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ABSTRACT

In this paper, I examine the impact of the Volkswagen emissions scandal. Volkswagen
was caught in 2015 cheating on emissions tests, and the discovery led to public outrage as well
as staggering financial penalties. Still despite this, Volkswagen remains today as a top global
automotive producer. While Volkswagen was hurt by the scandal, the extent of the damage is
examined in this paper in addition to how the rest of the industry was affected. Statistical and
econometric tests are performed using car sale data as the basis of the event study.
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Chapter 1
Introduction

Overview
The purpose of this thesis is to shed a light on how a recall affects the value of a vehicle.
Specifically, the question being addressed is “How did the Volkswagen scandal and recall affect
the value of its cars?” I am conducting this work as a way of increasing the economic literature
relating to recalls. The project includes the following: Setting up the timeline of events, analysis
of current economic theory as it applies to a scandal/recall, formal data analysis of car sales
including difference in differences analysis, forecasting, as well as robustness testing to ensure
the validity of any findings. I will conclude with a discussion of my findings.
The Volkswagen emissions scandal was selected as a case study in my analysis. This case
was chosen due to a few factors. First, the timeframe of this case provides a good mix of being
recent, while also allowing some time to pass so I can analyze the impact ex-post. Second, the
repercussions of the scandal are still being felt by both Volkswagen and owners/prospective
owners of their vehicles. Lastly, the car sale data is available for the timeframe of the scandal.
While many people may be aware of some of the basics of the VW scandal, there were a
lot of details and events that occurred. Going over the events first will provide a good context for
decisions made during data analysis. A synopsis covers the most important events of the scandal,
the vehicles that were impacted, and some of the existing repercussions of the scandal.
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When thinking about my target audience I want to make sure that my thesis is accessible
while also being created with high standards. My target audience (policymakers and auto
industry executives) are assumed to have basic economics training, so I will use the Economic
Theory section to apply existing models to a scandal/recall. My hypothesis is that the value of
Volkswagen cars was decreased as a result of the scandal. Understanding the dynamics of how a
car scandal/recall works economically will be helpful when analyzing the results of the data
analysis.
My intended outcome is that I will be able to quantify the change in value of a
Volkswagen vehicle due to the recall. I obtain car sale data for both new and used vehicles from
the Ohio Department of Motor vehicles, which encompasses over 4.5 million sales covering the
years leading up to the scandal and after the scandal occurred. I analyze the data using difference
in differences analysis to look for specific pricing and volume effects attributable to the scandal.
Then, I forecast what the data over the duration of the scandal could have looked like in lieu of a
scandal. My expectation is that my audience (policymakers and auto industry executives) will be
better educated regarding the significance/impact of a scandal.
Robustness testing is the assessment of the accuracy and validity of the conclusions
drawn from analysis. Throughout my analysis I make variations and additions to my models and
regressions to look for inconsistency and to stress test conclusions. I also comb through my data
set for outliers prior to conducting analysis to ensure any faults in the data are excluded. Using
regression analysis, I include as many other variables as I can as a means of stress testing my
conclusion. Between difference in differences and forecasting, I vary my comparison. I compare
Volkswagen to all other cars initially, then I break it down to foreign and domestic subsets.
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When additional comparisons do not take away significance from my conclusion, then I can say
more definitively that the answers I received are legitimate.
Then, I return to economic theory to see how well the results can be described with
existing models. Next, there is a discussion on the short comings and assumptions of these
models, which I use to represent the complexity of a major event such as a car scandal/recall.
Finally, I calculate the extent to which Volkswagen was damaged by the emissions scandal.
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Chapter 2
Timeline of time VW Scandal
The International Council on Clean Transportation (ICCT) is a non-profit organization
that provides technical and scientific analysis to environmental regulators. In 2014, the ICCT
released a report showing discrepancies in emissions between lab tests and road tests for
Volkswagen diesel cars. The results were sent to the U.S. Environmental Protection Agency
(EPA) and to the California Air Resources Board (CARB), which started an investigation in May
2014 (Siano, Viollero, Conte, Amabile, 2017). The big issue is the amount of nitrogen oxide
(NOx) being emitted, which was reported to be up to 40 times higher than the allowed amount
under the Clean Air Act. NOx exposure leads to respiratory problems including asthma,
bronchitis, and emphysema (Ewing 2015b). Researches at West Virginia University showed that
a Volkswagen Jetta produced a quantity of nitrogen oxides 35 times higher than permissible legal
levels for emissions. In response to the EPA, which went to Volkswagen with these results,
Volkswagen attributed the measurement to technical problems that distorted results.
The Volkswagen emissions scandal, also known as dieselgate, came into the public eye
on September 18th 2015. The EPA accused Volkswagen of illegally installing a “defeat device”
software in its diesel cars that manipulated emissions by turning on emissions control systems
during testing (Stanwick & Stanwick, 2017). In response to the allegations by the EPA, VW
admitted to almost 500,000 being sold in the United States with this software between 20092015 (Siano et al, 2017).
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New information came forward almost daily in the weeks following the start of
dieselgate. On September 20th, the German automaker suspended all sales of the four-cylinder
TDI diesel engine vehicles in the U.S. (Boston, 2015a). These are the affected vehicles:
2.0 liter diesel models and model years:
Jetta (2009-2015)
Jetta Sportwagen (2009-2014)
Beetle (2013-2015)
Beetle Convertible (2013-2015)
Audi A3 (2010-2015)
Golf (2010-2015)
Golf Sportwagen (2015)
Passat (2012-2015)
These vehicles all shared the EA 189 engine. This engine was a sign of pride for
Volkswagen, which they had spent years developing. Unfortunately, the engine did not meet
EPA standards. The plan was to use this engine in Volkswagens, Audis, as well as other cars.
This engine was going to be used in cars as part of a clean diesel marketing campaign. The goal
was to give the complete package to car buyers. The car would be environmentally friendly,
great with fuel, and strong performance.
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Figure 1 Advertisement

Instead of going back to the drawing board to make an EPA compliant engine, managers decided
to try to cheat on emissions tests (Stanwick & Stanwick, 2017). On September 21st, the U.S.
Department of Justice announced it would be conducting a criminal probe into VW’s alleged
cheating on emissions testing (Viswanatha, 2015). September 22nd, a better understanding of the
extent of the scandal came out. From an estimated 500,000 cars in the U.S., the number of
impacted vehicles globally was announced to be as many as 11 million. VW said they would
allocate $7.36B to resolving the issue (Boston & Sloat, 2015). September 23rd, Martin
Winterkorn, the CEO of Volkswagen, resigned (Boston, 2015b). On September 25th,
Volkswagen named Matthias Muller, the current head of Volkswagen‟s Porsche division, as the
new CEO (Ewing & Vlasic, 2015). Things escalated on October 9th when German prosecutors
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raided VW’s HQ for documents relating to manipulation of emissions (Chapple & Thompson,
2017). They secured documents and data from the corporate headquarters (Boston, Spector, &
Lange, 2015). Leadership at Volkswagen continued to change as Michael Horn, head of VW’s
U.S. operations, stepped down on March 9th 2016. Horn admitted he was aware of the emissions
problem since spring of 2014 (Mouawad, 2016). On March 29th, the claims continued to pile up
against Volkswagen, this time the Federal Trade Commission (FTC) filed a claim against VW
for falsely advertising its diesel vehicles as environmentally friendly (FTC, 2016). Volkswagen
claimed their “clean diesel” cars were in compliance with state and federal environmental
standards. Volkswagen ads claimed their vehicles reduced nitrogen oxide emissions by 90%
when in reality the cars emitted up to 4,000% more than the legal limit of NOx (Randazzo &
Spector, 2016). Then in April, VW began to recognize what the penalties would amount to. On
the 21st, Volkswagen announced they would fix or buy back all the affected cars in the U.S. This
would take up approximately 7 of the 7.36 billion allocated to this incident (Ewing, 2016a). The
next day, Volkswagen announced they were going to set aside over $18B to cover the cost of the
scandal. They also announced that it had reported a loss of more than $6.2 billion in 2015
(Ewing, 2016b). Then in July, another $86 million more in penalties were added in restitution to
the state of California (Minaya, 2016).
This was a lengthy recall process, and I explore many different factors that played a
significant role in how impactful this recall was for Volkswagen.
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Chapter 3
Related Literature

Product Quality and Market Efficiency: The Effect of Product Recalls on Resale Prices and
Firm Valuation, Raymond S. Hartman
Raymond S. Hartman approached a similar situation with his 1987 paper. Hartman
looked at car resale data from 1981-1985, keying in on General Motors (GM) safety recalls. He
questioned whether or not a recall is a signal that should be interpreted as quality problems with
a manufacturer? If so, could a recall result in a negative impact on other products from the
manufacturer?
In his study Hartman focused on 1980 model year GM X cars. These cars were
extensively promoted as high-quality, fuel-efficient, and import-competitive. When these cars
were on the road they were subject to brake-related issues, which resulted in a recall.
Hartman created a hedonic model in semi log form to analyze car resale data. In his
model, he looked at factors that contributed to a change in the log of price for the X cars. He
controlled for car make, model, age, and different attributes such as power steering and front
wheel drive.
The result was a 14% reduction in resale value from Fall 1981 to Fall 1982, which
Hartman describes as the market responding fairly quickly to new information regarding the
value of the car.
A particularly interesting outcome from Hartman’s analysis is his discussion of “Ownproduct” and “Cross-product” effects. Hartman concluded that recalls exhibit own-product
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effects, but do not affect a manufacturer’s other products through cross-product effects. The
excess value loss attributable to the recall was a loss in goodwill reflected in a drop in General
Motor’s stock price not a price drop in their other cars.
Hartman’s study of GM is similar to how I go about looking at VW. Creating a Hedonic
model for this kind of study is helpful because it allows the measurement of an impact while also
holding other product attributes constant. In my hypothesis, I am in disagreement with part of the
conclusion he came to back in 1987. With regards to the Volkswagen emissions scandal, crossproduct effects may exist in addition to own-product effects. I am in agreement that loss of
goodwill resulted in a declining stock price, but I think there is also a measurable drop in price in
both affected and unaffected Volkswagen vehicles.

Trend Analysis of Car Recalls: Evidence From the US Market, Kamrul Ashen
Kamrul Ashen in his 2013 paper, discusses some interesting points related to product and
auto recalls. Ashen talks about recalls from a more practical standpoint focusing on the supply
chain implications, as well as the general mechanics that go into a recall. In his analysis, he
includes the below Figure 2 to demonstrate the sources of a recall, generally speaking.
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Figure 2 A generic car recall process

Ashen described the recall process as lengthy, complex, and expensive. There are
different characteristics of a recall that influence the pace and outcome of a recall. Ashen notes
that an involuntary/compulsory recall due to noncompliance and/or safety issues will be
conducted much faster than a voluntary manufacturer recall. In addition, the level of exposure to
harm will dictate how severe a car recall is classified with 1 being the most severe and with 3
being the least.
Ashen discusses a sharp increase in auto recalls over the last two decades, and the
consequences. Recalls as a result of safety issues shows potential failures to uphold quality.
From a corporate standpoint, the reputational risk is massive, and unless the recall is voluntary
and well received by the public as an honest attempt to fix an honest mistake, then business
could be lost. On top of that, fines and penalties add up and can make a recall increasingly
expensive. An example is the Ford Motor and Firestone Tyre recall in 2000, which was
extremely lengthy due to complexity and a lack of preparedness, resulting in a recall lasting more
than seven years.
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I find Ashen’s work compelling in contextualizing what a recall means for Volkswagen.
With Volkswagen being caught in the act of cheating on emissions, it forced VW to have to
recall their 500,000 affected vehicles. The public’s reaction also fit in line with what Ashen
would expect. The bigger the reputation, the bigger the impact of a recall. With that in mind,
being able to quantity that impact would be enlightening.

The Impact of Product Recalls on the Wealth of Sellers, Gregg Jarrell and Sam Peltzman
In this 1985 paper, Greg Jarrell and Sam Peltzman looked at drug manufacturers and auto
manufacturers in an attempt to understand which stakeholders are affected, and to what extent in
the case of a recall.
Jarrell and Peltzman’s conclusion is in disagreement with the conclusion of Hartman.
They assert that losses spill over to other products, resulting in cross-product effects exist in a
recall. Further, the losses attributable cross over to other firms in the industry. I find this point to
not be immediately intuitive, that competitors do not gain from the hurt firm, but rather are
subject to also bearing substantial losses. In their auto example comprised of auto recalls from
1967-1981, an equal weighted portfolio comprised of Chrysler and GM stock was examined in
the context of a recall. They found the competitor lost 2/3 of what the recall company lost.
After examining the recalls, Jarrell and Peltzman asserted that losses to shareholders of
firms selling defective products are larger than the costs of the recall such as replacing products.
The company’s reputational goodwill is diminished along with the reputational goodwill of the
industry.
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This paper is an early examination and attempt to determine outcomes associated with
recalls. The points made seem a bit extreme, but I see some validity. Unlike Hartman, I believe
cross-product effects exist within a company impacted by a recall. The competitor impact is an
interesting case, I believe that Jarrell and Peltzman were partially correct in that the industry will
impacted by a recall from one company, but an opposing force of consumers substituting into a
competitor’s product will positively affect the competitor.

The Effect on Stockholder Wealth of Product Recalls and Government Action: The Case of
Toyota’s Accelerator Pedal Recall, Jayendra Gokhale, Raymond M. Brooks and Victor. J.
Tremblay
In this 2014 paper, Gokhale et al uses a 2007 and a 2010 Toyota recall as an opportunity
to analyze impacts of a recall on stockholder wealth. They also look at how government
intervention impacts the impact of a recall.
They talk about how the frequency of recalls numbs the market to recalls, and caps the
negative effects. “In 2007 alone, NHTSA records indicate that there were approximately 7,300
recalls affecting millions of vehicles.” This analysis of the Toyota recall is unlike previous
studies in that they look at one company rather than the entire auto industry. They assert that it is
possible that a recall may not have a negative impact, or possibly just a short-term impact.
In 2007, Toyota cars had a design flaw that could result in a jammed accelerator causing
drivers to lose control. 55,000 cars were recalled to fix the problem. The jam happened because
the floor mats would shift and get caught in the accelerator. In 2010 a major recall further
addressed the floor mat issue, as well as addressed an accelerator pedal design flaw where pedals
could get stuck. The 2010 recall saw 7.5 million cars recalled.
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Gokhale et al determined that the 2007 recall was not significant, backing up their
assertion that not all recalls come with major negative effects. Next they conclude that negative
media coverage in the form of a highway crash does not directly significantly impact company
stock prices. As a result of the large 2010 recall, they concluded that the recall significantly
reduced Toyota’s stock returns by 19%. That figure saw a positive boost of almost 9% when the
National Highway Traffic Safety Administration announced that Toyota had corrected the
problem.
An important outcome of the paper builds upon Ashen’s analysis of how the handling of
a recall matters. In this case, the positive signal by the NHTSA undid a lot of negative damage
resulting from the 2010 recall. Toyota and the NHTSA both worked to address the problems to
the benefit of motorists and as a result reduced the overall detriment to Toyota.
While their conclusion, that a 55,000 car recall was less detrimental to a company than a
7.5 million car recall, is not surprising it is useful to establish that recalls come in different
shapes and sizes. Problems can stem from a variety of reasons, and some are far more impactful
than others. When applying this to the Volkswagen emissions scandal, this could be a possible
explanation as to why the results end up being what they are. When thinking about recalls, a
damage assessment is important to determine what threat an affected vehicle poses, as well as the
breadth of the recall
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Chapter 4
Economic Theory

Demand Shocks
When thinking about the Volkswagen Emissions Scandal, a good place to begin is by
putting it in a familiar economic framework. This scandal could be thought of as an aggregate of
a couple negative demand shocks.
The scandal revealed that some Volkswagen vehicles did not live up to the emissions
statistics advertised, and actually did not meet emissions standards. This impacts Volkswagen’s
goodwill, which is comprised of brand recognition, intellectual property, and reputation
(Investopedia, n.d.). It also potentially hurts perceptions of vehicle quality. This may have
adjusted consumer tastes and preferences away from VW cars.
Thinking about the potential of possible reactions to impact VW, it is hard to determine
the magnitude of a negative demand shift. Without knowing the magnitude, this framework still
highlights a likely decrease in both prices and quantity of VW cars.

15

Figure 3 Supply and Demand

Complements and Substitutes
How far reaching are the impacts of the scandal? Would a consumer after the scandal be
deterred from VW all together, or just deterred from affected vehicles? In addition to demand
shocks, any impacts to VW likely are not isolated, complements and substitutes of Volkswagen
should also be considered. Buyers of vehicles have a wide range of choices when it comes to
purchasing a vehicle, so anything that impacts one option will adjust the relative attractiveness of
other options. Consumers can buy domestic or foreign, and between those two there are
numerous choices of makes and models. Events that negatively change the public’s perception of
Volkswagen vehicles, can also have more systemic impacts beyond just other car sales.
Complementary products and services related to VW, are more likely to be negatively impacted.
Substitutes on the other hand, depending on how close they are to VW could stand to benefit at
varying degrees from a damaged VW brand reputation. I will not be specifically analyzing
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complements to Volkswagen, such as trends in the tires VW uses, in this paper aside from other
Volkswagen vehicles.
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Chapter 5
Formal Data Analysis

Description of Data
The work that I do is based upon a data set of roughly 4.6 million car sale records
reported to the state of Ohio Department of Motor Vehicles between January of 2013 and March
of 2016. This data set appropriately covers the timeline prior to, during, and after the
Volkswagen emissions scandal. Volkswagen is a global company, and I do not believe my
results reflect the company as a whole, but conclusions are applicable to VW’s North American
market.
My hypothesis is that Volkswagen as a result of the emissions scandal saw a decrease in
the value of their cars, and lost a decent percentage of their North American revenue.
Initially when I look at the data, outliers are apparent. I remove car sales for vehicle sales
that are less than $10,000 and more than $100,000. I also remove car sales for used vehicle sales
that are less than $400 and more than $30,000. These cut offs are put in place to avoid results
being influenced by faults in the data that are not reflective of the market for new and used
vehicles. I also exclude car sales of cars more than 15 years old to avoid inaccuracy in the data.
When sorting the data, I compare Volkswagen to a representation of all their competitors.
Eventually, I split the competition up into U.S. domestic car manufacturers and foreign car
manufacturers. This adds another level of rigor to my analysis, alleviates an issue that I identified
as a source of possible inaccuracy. During my analysis, Audi was initially included as a non-
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Volkswagen vehicle because my tests looked at cars that were Volkswagen in name. I exclude
Audi because they are owned by Volkswagen, and some Audi A3 vehicles were part of the
emissions scandal.
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Chapter 6
Difference In Differences Analysis

Prices
The first question I attempt to answer relates to own-product and cross-product effects of
the recall. I use difference in differences analysis to compare vehicle prices over the course of
the scandal to see how effects to the price of a Volkswagen compare to competitor prices. The
point of difference in differences analysis is to use competitors as a control and Volkswagen as
the treatment group. In this case, the treatment is the Volkswagen emissions scandal. I look at
price change over time before and after the scandal to compare competitors to VW. My
hypothesis is that in an ideal case, this analysis should reveal a drop off in VW price right around
the time of the scandal that does not immediately recover in the months following the scandal.
While at the same time, the ideal case would show that competitors do not see any change
attributable to the scandal. This hypothesis implies that there is no spill over to the rest of the
industry which goes against earlier work by Jarrell and Peltzman when they found significant
losses in stock price borne by competitors as a result of a recall.
Initially, I look at the data on a weekly basis, but price fluctuations week over week are
too volatile to make any meaningful comparison. Looking at the monthly trend, the graph does
not reflect the ideal case, but divergent pricing is very apparent. I look at this deeper to see if
there are measurable pricing impacts attributable to the Volkswagen scandal.
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Figure 4 Prices

Volume
Beyond price, I also look at quantity to see if the volume of vehicles being sold was
impacted by the scandal. I analyze the percentage change in the quantity of vehicles sold month
to month. Using percent change makes the figures comparable, because otherwise Volkswagen
would be dwarfed in comparison to the aggregate of their global competition. Looking at the pre
and post-scandal difference in differences, a deviation can be seen around the scandal. The car
sale volumes appear to typically move in tandem, but there have been a couple instances of
deviation previously. It appears Volkswagen actually outperformed in the near term postscandal, but in the months following, VW’s sales lagged in comparison to the competition. As
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with the price analysis, there is no clear similarity between the data and the ideal difference in
differences case. I also look deeper into volume impacts attributable to the emissions scandal that
are not clearly seen graphically.

Figure 5 Volume

Intuition
Figure 6 highlights the ideal difference in difference case. If the treatment was the
emissions scandal, the control group would be competitors and the treatment group would be
VW. I attempt to use this analysis as a visually and mathematically clear way to determine if and
to what extent the emissions scandal impacted Volkswagen.
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Figure 6 Difference in Differences

Prices
I create a hedonic model to price Volkswagen vehicles using different factors. A hedonic
model is used to estimate demand or value by breaking down estimates of contributions of
different characteristics. I initially look at many characteristics of a car including model, year,
mileage, engine type, as well as whether or not the vehicle was included in the recall. I narrow
this down to notable inclusions. The model utilizes linear regression analysis to understand how
traits of a car relate to how Volkswagens are priced.
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To get a better understanding of the pricing impact, I work with log prices the same way
Hartman did. The effect of working with log prices is to standardize among different models,
because a decrease in the price of a car can be more or less impactful based on the market value
of the vehicle. For example, if there are two vehicles, the first a $12,000 car, and the other is
$35,000; a decrease of $500 would represent about a 4.1% decrease in value of the first car but
would only be a 1.4% decrease in the value of the other car. Using log prices the differences are
interpreted as a percent change.
In the case of Volkswagen, the impact can be seen in the regression below. This
regression looks at the pricing impact on Volkswagens in general compared to all other vehicles
as well as looks at affected vehicles specifically compared to unaffected vehicles, because not all
Volkswagen cars had the defeat device. I compare pricing before and after the scandal. To
understand the significance of a price change and to make a more robust pricing model, I include
the impact of mileage and car age in the pricing model.
The regression below has three dummy variables and two interactions that are notable.
The first dummy is whether or not the vehicle is a Volkswagen. The second dummy determines
whether or not the vehicle was part of scandal. The third dummy separates the pre-scandal and
post-scandal periods. I interact the Volkswagen dummy with the scandal dummy. The other
notable interaction is the affected vehicle dummy and the scandal dummy. The first result is a
term that expresses the scandal’s pricing impact on Volkswagens in general compared to other
cars. The second result is a term that expresses part of the scandal’s pricing impact on affected
Volkswagens. Note that the second term also needs to be added to the first to understand the
pricing impact on affected Volkswagens because what happened to Volkswagens will have also
included the affected vehicles.
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Table 1 Pricing impact of the emissions scandal

Pricing Impact

Coefficient

t

P>|t|

95% Confidence
Interval

VW & Scandal occurred

-0.0775

-14.54

0.00

-0.880

-0.067

Affected cars & Scandal occurred

0.0567

1.96

0.049

0.000

0.113

Analyzing the results, I determine that the affected vehicles were harmed less than
Volkswagens in general. The model suggests Volkswagen overall saw a 7.75% decline in the
vehicle prices due to the scandal, while affected vehicles decline only 2.08% (-7.75%+5.67%)
due to the scandal.
The result of this analysis was surprising to me. The affected vehicles actually weathered
the scandal better than other Volkswagens. When considering these results, I can think of a few
factors that the results may be attributed to. First, since the news broke about the scandal the
volume of the affected vehicles may have been reduced, leaving the results contingent on fewer
data points. Second, news of possible buyback programs through VW may have increased
assurance in the affected vehicles, actually increasing the demand. Third, the general population
was informed of a Volkswagen recall, and generally decreased their demand of the brand more
so than the specific affected vehicles.
With these results Hartman’s conclusion, that recalls do not exhibit cross-product effects,
does not hold. Volkswagen in its entirety was impacted, not just affected vehicles.
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Volume
I construct my analysis of car volume in a similar manner to car price. Seeing as the
factors that influence car price are different than influencing factors of car volume, I adjust my
measurement. I used percentage change in the volume of cars being sold to standardize month
over month changes between Volkswagen and all other vehicles. Each observation is the
percentage change in volume for a month.
Table 2 Percent change volume impact of the emissions scandal

Volume Impact

Coefficient Standard

t

P>|t|

-0.48

0.636

95% Confidence Interval

Error
VW & Scandal

-0.069

0.146

-0.359

occurred

I find through my analysis no statistically significant deviation in volume between
Volkswagen and their global competition attributable to the Volkswagen emissions scandal. I
discuss this when I go back to the economic theory.

0.221
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Chapter 7
Forecasting

Revenue
I continue by taking a more macro look at the situation. I develop a model to determine
revenue impacts on new car sales for VW, domestic competitors, and foreign competitors. The
domestic competitors include: Ford, Buick, Dodge, Chevrolet, and Chrysler. The foreign
competitors include: Fiat, Honda, Hyundai, Kia, Lexus, Mazda, Mercedes-Benz, Volvo, Subaru,
and Nissan. The base of the model uses vector autoregression or VAR to create estimates based
on evolving variables. Using VAR, I create estimates of data that uses 2 lagging data points, as
well as information specific to different months to account for time trend, which encompasses
seasonality. I use the model to try to replicate two years of data leading up to the scandal. My
model is able to accurately forecast the pre-scandal data compared to the actual data. I use the
model to predict what revenues would be over the scandal and post-scandal period as if no
scandal occurred. I compare this prediction to what actually happened from September 2015 to
March 2016 to assess losses on top of the direct costs of the scandal. September 2015 is when the
emissions scandal really took off in the media cycle. September 2015 is month 33 on my graphs.
In my analysis, everything before month 33 is considered the pre-scandal period, and everything
from 33 forward is the post-scandal period.
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Figure 7 Revenue VW

Figure 8 Revenue Ex-VW Domestic

Figure 9 Revenue Ex-VW Foreign
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The model is built upon three equations. These equations estimate each other while also
depending on each other to drive the forecasts.

𝑉𝑊
𝑉𝑊
𝐷𝑜𝑚
𝐷𝑜𝑚
𝐹𝑜𝑟
𝐹𝑜𝑟
𝑅𝑒𝑣𝑒𝑛𝑢𝑒𝑡𝑉𝑊 = 𝛽0 + 𝛽1 𝑅𝑡−1
+ 𝛽2 𝑅𝑡−2
+ 𝛽3 𝑅𝑡𝐷𝑜𝑚 + 𝛽4 𝑅𝑡−1
+ 𝛽5 𝑅𝑡−2
+ 𝛽6 𝑅𝑡𝐹𝑜𝑟 + 𝛽7 𝑅𝑡−1
+ 𝛽8 𝑅𝑡−2
+ 𝛽9 𝑇𝑡 + 𝜀𝑡

𝑉𝑊
𝑉𝑊
𝐷𝑜𝑚
𝐷𝑜𝑚
𝐹𝑜𝑟
𝐹𝑜𝑟
𝑅𝑒𝑣𝑒𝑛𝑢𝑒𝑡𝐷𝑜𝑚𝑒𝑠𝑡𝑖𝑐 = 𝛼0 + 𝛼1 𝑅𝑡−1
+ 𝛼2 𝑅𝑡−2
+ 𝛼3 𝑅𝑡𝑉𝑊 + 𝛼4 𝑅𝑡−1
+ 𝛼5 𝑅𝑡−2
+ 𝛼6 𝑅𝑡𝐹𝑜𝑟 + 𝛼7 𝑅𝑡−1
+ 𝛼8 𝑅𝑡−2
+ 𝛼9 𝑇𝑡 + 𝜀𝑡

𝐹𝑜𝑟𝑒𝑖𝑔𝑛

𝑅𝑒𝑣𝑒𝑛𝑢𝑒𝑡

𝑉𝑊
𝑉𝑊
𝐹𝑜𝑟
𝐹𝑜𝑟
𝐷𝑜𝑚
𝐷𝑜𝑚
= 𝛾0 + 𝛾1 𝑅𝑡−1
+ 𝛾2 𝑅𝑡−2
+ 𝛾3 𝑅𝑡𝑉𝑊 + 𝛾4 𝑅𝑡−1
+ 𝛾5 𝑅𝑡−2
+ 𝛾6 𝑅𝑡𝐷𝑜𝑚 + 𝛾7 𝑅𝑡−1
+ 𝛾8 𝑅𝑡−2
+ 𝛾9 𝑇𝑡 + 𝜀𝑡

Definitions:
𝛽0 /𝛼0 /𝛾0 = Intercepts for Volkswagen, Domestic, or Foreign
𝛽1−9 /𝛼1−9 /𝛾1−9 = Coefficients for each variable
𝑉𝑊/𝐷𝑜𝑚/𝐹𝑜𝑟

𝑅𝑡

𝑉𝑊/𝐷𝑜𝑚/𝐹𝑜𝑟

𝑅𝑡−1

𝑉𝑊/𝐷𝑜𝑚/𝐹𝑜𝑟

𝑅𝑡−2

= Revenue in the current month for Volkswagen, Domestic, or Foreign
= Revenue lagged one month for Volkswagen, Domestic, or Foreign
= Revenue lagged two months for Volkswagen, Domestic, or Foreign

𝑇𝑡 = Time trend
𝜀𝑡 = Error term

Each equation uses a constant, the last value of the revenue it is trying to solve for, the
current and last period of the other two revenue values, and accounts for time trend.
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Month 32 is the last month before the scandal, and from month 33 on looks at the impact
of the scandal. I look at how the model handled predicting over two years of revenue data prior
to the scandal, and the very minimal deviation is a positive sign that the model fits the actual data
well enough to credibly make a statement about what could happen in the future. In this case, the
future is the post scandal period.
The model suggests that VW lost out on roughly 7.5% of revenues, which is consistent
with the initial pricing analysis that indicated a 7.75% decline in prices. The 7.5% difference in
revenue in the post-scandal period is calculated by comparing the forecast to the actual data
describing the actual outcome. I sum the ratio of revenues to understand what fraction of their
potential was achieved, I subtract the result from one to understand the lost percentage.
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1− ∑
𝑖=33

𝑅𝑒𝑣𝑒𝑛𝑢𝑒(𝑉𝑊,𝐸𝑋𝑉𝑊𝐹𝑜𝑟𝑒𝑖𝑔𝑛,𝐸𝑋𝑉𝑊𝐷𝑜𝑚𝑒𝑠𝑡𝑖𝑐)
𝐹𝑜𝑟𝑒𝑐𝑎𝑠𝑡𝑒𝑑 𝑅𝑒𝑣𝑒𝑛𝑢𝑒(𝑉𝑊,𝐸𝑋𝑉𝑊𝐹𝑜𝑟𝑒𝑖𝑔𝑛,𝐸𝑋𝑉𝑊𝐷𝑜𝑚𝑒𝑠𝑡𝑖𝑐)

In this case, the sum of revenue for VW between month 33-39 was $129,500,000 and the
model forecasts that the revenue in that same period of time should have been $139,954,794.

1- (129,500,000/139,954,794) = 0.075 = 7.5%

The models also make an assertion that refutes Jarrell and Peltzman’s conclusion. The
models state that competitors to Volkswagen that are domestic to the U.S. gained 6.9% in
revenue. Foreign competitors gained 4.1% in revenue. With these results, my analysis holds that
the industry faced little to no reputational backlash due to Volkswagen’s unethical actions. I
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attribute the gains to competitors at least partially to consumers substituting away from VW with
a small bias towards domestic vehicles.
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Chapter 8
Relation Back to Economic Theory
After the pricing and volume analysis Volkswagen’s car prices fell 7.75% post-scandal
and volume did not make a measurable change. While I identified possible causes of the demand
shock, it is hard with the tests I conducted to distinguish which factors were contributory to the
negative demand shock. This leaves me with almost the opposite knowledge I began with. I
initially had no way of knowing the magnitude of the negative demand shock, but I was aware of
possible causes. Now I know the magnitude, but I am less certain about which of the underlying
causes contributed to the pricing and volume impact. A possible reason for the stable volume is
due to the magnitude of the price drop being enough to offset a drop in volume with an increase
in volume demanded.
Regarding complements and substitutes, the effects are apparent from both the difference
in differences analysis as well as the forecasting analysis. Looking at VW prices, a distinction
was made between the impact to VW cars affected by the scandal and VW cars in general. Both
saw declines. From the forecasts, I found that foreign competitors saw a 4.1% increase in
revenue while domestic competitors saw a 6.9% increase. These results suggest that in the wake
of the scandal, consumers looked elsewhere and increasingly went with a domestic car choice.
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Chapter 9
Results and Qualifications

The subset of data used is 4.6 million car sales from Ohio. An important consideration
when trying learn from the data is what does data from Ohio mean to Volkswagen. Volkswagen
is a massive global automaker based in Germany that competes and often holds the top spot as
the world’s largest automaker (Fortune, n.d.).
When considering the relevance of the data, I conclude that Ohio would be a reasonable
representation of North America sales, but not further. Most of the issues around the scandal
stem from stringent US automotive standards. In other global markets Volkswagen was not
doing anything wrong. Different countries/regions, having different cultural attitudes towards
environmental regulation, helped VW shake off the scandal remaining brand loyal. The
International Council On Clean Transportation analyzes the state of regulation in different
countries. Looking at their 2014 report (see Figures 10 & 11), it highlights how much more
rigorous it is to be an auto manufacturer operating and selling in the United States (ICCT, 2014).
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Figure 10 Fuel Economy Improvement Rates

Figure 11 CO2 Reduction Rates
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Looking at rising economies like India, Brazil, Mexico, and South Korea, which together
have a combined overall target carbon dioxide reduction similar than that of the United States
(50% to 48%). It is clear that global priorities in this space are vastly different (ICCT, 2014).
Based on these figures, I would anticipate Asian and South American markets to be far less
impacted or even completely unaffected by the events related to VW emissions scandal. On the
other side, I would anticipate that European markets may have a measurable impact due to
fraudulent emissions akin to North America.
North America represents roughly 16% of Volkswagen’s total sales. In 2015 North
American sales were €35.38 billion compared to global sales of €213.29 billion (Volkswagen
AG, 2016). According to my model, Volkswagen lost out on 7.5% of their U.S. revenue.
Assuming constant marginal costs in production, the percentage change in revenue would equal
the percentage change in profits.
Applying the 7.5% to North American sales, €2.65 billion or roughly $3.24 billion in lost
revenue is attributable to the VW emissions scandal. This represents a little over 1% of global
sales from one of the largest companies in the world.
In addition to lost revenue, Volkswagen also was massively impacted by costly financial
penalties and settlements. The direct costs are estimated to be up to $30 billion or roughly €24.3
billion (Riley, 2017).
Without legal penalties and settlements, the result was not as impactful as I had originally
anticipated. After deeper research into the topic I came to three major reasons why the consumer
reaction was not larger.
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The first reason is that vehicle recalls happen all the time and most major brands have
had issues at one time or another. This leaves many brand loyal consumers unfazed by the
negative press.
The second reason is that consumers do not factor environmental factors heavily into
their vehicle purchasing decision. Fuel economy is a major selling point of vehicles, but not
emissions. Consumers leave attention to the environment mostly to bodies like the EPA. There is
no significant moral obligation to go out of the way to get a cleaner vehicle.
The third reason is the nature of the recall. This was not a product safety recall this was
about emissions. Zero lives were in imminent danger as a result of Volkswagen’s actions. By
contrast, looking at the same pricing graph as before, the magnitude of a safety recall can be seen
a year earlier in September of 2014. In 2014 more than 1 million cars were recalled due to a
possibly dangerous defect with rear suspension systems (Nicks, 2014). I believe that the safety
threat is a much larger influencer to vehicle purchasing behavior.

Figure 12 Price Safety Recall
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Conclusion
My analysis of the Volkswagen emissions scandal revealed results that did not exactly
align with my expectations. While there was a measurable impact due to the scandal, the real
takeaways relate to how the factors surrounding the recall influenced the results.
The unethical decision making, the saturation of media coverage over the course of the
scandal, and the fact that the recall was not safety related are all factors that influenced the
ultimate cost of the scandal to varying degrees.
Strict environmental policy resulted in Volkswagen attempting the cheat rather than
comply. When VW’s actions were uncovered, the EPA proved that environmental policy will be
fully enforced, and that violators will be punished. The global trend is heading towards stronger
environmental policy, but still there are great differences among the markets that the auto
industry serves, which is a factor that I expect capped indirect costs to VW. The indirect costs
are still extremely substantial. The global economy is very competitive in the auto industry.
Companies are fighting for market share and every step backward gives competition the
opportunity to outperform.
It is my expectation that Volkswagen will be sensitive in their actions going forward after
the turmoil that this event brought to the brand. Their brand is still strong globally, but they will
work to reestablish trust and credibility. The rest of the industry as a result of this needs to
remain committed to competing honestly in the global market place. The misfortune of
Volkswagen can be beneficial to the of the industry in more than just increased revenues. There
are takeaways for industry executives as a result of the emissions scandal. Domestic or foreign
competitors, that I estimated had benefited from the situation, should go forward knowing that
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the industry is under a magnifying glass. Cheaters will be caught, and the penalties will be
severe.
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