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Abstract This study examines spillover effects following Volkswagen’s admis-
sion of emissions cheating. We first estimate initial operational losses of 8.45% of
Volkswagen’s equity market capitalization on the date before the announcement,
reputational losses up to five times these losses, and significant negative shocks to
its stocks and bonds. Analyzing spillover effects from this shock beyond the usually
only measured losses in equity value, we find significant negative net spillover effects
to European competitors and suppliers in both stock and bond markets. Studying
the economic effects in more detail, we show that Volkswagen’s total losses of 27.4
billion euros in terms of changes in equity market values over the first five event
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days are almost entirely composed of abnormal losses. Furthermore, competitors
(suppliers) overall suffered 18.3 (12.6) billion euros of abnormal losses during this
time, with 60% (69%) of the firms exhibiting negative changes, especially Euro-
pean competitors and suppliers connected to Volkswagen. These figures are further
increased by negative bond market value changes. Overall, our results strongly em-
phasize that neglecting debt holders losses can lead to an underestimation of such
events.

Keywords Spillover effects · Volkswagen emissions scandal · Event study ·
Operational risk

JEL Classification G12 · G14

1 Introduction

On September 20, 2015, after an accusation by the U.S. Environmental Protection
Agency (EPA), Volkswagen admitted in a public statement to illegally installing
a so-called defeat device in certain diesel cars. This device disengages the car’s
emission control system except when it detects that an emission control test is
being carried out, and only then re-activates all emission controls. Designed to
circumvent emission regulations, the device turned off the emission control system
under real-world driving conditions to improve performance, resulting in these cars
emitting up to 40 times more pollution than allowed. This event became known
as the “Volkswagen emissions scandal”. Only in the years since the scandal first
broke, it has become clear that a large part of the global automotive industry may
be involved in (illegal) breaching of emission standards, probably making this one
of the severest cases of economic fraud ever.

Announcements of operational loss events tend to cause significant losses in
the market value of that firm’s equity, which potentially spill over to non-event
firms (e.g., Hertzel et al. 2008; Cummins et al. 2012). Such operational loss events
include corporate fraud as in the case of Volkswagen’s emissions cheating (e.g.,
Karpoff and Lott 1993; Cummins et al. 2012; Goldman et al. 2012; and Eckert et al.
2019). To illustrate stock market reactions following to the scandal, Fig. 1 shows the
price development of Volkswagen, the “MSCI World Automobiles Index” and the
“MSCI Europe Automobiles Index” which both comprise Volkswagen’s preference
shares. For the sake of comparability, all three time series of prices are normalized
to a value of 100 based on September 18, i.e. the day prior to Volkswagen’s admis-
sion. As expected, Volkswagen’s (preference) shares suffer heavy losses after the
announcement. The development of the global automotive index indicates, that these
losses seem to spill over to car manufacturers world-wide. European firms in partic-
ular appear to be driving the global losses, as evidenced by the development of the
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Fig. 1 Stock market reactions for Volkswagen and the automotive industry to the emissions scandal. This
figure shows closing prices for Volkswagen’s preference shares as well as indexes covering the stocks of
global and European car manufacturers. The global auto index is the MSCI World Automobiles Index
and the European auto index is the MSCI Europe Automobiles Index. The prices for Volkswagen are
download from Eikon. The index prices are download from www.onvista.de. Both indexes report no prices
for September 7, 2015. Here, we apply the closing price from the previous trading day September 4, 2015.
This figure covers the period from August 24, 2015 (event day –20) to October 19, 2015 (event day 20).
The last trading day before Volkswagen’s admission to emissions cheating, i.e. September 18, 2015, is
marked by the vertical line. For the sake of comparability, all three time series are normalized to a price
value of 100 based on September 18, 2015

European automotive index. Given that Volkswagen is an European firm, we later
analyze in more detail whether spillovers are related to geographical proximity.1

Our study contributes to the literature by providing evidence for spillover ef-
fects from Volkswagen emissions scandal. We focus on the effects on Volkswagen
itself, on Volkswagen’s competitors, and on suppliers to the automotive industry
worldwide. When measuring these spillover effects as changes in market value, we
employ stock returns and bond returns. Focusing only on stock returns could po-
tentially result in severely underestimating losses in market value, since this would
neglect losses faced by debt holders. Most closely related to our work are the stud-
ies by Griffin and Lont (2018), Bachmann et al. (2021) and Jacobs and Singhal
(2020), which we present in more detail later together with further research on the
Volkswagen emissions scandal.

Our empirical findings show that directly after Volkswagen publicly admitted
to emissions cheating, Volkswagen’s stocks and bonds both suffered significant
market value losses and that stock market value losses reflect significant reputational
losses up to five times the actual operational loss, which we estimate to 8.45% of
Volkswagen’s equity market capitalization on the date before the announcement.
Moreover, we find significant negative net spillover effects specifically for European
competitors and suppliers for stocks and bonds, indicating that the Volkswagen
emissions scandal was not a shock to the car manufacturing industry in general,

1 Fig. 1 shows a price drop on the day prior to Volkswagen’s admission for all three indexes. To investigate
whether this reaction is related to the emissions scandal or not, we later apply abnormal returns as described
in Sect. 4.
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but a shock that particularly spilled over to European firms. For the overall sample,
we only find significant net spillover effects to bonds of competitors. Economically,
Volkswagen’s total losses of 27.4 billion euros in terms of changes in equity market
values over the first five event days almost entirely consists of abnormal losses.
We further find that competitors (suppliers) suffered 18.3 (12.6) billion euros of
abnormal losses during this event window, with 60% (69%) of the firms showing
negative changes in equity market values. Again, especially European competitors
and the suppliers connected to Volkswagen were most heavily impacted.

Hence, we also extend insights about the contagion effect documented by Hertzel
et al. (2008) by identifying geographical proximity as an influencing factor on
spillover effects to suppliers. Hertzel et al. (2008) analyze bankruptcy filings, which
are not a surprise for suppliers. The emissions scandal, however, was largely unantic-
ipated. Compared with Hertzel et al. (2008), who focus on the event window [–2;2],
we find particularly strong negative effects on suppliers in later time windows after
the announcement date (e.g., [0;3] or [0;5]). Moreover, our findings, in combination
with other previous analyses by Bachmann et al. (2021), provide further insight with
respect to the relationship between reputation risk and spillover effects.

Finally, we show that similar firms may also experience (implied) volatility
spillovers. Following Merton (1974), equity option-implied volatilities (as a proxy
for asset volatility) may trigger a relative shift in firm value from debt holders to-
wards equity holders. This might be one explanation why European competitors
show stock returns recovering to pre-event levels in the considered event windows,
whereas abnormal bond returns do not.

The remainder of this paper is structured as follows: Sect. 2 elaborates on the
chronology and reviews the academic literature on the Volkswagen emissions scan-
dal. In Sect. 3, we derive hypotheses for our empirical analyses. Sect. 4 describes
the methodology applied. In Sect. 5, we present the data used and our empirical
findings regarding spillover effects to competitors and suppliers worldwide. Sect. 6
adresses robustness considerations and possible extensions to our findings. Sect. 7
concludes.

2 The Volkswagen Emissions Scandal

Sect. 2 provides information about the chronology of the Volkswagen emissions
scandal and a review of previous literature in this regard.

2.1 The Chronology of the Volkswagen Emissions Scandal

In May 2014, a study by the Center for Alternative Fuels, Engines & Emissions
on behalf of the International Council on Clean Transportation (ICCT) marked the
beginning of the Volkswagen emissions scandal. This study documented that two
Volkswagen diesel models far exceeded the U.S. emission limits when emissions
were measured under real driving conditions. In laboratory tests, however, emission
values remained unremarkable. When asked for an explanation by the Environmental
Protection Agency (EPA), Volkswagen stated that these discrepancies had already
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been solved by means of a software patch in a recall of about 500,000 cars. However,
following tests could only find a small positive effect from this software patch and
none of the other technical reasons suggested by Volkswagen could explain the high
emission values (EPA 2015a). Consequently, the California Air Resources Board
(CARB) and the EPA threatened not to certify Volkswagen’s 2016 diesel models
for sale in the U.S. unless Volkswagen could explain the test results and guarantee
that new models would not exhibit the same discrepancies. It was only at this
point that Volkswagen admitted to the EPA and the CARB that it had installed
a defeat device in its diesel cars (EPA 2015a). This defeat device detects whether
a standard laboratory-based test is being conducted to measure emissions and only
then activates all emission controls to meet the required emission limits.

On September 18, 2015, the EPA officially addressed a Notice of Violation regard-
ing the Clean Air Act to Volkswagen, alleging that Volkswagen illegally installed
defeat devices in approximately 480,000 2.0-liter diesel cars from 2009 to 2015
(EPA 2015a). On September 20, Volkswagen publicly admitted manipulations and
apologized in a public statement (VW 2015a). Shortly afterwards, Volkswagen dis-
closed that the defeat device was installed worldwide in about eleven million cars
(VW 2015b).

Only in the following years, the true extent of (potentially illegal) diesel emission
regulations gradually unfolded. Most European and non-European car manufactur-
ers were brought into at least some connection with emission regulations issues
including some of their suppliers. A more detailed outline of the chronology of the
scandal is provided in Appendix A.

The Volkswagen emissions scandal is not the first incident of emission cheat-
ing (He and Jin 2017). However, it represents an unprecedented case of emissions
cheating that clearly dwarfs any before in terms of scale, economic and financial
costs—but also with respect to health-related consequences. Previous cases differed
firstly because they involved single manufacturers only. In the case of the Volkswa-
gen scandal, it was eventually revealed that (illegal) emissions manipulation was
widespread and being practiced similarly by many car manufacturers. Secondly, all
previous cases combined had only led to around 4.3 million vehicles being recalled
and to roughly 1.1 billion U.S. dollars in financial penalties. The Volkswagen emis-
sions scandal surpasses these numbers with ease. Until the publication of He and Jin
(2017), Volkswagen alone has recalled 11.6 million vehicles and paid 19 billion U.S.
dollars in financial penalties. Thirdly, the health-related consequences are likely to
be the severest ever caused in the context of emissions cheating as documented by,
e.g., Barrett et al. (2015), Chossiére et al. (2017) and Oldenkamp et al. (2016).

In summary, the Volkswagen emissions scandal represents probably one of the
greatest cases of (systematic) economic fraud to date, because of the involvement,
in some form, of an entire industry, and because the consequences will continue to
be far-reaching in terms of costs to the public at all levels. In view, therefore, of its
exceptional nature and wide impact, we adopt the style of a case study to focus on
the Volkswagen scandal itself and investigate its spillover effects.
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Table 1 Review of the literature on the Volkswagen emissions scandal

Article Methodology Results

Bachmann
et al.
(2021)

Analysis of sales, stock
returns, and social media
sentiment of Volkswagen
and other automakers

VW and non-VW German car manufacturers suffered
a loss of vehicle sales, a decline in stock returns, and
a deterioration in positive public sentiment.
The authors interpret that the collective reputation of
German automakers (“German engineering”) in the U.S.
is harmed.

Castille
and Fultz
(2018)

Case study (grounded the-
ory, open-systems diagnos-
tics) based on, e.g., court
case summaries, investiga-
tive reorting, and technical
reports

Collaborative cheating emerges when employees are
motivated to use any means necessary to achieve market
superiority based on a social context (e.g., climate of fear)
created by organizational cultures and the responsible
leaders.

Crete
(2016)

Literature review includ-
ing press releases from the
viewpoint of corporate gov-
ernance

Misconduct results in part from the ambitious production
plan in the U.S. and the associated budget and goals
for employees in combination with a poor compliance
system.
Productivity and profitability goals should be designed
in such a way that employees are motivated to adhere to
ethical and legal regulations.

Goel
(2015)

Review of press releases
and newspapers from the
viewpoint of how to avoid
such cases in the future

Need for tougher regulation. Specifically for Volkswagen:
more decentralized decision making and control.

Griffin
and Lont
(2018)

Analysis of stocks and credit
default swaps (CDS) in the
automotive industry over the
course of the Volkswagen
emissions scandal

Increase in market co-integration between equity and
CDS markets.
EPA notice may have unblocked informational cascade,
i.e. information on VW emissions were already known
to interested parties, however, no significant market re-
sponse occured until EPA notice.

Jacobs
and
Singhal
(2020)

Analysis of stocks of au-
tomakers as well as of tier-1
suppliers, tier-2 suppliers,
and business customers of
Volkswagen and analogous
firms that are not related to
Volkswagen

VW-suppliers experience negative spillover effects (es-
pecially European suppliers), while non-VW suppliers
experience significantly positive spillover effects (com-
petitive effect).
Significantly negative spillover effects to European VW-
customers (no significant effects to non-European VW-
customers and non-VW customers).
European automakers experience significantly negative
spillover effects, no significant stock market reactions for
non-European automakers.

Jung
and Park
(2017)

Review of press releases
and newspapers from the
viewpoints of corporate
governance and how to
avoid such cases in the
future

Causes of the Volkswagen emissions scandal might be
poor corporate governance, strict leadership and family
feud.
Necessary to develop leadership with emotional intelli-
gence and flexibility.

Jung and
Sharon
(2019)

Review of literature, surveys
and litigations

Overview of penalties/compensations.
Many customers would continue to buy cars from VW
despite the scandal.

Mansouri
(2016)

Literature review and de-
scription of sales and stock
development of Volkswagen

Decline in sales at VW and sharp decline in VW’s stock
prices, slump in VW workforce’s bonus.
Recommendations to avoid such scandals: open feedback
culture, value-based business ethics.
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Table 1 (Continued)

Article Methodology Results

Merenda
and Irwin
(2018)

Review of press releases
and newspapers regarding
causes of the VW emissions
scandal and strategic actions
undertaken by VW

Causes: Too ambitious sales targets, high wage and man-
ufacturing costs.
Strategic actions: Shifting focus from diesel to electic
cars and cost savings.

Painter
and
Martins
(2017)

Interpretivist, hermeneutic
approach to investigate
communication management
of VW during the emissions
scandal

Statements to the public downplay the damage and ex-
press mortification.
Statements to supervisory authorities and shareholders
are more aimed at strengthening the company’s positive
image and preventing repetition.

2.2 A Review of Previous Literature on the Volkswagen Emissions Scandal

Table 1 provides an overview of previous literature focusing on the Volkswagen
emissions scandal.

One strand of the literature reviews press releases, newspapers and litigations to
investigate causes of the emissions scandal (Merenda and Irwin 2018; Crête 2016),
consequences for Volkswagen (Jung and Sharon 2019; Mansouri 2016), crisis com-
municationmanagement (Painter and Martins 2017) as well as corporate governance
and corporate culture (Goel 2015; Crête 2016; Mansouri 2016; Jung and Park 2017;
Castille and Fultz 2018).

A second strand of the literature closely related to our work focuses on market
value effects from the scandal on Volkswagen itself and spillover effects to other
firms. With respect to economic market value effects on Volkswagen itself, articles
observe a loss of vehicle sales for Volkswagen (Mansouri 2016; Bachmann et al.
2021), a deterioration in positive public (twitter) sentiment (Bachmann et al. 2021),
a decline in stock returns (Mansouri 2016; Bachmann et al. 2021; Jacobs and Sing-
hal 2020) as well as an increasing co-integration of credit default swaps and stocks
(Griffin and Lont 2018). In regard to spillover effects to competitors, significantly
more negative effects are found for German car manufacturers as measured by vehi-
cle sales in the U.S., stock returns, and public sentiment in Bachmann et al. (2021).
Also based on stock returns, Jacobs and Singhal (2020) show that European au-
tomakers experience significantly negative effects, while they do not find significant
effects for non-European automakers.

With focus on stock returns of suppliers and business customers in the automo-
tive industry, Jacobs and Singhal (2020) further find significantly positive effects on
stock returns of non-Volkswagen suppliers, while Volkswagen-suppliers (especially
from Europe) experience negative effects. Moreover, they find significantly nega-
tive effects of the scandal for European business customers of Volkswagen but no
significant effects to non-European or non-Volkswagen business customers.

In summary, to the best of our knowledge there is no work that studies the impact
of this event on debt holders, which is investigated in detail in this paper.
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3 Hypotheses Development

Operational loss events, including those related to corporate fraud like the emis-
sions scandal, can lead to significant losses in the equity market value of the firm
announcing the loss event (e.g., Kang 2008; Gande and Lewis 2009; Gillet et al.
2010). These losses act as the obvious source of potential spillover effects. To test
if a shock, as measured by losses in Volkswagen’s stocks and bonds, was a basis for
potential spillover effects, we state our first hypothesis as follows:

Null Hypothesis 1: Volkswagen’s public admission of emissions cheating does
not lead to a shock to Volkswagen.

Rejecting this hypothesis means that there is a shock to Volkswagen which could
act as the basis for possible spillover effects.

If a shock to Volkswagen occurred, we aim to study whether it is a shock only
to Volkswagen, or a shock to the entire car manufacturing industry including com-
petitors and suppliers. Hence, we first investigate whether competitors and suppliers
are affected by the emissions scandal.

Spillover effects are measured as the sum of two offsetting effects: The compet-
itive effect and the contagion effect (e.g., Lang and Stulz 1992). The competitive
effect implies that firms not directly involved in the loss event can benefit from it. For
example, due to a deteriorated reputation of the loss-event firm, its customers might
rather buy products of non-event firms or talented employees could move from the
loss-event firm to non-event firms (e.g., Eckert 2019). Moreover, a potential drop
in production efficiency of the loss-event firm might lead to higher marginal costs,
lower output and higher prices. This in turn could benefit non-event firms (Lang and
Stulz 1992). However, it is also reasonable to assume that firms not involved in the
event might suffer a financial loss, described as the contagion effect. Cummins et al.
(2012) provide two possible explanations for this. First, such events may increase
the scrutiny of activities that triggered such events, possibly also shared by non-
event firms. Second, loss events can also tarnish the reputation of a whole industry.
King et al. (2002) and Barnett and Hoffman (2008) argue that stakeholders often do
not differentiate between individual firms in an industry which Jonsson et al. (2009)
summarize as “generalization”.

Spillover effects, therefore, measure the net effect and determine whether the
contagion effect dominates the competitive effect (negative spillover) or vice versa
(positive spillover). Note that both effects could be large in absolute value, but
cancel each other out so that the net spillover is zero. Consequently, any separation
of spillover effects into a contagion and a competitive component is not intended
by our analyses. Against this background, we will discuss our empirical findings
regarding spillover effects solely with regard to net effects.

To examine whether Volkswagen’s competitors or suppliers have suffered a shock
due to negative or positive spillover as a result of the Volkswagen emissions scandal,
we formulate our second hypothesis as follows:

Null Hypothesis 2: Volkswagen’s public admission of emissions cheating does
not lead to positive or negative spillover effects to competitors and suppliers in
general.
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Rejecting the Null Hypothesis means that the contagion effects dominates the
competitive effect (in case of negative spillover effects) or vice versa (in case of
positive spillover effects). Otherwise the contagion and competitive effect offset
each other.

To further analyze whether the news about Volkswagen is a shock to the entire
car manufacturing industry in general or just a shock to Volkswagen that spilled over
to specific firms, we investigate whether these effects differ for certain subsamples
of competitors and suppliers. The literature on spillover effects demonstrates that
the extent of the shock is related to similarities between the event firm and non-
event firms, as outlined in Eckert (2019). In this respect, geographical proximity is
often used to proxy for such similarities (e.g., Aharony and Swary 1996; Docking
et al. 1997; Adams et al. 2015). To test if spillover effects are different for competi-
tors who are more similar to Volkswagen, we distinguish between European (high
proximity) and non-European competitors (low proximity). We further subdivide
the non-European sample into Japanese, U.S., and other competitors, since effects
might apply differently to certain regions grouped together as non-European.

A similar logic might apply to suppliers. Distinguishing between European and
non-European suppliers is an approximation, as more detailed figures indicate con-
nections between suppliers and manufacturers, such as sales volumes or order back-
log, are hard to obtain or only for a fraction of our supplier sample. Consequently,
we distinguish between European and non-European firms and formulate our third
hypothesis as follows:

Null Hypothesis 3: Volkswagen’s public admission of emissions cheating does
not have different spillover effects to European than to non-European competi-
tors and suppliers.

Rejecting this hypothesis implies that similarities to Volkswagen, as measured
by geographical proximity, drove potential spillover effects and that the news about
Volkswagen did not lead to a shock to the car maker industry in general but to
a shock to Volkswagen that spilled over to other specific firms.

4 Event Study Methodology

To determine abnormal stock returns, we employ a time series-based five-factor
model by Fama and French (2015). In contrast to a simple market model, common
return variation among the sample firms with respect to industry characteristics can
be addressed. In addition, all sample firms share the same event date, i.e. Volkswa-
gen’s public admission of wrongdoing. The different factors thus ensure that their
realizations on certain event days do not impact abnormal returns.

Regarding corporate bonds, we follow an approach recommended by Bessem-
binder et al. (2009) for calculating abnormal bond returns. For each day, we select
a corporate bond index that matches the respective bond in our sample in terms of
currency, rating, and time-to-maturity. Abnormal bond returns are then calculated as
the difference in total returns between the respective bond and its matching index.
If firms have more than one bond outstanding, we apply the so-called firm level
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approach, as recommended by Bessembinder et al. (2009). Here, we value-weight
the daily abnormal returns of a firm’s individual bonds by their market values, which
results in a single time-series of abnormal bond returns per firm. To study the effects
of the emissions scandal, we employ an event study framework like, e.g., Cummins
et al. (2012), Knittel and Stango (2014), and Liu et al. (2017). We use September 20,
2015 (Sunday) as the announcement date since it was the first major revelation of
Volkswagen’s emissions cheating to the public. The first trading day, i.e. event day
zero, for the markets to incorporate this news was September 21, 2015 (Monday).
In this section, we refer to abnormal returns in general, since the methodology de-
scribed applies to stocks and bonds equally. We consider (cumulative) abnormal
returns (CARs) during event windows prior to and after the announcement. This is
important for capturing possible information leaks and to give sufficient time for
the markets to fully respond to the announcement. To measure average CARs over
N different firms, we apply an approach similar to Knittel and Stango (2014) or
Liu et al. (2017) and form a portfolio that weights equally the abnormal returns of
the N different firms on each day t into a single time-series of abnormal portfolio
returns. As a result, the portfolio’s CARs match the average CARs over the N firms.
We choose equal-weighting to ensure that large firms do not overlay spillover effects
for smaller firms. For a few sample firms, abnormal returns cannot be calculated
for some days due to, for example, lack of data (see Sect. 5.1). In these cases,
we assume abnormal returns of zero which should equate to the abnormal return
a potential investor would realize over the respective day.

To test the statistical significance of Volkswagen’s abnormal returns, we follow
MacKinlay (1997) and report standard p-values. When testing the significance of
our portfolio CARs representing N different firms, we calculate p-values based on
the respective portfolio’s time-series of abnormal returns. We always use two-sided
tests because spillovers can be positive or negative. To test for significant differences
between the abnormal returns of different portfolios, we subtract their abnormal
portfolio returns from each other and base the p-values on the resulting time-series
of differences.

5 Spillover Effects from the Emissions Scandal

In this section, we describe the data used and present the empirical results.

5.1 Data

To represent the automotive market, we extract the constituents of three worldwide
stock indexes provided by Thomson Reuters Datastream. The first index “WORLD-
DS Automobiles” contains stocks of car manufacturers, including Volkswagen. The
second index “WORLD-DS Auto Parts” covers stocks of suppliers to the automotive
industry. The third index “WORLD-DS Auto & Parts” contains stocks of both
manufacturers and suppliers and adds a few stocks which are not covered by the
first two indexes. Furthermore, we add the stocks of firms named in a study by
Statista of ten selected suppliers to Volkswagen (Statista 2016). We remove stocks
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Table 2 Descriptive statistics

Bonds

Stocks Firms Number Equity market value coverage [%]

Volkswagen 2 1 28 –

Competitors 25 11 164 80

European 5 5 56 100

Non-European 20 6 108 73

Suppliers 101 11 23 32

European 29 6 14 73

Non-European 72 5 9 14

This table shows descriptive statistics for our sample firms. Every firm, except for Volkswagen, is repre-
sented by one (aggregate) stock. If common stocks and preference shares are outstanding, we value-weight
their abnormal returns into a single time-series. For each firm, we only use bonds which remain after our
screenings (see Sect. 5.1). All bonds per firm are merged into a single time-series (see Sect. 4.1). Equity
market value coverage is based on equity market values as of August 21, 2015, i.e. the last day before the
pre-event window.

of competitors which do not directly engage in car manufacturing as well as the
stocks of manufacturers of two-wheelers. Because Volkswagen is a European firm,
we use stock and bond data in euros.

For all sample firms, we download daily stock data from Thomson Reuters Data-
stream and perform various common data cleaning procedures. For the firms in
our stock sample, we search for corporate bonds issued by them or one of their
subsidiaries in Thomson Reuters Eikon. We focus on bonds with executable price
quality only. For these bonds, we download total returns which are based on closing
bid quotes. Similar to stocks, we also apply various data cleaning procedures to
remove potentially unreliable observations.

We apply the U.S., North American, European, Asian, Japanese, or Global factors
of the Fama and French (2015) five-factor model, based on the location of a firm’s
headquarters.2 To calculate abnormal bond returns, we obtain total return indexes of
various Bank of America Merrill Lynch (BAML) corporate bond indexes available
via Thomson Reuters Datastream.

Table 2 provides an overview of our sample. Competitors and suppliers are rep-
resented by 25 and 101 stocks, respectively, with the majority being non-European.
The number of firms with bonds is smaller when compared to the number of the
firms in our stock sample. Competitors with bonds account for 80% of the equity
market value3 of all competitors in our stock sample. The same coverage is lower
for suppliers with only 32%.

2 We thank Kenneth French for providing these factors online at http://mba.tuck.dartmouth.edu/pages/
faculty/ken.french/data_library.html. All factors are converted into euros following Glück et al. (2021).
3 We measure equity market values as of August 21, 2015, which is the last day of the pre-event period of
the event study methodology applied.
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Table 3 Abnormal stock and bond returns of Volkswagen

Stocks Bonds

Event window Common stock Preference share

CAR p-value CAR p-value CAR p-value

Panel A: Abnormal market reactions

[–15;–1] –2.37 (0.64) –2.36 (0.65) –0.45 (0.28)

[–10;–1] 0.57 (0.89) –0.01 (1.00) –0.40 (0.24)

[–5;–1] –2.46 (0.40) –3.20 (0.28) –0.01 (0.96)

[0;0] –17.24 (0.00) –18.86 (0.00) –2.13 (0.00)

[0;1] –28.72 (0.00) –33.79 (0.00) –5.62 (0.00)

[0;2] –21.66 (0.00) –28.72 (0.00) –5.26 (0.00)

[0;3] –22.98 (0.00) –29.81 (0.00) –4.93 (0.00)

[0;4] –29.18 (0.00) –36.74 (0.00) –4.92 (0.00)

[0;5] –34.82 (0.00) –42.70 (0.00) –6.59 (0.00)

[0;10] –42.59 (0.00) –52.23 (0.00) –7.57 (0.00)

[0;15] –17.02 (0.00) –36.85 (0.00) –6.11 (0.00)

Panel B: Abnormal stock returns due to reputational loss

[–15;–1] –2.37 (0.64) –2.36 (0.65) – –

[–10;–1] 0.57 (0.89) –0.01 (1.00) – –

[–5;–1] –2.46 (0.40) –3.20 (0.28) – –

[0;0] –8.79 (0.00) –10.41 (0.00) – –

[0;1] –20.27 (0.00) –25.34 (0.00) – –

[0;2] –13.21 (0.00) –20.27 (0.00) – –

[0;3] –14.53 (0.00) –21.36 (0.00) – –

[0;4] –20.73 (0.00) –28.29 (0.00) – –

[0;5] –26.37 (0.00) –34.25 (0.00) – –

[0;10] –34.14 (0.00) –43.78 (0.00) – –

[0;15] –8.57 (0.10) –28.40 (0.00) – –

Panel A of this table shows cumulative abnormal stock returns and bond returns of Volkswagen in percent.
Abnormal stock returns are calculated based on a Fama and French (2015) five-factor model. Abnormal
bond returns are calculated as the difference in total returns between each individual bond and a matching
euro-denominated corporate bond index. The matching index is selected based on credit rating and time-to-
maturity. We value-weight the abnormal returns of all bonds to obtain a single time series. Event day zero
refers to September 21, 2015, which is the first trading day after Volkswagen’s admission to emissions
cheating. p-values are reported in parentheses. Statistical significance (two-sided) at 5% is indicated by
bold values.
Panel B shows an estimate of reputational losses in Volkswagen’s stock returns. Similar to Gillet et al.
(2010), we consider Volkswagen’s provision of 6.5 billion EUR after the announcement as a measure of
operational loss corresponding to a loss of 8.45% in equity market capitalization. We measure reputational
losses as abnormal stock returns in excess of –8.45% from event day zero onward.

5.2 Volkswagen

Table 3 presents market reactions for Volkswagen’s stocks and bonds. Fig. 2 il-
lustrates the corresponding CARs. Focusing on stocks (Panel A, Table 3), mostly
negative but insignificant abnormal returns prior to the announcement do not point
to pre-announcement leaks. For all post-announcement windows, we find signifi-
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Panel A: Cumulative abnormal stock returns of Volkswagen

Panel B: Cumulative abnormal bond returns of Volkswagen

Fig. 2 Illustration of abnormal stock and bond returns of Volkswagen. This figure shows Volkswagen’s
cumulative abnormal stock returns (Panel A) and bond returns (Panel B). Cumulative values are calculated
as the sum of abnormal returns between event day –20 (August 24, 2015) and the respective event day
plotted. Shaded areas in Panel B indicate different percentile ranges of the CARs of the individual bonds
which enter the calculation of the value-weighted time-series of abnormal bond returns. This figure covers
the period from August 24, 2015 (event day –20) to October 19, 2015 (event day 20). The last trading day
before Volkswagen’s admission to emissions cheating, i.e. September 18, 2015, is marked by the vertical
line

cant and negative CARs for both common stock and preference shares. Over the
days [0;10] following the announcement, the common stock and preference share
accumulated abnormal returns of –42.59% and –52.23%, respectively.

We find a very similar picture for Volkswagen’s bonds, whose abnormal returns
are value-weighted into a single time-series. Panel B of Fig. 2 shows that this time-
series seems to adequately represent the different bonds as indicated by the different
percentile ranges of their individual CARs. Table 3 further shows that abnormal bond
returns accumulated to an average of –7.57% over the eleven days [0;10] following
Volkswagen’s announcement.

Overall, we can reject Hypothesis 1 for Volkswagen’s stocks and bonds. In both
markets, we find significantly negative reactions. This shock served as a basis for
potential spillover effects to competitors and suppliers.

To further disentangle these negative market reactions into the actual underlying
operational loss and the reputational damage, we follow Gillet et al. (2010) and
approximate the operational loss by the provisions for the emission scandal made
by Volkswagen on September 22, 2015 which amounted to 7.3 billion U.S. dollars
(6.5 billion euros) (see Moneycontrol 2015). Hence, we assume an operational loss
of this size with the exceeding abnormal market value loss representing a reputa-
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tional loss. Based on this, we calculate an operational loss of 8.45% in relation to
Volkswagens equity market capitalization on the day prior to the announcement.4

Following Gillet et al. (2010), we assume that this loss only affects equity, which
also yields the most conservative estimate of reputational losses. Panel B of Table 3
shows significant reputational losses as cumulative abnormal stock returns in excess
of this operational loss for event day zero and onward. Our findings are consistent
with previous literature investigating fraud events or operational losses in general
(e.g., Karpoff and Lott 1993; Karpoff et al. 2008), which finds that market reactions
can significantly exceed the size of the underlying operational loss and attributes
this to reputational losses. For example, investigating firms “cooking their books”,
Karpoff et al. (2008) find resulting reputational losses being over 7.5 times higher
than the underlying operational loss. Depending on the event window, our results in
Table 3 show that Volkswagen’s reputational losses exceed the operational losses by
up to five times.

5.3 Competitors and Suppliers

Table 4 presents our empirical results regarding spillover effects to competitors
(Panel A) and suppliers (Panel B) in stock and corporate bond markets. Fig. 3 plots
the associated CARs of stock and bond portfolios for all competitors (Panel A) and
all suppliers (Panel B) (solid black lines). Over the event windows [0;0] through
[0;2], the Toyko Stock Exchange was closed due to holidays which is why Japanese
firms re-enter the stock market results (for non-European firms) from event window
[0;3] onwards. For the stocks of competitors (Table 4, Panel A), we find positive,
but insignificant, CARs prior to Volkswagen’s announcement of emissions cheating.
These are more likely related to the publication of positive sales results and the pre-
sentation of new cars by especially non-European competitors in early September
2015 (e.g., BMW 2015; Daimler 2015; Nissan 2015; Toyota 2015) than to leaks
before Volkswagen’s public admission of wrongdoing. After the public admission,
competitors exhibit negative but insignificant CARs which seem to recover after
September 28 (event day 5) with Volkswagen’s announcement of its intention to
refit affected cars. Starting around October 12 (event day 15), CARs begin to turn
positive, which is after Volkswagen announced it would revise its diesel strategy.
Hence, investors assume that, on average, advantages and disadvantages for com-
petitors due to Volkswagen’s emissions scandal will rather offset each other.

We find similar reactions for the bonds of competitors. There are no significant
reactions that could point towards pre-event leaks. After the announcement, however,
bonds of competitors exhibit significantly negative CARs indicating that negative
effects due to the emissions scandal even spilled over into the debt of competitors,
i.e. the contagion effect dominated the competitive effect. Our findings might not
be entirely comparable to those for stocks because our bond sample comprises
fewer firms. When reducing our competitor stock sample down to firms that are
also included in our bond samples, we find even stronger negative spillover effects.

4 The operational loss of 8.45% is applied to both preference shares and common stock, assuming both to
be affected proportionally.
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Table 4 Spillover effects to competitors of Volkswagen and to supplier firms

Event
window

Stocks Bonds

CAR p-value CAR p-value

Panel A: Competitors

N= 25 N= 11

[–15;–1] 1.50 (0.57) –0.36 (0.30)

[–10;–1] 1.27 (0.56) –0.33 (0.24)

[–5;–1] 1.60 (0.30) –0.15 (0.45)

[0;0] 0.13 (0.87) –0.20 (0.03)

[0;1] –0.91 (0.40) –0.58 (0.00)

[0;2] –1.48 (0.26) –0.63 (0.00)

[0;3] –2.41 (0.08) –0.75 (0.00)

[0;4] –2.24 (0.15) –0.80 (0.00)

[0;5] –2.83 (0.09) –0.85 (0.00)

[0;10] –1.19 (0.60) –1.01 (0.00)

[0;15] 0.75 (0.78) –0.71 (0.05)

Panel B: Suppliers

N= 101 N= 11

[–15;–1] –0.25 (0.92) 0.04 (0.93)

[–10;–1] 0.40 (0.85) –0.10 (0.76)

[–5;–1] 0.52 (0.72) –0.06 (0.82)

[0;0] –0.39 (0.56) –0.01 (0.94)

[0;1] –1.25 (0.19) –0.17 (0.26)

[0;2] –1.21 (0.29) –0.10 (0.59)

[0;3] –2.32 (0.08) –0.27 (0.21)

[0;4] –1.91 (0.19) –0.23 (0.35)

[0;5] –2.55 (0.11) –0.04 (0.87)

[0;10] –0.67 (0.76) 0.05 (0.89)

[0;15] 0.58 (0.82) –0.18 (0.69)

This table shows abnormal stock returns and bond returns of portfolios comprising competitors of Volk-
swagen (Panel A) and suppliers to the automotive industry (Panel B). Values are given in percent. N refers
to the number of portfolio constituents. Abnormal stock returns are calculated based on a Fama and French
(2015) five-factor model. Due to the Tokyo Stock Exchange being closed over the event windows [0;0]
through [0;2], Japanese firms re-enter the stock market results from event window [0;3] onwards. Ab-
normal bond returns are calculated as the difference in total returns between each individual bond and
a matching corporate bond index. The matching index is selected based on the currency, credit rating,
and time-to-maturity of the respective bond. For each firm, we value-weight the abnormal returns of all
bonds to obtain a single time series. Event day zero refers to September 21, 2015, which is the first trading
day after Volkswagen’s admission to emissions cheating. p-values are reported in parentheses. Statistical
significance (two-sided) at 5% is indicated by bold values.

Firms with bonds have larger equity market values, indicating that contagion effects
from the emissions scandal might have been more relevant or competitive effects
less relevant for larger firms.

For suppliers (Table 4, Panel B), we find negative but insignificant spillover
effects in stock and bond markets. Like for competitors, negative spillover effects
are stronger for the stocks of suppliers that are also included in the bond sample.
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Fig. 3 Illustration of spillover effects to competitors of Volkswagen and to supplier firms. This figure
shows mean cumulative abnormal stock returns (first row) and bond returns (second row) of portfolios
comprising competitors (Panel A) and suppliers (Panel B) as well as European and non-European firms,
respectively. Cumulative values are calculated as the sum of abnormal returns between event day –20
(August 24, 2015) and the respective event day plotted. This figure covers the period from August 24,
2015 (event day –20) to October 19, 2015 (event day 20). The last trading before Volkswagen’s admission
to emissions cheating, i.e. September 18, 2015, is marked by the solid vertical line. Due to the Tokyo Stock
Exchange being closed from September 21 to September 23, 2015, Japanese firms re-enter the All and non-
European stock samples after September 23, 2015, which is marked by the dashed vertical line
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Overall, our findings suggest that we can reject Hypothesis 2 for Volkswagen’s
competitors in bond markets. Capital markets seem to have expected negative future
consequences for them. Ex post, these expectations seem to be justified. As listed
in the Appendix A, almost all major European and non-European manufacturers (as
well as a few suppliers) were brought into at least some connection to irregularities
in emission values.

Suppliers in total, however, are not significantly affected which might seem some-
what counterintuitive as losses for manufacturers are likely to spread along the supply
chain (Jacobs and Singhal 2020). One reason might be that suppliers often supply
parts to multiple industries and only some exclusively produce automobile-specific
parts. In addition, negative spillovers could be driven by specific competitors and,
thus, only their suppliers are affected (see also the further analysis in Sect. 5.6).
Consequently, these few negative spillovers might be sufficiently diversified in our
global suppliers sample so that there would be no significant net spillovers.

In contrast to the stocks of competitors and suppliers, which seem to recover
(from negative but insignificant effects) to pre-event levels by around event day 15,
bond prices of especially competitors appear to remain at lower or higher levels,
respectively.

5.4 European and Non-European Firms

Table 5 presents our findings for portfolios of European and non-European competi-
tors, as well as differences in spillover effects between both. Panel A of Fig. 3 plots
the respective CARs of stocks and bonds. Focusing on stocks (Table 5, Panel A),
we see that after Volkswagen’s public admission, European competitors seem to
have suffered significantly negative spillover effects for up to ten days afterwards.
In contrast, non-European competitors show insignificant CARs after Volkswagen’s
announcement, implying a non-significant net effect of contagion and competitive
effect.

When focusing on bonds (Table 5, Panel B), we find similar patterns. Significant
and negative spillover can be found for European competitors while non-European
competitors are not significantly affected except for the one bond in the category
“Other”. In summary, we find significantly more negative spillover (net) effects in
bonds for European than non-European competitors.

In summary, our findings lead us to reject Hypothesis 3 with regard to competi-
tors in stock and bond markets, as we find significant different spillover effects to
European and non-European competitors. Stock and bond markets appear to have
expected overall negative consequences mainly for European car manufacturers.

Extending the study by Bachmann et al. (2021), who link a reputational loss of
“German Car Engineering” in the U.S. to the emissions scandal, our findings suggest
that there is a European-wide loss of reputation for the car industry. Regarding
non-European firms, markets seem to have expected no overall negative effects. In
retrospect, however, most non-European car manufacturers were also involved in
emission irregularities as described before. One explanation for the European losses
might be that stakeholders see European firms as more similar (note that we follow
previous literature and use geographical proximity as a proxy for similarity), e.g.,
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with a higher focus on diesel cars, leading to a higher correlation between their
corporate reputations (e.g., Eckert 2017).

Table 6 presents our findings for portfolios of European and non-European sup-
pliers as well as differences in spillover effects between both. Panel B of Fig. 3 pro-
vides the corresponding CARs graphics for the stocks and bonds. In stock markets
(Table 6, Panel A), we find significant and negative spillover (net effect) affecting
European suppliers for several event windows, but no significant spillover effects on
non-European suppliers (except for the U.S. supplier sample for day zero). Differ-
ences in spillover effects between European and non-European firms are significant
for day zero and event window [0;1]. Our results hold, even when we only consider
the stocks of suppliers that also have bonds.

When focusing on bonds (Table 6, Panel B), we find significant and negative
spillover (net) effects for European suppliers in the first three days after the an-
nouncement day, where non-European suppliers do not show significant spillover
effects except for the one “Other” bond.

We can thus also reject Hypothesis 3 for suppliers in stock and bond markets
albeit based on fewer significant spillover net effects. As for competitors, both
markets seem to have expected overall negative consequences for mainly European
suppliers.

5.5 Implied Volatilities and Equity and Debt Losses

When comparing competitors’ stock market reactions to those in bond markets, we
see that cumulative abnormal stock returns recover to pre-event levels, i.e. close to
zero, while cumulative abnormal bond returns do not, as documented in Panel A of
Fig. 3. In this section, we investigate one possible explanation for this phenomenon.
For this purpose, we focus solely on car manufacturers, since supplier firms do not
seem to exhibit this relationship (see Fig. 3).

We refer to the credit risk model by Merton (1974), where the market value of
equity is captured by the value of a call option on the firm’s assets. The market value
of debt is based on a portfolio containing the firm’s (risk-free) debt and a short put
option on the firm’s assets. Volatility changes in the expected future returns of the
underlying assets could affect equity and debt holders differently, as increases in
the (expected future) asset volatility could shift firm value toward equity holders
(long call) at the expense of debt holders (short put) on a relative basis, which
could be one explanation for our findings. We thus investigate whether market value
losses might also be accompanied by changes in asset volatility. We employ (equity)
option-implied volatilities as a proxy for the asset volatility expected by (option)
market participants following the scandal. Note, that equity volatilites can only serve
as a proxy since asset volatilites of firms are unlevered while their equity volatilites
are usually levered.

We downloaded equity options from Datastream for the car manufacturers con-
tained in our stock sample as well as index options on broad equity indices. Based on
both, we compute abnormal changes in implied volatilities. Fig. 4 displays cumula-
tive abnormal changes in implied volatilities for Volkswagen and its competitors. As
soon as Volkswagen admitted to altering emissions testing, implied volatilities for
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Fig. 4 Illustration of abnormal changes in option-implied volatilities of Volkswagen and competitors.
This figure shows cumulative abnormal changes in option-implied volatilities of Volkswagen and competi-
tors. Competitors are divided into European and Non-European firms. Cumulative values are calculated as
the sum of abnormal changes in option-implied volatilities between event day –20 (August 24, 2015) and
the respective event day plotted. This figure covers the period from August 24, 2015 (event day –20) to
October 19, 2015 (event day 20). The last trading day before Volkswagen’s admission to emissions cheat-
ing, i.e. September 18, 2015, is marked by the solid vertical line. Due to the Tokyo Stock Exchange being
closed from September 21 to September 23, 2015, Japanese firms re-enter the analysis after September 23,
2015, which is marked by the dashed vertical line

Volkswagen increase dramatically and do not return to pre-event levels. A different
pattern can be observed for European competitors. While their cumulative abnormal
stock returns revert to pre-event levels (close to zero), cumulative abnormal bond
returns and implied volatilities remain affected. Implied volatilities of non-European
competitors do not seem to be affected.

These results illustrate that events like the emissions scandal might also lead to
increases in option-implied volatilities, which—when being used as a proxy for asset
volatility—could have triggered a relative shift in market value from debt holders
toward equity holders for European competitors. Such a shift might be one reason
why we see abnormal stock returns of European competitors returning to pre-event
levels while abnormal bond returns remain affected at the same time (see Fig. 3).

5.6 Market Value Losses in Stock and Bond Markets

To gain a more comprehensive view of the economic consequences of the emissions
scandal, we now also address spillovers in terms of changes in equity and bond
market value, since these are potential losses that are ultimately realized by investors.

Table 7 presents abnormal and total changes in equity (Panel A) and bond
(Panel B) market values in million euros for Volkswagen, competitors, and sup-
pliers for the event window [0;5]. Abnormal market value changes are calculated as
the changes in market values which correspond to CARs. In each panel, we also re-
port the most and least affected firms based on their abnormal market value changes,
as well as the percentages of positively and negatively affected firms.

Focusing on changes in equity market values (Panel A), Volkswagen’s total losses
of 27.4 billion euros are almost entirely composed of abnormal losses. As expected
(see Table 5), European competitors Daimler, BMW, and Renault suffered the largest
individual abnormal losses in equity market values. In contrast, Tesla and Toyota
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both experienced abnormal market value gains by, among other things, outperform-
ing falling markets. In summary, most competitors (60%) were affected negatively
through the emissions scandal.

When looking at equity market value losses of suppliers, European firms do not
seem to consistently exhibit the largest individual losses. Our findings suggest that
specific connections between suppliers to Volkswagen itself might be relevant for
negative spillovers. For example, Continental and Delphi Automotive were actively
connected to the emission scandal by supplying parts which were reported to be
involved in Volkswagen’s emissions cheating. The Japanese firm Denso, who is one
of the largest suppliers of auto parts worldwide, had been awarded the Volkswagen
Group Award for best suppliers in 2010 (Denso 2010). Like competitors, most
supplier firms (69%) were negatively affected by Volkswagen’s announcement on
emission cheating.

Bond market value losses (Panel B) for Volkswagen of around 1.2 billion euros
might seem small when compared to losses in equity market value (Panel A). This
is because first, we only apply bonds with executable price quality and second, these
executable bonds only cover a fraction of total debt. As an example, our Volkswagen
bonds only cover about 7% of Volkswagen’s total debt. A simplified projection of
Volkswagen’s total loss in total debt market value would result in an estimated
18.15 billion euros.5 Similar to stocks, we find that firms who are known to have
close ties to Volkswagen account for the largest losses such as Faurecia and Magna,
who had been recognized by Volkswagen’s FAST initiative as strategic partners of
special importance in 2015 (Automobilwoche 2015). In addition, Volkswagen was
Borgwarner’s main customer over the years 2013 to 2015 as measured by net sales
(Borgwarner 2015).

Losses for the bonds in our sample are clearly lower when compared to stocks.
Nonetheless, the bond losses remain economically relevant, emphasizing that ne-
glecting debt capital markets can lead to a severe underestimation of spillover ef-
fects.

6 Robustness and Outlook

Sect. 6 provides robustness checks and an outlook for future research.

6.1 CDS Markets

To ensure that our results in bond markets are robust, we repeat all analyses on
stocks and bonds based on credit default swaps (CDS). There is plenty of academic
literature that discusses whether CDS data should be preferred over bond data for

5 The bonds of Volkswagen in our sample only cover about 18.83 billion EUR (~6.77%) of Volkswagen’s
total debt, which amounted to 278.06 billion EUR as of June 2015, according to Thomson Reuters Eikon.
A very simplified projection of Volkswagen’s loss in debt market value would result in an estimate of
1.23 billion EUR/6.77%= 18.15 billion EUR or 1.28 billion EUR/6.77%= 18.82 billion EUR in terms of
abnormal losses.
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the purpose of empirical analyses. In this respect, Augustin et al. (2014 and 2016)
provide an extensive basis for such a decision. In our case, we decide to apply bond
data for our main analyes since we aim to include market value losses to debt holders
into our analyses caused by their bond investments. Overall, our interpretations based
on bonds do not change when we employ CDS instead. Detailed results can be found
in Appendix B.

6.2 Non-parametric Corrado (1989) Rank Test

An alternative for testing the significance of average CARs is the t-statistic by Kolari
and Pynnönen (2010). This cross-sectional test is based on scaled abnormal returns,
addresses potential event-induced variance in the cross-section of firms, and corrects
for the correlation between the abnormal returns of the different firms. However, the
partly small numbers of firms in our cross-sections (see especially Sect. 5.4) can lead
to distorted cross-sectional variances which may impact t-statistics. For robustness
reasons, we additionally implement the non-parametric Corrado (1989) rank test
as specified in Cowan (1992) for multi-day event windows, which is applicable
with small sample sizes in event studies. In both cases, our main findings remain
similar with slightly fewer significant values. Especially the differences between the
European and non-European samples (competitors and suppliers) remain significant
in most cases.

6.3 Future Research Avenues

A possible extension of our research findings would be to disentangle spillover ef-
fects in more detail. For example, there might be two different economic rationales
by which especially European losses might be driven. First, investors might perceive
the emissions scandal as a general reputational loss to the European car industry.
The scandal made investors incorporate the possibility into their expectations that
European car manufacturers (and suppliers) might be involved in illegal activities.
Second, the losses to European car manufacturers and suppliers might be specifi-
cally related to diesel engines. Only manufacturers of diesel cars (and their suppliers)
might be involved in similar deceits. Testing such hypotheses would require a suit-
able treatment group (European car manufacturers offering diesel cars) and control
group (European car manufacturers not offering diesel cars). Unfortunately, both the
small number of European car manufacturers in our sample and the fact that all of
these manufacturers produce diesel cars does not allow for such analyses.

Throughout our analyses, we describe spillover effects as the sum of economic
advantages (competitive effect) and disadvantages (contagion effect) that result
from the emissions scandal. Other studies employ a more fundamental approach
to spillover effects, such as Acharya et al. (2015) for credit markets. In their study
on the GM and Ford Downgrade in 2005, they differentiate between credit and liq-
uidity risk as fundamental channels in debt markets that can lead to co-movement
patterns between firms as measured by abnormal returns. Transferred to our case,
the news of the emissions scandal could lead to a decrease or increase in credit risk,
depending on whether it is good news (competitive effect in our case) or bad news
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(contagion effect in our case) for the respective sample firm. Liquidity risk, however,
should affect all firms similarly. The news of the scandal introduces unexpected un-
certainty across all firms, regardless of whether this uncertainty relates to potentially
positive or negative consequences. This uncertainty then could cause illiquidity to
increase and, thus, lead to contagion effects as empirically shown in Acharya et al.
(2015). An extension of our findings regarding credit and liquidity effects would
certainly provide valuable new perspective on the impact of the emissions scandal
in debt markets.

7 Conclusion

Following Volkswagen’s public admission to emissions cheating, we document sig-
nificant losses for Volkswagen’s stocks and bonds. These can be considered as
a potential source of spillovers to other firms.

When analyzing competitors, we find significant and negative spillover (net) ef-
fects only in bond markets. Distinguishing between European and non-European
firms, we find negative spillovers in both the stocks and bonds of European firms.
On the contrary, non-European firms show insignificant CARs, implying a non-
significant net effect of contagion and competitive effect. This indicates that geo-
graphical proximity, as an indication for similarities to Volkswagen, is related to
spillover effects. Similar relations apply to European and non-European suppliers.
Here, geographical proximity might account for major relations between suppliers
and car manufacturers, and thus also for connections between European suppliers
and Volkswagen.

Overall, our results emphasize that spillover effects were not only limited to stocks
but also extended to the debt of firms. Therefore, the total impact on investors due
to shocks from operational loss events might be severely underestimated if the focus
is confined solely to equity markets. In addition, we provide new insights regarding
the contagion effect found by Hertzel et al. (2008), as we find that geographical
proximity influences spillover effects to suppliers, and that given the unexpectedness
of the event, these effects are particularly negative in (longer) event windows after
the announcement date.
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Appendix

Appendix A

Events and Revelations in Connection to the Volkswagen Emissions Scandal

Table A.1 Chronology of the Volkswagen emissions scandal

Date Description Source

May 2014 The Center for Alternative Fuels, Engines & Emissions documents
high real-world emission values for Volkswagen diesel cars.

Thompson,
Carder, Besch,
Thiruven-
gadam, and
Kappanna
(2014)

Early to
mid 2015

The California Air Resources Board (CARB) and the Environmen-
tal Protection Agency (EPA) ask Volkswagen for an explanation for
the high emission values recorded. Volkswagen cannot adequately
explain the high emission values. The EPA threatens not to certify
Volkswagen diesel cars for sale in the U.S. for 2016.

EPA (2015a)

03 Sep 2015 Volkswagen admits to the EPA and CARB of having manipulated
emission values by installing defeat devices into diesel cars.

EPA (2015a)

18 Sep 2015 EPA addresses a Notice of Violation to Volkswagen for not com-
plying with the Clean Air Act by installing defeat devices in ap-
proximately 480,000 diesel cars.

EPA (2015a)

20 Sep 2015 Volkswagen publicly admits manipulation of emission values. VW (2015a)

21 Sep 2015 First trading day (Monday) after Volkswagen’s public confession
on 20 Sept 2015 (Sunday).

22 Sep 2015 Defeat device found to have been installed in about 11 million cars
worldwide.

VW (2015b)

23 Sep 2015 Martin Winterkorn resigns as CEO. VW (2015c)

25 Sep 2015 Matthias Müller is appointed as the new CEO. VW (2015d)

29 Sep 2015 Volkswagen presents plans to refit affected cars. VW (2015e)

07 Oct 2015 Hans Dieter Pötsch is appointed chairman of the supervisory board. VW (2015f)

12 Oct 2015 Volkswagen announces the revision of its diesel strategy, including
a stronger focus on electric cars.

VW (2015g)

02 Nov 2015 The EPA addresses a second Notice of Violation to Volkswagen,
this time also addressing emission values of Porsche and Audi
diesel cars.

EPA (2015b)

25 Nov 2015 Volkswagen presents recall plans to install software updates to
affected 2.0-liter engines.

VW (2015h)

12 Jan 2016 The EPA rejects Volkswagen’s recall plans for 2.0-liter engines. EPA (2016)

This table shows major events and revelations in the context of the Volkswagen emissions scandal regarding
Volkswagen itself.

K



Schmalenbach Journal of Business Research

Table A.2 Involvement of competitors and supplier firms in possible emissions cheating

Date Description Source

Panel A: Competitors

Oct 2015 Mazda, Hyundai, Kia, and Mercedes (Daimler) cars emit signifi-
cantly more than under laboratory-based testing.

Guardian
(2015, 2016)

Apr 2016 German car manufacturers set up voluntary recall programs after
a study by the German Federal Motor Transport Authority (Kraft-
fahrt-Bundesamt) revealed high emission values of diesel cars
under actual driving conditions.

SPIEGEL
ONLINE
(2016)

Apr 2016 Mitsubishi admits to having cheated on emission values for the past
25 years.

CNN (2016)

May 2016 South Korean officials accuse Nissan of using emissions defeat
devices.

BBC (2016a)

Jun 2016 Suzuki confirms irregularities in its emissions testing. BBC (2016b)

Jan 2017 Fiat Chrysler receives a Notice of Violation from the EPA regard-
ing the usage of a defeat device to evade emissions regulations.

EPA (2017)

Mar 2017 Employees of Daimler are investigated in the context of emissions
manipulations. Searches of Daimler sites followed.

SPIEGEL
ONLINE
(2017a)

Mar 2017 A report by the French authority DGCCRF suggests emissions
cheating by Peugeot.

FAZ (2017)

May 2017 General Motors faces a lawsuit regarding the emission values of
some of their trucks.

CNN (2017)

Sep 2017 Searches of Renault sites point towards the usage of defeat devices. SZ (2017a)

Dec 2017 Environmental Action Germany (Deutsche Umwelthilfe) reports
high emission values of a BMW diesel model.

Handelsblatt
(2017)

Jan 2018 Ford is sued by truck owners due to possible software-based emis-
sions manipulations.

Reuters
(2018a)

Jun 2018 Authorities order a European-wide recall of cars produced by
Daimler.

Focus (2018)

Sep 2018 German authorities suggest a small civil penalty for BMW, since
defeat devices were installed by accident.

SZ (2018a)

Oct 2018 German Transport Ministry orders the recall of Opel cars (Groupe
PSA).

SZ (2018b)

Jan 2019 EPA orders the recall of vehicles produced by Fiat Chrysler. Fiat
Chrysler agrees to a civil penalty.

EPA (2019)

Panel B: Suppliers

Sep 2015 Report that Bosch developed parts of the software used for emis-
sions cheating at Volkswagen.

SPIEGEL
ONLINE
(2015)

~ 2015 Computers for smaller Volkswagen engines manufactured by Con-
tinental and Delphi Automotive were involved in emissions cheat-
ing.

New York
Times (2017)

2017–2019 Bosch agrees to settlement payments worth 453 million U.S. dol-
lars in the US.

Bosch (2017);
Bosch (2019)

This table shows major events and revelations in the context of the Volkswagen emissions scandal regarding
competitors of Volkswagen (Panel A) and suppliers to the automotive industry (Panel B) worldwide.
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Appendix B

Evidence from CDS Markets

For all firms in our stock sample, we look up single-name CDS, referring to them
or one of their subsidiaries using Thomson Reuters Eikon. We focus on euro-,
U.S. dollar-, and Japanese yen-denominated CDS based on senior unsecured debt
with a maturity of five years. For these CDS, we download daily mid-spreads and
credit ratings. We apply similar screening procedures as for the stocks and bonds
sample. More detailed explanations are available upon request. We do not account

Table B.1 Descriptive statistics Firms Equity market
value coverage

Volkswagen

Competitors 15 86%

European 5 100%

Non-European 10 82%

Suppliers 15 45%

European 6 60%

Non-European 9 37%

This table shows descriptive statistics for the sample firms with CDS.
Each firm is represented by one CDS (see Sect. 4.1). Equity market
value coverage is based on equity market values as of August 21,
2015, i.e. the last day before the pre-event window.

Table B.2 Abnormal CDS
spread changes of Volkswagen

Event window CASC p-value

[–15;–1] –1.93 (0.79)

[–10;–1] –1.77 (0.76)

[–5;–1] –0.82 (0.84)

[0;0] 35.23 (0.00)

[0;1] 95.11 (0.00)

[0;2] 115.49 (0.00)

[0;3] 105.65 (0.00)

[0;4] 117.84 (0.00)

[0;5] 162.33 (0.00)

[0;10] 162.69 (0.00)

[0;15] 139.67 (0.00)

This table shows abnormal CDS spread changes of Volkswagen in
basis points. Abnormal CDS spread changes are calculated as the dif-
ference in mid-spreads between each individual CDS and a matching
euro-denominated benchmark. The matching benchmark is selected
based on credit rating. We weight equally the abnormal CDS spread
changes for Volkswagen and its subsidiaries to obtain a single time-
series. Event day zero refers to September 21, 2015, which is the first
trading day after Volkswagen’s admission to emissions cheating. p-
values are reported in parentheses. Statistical significance (two-sided)
at 5% is indicated by bold values.
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Table B.3 Spillover effects to
competitors of Volkswagen and
to supplier firms in CDS markets

Event window CASC p-value

Panel A: Competitors N= 15

[–15;–1] –3.72 (0.62)

[–10;–1] –6.58 (0.29)

[–5;–1] –1.65 (0.70)

[0;0] 4.95 (0.01)

[0;1] 14.43 (0.00)

[0;2] 17.41 (0.00)

[0;3] 25.05 (0.00)

[0;4] 21.48 (0.00)

[0;5] 24.94 (0.00)

[0;10] 21.81 (0.00)

[0;15] 14.12 (0.07)

Panel B: Suppliers N= 15

[–15;–1] –3.92 (0.61)

[–10;–1] –3.72 (0.55)

[–5;–1] 0.54 (0.90)

[0;0] 1.64 (0.41)

[0;1] 4.69 (0.10)

[0;2] 2.99 (0.39)

[0;3] 5.31 (0.18)

[0;4] 3.24 (0.47)

[0;5] 5.11 (0.29)

[0;10] 1.69 (0.80)

[0;15] 2.51 (0.75)

This table shows abnormal CDS spread changes of portfolios com-
prising competitors of Volkswagen (Panel A) and suppliers to the au-
tomotive industry (Panel B). Values are given basis points . N refers to
the number of portfolio constituents. Abnormal CDS spread changes
are calculated as the difference in mid-spreads between each individ-
ual CDS and a matching benchmark. The matching benchmark is se-
lected based on currency and credit rating. Event day zero refers to
September 21, 2015, which is the first trading day after Volkswagen’s
admission to emissions cheating. p-values are reported in parentheses.
Statistical significance (two-sided) at 5% is indicated by bold values.

for changes in quanto effects in CDS spreads over time. Quanto effects are relevant
if a CDS contract insures against a credit event at, for example, a Eurozone firm
but is denoted in USD. Hence, the correlation between the firm’s credit risk and the
EUR/USD exchange rate can impact CDS spreads. While a constant quanto effect
over time would be eliminated by applying CDS spread changes, possible changes
in quanto effects over the course of the emissions scandal would be considered as
part of abnormal CDS spread changes (see Augustin et al. 2020).
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Fig. B.1 Illustration of abnormal CDS spread changes of Volkswagen. This figure shows Volkswagen’s
cumulative CDS spread changes. Cumulative values are calculated as the sum of abnormal spread changes
between event day –20 (August 24, 2015) and the respective event day plotted. This figure covers the
period from August 24, 2015 (event day –20) to October 19, 2015 (event day 20). The last trading before
the Volkswagen’s admission to emissions cheating, i.e. September 18, 2015, is marked by the vertical line
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Fig. B.2 Illustration of spillover effects to competitors of Volkswagen and to supplier firms in CDS
markets. This figure shows mean cumulative abnormal CDS spread changes of portfolios comprising com-
petitors (Panel A) and suppliers (Panel B) as well as European and non-European firms, respectively. Cu-
mulative values are calculated as the sum of abnormal spread changes between event day -20 (August 24,
2015) and the respective event day plotted. This figure covers the period from August 24, 2015 (event day
–20) to October 19, 2015 (event day 20). The last trading before Volkswagen’s admission to emissions
cheating, i.e. September 18, 2015, is marked by the solid vertical line
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