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Road Traffic Management 
 
 
Introduction 
 
This record of evidence forms part of the work undertaken by UKERC’s Technology and 
Policy Assessment team relating to its project on policy strategy for carbon emissions 
reduction in the passenger transport sector. The material was produced alongside the project’s 
main report and since it supports that report, it was judged appropriate to make this material 
available to a wider audience. The main report itself ‘What Policies are Effective at Reducing 
Carbon Emissions from Surface Passenger Transport?’, and the supporting evidence can be 
found at: 
 
http://www.ukerc.ac.uk/ResearchProgrammes/TechnologyandPolicyAssessment/TPAProjects
.aspx 
 
 
Explanation of Content 
 
Evidence on this policy measure has been collected by the TPA team on the basis that it has, 
or may have, the potential to result in carbon dioxide emissions reductions in the passenger 
transport sector. This evidence document begins with a summarised description of the policy 
measure. The evidence itself follows the summary and is presented in table form.  
 
Each piece of evidence has been assigned a separate row and tabulated using four columns: 

 Year of publication, arranged chronologically, beginning with the most recent year 
 Name of author, including where applicable additional cited authors (and year); and a 

Reference ID number. 
 Type of evidence: 

o Evidence containing quantitative information is denoted by the letter ‘Q’ 
o Qualitative evidence is denoted by the letter ‘C’ for ‘comment’ 

 The evidence itself 
 

The evidence was originally gathered and assessed using several sub-headings. The purpose 
of this was primarily internal i.e. to facilitate the handling of evidence and the production of 
the main report. These sub-headings have been retained here as follows: 
 

 Policy Measures and Carbon Savings 
 Other potential CO2 Impacts i.e. outside of the immediate policy influence 
 Other Benefits e.g. air quality improvement or traffic congestion reduction 
 Policy Costs and/or Revenues i.e. to local or national government 
 Business and Consumer Costs 
 Unintended Consequences e.g. rebound effect 
 Reasons/Arguments for Carbon Savings Achievement or Failure 
 Policy Suitability for the UK 

 
A list of references follows the evidence tables. Note that the Reference ID numbers are 
allocated by Reference Manager, the referencing software used by the TPA team.  
 
Any charts, figures and tables referenced in the evidence are not reproduced here but can be 
found in the original publication or evidence material. 
 
Where no relevant evidence was found for a particular sub-heading, this has been noted. 
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Policy Description 
 
The evidence recorded here includes policies (at any government level) which influence 
traffic speeds or route planning.  In particular, it includes: 
 

• Speed limits – including changes in their magnitude and enforcement 
• ISA – Intelligent Speed Adaptation - advises motorists of permissible road speeds 

and, if necessary, acts as a vehicle speed limiter 
• Real time traffic information – to influence either speeds or route planning 
• Traffic light phasing 
• Limited traffic zones (LTZs) 
• Hard shoulder running (HSR) schemes 

 
 
Evidence Tables 
 
Carbon Savings and Policy Measures 
 
Year Author Type Evidence 
   Enforcement of Existing Speed Limit 
Multi-
year 

Various Q Estimates range from lower values of 3-4% annual CO2 
reduction from motorways (e.g. Noland, 2006; CFIT, 
2005 citing RCEP 1994) to the average of 5% p.a. 
reduction (Kageson, 2003, citing EC 1998a; CFIT 2005 
citing Slower Speeds Initiative; IEA 2001). 

Multi-
year 

Various Q In absolute terms, estimates range from 0.45MtC/year 
(EAC, 2006, citing a Slower Speeds Initiative memo) to 
nearly 1 MtC/year (LowCVP, 2006), with DEFRA 
(2007) estimating 0.6MtC/year for 100% compliance 
with a 70mph speed limit. 

   Speed Limit Reduction and Enforcement 
2007 Anable & 

Bristow 
(ref 12297) 
and citing 
AEA, 
2005b 

Q The estimation of total carbon savings from enforcement 
of speed limits vary largely due to the different 
emissions factors used. Anable cites carbon savings 
estimates in Table 6.8, which use factors from AEA 
Technology (citing AEA Technology 2005b) that have 
caused controversy due to the small sample of vehicles 
used, and the statistical analysis used to ‘fit the curve’. 

2007 DEFRA 
(ref 11255) 

Q DEFRA (2007) estimates a 0.9MtC/year reduction for 
100% compliance with a speed limit reduced from 
70mph to 60mph. 

2006 EAC (ref 
11267) 

Q Reducing the speed limit on motorways to 60mph, and 
properly enforcing it, would cut emissions from cars by 
0.82 MtC a year, reducing their emissions overall by 
18% ( citing a Slower Speeds Initiative memo). 

2006 LowCVP 
(ref 11315) 

Q A new 60mph limit would nearly double the reduction 
[compared to enforcing existing 70mph limits], reducing 
emissions by an average 1.88 MtC a year.  

2005 CfIT (ref 
11280) 

Q Reducing the motorway speed limit to 60mph as well as 
enforcing it could result in a 10% reduction in motorway 
CO2 emissions. 

2005 CfIT (ref 
11280) 
citing 

Q RCEP (1994) estimates a potential 6% CO2 reduction if 
70mph speed limits were reduced to 60mph and 
enforced. 
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Year Author Type Evidence 
RCEP, 
1994 

2003 Harmsen 
(ref 11449) 

Q Harmsen (2003) cites the Dutch government experience: 
it has been estimated that a general speed limit of 100 
km/h for all highways could - if accompanied by 
sufficient enforcement - lead to 1 Mton (3%) extra CO2 
reduction, a policy line that is out of the question today 
(due to reasons of political acceptability). 

   Speed Limit Adjustment and Enforcement 
2007 Shaheen 

(ref 11192) 
citing 
Meers and 
Roth, 2001 

Q Automated Speed Enforcement (ASE) measures – i.e. 
the use of speed cameras, have been shown to reduce 
CO2 emissions (e.g. in Queensland, Australia by an 
estimated 400 kilotonnes per year between 1998 and 
2000 –(citing Meers and Roth, 2007).  There is little 
other quantitative evidence of CO2 reduction figures for 
speed cameras.   

2006 EAC (ref 
11267) 

Q “France enforced strict speed limits on main motorways 
in 2004 and succeeded in reducing carbon emissions by 
19% and accidents by 30%.” (Sustainable Development 
Commission, submission to EAC, 2006) 

2003 Harmsen 
(ref 11449) 

Q Highway speed limit enforcement in the Netherlands, 
reduced very high speeds and resulted in an estimated 
CO2 reduction of 3%-5% (0.3 -0.5 Mton CO2) in 
reference to 1987.  (Calculations indicate that if no 
limits had been set at all, CO2 emissions would have 
been 6.5% higher in 1989.  

2003 Harmsen 
(ref 11449) 

Q A suggested change of the speed system in Sweden with 
a reduction from 110 to 100 km/h, and from 90 to 80 
km/h on the most unsafe two-lane roads (totally 3300 
kilometres) will reduce the CO2 emissions by 35 
kton/year (0.2%). This reduction is achieved without 
enforcing the speed limit. The extra CO2 reduction by 
speed limit enforcement was not calculated. 

2003 Harmsen 
(ref 11449) 

Q It is possible that an EU-wide speed limit of e.g. 120 
km/h could lead to a different car design for the 
European market (especially engine size, power output 
and transmission lay-out) resulting in a more efficient 
passenger car and a substantially larger CO2 reduction. 
Also the interest in high-speed tires, which add to fuel 
consumption, may decline. 

2003 Harmsen 
(ref 11449) 
citing 
Carlsson, 
1997 

Q The optimum speed - taking socio-economic costs into 
account - on motor ways would be between 90 and 100 
km/h (i.e. lower than the speed limits in all European 
countries) (citing Carlsson, 1997). 

2003 Harmsen 
(ref 11449) 
citing 
Elvik, 2001 

Q Increased speed enforcement has been shown to be cost-
effective if safety benefits are taken into account and 
time gain from exceeding the speed limits is disregarded 
(citing Elvik, 2001).  

   Intelligent Transportation Systems 
2007 ECMT (ref 

11272) 
Q Policies designed to reduce unnecessary travel due to 

inefficient routing (such as the Turin 5T project, 
involving variable message road signs, displaying 
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Year Author Type Evidence 
recommended routes and congested areas to avoid) 
could perhaps reduce overall transport CO2 emissions by 
an amount in the order of magnitude of 1-2% . 

2007 Shaheen 
(ref 11192) 

Q Fuel savings resulting from improved traffic signal 
control could range from 1.6% to 50%, although most 
results indicated less than 20% fuel reduction. 

2007 Anable & 
Bristow 
(ref 12297) 
citing 
ACEA, 
2006 

Q Traffic light synchronisation is estimated (citing ACEA, 
2006) to have the potential to save 2.4MtCO2 per year 
by 2012, at a cost of 180 €/tCO2. 

1998 US EPA 
(ref 11341) 

C It is difficult to estimate the impact of ITS technologies 
due to complex relationships between ITS, travel 
behaviour and transportation. 

   Speed and Fuel Efficiency 
2008 DfT (ref 

11) 
Q Figure 7 of DfT (2008) illustrates the grams of CO2 

emitted per mile at different average speeds for light 
duty vehicles, before and during the M42 hard shoulder 
running pilot.  In general, regardless of the pilot, 
emissions per mile fall as average speed increases to 40-
50mph where the fuel efficiency of the engine is greatest 
and then rises as the average speed increases towards 
70mph and fuel efficiency falls.  The gap between the 
two lines on the chart illustrates the change in emissions 
associated with the M42 pilot.  The chart shows that for 
the M42 the benefit was greater at lower speeds, where 
ordinarily, before the pilot, the traffic would have been 
subject to stop-start conditions. 

2003 Kageson 
(ref 11175) 
citing 
MTC, 1991 

Q “Fuel consumption in road vehicles is highly related to 
speed. Cars are generally fuel optimized for speeds 
between 50 and 70 km/h. Running the car at constant 
speed at 120 km/h instead of 100 km/h increases fuel 
consumption by 15 to 20 percent (citing MTC, 1991). 

2003 Harmsen 
(ref 11449) 

Q A small violation (<10 km/h) of the speed limit of 120 
km/h increases specific vehicle consumption by 10% 
and consumption of the whole car fleet by 0.7%. A large 
violation (20 km/h) increases total fleet consumption by 
1.1%. 

2001 IEA (ref 
11354) 

Q Fuel consumption is 30% higher at speeds above 120 
km per hour than at 90 km per hour.  Many vehicles in 
Europe (and in some rural areas in North America) 
travel at speeds well in excess of 120 km per hour. 

   Hard Shoulder Running / Road Expansion 
2008 
 
 
 
 
 
 
 
2001 

DfT (ref 
11456) 
 
 
 
 
 
 
IEA (ref 

C The environmental impacts of hard shoulder running 
schemes are likely to be lower than those associated 
with road widening. Emissions during scheme 
construction and other impacts such as landscape and 
biodiversity would be lower, owing to the reduced land-
take required. Smoother running of traffic and lower 
speeds also contribute.   
 
However, the CO2 benefits of such schemes are likely 
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Year Author Type Evidence 
11354) to be neutral (IEA, 2001) or even negative (DfT, 2008).  

This is because the induced traffic resulting from 
increased capacity outweighs the fuel efficiency 
improvement due to improved traffic flow. 

2008 DfT (ref 
11456) 

Q With hard shoulder running, the use of variable speed 
limits can reduce breakdown of traffic flow.  Smoother 
traffic flow is likely to reduce individual vehicle 
emissions for a given average speed, as shown by the 
M42 pilot. 
 
The M42 pilot scheme (hard shoulder running) reduced 
vehicle CO2 emissions by 4% (including all vehicle 
types).   
 
However, these results reflect changes in individual 
vehicle emissions and do not take into account the 
effects of any overall increases in traffic that may have 
come about as a result of the scheme, which are likely to 
have resulted in an overall increase in emissions.  

2001 IEA (ref 
11354) 
citing 
European 
Commiss-
ion 2000 

Q Modelling results from the European Commission Auto-
oil non-technical measures study show that increasing 
road capacity by 5% to improve traffic flows has a net 
effect on fuel savings of about zero. The study found a 
0.5% increase in private vehicle travel that offset the 
fuel savings from a 1.5% rise in average vehicle speeds, 
which in city traffic helps reduce fuel use (citing 
European Commission 2000). 

2001 IEA (ref 
11354) 
citing 
OECD, 
2001 

Q NOVEM, the Dutch Environment Agency, which 
carried out travel modelling for the Netherlands in a 
joint effort with Belgium, found that a policy of 
“provide roads to meet demand” would raise transport 
emissions of CO2 by a net 9% between 1990 and 2010, 
compared to a no new roads policy (citing OECD 1996). 

   Pedestrianised Zones 
2005 Wolfram 

(ref 11380) 
Q Wolfram et al (2005) cites the ‘ARTIST project’ where 

measures of redesigning streets (e.g. reduction in 
number of traffic lanes, on street parking, speed 
management) in the case studies had mostly traffic 
calming effects, resulting in the reduction of traffic flow 
and speed of motorised vehicles, which may lead to an 
increase in pollutant emissions: 
 

• Hamngatan street in Eskilstuna, Sweden: 
reduced speeds, increase in fuel consumption 
and emissions of CO2 (+16%), emissions of HC 
unchanged. 

• Regementsgatan street in Malmö, Sweden: HC, 
CO, NOx, CO2 and particles increased by 15%. 
Also with consideration taken to the lower 
traffic flows there is a net increase. 

• Adrianoupoleos street, Kalamaria, Greece: 
values of sustainability indicators in the present 
situation and appraisal for two design options; 



Page 6 of 11 

Year Author Type Evidence 
estimates of approx. 43% increase in CO, NOx 
and VOC emissions (measured in g/hr).  

2000 Marshall 
(ref 417) 

C A Pedestrianised Zone was created in Enschede (NL) 
city centre, which operated during 1978-1982 and 1988-
1990 during evenings and a large part of the weekend.  
It was shown to reduce car travel by residents in the city 
centre in the short-term, and increase bicycle/moped 
use.  Visitors to the city continued to visit by car (in 
accordance with the city’s goals).  During the years 
between the two phases of the scheme, car use grew as a 
percentage of overall travel demand.  

   Singapore Vehicle Quota System (VQS) 
2001 Ang (ref 

9133) 
Q The underlying strategy of Singapore’s VQS is to let 

market forces dictate COE prices. This objective has 
basically been met. Vehicle population grew from over 
500,000 in 1990 to nearly 700,000 in 1999 – a 3% p.a. 
increase which is what was intended. 
 
Without car restraining and road-pricing/congestion-
charging measures Singapore’s vehicle population 
would be more than three times its then current size.  
 
The impact of Singpaore’s Area Licensing Scheme was 
immediate with a 33% reduction in the  total number of 
vehicles entering the restricted zone and a 61% 
reduction in passenger cars. Vehicle speed increased by 
22%.  
 
Singapores’ ALS was replaced in 1998 by the ERP – 
Electronic Road-pricing System. Average weekday 
traffic flow into the restricted zone dropped by 22% 
from the previous ALS levels.  

 
 
Other CO2 Impacts 
 
Year Author Type Evidence 
   No specific evidence found. 

 
 
Other Benefits 
 
Year Author Type Evidence 
   Traffic flow improvements (road widening, etc) 
2008 DfT (ref 

11456) 
Q M42 Pilot Scheme effected a reduction in most vehicle 

emissions (all vehicle types): 
• CO reduced by 4% 
• PM reduced by 10%  
• HC increased by 3% 
• CO2 reduced by 4%  
• NOx reduced by 5% 
• fuel consumption reduced by 4%  
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Year Author Type Evidence 
M42 scheme effects on safety unknown, but early 
results suggest safety improvement that may deteriorate 
over time. 

2001 IEA (ref 
11354)  

C Traffic flow improvements tend to be politically popular 
and result in: 

• increased mobility 
• reduced travel times (short term)  
• however, in the medium-long term, they tend to 

encourage more auto travel. 
   Speed limits 
2007 Anable & 

Bristow 
(ref 12297) 
citing 
T&E, 
2006c 

C Lower speed limits on motorways can lead to lower 
traffic levels, freer-flowing traffic (e.g. Swiss 
experiment) (citing T&E, 2006c) 

2006 LowCVP 
(ref 11315) 

Q A better enforced 70mph limit on motorways would 
prevent over 300 deaths and serious injuries per annum 
on motorways alone. A 60mph limit would prevent over 
600 deaths and serious injuries.  

2005 Wolfram et 
al (ref 
11380) 

Q The Limited Traffic Zone (LTZ) scheme in Rome, 
included Automated Access Control (physical barriers, 
accessible using electronic permits). The Impact of 
Limited Traffic Zones (established Oct. 2001) on traffic 
volumes was: 

• 20% decrease of car traffic in restriction times 
(6.30-18.00) 

• 15% decrease in morning peak 
• 10% increase in two wheeler traffic 
• 6% increase in public transport 

2001 Ang (ref 
9133) 

C Singapore’s traffic schemes have resulted in decreased 
air pollution and an improved urban environment. 

 
 
Policy Costs and/or Revenues 
 
Year Author Type Evidence 
   Speed limit enforcement 
2007 Anable & 

Bristow 
(ref 12297) 

C Enforcement of speed limits can be financially self-
supporting or even revenue generating. 

2007 Anable & 
Bristow 
(ref 12297) 

Q The cost of SPECS (‘average speed cameras’) is debated 
(highest value £400,000 per km – total cost to cover all 
70mph roads in UK = £5.3bn), though Anable & 
Bristow (2007) believe this to be a vast overestimate.  
 
DfT are currently monitoring more recent and accurate 
data. 

2007 DEFRA 
(ref 11255) 

Q Enforcement of 70mph limit to produce 100% 
compliance is estimated to cost £410/tCe saved.  This 
cost is borne by the exchequer, and businesses and 
individuals actually benefit from the scheme (see Table 
in DEFRA, 2007). 
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Year Author Type Evidence 
 
Enforcement of 60mph limit is estimated to cost 
£190/tCe saved (see Table in DEFRA, 2007). 

2003 Harmsen 
(ref 11449) 

Q In the Netherlands, revenues from speed controls on 
highways of 10km/h lower than current are 10 times the 
costs, even excluding safety gains.  

2001 IEA (ref 
11354)  

C Accident and mortality rates and longer travel times 
should also be factored into costs for a more complete 
analysis. 

   Hard shoulder running 
2008 DfT (ref 

11456) 
Q The costs associated with delivering the M42 pilot 

(Hard shoulder running scheme) is £96.4m (=£5.6m per 
km of motorway, both carriageways included) 
(including design, development, delivery, construction, 
infrastructure and support costs from inception to 
maintenance handover). Associated communications 
campaign cost £300,000 plus VAT. 
 
By way of comparison, the costs of conventional 
widening the same section of the M42 from 3 lanes to 4 
in each direction have been estimated at between £18m 
and £25m per km of motorway, at 2008 price levels. 

2008 DfT (ref 
11456) 

Q The replacement of motorway widening plans with hard 
shoulder running schemes would be expected to lead to 
a reduction in the monetised cost of carbon dioxide 
emissions of £123m over the lifetime of the schemes 
(see Figure 18 in DfT, 2008). 

 
 
Business and Consumer Costs 
 
Year Author Type Evidence 
2001 Ang (ref 

9133) 
C Singapore’s Vehicle Quota System (VQS) allowed the 

government to regulate the vehicle population. Once the 
quota was set, the free market determines the price of 
the Certificate of Entitlement (COE). The price of COEs 
– a cost to consumers – has fluctuated substantially. 

 
 
Unintended Consequences 
 
Year Author Type Evidence 
2005 Wolfram et 

al (ref 
11380) 

C LTZs in Rome led to an increase in non-catalysed 
thermal two-wheelers traffic and consequent growth of 
PM10 and NOx emissions. 

 
 
Reasons/Arguments for Carbon Reduction Achievement and/or Failure 
 
Year Author Type Evidence 
   Speed Limits 
2007 Shaheen 

(ref 11192) 
C Shaheen (2007) suggests that there may be low political 

support for speed cameras. 



Page 9 of 11 

Year Author Type Evidence 
2006 EAC (ref 

11267) 
Q “A proposal to reduce to 60mph or rigorously enforce 

the existing motorway speed limit (quantified by 
Department officials in our evidence session as 
delivering annual savings of 0.8MtC or 0.56MtC 
respectively), had been discussed within Government 
for inclusion within CCP 2006—but had been 
withdrawn following concerns as to the costs in 
manpower and finances of policing it. We asked the 
Secretary of State whether this policy could not be 
delivered more cheaply by fixing speed cameras on 
motorway bridges. His reply suggested to us that, 
ultimately, the overriding reason why this policy was 
not included in CCP 2006 was a fear of popular 
antagonism.” 

2003 Harmsen 
(ref 11449) 

Q Sweden reports that the speed reduction close to speed-
cameras is 5-10 km/h and averaged over a longer 
distance, the reduction amounts to 2-3 km/h.  

2003 Kageson 
(ref 11175) 

C Speed limiters are currently mandatory in heavy duty 
vehicles. Extending them to light-duty vehicles and cars 
would increase the potential for reducing specific energy 
consumption in highway traffic. 

   Driving bans 
2006 Noland (ref  

11450) 
Q Noland (2006) uses modelling to show that an odd/even 

driving ban, strictly enforced, could achieve a 21% 
reduction of fuel use in transport throughout IEA 
countries (Noland gives examples of actual 
implementation in Athens and Mexico City. 

2006 Noland (ref  
11450) 

C However, the long-term benefits of an odd/even driving 
ban are questionable, as people tend to find ways of 
evading the intent of the policy (e.g. by purchasing two 
vehicles with appropriate license plates to use on 
alternating days).  It also encouraged people to not 
dispose of older vehicles in order to keep two vehicles 
available to the household, which was counter-
productive from an air pollution reduction perspective, 
as older vehicles would tend to pollute more. 

   Road capacity 
2001 IEA (ref 

11354) 
citing 
Fulton, 
2000 and 
citing Lem 
and 
Noland, 
2000 

Q The elasticity for travel increases as a function of 
increases in lane-kilometers of capacity on the order of 
0.3-0.5 in the short run and as high as 0.9 in the long 
term (citing Fulton, 2000 and Lem and Noland, 2000).   
 
The latter figure suggests that most of the congestion 
reductions and higher speeds gained by capacity 
expansion eventually may be lost to increases in traffic.  

 
 
Policy suitability for UK 
 
Year Author Type Evidence 
2003 Harmsen 

(ref 11449) 
C Implementation and enforcement of speed limits can 

take several years including intense networking and co-
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Year Author Type Evidence 
operation between the environmental ministry, the Road 
Adminstration, the police and judiciary, as was the case 
in the Netherlands. 

2003 Harmsen 
(ref 11449) 

C In Sweden, adjusting speed limits to road safety 
standards took 4 years. The enforcement of the speed 
limits is implemented step by step. Speed limits can 
fairly easily be implemented and do not require much 
investment. Speed limits can relatively easily be 
reversed. 

2003 Harmsen 
(ref 11449) 

C Quote from Dutch submission: “We recommend to set 
speed limits to a level not higher than 120 km/h for CO2 
reduction and pollution control reasons anyway - 
supplementary to road safety (90-100 km/h is estimated 
as optimal from external effects point of view). We 
strongly recommend the EU to play a role, though a 
general EU speed limit seems a bridge too far. Due to 
political taboos and lack of awareness national speed 
limit policies are as yet not linked to CO2 reduction 
targets. It is recommended that at least at EU level 
national commitments should be established to enforce 
existing highway speed limits more effectively under the 
EU process towards implementing the Kyoto Protocol.” 
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