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Policy Description 
 
Traffic operations strategies aim to reduce greenhouse gas (GHG) emissions by 
optimizing traffic speeds and smoothing traffic flow. Excessive GHG emissions are 
generated by vehicles traveling at very low speeds during congested conditions and at 
very high speeds during off-peak periods; optimal cruising speeds from the standpoint 
of minimizing GHG reductions are generally between 30 and 50 miles per hour 
depending on the vehicle and driving conditions. Stop-and-go driving related to traffic 
signals and traffic congestion also generates excessive GHG emissions relative to 
smooth traffic flow. Traffic operations strategies fall into three general categories:  
congestion management, speed control, and signal coordination (Table 1).   
 
Table 1.  Types of Traffic Operations Strategies  
Strategy Description Methods 
Congestion management 
on freeways  

Shift low speed travel to 
optimal cruising speeds  

Ramp metering, traffic 
incident management, and 
work zone management 

Speed control on freeways Shift high speed travel 
(over 65 mph) to optimal 
cruising speeds  

Enforcement of speed 
limits (e.g., police, radar, 
camera, and aircraft) 

Signal coordination on 
local streets and highways  

Decrease travel at very 
low speeds and minimize 
number and duration of 
starts and stops (including 
accelerations, 
decelerations, and idling) 

Signal timing optimization, 
with or without real-time 
data 

 
 
Impacts of Traffic Operations Strategies 
 
The studies included in this review assess the GHG effects of traffic operations 
strategies both in the U.S. and internationally. The effects are measured as the 
difference in total GHG emissions generated during a specified period of time on a 
roadway segment or corridor with and without the traffic operations strategy. The total 
impacts depend on the number and type of vehicles on the network segment that shift 
from traveling at very low and/or high speeds to optimal cruising speeds and/or reduce 
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stop-and-start vehicle movements (accelerations, decelerations, and idling) for the 
specific time period. Congestion mitigation and traffic control strategies may also reduce 
traffic delay and thus induce additional vehicle travel, which may off-set emissions 
reductions.  
 
Effect Size 
 
The available evidence shows a range of effect sizes (Table 2). Traffic operations 
strategies have been shown to reduce GHG emissions during the time period on the 
roadway segment(s) where the strategy is implemented by around 7 percent for ramp 
metering, 4 percent for traffic incident management, 8 percent to 25 percent for speed 
limit enforcement, and 1 percent to 10 percent for signal coordination (Table 2).  Fuel 
consumption has been shown to decline by 0.1 percent to 3.2 percent on a daily basis 
for traffic incident management programs.  
 
Table 2. Impact of Traffic Operations Strategies on GHG Emissions 

Study Study 
Location 

Results 

Strategy % Change in 
GHG 

Bae et al. (2012) Korea Ramp metering -7.3% 
Fries et al. 

(2007) 
South Carolina, U.S. Traffic incident 

management 
-3.2%* 

Fries et al. 
(2012) 

Greenville County, 
South Carolina, U.S. 

Traffic incident 
management 

-0.07% to -0.22%* 

Avetisyan et al. 
(2014) 

Montgomery County, 
Maryland, U.S. 

Traffic incident 
management 

-4% 

Barth & 
Boriboonsomsin  

(2008) 

Southern California, 
U.S. 

Speed control -8% 

Madireddy et al. 
(2011) 

Antwerp, Belgium Speed control -25% 
 

Midenet et al. 
(2004) 

Paris suburb, France Signal coordination -4% 

Stevanovic et al. 
(2009) 

Salt Lake City, Utah, 
U.S. 

Signal coordination -1% 

Zhang et al.  
(2009) 

Beijing, China Signal coordination -9%  

Madireddy et al. 
(2011) 

Antwerp, Belgium Signal coordination -10% 

*Daily change in fuel consumption 
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The effect of traffic operation strategies on GHG emissions also depends on their effect 
on vehicle-miles of travel.  Strategies that effectively increase facility capacity, including 
congestion management strategies and signal coordination, may lead to increased 
vehicle travel, which would at least in part off-set the estimated GHG reductions (Noland 
and Quddus, 2006; Bigazzi and Figliozzi, 2012). On the other hand, speed limit 
enforcement programs may increase average travel times, thereby discouraging vehicle 
travel; studies of these programs may thus under-estimate GHG reduction.      
 
Evidence Quality 
 
Ideally, the effects of traffic operations strategies would be evaluated using controlled 
field experiments in which emissions data were collected before and after the 
implementation of the strategy from vehicles using the affected roadway segment (the 
“treatment” site) and over a comparable roadway segment not affected by the 
implementation of the strategy (a “control” site). Such experiments are extremely 
challenging to design and expensive to implement (De Coensel et al., 2012). 
 
Most studies in Table 2 use traffic models that simulate vehicle activity on the roadway 
segment(s) affected by the traffic operations strategy and emissions models to estimate 
the GHG emissions associated with that vehicle activity. Only two studies use vehicle 
activity data measured directly from the field rather than models (Barth and 
Boriboonsomsin, 2008; Midenet et al., 2004). Four studies adjust the emissions model 
to reflect the local vehicle fleet rather than the fleet for a larger geographic area 
(Madireddy et al., 2011; Stevanovic et al., 2009; Zhang et al., 2009; Avetisyan et al., 
2014). The other studies rely on emissions rates for fleets for larger geographic areas.   
 
None of the studies of signal coordination, traffic incident management, or ramp 
metering account for the possibility of induced travel. For this reason, they are likely to 
over-estimate the effect of these strategies on GHG emissions. 
 
Caveats 
 
The limited number of studies of each type of strategy, variations in methodology as 
described above, and variations in the applications studied with respect to both strategy 
design and context contribute to significant uncertainty as to the size of the effect of 
traffic operations strategies in any particular application. The effects of traffic operations 
strategies depend on the share of vehicles affected by the strategy, the types of 
vehicles affected, and baseline levels of congestion. Half of the studies are from outside 
the U.S., with only one from California. California tends to have a cleaner vehicle fleet 
than is typical in other areas of the U.S. and non-European countries. In addition, higher 
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levels of congestion in metropolitan areas of California than elsewhere in the U.S. may 
mean higher levels of suppressed demand and thus a greater increase in travel in 
response to traffic operations strategies. Some hypothetical studies indicate that signal 
coordination methods may not be effective in locations with high levels of traffic or 
saturated traffic (Huang and Huang, 2003). The estimated effect sizes shown in Table 1 
apply to specific geographic areas and time periods and may not be applicable to other 
areas or time periods. 
 
Co-benefits 
 
Traffic operations strategies may provide a cost-effective means to enhance existing 
roadway capacity and reduce some traffic delay, which in turn can lead to economic 
efficiency benefits. These strategies may also reduce fuel consumption and criteria 
pollutants. These strategies may also have safety benefits (in the form of avoided 
accidents) and reduce noise levels. 
 
Examples 
 
Several states have implemented traffic incident management policies.1 The California 
Department of Transportation (DOT) and the California Highway Patrol have a goal of a 
90 minute clearance time. Florida DOT and the Florida Highway Patrol must (by 
Florida's Open Roads Policy) clear incidents within 90 minutes of the arrival of the first 
responding officer. Washington DOT and the Washington State Patrol also have a 90-
minute maximum clearance time goal. 

Ramp metering has been implemented in many parts of California, including Los 
Angeles, San Diego, Sacramento, the San Francisco Bay Area, and Fresno. 

Speed control has not been a popular approach in the U.S. The 55 mph speed limit 
imposed to conserve fuel during the 1970s oil crisis has been raised to 65 mph or 
higher on much of the nation’s freeway system, and enforcement of speed limits is 
inconsistent. Some states have experimented with variable speeds limits, a strategy 
implemented in the Netherlands, Germany, and Denmark to create more uniform travel 
speeds and improve traffic flow on freeways.2  In this approach, called “speed 
harmonization” in Europe, speed limits are dynamically adjusted based on traffic levels. 
More consistent traffic speeds and smoother traffic flow have the potential to improve 
fuel efficiency and reduce GHG emissions (Mott MacDonald Ltd., 2008). Examples of 
signal coordination programs include the City of Denver, Colorado, where new signal 
timing plans are developed every 3 to 5 years for major corridors and new roadway 
                                                           
1 http://ntimc.transportation.org/Documents/InstitutionalModels.pdf 
2 http://ops.fhwa.dot.gov/publications/fhwahop10031/sec3.htm 

http://en.wikipedia.org/wiki/Los_Angeles_County,_California
http://en.wikipedia.org/wiki/Los_Angeles_County,_California
http://en.wikipedia.org/wiki/San_Diego,_California
http://en.wikipedia.org/wiki/Sacramento,_California
http://en.wikipedia.org/wiki/San_Francisco_Bay_Area
http://en.wikipedia.org/wiki/Fresno,_California
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projects; and the City of Philadelphia, Pennsylvania, where the city works with two 
towns, Upper Darby and Springfield, to implement arterial signal coordination across 
jurisdictional boundaries.3  

 

 

 

  

                                                           
3 http://ops.fhwa.dot.gov/publications/fhwahop08024/fhwa_hop_08_024.pdf 

http://ops.fhwa.dot.gov/publications/fhwahop08024/fhwa_hop_08_024.pdf


  9/30/2014 

7 
 

References 
 
Avetisyan, H. G., Miller-Hooks, E., Melanta, S., & Qi, B. (2014). Effects of vehicle 

technologies, traffic volume changes, incidents and work zones on greenhouse 
gas emissions production. Transportation Research Part D: Transport and 
Environment, 26, 10-19. 

 
Bae, S. H., Heo, T. Y., & Ryu, B. Y. (2012). An evaluation of the ramp metering 

effectiveness in reducing carbon dioxide emissions. Simulation, 88(11), 1368-
1378. 

 
Barth, M., & Boriboonsomsin, K. (2008). Real-world carbon dioxide impacts of traffic 

congestion. Transportation Research Record: Journal of the Transportation 
Research Board, 2058(1), 163-171. 

 
Bigazzi, A. Y., & Figliozzi, M. A. (2012). Congestion and emissions mitigation: A 

comparison of capacity, demand, and vehicle based strategies. Transportation 
Research Part D: Transport and Environment, 17(7), 538-547. 

 
De Coensel, B., Can, A., Degraeuwe, B., De Vlieger, I., & Botteldooren, D. (2012). 

Effects of traffic signal coordination on noise and air pollutant emissions. 
Environmental Modelling & Software, 35, 74-83. 

 
Fries, R., Hamlin, C., Chowdhury, M., Ma, Y., & Ozbay, K. (2012). Operational impacts 

of incident quick clearance legislation: a simulation analysis. Journal of Advanced 
Transportation, 46(1), 1-11. 

 
Fries, R., Chowdhury, M., & Ma, Y. (2007). Accelerated incident detection and 

verification: A benefit to cost analysis of traffic cameras. Journal of Intelligent 
Transportation Systems, 11(4), 191-203. 

 
Huang, D. & Huang, W.  (2003). Traffic signal synchronization.  Physical Review E, 67, 

056124.  DOI: http://dx.doi.org/10.1103/PhysRevE.67.056124. 
 
Madireddy, M., De Coensel, B., Can, A., Degraeuwe, B., Beusen, B., De Vlieger, I., & 

Botteldooren, D. (2011). Assessment of the impact of speed limit reduction and 
traffic signal coordination on vehicle emissions using an integrated approach. 
Transportation Research Part D, 16(7), 504-508. 

 



  9/30/2014 

8 
 

Midenet, S., Boillot, F., & Pierrelée, J. C. (2004). Signalized intersection with real-time 
adaptive control: on-field assessment of CO2 and pollutant emission reduction. 
Transportation Research Part D: Transport and Environment, 9(1), 29-47. 

 
Mott MacDonald Ltd. (2008). ATM Monitoring and Evaluation 4-Lane Variable 

Mandatory Speed Limits 12 Month Report. Bristol, UK: Highways Agency.  
 
Noland, R. B., & Quddus, M. A. (2006). Flow improvements and vehicle emissions: 

Effects of trip generation and emission control technology. Transportation 
Research Part D: Transport and Environment, 11(1), 1-14. 

 
Pandian, S., Gokhale, S., & Ghoshal, A. K. (2009). Evaluating effects of traffic and 

vehicle characteristics on vehicular emissions near traffic intersections. 
Transportation Research Part D: Transport and Environment, 14(3), 180-196. 

 
Rakha, H., Medina, A., Sin, H., Dion, F., Van Aerde, M., & Jenq, J. (2000). Traffic signal 

coordination across jurisdictional boundaries: Field evaluation of efficiency, 
energy, environmental, and safety impacts. Transportation Research Record: 
Journal of the Transportation Research Board, 1727(1), 42-51. 

 
Stathopoulos, F. G., & Noland, R. B. (2003). Induced travel and emissions from traffic 

flow improvement projects. Transportation Research Record: Journal of the 
Transportation Research Board, 1842(1), 57-63. 

 
Stevanovic, A., Stevanovic, J., Zhang, K., & Batterman, S. (2009). Optimizing traffic 

control to reduce fuel consumption and vehicular emissions. Transportation 
Research Record: Journal of the Transportation Research Board, 2128(1), 105-
113. 

 
Zhang, Y., Chen, X., Zhang, X., Song, G., Hao, Y., & Yu, L. (2009). Assessing effect of 

traffic signal control strategies on vehicle emissions. Journal of Transportation 
Systems Engineering and Information Technology, 9(1), 150-155. 

 
Zegeye, S. K., De Schutter, B., Hellendoorn, H., & Breunesse, E. (2010, June). Model-

based traffic control for balanced reduction of fuel consumption, emissions, and 
travel time. In Proceedings of the 12th IFAC Symposium on Transportation 
Systems, Redondo Beach, CA, USA. 

 
 

 



  9/30/2014 

9 
 

Acknowledgements 

This document was produced through an interagency agreement with the California Air 
Resources Board with additional funding provided by the University of California 
Institute of Transportation Studies MultiCampus Research Program on Sustainable 
Transportation. 

 




Accessibility Report


		Filename: 

		tos_brief.pdf




		Report created by: 

		

		Organization: 

		




[Enter personal and organization information through the Preferences > Identity dialog.]


Summary


The checker found no problems in this document.


		Needs manual check: 0

		Passed manually: 2

		Failed manually: 0

		Skipped: 1

		Passed: 29

		Failed: 0




Detailed Report


		Document



		Rule Name		Status		Description

		Accessibility permission flag		Passed		Accessibility permission flag must be set

		Image-only PDF		Passed		Document is not image-only PDF

		Tagged PDF		Passed		Document is tagged PDF

		Logical Reading Order		Passed manually		Document structure provides a logical reading order

		Primary language		Passed		Text language is specified

		Title		Passed		Document title is showing in title bar

		Bookmarks		Passed		Bookmarks are present in large documents

		Color contrast		Passed manually		Document has appropriate color contrast

		Page Content



		Rule Name		Status		Description

		Tagged content		Passed		All page content is tagged

		Tagged annotations		Passed		All annotations are tagged

		Tab order		Passed		Tab order is consistent with structure order

		Character encoding		Passed		Reliable character encoding is provided

		Tagged multimedia		Passed		All multimedia objects are tagged

		Screen flicker		Passed		Page will not cause screen flicker

		Scripts		Passed		No inaccessible scripts

		Timed responses		Passed		Page does not require timed responses

		Navigation links		Passed		Navigation links are not repetitive

		Forms



		Rule Name		Status		Description

		Tagged form fields		Passed		All form fields are tagged

		Field descriptions		Passed		All form fields have description

		Alternate Text



		Rule Name		Status		Description

		Figures alternate text		Passed		Figures require alternate text

		Nested alternate text		Passed		Alternate text that will never be read

		Associated with content		Passed		Alternate text must be associated with some content

		Hides annotation		Passed		Alternate text should not hide annotation

		Other elements alternate text		Passed		Other elements that require alternate text

		Tables



		Rule Name		Status		Description

		Rows		Passed		TR must be a child of Table, THead, TBody, or TFoot

		TH and TD		Passed		TH and TD must be children of TR

		Headers		Passed		Tables should have headers

		Regularity		Passed		Tables must contain the same number of columns in each row and rows in each column

		Summary		Skipped		Tables must have a summary

		Lists



		Rule Name		Status		Description

		List items		Passed		LI must be a child of L

		Lbl and LBody		Passed		Lbl and LBody must be children of LI

		Headings



		Rule Name		Status		Description

		Appropriate nesting		Passed		Appropriate nesting






Back to Top


