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Background
� Automated driving technology is expected to enter the market in the 

years to come.

� This will have far-reaching implications on travel behavior, activity 
participation and land use. 

� Only 2 of the 25 largest MPO in 
the US mention automated 
vehicles in official long-range 
regional transportation plans 
(Guerra, 2015)

� We need to prepare for the 
arrival of this technology by 
thinking on the investment and 
policy implications TODAY. 



Some terms

� Automated/autonomous/driverless 

� Connected/unconnected automated vehicles



NHTSA Levels of Automation

Level 4
Full self-driving automation

Car can drive itself empty;  No driver 
involvement

Level 3

Limited self-driving automation
Car controls steering and brakes;  Ample 

warning, Driver involvement in rare condition

Level 2

Combined function automation
Car controls steering and brakes;  

Driver ready to take control

Level 1

Single function automation Car controls steering or brakes

Level 0

No automation Steering and braking by driver



Current status of vehicle automation 

When will we will see large-scale deployment of driverless vehicles on the road?

� Tesla Motors – by 2023 (Kaufman, 2014)

� Ford – by 2020 (Su, 2015)

� Volvo – by 2017

� BenHaim, BenHaim & Shiftan (forthcoming) - by 2030 40% of all vehicles will be 
connected to vehicle-infrastructure communication systems and by 2050 all 
vehicles will be driverless. 

� As of April 2014, Google’s self-driving cars have driven over 700,000 miles  on 
California public roads.



Source: Mercedes-Benz, GM News, Strategy Analytics, Automotive News, Nissan News, Navigant Research, Volvo News, Fehr & Peers, Lux Research, IHS



Into the future: Technology roadmap

Source: KPMG analysis based on publically available industry information and interviews with key participants in the automotive industry



Underwood (2014) survey of 
220 registrants of the AVS 2014 
Symposium. 

Respondents predicted a 
mean date of 2030 for the 
deployment of fully 
automated taxis.

25% indicated that they would 
only let their 
children/grandchildren ride 
alone by 2040 or later.



Complex remaining questions

� Cost (current added cost is estimated at 100,000 USD (Dellenback, 
2013)

� Legal

� Licensing/Certification (NV and CA have already allowed AV 
certification, FL, MI, and DC allowed AV testing

� Insurance and Liability

� Perception

� Privacy

� Security



Potential impacts
of driverless vehicles 



Safety

Source: Bosch



Capacity
Automated vehicles: 

� require less headway, narrower lane widths         

� drive at higher speeds               travel time reduction        

� reduce the need to park          more land use for other purposes 

direct access, minimum walking distance

FHWA estimates that 25% of congestion is attributable to traffic incidents, 
around half of which are crashes (FHWA, 2005)



� A full deployment of connected vehicle technology: 20%-50% (Ni et al., 2012). 

� Cooperative adaptive cruise control deployed at 90% market penetration will 
increase capacity by 80% (Shaldover et. al., 2012)

� Fully automated vehicles 43%; (Tientrakool, 2011) 

� Connected fully automated vehicles: 273% (Tientrakool, 2011)

� Capacity can increase to 4,000 vehicles per lane per hour or more (Bierstedt et. 
al., 2014)

Estimations of increased capacity



Cost
� High technology cost (but decreasing over time).

� Decreased cost of crashes and insurance policies due to increased safety.

� Decreased operating costs, including parking cost and car-sharing 
vehicles.

� Savings in parking space where land is scarce.

� Fuel and emission reduction

� Annual economic benefits for the US are estimated at $27 billion for 10% 
penetration and $450 billion for high penetration (Fagmant and 
Kockelman, 2015)



Emerging Services
� Reducing service operating costs by eliminating the need to pay drivers

� Increase flexibility by positioning vehicles to better respond to demand. 

� Encouragement of widespread use of vehicle and ride-sharing programs.

� Engendering new modes that will be a cross between public and private 
modes available today. 









Number of vehicle sharing users worldwide from 2006 to 2014 (in millions)

Source: http://www.statista.com/statistics/415636/car-sharing-number-of-users-worldwide/



Source: Shaheen & Cohen (2014)

State Car sharing membership 
(July 2013 – July 2014)

Car sharing fleets 
(July 2013 – July 2014)

US ↑ 34% ↑ 14% 

Canada ↑ 91% ↑ 28% 

Mexico ↑ 33% ↑ 18%

Brazil ↓ 0.9% ↑ 22%

State Member-vehicle ratio

(July 2014)

US 70:1 (↑ 19% from 2013)

Canada 56:1 (↑ 47% from 2013)

Mexico 131:1 (↑ 98% from 2013)

Brazil 51:1 (↓19% from 2013)

The Americas 67:1 (↑ 22% from 2013)



Source: http://web.stanford.edu/class/me302/PreviousTerms/2014-06Car-SharingServiceUsingAutonomousAutomobiles(paper).pdf; 
http://zackkanter.com/2015/01/23/how-ubers-autonomous-cars-will-destroy-10-million-jobs-by-2025/



Car Sharing Impacts

� North American car-sharing members reduced their driver distance by 27% | 
approximately 25% of members sold a vehicle and another 25% forgone a vehicle 
purchase (Shaheen and Cohen, 2013)

� Carsharing facilitates a substantial reduction in household vehicle holdings in North 
America. Car sharing has taken between 90,000 and 130,000 cars off the road
(Martin et al., 2010)

� Having driven an electric-car2go increased car2go-users’ willingness to forgo a 
private car purchase (Firnkorn & Müller, 2015)

� Using GPS tracking smartphone application, higher trip frequency was found for FFCS 
compared to non-car-sharers. FFCS users are more prone to intermodal and 
multimodal travel (Kopp et al., 2015)
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Type of car purchased Less walking – heath effect



Implication for Infrastructure Investments

� Impact on future infrastructure planning and current 
infrastructure utilization, reducing the need to build new 
roads/rail systems?

� More and longer trips

� Higher capacity

� The cheap and convenient emerging services



Mitigation

� Research suggests that induced traffic can be mitigated by 
the AV advantages

� Other negative impacts, such as sprawl, emissions, and 
health concerns, may not be read mitigated

� “Highway may carry significantly more vehicles, but 
average delay during the peak period may not decrease 
appreciably” (Smith, 2013) 

� Can they replace mass transit? rail systems?

� Will need appropriate aggressive car constraint measures!



Policy Implications
� Rethinking the current parking paradigm 

� Policies to encourage sharing

� More intensive use of pricing policies

� Policies for limiting unnecessary travel by zero occupancy vehicles.

� Planners must consider taking actions today to prepare cities for 
driverless vehicles and sharing economy. 



What Should We do:

� Evaluate the current investments in roads and rail systems in light of a 
scenario of SAV

� Encourage policies to support implementation of SAV

� Encourage policies to better sharing economy from tomorrow



Four main approaches to gaining insights of potential impacts

1. Study the impact of previous new technology innovation and the emerging 
services that have already penetrated the market (analog modes).

2. Perform stated preference studies

3. Perform experiments with a simulator

4. Perform simulation based/scenario analysis studies 



Assumptions Scenarios Range of Impacts

Atlanta

Kim et al. 

(2015) 

• 71% reduction in vehicle 

operation cost

• 50% increase in road 

capacity

• 50% reduction of the IVT 

coefficient 

• No parking cost at primary 

destinations

• 100% market 

penetration of level 4 

in 2014

• Average trip length increases 

from 10 to 12 miles

• Number of daily trips increase 

from 2.5%

• Average delay reduce by 14%

• Transit share reduce by 42%

Puget Sound

Childress et al. 

(2015) 

• 30% increase in road 

capacity

• 35% reduction in VOT (all 

HH or only high income HH)

• $1.65 per mile for SAV • SAV replaces private 

care

• 4-20% increase in VMT

• 17% increase in VHT

• 30% reduction in VMT

• 45% reduction in VHT

• 140% increase in transit 

• 50% increase in walking

MTC

Gucwa (2014)

• 50% reduction in VOT

• No parking cost

• 50% reduction in parking 

cost

• 8-24% increase in VMT

Scenario Analysis using existing Activity Based Modeling



Conclusion

1. AV can significantly change the way we travel/conduct activity/live

2. Regulation and policy are key issue – need to manage the process

1. Pricing, parking, priority, incentives

3. Net impact of increased travel and capacity are not clear

4. Market penetration studies

5. Modify our travel demand models

6. Automated transit and shared mobility

7. Regional planning and modeling

8. Implications for transport investment and policy making

Missing Research



Thanks for your attention!

Source: DHL Trend Research


