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Testing Unbounded Rationality
• AIM: to improve transport models to reflect
heterogeneous behaviour and consumer
choices
• How can the rational agent model still rule?
• Psychology, Behavioural Economics, Sociology
– have revealed a coherent view of the noneconomically rational aspects of human
[choice] behaviour
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Adapted from Simon 1955

Too many determinants to model…
INDIVIDUAL OBJECTIVE

INDIVIDUAL SUBJECTIVE
• Affective motives (fun,
comfort)
• Instrumental motives
• Symbolic meanings
• Values
• Moral norms
• Sense of responsibility
• Perceived control
• Self efficacy / agency
• Denial
• Identity and status
• Heuristics

•
•
•
•

COLLECTIVE SUBJECTIVE

COLLECTIVE OBJECTIVE

Knowledge
Habit
Personal capabilities
Actual resource
constraints (cost, time)

•
•

Physical surroundings
Infrastructure/
• Group cultures/ shared
norms
technology
• Trust in others and in
• Contextual/ situational
government
factors
• The media
Anable, J. et al. (2006) An Evidence Base Review of Attitudes to Climate Change and Transport. For the
DfT (updated table)

Behavioural economics: key principles
See: Metcalfe, R., Dolan, P. (2012)Behavioural economics and its implications
for transport. Journal of Transport Geography, 24, p.503

1. Losses loom larger than gains and the framing of an offer
affects the perceived outcome
(Prospect Theory: Kahneman & Tversky)

2. We are impatient and discount the future
(e.g. Purchase taxes are more effective than VED)

3. We are creatures of inertia
(e.g. brand loyalty)

4. We do not know the value of things we buy and can be
swayed by things that do not matter
(e.g. not comparing mpg’s; being swayed by discounts)

Behavioural economics: key principles
5. We do not look for optimal solutions and use heuristics and
reference points to make decisions
(e.g. “the mpg is better than my old car”)

6. We have distorted perceptions of risk
(e.g. The perceptions that SUVs are safer to drive)

7. Incentives can be demotivating
(Once an activity is associated with an internal reward, a person will be
less inclined to participate in the future without an award)

8. We are willing to consider others
(We sometimes make choices that are not necessarily in our own best
interest, we are willing to consider others)

Heterogeneous behaviour
Die Hard Drivers (20%)

Malcontented Motorists (18%)

Complacent Car Addicts (20%)

Car Aspirers (9%)

Aspiring Environmentalists (16%)

Car Sceptics (9%)

Reluctant Riders (7%)

Travel behaviour change is not just about
mode switch
 Purchasing - which cars are bought
 Driving - how cars are driven
 Use - how much cars are driven












Mode choice
Car occupancy
Timing
Route choice
Frequency
Trip-chaining
Destinations / distance
Parking
Residential location choice
Work location choice
Substitution (eg with ICT)

8

“Peak Car” – an unpredicted
phenomenon in advanced economies
Private Car Use 1990-2009 for six countries, similar in 24
Turning point ca. 1992 and
recent downturn preceded the
recession

Goodwin, P. (2012) Peak Travel, Peak Car and the Future of Mobility. ITF Discussion Paper. 2012 - 13

Peak Car in the UK

Biggest falls in car use by highest income men; lower income
men are driving more
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Stokes, G. (2013) The prospects for future car ownership and
use. Transport Reviews. DOI:10.1080/01441647.2013.800614

Peak car – unresolved debate
1. Blip: temporary pause due to economic conditions. Growth
will restart driven by fuel price, economic growth,
population. (UK Department for Transport)

2. Saturation: benefit from further increases in mileage
outweighed by cost. Now reached saturation level of
car use. (Schipper, Metz)
3. Turning point: car use passed its historic peak and can
enter a period of long decline. (Goodwin)
(sub-themes – strength of policy influences, location of
development for population increases...)
All are ‘evidence-based’ technical arguments

The streetlight effect
“Corresponds to the behaviour of the
person who, having dropped his keys in a
dark place, chose to look for them under a
street light since it was easier to see
there.”

Kirman, A.P., 1992. Whom or what does the representative individual
represent? Journal of Economic Perspectives, 6, p.134

Empirical Example 1:

Consumer segmentation of plug-in vehicles
Questionnaire
(N=2729)

Energy Technology
Institute: Plug-in
Vehicle Programme Consumer study
(2009-2010)

Choice experiment

Final design consisted of
100 discrete choice sets (10
x 10 randomly allocated)
‘Efficient design’ used to
avoid creation of
unbalanced choice sets and
minimising standard errors
of the coefficients
Running cost based on stated
annual mileage for primary
car
Repeated for second car
(where applicable
Where conventional vehicle
chosen for both – forced to
make a choice between PHEV
and BEV

Attitudinal constructs (Factor analysis)
Original sets of attitude
statements (106)

#

Attitudes to owning/driving a car

1
8
Innovativeness
1
5
Environmental values
1
4
General beliefs about Plug-in cars 1
6
Factorabout
analysis
was used to
Beliefs
PHEVs
2
reduce the 106 attitudinal
1
statements
Beliefs
about into
BEVs15 overarching, 2
psychologically meaningful
2

constructs

A few other attitude statements
did not join any factors but stand
alone as single item constructs

15 ‘Factors’

Interpretation

Environmental identity

Concern for and identity with environmental issues

EV Positives

Belief in environmental and general benefits of BEVs/PHEVs

BEV Anxieties

Concern about some of the practical aspects of BEVs

PHEV Anxieties

Concern about some of the practical aspects of PHEVs

EV Openness

Desire for oil independence & excitement about EV
technology

EV Infrastructure

Desire to wait for rapid charging infrastructure

EV Instrumental

Belief in reliability and economy compared to ‘normal’ cars

EV Symbolic

Embarrassment/ pride in owning and driving an EV

EV Affect

Beliefs about performance and driving experience of EVs

EV Willingness-to-pay

Willingness to pay more for EVs and environmental benefits

Innovativeness

A desire to own and be seen with the latest technology

Car Symbolism

Belief that cars are an expression of personality and status

Driving Affect

General enjoyment of driving and emotional aspects

Car Authority

General car enthusiasm/ self proclaimed knowledge about
cars

Car Loyalty

Tendency to stick to the same brand and size/type of car

Additional single
statements

I would pay more for a car with lower running costs
Finding somewhere at home to park near a plug in socket would be difficult
Compared to a normal car, plug-in fully electric cars are a danger to people
outside the car because of the lack of engine noise
I know many people who would be attracted to a plug-in hybrid car (PHEV
Identity)
I know many people who would be attracted to a fully electric car (BEV Identity)

It’s about time!
Why wouldn’t
you?

With my
mileage?
Convince me.

I’d never be
seen in one
of those!

1. Plug-in PIONEERS
2% (N=48)

8. COMPANY Car
Drivers
8% (N=216)

2. Zealous OPTIMISTS
13% (N=348)
7. Image Conscious
REJECTERS
18% (N=495)

Will they save
the planet?
Don’t think so.

Yes please.
It would save me how
much fuel?

3. Willing
PRAGMATISTS
11% (N=306)

4. Anxious ASPIRERS
16%(N=439)

6. Conventional
SCEPTICS
13% (N=361)

If everyone
else is, then,
maybe…

Yes please, but
make it a plug-in hybrid
for now, thanks.

5. Uninspired
FOLLOWERS
19% (N=516)

Great, but not
sure where I
would charge it.

Discriminant analysis – which factors
distinguish the segments?
Identity

the degree to which people feel they
associate with ‘typical’ EV owners

Anxiety

perceived suitability of these vehicles
particularly in relation to range

Parking Difficulty

perceived ease of being able to charge a
vehicle at home

Willingness to pay

willingness to pay more for plug-in
technology and/or environmental benefits

Symbolic motives

capture the perceived status, social
acceptability and embarrassment or
otherwise of owning an EV.

Dynamic Choice Model

(Electric Car Consumer Model (ECCo) – Element Energy Ltd)
VEHICLE ATTRIBUTES

Cost, range,
performance…

ECONOMICS AND GRID

Energy prices, grid
carbon intensity, total
sales.
POLICY/ INCENTIVES

CONSUMERS

Attribute preferences
Travel and charging
patterns
INFRASTRUCTURE

Charging points in
place

Several types of
policies can be
programmed

CHOICE MODEL
Yearly sales based on
combined attributes
and coefficients

PARC MODULE

Current fleet – includes a
scrappage model
OUTPUTS

Vehicle sales, CO2 emissions, electricity use, policy costs…

Powertrains included: ICE (petrol, diesel, stop-start, pure hybrid); Plug-in (PHEV,
RE-EV, BEV); Hydrogen (H2 ICE, FCEV)

Choice model in ECCo
Consumer WTP for attributes
Consumer preferences
(Including Alternative Specific
Constant)

Vehicle attributes
•Capital cost
•Running cost
•Acceleration
•CO2
For PiVs only:
•Access to charging
•Electric range
•Charging time

Multinomial logit model
to generate market share
of each powertrain for
each consumer segment

Demographic/attitudinal influences
captured through separate consumer
coefficients for each segment

Total sales
Calculated from exogenous
inputs (parc size, vehicle
scrappage rate )

2670 respondents & 26,700
choices + 8 attitudinal
segments.

Share of consumer segments
Sale volumes for each
powertrain

Preferences for/against PIVs shows substantial
variation across consumer segments.
Consumer preference, £ equivalent
PHEV
£15.000
£10.000
£5.000
£-

BEV

All show preference
for PHEVs
Most segments
have a strong bias
against BEVs

£(5.000)
£(10.000)
£(15.000)

Pioneers are willing
to pay a premium

£(20.000)
£(25.000)
£(30.000)

Pragmatists
strongly reject BEVs
but not PHEVs
20

Benefits of consumer segmentation
Using multiple segments significantly increased the
explanatory power of the model
Null model (no
segmentation)
Number of parameters
Log-likelihood
2 x log-likelihood
difference
P-value (Χ2 test, df =
125)

Final model (8
segments)

19

144*

-24 482

-22 581
3262
<0.001

• Highlights attitudinal/demographic factors influencing PIV purchase
• Allows reactions to different attributes (e.g. willingness to pay for EV
range) to be captured explicitly rather than within the error term of the
model)
* Final model contains 18 parameters per segment, since the emissions parameter was estimated as a generic rather
than vehicle specific parameter. The null model contained separate coefficients for the conventional car and plug-in
vehicles (PHEV and BEV)

Example 2:

UKERC ENERGY 2050
• Assessment of how the UK can move to a resilient
and low carbon energy system over the period to
2050
• Suit of sectoral + ‘whole system’ models of the UK
energy system
• How will the energy system evolve?
• Systematic comparison of scenarios:
– Carbon constraints & cost optimisation
– Technology acceleration
– LIFESTYLE change
Brand 2010; Brand et al. 2012; Anable et al. 2012; Eyre et al. 2012)

A socio-technical approach
•

Stern – 3 ‘pillars’
1. Carbon pricing
2. Low carbon technical innovation
3. Behaviour change

•
•

Economic and technical analysis insufficient
to inform #3
Transition = interconnectedness between
social, technical and policy changes

What are lifestyles?
To what extent could lifestyle change contribute to
meeting carbon reduction targets?
Various components:
• Consumption patterns
(material + non-material)
• Preferences
(price + non-price driven)
• Use of time and space
• Social values and norms
• Public acceptance of
technology and policy change

Lifestyle scenario - methodology

Income and
population growth;
International
context

Social norms,
attitudes
preferences,
acceptance,
consumption

Modelling

UK Domestic
Carbon Model
UK Transport
Carbon
Model*

Output 1

Energy
Service
Demands

Modelling

Variants

Story line

LS REF
MARKAL

* UKTCM = UK Transport and Carbon Model (Brand 2010; Brand et al 2012)

LS LC

Transport sector – lifestyle and mobility
changes in 2050
•Accessibility
•Localism
•Slower speeds
•Compact cities
•Car-free zones
•Car clubs
•ICT
•Teleworking
•Tele-shopping
•Less air travel
•Policy acceptance

Total
distance

Down 21%

Mode
choice

Car from 81% - 38% distance
Cycling from 1% -13% distance

Vehicle
choice

HEV, + BEV + PHEV = 77% share of vkms
in 2050

Driving
Style

Ecodriving = 5% reduction in CO2 per
km by 2025

Occupan
cy

Car occupancy up 23% by 2050

Mode split in 2007, 2020 and 2050
14000

36% of distance still by
car in 2050

Cycling +
walking = 28%
other public
other private

Average distance travelled (km pppa)

12000
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Summary of transport changes
Key parameters

2007

2020

2050

11,484

10,756

9,035

Avg. car occupancy

1.58

1.75

1.94

Mode split (% distance)
- cars and motorcycles
- slow modes
- bus and rail

83%
3%
14%

71%
9%
20%

40%
28%
32%

Share of new large cars

15%

0%

0%

km affected
4%
4%
4%

km affected
46%
50%
50%

km affected
62%
70%
70%

Air demand growth (pa)

2.5%

1.0%

0.0%

Technology choice, e.g.
new cars by propulsion

99% ICE

16% EV
28% HEV
8% PHEV

9% EV
18% HEV
46% PHEV

Average distance travelled
(km pppa)

‘On-road fuel efficiency’:
- cars, 8% better per km
- vans, 8% better per km
- trucks, 4% better per km
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Transport sector – impact on fuel demand

Biofuels and hydrogen
only appear in
constrained cases
Transport Fuel Demand in different scenarios (2000 and 2050)
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Projections of CO2 emissions (in MtC at source
from domestic transport in each scenario, MED results)
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Conclusions/ Challenges (1)
Be realistic (1):
• There are too many behavioural features to include in IAMs
(particularly given multiple actors in the system)
• Data does not readily exist on these behavioural features in
different choice / national contexts
• Evidence – concentrates on behavioural features of private end
users (not fleets, other decision makers, investors etc)
• IAMs will simply be an aid to (some) thinking – nothing more
Be Interdisciplinary and apply mixed methods:
• Best practice relies on ‘off modelling’ to produce sets of input
assumptions often based on qualitative storylines
• Modellers must be interested in what they are modelling and work
closely with sectoral experts!

Conclusions/ Challenges (2)
Be optimistic:
• Behaviour change is a strong natural force running though society – BAU
does not need to be the norm
Get out from under the street light:
• Not cost factors are as important as socio-demographic attributes for
private travel
• Differentiation across segments can improve model fit
• System thinking - many influences on transport service demands do not
come from the transport sector (built environment, ICT, retail patterns …)
• Policy diversity - using insights to develop new policy strategies beyond
fiscal instruments
Be realistic (2):
• IAMs will simply be an aid to (some) thinking – nothing more
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