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A B S T R A C T

Because company cars add to corporate CO2 footprints, companies are beginning to replace
cars with mobility budgets that employees can use for leisure and commuting trips. This
study examines whether nudges can encourage sustainable travel in such a subsidized setting.
We conduct a field experiment with 341 employees of a large German company. Observing
expenditure items charged to the mobility budget, we test if social comparisons and a climate-
related moral appeal induce a shift towards low-emissions transport modes. We find that
simultaneous application of both nudges causes a reduction in car use, particularly taxi and
ride sharing, as well as substitution towards micromobility, but not public transport. The social
comparison alone is not effective, and the treatment effects of the combined nudge vanish in
the second half of the treatment period. Survey evidence suggests that these results are driven
by a minority that complies with the communicated social norm.

. Introduction

In Europe, many companies allow their employees to use company-owned cars for both business-related and personal
ravel (Copenhagen Economics, 2010). Thanks to favorable tax rules, such company cars have been a very popular fringe benefit,
ut their CO2 emissions make it difficult for companies to reduce their carbon footprint. According to an EU-wide survey, 26% of
ompanies providing company cars consider offering a so-called mobility budget as an alternative, i.e., a monthly or annual budget
hat employees can flexibly spend on a broad variety of transport modes available on the market (Arval Mobility Observatory,
023). Implementing a mobility budget for CO2 abatement purposes gives rise to a trade-off. On one hand, the benefit should
rovide mobility services equivalent to those of a company car. This means that car-based transportation such as car sharing,
ental cars, and taxis, cannot be excluded from the menu of mobility options. On the other hand, emissions abatement hinges on
mployees using modes other than cars, particularly public transportation. Solving this trade-off is not trivial, because restricting
r disincentivizing car use might drive employees to revert back to the company car or even change employers. In this paper, we
tudy whether ‘‘green nudges’’ (Carlsson et al., 2021) can encourage the switch towards more climate-friendly modes of transport
n this setting.

✩ This study was registered with the AEA RCT registry (AEARCTR-0008470) and approved by the Ethics Committee at the University of Mannheim (number
8/2021).
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We conducted a randomized controlled trial that tested the effectiveness of nudging subjects into more sustainable transport
ode choices within a mobility budget scheme implemented at a large German company. Since mobility budgets are regarded

s more flexible and more sustainable alternatives to company cars, their popularity is bound to increase in the future. However,
cademic research so far provides little guidance on how the design of mobility budgets could steer participants towards sustainable
obility choices. By contributing the first causal evidence on the effectiveness of nudges within a mobility budget, our paper takes

n important first step towards filling this gap. An advantage of our research design is that we observe a large share of individual
ransport mode choices, including public transportation, car sharing, rental cars, and ride-hailing and ride-sharing services. This
llows us to study substitution between different modes of transport and sets our paper apart from previous research in this domain
hich mostly used data on a single transport mode only (see, e.g., Kormos et al., 2014; Kristal and Whillans, 2020; Gravert and
ollentine, 2021). In contrast to previous studies observing transportation behavior across multiple transport modes (Cellina et al.,
019; Hintermann et al., 2024; Götz et al., 2023), participants in our study were not aware that they were participating in a field
xperiment.

The subjects in our experiment received bi-weekly e-mail messages containing either a nudge (treatment) or general information
bout the mobility budget (control) over a period of eight weeks. All treated subjects were nudged via a social comparison and half
f them additionally via a moral appeal to reduce emissions from individual transportation choices. Both treatments promised to
nduce substitution away from car-related mobility: Social comparisons convey a descriptive norm, i.e., the behavior adopted by the

majority in a relevant peer group. This should be effective in the context of the mobility budget if participants benchmark their
transportation choices against those of their co-workers. Moral appeals communicate information about injunctive norms, i.e., shared
standards of acceptable group or societal behavior, and may change individual behavior if participants wish to comply with the
communicated expectations of the peer group or have an intrinsic motivation to do something about the moral issue at hand (in
this case, mitigating climate change). By combining information about injunctive norms and descriptive norms, the second treatment
conveys a social norm (Bicchieri, 2005) for the use of low-emission transport modes.

In the social comparison treatment, we informed participants of the mobility budget program about their share of public
ransportation expenditures as compared to the respective share of a peer group. In the second treatment, the message additionally
ontained (i) information on the CO2 emissions savings of public transportation relative to car use, (ii) information on the necessity
o combat climate change, and (iii) a moral appeal to use public transportation (and other low-emissions transport modes) whenever
ossible to effectively combat climate change. Since the information contained in this treatment goes beyond injunctive and
escriptive norms, we refer to this treatment as the strong social norm treatment (as in Ferraro et al., 2011).

The remainder of this paper is structured as follows. Section 2 reviews the related literature. Section 3 describes the setup for
he experiment. Section 4 presents the estimated effects of both treatment arms on the use of three transport mode categories and
nvestigates treatment heterogeneity with respect to time, employee characteristics, and modal choice within transport categories.
n Section 5, we discuss potential channels through which the two treatments could have worked, drawing on data from various
urveys. Section 6 concludes.

. Literature review

Nudges, in parts of the transportation literature also referred to as ‘‘soft interventions’’ (e.g., Steg, 2003), are often employed to
ounteract deviations from rational behavior, such as bounded rationality or cognitive biases (Thaler and Sunstein, 2009). In the
ransportation context, as pointed out by Mattauch et al. (2016), such nudges can target biases that have been shown to induce
ub-optimal choices of transportation modes at the individual level (e.g., Innocenti et al., 2013; Larcom et al., 2017; Lattarulo et al.,
019; Moody and Zhao, 2019; Andor et al., 2020a).1 In addition, nudges are becoming increasingly popular as a substitute for
egulating environmental externalities. Such ‘‘green nudges’’ (Carlsson et al., 2021) can be employed to alter transportation choices
hat are collectively sub-optimal. Drawing on research in economics, transportation, psychology, and behavioral sciences, this study
nalyzes whether ‘‘green nudges’’ can help to mitigate externalities from fossil fuel-based mobility, addressing several research gaps
n the literature.

First, few studies in the transportation sector analyze causal effects of behavioral interventions using randomized controlled
rials (cf. Garcia-Sierra et al., 2015). The available experimental evidence is mostly based on self-reported (stated) choice data
athered via surveys or lab experiments (e.g., Avineri and Waygood, 2013; Filippini et al., 2021; Piras et al., 2021; Bao and
im, 2022). Rare exceptions are Cellina et al. (2019), Gravert and Collentine (2021), Kristal and Whillans (2020) and Götz et al.
2023) who analyze real-world transportation behavior (revealed preferences). We contribute to filling this gap by running a field
xperiment at a large German company where we are able to track employees’ mode choice and spending within a mobility budget.

Second, while nudges have been studied in countless field experiments across a broad range of settings, including some in
ransportation, our study is the first to examine the joint impact of social comparisons combined with a moral appeal in a randomized
ontrolled trial in the transportation context.2 A social comparison communicates a descriptive norm, i.e., a characterization of the
actual behavior of a peer group. According to Cialdini et al. (1990), subjects tend to conform to the behavior of their peers,

1 For comprehensive reviews on behavioral aspects in transportation, see Graham-Rowe et al. (2011), Avineri (2012), Metcalfe and Dolan (2012), Garcia-Sierra
t al. (2015), and Semenescu et al. (2020).

2 Simultaneous and independent research by Götz et al. (2023) analyzes the effect of a mobile application that communicates a moral appeal to reduce CO2
emissions from individual mobility choices. While the social comparison is one of many ‘‘gamification features’’ that participants can select in their experiment,
2

our study administers moral appeal and social comparison to all participants in the respective treatment groups.
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either because they consider the observed behavior as a signal for individually optimal behavior in a given situation, or because
they have a preference for conformity. Social comparisons, the most frequently evaluated type of ‘‘green nudge’’, have proven
effective at reinforcing pro-environmental behavior (Farrow et al., 2017), particularly in the area of energy and water conservation
by households (e.g., Schultz et al., 2007; Nolan et al., 2008; Ferraro et al., 2011; Ferraro and Price, 2013; Allcott and Rogers, 2014;
Allcott and Kessler, 2019; Andor et al., 2020b; Brick et al., 2023). In transportation research, social comparisons have been found to
reduce (self-reported) car usage (Kormos et al., 2014), while having no effects on decisions to car-pool (Kristal and Whillans, 2020)
or use public transit (Gravert and Collentine, 2021). In view of the weak performance of nudges in the transportation context, Gravert
and Collentine (2021) conjecture that ‘‘switching transport options comes at a higher effort and even monetary cost’’ compared to
other environmental domains.

This motivates our design choice to combine information about peer group behavior with a moral appeal to reduce transport-
elated CO2 emissions. As moral appeals signal socially approved behavior, they should provide stronger nudges. In fact, moral
ppeals have been shown to enhance energy and water conservation efforts (Ferraro et al., 2011; Ferraro and Price, 2013; Ito et al.,
018), and to be effective in domains other than conservation (Bursztyn et al., 2019; Bott et al., 2020). Our study is perhaps most
losely related to Ferraro et al. (2011) and Ferraro and Price (2013) who experimentally evaluate a social comparison combined
ith a moral appeal in the context of water conservation. Ours is the first paper to test the effects of such a ‘‘strong social norm

reatment’’ on observed individual transportation choices. Our paper is also related to a stated choice experiment by Piras et al.
2021), showing that injunctive norm messages increase participants’ intention to use public transportation and active modes of
ransport instead of passenger cars, while descriptive norm messages affected only the intention to use active modes of transport.

Our paper also contributes to the literature on interventions to improve environmental outcomes in a corporate setting. Other
apers have studied, e.g., the use of paper and printing at universities (Egebark and Ekström, 2016), fuel-efficient behavior by
irline captains (Gosnell et al., 2020) or truck drivers (Hoffmann and Thommes, 2020), the commuting behavior of university
mployees (Rosenfield et al., 2020), and the electricity consumption of a bank (Fanghella et al., 2022).

. Experimental setup

This section describes the experimental environment, the selection of the experimental sample, the randomization procedure,
nd the setup of the experiment.

.1. The experimental environment

The present study was carried out in collaboration with a large company that has several business locations in Germany. Our
artner company offers a company car to approximately 50% of its employees, including employees who would not need a car for
usiness-related travel. The company provides the vehicle and pays for insurance, maintenance, and fuel. Private car use is explicitly
llowed in exchange for monthly deductions from the employees’ pre-tax salary. In 2020, the company introduced a mobility budget
s an alternative to a company car. After a pilot run at two business locations, the program was rolled out at all German business
ocations of the company in April 2021. Employees eligible for a company car could choose to give up that eligibility for 24 months
nd commit to participating in the mobility budget program during that time. Participants receive an annual budget to cover their
obility expenses, amounting to AC2400 for full-time employees and at least AC1400 for part-time employees. The budgetary year

April 2021–March 2022 defines the time frame for our experiment. At the beginning of that period, the company communicated
it would donate all funds remaining at the end of the budgetary year to a reforestation project, emphasizing the implied carbon
sequestration but also benefits to the local communities and wildlife.

The mobility budget can be spent on commuting and leisure trips (expenses for business trips are reimbursed separately) and
admits the use of a broad range of means of transportation (listed in the next paragraph). The program intends to offer attractive
substitutes for the mobility services provided by a company car. It therefore allows the budget to be used on trips during the
employee’s vacation, including outside Germany, and it partly pays for mobility expenditures of the employee’s family members.
The budget is implemented as a reimbursement scheme whereby participants pay for expenditures out of their own pocket and
subsequently claim reimbursement by entering the trip details (day and time of the trip, location where the trip was booked, trip
fare, transport category) into the company’s expense tool. For tax compliance purposes, employees are asked to hand in their tickets
and receipts as soon as possible and not after the end of the calendar year.3 Thanks to this documentation requirement, we observe
most of the participants’ travel activity in terms of the transport mode used, the date of the transaction, and the expenditures made.
However, we do not observe the distance, duration, point of departure, and destination of their journeys.

Eligible expenditures can be subdivided into three categories. Public transport includes all short-distance (‘‘local’’) and long-
distance public transportation tickets for single and multiple rides, as well as monthly commutation tickets. While the program also
reimburses annual commutation tickets, we do not include these expenditures in the public transport category unless otherwise
noted, as their period of validity does not match the timing of the interventions we describe below.4 Car-related transport includes
ride-hailing and ride-sharing services (e.g., taxis, UBER, etc.), car sharing and rental cars. Fuel expenditures for rental cars are not

3 Expenditures for all transport modes except for public transportation are taxed as non-cash benefits to the employee and thus must be handed in before
he end of the corresponding calendar year. Participants were encouraged to also hand in expenditures for public transportation on time.

4 The budget can also be used for annual rail cards that provide a discount on train fares (‘‘BahnCard25’’, ‘‘BahnCard50’’). We are not able to distinguish
3

hem from tickets for long-distance public transport.
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Fig. 1. Timeline of the experiment.

reimbursable though. Micromobility is the residual category and comprises electric scooters and electric kick scooters (henceforth
referred to as e-scooters), bike sharing, bike subscriptions and bike repairs.

In the expenditure data of the mobility budget, we cannot observe individual public transit rides covered by commutation tickets,
walking, or use of vehicles not covered by the mobility budget, such as private cars, bicycles, or motorbikes. In our surveys, 82%
of respondents (see survey question Q3.1 in Appendix D) stated that they regularly use transport modes outside of the mobility
budget (39% use a private car or their partner’s company car, 2% use a motorbike or similar and 64% use a bicycle or similar; see
Appendix D, question Q3.2). The appendix with all supplementary material can be found online.

3.2. Implementation

Timeline. Prior to the start of the program on April 1st, 2021, our partner company invited employees that were eligible for a new
company car to sign up for the mobility budget instead. All employees who expressed an interest in the program were enrolled. Of
those 463 participants, roughly 80% had not made use of the company car offer before. 21 subjects joined the program after April
1st (but prior to the treatment period) because they had not yet been eligible to join the program on the start date.

Fig. 1 displays the timeline for our interventions and data collection. The experiment lasted from November 2nd to December
28th (eight weeks) and was thus fully contained within the first budget year (April 1st, 2021 to March 31st, 2022). We conducted four
surveys to elicit additional data from the participants. Our questionnaires were added as a separate section to semi-annual surveys
that our partner company conducted among all participants of the new mobility budget scheme. At the end of the main survey,
participants could either leave or voluntarily continue with a questionnaire intended for scientific research on the mobility budget.
The baseline survey took place at the end of June 2021. We conducted further surveys shortly after the end of the interventions
(the midline survey) as well as at the end of the first budget year in April 2022 (the first endline survey). A second endline survey
was conducted one year after the experiment, in January 2023. For the analysis, we define the pre-treatment period to last from May
1st until November 1st, 2021, and the post-treatment period to last from December 28th, 2021 until February 28th, 2022. Because
spending at the beginning and the end of the first budget year is very atypical, April 2021 and March 2022 are excluded from the
analysis sample. Tables E.4–E.5 in the appendix show that results are robust to this exclusion.

Randomization. In mid-October 2021, the company provided us with data on spending by all 463 program participants between
April 1st and September 30th, 2021. Based on this dataset, we randomly assigned participants into control and treatment groups in
the last week of October 2021. To ensure that participants with differing expenditure levels and commuting options were equally
represented across groups, we stratified the sample between urban vs. rural business locations and across quartiles of public transport
expenditures and total expenditures (excluding expenditures incurred by household members) during the pre-treatment period.5

Panel A of Table 1 shows the number of participants assigned to the different groups at the time of randomization (the full
ample). Before the analysis of the experiment, two participants were excluded because they had opted out of the mobility budget
efore the start of the experiment. Additionally, we removed 33 inactive participants from our sample who had not used the mobility
udget before November 2nd, 2021. We excluded 87 subjects who bought an annual public transport ticket at some point during the
udget year, because a large share of public transport use for this group is covered by their annual ticket and is hence unobservable
o us. As shown in Table 1, inactive users and annual public transport ticket holders are distributed evenly over the three treatment
rms. We retain 341 employees in the main analysis sample: 110 in the control group, 115 in the social comparison treatment,
nd 116 in the strong social norm treatment (social comparison plus moral appeal). Before aggregating expenditure items for
ach participant at the monthly level,6 we drop expenditures made outside Germany (most likely incurred during vacation) and
xpenditures made by the employee’s family members.

5 In total, we have 34 strata. Urban locations of work are those classified as densely populated areas according to Eurostat’s ‘‘Degree of Urbanization’’
DEGURBA) classification for ‘‘Local Administrative Units’’. Rural refers to intermediate density areas. Two additional strata based on the degree of urbanization
ere assigned only to those participants who had not handed in any expenditures before October 1st, 2021.
6 We aggregate expenditures for each week from Tuesday to Monday, assign these weekly observations to the corresponding Sunday, and assign these Sundays
4

o the corresponding month.
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Table 1
Time-invariant variables and pre-treatment mobility.

Control SC (SC + MA)

Panel A: Full sample
N 150 156 157

thereof inactive users 11 12 12
thereof annual ticket holders 29 29 29

Mean SD Mean SD Mean SD Test

Panel B: Experiment sample
Total expenditures 113 91 123 90 123 84 F = 0.471

thereof PT expenditures 56 58 66 61 66 56 F = 0.977
thereof CT expenditures 46 79 48 76 47 69 F = 0.008
thereof MT expenditures 10 20 9 26 11 22 F = 0.102

Total use count 4 4 5 6 5 4 F = 0.852
thereof PT use count 3 3 3 3 3 3 F = 1.863
thereof Car use count 0.9 2 2 4 1 3 F = 1.588
thereof MT use count 0.6 2 0.5 3 0.5 1 F = 0.069

% PT users 95% 91% 92% 𝜒2 = 0.917
% CT users 61% 62% 68% 𝜒2 = 1.533
% MT users 50% 37% 47% 𝜒2 = 4.708∗

% Gender male 55% 50% 62% 𝜒2 = 3.705
% Urban 45% 46% 41% 𝜒2 = 0.869
Annual budget 2343 174 2351 190 2316 224 F = 1.014
Age 43 11 43 12 41 12 F = 0.906
% High career level 54% 49% 43% 𝜒2 = 2.515

N 110 115 116

Statistical significance markers: * p < 0.1; ** p < 0.05; *** p < 0.01.
Notes: The full sample corresponds to the sample included in the randomization. In the experiment sample, inactive users and annual PT ticket users are
removed. Control abbreviates the control group. SC abbreviates the social comparison treatment. SC + MA abbreviates the strong social norm treatment. PT
abbreviates public transport (excluding annual public transportation tickets), CT abbreviates car-related transportation and MT abbreviates micromobility. Total
expenditures exclude expenditures made by household members of the participant and expenditures made outside Germany. Expenditures give the monthly
average expenditures for the corresponding transport mode for the time period May 1st–November 1st, 2021. Count gives the average monthly number of
expenditure items. Users indicate whether an individual has used the corresponding transport mode at least once. % Gender male gives the share of male
participants. % Urban gives the share of employees that work at a location classified as urban. Annual budget gives the average annual mobility budget. Age
gives the average age. % High career level gives the share of participants on a high career level (according to the company’s career level specifications). To test
whether the variable of interest varies significantly with the treatment group assigned, a 𝜒2-test is used for categorical, and an F-test for numerical variables.

3.3. Descriptive statistics

We assess the balance on time-invariant and pre-treatment covariates across the control and treatment groups in Panel B of
Table 1. The differences between groups along the covariates of interest are not jointly significant at the 5%-level. Only the
differences in the share of micromobility users are jointly significant at the 10%-level.7 Public transport expenditures were slightly
(but not significantly) higher in the treatment groups as compared to the control group. In the econometric analysis, we control
for such differences via employee fixed effects or by including controls for employee pre-treatment mobility use across the three
transport modes.

Table 2 summarizes the monthly averages of individual expenditures and budgeted items, respectively, for car-related transport,
public transport and micromobility over the whole observation period, i.e., from May 1st, 2021 until February 28th, 2022. Monthly
average expenditures over this period amount to AC55.32 for public transport and AC40.39 for car-related transport. Including
micromobility, total expenditures amount to AC104.39. On average, participants submitted 2.60 expenditure items for public transport
and 1.10 for car-related mobility. Adding micromobility brings the total to four items in an average month. Despite the low average,
there is considerable variation across participants, with the maximum usage amounting to about one expenditure item per day. At
the beginning of treatment, the average participant had spent 43% of their annual budget. The average participant spent only AC1516
during the entire year. This is less than two thirds of the full budget. Only 24% of participants used their full budget.8

Fig. 2 summarizes the participants’ average propensity to use the three main transportation categories (Panel (a)) and their
respective expenditure shares (Panel (b)) during the pre-treatment period. Almost all participants booked at least one public transport
ticket, about two thirds made use of car-related transport, but less than half used micromobility options. Most of the budget was
spent on public transport (52%), followed by car-related mobility (39%) and micromobility (8%). Panel (c) plots the average monthly
expenditures for a more disaggregate modal classification. With respect to public transportation, the average participant spent
AC25.30 per month on local vs. AC37.40 on long-distance public transportation. Monthly expenditures on car-related mobility are split

7 Micromobility was included into the main analysis upon request by a reviewer in an earlier submission, and had thus not been included in balance
ssessments at the time of randomization.

8 It is likely that usage would have been higher in the absence of the COVID-19 pandemic. We consider full usage when less than 1% of the budget remained
5

y April 4th, when we received the final data.
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Table 2
Average monthly transportation expenditures.

N Mean St. Dev. Min Pctl(25) Median Pctl(75) Max

Total expenditures [EUR] 341 104.39 66.06 0.00 45.73 98.07 154.73 238.75
thereof PT Exp. 341 55.32 48.00 0.00 14.78 43.90 88.09 231.56
thereof CT Exp. 341 40.39 54.73 0.00 0.00 14.20 58.17 220.73
thereof MT Exp. 341 8.67 18.80 0.00 0.00 0.00 10.93 178.90

Total use count 341 4.10 3.97 0.00 1.40 3.00 5.70 31.20
thereof PT use count 341 2.60 2.67 0.00 0.60 1.60 3.80 14.90
thereof CT use count 341 1.10 2.25 0.00 0.00 0.40 1.00 17.30
thereof MT use count 341 0.41 1.44 0.00 0.00 0.00 0.30 20.90

Notes: The average monthly use is calculated by summing expenditures and expenditure item counts for a participant for the period May 1st, 2021–February
28th, 2022. PT abbreviates public transport. CT abbreviates car-related transport, including, e.g., taxi or UBER rides, car sharing and rental cars. MT abbreviates
micromobility, e.g. bike sharing, rental and repairs or shared e-scooters. We include only expenditure items within Germany and exclude expenditure items of
family members. The maximum monthly averages can exceed AC200, as we exclude April 2021 and March 2022.

almost evenly between car sharing (AC16.30), rental cars (AC17.20) and taxis (AC13.40, including ride-hailing services such as UBER
nd shuttle pooling). Note that expenditures for micromobility account for less than 10% of overall pre-treatment expenditures.
icromobility expenditures are mostly made for bike sharing, bike rentals and repairs (AC8.55 per month, in contrast to AC1.58 for

lectric scooters), which is the more costly category per expenditure item.
Only employees eligible for a company car can sign up for the mobility budget. We thus compare the average participant in the

obility budget with the average employee eligible for a company car (see Appendix Table E.1). The former is younger, more likely
o work at an urban business location and less likely to live in a household with access to a car than the latter. Moreover, participants
re similar to non-participants who are eligible for but do not have a company car. This suggests that employees selecting into the
obility budget might not have chosen a company car in the absence of the program.

.4. The interventions

The interventions consisted of a series of e-mail messages. Messages were written in English (the second company language
esides German) and sent to the participants’ company e-mail addresses. Overall, every participant received four e-mails, in bi-
eekly intervals between Tuesday, November 2nd, and Tuesday, December 14th, 2021. Both treated and control subjects received
-mails. The subject line was the same for all groups and read ‘‘Information about [ name of the mobility budget program] ’’. Since the
ender was the company’s team managing the mobility budget, participants had strong incentives to read the e-mails, and hence
e interpret the effects reported below as average treatment effects rather than intent-to-treat effects. While the exact wording of
ll e-mail messages is relegated to Appendix A, we shall summarize below their most important contents. We will discuss potential
hannels through which the treatments could have altered behavior in Section 5.

All e-mails were comprised of two paragraphs and were very similar in length. We sent an e-mail (‘‘placebo e-mail’’) to the
ontrol group because the literature has shown that e-mails and other types of messages can serve as a reminder for feasible options
hat subjects have forgotten about (see, e.g., Allcott and Rogers, 2014; Sonntag and Zizzo, 2015; Castleman and Page, 2015; Karlan
t al., 2016; Habla and Muller, 2021). The first paragraph of the placebo e-mail thanked the employees for participating in the
obility budget scheme and provided some information on the scheme itself, e.g., that the budget can be used to pay for different

ransport modes. It mentioned explicitly that this includes public transportation. The second paragraph provided further information
bout the program, unrelated to the participant’s transport mode choice and use of the budget.

ocial comparison treatment. The social comparison group received an e-mail that compared, in the first paragraph,

1. the share of public transport expenditures in the participant’s cumulative reimbursements (spanning the time period April
1st, 2021, up to either October 1st for the first two e-mails, November 1st for the third e-mail, and December 1st, 2021, for
the last e-mail), and

2. the average share of public transport expenditures across participants at all business sites in either rural or urban areas,
depending on whether the employee worked at a business location classified as urban or rural. Since urban areas tend to
offer better access to public transportation (Nobis and Herget, 2020), comparing participants working at business locations
with a similar degree of urbanization should make the peer group comparison more relevant.

he second paragraph was identical to the second paragraph of the placebo e-mail, so as to ensure similar total length.

trong social norm treatment. The second treatment group received an e-mail with the same social comparison text as sent to the
ocial comparison group in the first paragraph, but the second paragraph contained a moral appeal instead of the very general text
hat the control group and the social comparison group received. Adding the moral appeal to the social comparison treatment adds
n explicit injunctive norm to the descriptive norm conveyed by the social comparison, together invoking a social norm (Bicchieri,
005) for using low-emissions transport modes. Additionally, to study whether norm-based interventions can affect transportation
ehavior, the strong social norm treatment is the more promising intervention, as previous research shows that combining a moral
6

ppeal with a social comparison leads to bigger and more persistent treatment effects than a moral appeal in isolation (Ferraro
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Fig. 2. Pre-treatment usage of the mobility budget. Notes: Users [%] gives the share of participants who used the transport mode at least once during the
pre-treatment period. Expenditures [%] gives the share of expenditures for one transport mode during the pre-treatment period, relative to the sum over
the three transport modes included. Expenditures (EUR) gives the average monthly pre-treatment expenditures for the sub-categories making up the transport
modes included in Panels (a) and (b). PT abbreviates public transportation, CT abbreviates car-related transportation, and MT abbreviates micromobility. The
pre-treatment expenditures made by family members (AC15.30 on average) are excluded in all panels and the subsequent analysis.
7
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et al., 2011). The moral appeal was framed in the context of climate change. Following the norm activation model by Schwartz
(1977), the moral appeal comprised three parts, which were meant to increase awareness for a ‘‘state of need’’ for environmental
protection, for ‘‘actions which could relieve the need’’ and the ‘‘own ability to provide some relief’’:

1. a sentence highlighting the necessity and urgency of mitigating climate change (‘‘scientific evidence gathered by the United
Nations emphasizes that immediate and large-scale efforts to mitigate climate change are needed’’),

2. information about the participant’s ability to reduce her transport-related CO2 emissions by changing transport modes
(‘‘traveling one kilometer by public transportation causes only between 20 and 60% of CO2 emissions released when traveling the
same distance by car’’), and

3. the moral appeal to use low-emissions transport modes like public transportation (‘‘in order to combat climate change, you
should use public transportation or other low-emissions transport modes whenever possible’’).

4. Results

We consider expenditures and use of car-related transport, public transport, and micromobility as our main outcome variables.
We first show trends in these outcomes, followed by econometric estimates of treatment effects. After discussing heterogeneous
treatment effects over time, individuals and transport mode subcategories, we provide an interpretation of our results at the end of
this section.

4.1. Trends

Fig. 3 shows the average monthly expenditures on different transport modes, as well as the average propensity to use them at
least once in a given month, by treatment arm. The diagrams show increased travel activity over the summer months and in autumn
(school holidays are not synchronized across the German federal states, Länder). Furthermore, travel behavior across all groups
tracks the course of the COVID-19 pandemic, which severely affected Germany at the beginning of 2021 and again after October
2021, entailing lockdowns as well as travel restrictions. Employees at our partner company were allowed to work from home during
the entire observation period, and fear of infection likely limited their disposition towards public transportation. Observing travel
behavior in the randomized control group allows us to tease apart the impact of the treatments on transport choices from variation
driven by the pandemic or seasonal preferences (Hudde, 2023).

The empirical strategy employed in the next subsection relies on a parallel-trends assumption. In Fig. 3, we see that most outcome
variables follow parallel trends across the three treatment arms during the pre-treatment period (Figure E.1 in Appendix E shows
additional evidence). It is apparent that monthly average expenditures for the three transport modes are quite volatile. Part of
this is driven by the impact of few but exceptionally expensive expenditure items. For example, the highest monthly expenditure
for car-related transport per individual in the pre-treatment period was over AC1000 (Figure B.1), about one fifth of total monthly
expenditures in this category (Table 2).

4.2. Regression analysis and main results

We employ regression analysis to estimate causal treatment effects on outcome 𝑌𝑖𝑡 of employee 𝑖 in month 𝑡. We use the term
‘‘extensive margin’’ to indicate changes in the propensity that an average participant uses a certain mode of transport, which is
equal to changes in the share of users per month. By contrast, ‘‘intensive margin’’ refers to how much the average participant uses
a certain transport mode (in terms of expenditures per month). We start with the extensive margin and then discuss the intensive
margin. Both outcomes are analyzed using a difference-in-differences approach with month fixed effects 𝑤𝑡 and employee fixed
effects 𝑐𝑖, controlling for common time trends and unobserved individual heterogeneity.

We estimate the following equation as a linear probability model to recover extensive-margin reactions to our treatment:

𝑌𝑖𝑡 =
∑

𝑗∈{1, 2}

[

𝛽𝑗1𝑇
𝑗
𝑖 × 𝜏𝑡 + 𝛽𝑗2𝑇

𝑗
𝑖 × 𝜌𝑡

]

+ 𝜔𝑡 + 𝑐𝑖 + 𝜖𝑖𝑡 (1)

In this specification, 𝑌𝑖𝑡 is an indicator for whether participant 𝑖 has used the corresponding transport mode in month 𝑡; 𝜏𝑡 and 𝜌𝑡
are indicator variables for the treatment and post-treatment period, respectively; 𝑇 𝑗

𝑖 is an indicator for subject 𝑖 being in treatment
arm 𝑗 ∈ {1 = social comparison, 2 = strong social norm}; and 𝜖𝑖𝑡 is an error term.

To assess the effect along the intensive margin, we estimate the following equation for 𝑌𝑖𝑡, the monthly expenditures per transport
mode,

𝑌𝑖𝑡 = exp

(

∑

𝑗∈{1, 2}

[

𝛽𝑗1𝑇
𝑗
𝑖 × 𝜏𝑡 + 𝛽𝑗2𝑇

𝑗
𝑖 × 𝜌𝑡

]

+ 𝜔𝑡 + 𝑐𝑖

)

+ 𝜖𝑖𝑡 (2)

using a Poisson pseudo-maximum-likelihood estimator (Santos Silva and Tenreyro, 2006; Bergé, 2018). The estimated treatment
effects are proportional to the baseline consumption of the control group, which is well-suited to describe changes in consumption
patterns. The estimator reduces the influence of outliers on monthly expenditures (e.g., renting a car for a vacation). Because it is
robust to large shares of zero-observations (Santos Silva and Tenreyro, 2011), it has been recommended in settings where those
8

observations preclude log-transformations of the outcome variable (Chen and Roth, 2023; Norton, 2022).
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Fig. 3. Trends in average monthly mobility expenditures across treatment groups. Notes: SC abbreviates social comparison. SC + MA abbreviates strong social
norm. Panels (a), (c) and (e) depict the average monthly expenditures for the transport mode in the corresponding treatment arm. Panels (b), (d) and (f) illustrate
the share of participants who used the transport mode at least once in a given month as a percentage of the size of the treatment arm. The gray area indicates
the treatment period. The four marks on the x-axis indicate the dates on which the e-mails were sent.

Fig. 4 summarizes the treatment effects during the treatment period from our preferred specifications in Eqs. (1) and (2). In
Panel (a), we report extensive-margin responses to the interventions. The average treatment effect on the propensity to use public
transport is not significantly different from zero for both treatments during the intervention. By contrast, the strong social norm
treatment reduced the propensity to use car-related transport during the treatment period by almost 10%-points (significant at the
5%-level), while there is no significant effect of the social comparison alone. Simultaneously, the share of micromobility users in the
strong social norm group increased by 10%-points (significant at the 1%-level). In our main specification, we also find significant
effects of the social comparison treatment on the share of micromobility users (increase by 7%-points, significant at the 5%-level).
However, this result is not robust to alternative econometric specifications.

Panel (b) of Fig. 4 depicts the estimated average treatment effects on expenditures by transportation mode. While the point
estimates for car transportation and micromobility have the same sign as the extensive-margin estimates, the average treatment
effect on expenditures is not significantly different from zero in our preferred specification for any transport mode across both
treatments. We thus cannot reject the hypothesis that our treatment did not change mobility expenditures for any of the three
transport modes considered.

During the two months following our treatment period, we do not observe any significant effects of our treatment on the three
transport modes considered, except for a significant positive effect of the social comparison treatment on the propensity to use
micromobility (increase by 7%-points, significant at the 5% level). However, this result is not robust to alternative specifications
(Appendix Tables E.2 and E.3 report all treatment effects estimated for the intervention and post-intervention period).

Because the expenditure data are highly volatile and, by construction, sensitive to outliers in travel activity such as a one-time
car rental for a long vacation, we analyze the number of booked expenditure items per month as an alternative measure of intensive-
margin responses. The results, reported in Appendix Table E.6, show no significant effects of either intervention on public transit
use during or after the treatment period. For car-related expenditure item counts, we estimate significant (at the 5%-level) and
large negative effects in the treatment period for both treatments (and not only for the strong social norm treatment as before). No
significant effects are detected in the post-treatment period. Reductions in the number of booked car-related mobility items were
9
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Fig. 4. Average treatment effects on monthly use: Main results. Notes: SC abbreviates social comparison. SC + MA abbreviates strong social norm. Panel (a)
depicts the average treatment effects from column (1) in Appendix Table E.2. Panel (b) depicts the average treatment effects from column (1) in Appendix Table
E.3. PT is short for public transportation, Micro is short for micromobility, Car is short for car transportation. Coefficient estimates and 95% confidence intervals
are displayed. Standard errors are clustered by participant.

larger for the strong social norm treatment than for the social comparison treatment alone, amounting to up to 63% of the control
group average, or a reduction by 0.6 expenditure items per month. For micromobility, we estimate significant (1%-level) positive
effects for the strong social norm treatment. Coefficients for the social comparison treatment and for the post-treatment period are
again insignificant. The estimated increase of 93% amounts to 0.6 additional expenditure items for micromobility. These effects are
substantially larger than the corresponding coefficients observed for transportation expenditures.

Further robustness checks. We investigate the robustness of our main results to changing the composition of the analysis sample,
modifying the econometric model, and to including expenditures made outside Germany.

Table E.2 in the appendix documents that the effect of the strong social norm treatment on the use indicator is robust across
specifications, with similar point estimates and statistical significance at the 10%-level or better. Only when all employee-level
controls are dropped in model (3) do the treatment effects lose statistical significance. Restricting the sample to potentially more
attentive participants (those who took part in at least one post-treatment survey) does not yield a larger treatment effect.

In the social comparison treatment, a statistically significant coefficient on micromobility use is not robust to alternative controls
for pre-treatment differences between employees. As Table 1 and Figure E.1 show, there are meaningful differences in the propensity
to use micromobility between the social comparison group and the control group. We thus refrain from presenting this finding as a
main result.

With respect to the expenditure outcomes, Appendix Table E.3 shows that the estimated coefficients remain insignificant (at the
5%-level) across all specifications both during and after the treatment period.

As a further robustness check, we re-estimate the above regressions using data on the full observation period, including the
months of April 2021 and March 2022, which were omitted in the main analysis. The magnitude and significance of the treatment
effects is robust to the inclusion of the two months, as we report in Appendix Tables E.4 and E.5.

Our preferred specification slightly deviates from the pre-analysis plan with respect to employee controls and sample restrictions.
In an exact implementation of the pre-analysis plan, Appendix C produces regression results for all outcomes analyzed above
without controlling for individual fixed effects or pre-treatment mobility on weekly, monthly and treatment-period outcomes, with
a completely unrestricted sample. The key difference is that controlling for cross-sectional heterogeneity in the regressions – be it
via employee fixed effects or controls for pre-treatment mobility – improves the precision of the estimated treatment effects. This
is the main reason why we find no significant treatment effects in the regressions of the pre-analysis plan.

4.3. Heterogeneous treatment effects

This subsection analyzes heterogeneous treatment effects over time, for different groups of users, and for the individual transport
modes. Given our previous results, we focus on the extensive margin.
10
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Fig. 5. Heterogeneous treatment effects over time. Notes: Treatment effects are estimated according to our main specification for the Linear Probability Model
(Section 4.2). SC abbreviates social comparison. SC + MA abbreviates strong social norm. All regressions are estimated separately for the time periods of interest.
E-Mail is an identifier for the use of a particular transport mode during a week in which an intervention e-mail was sent, aggregated on the monthly level.
December is an identifier for the use of a particular transport mode during the month December. Coefficient estimates and 95% confidence intervals are displayed.
Standard errors are clustered by participant. See Appendix Table E.7 for complete results.

Temporal heterogeneity. To examine the time dimension, we estimated treatment effects separately for (i) weeks in which the e-mails
were sent vs. weeks in which no e-mails were sent, and (ii) the first vs. the second month of treatment (December). The results are
shown in Fig. 5. Point estimates for weeks with an email are similar to those in weeks without emails. The lack of statistically
significant differences for any of the three transport categories rules out a pattern of ‘‘action and backsliding’’ observed in other
contexts (Allcott and Rogers, 2014).

In contrast, meaningful differences arise between the first and second treatment month for car-related transport (Panel (b)) and
micromobility (Panel (c)). The treatment response occurs mainly during the first month of treatment. While the response goes in
the same direction for both treatment arms, it is stronger and more persistent in the strong social norm treatment, resulting in a
larger average treatment effect than in the social comparison treatment.

Heterogeneity across employees. We investigate the heterogeneity of treatment effects between (i) participants receiving a ‘‘strong’’ vs.
a ‘‘weak’’ social comparison and (ii) participants working at urban vs. rural business sites. With respect to (i), we construct a measure
of treatment intensity based on our treatment messages. We refer to a ‘‘weak’’ social comparison as receiving the information that a
participant’s expenditure share for public transport is higher than the average in her peer group. A ‘‘weak treatment’’ is defined as
receiving a weak social comparison in at least three out of four treatment messages. Conversely, a ‘‘strong treatment’’ is defined as
receiving a weak comparison at most once. For this distinction to work, we dropped 13 subjects receiving two weak comparisons.9

Fig. 6 displays estimated treatment effects and 95% confidence intervals for the different groups. For public transit use, depicted
in Panel (a), we find that participants receiving a strong treatment increase usage by 15%-points whereas those receiving a weak
treatment reduce usage by 14%-points. This behavior is consistent with the so-called ‘‘boomerang effect’’ of social comparisons
documented in previous research (Schultz et al., 2007). Adding the moral appeal in the strong social norm treatment mitigates the
boomerang effect.

For car-related transport, depicted in Panel (b), the strong social norm treatment induces a significant reduction in usage by
13%-points among strongly treated subjects, but none in the weak treatment group. Similar for micromobility, where the significant
increases among strongly treated subjects seem to be driving the average treatment effects in the main results (in Panel (c)).

Perhaps surprisingly, we do not find meaningful differences between participants working at urban vs. rural business locations.
One explanation for this is that access to public transportation varies more with the participants’ place of residence than with their
place of work. Unfortunately, we do not observe the place of residence in our data.

Heterogeneity between transport modes. Fig. 7 depicts average treatment effects for each of the transport modes included in the
broader categories analyzed so far. The treatments have no significant impact on neither local nor long-distance public transport
(Panel (a)). For car-related transport (Panel (b)), the strong social norm treatment has weakly significant monthly treatment effects
(at the 10%-level) for the category ‘‘Taxi’’, which contains taxi rides, UBER rides and the use of other ride-hailing and ride-sharing
services. The effect has the same sign and roughly the same magnitude as the effect for total car-related transport use (the strong
social norm treatment reduced the probability of using taxis by 12%-points).

Analogous to the reduction in the propensity to use taxi rides, we find a weakly significant (at the 10%-level) increase by
9%-points in the propensity to use e-scooters in the strong social norm group.

9 In the first treatment message, expenditures for long-distance trains had erroneously been omitted in the calculated expenditure share for public
transportation. This mistake was corrected from the second e-mail onward. We should thus expect that some participants change their treatment intensity
once, which 96 out of 341 participants did.
11
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Fig. 6. Treatment effect heterogeneity across sub-groups. Notes: Treatment effects are estimated according to our main specification for the Linear Probability
Model (Section 4.2). SC abbreviates social comparison. SC + MA abbreviates strong social norm. All regressions are estimated separately for the sub-groups of
interest. Strong is an identifier for participants who received 3 or more e-mails with a social comparison stating that they had spent a smaller share of their
expenditures on public transportation than their peer group. Urban is an identifier for participants working at a business location in an urban area. Coefficient
estimates and 95% confidence intervals are displayed. Standard errors are clustered by participant. See Appendix Table E.8 for complete results.

Fig. 7. Treatment effects for transport mode sub-categories. Notes: Treatment effects are estimated according to our main specification for the Linear Probability
Model (Section 4.2). SC abbreviates social comparison. SC + MA abbreviates strong social norm. All regressions are estimated separately for the transport modes
of interest. Local PT is an identifier for monthly use of local public transport. Long-Dist. PT is an identifier for monthly use of long-distance public transport.
Taxi is an identifier for monthly use of taxis, shuttle pooling, ride-sharing or ride-hailing services. Carsharing is an identifier for monthly use of carsharing
services. Rental Car is an identifier for monthly use of rental cars. Bike is an identifier for monthly use of bike sharing and subscription services, as well as
bike repairs. E-scooter is an identifier for monthly use of e-scooter sharing services. Coefficient estimates and 95% confidence intervals are displayed. Standard
errors are clustered by participant. See Appendix Table E.9 for complete results.

4.4. Summary and interpretation of results

Our analysis has yielded the main results that (i) none of the treatments affected the use of public transportation, and (ii) the
combined treatment of social norm and moral appeal shifted users from car-related travel towards micromobility.

Several explanations for the lack of an effect on public transport use come to mind. On one hand, frequent users of public
transport would not have much scope to further increase public transport use. On the other hand, infrequent users might have
been deterred from using public transport more frequently due to the onset of a new wave of COVID-19 infections occurring in late
October 2021, shortly before the beginning of the experiment. An explanation supported by our heterogeneity analysis would be
that the boomerang effect of the social comparison treatment drives both frequent and infrequent users of public transport to revert
to average usage. In contrast, the notion that public transport is simply not a good enough substitute for more emission-intensive
modes seems to be refuted by evidence from our final survey, in which more than 80% of participants indicated that they do
consider public transportation as a substitute for car-related transportation (Appendix D, Q4.1–Q4.3). This casts a spotlight on the
discrepancy between stated and revealed preferences for public transport.

Regarding car-related travel, we find robust evidence that combining a moral appeal with a social comparison reduced the
usage propensity by 10%-points compared to the control group average. Moreover, the share of individuals using micromobility
increased by 10%-points, suggesting that micromobility is a reasonably good substitute for some car-related trips. This explanation
is corroborated by results from our heterogeneity analysis, showing that the reduction in the share of car-transport users is driven
12
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by fewer taxi and UBER rides. The typical taxi ride might have closer (and more) substitutes than, e.g., a rental car. Especially for
within-city mobility, e-scooters, the mode driving the increase in the share of micromobility users, may be a viable substitute for
some taxi rides. In support of that, 52% of participants in our last survey indicated that they consider micromobility as a substitute
for taxi rides (Appendix D, Q4.1). Competing explanations for the reduction in car-related transport use would be a reduction in
overall trips or substitution to outside options such as a private car or a private bike. Both explanations would imply a reduction in
the total use of the mobility budget, but this is not supported by our data. Appendix Table E.10 shows that the propensity to make
use of the budget was not affected by any of the treatments.

After normalizing by the standard deviation, the estimated effects correspond to 𝑑 = 0.21 and 𝑑 = 0.30 for car-related transport
and micromobility, respectively, which can be compared to estimates from the few previous studies on social comparisons in the
transportation domain (Kristal and Whillans, 2020; Gravert and Collentine, 2021; Götz et al., 2023). Those estimates were not
significantly different from zero and would reject effect sizes such as ours with 95% confidence. Notwithstanding this, we argue
that the larger effect sizes are credible in our setting for three reasons. First, the larger effect we find is derived from an intervention
combining a social comparison with a moral appeal.10 In consonance with previous work, we find that the social comparison alone
is not sufficient to change transportation behavior. That adding a moral appeal can generate much larger effects than a social
comparison in isolation has previously been shown in the context of water conservation (Ferraro and Price, 2013). Second, large
effects are plausible because transportation choices in the mobility budget can be very flexibly adjusted in response to treatment.
Lock-in effects that could arise when buying a car or an annual public transportation ticket are less relevant for participants of the
mobility budget. Third, the strong social norm treatment is effective in our setting as it links subjects’ transportation behavior back
to a pre-existing injunctive norm shared by large parts of the sample. In the baseline survey, 44% of respondents expressed the
belief that their social environment (e.g., colleagues) expects them to act environmentally friendly (Appendix D, Q1.2).

Our experimental design does not allow us to assess the moral appeal separately from the social comparison. Based on the
heterogeneity analysis, we conjecture that the social comparison moderates the effect of the moral appeal in our setting. For both
car-related transport and micromobility, the effect of the strong social norm treatment is driven by participants who are informed
that their peer group spends a larger share of their budget on public transport. This is in line with expectations, since this group
is informed that their peer group behaves more environmentally friendly on average and should thus perceive a stronger moral
obligation to change their transportation behavior.

The effects observed during the treatment period disappear in the post-treatment period. This result confirms findings obtained
in similar experimental settings with messages delivered through emails or apps, in which little or no habit formation was observed
(see, e.g., Calzolari and Nardotto, 2017), or in which the effects fade over time due to a lack of engagement on the side of the
participants (see, e.g., Fosgaard et al., 2021; Enlund et al., 2023). In addition, our main results are driven by reactions during the
first month of the treatment period. This further supports the notion that participants habituated to our e-mail messages, making
the effects of our treatment rather short-lived.

5. Potential channels underlying the results

This section presents evidence from two endline surveys (April 2022, n = 236; January 2023, n = 200) speaking to the
mechanisms driving our results. All users of the mobility budget were invited to participate in both surveys, but participation was
voluntary.

5.1. Stated reactions to our treatment messages

In the first endline survey, we asked 50% of survey participants how they would change their public transportation use in response
to a weak social comparison message, i.e., the communicated share of individual public transport expenditures was already above
the communicated peer group average. The remaining 50% of the survey sample were asked about their reactions to a weak social
comparison message combined with a moral appeal (Appendix D, Q3.3). As shown in Fig. 8(a), very few participants stated that they
would reduce their public transport use; 10% indicated that they would increase their public transport use in response to the social
comparison treatment, and 33% said so for the strong social norm treatment. This is in line with the experimental finding that the
combined treatment is more powerful in changing people’s behavior, and it demonstrates that most respondents are not willing or
able to change public transport use even under the combined treatment. Across treatments, 25% of survey participants stated that
they would increase their use of public transport, yet this intention is not borne out in any significant treatment effect on public
transport use in the field experiment (Tables E.2 and E.3 in the appendix). This evidence is consistent with an intention-behavior
gap.

In the second survey, we asked all participants how they would change their car-related travel in response to a strong social
comparison message combined with a moral appeal (Appendix D, Q4.4). As shown in Fig. 8(b), this strong treatment message did
not change the intended use of car-related transport for 75% of survey participants, while 18% indicated that they would decrease
and 7% indicated that they would increase their use of car-related transport. Interestingly, compared to public transport use, an
even higher share of respondents stated that they would not change their behavior. The experimental treatment effect on car-related
transport use could thus be driven by the reactions of relatively few participants.

10 The mobile application used in the study by Götz et al. (2023) does this in an incomplete way. While a moral appeal featured prominently on the page
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Fig. 8. Stated reaction to the treatment messages. Notes: Stated reactions to our treatment messages in terms of public transport use in a survey in April 2022
and in terms of car-related transport use in a survey in January 2023. SC abbreviates social comparison. SC + MA abbreviates strong social norm. PT abbreviates
public transport. CT abbreviates car-related transport. In the 2022 survey, we assessed reactions to a weak social comparison treatment, informing participants
that they already outperform their peers, in one half of the sample (randomly assigned) and to a strong social norm treatment with a weak social comparison
in the other half. The exact wording of the question asking for stated reactions to the weak social comparison messages can be found in Appendix D, Q3.3. In
the 2023 survey, we assigned the strong social norm treatment to all participants. The exact wording of the question asking for stated reactions to the strong
social comparison message can be found in Appendix D, Q4.4. 95% confidence intervals of the means are displayed.

5.2. Channels

In the endline survey in April 2022 (January 2023), we asked participants who stated that they would increase their use of public
transport (decrease their use of car-related transport) to indicate their agreement with a number of potential reasons for their stated
reaction. We interpret agreement with these reasons as suggestive evidence for the channels behind the indicated reactions (and,
ultimately, also the observed reactions). Fig. 9 summarizes the degree to which subjects agree with the various reasons. In what
follows, we discuss the different channels in detail.

Social comparison treatment. The social comparison treatment could have influenced behavior through several channels.
First, participants might think that the behavior of their co-workers conveys information about optimal behavior. Co-workers

have similar qualifications and interests as the participants themselves and might thus be a relevant peer group for social learning
(we highlight the relevant channels in bold font to facilitate navigation between text and figures). Fig. 9(b) shows that, on average,
participants were undecided whether social learning played a role for their decision to reduce car-related transport use. Social
learning is not plausible as a channel behind the observed reactions to the weak treatment in Panel (a), as it would imply a reduction
in the use of public transport. Almost no participant indicated to reduce public transport use (Fig. 8(a)).

Second, the social comparison could have worked because people care about their status and consumption relative to others
(e.g., Solnick and Hemenway, 2005), which we subsume under competition. If this holds true in our setting, the intervention
encouraged public transport use (Fig. 9(a)) and thus discouraged car-related transport use (Fig. 9(b)) through the social comparison.
Participants receiving only the social comparison agreed that competition with their peers was a motivating factor to increase the
use of public transport (see Panel (a)). However, this is no longer the case once we add the moral appeal (see Panels (a) and (b)).

Third, participants in both treatment groups might have perceived the social comparison as a threat to their behavioral freedom,
especially when adding the moral appeal. Participants who felt this way might also feel compelled to vindicate their freedom
by doing the opposite of what the treatment message had asked them to do. This motivational state is called psychological
reactance (Van den Bos, 2007). However, for both treatments, participants on average disagreed that reactance influenced their
decision, as shown in Panels (a) and (b) of Fig. 9.

Strong social norm treatment. The moral appeal could have been reinforced by impure altruism (or ‘‘warm-glow’’ utility, see,
e.g., Andreoni, 1990). This concept refers to a mixture of both altruistic and egoistic desires to help others (in this context, to
avert damages from climate change). Both the social norm and impure altruism would be perceived as a moral obligation to use
low-emissions transport modes. Participants who stated that they would increase public transport use (decrease car-related transport
use) on average agreed that they felt a moral obligation to do so, as is shown in Fig. 9. However, we believe that participants would
not be truthfully reporting compliance with a social norm in the corporate setting we study. Thus, we will try to disentangle social
norms, impure altruism and attitudes towards the environment using a more indirect approach described in Section 5.3 below.
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Fig. 9. Reasons for the stated reactions to the treatment messages. Notes: Agreement with different reasons for the indicated reaction to the treatment messages
social comparison and strong social norm in surveys in April 2022 and January 2023. SC abbreviates social comparison. SC + MA abbreviates strong social norm.
We split the sample according to the indicated change in the use of public transport in 2022 and the indicated change in the use of car-related transport in
2023. The exact wording of the questions can be found in Appendix D, Q3.3 and Q4.4. 95% confidence intervals of the means are displayed. To those increasing
their use of public transport in 2022 (respectively decreasing their use of car-related transport in 2023), the following reasons were provided: ‘‘(i) I feel offended
by the message. I will use public transportation (the transport modes mentioned above) as much as I please. (ii) I feel morally obliged to use public transportation more
(the transport modes mentioned above less) often. (iii) The fact that I am using public transportation more than my colleagues motivates me to use this transport mode
even more (My colleagues are ahead of me, so I should use the transport modes mentioned above less often)’’. We label the first reason Reactance, the second Moral
Obligation, and the third Competition. For the strong treatment message used in the 2023 survey, Social Learning was added as another hypothesized channel:
‘‘(iv) Usually, my colleagues make good decisions. If they use public transportation more often than I do, I should reconsider my transportation behavior’’. To those not
changing their use of public transport in 2022 (respectively not changing their use of car-related transport in 2023), the following reasons were provided: ‘‘(i) I
feel offended by the message. I will use public transportation (the transport modes mentioned above) as much as I please. (ii) The message is irrelevant for my transport
mode choice. (iii) Although I would like to increase my use of public transportation (the transport modes mentioned above), it is impossible for me. (iv) Although I would
like to decrease my use of public transportation (the transport modes mentioned above), it is impossible for me’’. We label the first reason Reactance (as before), the
second Irrelevance, the third Cannot Increase, and the fourth Cannot Decrease.

Additional channels for compliance with the norm. In addition to the channels described above, our treatment messages could have
influenced behavior as follows.

First, the treatment messages could have contained new information, at least to some participants, on their share of public
transport expenditures, inducing them to re-optimize their transport mode choice. We expected that this channel would be irrelevant
15
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Fig. 10. Differences between individuals complying vs. not complying with the social norm. Notes: On the y-axis, pre-existing differences in preferences between
individuals who indicated that they would either increase their use of public transport or decrease their use of car-related transport for moral reasons in response
to the strong social norm treatment message are displayed. The exact wording of the underlying questions can be found in Appendix D, Q3.3 and Q4.4. On
the x-axis, differences are displayed for (1) environmental preferences, (2) the perception of a social norm for environmentally-friendly behavior in Appendix D,
Q2.1, item 3, (3) the perception of a ‘‘warm glow’’ from acting environmentally-friendly in Q2.1, item 4. (1) displays the difference in average pro-environmental
preferences, as measured by 6 questions from the New Ecological Paradigm (NEP) scale. Participants indicated their agreement on a 5-point Likert scale. The
scores from these questions are summed up to create the NEP scale. Our reduced scale ranges from 6 (for those providing the least environmentally-friendly
answer in all questions) to 30. The exact wording of the questions on the NEP scale can be found in Appendix D, Q2.2.

in our experiment, as participants could access information about their expenditures for different transport modes at any time online
or in a mobile application. However, a non-negligible share of 38% of respondents in our endline survey indicated that they would
not have known their own public transport expenditures without receiving the information provided in the intervention e-mails
(Appendix D, Q3.7).

Second, the wording of the moral appeal treatment could have provided new information about the relative emissions intensity
of public vs. car-related transportation, or about climate change and the urgent need for action against it. Our surveys provide some
evidence that this was not the case; 95% of respondents in our baseline survey stated that they believe that climate change is already
happening, and 94% correctly ranked cars and public transportation in terms of their CO2 emissions (Appendix D, Q1.3 and Q1.1,
respectively).

Third, as the messages were sent by the participants’ employer, messenger effects (Dolan et al., 2012) could also have played a
role: Had the messages been sent by another source, participants might have reacted differently. However, in the endline survey,
93% of respondents stated that the fact that the messages were sent by their employer did not alter their reactions (Appendix D,
Q3.6).

Channels explaining a nil effect. Participants who had indicated that they would not change their use of public transport (or car-
related transport) were asked whether they agreed with any of the following reasons for that reaction: reactance, an inability
to change the use of public transport in either direction, and irrelevance of the treatment message for participants’ mode
choice. Fig. 9 shows that the average participant agreed that the message was irrelevant for their transport mode choice, and that
reactance would not influence their choice. Respondents were, on average, also undecided about whether they could increase their
use of public transport (Panel (a)) or decrease their use of car-related transport (Panel (c)) in response to the strong social norm
treatment. This confirms that, at least for some participants, there is limited scope to change their current travel behavior.

5.3. Disentangling social norms, warm glow and environmental preferences

To disentangle the different channels that could lead to a perceived moral obligation for environmentally-friendly transportation
behavior, we test whether participants who stated to change their transportation behavior due to a perceived moral obligation
agreed more strongly with (i) having pro-environmental preferences, (ii) perceiving a social norm for environmentally-friendly
behavior, and (iii) perceiving a ‘‘warm glow’’ from acting environmentally-friendly.11 Fig. 10 shows that participants who felt morally
obliged to change their transportation behavior on average agreed more with perceiving a social norm for environmentally-friendly
behavior. Furthermore, participants on average agreed more to feeling a warm glow from acting environmentally-friendly. The
difference in terms of pro-environmental preferences, as measured by a subset of six questions from the New Ecological Paradigm
Scale (Dunlap et al., 2000), is not significant.

11 Note that the questions about preferences were asked in our midline survey, before eliciting reactions to our treatment messages in the endline surveys.
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6. Conclusion

We find that a social comparison alone does not lead to a significant change in travel behavior within the mobility budget scheme.
his stands in stark contrast to results obtained by studies in areas other than transportation, where social comparisons did have
ersistent effects. Explanations for why social comparisons failed to achieve the desired effects in our setting include (i) boomerang
ffects (counteracting effects for different parts of the sample), (ii) disregard for the transportation choices of one’s colleagues, (iii)
trong habits that are difficult to change, and (iv) lack of appropriate adjustment margins in our specific setting.

When combining the social comparison with a moral appeal, we do find significantly altered mobility behavior. This treatment
ecreased the propensity to use car-related travel by 10%-points, increased the propensity to use micromobility by the same share,
ut left the propensity to use public transport unchanged. Achieving a similar reduction of car-related trips among private car
wners would require a fuel price increase of around 25%, assuming a relatively high short-run price elasticity of 0.43 (Litman,
022). While the mobility budget differs in important ways from private car ownership, this comparison suggests that behavioral
nterventions can provide relatively strong leverage for reducing car-related travel.

We note slight deviations from the pre-analysis plan. Most importantly, our regression analysis controls for cross-sectional
eterogeneity by including either employee fixed effects or pre-treatment mobility choices. This notably increases the precision of
he estimated treatment effects in our relatively small sample. When conducting the analysis exactly as specified in the pre-analysis
lan, the estimated treatment effects are not statistically significant at conventional levels.

The result that subjects did not substitute towards public transit is striking. From a policy perspective, it is important to know
hether this generalizes to other settings. We believe that this is not necessarily the case because, in our field experiment, several

actors coincided which were conducive to finding a null-result. First, the onset of a new wave of the COVID-19 pandemic during
he treatment period likely deterred some subjects from using public transit to minimize infection risks. Second, employees were
ot randomly assigned to the mobility budget. We conjecture that participants in the mobility budget likely used public transport
ore frequently than non-participants, already before the intervention. This kind of self-selection may have left little scope for

urther intensifying public transit use. Third, for some participants public transport options may have been either unavailable or
oor substitutes for car-related mobility.

That a moral appeal combined with a social comparison can drive mobility choices away from car-based transportation is highly
olicy relevant due to its impact on CO2 emissions. The upside of this is that participants pondered their mobility options and
ome decided to contribute to reducing emissions by forgoing car-based trips. This result is in line with a recent meta-analysis on
he effectiveness of behavioral interventions at reducing car use (Semenescu et al., 2020), which finds that interventions targeting
ocial, cultural and moral norms are the most effective. The downside is that those changes were short-lived. The estimated treatment
ffects were driven by reactions in the first treatment month. To achieve longer-lasting effects, the strong nudge would have to be
omplemented with incentives for a permanent switch to climate-friendly modes of transport. For example, as shown by Brandon
t al. (2022), the long-term effectiveness of nudges in the domain of residential energy consumption is mainly driven by the adoption
f long-lived energy-efficient technology. Such ‘‘commitment technologies’’ could be easily enforced in settings like the one studied
n this paper, e.g., by reimbursing only expenditures for climate-friendly transport modes. However, such features were deliberately
xcluded in this experiment.

Evidence from our endline surveys points to an intention-behavior gap, as is common for many issues related to the environment
nd climate change. It further suggests that, while the average participant considered the transportation behavior of their peers and
oral appeals to combat climate change as irrelevant for their transport mode choice, some participants did feel morally obliged to

omply with the social norm communicated by the moral appeal and the social comparison. Thus, social-norm-based interventions
n the transportation domain may only be able to induce behavioral change among a minority.

Our partner company decided not to continue the norm-based appeals after the experimental period. Given the lack of persistent
reatment effects, we would not advise companies aiming at inducing long-term behavioral change among users of corporate mobility
enefits to work with norm-based appeals. However, in settings where a short-lived treatment effect is sufficient, norm-based appeals
ould be a promising intervention, e.g., to induce the uptake of new corporate mobility benefits. A promising approach to reducing
missions would be for companies to more actively induce their employees to surrender their company car and opt into a mobility
udget instead. Previous research found several nudges to be ineffective in inducing the uptake of less emission-intensive transport
echnologies (Allcott and Kessler, 2019; Kristal and Whillans, 2020). Searching for successful behavioral interventions in this domain
emains an interesting avenue for future research.
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