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Policy Responses in Times of Crises

Multiple challenges: COVID-19 crisis, war in Ukraine and rising inflation

Categories

Supporting businesses to stay afloat 585

Promaoting the economic, labour market and social

371
recovery

Measures to prevent social hardship 275

Protection of workers, adaptation of workplace

Responses to inflation 241

Employment protection and retention
Reorientation of business activities
Income protection beyond short-time work

Ensuring business continuity and support for
essential services

Source: EU PolicyWatch

Prof. Dr.-Ing. Klaus Bogenberger



TUTI

Germany's Policy Measures .

Federal Government

= Menu | Home Page Q Search

News  Germany4Ukraine  Chancellor  Cabinet  Service

ia Fuel Tax Cut from June to August 2022

Adopted by the Federal Cabinet

— : Tax relief for citizens
EE 9-Euro-Ticket from June to August 2022 _ 3 _
In order to take the sting out of rising energy prices the Federal Government has adopted a

De utsch I andtlcket from M ay 2023 package of tax relief. The commuting allowance, basic personal allowance and employees’

allowance for business related expenses are all to be raised, backdated to the beginning of the
year.

il DO

Wednesday, 16 March 2022 (® 1 min reading time

Other measures on heating, electricity, financial support for students...
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February 2022: May 2022: from May 2923:
Russia'‘s full-scale invasion of Inflation of 7% in Deutschlandticket
Ukraine begins Germany for 49 Euro
T T "
March 2022: June to August 2022:
Peak of daily Covid infections 9-Euro-Ticket and fuel tax cut
in Germany
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Fuel Tax Cut

» (Gasoline by 29.55 cents per liter

* Diesel by 14.04 cents per liter

* Natural gas (CNG/LNG) by 6.16 cents
per kilogram

* Liquefied petroleum gas (LPG) by 12.66

cents per liter
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m CO2 price product price
= VAT contribution margin
= fuel tax

Composition of the gasoline price in the first quarter of 2022:
in total around 206 cent/liter
diesel: around 203 cent/liter
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Fuel Tax Cut

Gasoline price (cents/liter)
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The 9-Euro-Ticket & the Deutschlandticket

., CC BY-SA 2.0

70 transit districts with >
400 companies and
thousands of fares

merge into

1 single district with 1
fare! (excluding long
distance express trains)

Karte der Landkreise: TUBS, CC BY-SA 3.0Verkehrsverbiinde: Maximilian Dérrbecker

(Chumwa), NJ Giggie, CC BY-SA 4.0, CC BY-SA 2.5 ,via Wikimedia Commons

Portal der statistischen Amter des Bundes und der Lander (DeStatis); David Liuzzo

DE, via Wikimedia Commons

N_
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https://creativecommons.org/licenses/by-sa/2.0/de/deed.en
https://creativecommons.org/licenses/by-sa/2.5
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Drastic Price Cut: 9 Euro per Month

« The average cost for a travel pass is around 50
Euro/month, but only valid in one transit district

9-Euro-Ticket **9.00 €
e o « Asingle day for 44 Euro for Germany, but only
5458 23.05.202208:48 11127 @, MVE after 9 AM

Kontroll Nr.0040506
e s A « BC100: 4,400 Euro per year for Germany, but not
Gultig deutschlandweit im Nah- unq Regionalverkehr, jedoch

T et all services (~15% of median net income)

"Es gelten die Tarifbestimmungen des jeweiligen Beforderers.
Weitere Informationeii unter www.mvg.de/Seuro

+ 1,095€ p.a. * 4,000 CHF p.a.
B . 4.5% of median net income * ~ 6.3% of median net income

KlimaTicket (all services Generalabonnement (all services)
I ( ) ﬂ
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The 9-Euro-Ticket is Almost Fare-free Public Transport

Tallinn, Estonia
* Increased passenger demand of 1.2%

Cascais, Portugal
* Increased passenger demand of 10%, funded by parking fees

Santiago, Chile
« Randomly assigned fare-free travel passes for two weeks
* Increased demand by 10% but no evidence for mode substitution

Prof. Dr.-Ing. Klaus Bogenberger
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Huge Popularity: More than 50 Millionen Tickets sold

€be New Hork Times Way to go: why Germany's €9 travel pass is
a big step in the right direction
Melissa Bruntlett and Chris Bruntlett The
G s €9 Monthly Train Pass H G ]
ermany's onthly Irain rass rias uardaian

Proved Popular (and a Pleasant et i e e e
Surprise) " Y

To help offset inflation, Germany’s government has subsidized

cheap train passes this summer. While many feared chaos and
overcrowding on an overburdened system, it has been a relatively
smooth ride.

https://www.nytimes.com/2022/08/15/world/europe/germanys-trains-9euro-pass.htmi https://www.theguardian.com/world/2022/jul/14/germany-9-euro-travel-pass-cheap-fares
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Successor Ticket: Deutschlandticket (49 Euros/month)

* Successor to the 9-Euro-ticket, start date
May 1, 2023

» Subscription model (digital-only)
« initially limited until 2025

» federal and state governments contribute €
1.5 bln p.a. each as loss compensation

* Ongoing debate about further funding and
price development

Prof. Dr.-Ing. Klaus Bogenberger 11



Hypotheses

The changes in travel costs of car and public transport relatively to each other
are expected to change travelers’ mode choice.

Second, the reduction in car traffic and public transport costs is further expected
to increase overall individual mobility.

Prof. Dr.-Ing. Klaus Bogenberger
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Our Study
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Study Mobilitat.Leben

Core Team

« Chair of Traffic Engineering and Control
« Chair of Vehicle Technology

« Professorship of Economics

» Professorship of Policy Analysis
 TUM Think Tank

Sponsor: TUM THINK TANK
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Dissemination

« 8+ working papers, 1 journal paper
« 4+ conference contributions

« 3+ Ph.D. theses

» 8+ student theses

* Multiple webinars and keynotes

— Project homepage —

Prof. Dr.-Ing. Klaus Bogenberger
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Study Design Mobilitat.Leben

MOBILITAT
ELEBEN
Smartphone App Survey
« Smartphone tracking app with a semi-passive * 6 questionnaires (10 to 15 minutes)
travel diary « socio-demographic questions, questions on

mobility tool ownership, transport- and
energy-related attitudes, travel behavior
(changes), impact of the cost-of-living crisis

Prof. Dr.-Ing. Klaus Bogenberger
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Study Mobilitat.Leben: Timeline

First phase

A

———>
start of cost-of-
living crisis

250

200

150

Second phase

100

2022

Gasoline price (Cent per litre)
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2023
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Recruiting of the Participants

» Media campaign in focus area
Munich
« Panel agency as backup

In total, 3,080 participants of which

~ 1,374 from the agency (only
survey)

Prof. Dr.-Ing. Klaus Bogenberger

~ 1,706 from the media campaign
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Rewards

First phase

media campaign:
30 Euro voucher 5 Euro

Prof. Dr.-Ing. Klaus Bogenberger

professional agency:

Second phase

media campaign Media campaign
(continuation from first
phase): (only second phase):

no compensation

Professional agency:

3- 4 Euro
20 Euro voucher

20
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Tracking-App
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MOTIONTAG

4,8 million km of PT trips and
5,4 million km of car trips
tracked!

Extensive data enhancement:
outlier removal, track merging,
trip detection
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Dashboard

Modal Split - average trip length N Chosen Transportation Mode
Amount of Activities

03/01  03/04
Modal Split by trip length = Airplane ==

Weather

Average Trip Length

Individual Transport
36%

Airplane
26%

Data
2mm
Zoom to data
1mm
Public Transport
30%

omm

precipitation
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Study Participation: Survey

2,500
2,000
1,500
1,000

500

1 2

Number of completed questionnaires

Il Media recruitment
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3 4
Survey wave

Professional recruitment

App + media crecruitment
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Study Participation: App

800 -

600 -|

400 -|

Number of mobile participants

200 -|

12345678 91011121314151617181920212223 24252627 28293031323334353637383940414243444546474849 5051525354

Studyweek

8 Recruited in first phase 771 Recruited in second phase
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Study Participation: App

May to October '22 November '22 to May '23
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I Recruited in first phase [J Recruited in second phase
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Sample: App

MVV zone M
MVYV servicearea
= Administrative boundaries of Munich

i":"

EE Male (study)
N Femde (study)
—— Male(Germany)
—— Femae (Germany)

m*

3.
..
4

4.0% 2.0% 0%
Popul ation share
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2.0% 4.0%

S 8
Nr. of Participants

25

& 8
Nr. of Participants

iy
o
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Overall success

0 80% success rate in activating the smartphone app
¢

‘M Attrition rate of 1% per week (participants with incentive) / 4% (without incentive)
= 25% of the invited participants completed the tracking and questionnaires from June 2022 to
vz May 2023

Prof. Dr.-Ing. Klaus Bogenberger
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L
Implications and Learnings

Short time between announcement of the ticket and its start: did not allow for a conventional
recruiting strategy, e.g., using direct mail to reach a representative sample of households

Panel management resources are necessary to answer partipicants‘ requests
(e.g. technical problems)

First phase with a higher compensation led to lower attrition rates

Complex data structure with heterogeneous  Data processing of the tracking data
data quality Excluding ,speeders* from the survey panel

Prof. Dr.-Ing. Klaus Bogenberger 28



Data Processing: Pipeline

Prof. Dr.-Ing. Klaus Bogenberger
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Mobility Tracking App with User Validation

Yesterday e

Yesterday ~ e
!f\' . [ ‘\\-;\\ /\/\
/ ~
& @) @)
a =) 8 =)

Google] e Google 0

< 9 tracks 1hO0min 9,6 km > <

8 tracks 59 min 9,5km >
¢ Bicycle 2/4km ~  Motorbike 24km
NS

0’0 osa0 Bimin GO 0 8 min
02km 0.2km
08:40 4min 08:40 4min

Workin i
ﬁ 9 4h1min ﬁ Working 4h1min
08:45

08:45

0,1 km

[ P min
12146 1 min 12:48
G Working A5
12:48

Automatically detected activities Activities after validation and correction
(fully-passive travel diary) by users (semi-passive travel diary)

Prof. Dr.-Ing. Klaus Bogenberger
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Data Quality Enhancement |

r‘

Stays

® Home

® Wait

® Work

Tracks and trips
Walk track
e wn BUS track

‘_ Trip

time

>

Home Walk Walk  Wait Bus Work Work Work
T T O DN N S N N ——

Walk Walk

Raw data
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Stays
® Home
® Wait
® Work
Tracks and trips
Walk track
e Bus track
time
fi
Home Walk Wait Bus Work
e
Home Trip Work

Improved data
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Data Quality Enhancement Il

Map matching

Weather

Travel times
Sociodemographic data

Tracking quality metrics

Prof. Dr.-Ing. Klaus Bogenberger

Q OpenStreetMap

Deutscher Wetterdienst g
Wetter und Klima aus einer Hand

]
O tomtom M@ @

SURVEY

L_;é,

OpenTripPlanner

Number of users

TUT

User groups by temporal coverage and correcting behaviour

1200

1000

800

600

400

200

Abandoned experiment

Not active that day

Active with temporal coverage < 80%
Active with temporal coverage >= 80%
Mobile users

9€ ticket Deutschlandticket

2022-07 2022-09 2022-11 2023-01 2023-03 2023-05
Date
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Modal Split After Quality Enhancement

Mode split by frequency

Raw (Munich Users) iz 19 11 59 B Car
Enhanced (Munich Users) iz 19 12 el giTke
Trips (Munich Users) IS 21 18 44 Walk

MiD (Munich) FEs— 24 18 24
0 20 40 60 80 100
33
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Results: 9-Euro-Ticket

Prof. Dr.-Ing. Klaus Bogenberger
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Did They Change Their Behavior?

Prof. Dr.-Ing. Klaus Bogenberger

Share of sample (%)

100

80 |

60 |

40|
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Car

Pre
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During Post
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I Less
771 No Change
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No Substantial Changes in Car Use Frequencies

Before Bl [
Bicycle  During B (] [ ]

___ EEE
| Survey
Before q:gmm

]
Ater .

Before 1O
Public transport IDuring B [ [
-:I:| 771 4-5 days/week
| [ [ 0 Daily
1000 500 0 500 1,000 N o 1 402
’

Number of participants

Car During

Il Never

less than once a week
771 once a week
[ 2-3 days/week

After
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Share of substituted Car-Trips per week (self reported)

lr:ity ()

(0]
=
©
S 4
S
=]
(@)

2

— During
Aft
0 er
0 20 40 60 80 100

Share of weekly car trips substituted by public transport (%)

Data shows only 57.27% of the sample who used the car
at least once per week before the 9-Euro-Ticket period.
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Overall Travel Distance Non-working days

Weekends
90
80 E
£
g™ ]
;;3 60 [ 3
]
B 90
R 40
O‘F—. P | | P | I | I ooy | I | I | I | I | | I | I | P | P | I |
) J, 2 2 0. V4 V4 2 a 7} V4 2 2 O ¥4 Z >
%05 Co; P05 05 0s Yos Cos o Lag Cap Py o e Pay oy Yoy o,
Date
—— Daily Avg. Travel Distance Standard Deviation 9EUR-Ticket
Mean Travel Distance Weekends & Public Holidays School Holidays
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Teahnische Uiveratat Manghen T”Tl
Travel Distance by Means of Transport and PT Ticket Ownership

During the ticket phase, in which the usage of public

(TH:TICket HOlder) transport is almost free, the NTH hardly travel using

public transport. Instead, most travel distance is done
by means of individual transport.

APP

Distance in km
S
=)

—— Public Transport (TH) Individual Transport (NTH) 9EUR-Ticket
Individual Transport (TH) Weekends & Public Holidays School Holidays
------ Public Transport (NTH)
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Observed Modal Splits By Income Groups
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By Car Ownership

D
o
1

N
o
1

N
o
1

o
1

PT distance per day and person (km)

Jun aul Aug Sep
Date

Had a car pre 9—-Euro-Ticket — No — Yes
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By Travel Pass Ownership

60 ~

40 1

PT distance per day and person (km)

20- '
O-
Jun aul Aug Sep
Date
Had a travel pass pre 9—Euro-Ticket — No — Yes
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Public Support

Prof. Dr.-Ing. Klaus Bogenberger

Share of respondents (-)

100

80

60

40
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Do you think the 9-Euro-Ticket is a good idea?

Before
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Don't agree at all
Don't agree
Neither nor
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Fully agree
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PT services

Prof. Dr.-Ing. Klaus Bogenberger

Deutschlandabo
(During period)

.

Deutschlandabo in 10 Euro steps
(After period)

Cumulative Probability

50

Cumulative] Probability

100 150 200 250
Euro/month

— Munich-based
Nation-wide

20 40 60 80 100
Euro/month

TUTI

Willingness-to-Pay for a nation-wide travel pass for all local

46
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Willingness-to-Pay for a nation-wide travel pass for all local

PT services

During the 9-Euro-Ticket Post 9-Euro-Ticket

Munich-based panel ~51% ~80%

Nation-wide panel ~36% ~25%

Prof. Dr.-Ing. Klaus Bogenberger 47
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How did the 9-Euro-Ticket affect different social groups?

« Method: Propensity Score Matching, ATT on those without prior public transport subscription (N = 827)
» Findings

AR All groups increased public transport use with the 9-Euro-Ticket, especially economically
V" marginalized individuals.

= After the ticket validity period, all groups except for economically marginalized individuals reduced
¢ the probability of never using public transport, and all groups except for women and economically
marginalized individuals increased the probability of purchasing a travel pass.

Pﬁ Women and economically marginalized individuals used the ticket mostly for errands, while
O

men and economically privileged individuals used it more for leisure.
Survey

Prof. Dr.-Ing. Klaus Bogenberger 48
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The 9-Euro-Ticket as a Climate Policy?

CO, Emissions from Private Transport in Germany

Preliminary findings suggest only small
effects on CO, emissions of app.
300,000 tonnes CO, over the three

months

Survey & App

Prof. Dr.-Ing. Klaus Bogenberger

300,000

200,000

CO2 in Tonnes

100,000

. CO2/day with 9-Euro-Ticket . CO2/day without 9-Euro-Ticket

TUT
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Results of Other Studies

Fuel Tax Cut

« The fuel tax cut was not an effective measure to provide financial relief (RWI)
* No study on the impact on driving is known ...

9-Euro-Ticket

« 20 % new customers, 10% of trips have been shifted from the car to public transport (VDV)

 11% of all trips shifted from other modes of transport, while 6% of all trips were induced (Kramer et al.)

* No change in daily mobility but instead increased leisure travel at the beginning and the end of the
ticket’s validity period (DIW... a similar study with tracking and survey, N~1000 participants)

Prof. Dr.-Ing. Klaus Bogenberger 50



Results: Deutschlandticket
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Deutschlandticket Ownership: Probit Model

TABLE 2 : Model estimates of a Probit choice model of becoming a new season-ticket customer.

Dependent variable:

A person living in a rural area, being older than 30 years, newsasomickes customer

Age category

having no automobile in their household, but using m“’*‘” osie E;fg};
public transport 1-3 days per week has a probability of . )
becoming a new customer of around 43% Nethousehod income -+ s _ o
1500-2499 Euro per month 0.260 (1.07)
2500-3999 Eure per month -0.0628 (-0.26)
4000 per month or more -0.196 (-0.82)

Contrary, people younger than 30 years and living in a Ui o s
metropolitan Cente r, using public transport 1_3 days per chfr:?lr:,;::.uca] spatial typology at household location - 255

Regiopolis, urbanized aras 0.412% (2.64)

week, and having no automobile have only a probability Of s s ey i aptz0a3 0

Less than once per week (base) )

13% of becoming a new customer. Vior hn o e pr wck Pl

Recruited through professional agency -1.041%** (-6.90)
Constant -1.610%** (-5.16)
Observations 717

Pseudo R? 0.171

Log-likelihood at convergence -257.7
Log-likelihood constant only model -309

1 statistics in parentheses
fp<01," p<005"" p<0.01
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Mode Choice

Before
Automobile

After

Before

Public transport

After
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“IakE

1000 500 0 500

Number of participants

1,000

BEN

Never

<once a week
once a week
2-3 days/week
4-5 days/week
Daily
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Stated Travel Behavior Changes

] Season-ticket customer

Behavioral change | No Existing  New

50.99% 34.48%
20.16% 13.79%

Not more public transport, not less automobile
Not more public transport, less automobile
More public transport, not less automobile
More public transport, less automobile

%

11.90% 21.74%/31.90%
2.73%  7.11% \19.83%
Survey

Small reported decrease in automobile use!
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Measured Travel Behavior Changes

i .

Change in daily travel distance (km)

No customer Existing customer

=71 Public transport =71 Automobile

Prof. Dr.-Ing. Klaus Bogenberger

New customer

N = 506
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Results from the VDV market research

® new customers
= existing customers (subscription)
= existing customers (no subscription)

unknown
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Other Research with the Data
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NEW MODEL: XGBoost mode choice model

Straight distance

PT price

Car travel time

PT travel time

Age

Car ownership

PT stop density at OD
Bike infrastructure at OD
Bike rack density at OD
Temperature

Time of trip start

Day of week
Employment status
Income

Wind speed

Relative humidity
Gender

Precipitation

Num. PT transfers

N I
-
Y
-

™

w
w

w

. PTs
walk

bikes
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2 3 4 5
mean( SHAP value ) (average impact on model output magnitude)

PTs

=2

=

=~

(9]

2]
1

True label

cars -

walk

0.098

0.039

Confusion matrix

0.077 0.098 0.034

0.098 0.033

T
PTs

T T
bikes cars walk

Predicted label

0.8

0.6

- 0.4

- 0.2
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Analyses: Cycling tracks

MV¥V= Public Tr‘pnqurf

o

“Map tiles by.Stamen
Design, CC BY 3.0 --
Map data (C)
OpenStreetMap e
contributors .. . \
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Outlook on Future Research

Y « Codebook and survey metadata for the entire Mobilitat.Leben study
\ « Develop/Automation methods for data processing, enrichment, and
analysis of semi-passive travel diaries

 Estimate elasticities
o-¢

1  Estimate value of time
He<©

» Cost-benefit-analyses of the 9-Euro-Ticket and Deutschlandticket

Prof. Dr.-Ing. Klaus Bogenberger 60



Thank you!
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