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Vehicle Occupancy 
 
 
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 covers policies that encourage increased vehicle occupancy (to 
reduce CO2 emissions per passenger km) including ride-sharing and HOV lanes. 
 
 
Evidence Tables 
 
Carbon Savings and Policy Measures 
 
Year Author Type Evidence 
2008 VTPI/TDM 

(ref 11487) 
citing 
Apogee, 
1994 and 
TDM 
Resource 
Center, 
1996 

Q Because rideshare passengers tend to have relatively 
long commutes, mileage reductions can be large. For 
example, if ridesharing reduces 5% of commute trips it 
may reduce 10% of vehicle miles because the trips 
reduced are twice as long as average. Rideshare 
programs can typically reduce up to 8.3% of commute 
VMT, up to 3.6% of total regional VMT, and up to 
1.8% of regional vehicle trips (citing Apogee, 1994 and 
TDM Resource Center, 1996). 

2008 VTPI/TDM 
(ref 11487) 
citing 
Comsis 
1993, 
Turnbull, 
Levinson 
and Pratt, 
2006, 
Ewing, 
1993, 
Apogee, 
1994 

Q HOV facilities can reduce vehicle trips on a particular 
roadway by 4 - 30% (citing Comsis, 1993 and Turnbull, 
Levinson and Pratt, 2006).  
 
HOV facilities can reduce peak-period vehicle trips on 
individual facilities by 2-10%, and up to 30% on very 
congested highways if HOV lanes are separated from 
general-purpose lanes by a barrier (citing Ewing, 1993).  
 
One study estimates that HOV lanes can reduce up to 
1.4% of VMT and up to 0.6% of vehicle trips in a region 
(citing Apogee, 1994). 

2006 Lee-
Gosselin 
(ref 11468) 

Q The State of Michigan undertook an analysis that 
attempted to evaluate the effects of potential demand 
restraint policies on fuel consumption. The maximum 
reduction, based on 1976 behaviour, was of the order of 
8%-10% for commuter carpooling, and from 12%-28% 
for a shift to more fuel-efficient vehicles. 

2003 Anderson 
(ref 11240 

Q Table 6.1 in Anderson (2003) shows the potential CO2 
savings that might be achieved by item 8 ‘Carpooling’ 
[i.e. ride-sharing]. 

1999 Recker (ref 
3)  

Q Some results indicate that many households are 
behaving in a way which is close to optimal (which does 
not include ridesharing) relative to emissions from their 
travel. Nevertheless, a 50% reduction in CO2 emissions 
is achievable for more than 25% of the sample, simply 
by more efficient scheduling and travel decisions. 
 
Recker (1999) provides graphs of Observed CO2 
emissions vs Optimal under different conditions. 

1999 ICARO 
(ref 11609) 

Q A European assessment concluded that the future 
potential of car sharing was for an increase in car 
occupancy of 13% for home to work journeys. 
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Year Author Type Evidence 
However, the report did caution that one-fifth of this 
potential could be a non-beneficial shift from public 
transport’. 

1998 Lindqvist 
(ref 11235) 

Q Calculating the possible impacts of introducing HOV's - 
i.e. high occupancy vehicle lanes, where cars with 3+ 
persons are permitted to use the bus lanes, Lindqvist 
(1998) estimated that the impact on the CO2 emissions 
would be a 3 kiloton reduction, or 0.3%. 

1993 Giuliano 
(ref 382) 

Q Table 7 in Giuliano (1993) shows results from the first 
year of Regulation XV – Los Angeles’s air pollution 
control requiring employers to develop and implement a 
trip reduction program to achieve specified ride-sharing 
goals. The proportion of workers driving to work alone 
decreased from 75.7% to 70 .9%. The largest shift in 
mode was toward car. The carpool mode share increased 
from 13.8% to 18.4%, accounting for nearly all of the 
decrease in driving alone. These modal shifts resulted in 
a reduction of auto trips from 84 per 100 employees to 
80 trips per 100 employees. 

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

 
 
Other Benefits 
 
Year Author Type Evidence 
2008 VTPI/TDM 

(ref 11487) 
C VTPI/TDM (2008) lists the potential benefits and 

disbenefits of HOV lanes: 
• HOVs avoid congestion, encourages mode 

shifting. 
• Involves project costs, but usually cheaper for 

roads and parking than accommodating the 
same number of trips by SOV. 

• Provides consumer time savings. 
• Allows consumers to avoid congestion by using 

HOV modes. 
• Safety benefits from reduced driving may be 

offset by operational hazards. 
• Encourages mode shifting. 
• May encourage longer-distance commutes and 

sprawl. 
• Reduces automobile trips. 

2008 VTPI/TDM 
(ref 11487) 

C VTPI/TDM (2008) lists the potential benefits and 
disbenefits of ridesharing: 

• Reduces peak-period automobile travel. 
• Provides consumer savings. 
• Increases travel choice. 
• Reduces vehicle mileage, but increases vehicle 
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Year Author Type Evidence 
occupancy, so crashes that do occur may have 
more casualties. 

• Reduces automobile travel. 
• May encourage longer-distance commutes and 

urban sprawl. 
 
 
Policy Costs and/or Revenues 
 
Year Author Type Evidence 
   No specific evidence found. 

 
 
Business and Consumer Costs 
 
Year Author Type Evidence 
2008 VTPI/TDM 

(ref 11487) 
C Ridesharing tends to have the lowest cost per passenger-

mile of any motorized mode of transportation, since it 
makes use of a seat that would otherwise be empty. 
Ridesharing provides financial savings, and time 
savings if there are HOV Priority facilities. Crash risk 
declines due to fewer vehicles on the road. 

2008 VTPI/TDM 
(ref 11487) 
citing 
Evans and 
Pratt, 2005 
and citing 
Wamblaba, 
Concas and 
Chavarria, 
2004 

Q Vanpooling is one of the most resource efficient and 
cost effective motorized modes, and so can provide 
significant net benefits (citing Evans and Pratt, 2005). 
Average operating costs, revenues, subsidies and 
ridership for various transit agencies, indicating that a 
typical vanpool van costs $1,000 to $1,250 per month to 
operate (citing Wamblaba, Concas and Chavarria, 
2004). 

2007 Shaheen 
(ref 11192) 

C Car clubs and ridesharing reduce the cost of car use 
through avoiding car ownership. 

2002 BTRE (ref 
11429) 

Q Table 2.2 in BTRE (2002) shows a US Commuting Cost 
Comparison and is based on October 1998 US$ prices 
using a popular route from Fredericksburg, Virginia to 
Rosslyn, Virginia. All time and costs are computed on a 
yearly basis. Based on 252-day work-year. 

1995 Giuliano, 
Hall and 
Golob (ref 
11672) 

Q Rideshare program costs consist primarily of 
administration expenses. One project was estimated to 
incur $150,000 in setup and marketing expenses, and an 
average about $3 per user (i.e., per phone call received) 
in operating costs. 

 
 
Unintended Consequences 
 
Year Author Type Evidence 
2008 VTPI/TDM 

(ref 11487) 
C Adding HOV lanes can be considered to increase total 

car travel compared with no additional road capacity, 
and HOV priority can sometimes encourage longer-
distance trips (and therefore sprawl), and may attract 
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Year Author Type Evidence 
some travellers from other alternative modes. 

2008 VTPI/TDM 
(ref 11487) 
citing 
Varaiya, 
2005 and 
citing 
Cothron et 
al, 2005 

C 2-Plus carpool lanes in Southern California have more 
congestion delay and less maximum vehicle flow than 
general purpose lanes. HOV lanes that increase total 
road capacity can increase overall vehicle capacity and 
trips, but less so than if the additional capacity was a 
general use lane. HOV lanes may increase crash rates 
due to conflicts between vehicles in higher-speed HOV 
lanes and vehicles in lower speed general use lanes 
(citing Varaiya, 2005 and citing Cothron et al, 2005). 

2006 Noland (ref 
11450) 

C Most HOV users are shifted from public transport when 
HOV lanes are constructed. 

2002 BTRE (ref 
11429) 
citing 
Cervero, 
1999 

C It appears the environmental gains from HOV lanes are 
often negative. HOV lanes tend to result in increased 
congestion in the general purpose lanes which, in turn, 
increases emissions. In many areas of the US, this has 
led to pressure to convert HOV lanes into GP lanes. One 
case is the Santa Monica Freeway where the conversion 
of a regular lane to a HOV lane in 1976 caused ‘near–
instant traffic paralysis’ (citing Cervero, 1999). 

2002: 
 
1979 

Bonsall 
(ref 11608) 
Bonsall & 
Kirby (ref 
11644) 

Q Bonsall (2002) cited by Cairns et al (2004) draws 
attention to a problematic finding that up to half the 
number of future car-sharers might be abstracted from 
public transport, although in an earlier study Bonsall & 
Kirby (1979), it was suggested that this may be 
beneficial if public transport was over capacity at peak 
times. 

1998 Dahlgren 
(ref 610) 

C Constructing an HOV lane has several interrelated 
effects. The most significant effect is the shift of current 
HOVs to the HOV lane. This shift reduces delay on the 
GP lanes, perhaps eliminating it. If delay remains on the 
GP lanes, some people shift to HOVs, further reducing 
delay on these lanes . 
  
However, the reduced delay for HOVs and non-HOVs 
motivates some people travelling on the shoulders of the 
peak to shift their trip to the peak. It also motivates 
people to shift from other routes that are now slower. It 
may induce trips by people who previously did not 
travel because of the delay. In the long run, the reduced 
delay may result in more development and trips than 
would have otherwise been the case. These effects offset 
the original reductions in delay. 

1983; 
 
 
1979 

Dix & 
Carpenter 
(ref 11664) 
Vincent & 
Wood (ref 
11663) 

C One potentially negative effect of car sharing could be 
greater use by other household members of cars that had 
been left at home due to car-sharing for journeys to 
work (Dix & Carpenter, 1983). However, whilst this is 
clearly a potential risk, earlier work by Vincent & 
Wood, 1979) seems to suggest that the scale of effect is 
relatively small (both cited by Cairns et al, 2004). 
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Reasons/Arguments for Carbon Reduction Achievement and/or Failure 
 
Year Author Type Evidence 
2008 DfT (ref 

11491) 
Q The 2002-2006 average car occupancy in the UK was 

1.1 persons per car for commuting journeys and 1.6 
overall. 

2008 VTPI/TDM 
(ref 11487) 
citing York 
and 
Fabricatore 
2001 

Q Ridesharing tends to experience economies of scale: as 
more people use the service the chances of finding a 
suitable carpool or vanpool increase. Experience 
indicates ridesharing programs typically attract 5-15% 
of commute trips if they offer only information and 
encouragement, and 10-30% if they also offer financial 
incentives such as parking cash out or vanpool subsidies 
(citing York and Fabricatore, 2001). 

2008 VTPI/TDM 
(ref 11487) 
citing 
Orski, 2001 

C Whilst critics suggest rideshare programs are ineffective 
because occupancy rates have declined (citing Orski, 
2001), their analysis only considered overall trends and 
ignored the much higher occupancy rates among 
employees who have rideshare programs, especially if 
they include financial incentives and HOV Priority 
lanes. 

2007 Moriarty 
(ref 11470) 

C Programs to encourage car-pooling in western countries 
have had little success. Motorists seem reluctant to share 
their vehicle with non-family members. 

2007 Moriarty 
(ref 11470) 

C If car occupancies were required to double to say, three 
persons, timing and destination would have to be 
negotiated to fit in with the needs of others. The car 
becomes a taxi, the driver may be discounted as an 
occupant, and the apparent increase in occupancy would 
then be largely illusory from an energy- and GHG-
saving viewpoint. 

2007 ECMT (ref 
11272) 

C The most important factor in carpooling is the origin and 
destination – two people cannot car-pool if they live and 
work in different places. Another factor is time – both 
the journey’s length and deadlines (for both arrival and 
departure). 

2006 Noland (ref 
11450) 

C Many cities in the US have built carpool lanes on major 
motorways, either by simply restriping lanes or by 
major investment in dedicated facilities. Overall, most 
areas find that the amount of people carried in these 
lanes often exceeds those in mixed-flow lanes, although 
most HOV lanes are still under-utilized.  

2006 Noland (ref 
11450) 
citing 
Noland and 
Polak, 
2001 

C HOV lanes are less common in Europe, with only a few 
examples of dedicated facilities. HOV lanes generally 
are found to be more effective when commute lengths 
are long (leading to greater travel time savings) and 
when commutes are to centralized zones which allow 
access on foot to other activities (citing Noland and 
Polak, 2001).  

2005 Wolfram 
(ref 11380) 

C Car sharing opens mobility options for people who do 
no want to own a car, but need it from time to time. This 
can lead to a less automobile dependent lifestyle and 
contributes to more sustainable urban transport.  

2004 Stopher C Many commuters do not perceive congestion as an evil 
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Year Author Type Evidence 
(ref 517) 
citing 
Redmond 
and 
Mokhtarian 
2001; and 
citing 
Nasser 
2002 

of their commute. For many there is actually “…peace 
and relaxation commuting alone…”. Such attitudes do 
not bode well for carpooling, which is seen as an option 
to reduce congestion (citing Redmond and Mokhtarian, 
2001, and citing Nasser, 2002).  

2002 BTRE (ref 
11429) 
citing 
Orski 
(undated) 

Q There are many ridesharing organisations in the US, 
such as the Share–A–Ride program—a free 
computerised service that matches travellers with 
convenient public transport services, carpools, vanpool 
groups, even walking and bicycling opportunities. 
Despite these, ridesharing in the US has slipped from 20 
per cent in 1980 to nine per cent in 1995 nationwide and 
is still declining according to recent surveys (citing 
Orski undated). 

2002 Bonsall 
(ref 11608) 

C Bonsall (2002), cited by (Cairns et al 2004), reviewed 
the literature for the Department of Transport, Local 
Government and the Regions, and the Motorists Forum 
and concluded at the time that there was relatively little 
that was useful. Nevertheless, the review’s overall 
conclusion was that car sharing could make a useful 
contribution towards reduction in traffic levels and that 
the potential existed for an increase in the number of car 
sharing schemes. 

2002; 
 
2000 

Cairns et al 
(ref 11541) 
Cairns (ref 
11610) 

Q Cairns (2000) and Cairns et al. (2002) reviewed multiple 
employer-led schemes and found that for organisations 
where overall levels of car sharing had been measured, 
on average, an additional 3% of staff had been 
encouraged to start car sharing. Whilst a small absolute 
number, this is a 23% increase over previous levels. 
Moreover, the 3% figure was considered be a very 
conservative measure of the potential for achievable 
change. 

2002; 
 
 
 
2001 

Redmond 
& 
Mokhtarian 
(ref 11661) 
Nasser (ref 
11662) 

C There are barriers to widespread ridesharing including 
the possibility that commuters may prefer to travel 
alone. 

2001 IEA (ref 
11354) 

C Whether HOV systems reduce vehicle travel and 
emissions is questioned by IEA (2001). The direct 
effects of HOV lanes are clear– congestion-free travel 
and relatively efficient vehicles (per passenger 
kilometer). However, secondary effects could offset 
these benefits, including increased travel by vehicles 
picking up other passengers to become HOV, and 
increased travel by non-HOV vehicles that choose to 
remain single-occupant vehicles, for example, by taking 
alternative routes that may be longer or involve more 
stop-and-go driving. 
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Year Author Type Evidence 
2001 IEA (ref 

11354) 
citing 
Fielding 
and Klein, 
1993 

C Fielding and Klein (1993) identified three shortcomings 
of HOV lanes in the United States: 

• Many HOV lanes are underutilized, even though 
nearby roadways are congested. This may 
reflect decisions to ride alone in congested 
traffic rather than carpool in free-flowing traffic. 

• Many car-poolers would probably travel 
together even without a HOV lane. Fielding and 
Klein (1993) found that 43% of car poolers are 
members of the same household.  

• Finally, HOV lanes can be expensive to 
construct, especially if they require new 
highway capacity to be built. Adding HOV 
lanes to the Santa Ana Freeway in California 
cost an estimated USD 5 million per lane mile 
south of Santa Ana, and twice that north of the 
city. 

1999 Recker (ref 
3)  

Q Ridesharing options lead only to minor shifts in the 
distribution of emission reduction. In a sample analysed 
by Recker (1999) only 15% of households had feasible 
alternative travel patterns involving carpooling and most 
showed little or no improvements in emissions. 

1998 Dahlgren 
(ref 610) 

C The success of an HOV lane in motivating people to 
shift to carpools and buses depends on maintaining a 
travel time differential between it and the general 
purpose lanes. This differential, in turn, depends on the 
continuing delay in the general purpose lanes. It is not 
clear that constructing a HOV lane will necessarily 
reduce delay more than construction of a general 
purpose lane. 
 
The reasons for this are simple. The benefits of an HOV 
lane as compared to a general purpose lane - that it 
motivates a shift to HOVs and gives priority at the 
bottleneck - do not arise unless delay continues on the 
general purpose lane. If delay is eliminated when the 
HOV lane is constructed, there will be no incentive to 
shift to an HOV. 
 
Even if delay continues on the general purpose lanes, 
two factors limit the extent of mode shift. First, in-
vehicle travel time has been found to have a weak effect 
on mode choice. Second, the motivation to shift mode 
depends on the differential in travel times on the HOV 
lane and the other freeway lanes. As people shift to 
HOVs, this differential is eroded. Furthermore, if the 
initial proportion of HOVs is greater than the proportion 
of capacity that will be devoted to HOVs after the HOV 
lane is added, the HOV lane will be as congested as the 
general purpose lanes and will offer no travel time 
advantage. 
 
Whichever lane has the lowest delay will also have the 
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lowest emissions (NOx aside) and this will likely be a 
general purpose lane. This runs counter to the 
conventional wisdom that adding an HOV lane reduces 
emissions more than a GP lane.  

1998 Dahlgren 
(ref 610) 

C It is true that emissions of nitrogen oxides are reduced 
more with an HOV lane, but this is a small portion of 
the overall emissions reduction. 

1997 Pikarsky 
(ref 11071)  

C Family carpooling is the main source of ridesharing in 
the US and hence not noticeably influenced by measures 
aimed at encouraging ridesharing. In brief, from both an 
environmental and efficiency perspective, the benefits of 
ridesharing should be distinguished from the benefits 
attributable to programs that encourage ridesharing. 

1993 Giuliano 
(ref 382) 

Q Examining incentives at LA work sites to encourage 
ride-sharing and discourage commuting by single 
occupants, Giuliano (1993) asks whether any 
statistically significant relationship exists between 
measured change in AVR (Average Vehicle Ridership) 
and the presence of a particular incentive.  
 
See Table 8 of Giuliano (1993) which lists the 
incentives offered by the sites. A significant relationship 
was found between 11 of the listed incentives and 
increased AVR.  

1993 Giuliano 
(ref 382) 

Q Table 9 of Giuliano (1993) gives the change in AVR 
and mode shares after one and two years of 
implementation. Trends of the first year continue in the 
second. AVR increases by an additional 3.6%, and most 
of this can be attributed to further increases in 
carpooling. 

1981 Pikarsy (ref 
11071) 
citing 
CBO, 1977 

C Vanpoolers were formerly drivers of automobiles. 
Vanpool is a large carpool, typically using a large van or 
minibus, usually furnished by employers for employees 
living in the same area (citing CBO, 1977). 

 
 
Policy suitability for UK 
 
Year Author Type Evidence 
   No specific evidence found. 
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