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1 Introduction

Mergers and acquisitions (M&As) are still significant popular instruments for achieving

corporate growth and diversification. As shown by Figure 1, M&As almost continuously

increase in numbers and transaction volumes since 1985. Accordingly, the number of

transactions reached its peak in 2017 with 52,213 worldwide M&A deals, while the volume

of M&A deals exhibited its maximum in 2007. Figure 1 further reports a sharp increase

at the end of the 1990s and in the mid 2000s, which are both followed by a sudden drop

due to the dotcom crisis in the early 2000s and the global financial crisis in 2007/2008.

By now, especially the North American market has recovered to pre-crises numbers and

volumes. In contrast, the European market remained fairly stable after the global financial

crises in terms of numbers of M&As, but has remarkably decreased in terms of values and

is still struggling due to the European sovereign debt crises.

The academic literature identifies several reasons to engage in M&As. Thus, firms may

have efficiency gains from increased economies of scale and scope, cash flow diversification

which improves their solvency in times of volatile markets as well as strategic gains from an

improved competitive position (Ismailescu and Col, 2016). However, M&A transactions

are not riskless. As demonstrated by Bruner (2002) and Christensen et al. (2011), about

70% of M&A transactions do not pay off, i.e. the transaction does not create a material

and significant (abnormal) value. Taking this into account, the study at hand empirically

analyzes if acquiring another company may change the risk perceptions of those investors

who hold credit default swaps (CDSs) that are written on the acquring company.

The research on announcements of M&As has primarily focused on shareholder’s

perceptions (see e.g., Malatesta, 1983; Doukas and Travlos, 1988; Franks and Harris,

1989; Goergen and Renneboog, 2004), whereas there is less research that focuses on the

aspect if the risk perception of an acquirer’s CDS investor changes with respect to an

announcement of an M&A transaction. The theoretical literature suggests that acquirers

exhibit significantly reduced risks, a higher debt capacity and an increased borrowing

ability if earnings streams of the merging firms are less than perfectly correlated, which

is known as the coinsurance effect (Levy and Sarnat, 1970; Lewellen, 1971; Higgins and
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Schall, 1975; Kim and McConnell, 1977). In this context, Shastri (1990) and da Silva et al.

(2015) stress that it depends on the specific fundamental characteristics of the target and

acquirer (e.g., risk level, leverage ratio, debt maturities) if merging firms may benefit from

coinsurance effects, or may even lose from expropriation effects. Moreover, debtholders

may also benefit from a reduced probability of default if merging firms have not perfectly

correlated assets. In this context, Amihud and Lev (1981) state that ”a conglomerate

merger generally leads, through the diversification effect, to reduced risk for the combined

entity”. In contrast, however, Furfine and Rosen (2011) provide empirical evidence that

the acquirer’s default risk may increase if the target firm exhibits a worse credit rating

and if this additional risk is transferred to the acquirer. In addition, the acquirer’s default

risk may also rise if the acquirer’s financial leverage increases due to the merger. In this

context, Leland (2007) shows that an acquirer’s leverage may rise after a merger, but

that the probablity of default may decrease if the positive effects (diversification, tax

shield provided by debt, recapturing wealth from bondholders) outweigh the risk from an

increased financial leverage. Against this background, the impact of an M&A transaction

on the acquirer’s default risk and hence, on the risk-perception of the acquirer’s CDS

investors is still puzzling.

The study at hand contributes to the existing literature by focusing on changes in the

CDS investors’ risk perceptions due to the announcement of M&A transactions as follows:

In contrast to the majority of previous research papers, we investigate changes in CDS

spreads instead of changes in bond returns. Analyzing CDS spread changes has several

advantages as compared to bonds. Given that the CDS market may be an alternative

trading venue for debtholders (Bessembinder et al., 2008; Oehmke and Zawadowski, 2016),

CDS spreads may be a more appropriate measure for investors’ perceptions of a firm’s risk

exposure due to the following reasons. To begin with, CDSs are more liquid and therefore,

changes in CDS spreads may better reflect the changes in invesors’ perceptions of firm

risk as compared to bonds. Furthermore, contract maturities are standardized making it

more convenient to compare CDS spreads across firms. In addition, instead of aggregating

returns across several bonds with potentially different liquidity and trading intensities,
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only one security per issuing firm needs to be evaluated in case of CDSs. Moreover, the

CDS spread is a market-based measure of default risk, which can directly be observed

and traded by investors to hedge their debt or equity position according to their risk

perceptions (Greatrex, 2009; Longstaff et al., 2011).1 Finally, in contrast to other default

risk measures that try to capture the long term risks (like ratings), CDS spread changes

reflect the investors’ risk perceptions immediately. Accordingly, the CDS spread change

may be a more precise measure of an investor’s perception of a firms default risk.

The empirical literature that measures a change in the investors risk perception due

to announcements of M&A transactions by means of changes in CDS spreads is scarce.

Analyzing 95 and 3,568 M&A transactions, respectively, Hraschek et al. (2016) and

da Silva et al. (2015) show that the CDS market participants may anticipate M&A

announcements via insider trading of CDS from banks that take part in the deals.

They additionally find that this effect is even stronger when investment banks are

involved. Furthermore, da Silva et al. (2015) show that the CDS market may even have

more predictive power than the stock market shortly before takeover announcements.

Ismailescu and Col (2016) focus on the credit risk perception of CDS investors during

cross-border acquisition announcements of U.S. firms by analyzing abnormal CDS spread

changes. Analyzing 889 acquisitions, they find an average increase in investors’ credit

risk perception when the target firm is located in an emerging market, and they observe

a decrease when the target firm is located in a developed country.

Most related to our analysis, Hüttermann and Lleshaj (2018) investigate debtholder

wealth effects through CDS spreads by analyzing a worldwide sample of 3,255 M&A

transactions. Referring to debtholders as CDS investors, they find a negative effect

of a takeover on an acquirering firm’s debtholder wealth measured by abnormal CDS

spread changes. Even though the research design is similar to ours, their event study

framework has some limitations. Hüttermann and Lleshaj (2018) only conduct a simple

cross sectional t-test without accounting for cross-sectional correlation, event-induced

1However, most of the studies, which focus on the measurement of the acquirer’s default risk, employ
Merton’s theoretically derived, and thus, not directly observable, distance to default model (e.g., Furfine
and Rosen, 2011; Vallascas and Hagendorff, 2011).
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volatility and serial correlation, which may heavily bias the results, especially in times

of high market volatility during financial crises (Cathcart et al., 2013). In contrast,

the study at hand employs a GARCH(1,1) model to account for volatility clustering

and conditional heteroskedasticity of the CDS spread changes (see e.g. Farruggio et al.,

2013). Furthermore, while Hüttermann and Lleshaj (2018) use a constant mean model

to calculate the market’s CDS spread change, we employ a four-factor model since this

model proxies the CDS investor’s risk perception of the market more adequately (Andres

et al., 2016). In addition, we implement different model inputs, which depend on the

rating category of the analyzed entity. Finally, we are able to analyze cross-border and

domestic takeovers simultaneously. This is due to the fact, that (as compared to a partial

M&A) the target firm does not remain an entity under the jurisdiction of its head office’s

country and the acquirer is not additionally exposed to a country specific risk factor (Bris

and Cabolis, 2008; Ismailescu and Col, 2016).

The empirical study at hand employs a sample of 492 complete M&A transactions from

284 acquirers across North America and Europe between 2005 and 2018. Our analysis

initially reveals that acquiring firms exhibit positive abnormal CDS spread changes of

about 310 bps during a five-day event window due to the announcement of a complete

M&A transaction. This result suggests that investors in CDSs, which are written on the

acquirer, perceive an increase in the acquirer’s credit risk exposure immediately after the

announcement has taken place. In contrast, we do not find that CDS investors anticipate

the transaction risk before the announcement. Rather, we observe the highest abnormal

CDS spread at the announcement day and a fading of this effect during the next two

trading days. These baseline findings hold even when varying the event window length and

under a variety of robustness tests. Moreover, results from further sensitivity analyses, i.e.

splitting the sample in different deal, acquirer and target characteristics, provide further

important insights into the CDS inverstors’ risk perception due to M&A announcements.

The remainder of the paper is organized as follows. Section 2 presents the empirical

methodology and Section 3 introduces the data. While Section 4.1 presents the empirical

results from the baseline analysis, Section 4.2 introduces the tests for the robustness of
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our results. Section 4.3 discusses the results from the sensitivity analyses and finally,

Section 5 summarizes and concludes.

2 Empirical methodology

Following Brown and Warner (1985), we employ a standard event study methodology

in order to analyze abnormal CDS spread changes due to M&A announcements from

North American and European listed acquiring firms between May 2005 and October

2018.2 According to the efficient market hypothesis proposed by Fama (1970), CDS

spreads should reflect all publicly available information in the market and hence, should

adjust when new public information is provided if, at least, the semi-strong efficiency is

assumed.

The change in an acquiring firm’s credit risk exposure during an event window is

measured by the acquirer’s CDS spread change. Let t0 be the date of the event, then an

event window starting at t−1 and ending at t1 is set such that t−1 ≤ t0 ≤ t1 holds and

[t−1, t1] represents the event window. The CDS spread changes (∆CDSi,t) for each firm i

and time t are calculated as

∆CDSi,t = ln

(
CDSi,t

CDSi,t−1

)
. (1)

We fit the ∆CDSi,t time series with a GARCH(1,1) model to account for volatility

clustering and autoregressive conditional heteroskedasticity.

Subsequently, following MacKinlay (1997), the abnormal CDS spread change

(ACSCi,t) is calculated as the difference between the realized CDS spread change

(∆CDSi,t) and the expected CDS spread change (E[∆CDSi,t) in absence of the event

at time t0:

ACSCi,t = ∆CDSi,t − E[∆CDSi,t]. (2)

2The sample period starts in May 2005 since trading data on CDS indices are not available before
December 2004. In addition, a data time series of 6 months is necessary to perform the event study.
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In line with Andres et al. (2016), expected CDS spread changes are calculated by

employing a four-factor market model approach.3 The four factors utilized are (i) the

CDS market index, (ii) the level of the risk-free yield curve, (iii) the slope of the risk-free

yield curve and (iv) the equity implied volatility.4 Accordingly, the expected CDS spread

change can be calculated as

E[∆CDSi,t] = αi + βi∆Indexm,r,t + γi∆Y Cm,t + δi∆SlopeY Cm,t + εi∆V olam,t, (3)

where αi, βi, γi, δi, εi are estimated for each firm by the ordinary least squares (OLS)

method with an estimation window starting at t−3 and ending at t−2, where t−3 < t−2 <

t−1 holds. Hence, the estimation window is represented by [t−3, t−2]. ∆Indexm,r,t is the

CDS spread change of the CDS market index in rating category r, ∆Y Cm,t is the change

of the yield curve with a maturity of 5 years, ∆SlopeY Cm,t is the change of the slope

of the yield curve and ∆V olam,t is the change of the equity implied volatility of market

m at time t. The cumulative abnormal CDS spread changes for a single event are then

calculated as

CACSCi,[t−1,t1] =

t1∑
t=t−1

ACSCi,t, (4)

where CACSCi,[t−1,t1] is the cumulative abnormal CDS spread change of firm i during the

event window [t−1, t1].

3During further analyses, we control for the robustness of our results by implementing both, a one-
factor model and a constant mean model.

4As regards the market index, we use the CDX North American Investment Grade Index for North
American investment grade entities and the CDX North American High Yield Index for entities that
exhibit non-investment grade ratings. We employ the iTraxx Europe for firms with investment grade
rating and the iTraxx Europe High Volatility for non-investment grade firms as corresponding indices
for Europe. All CDS indices are provided by Markit. If we do not observe a rating for an entity, we
use the CDS implied rating as a proxy (Jansen and Fabozzi, 2017). The level of the risk-free yield curve
is proxied by the interest rate with a 5-year maturity and is retrieved from the US Department of the
Treasury for North America and from the European Central Bank for Europe. The slope of the yield
curve is calculated as the difference of the 10-year and 1-year yields. Finally, the equity implied volatility
is measured by the VIX and VSTOXX for North America and Europe, respectively. The volatility indices
are retrieved from Thomson Reuters Datastream.
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When considering multiple events the (cumulative) average abnormal CDS spread

changes are calculated as

AACSCt =
1

N

N∑
i=1

ACSCi,t, (5)

CAACSC[t−1,t1] =

t1∑
t=t−1

AACSCt, (6)

where AACSCt is the average abnormal CDS spread change of all firms N at time t and

CAACSC[t−1,t1] is the cumulative average abnormal CDS spread change during the event

window [t−1, t1]. We use an estimation window of 100 days for our baseline analysis. We

set the estimation window to [−120,−21] and the main event window to [−2, 2].5

The impact of M&A announcements on the acquiring firms’ abnormal CDS spread

changes is tested with two different non-parametric tests. We use non-parametric

tests since they are more effective in small sample sizes and when assuming a non-

normal distribution of CDS spread changes. Moreover, non-parametric tests tend to

dominate parametric tests and therefore, should be preferred in event studies of abnormal

security price performance (Kolari and Pynnonen, 2011). We initially implement the

Wilcoxon-signed-rank test (henceforth Wilcoxon test) since this test accounts for both,

the importance of the sign and the magnitude of the changes in (cumulative) abnormal

CDS spread changes. In addition, this test has a power advantage over t-tests for fat-

tailed distributions (Wilcoxon, 1945; Corrado, 1989). As a second test, we employ the

generalized rank test (GRANK test) as proposed by Kolari and Pynnonen (2011). This

test extends the single day non-parametric test of Corrado and Zivney (1992) to an efficient

testing of cumulative abnormal changes. Furthermore, the GRANK test is robust to serial

correlation in CDS spread changes, event-induced volatility and cross-sectional correlation

of CDS spread changes due to event day clustering. In addition, Kolari and Pynnonen

(2011) show that the GRANK test exhibits superior empirical power as compared to

5We also analyze the following different variations of the event window: [−2, 1], [−2, 0], [−1, 2], [0, 2],
[−1, 1], [−1, 0], [0, 1], [−5, 5] and [−10, 10]. Furthermore, during robustness checks in Section 4.2.3, we
change the estimation window to 60 and 200 days. We also implement the model without a gap between
the estimation and event windows.
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popular parametric tests (e.g., Patell, 1976 or Boehmer et al., 1991) for all event window

lengths.6

3 Data

We retrieve M&A data from Thomson Reuters’ Security Data Corporation database

(SDC). This database includes information about the acquiring and target firms as well

as several deal characteristics. We initially collect data on all takeovers in North America

and Europe between May 2005 and October 2018. Following Masulis et al. (2007) and

Harford et al. (2012), we only employ data on completed M&A transactions when the

bidder owns less than 50% of the target before the acquisition and 100% after the deal

(full transfer of control rights). In addition, the transaction value must exceed $1 million

or 1% of the bidder’s net assets 11 days prior to the announcement date. Furthermore,

to avoid a bias from confounding events, we consider only the first M&A announcement

if we observe more than one announcement by the same acquirer within three months.

Finally, if an event is announced on a weekend or holiday, we define the next Monday or

the day after the holiday as the announcement day.

Daily CDS spread data is retrieved from IHS Markit (Markit), the leading vendor of

credit pricing data. We only consider CDS spreads with a five-year maturity since these

are the most liquid contracts in the CDS market. Additionally, we focus on CDS that are

written on senior unsecured debt to avoid any bias due to differences in seniority. CDS

on North American entities follow the documentation clause modified restructuring (MR)

and are denominated in USD, while the CDS on European entities follow the modified

6Note that the GRANK statistic is based on the standardized (cumulative) abnormal CDS spread
changes which are defined as

SACSCi,t =
ACSCi,t

SACSCi,t

(7)

and SCACSCi,[t−1,t1] =
CACSCi,[t−1,t1]

SCACSCi,[t−1,t1]

(8)

where SACSCi,t
and SCACSCi,[t−1,t1]

are the standard deviations of the regression prediction errors in the

(cumulative) abnormal CDS spread changes following Campbell et al. (1997).
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modified restructuring clause (MM) with denomination in EUR (Andres et al., 2016;

Augustin et al., 2016; Jansen and Fabozzi, 2017).

The two databases are merged by retaining acquirers which exhibit at least 6 months

of CDS data prior and 1 month after the announcement date.7 We exclude those acquiring

firms with missing CDS spreads or without trading activities on more than five consecutive

trading days during the estimation window. In addition, all acquirers with missing CDS

spreads on the event day and less than 90% of non-missing CDS data in the event window

are excluded as well. This yields to a final sample of 492 transactions from 284 different

acquirers. Respective balance sheet and market data for these acquirers is retrieved from

Thomson Reuters Datastream and EIKON.

As shown by Table 1, the total number of acquisition announcements in our sample

peaks in 2006 and 2007, remains stable from 2008 to 2014 and decreases since 2015.

This development is mainly driven by the European M&A market, which exhibits a

similar number of announcements as compared to the North American market in the

years 2005 and 2006, whereas the number of announcements remarkably decreases after

the global financial crisis and does not recover as fast as on the North American market.

Furthermore, Table 1 reveals that nearly 65% of the acquirers in our sample are located

in North America. Likewise, Table 2 indicates that the majority of all acquirers originate

in the United States, while France and the United Kingdom follow at a huge distance.

The distribution of the acquirers over the 10 sectors as defined by Markit are mapped

in Table 3 (by region) and in Table 4 (by year). As shown, the industrial sector

comprises the highest number of transaction announcements in both Europe and North

America, whereas ‘utilities’ describes the group with the fewest announcements in total.

However, the energy sector exhibits the lowest number of announcements in Europe,

while ‘Telecommunications Services’ is the group with the lowest announcements in North

America. Table 5 reports the number of acquisition announcements by target firms’ home

countries and acquirer firms’ regions. As illustrated, 50% of all European acquisitions

are made outside of Europe, whereas only about 20% of the targets of North American

7As mentioned above, we require 5 months of CDS data for the estimation window and 1 month of
CDS data for the gap between the estimation and event window to perform the analysis.
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companies are located outside of North America. This underrepresentation of US firms in

cross-border M&As is well-established in the literature (see e.g., Erel et al., 2012). Table 6

and Table 7 map the Markit sector of the acquisition announcements by the acquirers’

regions and by year, respectively. The tables reveal that, in total, most acquisitions

are made in the technology sector followed by the healthcare sector, whereas the fewest

takeovers are observed for the utility sector. This result is mainly driven by the North

American market, which also exhibits the highest number of takeover announcements in

the technology sector and the fewest in the utility sector. However, the European market

draws a different picture since the most transaction announcements are observed in the

industrial sector and the fewest in the energy sector.

Table 9 presents deal, acquirer and target characteristics for the 492 acquisition

announcements in our sample. The respective variables are described in Table 8. As

initially shown, in case of 75% of the deals the acquirer does not diversify its business

model by means of the transaction, but rather performs a horizontal M&A transaction.

Furthermore, as our sample includes only complete transactions, the most deals are

mergers while the remaining 16% include acquisitions of assets. It is also revealed that,

nearly half of the deals are cross-border transactions and have, on average, a transaction

volume of $4.4 billion. The average acquirer in our sample is a large firm with $63.6 billion

in total assets and a leverage ratio of 136%. In addition, the market-to-book value being

greater than one indicates that the acquiring firms are overvalued. Moreover, the pre-

announcement mean CDS spread is about 103 basis points and the average rating of an

acquirer is between A3/A- (Moody’s/S&P and Fitch) and Baa1/BBB+. In contrast, the

average acquired company exhibits $5.7 billion in total assets and thus, is much smaller

than the acquirers. However, the target firms’ leverage ratio and the market-to-book

value are, on average, similar to those of the acquirers. Moreover, the average rating

of a target is between Baa3/BBB- (Moody’s/S&P and Fitch) and Ba1/BB+. However,

only approximately 25% of all targets have a rating from the three major rating agencies.

Finally, about 80% of the targets are publicly listed companies.
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Table 10 reports the deal, acquirer and target characteristics for the respective

two analyzed regions, i.e. 319 North American and 173 European M&A transaction

announcements, individually. As initially shown, one third of the European acquiring

firms take over in another sector (‘Diversification’), nearly 85% of all European

transactions in our sample are mergers and over 80% of the transactions are cross-border

M&A transactions. In contrast, the North American acquirers are less diversified (20%)

and buy predominantly inside the North American market (80%) while the ratio of mergers

is again at 85%. The absolute ‘Transaction volume’ is larger in Europe, however, the

‘Transaction volume ratio’ and the ‘Size ratio’ indicate that the deal or target firm’s

size in relation to the acquirer’s size is larger in North America. Hence, the acquiring

firms in Europe are, on average, larger in size (‘Total Assets’) and buy smaller firms as

compared to the North American acquirers. As regards the ‘Leverage ratio’, Table 10

shows that the North American acquirers are stronger levered, but buy less levered firms

as indicated by the ratio ‘Lower leverage than target’, although the leverage ratios of the

target firms are very similar. In addition, the ‘Leverage change’ between the pre- and

post-announcement is positive for both, North American and European acquirers, but

larger for North American acquiring firms. The acquirers’ ‘Market-to-book value’ is, on

average, greater than one for both regions, however, the ratio is almost two times higher

for North American acquirers. As regards credit risks, it can be observed that European

acquiring firms exhibit a better rating by one notch and also take over better rated firms

(‘Rating’). In addition, ‘Rated’ indicates that only 28% of North American and 18%

of European target firms are rated by at least one of the three largest rating agencies.

The better rating of European acquirers is also reflected in the ‘Mean CDS spread’ since

the CDS protection sellers demand a smaller premium for European acquirers. Next,

‘Regulation’ indicates that the relation of high-regulated to unregulated acquirers in the

North American and the European sample is similar. Finally, the proportion of publicly

listed target firms is similar for the North American and European M&A market in our

sample.
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4 Empirical results

We provide results from our baseline analysis in Table 11 and Figure 3. While results

from robustness checks are provided in Tables 10, 12 and 13, results from sensitivity

analyses are shown in Tables 14 to 16.

4.1 Baseline analysis

Results from Table 11 suggest that the announcement of a complete M&A transaction

is, in general, a surprising effect, although the CDS market is frequently used by insiders

(Acharya and Johnson, 2007). In contrast to da Silva et al. (2015) and Hraschek

et al. (2016), we do not find a statistically significant anticipation of M&A transaction

announcements due to insider trading in the CDS market. Rather, we find a high

and significant average abnormal CDS spread change (AACSC) at the day of the M&A

announcement. Since the CDS market is not strong-form efficient in the sense of Fama

(1970), the effect of the announcement is not immediately and completely perceived by

CDS investors but can be observed two more trading days until it is completely processed.8

Both, the Wilcoxon and the GRANK test indicate that the average abnormal CDS

spread changes significantly increase by approximately 165 bps, 95 bps and 29 bps at

the announcement day and the two following days, respectively. It is also observed that

the AACSCs exhibit the highest proportion of approximately 58% of positive values at

the announcement day. In fact, this ratio indicates that the majority of the CDSs, which

are written on the acquirers, exhibit positive abnormal spread changes and hence, that

the results are not biased by a few outliers.

As regards the cumulative average abnormal CDS spread changes, we find positive

and significant results throughout all variations of the event window. The proportion of

positive CAACSCs is also significantly higher than 50% in all analyzed event windows.

Thus, this ratio suggests that the CAACSCs are not skewed by only a few observations.

However, as also shown, the GRANK test points to decreasing effects for longer event

8We additionally employ longer event windows of up to 20 days before and after the event. However,
since our results remain qualitatively unchanged, we do not report them in this paper.
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windows of 11 and 21 days. Generally, an acquirers’ CAACSC increases by about

272 bps/310 bps/365 bps/378 bps in a symmetric 3/5/11/21-days event window. The

development of the CAACSCs of our [-2,2] main event window is illustrated in Figure 3. As

regards Table 11 and Figure 3, we observe that the CAACSC initially increases moderately

(but insignificantly) during the days before the announcement and increases significantly

by about 289 bps at the announcement day and the following two days.

Against this background, our baseline findings do not support theoretical arguments

suggesting that CDS investors may value an M&A deal as less risky (or riskless) due

to probable coinsurance effects (Levy and Sarnat, 1970; Lewellen, 1971; Higgins and

Schall, 1975). In contrast, as we find a positive change of CDS spreads due to an M&A

announcement, our result suggests that CDS investors expect an increase in the acquirers

risk exposure and probability of default which may be due to a potential transfer of risk

from the target to the acquirer, an increase of the acquirer’s leverage ratio or a decrease

of its distance to the default (Dennis and McConnell, 1986; Shastri, 1990; Billett et al.,

2004; Bessembinder et al., 2008; Furfine and Rosen, 2011; da Silva et al., 2015).

4.2 Robustness checks

We provide several tests to control for the robustness of our baseline results. Respective

results are reported in Tables 12 and 13.

4.2.1 Sector analysis

To begin with, we control if M&A announcements within different industrial sectors

are perceived differently by CDS investors. To be upfront with it, results from this

analysis must be taken with caution since the number of observations for each sector is

small. Table 12 initially reports that we observe the highest CAACSCs for the sectors of

consumer goods (781 bps) and basic materials (563 bps), while the lowest but still positive

statistical significant change is found for the technology sector (191 bps). Turning to the

sectors of the target firms, we again observe the highest CAACSCs when M&As take place

in the sectors of consumer goods (737 bps) and basic materials (868 bps). However, it is
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also revealed that M&As in the sector of telecommunication services exhibit the lowest

statisitcal significant CAACSCs (152 bps). Overall, investors in CDSs, which are written

on acquiring firms perceive the greatest risk increase due to M&A announcements in the

sector of consumer goods and basic materials. This finding is irrespective of whether the

acquiring firm belongs to these sectors or buys in these sectors.

4.2.2 Regional differences

As shown in Table 10, our sample is dominated by North American acquirers (65% of

our sample) and the M&A characteristics of these two markets exhibit several differences

(see Section 3), we rule out that our results are biased due to the sample construction.

As reported by Table 13, we show that both, the European and the North American

subsample, exhibit positive and statistical significant CAACSCs. However, the difference

in CAACSCs between these subsamples and our baseline result is small and statistically

insignificant.9 Therefore, as we do not find statistical significant differences between the

two subsamples and between the subsamples and our baseline analysis, we rule out that

our sample is biased due to the higher number of North American acquirers.

4.2.3 Robustness of the model

First, to control for the robustness of our empirical design, we investigate if our results

are biased due to the specification of the market model. We substitute the four-factor

model approach by a standard market model approach with the CDS market index as the

only factor and a constant mean model. As shown by Table 13, the difference between

our baseline approach and the market model (constant mean model) amounts to -2.0272

bps (14.2082 bps). However, since both difference values are insignificant it is indicated

that our results are robust when employing other model specifications.

Second, we are aware of the fact that the choice of the event window length is, to

some extent, arbitrary. In addition, the event window length may bias the results. Hence,

longer windows may smooth the prediction of the CDS spread changes, whereas shorter

9In addition, in an unreported analysis, we evaluate the difference of 20.7965 bps between the European
and the North American subsample and do not find that this difference is significant.
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windows may not predict the CDS change adequately since smaller windows are more

prone to outliers. Taking this into account, we choose two different settings (200 days

and 60 days) for the estimation of the abnormal CDS spread changes. As reported by

Table 13, our results are qualitatively reiterated even when implementing a shorter 60-

days and a longer 200-days estimation window.

Third, the gap between the estimation and event window, as modeled in our

main analysis, may potentially bias our results since the model does not process the

changes in CDS spreads directly before the event window. To address this issue, we

modify our estimation strategy and let the event window follow the estimation window

immediately. As shown by Table 13, we do not observe a significant difference between

the implementation with and without a gap. Therefore, we can rule out that the gap

between the estimation and event window may bias our baseline results.

Finally, we simplify our market model approach. We do not distinguish between

investment grade and speculative grade rating categories in our market model since the

high yield indices may bias the results due to lower liquidity as compared to the investment

grade indices, which are the most liquid in the CDS market. Taking this into account,

we employ the main investment grade CDS indices in the corresponding markets, namely

the CDX North American Investment Grade Index for all North American acquirers and

the iTraxx Europe for all European acquirers, regardless of their rating. As shown in

Table 13, however, the results are qualitatively reiterated even when employing the main

investment grade CDS indices.

4.3 Sensitivity analysis

To shed a brighter light on our baseline findings that investors in CDS perceive a

higher risk exposure of acquiring firms due to an M&A announcement, we perform a

large variety of sensitivity analyses. During these analyses we refer to the CAACSC of

the [-2,2] main event window as discussed in Section 4.1.10

10We also perform these analyses by referring to CAACSC from the [-1,1] event window. However,
since the results are qualitatively reiterated, we provide them on request.
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4.3.1 Deal characteristics

We start by investigating if different deal characteristics may have an impact on the

risk perception of investors who hold CDSs which are written on acquiring firms.

Diversification We suggest that cross-sectional M&A transactions may reduce acquirer

CDS spreads due to diversification effects, an increasing operating efficiency and debt

capacity as well as a probable decrease of the tax burden (Lewellen, 1971; Hann et al.,

2013; Kuppuswamy and Villalonga, 2015; Ismailescu and Col, 2016). However, cross-

sectional takeovers may also have a negative impact on the acquiring firm’s risk exposure.

Hence, acquirers may have to deal with exacerbating agency problems between corporate

insiders and small shareholders due to adverse implications on the market value of the

conglomerate (Laeven and Levine, 2007) as well as with higher costs from information

asymmetries between the central management and divisional managers (Myerson, 1982;

Harris et al., 1982).11 Jensen (1986) and Stulz (1990) additionally argue that diversified

firms will perform more projects with a negative net present value as poor business

segments in diversified firms have access to free cashflows, which would not be the case

if they were operated independently. Similarly, Meyer et al. (1992) suggest that a failing

business cannot have a negative value, but poor business segments may have negative

contributions in a diversified conglomerate that provides cross-subsidies which increases

the conglomerate’s risk exposure. Thus, the impact of a cross-sectional M&A transaction

on the acquirer’s credit risk exposure and hence, the acquirer CDS spread, is ambiguous.

As reported by Panel A in Table 14, we provide empirical evidence that both, an

announcement of a diversified merger and of a takeover within the same business category

lead to CDS investors who perceive that the resulting conglomerate may be more risky as

measured by the five-days CAACSCs. However, as also shown, we do not find a significant

difference between these subsamples. Accordingly, a diversified transaction is perceived

by CDS investors in our sample to be as risky as a horizontal M&A transaction.

11Previous research has shown that conglomerates have problems in designing efficient managerial
incentive contracts and in aligning the incentives of outsiders and insiders (Aron, 1988; Stulz, 1990;
Rotemberg and Saloner, 1994).
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Type of transaction In our sample, takeovers include mergers as well as acquisition

of assets in tender offers. In both transaction types the bidding firm offers to buy stocks

of the target at a price in excess of the target’s market value. However, while mergers

are negotiated directly between the managers of both firms and are approved by the

target’s board of directors before the vote of the target’s shareholders, the bidding firm

buys the shares directly from the target’s shareholders who decide individually whether

to sell or not during an acquisition of assets in tender offers (Jensen and Ruback, 1983).

Numerous studies have examined whether different transaction types increase or decrease

the shareholder value of bidding firms. These studies provide empirical evidence that

acquiring firms earn negative abnormal stock returns from mergers and little or no

abnormal stock returns from acquisitions through tender offers (Dodd and Ruback, 1977;

Dodd, 1980; Asquith, 1983; Jensen and Ruback, 1983; Bradley et al., 1988; Agrawal

et al., 1992; Rau and Vermaelen, 1998). Furthermore, Avinadav et al. (2017) analyze the

impact of risk-averse bidding firms and takeover outcomes. They argue that mergers lead

to higher payoffs than acquisitions when the parties are risk-averse. In addition, they

propose that acquisitions might even be non-beneficial depending on the risk-aversion of

the involved parties. Moreover, referring to the effects of different transaction types on an

investor’s credit risk perception, Billett et al. (2004) report that acquirers’ excess bond

returns are significantly lower in tender offers as compared to mergers, which is in line

with the theoretical predictions by Avinadav et al. (2017).

As reported by Panel B in Table 14, we find that mergers significantly increase the

CAACSCs by 347 bps during the [-2,2] window while we do not find a significant impact on

CAACSCs due to the acquisition of assets. In addition, the difference of 234 bps between

the transaction types is statistically significant, indicating that investors perceive the

merger as more risky than it is during acquisitions of assets through tender offers. This

finding is in line with the predictions from the empirical literature arguing that investors

perceive higher risks due to the underperformance of acquiring firms following a merger.

Cross-border Cross-border M&As may generate additional risks as compared to

domestic mergers. For instance, acquirers in cross-border transactions have to overcome
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cultural and geographical distances, which increase the takeover costs and decrease the

probability of a transaction (Rose et al., 2000). Furthermore, these aspects exacerbate

the integration process of the foreign target firm, which may result in additional costs

and inefficiency due to higher coordination needs, a stronger monitoring and controlling

of the departments and conflicts between fragmented interests of specialized departments

(Shrivastava, 1986).12 In contrast, the acquiring firm may benefit from the entrance in

a foreign market if the market share is increased, new business opportunities are created

and the business model is better diversified (Francis et al., 2008; Erel et al., 2012). In

this context it is found that the positive effects are even stronger when acquirers from

developed countries perform takeovers in emerging markets due to better institutional

and corporate governance practices of the acquirer (Ismailescu and Col, 2016).

As pointed out by Panel C in Table 14, we find a positive and significant increase in

CAACSCs for cross-border transactions, which is in line with the arguments provided by

Rose et al. (2000) and Shrivastava (1986). However, we also note a significant increase in

CAACSCs for domestic mergers, while the difference between the increase in CAACSCs

in cross-border and domestic M&As is not statistically significant. Hence, CDS investors

of acquiring firms expect a similar increase of the acquirers’ risk exposures during M&A

announcements irrespective of whether the acquirer performs a cross-border or domestic

M&A.

Complexity of the transaction The complexity of an M&A transaction may be

another factor that influences the investor’s perception of an acquiring firm’s credit risk

exposure and hence, the CAACSC. The complexity of the transaction increases with

the deal size of the M&A due to the more complicated integration process of large

targets and higher uncertainty concerning the expected synergy effects (Alexandridis

et al., 2013). There is strong empirical evidence that acquirers experience larger losses

when taking over large targets (when performing more complex M&A transactions) since

12Note that, the acquirers in our sample are not exposed to target country-specific risk factors since we
investigate only complete M&A transaction announcement. This is due to the fact, that (as compared
to a partial M&A) the target firm does not remain an entity under the jurisdiction of its head office’s
country (Bris and Cabolis, 2008; Ismailescu and Col, 2016).
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they are more likely to pay too much due to manager overconfidence or higher private

benefits of CEOs (Loderer and Martin, 1990; Hayward and Hambrick, 1997; Grinstein

and Hribar, 2004; Harford and Li, 2007; Malmendier and Tate, 2008; Alexandridis et al.,

2013). Therefore, investors in CDS that are written on acquiring firms may perceive

higher credit risk exposures due to a large complexity of the M&A transaction. However,

Alexandridis et al. (2013) empirically analyze acquirers during large deals and find that

acquiring firms have a lower overpayment potential as compared to acquirers during small

transactions. This might initially be due to the facts that there are less competitors in

large deals that mitigate the ‘winners curse’ (Gorton et al., 2009). Furthermore, there is

less concentrated managerial ownership resulting in insiders that accept smaller premia

(Demsetz and Lehn, 1985; Bauguess et al., 2009). And finally, acquirers expecting a higher

complexity hesitate to offer high premiums (Alexandridis et al., 2013), which may lead to

a lower risk perception by CDS investor and hence, to a lower CAACSCs.

We employ three proxies to measure the degree of complexity in M&A transactions,

i.e. (i) the absolute US dollar amount paid by the acquirer (transaction volume), (ii) the

relative amount paid to the size of the acquirer (transaction volume ratio) and (iii) the

relative size of the target to the size of the acquirer (size ratio). As reported by Panel

D in Table 14, the CAACSC increases significantly after the announcement of an above-

median-size deal in our sample, while no significant effect is found for below-median-size

deals for the subgroups (i) and (ii). In addition, as regards subgroup (iii), we find that

the CAACSC increases for both, the above and below median subsample. The difference

in means of about 577 bps and 541 bps is significant at the 1%-level for subgroups (i) and

(ii) while the difference of 209 bps for (iii) is smaller but still significant at the 10%-level.

Hence, our results suggest that CDS investors perceive M&A announcements of more

complex deals as more risky as compared to simpler transactions, regardless of whether

an absolute or relative complexity measure is used.
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4.3.2 Firm characteristics

In this section, we employ several acquiring and target firm characteristics and

investigate, if and to what extent these characteristics may influence the risk perception

of acquiring firms’ CDS investors concerning during the M&A announcements from our

sample.

Size To begin with, we analyze if the CDS investor’s risk perception depends on the

acquiring or target firm’s size, which is measured as the firm’s total assets. A large acquirer

(target) may realize, ceteris paribus, a stronger coinsurance effect, which benefits the

target’s (acquirer’s) debtholders and, therefore, may decrease the probability of default

of the combined entity (Lewellen, 1971; Billett et al., 2004). In addition, it is suggested

that the integration of larger targets may be more complicated as compared to smaller

counterparts (Alexandridis et al., 2013). Taking this into account, we expect that CDS

investors perceive a higher risk for acquirers during M&As with larger targets.

As shown by Panel A in Table 15, we find a significant difference for transactions

conducted by small and large acquirers in our sample of about 236 bps which supports

theoretical predictions provided by Lewellen (1971) and Billett et al. (2004). However,

Panel A in Table 16 reveals that this relationship does not hold when investigating size

differences of target firms. In sum, findings from respective Panels A in Tables 15

and 16 suggest that the CAACSCs significantly increase in all subsamples due to an

M&A announcement, but that the coinsurance effect may lead to a less pronounced risk

perception of acquirers’ CDS investors for above-median-size acquiring firms.

Leverage As argued by Shastri (1990) and Billett et al. (2004), M&As between firms

with different leverage ratios may result in a decrease in the leverage ratio of the high-

levered firm and an increase in the leverage ratio of the less capitalized firm. If this is

true, the probability of default should decrease for higher levered firms due to a decreasing

leverage ratio after the M&A transaction. In contrast, the probability of default of the

lower levered firm is expected to increase due to a higher leverage ratio. Obviously, this

theoretical channel assumes that no anticipated post-merger effects of leverage changes
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exist, which origin from the M&A announcement itself (Billett et al., 2004). In contrast,

Levy and Sarnat (1970) as well as Lewellen (1971) find that leverage ratios of the combined

firm increase after a merger when acquirers strengthen debt-financing in order to realize

the M&A transaction.

We initially employ leverage ratios of the acquirers (Table 15, Panel B (i)) and target

firms (Table 16, Panel B) during the year before the announcement in order to analyze if

the CDS investor’s risk perception depends on differences in leverage ratios from acquiring

and target firms, respectively. Additionally, we split our sample into a subsample of

acquirers that take over companies with higher and lower leverage ratios (Table 15, Panel

B (ii)). Finally, we analyze whether an acquirer’s change in leverage between the pre- and

post-merger announcement may influence the CDS investor’s risk perception (Table 15,

Panel B (iii)).

Overall, we find a significant increase in CAACSCs independent from the respective

subsample (Panels B in Tables 15 and 16). However, referring to the respective differences

in means, we do not find a significant difference when splitting our sample in above and

below median acquiring and target firms’ leverage ratios (Panel B (i) in Table 15 and

Panel B in Table 16). In contrast, and in line with the theoretical predictions by Shastri

(1990) and Billett et al. (2004), we observe that acquiring firms, that purchase higher

levered target firms, exhibit a significantly higher CAACSC. On average, these acquiring

firms have a higher CAACSC of about 548 bps as compared to acquirers that buy target

firms with a lower leverage ratio. Accordingly, the CDS investors of the acquiring firm

perceive a higher risk exposure after the M&A announcement if the target firm exhibits

a higher leverage ratio as compared to the acquiring firm (Panel B (ii) in Table 15).

Finally, Panel B (iii) in Table 15 reports that acquiring firms with an above-median

leverage ratio change between the pre- and post-merger announcement exhibit an about

217 bps higher CAACSC as compared to firms with a leverage ratio change below the

sample median. Hence, we suggest that CDS investors of acquiring firms may perceive

M&A announcements more risky if leverage ratios rise as a result of debt financed M&A

transaction.
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Valuation Turning to the valuation of a firm, empirical evidence demonstrates that

overvalued acquirers tend to perform poorly after M&A deals (Dong et al., 2006; Song,

2007). This might be due to the fact that an overvaluation increases managerial

discretion, which may provoke bad acquisition decisions and, as a last consequence, a

decrease in shareholder and debtholder value (Jensen, 2005; Moeller et al., 2005; Akbulut,

2013; Ismailescu and Col, 2016). As regards the target firms, it is suggested that an

overvaluation of the target firm incentivizes bidders to overpay.

In order to analyze if CAACSCs change due to an overvaluation of the acquiring or

target firm, we follow Moeller et al. (2005) as well as Dong et al. (2006) and employ

the market-to-book value to measure a firm’s valuation. A higher market-to-book value

indicates a greater overvaluation of the respective firm.

Respective Panels C in Tables 15 and 16 report a significant increase of the CAACSCs

throughout the subsamples. However, as we do not find a significant difference between

above-median and below-median valued acquirers, our results do not support theoretical

predictions and empirical findings arguing that investors in CDS on acquirers with a

higher market-to-book ratio expect a higher credit risk exposure at the acquiring firm of

an M&A transaction. In contrast, we provide empirical evidence that buying a target

firm with an above median market-to-book ratio leads to a significantly higher CAACSC

of 379 bps as compared to target firms with a below median market-to-book ratio. Thus,

acquiring firms are perceived more risky by CDS investors if they take over target firms

with higher market-to-book values due to possible overpayment incentives of acquirers.

Risk In a next step, we analyze if different firm-risk levels may have an impact on

the CAACSCs. Thus, we initially split our sample into subsamples of investment and

speculative grade rated acquirers and target firms.13 Furthermore, we split the sample

by the average CDS spread of an acquirer within the [-120,-21] window before the M&A

announcement since firms with a higher CDS spread should be more risky. This is due to

13We are aware of the fact that whether an acquirer has taken over a target firm with a lower or higher
rating than its own would be a better proxy. Unfortunately, the number of observations is insufficient
to build a respective subsample since most acquirers in our sample have a higher rating than the targets
(see Table 9).
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the fact that protection sellers in the CDS market request a higher premium for default

insurance. Since the number of observations of rated target firms is comparatively small

(see Table 9), we additionally control if CAACSCs are different when a target firm is

rated by at least one of the three biggest rating agencies (Moody’s, Standard and Poor’s

or Fitch) or not. Theoretical models suggest that if the acquiring and target firm exhibit

differences in asset-risk levels, or have imperfectly correlated unlevered asset returns, the

asset risk of the high-risk firm should decrease while the asset value should increase. In

contrast, the asset risk of the low-risk firm should increase while the asset value should

decrease (Shastri, 1990; Billett et al., 2004).

As Panel D (i) in Table 15 reports, we find a significant increase in CAACSCs for

acquirers exhibiting an investment grade rating which is in line with the theoretical

predictions. In contrast, we do not find a significant effect for speculative grade rated

acquirers. Similarly, we do not provide empirical evidence that the difference of CAACSCs

of acquiring firms with an investment grade and a speculative rating is significant. Turning

to the mean CDS level during the [-120,-21] window before the M&A announcement,

we find that the CAACSCs for acquiring firms with low (high) pre-announcement CDS

spreads increases by 401 bps (219 bps). Our results suggest that acquirers with low

pre-announcement CDS spreads exhibit a stronger increase in CAACSCs around the

announcement day (Panel D (ii) in Table 15). This difference of 182 bps is significant

at the 10% level. Since acquiring firms with a low pre-announcement CDS spread are

expected to be less risky, CDS investors perceive a stronger increase in the risk exposure

at low-risk acquirers as compared to CDS investors of more risky acquirers (higher CDS

spread). This finding is in line with theoretical predictions and empirical findings provided

by Shastri (1990) and Billett et al. (2004).

Turning to target firms, Panel D (i) in Table 16 points to a significant increase of the

CAACSC by 804 bps if acquirers take over speculative grade target firms, and by 572 bps

if they take over investment grade target firms. Again, we do not find any significance in

the difference between the rating classifications which might be due to the small number

of observations. Moreover, splitting our sample in rated and unrated target firms in
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Panel D (ii) in Table 16, we find that M&A announcements including both, unrated and

rated targets result in CDS investors perceiving acquiring firms more risky. However, the

positive impact on the acquirer’s CAACSC is remarkably higher at 492 bps in case of

M&As including rated target firms. This could be due to the fact, that the transactions

of rated firms are more complex. Accordingly, we observe a transaction volume of rated

firms that is more than 3.3 times higher as compared to those with unrated firms. In

addition, rated targets exhibit a 1.8 times higher leverage ratio while acquirers buying

rated firms show a 2.3 times higher market-to-book value as compared to non-rated targets

in our sample. As argued above, these factors may be determinants of the statistically

significant difference in CAACSCs between rated and unrated target firms.

Regulation Following Billett et al. (2004) and Song (2007), we control if the CDS

investors’ risk perceptions differ with regard to M&A transactions within high-regulated

sectors (financials, utilities and energy firms) as compared to all other unregulated sectors.

From a theoretical point of view, acquirers in highly regulated sectors should exhibit

less credit risk after an M&A announcement. This can be explained by the fact that

superordinated organizations (e.g. municipalities, governments or other regulators) are

interested in a low probability of default since these firms from the highly regulated sector

typically are relevant for the system and life (e.g. banks, insurances, energy providers

or water suppliers). Thus, CDS investors in highly regulated sectors may anticipate

governmental aid if an acquiring firm may get into financial distress as a result of a risky

merger.

As seen in Panel E from Table 15, highly regulated sectors reveal a CAACSC of

246 bps which is significant at the 10%-level, whereas unregulated sectors exhibit a

remarkably higher CAACSC of 328 bps which is significant at the 1%-level. However,

the difference of the CAACSCs between high-regulated and unregulated sectors is not

statistically significant.

Publicly listed Taking into account that there is less information on private target

firms available than it is the case for publicly listed firms (Chang, 1998; Fuller et al.,
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2002; Koeplin et al., 2000; Kooli et al., 2003), this lack of information may hamper

the acquirer to properly value the target firm during the due diligence process (Capron

and Shen, 2007). In contrast, however, less information on private targets may create

more value-creating opportunities for exploiting private information as compared to public

targets where the market of corporate control serves as an information-processing and

asset valuation mechanism for all potential bidders (Capron and Shen, 2007).

Against this background, we control if M&A announcements of private or publicly

listed target firms may have a different impact on the CDS investors’ risk perception and

hence, the CAACSC. As reported by Panel E in Table 16, we find a higher and significant

CAACSC when the target firm is a publicly listed firm, however, the difference between

the CAACSCs is not significant.

5 Summary and conclusion

The paper at hand employs a sample of 492 announcements of complete M&A

transactions from North America and Europe. We empirically analyze if these

announcements may have an impact on the risk perception of investors in CDS that

are written on the acquiring firms by using the event study methodology. As related

research papers provide mixed results concerning the impact of a complete takeover

on the risk perception of investors, we extend the existing literature by analyzing the

(cumulated) average abnormal CDS spread changes ((C)AACSCs) during a [-2,2] event

window around the announcement day since the majority of previous research papers

has primarily focused on bond prices and the distance to default. We employ CDS since

they feature a high liquidity, are a directly observable, market-based measure and exhibit

a high standardization. Moreover, we extend previous event studies that utilize CDS

spreads by utilizing a four-factor model with different input parameters depending on the

entities rating, the latest non-parametric test statistics and a GARCH(1,1) model.

The analysis initially reveals an economically and statistically significant increase

in CAACSCs of about 310 bps during the analyzed [-2,2] event window due to M&A

announcements. In addition, we do not observe that investors in the CDS market
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anticipate the M&A announcements although the CDS market is frequently used by

insiders. Rather, we provide evidence that the information is processed two further

days after the event date. During further analyses, we identify different deal and firm

characteristics that have an impact on the acquirer CDS investors’ risk-perceptions during

an M&A announcement. We find that CDS investors perceive an M&A deal as more

risky when the complexity of the transaction is high. Likewise, the CAACSCs are higher

when acquirers purchase target firms with a higher leverage and a high market-to-book

value. In addition, we observe a stronger increase in CAACSCs for CDS that are written

on larger acquirers. Furthermore acquiring firms that exhibit a high mean CDS spread

before the announcement, i.e. these firms are more risky, have a less pronounced increase

in CAACSCs as compared to firms with a lower mean CDS spread. In contrast, M&A

transactions of acquirers that take over rated targets in our sample are perceived as more

risky by CDS investors as compared to unrated target firms. Additionally, if acquiring

firms perform mergers rather than acquisitions of assets, CDS investors perceive the

transaction as more risky and therefore, an increase in CAACSCs is observed.

We empirically show that CDS investors perceive an increase in the risk exposure of

the acquiring firms due to an M&A announcement. Accordingly, this finding complements

results from related studies that reveal a negative perception by bondholders of the

acquiring firm. Our results suggest that CDS investors may stronger weigh detrimental

effects of an M&A deal, such as value destruction and a possible transfer of additional

risk from the target to the acquirer. In contrast, benefits, like stronger diversification

opportunities and efficiency gains, are less appraised. Accordingly, managers of acquiring

firms should be aware of the fact that CDS investors (e.g., banks, insurance companies

or funds) may value the risk of an M&A transaction, which in turn will increase CDS

spreads and will provoke higher future funding costs for the conglomerate.
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Empirical Appendix

Figure 1: Development of M&A activity in North America and Europe from 1985 to 2018
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(a) This subfigure shows the number of all M&A transactions in North
America (red) and Europe (blue) from 1985 to 2018. The data is
retrieved from the Institute for Mergers, Acquisitions and Alliances
(IMAA).
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(b) This subfigure shows the value in billions of US dollars of all M&A
transactions in North America (red) and Europe (blue) from 1985 to
2018. The data is retrieved from the Institute for Mergers, Acquisitions
and Alliances (IMAA).
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Table 1: Number of M&A announcements by
year and acquirers’ region

Year Europe North America Total

2005 17 18 35

2006 28 27 55

2007 21 32 53

2008 11 14 25

2009 6 25 31

2010 10 29 39

2011 11 28 39

2012 13 26 39

2013 10 17 27

2014 11 23 34

2015 13 32 45

2016 15 23 38

2017 5 15 20

2018 2 10 12

Total 173 319 492
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Table 2: Number of M&A
announcements according to
the acquirers’ countries

Country No. of M&As

Belgium 2

Canada 1

Denmark 1

Finland 8

France 30

Germany 22

Iceland 1

Italy 9

Luxembourg 1

Netherlands 17

Norway 5

Poland 1

Puerto Rico 1

Spain 13

Sweden 21

Switzerland 12

United Kingdom 30

United States 317

Total 492
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Table 3: Number of M&A announcements according to the acquirers’
Markit sector classifications and regions

Sector Europe North America Total

Basic Materials 15 25 40

Consumer Goods 24 33 57

Consumer Services 20 34 54

Energy 6 32 38

Financials 23 27 50

Healthcare 14 45 59

Industrials 34 51 85

Technology 14 49 63

Telecommunications Services 14 11 25

Utilities 9 12 21

Total 173 319 492
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Table 4: Number of M&A announcements according to acquirers’ Markit sector classification and year

Sector 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 Total

Basic Materials 1 5 6 2 0 3 6 5 1 3 5 3 0 0 40

Consumer Goods 3 4 5 2 6 5 2 4 0 4 7 6 6 3 57

Consumer Services 1 4 6 3 1 3 7 2 7 5 8 3 2 2 54

Energy 2 3 2 0 4 5 3 3 2 1 4 3 4 2 38

Financials 5 12 6 2 3 0 5 5 1 6 2 0 2 1 50

Healthcare 4 4 5 6 3 7 2 9 2 6 4 5 1 1 59

Industrials 6 7 7 4 3 9 10 8 9 3 6 9 1 3 85

Technology 7 9 11 4 7 4 1 3 1 2 7 5 2 0 63

Telecommunications Services 6 2 3 1 4 0 2 0 1 2 0 2 2 0 25

Utilities 0 5 2 1 0 3 1 0 3 2 2 2 0 0 21

Total 35 55 53 25 31 39 39 39 27 34 45 38 20 12 492
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Table 5: Number of M&A announcements according to target
firms’ home countries and acquirer firms’ regions

Target country Europe North America Total

Australia 3 6 9

Belgium 3 2 5

Bermuda 1 2 3

Brazil 2 2 4

Canada 8 13 21

China 3 1 4

Denmark 7 3 10

Egypt 1 0 1

Finland 1 0 1

France 11 2 13

Germany 7 5 12

Guernsey 1 0 1

Ireland 0 3 3

Isle of Man 0 1 1

Israel 0 2 2

Italy 6 4 10

Luxembourg 0 1 1

Netherlands 5 1 6

Norway 7 1 8

Poland 1 0 1

Puerto Rico 0 1 1

Singapore 1 1 2

South Africa 1 0 1

Spain 11 3 14

Sweden 5 3 8

United Kingdom 26 17 43

United States 62 245 307

Total 173 319 492
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Table 6: Number of M&A announcements according to targets’
Markit sector classification and acquirers’ region

Sector Europe North America Total

Basic Materials 14 25 39

Consumer Goods 16 40 56

Consumer Services 21 26 47

Energy 6 36 42

Financials 26 22 48

Healthcare 16 54 70

Industrials 30 33 63

Technology 20 59 79

Telecommunications Services 14 15 29

Utilities 10 9 19

Total 173 319 492
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Table 7: Number of M&A according to targets’ Markit sector classification and year

Sector 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 Total

Basic Materials 0 5 6 2 0 3 6 1 1 4 6 5 0 0 39

Consumer Goods 5 2 4 3 6 4 3 5 3 2 8 6 2 3 56

Consumer Services 1 1 3 1 3 3 6 5 6 4 5 4 3 2 47

Energy 4 4 3 0 3 5 3 3 2 2 4 3 4 2 42

Financials 6 12 6 3 2 0 2 4 1 6 3 0 2 1 48

Healthcare 4 7 6 6 2 7 4 13 2 6 4 6 2 1 70

Industrials 3 8 8 3 2 7 8 4 4 2 3 6 3 2 63

Technology 6 9 12 5 8 7 4 4 2 6 8 5 2 1 79

Telecommunications Services 6 3 4 1 4 0 2 0 2 2 1 2 2 0 29

Utilities 0 4 1 1 1 3 1 0 4 0 3 1 0 0 19

Total 35 55 53 25 31 39 39 39 27 34 45 38 20 12 492
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Table 8: Notes on variables and data sources

Variable Proxy Description Source

Deal characteristics

Diversification Diversified M&A

transaction

Dummy variable that takes on the value of 1 if the

Markit sector classification of a target is different to

the acquirer.

Markit, own calc.

Merger Type of transaction Dummy variable that indicates whether the

transaction type is a merger or not.

Thomson Reuter’s

SDC Platinum

Cross-border Cross-border M&A

transaction

Dummy variable that takes on the value of 1 if the

transaction is performed cross-border and 0 otherwise.

Transaction volume Complexity of the

M&A transaction

US dollar amount paid by the acquirer for the takeover

in millions

Transaction volume

ratio

Relative size of the transaction volume of the M&A to

an acquirers book value of total assets in the year

before the transaction.

Thomson Reuter’s

SDC Platinum and

Worldscope, own calc.

Size ratio Pre-merger ratio of the book value of a target’s total

assets to an acquirer’s total assets.

Thomson Reuter’s

Worldscope, own calc.

Acquirer and target characteristics

Total assets Size Book value of total assets of an acquirer/a target in

millions of US dollars in the year before the

announcement.

Thomson Reuter’s

Worldscope
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Table 8: Notes on variables and data sources (continued)

Variable Proxy Description Source

Leverage ratio Leverage Debt-to-equity ratio in percent of an acquirer/a target

in the year before the transaction announcement.

Lower leverage than

target

Dummy variable that indicates whether an acquirer

has a lower leverage than the target in the year before

the transaction.

Thomson Reuter’s

Worldscope, own calc.

Leverage change Percentage change of an acquirer’s leverage ratio from

the year before the M&A announcement to the

leverage in the year of the M&A announcement.

Market-to-book value Valuation Product of the market price at the year before the

announcement times common shares outstanding in

millions of US dollars.

Thomson Reuter’s

Worldscope

Rating Risk Average acquirer’s/target’s issuer rating of Moody’s,

Standard and Poors and Fitch, while 1 represents the

best rating and 23 the worst (see Jorion et al., 2005 for

the classification of the ratings).

Thomson Reuter’s

EIKON

Mean CDS spread Mean CDS spread of an acquirer during the [-120,-21]

window before the announcement day in basis points.

Markit, own calc.

Rated Variable that indicates whether a target has received a

rating from Moody’s, Standard and Poor’s or Fitch or

not.

Thomson Reuter’s

EIKON

Regulated acquirer Regulation Binary variable that indicates whether an acquirer

operates in the financial, utility or energy sector.

Markit, own calc.
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Table 8: Notes on variables and data sources (continued)

Variable Proxy Description Source

Listed Publicly listed Binary variable that indicates whether a target is a

listed company or not.

Thomson Reuter’s

SDC Platinum

Region North

America

Region Dummy variable that takes on the value of 1 if an

acquirer is from the North American region and 0 if

the acquirer is located in Europe.
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Table 9: Summary statistics

Mean SD Min. Max. N

Deal characteristics

Diversification 0.2480 0.4323 0.0000 1.0000 492

Merger 0.8394 0.3675 0.0000 1.0000 492

Cross-border 0.4431 0.4973 0.0000 1.0000 492

Transaction volume ($m) 4,440.8227 9,470.9234 2.5000 101,475.7900 492

Transaction volume ratio (%) 19.2973 33.8663 0.0055 231.0269 443

Size ratio (%) 50.3159 275.7725 0.0061 4,243.6740 290

Acquirer characteristics

Total assets ($m) 63,595.2230 170,064.1155 957.3970 2,172,924.0000 443

Leverage ratio (%) 135.5824 380.1629 1.6400 5001.9500 432

Lower leverage than target 0.4083 0.4926 0.0000 1.0000 240

Leverage change (%) 29.3614 110.5616 -96.6947 1,183.6045 416

Market-to-book value (%) 4.6634 23.2262 0.4400 494.7700 474

Rating 7.4309 2.8423 1.0000 18.0000 492

Mean CDS spread (bps) 103.1256 158.6574 4.7150 2,106.2096 492

Regulation 0.1443 0.3518 0.0000 1.0000 492

Region North America 0.6484 0.4780 0.0000 1.0000 492

Target characteristics

Total assets ($m) 5,717.5334 18,662.2264 12.4180 272,109.0000 326

Leverage ratio (%) 134.4338 316.8574 0.0100 3,665.0500 265

Market-to-book value (%) 3.9272 8.1003 0.2700 95.3300 328

Rating 10.6500 2.9324 4.0000 17.0000 120

Rated 0.2439 0.4299 0.0000 1.0000 492

Listed 0.7967 0.4028 0.0000 1.0000 492

This table shows the summary statistics of the 492 complete M&A announcements of listed companies in North America

and Europe between May 2005 and October 2018 from Thomson Reuter’s SDC Platinum database. The variables are

described in Table 8.
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Table 10: Summary statistics of North American and European M&A announcements

North America Europe

Mean SD Min. Max. N Mean SD Min. Max. N

Deal characteristics

Diversification 0.2038 0.4034 0.0000 1.0000 319 0.3295 0.4714 0.0000 1.0000 173

Merger 0.8433 0.3641 0.0000 1.0000 319 0.8324 0.3746 0.0000 1.0000 173

Cross-border 0.2351 0.4247 0.0000 1.0000 319 0.8266 0.3797 0.0000 1.0000 173

Transaction volume ($m) 3,929.1760 7,008.8067 2.5000 62,141.0560 319 5,384.2637 12,800.6143 3.7120 10,1475.7900 173

Transaction volume ratio (%) 21.7903 35.0405 0.0150 231.0269 291 14.5245 31.0520 0.0055 201.7823 152

Size ratio (%) 66.5409 338.5417 0.0061 4,243.6740 188 20.4111 63.3807 0.0195 511.3888 102

Acquirer characteristics

Total assets ($m) 52,332.8965 146,333.2494 957.3970 1,913,902.0000 291 85,156.6506 206,932.3533 1,568.4000 2,172,924.0000 152

Leverage ratio (%) 152.9968 455.8176 2.1500 5001.9500 281 103.1754 160.6333 1.6400 1046.2800 151

Lower leverage than target 0.4667 0.5004 0.0000 1.0000 165 0.2800 0.4520 0.0000 1.0000 75

Leverage change (%) 31.8803 109.4173 -96.6947 1,124.1860 279 24.1629 112.6767 -63.9628 1,183.6045 138

Market-to-book value (%) 5.6999 28.8291 0.4500 494.7700 306 2.7754 2.1095 0.4400 14.8600 168

Rating 7.8276 3.0661 1.0000 18.0000 319 6.6994 2.2025 1.0000 13.0000 173

Mean CDS spread (bps) 118.9744 185.2586 7.7094 2,106.2096 319 73.9014 84.1396 4.7150 648.4683 173

Regulation 0.1223 0.3281 0.0000 1.0000 319 0.1850 0.3894 0.0000 1.0000 173
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Table 10: Summary statistics of North American and European M&A announcements (continued)

North America Europe

Mean SD Min. Max. N Mean SD Min. Max. N

Target characteristics

Total assets ($m) 6,388.6539 21,279.1882 12.5370 272,109.0000 208 4,534.5413 12,810.7052 12.4180 127,254.0000 118

Leverage ratio (%) 134.3840 311.6816 0.0100 3,665.0500 181 134.5410 329.6411 0.0200 2,216.0300 84

Market-to-book value (%) 4.3024 9.4357 0.5900 95.3300 226 3.0960 3.6168 0.2700 31.6200 102

Rating 11.0112 2.8782 4.0000 17.0000 89 9.6129 2.8830 5.0000 16.0000 31

Rated 0.2790 0.4492 0.0000 1.0000 319 0.1792 0.3846 0.0000 1.0000 173

Listed 0.8182 0.3863 0.0000 1.0000 319 0.7572 0.4300 0.0000 1.0000 173

This table shows the summary statistics of the 492 M&A announcements between May 2005 and October 2018 from Thomson Reuter’s SDC Platinum database split by the two regions

North America (319 M&A announcements) and Europe (173 M&A announcements). The variables are described in Table 8.48



Table 11: Acquirers’ (C)AACSC through M&A announcements

Days (C)AACSC (bps) Wilcoxon GRANK % > 0 N

-2 7.4437 0.2713 1.1602 51.0163 492

-1 13.2771 0.7220 1.2129 49.5935 492

0 165.1602 5.2137*** 2.2618** 58.1301*** 492

1 94.5582 3.1206*** 1.7705* 55.2846** 492

2 29.4877 2.2604** 1.7021* 53.2520 492

[-2,2] 309.9268 5.9471*** 4.1933*** 58.3333*** 492

[-2,1] 280.4392 5.7833*** 4.4270*** 58.5366*** 492

[-2,0] 185.8810 4.6087*** 4.1949*** 56.3008*** 492

[-1,2] 302.4831 6.4476*** 4.7968*** 60.3659*** 492

[0,2] 289.2061 6.2492*** 5.1105*** 59.7561*** 492

[-1,1] 272.9954 6.2685*** 5.0003*** 61.3821*** 492

[-1,0] 178.4372 5.2093*** 4.7984*** 58.9431*** 492

[0,1] 259.7184 6.1462*** 5.2279*** 60.7724*** 492

[-5,5] 364.8776 5.1754*** 2.4374** 58.3333*** 492

[-10,10] 377.9458 3.9900*** 1.7106* 55.8943** 492

The upper part of this table reports the average abnormal CDS spread changes (AACSC) for a

symmetric event window period length of five days ([-2,2]) around the announcement day t0. The

lower part shows the cumulative abnormal CDS spread changes (CAACSC) across different event

windows. Both, the AACSC and the CAACSC are denoted in basis points. Wilcoxon indicates the

test statistics of the Wilcoxon signed rank test and GRANK reports the statistics of the generalized

rank test as described in Section 2. ‘% > 0’ is the percentage of positive (C)AACSC for a given day

or event window. Significances are tested with Pearsons chi-squared test of equal proportions. N is

the number of observations.

*** p < 0.01, ** p < 0.05, * p < 0.10

Figure 3: Cumulative average abnormal CDS spread changes ([-2,2])
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This figure shows the development of the cumulative average abnormal CDS spread
changes (CAACSCs) within the main symmetric [-2,2] event window.
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Table 12: Sector analysis

Acquirers Targets

CAACSC[−2,2] (bps) % > 0 N CAACSC[−2,2] (bps) % > 0 N

Basic Materials 562.6179*** 65.0000* 40 868.0481*** 69.2308** 39

Consumer Goods 781.3939*** 64.9123** 57 737.1223*** 64.2857** 56

Consumer Services -52.6414 48.1481 54 27.6773 51.0638 47

Energy 234.5598 60.5263 38 177.5752 54.7619 42

Financials 241.1147* 60.0000 50 183.4476 54.1667 48

Healthcare 347.2396*** 59.3220 59 221.5283** 52.8571 70

Industrials 249.1793** 54.1176 85 409.2263*** 65.0794** 63

Technology 191.1151** 58.7302 63 49.8628 54.4304 79

Telecommunication Services 310.4738** 68.0000 25 151.9998* 62.069 29

Utilities 278.2856 47.6190 21 534.2849* 63.1579 19

This table the shows cumulative changes of the five-day CDS spreads (CAACSC) across different sectors in basis points. The left part shows the

cumulative abnormal CDS spread changes (CAACSC) according to the acquirers’ Markit sectors, while the right part shows the CAACSC according to

targets’ Markit sectors. The significances of the CAACSCs are tested with the GRANK test. The difference between the CAACSCs is tested with the

difference in means t-test. This test is implemented with the assumption of unequal variances when a test of equal variances is rejected at the 5% level

and with the assumption of equal variances otherwise. ‘% > 0’ is the percentage of positive CAACSCs within the five-day event window. Significance

is tested with Pearsons chi-squared test of equal proportions. N is the number of observations.

*** p < 0.01, ** p < 0.05, * p < 0.10
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Table 13: Regional differences and model robustness

CAACSC[−2,2] (bps) Difference (bps) % > 0 N

Baseline 309.9268*** - 58.3333*** 492

Europe 296.4429*** 13.4839 55.4913 173

North America 317.2394*** -7.3126 59.8746*** 319

Market model 311.9540*** -2.0272 59.3496*** 492

Constant mean model 295.7186*** 14.2082 58.9431*** 492

60 days estimation window 310.0649*** -0.1381 58.7398*** 492

200 days estimation window 322.3100*** -12.3832 60.1790*** 447

Without gap 307.4706*** 2.4562 58.9431*** 492

Without rating adjustment 308.2417*** 1.6851 57.9268*** 492

This table shows the cumulative average abnormal CDS spread change within the [-2,2] main event window during different

robustness tests. Baseline is the result from our main analysis as reported in Table 11 (Section 4.1). Europe and North

America control for the robustness of our results for the two analyzed regions separately. Market model is a robustness check

where the four factor model from our main analysis is substituted by a one factor model. The factor used is the respective

CDS index as described in Section 2. Constant mean model substitutes the four factor model by a constant mean model

where the CDS spead of a respective firm is estimated as the mean CDS spread of the estimation window. The 60 days

estimation window and 200 days estimation window robustness tests vary the length of the estimation window to 60 and

200 days, respectively. As we model a gap between the estimation and event window for our main analysis, we allow for a

implementation without a gap between the estimation and event window in the Without gap robustness check. The Without

rating adjustment test implements that only the investment grade index is used to predict the returns from the four factor

model. The first column reports the cumulative average abnormal CDS spread changes (CAACSC) in basis points. The

significance of the CAACSC is tested with the GRANK test. Difference (bps) shows the difference between CAACSC from

respective robustness checks and those from the baseline analysis. The difference between the CAACSC is tested with the

difference in means t-test. This test is implemented with the assumption of unequal variances when a test of equal variances is

rejected at the 5% level, and with the assumption of equal variances otherwise. ‘% > 0’ is the percentage of positive CAACSC

in the [-2,2] event window. The significance is tested with Pearsons chi-squared test of equal proportions. Finally, N is the

number of observations.

*** p < 0.01, ** p < 0.05, * p < 0.10
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Table 14: Deal characteristics

CAACSC[−2,2] (bps) % > 0 N

Panel A: Diversification

Grouped by whether Markit sector classification of the

acquirer and the target is the same

No Diversification 310.6576*** 60.2703*** 370

Diversification 307.7107** 52.459 122

Difference 2.9469

Panel B: Type of transaction

Grouped by whether the deal type is a merger

Merger 347.4215*** 60.2906*** 413

Acquisition of assets 113.9104 48.1013 79

Difference 233.5111**

Panel C: Cross-border

Grouped by whether the target firm is located in a

different country

Cross-border 296.8758*** 60.5839*** 274

Domestic 326.3304*** 55.5046 218

Difference -29.4546

Panel D: Complexity of the transaction

(i) Grouped by transaction volume

Above median 598.5933*** 68.2927*** 246

Below median 21.2604 48.374 246

Difference 577.3329***

(ii) Grouped by transaction volume ratio

Above median 579.5838*** 68.018*** 222

Below median 37.6387 47.5113 221

Difference 541.9451***

(iii) Grouped by size ratio

Above median 421.896** 60.6897** 145

Below median 213.0145** 54.4828 145

Difference 208.8815*

This table shows cumulative average abnormal CDS spread changes (CAACSC) of the five-

day main event window across different deal characteristics in basis points. The description

of the deal characteristics is provided in Table 9. The significance of the cumulative

abnormal CDS spread changes (CAACSC) is tested with the GRANK test. The differences

between CAACSC are tested with the difference in means t-test. This test is implemented

with the assumption of unequal variances when a test of equal variances is rejected at the

5% level, and with the assumption of equal variances otherwise. ‘% > 0’ is the percentage

of positive CAACSC in the five-day event window. Significance is tested with Pearsons

chi-squared test of equal proportions. N is the number of observations.

*** p < 0.01, ** p < 0.05, * p < 0.10
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Table 15: Acquirer characteristics

CAACSC[−2,2] (bps) % > 0 N

Panel A: Size

Grouped by total assets

Above median 191.297*** 53.1532 222

Below median 427.6824*** 62.4434*** 221

Difference -236.3854**

Panel B: Leverage

(i) Grouped by leverage ratio

Above median 345.584*** 60.6481*** 216

Below median 292.5921*** 56.4815* 216

Difference 52.9919

(ii) Grouped by whether the acquirer’s leverage is lower

than the target’s

Lower acquirer leverage 746.0231*** 69.3878*** 98

Higher acquirer leverage 198.3355*** 59.8592** 142

Difference 547.6876***

(iii) Grouped by leverage change

Above median 437.4482*** 60.5769*** 208

Below median 220.2224*** 55.7692 208

Difference 217.2258*

Panel C: Valuation

Grouped by market-to-book value

Above median 317.9047*** 60.7595*** 237

Below median 318.8936*** 56.962** 237

Difference -0.9889

Panel D: Risk

(i) Grouped by rating categories

Investment grade 314.0083*** 58.8101*** 437

Speculative grade 277.4977 54.5455 55

Difference 36.5106

(ii) Grouped by mean CDS spread

Above median 218.945*** 55.6911* 246

Below median 400.9087*** 60.9756*** 246

Difference -181.9637*
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Table 15: Acquirer characteristics (continued)

CAACSC[−2,2] (bps) % > 0 N

Panel E: Regulation

Grouped by regulated sectors

High-regulated sectors 245.9909* 57.7982 109

Unregulated sectors 328.1227*** 58.4856*** 383

Difference -82.1318

This table shows cumulative average abnormal CDS spread changes (CAACSC) of the five-day

main event window across different acquirer characteristics in basis points. The description of

the acquirer characteristics is provided in Table 9. The significance of the cumulative abnormal

CDS spread changes (CAACSC) is tested with the GRANK test. The differences between

CAACSC are tested with the difference in means t-test. This test is implemented with the

assumption of unequal variances when a test of equal variances is rejected at the 5% level,

and with the assumption of equal variances otherwise. ‘% > 0’ is the percentage of positive

CAACSC in the five-day event window. Significance is tested with Pearsons chi-squared test

of equal proportions. N is the number of observations.

*** p < 0.01, ** p < 0.05, * p < 0.10
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Table 16: Target characteristics

CAACSC[−2,2] (bps) % > 0 N

Panel A: Size

Grouped by total assets

Above median 399.4556*** 61.3497*** 163

Below median 258.652*** 55.2147 163

Difference 140.8036

Panel B: Leverage

Grouped by leverage ratio

Above median 542.1753*** 65.4135*** 133

Below median 301.473*** 62.1212*** 132

Difference 240.7023

Panel C: Valuation

Grouped by market-to-book value

Above median 512.0164*** 64.6341*** 164

Below median 133.4471** 56.0976 164

Difference 378.5693***

Panel D: Risk

(i) Grouped by rating categories

Investment grade 571.9959*** 65.0794** 63

Speculative grade 803.5999*** 73.6842*** 57

Difference -231.604

(ii) Grouped by whether the target is rated

Rated 682.0078*** 69.1667*** 120

Unrated 189.9007*** 54.8387* 372

Difference 492.1071***

Panel E: Publicly listed

Grouped by listing status

Listed 332.5667*** 60.7143*** 392

Private 221.1787** 49.0000 100

Difference 111.388

This table shows cumulative average abnormal CDS spread changes (CAACSC) of

the five-day main event window across different target characteristics in basis points.

The description of the target characteristics is provided in Table 9. The significance of

the cumulative abnormal CDS spread changes (CAACSC) is tested with the GRANK

test. The differences between CAACSC are tested with the difference in means t-

test. This test is implemented with the assumption of unequal variances when a

test of equal variances is rejected at the 5% level, and with the assumption of equal

variances otherwise. ‘% > 0’ is the percentage of positive CAACSC in the five-

day event window. Significance is tested with Pearsons chi-squared test of equal

proportions. N is the number of observations.

*** p < 0.01, ** p < 0.05, * p < 0.10
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