)

Check for
updates

The Impact of Unexpected Event on Mercedes-Benz's
Stock Price Analysis Based on Event Study

Ruiheng Chen

College of International Management, Ritsumeikan Asia Pacific University, Oita 874-0011,
Japan
ch22rimy@apu.ac.jp

Abstract. In this paper, the Mercedes Maybach water leakage incident that
occurred on August 6, 2024 is taken as the research subject of the study, and the
short-term impact of the incident on the Mercedes-Benz Group AG's stock is
assessed by using the Event Study method and statistical test. Abnormal Return
(AR) and Cumulative Abnormal Return (CAR) are calculated by daily return and
market excess returns (Mkt-RF), and the results show that the mean value of CAR
is significantly negative, which indicates that the unexpected event has a
significant negative impact on the company's stock performance. Subsequently,
the paper forecasts the daily returns for the next six months using the Gradient
Boosting Model (GBM) and finds that the overall volatility of the returns is
relatively moderate, but still exhibits some localized fluctuations, reflecting the
continued sensitivity of investors to changes in brand reputation and market
environment. The findings emphasize the importance of prompt and transparent
disclosure and public relations strategies to mitigate negative impacts after a
financial crisis. Last, this paper also provides an improvement strategy for the
methodology by introducing more market factors to build the market model in
order to enhance the stability.
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1 Introduction

Market capitalization can be a signal that one of these factors is having a positive or
negative impact on the price of a stock in the capital markets [1]. Social events often
have a direct and far-reaching positive or negative impact on a company's market
performance and brand reputation. For listed companies, public opinion and media
reports may not only lead to short-term fluctuations in the company's share price, but
also affect investor confidence and the company's long-term development strategy.
Mercedes-Benz Group AG, as a globally renowned high-end automobile manufacturer,
its Maybach S-Class models are one of the top brands in the global automobile field.
Due to its premium model design and excellent engineering quality, it has accumulated
extensive brand recognition and consumer loyalty worldwide. However, on August 6,
2024, a car owner claimed on a public social media platform that a water leakage
problem occurred 10 days after spending 2.15 million RMB to purchase a Maybach
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10 days after spending 2.15 million RMB to purchase a Maybach GLS480, and disa-
greed with the 4S store due to the vehicle's dismantling and depreciation, and that the
owner publicly defended his rights after the incident by wrapping a tricolor tarpaulin
on the roof of the car, which triggered heated debates in the media and on social media
platforms, which attracted many other Maybach S-Class car owners to follow suit. This
sudden public event quickly shattered the inherently positive image of the Maybach
brand and drew a great deal of attention from consumers, investors and potential cus-
tomers.

In the global capital market, corporate emergencies often have direct and far-reach-
ing positive or negative impacts on market performance, brand reputation, stock prices
and investor confidence. Therefore, how to assess the impacts of such events on a com-
pany's market value has become a common concern in the fields of finance, accounting
and corporate management. The research of this issue not only helps companies to take
more effective public relations and governance measures during a crisis, but also re-
veals the rational or irrational behavior of the market in the face of unexpected corpo-
rate events, and provides investors and managers with coping strategies. Therefore, it
is necessary to use an empirical example to do analysis, providing further theoretical
guidance and practical insights.

Based on these situation, this research takes “The Impact of Mercedes-Benz May-
bach's Water Leakage on August 6, 2024 on the Stock Market” as the theme, and ex-
plores the mechanism of the impact of sudden brand crisis events on the short-term and
long-term market performance of enterprises. Through the research of this typical
event, this paper can not only gain a deeper understanding of the market feedback pat-
tern of luxury automobile and other high-end brands when they face the unexpected
events of quality crisis, but also provide the experience and theoretical support for other
industries to deal with similar reputational risks.

To do the accurate data analysis for the specific event, this paper will adopt the Event
Study framework of Brown and Warner (1985) to do the analysis based on Yahoo Fi-
nance and Python, using company's daily returns (rmecar paily) and market excess re-
turns (Mkt-RF) as the basic indicator to calculate Abnormal Return (AR) and Cumula-
tive Abnormal Return (CAR) [2]. By using statistical test on CAR, the significance and
magnitude of the event’s impact on the company’s valuation can be accurately evalu-
ated. Last, the machine learning is used to forecast the future stock daily returns of the
Mercedes-Benz Group AG for the next six months after the end date.

2 Materials and Method

2.1 Literature Review

Event study can measure the impact of a particular event on the value of a firm based
on financial data. The usefulness of such research stems from the fact that under the
premise of a rational market, the effects of events are immediately reflected in the price
of stocks. Therefore, a measure of the impact of an event may be constructed using the
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stock prices observed over a short period of time [3]. Importantly, most of the results
of analysis for corporate finance are from the event study [4].

In this paper, the author set January 1st, 2024 as the start date and August 31, 2024
as the end date to make sure that the event period can be covered, obtaining the daily
stock data on trading days of the Mercedes-Benz Group AG from Yahoo Finance and
the Mkt-RF by Python and calculating the daily returns of the Mercedes-Benz Group
AG stock based on the daily adjusted close price in the period, ensuring that it can cover
enough time before the event for market modeling and the period when the impact of
the event is greatest. Additionally, the author use different range of dates to construct
estimation window and event window for the further event study analysis.

Table 1. Basic Data.

Date I'MBGAF Daily Mkt-RF
2024-01-03 -0.018473 -0.0101
2024-01-04 0.002794 -0.0033
2024-01-05 0.002493 0.0015
2024-01-08 0.021501 0.0149
2024-01-09 -0.001289 -0.0021
2024-08-26 0.001440 -0.0034
2024-08-27 0.007766 0.0005
2024-08-28 -0.015128 -0.0067
2024-08-29 -0.001884 0.0008
2024-08-30 0.003630 0.0098

2.2 Estimation Window

In this research, in order to evaluate the impact of water leakage event on the Mercedes-
Benz Group AG's stock, it is first necessary to establish a market model in a period of
time before the event to obtain the normal return level of the target stock relative to the
market. This paper selects historical data from January 1, 2024 to July 23, 2024 as the
estimation window.

Selecting the historical daily returns about eight months before the event as the esti-
mation window not only improves the stability and accuracy of parameter estimation
by enlarging the sample size, but also balances the effects of short-term fluctuations
and outliers, reflecting more comprehensively the pattern of the company's stock re-
turns under normal market conditions. In addition, July 23, 2024 is selected as the end
date of the estimated model, leaving two weeks as the observation interval from the
time of the event, which can make it possible to try to exclude potential information
leakage and market expectations from the estimation of normal returns, making the
subsequent AR calculation more expressive of the changes brought about by the event
shocks and ensuring that the estimation window and the event window are independent
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of each other, providing a more reliable benchmark for the calculation of subsequent
AR.

Ordinary least squares (OLS) regression is likely the most prevalent technique for
fitting linear statistical models. An OLS regression model assumes a recognizable struc-
ture, as follows [5].

Y; = Bo + B1Xin + BoXip + -+ BiXip + & (D

Simple approaches based on market modeling have good specification and relatively
strong validity under a wide range of conditions, and simpler approaches can perform
well in special circumstances [2]. The linear regression can be used in a special class
of relation which can make it possible to be illustrated by a straight line [6].

Ve =a+ Bx; @)

Therefore, setting rmacar paily as the dependent variable and Mkt-RF as the independent
variable to conduct the OLS regression, the market model can be constructed as:

TMBGAF Daityt = @ + B(Mkt — RF), (3)

Besides, the use of daily returns can capture the short-term reaction of the market to
unexpected information in a timely manner and fully reflect the dynamic interaction
between individual stocks and the market, improving the sensitivity and accuracy of
measuring AR and CAR. Considering the Mkt-RF derived from the market return mi-
nus the risk-free rate as the main explanatory variable can effectively distinguish sys-
tematic market volatility from stock-specific factors, making o (the intercept) and 3 (the
coefficient) in the linear regression model more representative, and providing a reliable
benchmark for estimating abnormal returns in the subsequent event window.

2.3 Event Window

Measuring the effect of particular events on stock prices is a crucial component of fi-
nancial and stock market analysis. CAR are one of the primary measures frequently
employed in this evaluation. The overall amount of AR that a stock has accrued over a
certain time period is known as cumulative abnormal returns. In order to derive the
CAR, the AR which is the difference between a stock's actual return and its predicted
return based on market trends or a benchmark index of the stock must first be calculated
daily within the event window [7]. After calculating the AR, it is accumulated day by
day to get the CAR. In these two formulas shown below, "i" represents the stock com-
pany, "t" represents the time, and "T1" and "T2" represent the start and end times for
the CAR calculation.

ARy =1y — E(7y) 4

CAR;(T1,T2) = En AR (%)
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After completing the parameter estimation of the market model, in order to visualize
the impact of the unexpected event on the price of the target stock, one week prior to
the start of the event is set as the start of the event window, and 10 trading days after
the event is set as the end of the event window, which can capture possible information
leaks or market expectations, providing a comprehensive view of AR movements prior
to an event, and it can also provide a relatively complete and not overly long period of
time for the market to process and reprice the new information, reducing the interfer-
ence of other extraneous factors in the findings.

ARt = TMBGAF Dailyt — E("mpcar Dailyt) (6)
CAR;mpear paity(T1,T2) = Y1211 ARypcar paityt @)

The AR and CAR for this research are calculated in accordance with the above men-
tioned process. In addition, in order to show the short-term impact of the event on stock
returns and its subsequent evolution more clearly, this paper visualizes the AR and CAR
respectively: in the line chart of AR, the date is set in the horizontal axis, the vertical
axis shows the abnormal returns of the current day, and a horizontal reference line with
y=0 is added to determine the positive and negative returns quickly, and a vertical ref-
erence line is added at 2024 August 6 to highlight the time point of the event, so as to
facilitate the observation of the immediate return fluctuations caused by the unexpected
event. A vertical reference line is added at August 6, 2024 to highlight the time point
of the event, so as to facilitate the observation of the immediate return fluctuations
caused by the unexpected event. Subsequently, the CAR line is plotted in the same way,
with the time series as the horizontal axis and the CAR value as the vertical axis, and a
horizontal line of y=0 and a vertical line of the time point of the event are added, so as
to identify the positive or negative cumulative effect during the event period, and to
provide an intuitive basis for the subsequent statistical analysis.

2.4 Statistical Test

An event study aims to determine if the cross-sectional distribution of returns at the
time of an event is abnormal, indicating a systematic deviation from predictions. This
exercise can be performed through various methods [8]. In this research, the CAR serve
as the primary indicator for evaluating the impact of the event, which can show the sum
of the market's reactions to new information throughout the event. After computing
CAR over the specified event window, a cross-sectional t-test is employed to determine
whether the mean CAR deviates significantly from zero.

Hy:CAR;(T1,T2) =0 ®)
CARl-(;‘l,TZ) _ 1 P AARl-t
t/;\r(CARL-(Tl,TZ)) VT2-T1+1 o(ARy)

SCAR;(T1,T2) = 9)
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Null hypothesis significance testing is a statistical inference approach that evaluates an
experimental component against a hypothesis asserting the absence of effect or associ-
ation based on observed data [9]. The Hy states that the CAR equals zero, indicating no
event-induced abnormal performance. Rejection of this hypothesis suggests that the
event produces a systematic departure of observed returns from the expected baseline.
Moreover, a significantly positive mean CAR implies a beneficial impact on investor
wealth, whereas a significantly negative mean CAR suggests a detrimental effect.

CAR =TI, CAR; (10)

2.5 Machine Learning Forecast

This research will adopt supervised machine learning system, Gradient Boosting Ma-
chine (GBM) model to forecast the variation of the company's stock price for next six
months after the end date based on the historical data to find out that whether the unex-
pected event will have positive or negative impact on marketing performance and last-
ing impact on the future stock.

During the training phase of a supervised learning system, the training data com-
prises inputs accompanied by target variables or labels. Throughout the training phase,
the algorithm will identify patterns in the data correlated with the intended output and
employ them. Upon the introduction of new inputs on post-training, the supervised
learning algorithm is going to identify the appropriate label for classification based on
the pre-existing training data. The main objective of the supervised learning model is
to accurately forecast the appropriate label for classification tasks or to estimate the
output for new input data in regression tasks [10].

y' = fx07) an

In this formula, y’ indicates the output at instance n and x,,, 8" indicates the input and
set of parameters [10].

In GBM model, the learning process continuously fits new models to provide more
accurate estimates of the response variables. The basic idea behind the algorithm is to
construct new basic learners that are maximally correlated with the negative gradient
of the loss function with respect to the entire ensemble (Natekin & Knoll, 2013). The
accuracy formula for the class is as follow:

Ec, =+ 2. 8(f (). v1) (12)

Among this formula, § ( fxp), yi) is a Kronecker function that equals 1 when the two
values coincide and 0 otherwise (Natekin & Knoll, 2013).
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3 Result

3.1 Market Model

The following market model was developed and linear regression analyzed based on
the data in Table 1. The market model and the OLS Regression are showed below.

Table 2. OLS Regression Results.

Variables  coef std err t P>[t| [0.025 0.975]
const -0.0001 0.001 -0.136 0.892 -0.002 0.002
Mkt-RF 0.8154 0.145 5.612 0.000 0.528 1.103

According to Table 2, it is clear that in market model:

a =—0.0001
{ B = 0.8154 (13)
So, the market model can be constructed as
TMBGAF Dailyt = _0.0001 + 0.8154(Mkt - RF)t (14)

Market Model

—0.0001 + 0.8154(Mkt — RF) o
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Fig. 1. Market Model OLS Regression Plot.

Based on the result of OLS Regression, Figure 1 indicate that during the estimation
window, there is a significant positive correlation between the rvpcar paity and the Mkt-
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RF. The intercept () of the regression equation is about -0.0001 and the slope (B) is
about 0.8154, implying that when the market excess returns changes by 1 unit, the av-
erage change in the target stock is 0.8154. In addition, it is worth noting that the value
of the intercept is close to zero, which suggests that there is no significant and sustained
excess return on the stock after the market factor has been taken out of the equation,
and the value of the P is less than 1 which suggests that the stock has a low sensitivity
to market volatility.

Overall, it is clear that there is a good fitness and scatter distributions show that the
market model is able to capture the linear relationship between individual stocks and
the market excess returns in relatively high level, providing a reliable benchmark for
the measurement of AR within the event window.

3.2 Abnormal Returns Analysis

Table 3. Abnormal Return.

Date AR
2024-07-31 -0.019094
2024-08-01 -0.020599
2024-08-02 0.012419
2024-08-05 0.003061
2024-08-06 -0.010426
2024-08-07 0.017061
2024-08-08 -0.008820
2024-08-09 -0.005261
2024-08-12 -0.006642
2024-08-13 -0.005117
2024-08-14 0.010492
2024-08-15 0.005906
2024-08-16 0.012189
2024-08-19 0.007231

2024-08-20 0.009881
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Fig. 2. Abnormal Return Plot.

Table 3 and Figure 2 show the dynamics of AR around the August 6 event date. Overall,
AR had a dramatic fluctuation during the event window period. It can be clearly seen
that before the event, the AR fluctuated considerably. However, there was a significant
drop in abnormal returns on August 6, indicating that investors had a more negative
short-term outlook on the company after being informed of the relevant information,
which led to a downward pressure on the stock price. After that, AR quickly rebounded
to positive territory and continued to show a steady upward trend in the following days,
which suggest that as the market gradually understood the cause of the incident and the
subsequent handling of the situation, the negative impacts were gradually digested, and
investor sentiment was subsequently repaired or shifted to a certain extent.

3.3  Cumulative Abnormal Return Analysis

Table 4. Cumulative Abnormal Return.

Date CAR

2024-07-31 -0.019094
2024-08-01 -0.039693
2024-08-02 -0.027274
2024-08-05 -0.024213
2024-08-06 -0.034639
2024-08-07 -0.017578

2024-08-08 -0.026397
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2024-08-09 -0.031659
2024-08-12 -0.038301
2024-08-13 -0.043418
2024-08-14 -0.032926
2024-08-15 -0.027021
2024-08-16 -0.014832
2024-08-19 -0.007600
2024-08-20 0.002281
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Fig. 3. Cumulative Abnormal Return Plot.

The CAR trend shown in Table 4 and Figure 3 clearly illustrates the market's reaction
around the August 6 event date. Overall, CAR was in negative territory before the event
and fluctuated in early August, suggesting that the market had already digested the po-
tential information with some degree of anticipation. Obviously, CAR decreased fur-
ther on August 6, suggesting that investor sentiment was significantly impacted by the
official release or widespread interest in the news, resulting in a negative short-term
assessment of the company's value. After that, between August 7 and August 13, CAR
continued its downward trend, suggesting that the negative impact had not yet been
fully eliminated, and that the market's concerns about the company's subsequent re-
sponse and potential risks were still festering. Over time, CAR began to recover signif-
icantly after August 13, approaching the zero axis around August 21, suggesting that
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the market's assessment of the risk of the event was stabilizing, and that investor senti-
ment had subsequently warmed up or confidence in the outlook for the company had
been restored.

34 CAR Statistical Test

After taking the t-test and calculate the mean value of CAR, the results which include
t-statistic value, p-value and mean value are showed below.

Table 5. t-test results and mean value.

Variable t-statistic value p-value mean value
CAR -7.91 0.0 -0.025

Based on the Table 5, the p-value is effectively 0.0, significantly below the conven-
tional significance level. Consequently, the null hypothesis which state that the mean
CAR equals zero can be decisively rejected. Besides, from statistical analysis, the t-
statistic -7.91 corresponding to this p-value is sufficiently large in absolute value, con-
firming the robustness of the finding.

Furthermore, the mean value of CAR is -0.025, which indicates a negative overall
impact of the event on the target company’s stock price over the specified event win-
dow. The negative sign of the mean value of CAR further suggests that investors re-
acted unfavorably to the event, leading to downward pressure on stock returns. Overall,
these results clearly showed the event’s statistically significant and negatively oriented
effect on investor wealth.

3.5 GBM Model

To ensure that the data are available with the last one year of trading days (252 days)
to train the GMB Model, the Machine Learning portion of this paper will set the start
date of the daily return to January 1, 2023, with no change in the end date.
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Fig. 4. Trained Model Fitness.

According to Figure 4, it is obviously to illustrate that the trained model follows the
trend of the actual daily returns better, showing some tracking ability, but underper-
forms in capturing extreme volatility and spikes, and is ostensibly not sensitive enough
to sudden or drastic market changes. To some extent, this may be due to time shocks in
the short term. Overall, the trained model maintains consistency throughout the obser-
vation period, indicating a stable fitness and forecasting ability.

Adjust Return forecast for the next 6 months
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Fig. 5. Daily Return Forecast.
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As seen in Figure 5, the daily return for the next six months after end date predicted by
the GBM model almost fluctuates up and down around the zero-axis, with a number of
significant positive and negative peaks at localized time points. From the trend, most
of the forecasts remain within a relatively stable range, indicating that the model's base-
line judgment of the future market environment is relatively moderate, while the sig-
nificant positive or negative values at various points in time imply that the model an-
ticipates possible local fluctuations at the macroeconomic or industry level. Overall,
the forecast results suggest that there is still some degree of potential for market move-
ment over the next six months of the event, but that yields overall will be in a relatively
moderate floating range. At the same time, for investors, while it is expected that local-
ized points in time will capture opportunities that may deliver excess returns, other
influences in the external environment will need to be closely monitored.

4 Conclusion

Based on the empirical study of the Mercedes Maybach water leakage incident on Au-
gust 6, 2024, this research finds that the AR and CAR demonstrate an obvious first
decline and then gradual recovery after the event, and show significance in the t-test,
indicating that the event did have a measurable negative impact on the company's stock
price. Further statistics show that the average CAR is negative, indicating that the event
had an overall negative impact on the stock price trend within the event window, but
the market also gradually digested the unfavorable information and made adjustments
in the subsequent trading days, reflecting investors' reassessment of the subsequent
brand response and corporate governance initiatives. Besides, in order to have a more
comprehensive understanding of the future market trend, this research also forecasts
the daily returns for the next six months through the GBM Model. The results show
that the forecast curve as a whole fluctuates up and down around the zero-axis, with
obvious spikes or troughs on a few dates, indicating the model's sensitivity in capturing
possible localized fluctuations in macroeconomic and industry factors. Overall, GBM's
forecasts point to a relatively benign market environment, but investors are still cau-
tioned to be aware of possible volatility opportunities or risks at several points in time.

Finally, this research used Mkt-RF factors in building the market model, and richer
control variables or factors can be introduced in constructing the market model in fur-
ther studies. For example, a Fama-French three-factor or five-factor model (e.g., SMB,
HML, RMW, CMA, etc.) can be used and additional factors such as time-series mo-
mentum can be utilized in order to portray more comprehensively the systematic risk
behind the returns of individual stocks to minimize the possible omitted-variable bias
and to make a more accurate measure of event shocks. In addition, if the model can be
extended with industry characteristics, macro variables, and more rich company-level
indicators, the explanatory power and forecasting accuracy of the model will be en-
hanced to a greater extent, providing more targeted and forward-looking decision sup-
port for enterprises and investors.
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