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Stockholm’s Congestion Pricing

Original prices:

* 6.30am - 6.30pm

*+ 10— 20 SEK per crossing
(1-2 Euro)
Max 60 SEK per day
(6 Euro)

Stockholm’s Mix of

“Green” Transport Policies

2005:

* Free Residential Parking in
Central Stockholm for LEVs

2006:

» Congestion Charging Trial

* Low-Emission Vehicle (LEV)
Exemption Starts

2007:

+ Started National Purchase
Rebate

» Congestion Charges Return,
Permanently (with LEV
exemption)

2008:

* LEVs are 28% of new vehicle
purchases

2009:

« Stopped LEV Exemption for
New LEVs

» Stopped Free Residential
Parking for LEVs

» Stopped National Purchase
Rebate

2012:

» Stopped LEV Exemption for
Old LEVs
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Low-Emission Vehicle Market Shares

% New Vehicle Sales: Month-to-Month, 2006-2015

Aug, 2007: g tax and
Jan, 2009: Tax exemption phased out for new EEVs

Aug, 2012: Tax exemption phased out for all EEVs

Jan, 2012: Super-EEV subsidy introduced

Greening Urban Transport
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Choice t Choices
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Research Questions

1. Did the LEV exemption affect vehicle purchase choice?

2. Did the LEV exemption affect overall vehicle use? And did
those effects lead to a rebound in emissions?

3. How could the LEV exemption have been deployed, to
bring about a sustainable transition to LEVs?

Data
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Vehicles Owners Travel
Make Age
Model Gender
Year Income Annual Kilometers
Propulsion Home Post Code Traveled (AKT)
Fuel Consumption Work Post Code
Emissions No. Children
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Abstracted Geography of Stockholm

Northern Suburbs

-——
- -~ -~

Central
Stockholm

—_—eam ==

Southern Suburbs

Number of Vehicles (2008) and Applicable

Policies
Rebate Free Parking Toll Exemp.
|/iving inside Cordon Living outside Cordop”
Workifig inside ~ Working outside ~ Working inside ~ Working outside All Owners
ordon Cordon* Cordon* rdon
Conventional 4 (64.5%) 700/(49.0%) 4974 (71.0%) 13 827 (75.6%) 20 645 (72.43%)
L‘;";tgloz 101 (5.7%) 99 (6.9%) 343 (4.9%) 985 (5.4%) : 1528 (5.36%)
L‘I’D"ifege?z 67 (3.8%) 63 (4.4%) 206 (2.9%) 638 (3.5%) i 974 (3.42%)
Electic f§ 47 27%) [ 41(29%) , 94 (1.3%) 149 (0.8%) i 331(1.16%)
Ethanol I, 415 (23.4%) 526 (36.8%) | 1386 (19.8%) ) 2697 (14.7%) & 5024 (17.63%)

Total 1774 1429 7 003 18 296 28 502
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Part 1: Did the LEV exemption affect vehicle

purchase choice?

12

Approach: Logit models for vehicle choice

Four Commuter Groups:
A. Inner-City Worker/Residents
B. Reverse (Outbound) Commuters
C. Standard (Inbound) Commuters
D. Outer-City Worker/Residents
Three model forms:
1. Binary: Exempt LEV vs. Non-Exempt CV
2. MNL-5: CV, low-CO2 petrol, low-CO2 diesel,
electric/hybrid, ethanol
3. MNL-8: exemption * [cheap/expensive] * [light/heavy]
Note: lots of others tried, including NL
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Parameter estimates for Commute-Across-
Boundary on vehicle alternatives (Model 3)
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Market share of new exempt LEVs in
Stockholm vs. Gothenburg
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Conclusions

» Commuting across the cordon was associated with higher
likelihood of choosing an exempt LEV
— Overall market share of LEVs: 1.8 %
— Benefiting from congestion tax exemption increased share
of LEVs by:
13.1 % for reverse commuters
4.8 % for conventional commuters

+ LEV-owners own fewer vehicles in total

» Higher probability for cordon-commuters lead us to expect
an increase of 10.7% in sales — half of findings from other
studies. May be explained by company-owned vehicles.

Part 2: Did the LEV exemption affect overall
vehicle use?
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Conceptual Overview
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Approach: Difference-in-Differences

Four Commuter Groups:
A.
B. Reverse (Outbound) Commuters
C. Standard (Inbound) Commuters
D. Outer-City Worker/Residents

For each Commuter Group:
1.
2. Measure Annual KM Travelled (AKT) in 2008 for Non-LEVs
3.
4

. Compare Difference-in-Differences between:
— AandB
— CandD

Inner-City Worker/Residents

Measure Annual KM Travelled (AKT) in 2008 for LEVs

Compute Difference between LEVs and Non-LEVs




Differences in Annual KM Travelled (AKT)

Number of Observations Average Annual Kilometers travelled (AKT)

Commuter Groups

LEV Conventional

CF'O;{Z;:e (Trlélz:/ed) Co(g\gm;al E:rr:/?,;e;; [(fn?;;(téglr)]
LveWokin 107 4605 11,844 11,707
Qubound g7 p651 14602 13447
é?,?;’;ﬂi‘e 216 18,859 13,950 13,324

Live/Work in
Suburbs 514 62621 15094 14,590

sy ot
137 1.17%
1,245 9.26%
626 4.70%
504 3.46%

Controlling for Preferences:

Propensity Score Matching (PSM)

Propensity Score:

» Predicted Propensity to Own a LEV,
based on owner characteristics

» Estimate a binary logit model for

owning a LEV -1
» Compute “score” as predicted
probability
Matching:

« Compute Differences in AKT for =0
“Matched” households,

N 22 ﬂ-
'E:'w"':’.*. %ﬁé

R T

" \ o
a.-"..s.w -

i.e. kernel-weighted by difference in :
Propensity Scores 0o

Key Metric:

+ “Average Effect of the Treatment on
the Treated (ATT)”

T l
0z 04 06 08 1.0
Propensity score
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Differences in AKT, after PSM

Commuter Groups Matched Observations m

Average effect

Commute Commuting #. of o off @i of treatment ATT % over
Pattern Across treated . o on treated Std. Error Control
Boundary obs. ’ (ATT) AKT
[km/year]
Live/Workin No 102 4,467  +184.3 5392 +1.57%
Centre ’ . s o o
Qutbound Yes 87 2,366 +1,575.5 629.8*** +11.72%
nbound Yes 216 18,859  +620.1  428.7* +4.65%
teiiorkin = No 514 62,552 +502.5 318.5% +3.44%

Differences-in-Differences, after PSM

Average Control | % Difference
(]

Group 2 | Difference in
et | Gurer, | Grou AT a7 | G
[kml/year] [kml/year] [kml/year]

B: A:
OGN CH Live/Workin+ +1,575.5 +184.3 +1,391.20 13,447 +10.4%
Commute Centre

& LiveE\)/:Vork 0
il Oice.  t620.1  +502.5  +117.60 13,324 +0.9%

Commute Centre




Key Findings

* LEV owners travelled further than Conventional Vehicle
owners of similar characteristics (between 1.6 and 11.2%)

» Alarge difference is associated with the congestion
charging exemption:
— Forinner-city residents: +10.4%
— For suburban residents: +0.9%

+ Difference is due to non-work trips?

Key Findings (cont.)

» Simulated effects on emissions:
— Assumed Flexi-Fuel used
75% EB85, 25% petrol
— Reduction due to vehicle

technology: -49.5%
— Increase due to rebound
effects: +2.5%pt

534<@B7039
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Part 3: How could the LEV exemption bring
about a sustainable fleet transition?

26

Consumer adoption cycles (Rogers 1962)
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Possible Economies of Scale for LEVs

Fixed-cost

* Manufacturing

* Regional distribution

* Regional marketing

Variable-cost

* New fuel availability and distribution

» Maintenance for new vehicle technology

The "Tipping Point” for a sustainable
transition

S

Final
Equilibrium

Early Exemption
Phaseout

Exemption
Phaseout

Market share

Demand Cost = = =Shifted cost

534<@B7039
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Experiences with incentives

State of Georgia, USA

1998—2015

Belgium

2007—2012

Province of British Columbia, Canada

2011—2014

Stockholm, Sweden

2006—2009

Stylized commute model

Single Home Zone > Single Work Zone

Short-term mode choices: car, non-car (public transport)
vE = - (MSCpyipe — costt — tollt — timet - VOT)
vE = u- (MSCpyipe — costt — tollt — time® - VOT)

U;t = 0
Consumer surplus:
w ¢
CStey == In (1+e%)

CSt, = % in(1+e*)

Congestion: linear volume-delay function
timet = a, + b, - Dt

534<@B7039
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Stylized commute model

* Long-term car ownership choices: no car, conventional car,
environmental car
Vetev =v: (CSeEev - NetCOStéev)

Vt, =v-(CSt, — NetCostt,)

* Vehicle fleet:
N 1

Nt :7-p5+<1—F>-N5

+ Economies-of-scale effects on ownership and use:

t 0 f Nefe_vl B Nf?ev
NetCostge, = NetCostgp, — s’ - 100 - —————

costt = costl®¢ +sv-100 - (D7t — DO

Parameter assumptions

Statistics Sweden

+ Initial vehicle ownership shares
* Fleet turnover rate

Traffic Analysis

* Initial mode shares

+ Travel times

+ Trip lengths

Litman (2013)

* Vehicle ownership cost elasticity
+ Driving cost elasticity

534<@B7039
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Policy designs

Policy A

* 100% congestion tax exemption for 18 months
Policy B

* 100% congestion tax exemption for 5 years
Policy C

* Increased toll

* 50% congestion tax reduction for 5 years

Results: minimum economies-of-scale for
transition to sustain after removal

—~Policy A

---Policy B

——Policy C

o
o
)
*
/

o 0 - Baseline

o
o
=

+ 1-EOS in variable costs

4 2-EOSin fix costs

Scale parameter variable cost
(SEK/trip)

R = 3-EOSin both variable
0 o N and fix costs

0 1 2 3 4 5 6 7 8 9 10
Scale parameter fixed cost (SEK/pp)
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Projected LEV market shares

Policy A: 50 SEK Toll, 100% Exemption, 18 months

80%

70%
5 60% Exemption /
5 Phaseout === Baseline (No Economies-cf-Scale)
£ 50% E _
c = Economies-of-Scale in Variable Costs
§ 40% Exemption - - - - Economies-of-Scale in Fixed Costs
£ 309, Begins —— Econamies-of-Scale in Both Variable and Fixed Costs
> /./
w 20% e

10% .

2006 2008 2010 2012 2014 2016 2018 2020 2022 2024
Year

Projected LEV market shares

Policy B: 50 SEK Toll, 100% Exemption, 60 months
B0%

/_/
0% Exemption ,/
60% Phaseout P A Baseline (No Economies-of-Scale)
50% \ — Economies-of-Scale in Variable Costs
é Economies-of-Scale in Fixed Costs

Exemption

——— Economies-of-Scale in Both Variable and Fixed Costs
Begins

EEV Fleet Penetration
-
[=]
=

20%

0%

2006 2008 2010 2012 2014 2016 2018 2020 2022 2024
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Policy C: 65 SEK Toll, 50% Exemption, 60 months

80%

[+2]
[=]
=

EEV Fleet Penetration
W
[==]
ES

a0
L= = |
ES- S

0%

2006 2008 2010 2012 2014 2016 2018 2020 2022 2024
Year

Projected LEV market shares

e
Exemption ~
Phaseout 7
B of -8 nln}

s " Lo
S— (Mo Ex
= Economies-of-Scale in Variable Costs

—e - = = - Economies-of-Scale in Fixed Costs

Exemption

Begins “‘:-_\ —— Economies-of-Scale in Both Variable and Fixed Costs

Conclusions

+ Sustainability transition may very well depend on a
sustained incentive up to 5 years

+ Consequences are highly sensitive to economies-of-scale,
and whether on fixed or variable costs

— Very difficult to determine!
— Predominantly a global question — do cities have any effect?
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Outlook for Research

Congestion
Wudyhdt

Ghp dgg

Xvhu

Vehicle Travel
Choice Choices
Wrwddhp
Hp ¥wkqv
Shup Total
Emissions

Outlook for research
(The dataset that got away)

Cordon-passage panel data from Stockholm 2012-13
* May-June 2012: grandfathered LEVs still exempt
* May-June 2013: grandfathered LEVs pay toll
Data

» Crossing point

+ Date, time

* Owner’s home post-code

Groups:

* AIllILEVs

« Sample of other, similar vehicles

534<@B7039
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Outlook for Policy

» Congestion Charges:

— Expanded to Gothenburg

— Increased price in Stockholm, now includes N/S motorway
* LEV incentives post-exemption:

— 2012: Super-Clean Vehicle Premium: mostly EVs & Plug-in
HEVs — 40 000 SEK (£ 3500) for private persons

— 2013: Exemption from annual tax for 5 years
— 2013: Reduced tax for a company car benefit
* Environmental Zones

— New enabling legislation in place

— Stockholm pilot in 2020, probably the whole inner city by
2021

534<@B7039
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