 means that a 20I of 1.5 means that a 20--minute maximum minute maximum 
throughput trip speed takes 30 minutes in the peak periodthroughput trip speed takes 30 minutes in the peak period

Figure Source: WSDOT 2006 Congestion Report
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4. Delay4. Delay--Based Performance Based Performance 
MeasuresMeasures

DelayDelay
VehicleVehicle--hours of delay hours of delay 
•• Different Thresholds of Delay: freeDifferent Thresholds of Delay: free--flow and/or flow and/or 

maximum throughput speedsmaximum throughput speeds
•• Could be measured separately, related to Could be measured separately, related to 

incidents, work zones, weather, or bottlenecks incidents, work zones, weather, or bottlenecks 
PersonPerson--hours of delayhours of delay
Cost of delayCost of delay
Relative delay Relative delay 
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4. Delay4. Delay--Based Performance Based Performance 
Measures: Measures: 
By Corridor and StatewideBy Corridor and Statewide

Source: WSDOT 2006 Annual Congestion Report
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4. Delay4. Delay--Based Performance Based Performance 
Measures: Per Peak Traveler, Measures: Per Peak Traveler, 
and Cost of Delayand Cost of Delay

Source: Texas Transportation Institute 2005 Urban Mobility Report

Source: 2006 WSDOT Annual Congestion Report



Session IV – Module 2 46

4. Delay4. Delay--Based Performance Based Performance 
Measures: Relative DelayMeasures: Relative Delay

Relative Delay Relative Delay 

Source: 2006 WSDOT Annual Congestion Report
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5. Efficiency5. Efficiency--Based Performance Based Performance 
Measures Measures 
(Productivity/Throughput)(Productivity/Throughput)
Percent of efficiency that your road is working at Percent of efficiency that your road is working at 
(as opposed to 100% efficiency based on the (as opposed to 100% efficiency based on the 
roadwayroadway’’s maximum throughput capacity)s maximum throughput capacity)

Graph Source: 2006 WSDOT Annual Congestion Report
Table Source: Low Cost, High Benefit Congestion Relief from 
Better Highway Management, WSDOT, 2007
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5. Efficiency5. Efficiency--Based Performance Based Performance 
Measures Measures 
(Productivity/Throughput)(Productivity/Throughput)
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6. Duration6. Duration--Based Performance Based Performance 
MeasuresMeasures

Changes in Duration of Peak PeriodsChanges in Duration of Peak Periods
For example:For example: In WSDOTIn WSDOT’’s measures, this period is s measures, this period is 
defined as the period in which average weekday speed defined as the period in which average weekday speed 
on a highway fell below 70% of posted speeds (about 51 on a highway fell below 70% of posted speeds (about 51 
mph, or optimum flow).mph, or optimum flow).

Source: 2006 
WSDOT Annual 
Congestion 
Report
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7. Volume7. Volume--Based Performance Based Performance 
MeasuresMeasures

Vehicle Miles TraveledVehicle Miles Traveled

Source: 2006 WSDOT Annual Congestion Report
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8. Trying to Link Congestion and 8. Trying to Link Congestion and 
SafetySafety
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9. Other Measures9. Other Measures

Level of Service (LOS) and  Volume/Capacity Level of Service (LOS) and  Volume/Capacity 
(V/C) based measures(V/C) based measures
Multimodal measures to evaluate operations Multimodal measures to evaluate operations 
within the total systemwithin the total system
Queue lengthQueue length
Customer satisfaction measures Customer satisfaction measures 
Ride quality measures Ride quality measures 
Environment (i.e. air quality)Environment (i.e. air quality)
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Mobility Performance Mobility Performance 
Measurements for Congestion: Measurements for Congestion: 
OverviewOverview

Based on 
e-mail survey 
of 3,500 
transportation 
professionals 

From: Congestion and its 
Extent, R. Bertini, 2005,
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Points to ConsiderPoints to Consider

Congestion is relative to the user; this leads Congestion is relative to the user; this leads 
to policy discussion on delay thresholdsto policy discussion on delay thresholds
LOS or V/C limited value; does not account LOS or V/C limited value; does not account 
for durationfor duration
Indices are difficult to communicate Indices are difficult to communicate 
Travel Time/Speed resonates with the public Travel Time/Speed resonates with the public 
but should not be the only considerationbut should not be the only consideration

There is no right or wrong way, but some ways There is no right or wrong way, but some ways 
are better than othersare better than others……
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Congestion Mobility Measures: Congestion Mobility Measures: 
Related ResourcesRelated Resources

BertiniBertini, R. (2005) , R. (2005) You are the traffic jam: An examination of congestion You are the traffic jam: An examination of congestion 
measures.measures.
Bremmer, D., Cotton, K., Coty, D., Bremmer, D., Cotton, K., Coty, D., PrestrudPrestrud, C., & Westby, G., , C., & Westby, G., Measuring Measuring 
Congestion: Learning from Operational DataCongestion: Learning from Operational Data; 2003, TRB; 2003, TRB
BrydiaBrydia, R. (2006) , R. (2006) Background development and concept of operations for a Background development and concept of operations for a 
realreal--time performance measurement monitoring systemtime performance measurement monitoring system..
FHWA (2006) FHWA (2006) Travel Time Reliability: Making it There On Time, All the TimeTravel Time Reliability: Making it There On Time, All the Time
NCHRP 3NCHRP 3--68, 68, Guide to Effective Freeway Performance MeasurementGuide to Effective Freeway Performance Measurement (2006)(2006)
NCHRP 20NCHRP 20--24 (21), 24 (21), The 21The 21stst Century OperationsCentury Operations--Oriented State DOTOriented State DOT (2005)(2005)
NCHRP Synthesis 311; NCHRP Synthesis 311; Performance Measures of Operational Effectiveness Performance Measures of Operational Effectiveness 
for Highway Segments and Systems (2003)for Highway Segments and Systems (2003)
Texas Transportation Institute. Texas Transportation Institute. Urban Mobility Report.Urban Mobility Report. College Station, Texas:  College Station, Texas:  
Texas A&M University, 2005Texas A&M University, 2005
WSDOT, WSDOT, Gray NotebookGray Notebook, September 2006, Annual Congestion Report , September 2006, Annual Congestion Report 
WSDOT WSDOT Highway Congestion; What Is To Be Done Highway Congestion; What Is To Be Done (Senate Presentation, (Senate Presentation, 
January 16, 2006)January 16, 2006)
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Operational Measures for Operational Measures for 
MobilityMobility
1.1. Incident Response Incident Response 
2.2. Ramp Metering Ramp Metering 
3.3. Signal CoordinationSignal Coordination
4.4. Variable Message Signs and other Traveler Variable Message Signs and other Traveler 

InformationInformation
5.5. HOV LanesHOV Lanes
6.6. Work ZoneWork Zone
7.7. Operational EffectivenessOperational Effectiveness
8.8. Maintenance Maintenance ––Example of a Measurement Example of a Measurement 

ProgramProgram
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1. Incident Response: 1. Incident Response: 
The Importance of Collecting The Importance of Collecting 
Good DataGood Data

Incidents are a Incidents are a 
significant cause significant cause 
of roadway delayof roadway delay
High correlation High correlation 
between volume between volume 
and delay: the and delay: the 
greater the greater the 
volume, the volume, the 
longer a delay an longer a delay an 
incident is likely incident is likely 
to cause.to cause.

From: MDOT 2007 Attainment Report on Transportation Performance
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1. Incident Response: Data That 1. Incident Response: Data That 
Needs to Be CollectedNeeds to Be Collected

Characteristics of the IncidentCharacteristics of the Incident –– Location, Location, 
type, severitytype, severity
The Incident The Incident ““TimelineTimeline”” –– Key actions and Key actions and 
milestones related to response actionsmilestones related to response actions
Details on the Blockage CharacteristicsDetails on the Blockage Characteristics ––
Whenever lane or shoulder blocking changes, Whenever lane or shoulder blocking changes, 
it is notedit is noted
Details of Incident ResponseDetails of Incident Response –– What What 
agencies responded, what equipment was agencies responded, what equipment was 
usedused
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1. Incident Response: Showing 1. Incident Response: Showing 
TrendsTrends

Overall Average Clearance Time to All Incidents had decreased significantly 
(34 minutes to 18 minutes) after program  expansion
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Involving Heavy Trucks

Not Involving Heavy Trucks
Difference in average 
clearance times, based on 
"Heavy Truck-involvement"

JOPS Goal of 90-Minutes Clearance Time

Average Clearance Time of Incidents*
By Heavy Truck-Involvement
12-Month Period (July 2005 - June 2006)

WSDOT’s 2007-09 Budget 
Request includes funding 
for a tow performance 
program for heavy trucks, 
beginning July 2007. 
•Modeled after successful 
program in Florida that is 
responsible for clearing 
94% of heavy truck 
collisions in under 90 
minutes. 
•Plan would provide 
incentives to the towing 
industry to improve 
equipment standards, 
improve training, and 
agree to a performance 
agreement. 

1. Incident Response Special 1. Incident Response Special 
Measures: Heavy Truck Measures: Heavy Truck 
InvolvementInvolvement
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1. Incident Response: Showing 1. Incident Response: Showing 
Trends Leveraging Public OpinionTrends Leveraging Public Opinion
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2. Ramp Metering: Before and 2. Ramp Metering: Before and 
After ApproachesAfter Approaches

Twin Cities Ramp Meter Evaluation, Cambridge Systematics, 2001

Twin Cities 
Ramp 
Metering 
Evaluation 
Project 



Session IV – Module 2 65

2. Ramp Metering: Measuring 2. Ramp Metering: Measuring 
EffectivenessEffectiveness
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SR 167 at S. 212th St. 

Before and After 
Ramp Meter 
Activation Analysis 
(2000)

Primary conflicts: when 
either the merging Behind or 
the adjacent mainline vehicle 
brake to avoid each other.
Secondary conflicts:
mainline drivers behind a 
primary conflict that also must 
brake.

2. Ramp Metering: Measuring 2. Ramp Metering: Measuring 
Conflicts Between DriversConflicts Between Drivers
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3. Signal Coordination3. Signal Coordination
The National Traffic Operations 
Coalition published its first-
ever traffic signal operation 
report card in 2005, and is 
preparing another report for 
2007. 

It is based on self-assessments 

It is a grade-based system 
www.ite.org/selfassessment/default.asp

http://www.ite.org/selfassessment/default.asp
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Before and After Study
Average vehicle travel 
times were reduced 
ranging from 16 seconds 
(NB AM peak period) to 2 
minutes and 27 seconds 
(NB PM peak period).
Stated otherwise, travel 
times improved 41% for 
the SB morning 
commute, and 38% for 
the NB evening 
commute.

3. Signal Coordination: Before and 3. Signal Coordination: Before and 
After StudyAfter Study
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4. Variable Message Signs: 4. Variable Message Signs: 
Difficult to Measure EffectivenessDifficult to Measure Effectiveness

Qualitative Measure      Qualitative Measure      
““Compliment!  Compliment!  ……I also I also 
heard this morning on heard this morning on 
the news that it was a the news that it was a 
pilot program. Please pilot program. Please 
keep it going!!  It was keep it going!!  It was 
great. I think it's a great great. I think it's a great 
use of the signs. And use of the signs. And 
to however the time to however the time 
was estimated was estimated -- it was it was 
right on. Thanks right on. Thanks 
again.again.”” Citizen comment  Citizen comment  
February  17, 2005February  17, 2005

Pilot Project: WSDOT activated four signs in the 
greater Seattle area and one sign at the U.S./Canada 
Peace Arch border crossing.)
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4. Other Traveler Information: 4. Other Traveler Information: 
Travel Times and Current Travel Times and Current 
ConditionsConditions

Difficult to 
measure 
system 
impacts 
and 
benefits
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5. HOV Lanes: Reliability5. HOV Lanes: Reliability
90% of the time, 90% of the time, 
the HOV lane the HOV lane 
should be able to should be able to 
maintain an maintain an 
average speed of average speed of 
45 mph or greater 45 mph or greater 
during the peak during the peak 
hour of the peak hour of the peak 
period.period.
Other bases for Other bases for 
reliability?reliability?

Source: WSDOT 2006 Annual Congestion Report
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5. HOV Lanes: Person and 5. HOV Lanes: Person and 
Vehicle ThroughputVehicle Throughput
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6. Suggested Measures for Work 6. Suggested Measures for Work 
Zone Traffic ManagementZone Traffic Management

Number of work zones by type of activityNumber of work zones by type of activity
Number of miles lostNumber of miles lost
LaneLane--milemile--hours of work zoneshours of work zones
Average work zone duration by work zone type Average work zone duration by work zone type 
by lanes lostby lanes lost
Average time between rehabilitation activitiesAverage time between rehabilitation activities
Average number of days projects completed Average number of days projects completed 
latelate
Ratio of inactive days to active daysRatio of inactive days to active days

Source: Brydia, Background development and concept of operations 
for a real-time performance measurement monitoring system. 
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7. Suggested Measures for 7. Suggested Measures for 
Operational EffectivenessOperational Effectiveness

Percent of freeway directional miles with Percent of freeway directional miles with 
traffic sensors, surveillance cameras, DMS, traffic sensors, surveillance cameras, DMS, 
service patrol coverageservice patrol coverage
Percent of equipment (DMS, surveillance Percent of equipment (DMS, surveillance 
cameras, traffic sensors, ramp meters, cameras, traffic sensors, ramp meters, 
RWIS) in good or better conditionRWIS) in good or better condition
Percent of total device days outPercent of total device days out--ofof--service service 
(by type of device)(by type of device)

Source: NCHRP 3-68: Guide to Effective Freeway Performance Measurement



Session IV – Module 2 75

8. Measuring Maintenance 8. Measuring Maintenance -- Example of Example of 
a Systematic Approach to Measurementa Systematic Approach to Measurement

Maintenance is a broad field within operationsMaintenance is a broad field within operations--
many DOTmany DOT’’s have traditionally focused on s have traditionally focused on 
individual maintenance activities.individual maintenance activities.
The new trend is to use a systematic approach to The new trend is to use a systematic approach to 
performance measurement in order to measure performance measurement in order to measure 
an entire program (instead of individual an entire program (instead of individual 
activities).activities).
This approach serves as an example of a  best This approach serves as an example of a  best 
practice for a systematic approach to practice for a systematic approach to 
performance measurement for operations.performance measurement for operations.
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8. Case Study: Maintenance 8. Case Study: Maintenance 
Accountability Program (MAP)Accountability Program (MAP)

WSDOT has measured maintenance program performance WSDOT has measured maintenance program performance 
through the MAP since 1996through the MAP since 1996
MAP is a performance measurement and budgeting system MAP is a performance measurement and budgeting system 
that measures and communicates the performance that measures and communicates the performance 
outcomes of 33 highway maintenance activities outcomes of 33 highway maintenance activities 
Maintenance activities are prioritized by assessing their Maintenance activities are prioritized by assessing their 
impact to meeting broad program objectivesimpact to meeting broad program objectives
Each maintenance activity has a Level of Service (LOS) Each maintenance activity has a Level of Service (LOS) 
target with funding appropriated by the Legislature as target with funding appropriated by the Legislature as 
primary driver for the target.primary driver for the target.
Each maintenance activity also has a unique performance Each maintenance activity also has a unique performance 
measure and is graded against the LOS target set by the measure and is graded against the LOS target set by the 
Legislature.Legislature.
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8. The 33 Maintenance Program 8. The 33 Maintenance Program 
Activities tracked in MAPActivities tracked in MAP

Funded Funded 
Service Service 
TargetTarget

PassPass FailFail % of % of 
FundingFunding

B+B+

CC

C+C+

BB

BB

CC

C+C+

BB

BB--

BB

B+B+

BB--

AA

AA--

BB

BB--

2.32.3

3.53.5

21.021.0

0.40.4

1.21.2

3.13.1

0.90.9

1.61.6

1.71.7

1.41.4

8.08.0

0.50.5

0.50.5

3.23.2

0.70.7

2.62.6

Movable & Floating Bridge Operations Movable & Floating Bridge Operations 

Traffic Signal System Operations Traffic Signal System Operations 

Snow & Ice Control Operations Snow & Ice Control Operations 

Keller Ferry Operations Keller Ferry Operations 

Urban Tunnel Systems Operations Urban Tunnel Systems Operations 

Structural Bridge Repair Structural Bridge Repair 

Regulatory/Warning Sign Maintenance Regulatory/Warning Sign Maintenance 

Slope Repairs Slope Repairs 

Intelligent Traffic Systems Intelligent Traffic Systems 

Maintain Catch Basins & Inlets Maintain Catch Basins & Inlets 

Pavement Patching & Repair Pavement Patching & Repair 

Bridge Deck Repair Bridge Deck Repair 

Guardrail Maintenance Guardrail Maintenance 

Pavement Striping Maintenance Pavement Striping Maintenance 

Raised/Depressed Pavement MarkersRaised/Depressed Pavement Markers

Control of Vegetation Obstructions Control of Vegetation Obstructions 

Funding choices by the Funding choices by the 
Legislature determine Legislature determine 
““Funded Service Targets.Funded Service Targets.””
Based on the funding Based on the funding 
provided to each activity, provided to each activity, 
corresponding service corresponding service 
targets are established by targets are established by 
WSDOT. Any target that WSDOT. Any target that 
does not meet the does not meet the 
legislativelylegislatively--funded level of funded level of 
service is reported to have service is reported to have 
failed to meet failed to meet 
expectations. WSDOT expectations. WSDOT 
measures and assesses measures and assesses 
these 33 activities. these 33 activities. 
(Continued next slide)(Continued next slide)
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8. The 33 Maintenance Program 8. The 33 Maintenance Program 
Activities Tracked in MAP Activities Tracked in MAP (cont(cont’’d)d)

Funded Funded 
Service Service 
TargetTarget

PassPass FailFail % of % of 
FundingFunding

Rest Area Operations Rest Area Operations BB 3.63.6

B+B+

BB

B+B+

CC--

C+C+

CC

CC--

BB

C+C+

BB--

CC

CC

BB--

CC--

CC--

DD

Sweeping and Cleaning Sweeping and Cleaning 2.52.5

Maintain Ditches Maintain Ditches 3.63.6

Highway Lighting Systems Highway Lighting Systems 3.63.6

Guidepost Maintenance Guidepost Maintenance 0.90.9

Safety Patrol Safety Patrol 2.22.2

Maintain Culverts Maintain Culverts 1.91.9

Pavement Marking Maintenance Pavement Marking Maintenance 0.90.9

Noxious Weed Control Noxious Weed Control 1.81.8

Shoulder Maintenance Shoulder Maintenance 1.11.1

Guide Sign Maintenance Guide Sign Maintenance 1.41.4

Maintain Detention/Retention Basin Maintain Detention/Retention Basin 0.20.2

Bridge Cleaning & Painting Bridge Cleaning & Painting 0.70.7

Nuisance Vegetation Control Nuisance Vegetation Control 3.13.1

Landscape Maintenance Landscape Maintenance 1.51.5

Crack Sealing Crack Sealing 0.40.4

Litter Pickup Litter Pickup 2.32.3
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8. Visual Representation of Level 8. Visual Representation of Level 
of Service Ratingsof Service Ratings

Service Level A Service Level B Service Level C

Service Level D Service Level F
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Operational Measures for Operational Measures for 
Mobility: Related ResourcesMobility: Related Resources

Transportation Research Board. Maintenance Quality Assurance Transportation Research Board. Maintenance Quality Assurance 
Program.(PublicationProgram.(Publication No.: FHWA/IN/JTRPNo.: FHWA/IN/JTRP--2003/18, SP2003/18, SP--2358)  West 2358)  West LaFayetteLaFayette, , 
IN: State of Indiana Printing Office, (2003) IN: State of Indiana Printing Office, (2003) 
ReplogleReplogle, M., & , M., & FunderburgFunderburg, K.  , K.  No More Just Throwing Money Out the Window: No More Just Throwing Money Out the Window: 
Using Road Tolls to Cut Congestion, Protect the Environment, andUsing Road Tolls to Cut Congestion, Protect the Environment, and Boost Access Boost Access 
for all.for all. Washington, DC: Environmental Defense, 2006.Washington, DC: Environmental Defense, 2006.
Texas Transportation Institute. Texas Transportation Institute. Cell Phone Travel Time Data Collection White Cell Phone Travel Time Data Collection White 
Papers.Papers. DRAFT DRAFT ––not published not published -- College Station, Texas: Texas A&M University, College Station, Texas: Texas A&M University, 
2006.  with permission2006.  with permission
NCHRP 3NCHRP 3--68: Guide to Effective Freeway Performance Measurement68: Guide to Effective Freeway Performance Measurement
Maryland State Department of Transportation. Maryland State Department of Transportation. 2007 Attainment Report on 2007 Attainment Report on 
Transportation System Performance.Transportation System Performance.
Twin Cities Ramp Meter Evaluation. Cambridge Twin Cities Ramp Meter Evaluation. Cambridge SystematicsSystematics, et al. February 2001. , et al. February 2001. 
WSDOT 2006 Annual Congestion ReportWSDOT 2006 Annual Congestion Report
WSDOT Seattle Area Traffic. WSDOT Seattle Area Traffic. www.wsdot.wa.gov/traffic/seattle/www.wsdot.wa.gov/traffic/seattle/
WSDOT Seattle Area Travel Times. WSDOT Seattle Area Travel Times. www.wsdot.wa.gov/traffic/seattle/traveltimeswww.wsdot.wa.gov/traffic/seattle/traveltimes//

http://www.wsdot.wa.gov/traffic/seattle/
http://www.wsdot.wa.gov/traffic/seattle/traveltimes/
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Measuring Maintenance: Related Measuring Maintenance: Related 
ResourcesResources

NCHRP 14NCHRP 14--12: Highway Maintenance Quality Assurance  12: Highway Maintenance Quality Assurance  
NCHRP 8NCHRP 8--32(A): Multimodal Transportation 32(A): Multimodal Transportation -- Development of Development of 
a Performancea Performance--Based Planning ProcessBased Planning Process
NCHRP 14NCHRP 14--13: Customer Driven Benchmarking for Highway 13: Customer Driven Benchmarking for Highway 
Maintenance ActivitiesMaintenance Activities
Conferences/SurveysConferences/Surveys
•• National Workshop on Commonly Recognized Measures for National Workshop on Commonly Recognized Measures for 

MaintenanceMaintenance
•• AASHTO Survey on Performance MeasuresAASHTO Survey on Performance Measures
•• National MQA Peer Exchange and Survey National MQA Peer Exchange and Survey 

OnOn--line MQA document library line MQA document library 
http://http://www.mrutc.orgwww.mrutc.org/outreach/MQA/library//outreach/MQA/library/

http://www.mrutc.org/outreach/MQA/library/
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