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Introduction

1 Introduction

Motivation and Background

The finance and real estate sectors play pivotal roles in economic development and societal
well-being. However, these industries face a multitude of contemporary challenges, heavily
influenced by regulatory frameworks and market dynamics. Identifying and addressing
these concrete challenges should not be ignored by academics or fall victim to academic
attentism. Rather, academic toolkits should be utilized to find policy responses to these
challenges in today's fast-moving environment, which calls for new immediacy.” In fact,
empirical analyses are crucial in addressing those areas where governmental regulations
as well as market mechanisms can be improved because they offer data-driven solutions.
This is all the more important in Germany where policy advice from academics is often, as
criticized by the Berlin-Brandenburg Academy of Sciences, facilitated through political
foundations where conflicts of interest are systematically present (Weingart and
Kielmansegg, 2008). This thesis aims to answer politically relevant questions outside of

these spheres of influence insisting on independent policy advice for decision makers.

All three papers within this thesis support and contribute to informed political discourse,
facilitating the formulation of policies based on empirical evidence. Ultimately, this
dissertation seeks to bridge the gap between academic research and practical applications.
The first paper, "The Effect of Commission Bans on Household Wealth: Evidence from
OECD Countries," examines the potential impact of regulatory changes on financial
advisory practices for household wealth creation. The paper reveals that banning
commissions can lead to higher household wealth returns, aligning the interests of
financial advisors and clients as well as fostering more prudent investment decisions. The
results have already contributed to the regulatory framework within the European

Commission. This conversation is taking place outside of classical debates surrounding

' The call for scientific politics is old and has received renewed attention during the Corona Pandemic with the
insistence on evidence-based politics. With the rise of the scientific method at universities in the late 19%"
century, it was the establishment of political think-tanks such as the Brookings Institution as part of a
“progressive” approach to politics. During the progressive era from the 1980s through the 1920s, the idea of
progress manifested itself in a variety of ways from cleaning up slums to eliminating government corruption
to americanizing immigrants to standardizing industrial practices. Such initiatives often sought to improve life
by applying insights derived from the newly emerging social sciences — disciplines like sociology, psychology,
economics and statistics. Relying on extensive data gathering, professional expertise, and careful management,
this scientific strand of progressivism sought to bring rationality and efficiency to legislative chambers, factory
floors, even household kitchens. In times of fake news and generative artificial intelligence this approach poses
new challenges.
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financial literacy, strongly prevalent in academia and advocated by scholars such as
Annamaria Lusardi. In addition, the paper pinpoints the factors which facilitate the
introduction of commission bans, pointing towards a better educated population and a

strong civil society in facilitating the introduction of commission bans.

The second paper, "Does Residential Land Development Pay off Fiscally?" explores the
impacts of residential land development on municipal income tax revenues in Germany.
Our research moves away from classical works on fiscal interactions and fiscal competition
such as Cassette, Di Porto and Foremny (2012). Through spatial econometric models, the
research demonstrates that residential development can significantly contribute to
municipal revenues. Our research advocates a proactive land policy approach towards
more residential land development, which can also combat severe housing shortages?
rather than a predominant focus on commercial land development favored by

municipalities given its high-potential business tax revenues.

The third paper, "Living on the Highway? Addressing Highway Infrastructure Potential
through Object Detection"”, examines the acute shortage of Heavy Goods Vehicle (HGV)
parking spaces in Germany. The powerful German automotive association (ADAC) recently
sounded the alarm, pointing to a study by Irzik (2019) indicating that 23,500 truckers are
unable to find a parking spot every night. With freight transport expected to increase from
a total of 3,704.7 million tons in 2010 to 4,358.4 million tons in 2030 (+17.6 percent), this
problem will only worsen and calls for immediate political action (Bundesministerium fur
Digitales und Verkehr, 2022). Using advanced object detection models on satellite imagery,
the paper maps the current supply of HGV parking spaces and identifies regions with
significant shortages. The findings offer valuable insights for specialized real estate
developers, providing a data-driven foundation for identifying investment opportunities in
regions with high demand for parking facilities as well as delivering insights to

policymakers about infrastructure shortages along German highways.

As described, the overarching aim of this thesis is to address current political debates and
issues, moving beyond the academic world to solve practical problems. This research aims
to inform and influence those in positions of authority with well-founded, evidence-based
insights and thus “speak truth to power”. Rather than advocating for pro- or anti-
regulation stances, this thesis points towards effective re-regulation in finance and housing

policies to foster positive economic outcomes in both sectors.

2 Current estimates suggest an undersupply of roughly 700.000 dwellings (Glnther, 2023).
2
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Course of Analysis and Research Questions

This section outlines the analytical journey undertaken in this cumulative thesis. The three
papers focus on the fiscal impacts of regulatory frameworks and their implications for the
finance and real estate sectors. Through empirical analyses, the research aims to identify
improvement potentials within governmental and market mechanisms, contributing to

practical problem-solving and enhancing decision-making processes for policymakers.

Paper 1 | The Effect of Commission Bans on Household Wealth: Evidence from
OECD countries

This paper explores the impact of commission bans on household wealth in OECD
countries. Financial advisors in many countries earn commissions, which can create
conflicts of interest, leading to subpar investment decisions for households. Several
countries, including Denmark, Finland, and Great Britain, have introduced commission
bans to mitigate these conflicts. This paper utilizes a dataset spanning from 1997 to 2020,
examining the annual return difference in household wealth between countries with and
without commission bans. The research finds that commission bans lead to higher
household wealth returns and influence asset allocation without affecting the savings rate

of private households.

Research Questions

» How do commission bans affect the development of household wealth?

= Does household saving behavior change when commission bans are
implemented?

* Do commission bans discriminate against low-income households in terms of
wealth accumulation?

= How do commission bans impact the participation of private households in

capital markets?
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Paper 2 | Does Residential Land Development Pay off Fiscally?

Paper 2 investigates the fiscal impact of residential land development on municipal income
tax revenues in Germany. Given the severe housing shortage in Germany, the study aims
to highlight the economic benefits of residential development, often overshadowed by
commercial projects due to the structure of the German tax system. Using a unique panel
dataset from 2011 to 2020 and employing spatial regression models, the research finds
that a one percent increase in residential living area correlates with a 0.5 to 0.7 percent
annual increase in income tax revenue for municipalities. The study controls for factors
such as GDP per capita, disposable income, unemployment rate, and population density
to ensure robust results. Significant positive spillover effects between neighboring districts
are also observed, emphasizing the interconnected nature of regional economies. The
findings suggest that residential development, particularly in densely populated and
economically strong areas, offers substantial fiscal benefits. The analysis also compares
the costs of residential development to the resulting tax revenues, demonstrating a
favorable cost-benefit ratio. Municipalities are encouraged to consider the long-term
financial gains of residential projects, especially multi-family housing, to address housing
shortages and enhance fiscal health. This research provides a data-driven basis for shifting
local policy focus towards residential land development. Overall, the study underscores
the potential for residential development to contribute significantly to municipal income,
advocating for balanced urban planning that includes both commercial and residential

projects.

Research Questions

» What is the average increase in income tax revenue for a municipality in Germany
resulting from residential land development?

* How do economic and demographic factors influence the fiscal outcomes of
residential land development?

» How do spatial dependencies and spillover effects between neighboring districts
influence income tax revenues?

= After what time period does the designation of building land pay off fiscally from

the perspective of German municipalities?
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Paper 3 | Living on the Highway? Addressing Highway Infrastructure Potential
through Object Detection

Paper 3 addresses the critical shortage of Heavy Goods Vehicle (HGV) parking spaces in
Germany and its implications for specialized real estate developers. Using advanced
object detection models on satellite imagery, the research maps the current availability
of HGV parking spaces. Our analysis integrates traffic volume data from the Federal
Highway Research Institute (Bundesamt fir Strafenwesen) to estimate parking demand
and identify regions with significant shortages. The results reveal acute parking deficits
in high-traffic areas along major highways, posing substantial risks for road safety and
logistics efficiency. This research offers valuable insights for specialized real estate
developers and policymakers, suggesting targeted investments to address the parking
shortfall. The findings underscore the economic and safety benefits of adequate HGV
parking infrastructure, emphasizing its importance for the national economy and road
safety. The paper provides a data-driven foundation and investment case for specialty

real estate developers.

Research Questions

» How is the existing stock of truck infrastructure spatially distributed along
German highways?

» What local demand for HGV infrastructure on German highways meets the
available supply?

» What can we say about regional disparities and location-decisions for specialized

real estate developers?
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2 The Effect of Commission Bans on
Household Wealth: Evidence from OECD

countries

Abstract

In the majority of OECD countries, financial advisors earn their income primarily through
commissions. However, this entails a principal-agent problem, whereby the advisor may
be incentivized to recommend financial products that maximize their own income, rather
than the returns of the investor they advise. To address this conflict of interest, various
countries including Denmark, Finland and United Kingdom have introduced commission
bans. Our research reveals an annual return difference in household wealth of 1.8 percent
to 2.1 percent annually for the sample period from 1997 to 2020, between OECD countries
with commission bans and those without. We show that commission bans do not affect
the savings rate of private households but do influence their asset allocation. Furthermore,

we determine factors that facilitate the introduction of commission bans.

Keywords: Household saving, Consumer protection, Government policy and regulation
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Introduction

The issue of private household wealth formation is of paramount economic importance.
This is especially the case for countries with aging societies that strain social security
systems. For such countries, promoting wealth creation above and beyond faltering

pension systems becomes vital to ensuring continued prosperity.

Optimizing household portfolio decisions is crucial in this context. Although professional
financial advice can guide private households, many of whom lack the time or expertise
necessary for prudent investment choices, evidence indeed suggests that households often
ultimately make suboptimal asset allocation choices. For instance, by not participating in
riskier asset markets, investors forego an estimated 2 to 6 percent equity premium annually
(Calvet et al., 2007). Moreover, households tend to opt for pricier financial vehicles within
the same asset class. This is alarming, given that the costs of financial products often have
a comparable, if not greater, impact on investment performance than other factors

(Sharpe, 2013).

Several countries including Australia, Denmark, Finland, Great Britain, the Netherlands, and
Norway have introduced commission bans for the financial industry. The rationale behind
such policies is to eliminate financial conflicts of interest. Instead of commissions from third
parties like banks, funds, or insurance companies, advisors are compensated directly by
their clients. The traditional commission-based system certainly presents a principal-agent
problem, incentivizing financial advisors to prioritize quantity over quality, pushing low -
quality but expensive products to maximize commissions. However, commission-based

advice remains the norm in most countries.

Our research examines the relationship between household portfolio choices, their
consequent investment outcomes, and commission-based structures. To the best of our
knowledge, no academic work has previously explored this nexus on a cross-national scale.
Section 2 offers a comprehensive review of the academic literature. Section 3 entails the
introduction of commission bans, while Sections 4 introduces our data and empirical
methodology. The subsequent chapters present and discuss our findings, with Section 5

proposing policy recommendations and Section 6 concluding our paper.

11
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Academic Debate

Household portfolio choices differ from those of institutional investors. Most households
lack both the necessary knowledge and the time to make informed decisions. To bridge
this gap, financial advisors provide guidance. However, as emphasized in the theory of
financial intermediation (see Santomero (1984) and Bhattacharya and Thakor (1993)),
markets are inefficient when sellers possess more information than buyers, which is all too

often the case.

Financial decision-making is complex, requiring households to plan across their entire
lifetimes. They are confronted with concerns regarding diversification, how much to save
to smooth out consumption, and deciding on their level of participation in risky assets (see
Markowitz (1952) and Calvet et al. (2007)). This necessitates a comprehensive
understanding of one’s financial situation (Yao and Zhang, 2005). In other words,
professional financial planning encourages clients to make long-term decisions they might
typically sidestep. Kramer (2012) demonstrates that portfolios managed with advice tend
to be better diversified. Notably, a lack of diversification can be one of the costliest

mistakes, as von Gaudecker (2015) points out.

However, the mechanisms and incentives underlying financial advice are far from optimal.
Campbell (2006) notes that despite high historical returns and the reduction in information
and transaction costs, half of all households still do not own equities. This finding is
consistent with what has been dubbed the “stock market participation puzzle” in
economic research (Mankiw and Zeldes, 1991). In theory, financial advice should bridge
the knowledge gap for households and guide them towards high-return assets. Low stock
market participation raises questions about the functionality of financial advice and the

motivations behind it.

A primary explanation can be found in the architecture of the financial industry. Financial
products that are structured to maximize commissions for financial advisors and insurance
providers might not or are unlikely to maximize their clients’ financial outcomes.
Consequently, commission-based advisors will not correct the behavioral biases of clients
when these biases do not align with their own financial interests (Anagol et al., 2017). This
exemplifies a classic principal-agent problem (see Figure 2.1), first identified in the field of
corporate finance and governance by Fama (1980). For a specialized principal-agent-model
for financial advice, please see Golec (1992). The automatic deduction of fees appeals to
sellers largely because the deductions often go unnoticed by buyers, which underscores

why commission-based financial advice is often not in the consumer’s best interest

12
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(Finkelstein, 2009). Jones et al. (2005) observe that advisors’ fund recommendations are
swayed more by potential commissions and profit margins than by identifying the optimal
choice for the investor. Gorter’s (2012) research complements this viewpoint, suggesting

that the quality of (independent) advice increases as commissions are reduced or banned.?

Figure 2.1 The Principal Agent Problem

Information
asymmetry

Delegates decision to
maximize return

Maximize income incl.
kickbacks
(e.g. front-load fees)

Financial
Advisor

Tries to maximize
returns

1
1
1
1
|
1
1
1
1
1
1
1
1
1
1
1
1
1
1
Household 1
1
1
1
1
1
1
1
1
1

D D

1
1 )
1 Chooses investments to
I maximize advisor
income

Notes: own illustration; based on van Slyke (2007)

Furthermore, qualified advisors often cannot differentiate themselves in the market,
given that consumers struggle to discern the difference between competent and subpar
advisors. This phenomenon is known as information asymmetry. The value of a financial
product often only becomes evident a significant time after its purchase, making it difficult
for consumers to accurately assess its worth at the time of purchase and even beyond
(Akerlof, 1970). This characterizes financial products as “credence goods” (Darby and
Karni, 1973). The more complex financial products are, the harder it is for customers to
appraise the quality of the service rendered by intermediaries. The risk of conflicting

interests between the agent and the customer intensifies (de Jong, 2017).

In mortgage markets, de Bas et al. (2004) demonstrate that consumers, when guided by
commission-based advice, often opt for disproportionately complex mortgage products,
agreeing to less favorable interest rates and compromised quality. The Global Financial

Crisis (GFC) of 2007 can arguably be attributed to a structure in which advisors were

3 Hackethal et al. (2012) show that German customers who use a commission-compensated financial
advisor have lower-performing portfolios net of costs. This is underscored by Hoechle et al. (2018) finding
that a bank’s own mutual funds and structured products are most profitable for the bank, and profits increase
with trade size (known as scale effects).

13
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incentivized to sell mortgages with high loan amounts, in order to increase their

commissions.

A prevailing view in academia suggests that a lack of financial knowledge makes it difficult
for consumers to evaluate service quality before and after the purchase of a financial
product (Lusardi and Mitchell, 2008). Anagol et al. (2017) report that insurance agents
routinely recommend inferior products to less informed customers, while simultaneously
recommending more appropriate products to more financially literate customers. Calcagno
and Monticone (2015) show that advisors only disclose superior information to
knowledgeable investors, concluding that non-independent advisors are not sufficient to
alleviate the problem of low financial literacy. Moreover, Bucher-Koenen et al. (2021)
empirically demonstrate that women (but not men) with greater financial acumen reject
recommendations more frequently. Also, they find that women in general are predisposed

to receiving more expensive financial advice than men.

However, Hung and Yoong (2013) observe little evidence that even well-informed
consumers recognize conflicts of interest in advice. This observation is echoed by Inderst
and Ottaviani (2012), who assert that most clients remain oblivious to potential conflicts.
Alarmingly, Cain et al. (2005) discover that many participants display an excessive tendency
to heed (bad) advice, even when they are informed of biased incentives. Muller and Turner
(2021) refer to this as the “high-fee puzzle”- the phenomenon of individuals paying high
fees for financial advice and products when less expensive but equally good alternatives
exist. This behavior contradicts Sharpe’s (2013) assertion that the return on the average
actively managed dollar, after expenses, will be less than that of the average passively

managed dollar.

Bhattacharya et al. (2011) revealed a telling statistic: when 8,000 customers are offered
free independent expert advice, a mere five percent accept it. This suggests that many
customers do not act in their own financial best interests. Such behavior might be
explained by psychological patterns akin to the sunk cost fallacy (Arkes and Blumer, 1985).
More disconcertingly, van Swol and Sniezek (2005) establish that the most significant
predictor of whether the decision matches the advisor’s advice is the perceived confidence

of the advisor.

An aspect often overlooked by those championing financial literacy is that, from a welfare
perspective, seeking financial advice can enable households to avoid making substantial
investments in acquiring financial knowledge. Finke (2013) contends that given the

potentially sizable welfare losses stemming from ill-advised financial decisions, hiring the

14
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expertise of financial professionals ought to be even more common than seeking the

services of an attorney or an accountant.*

Lastly, it is necessary to recognize another downside of poor financial advice: it discourages
saving. Benhabib et al. (2019) show that the extent to which proportional growth rates
are persistent across individuals (type-dependence) or increasing in wealth (scale-
dependence), triggers a positive feedback loop. In essence, high rates of return bolster
savings. This finding is corroborated by Feldstein (1976). Low rates of return ultimately
dissuade saving, a revelation that should prompt governments to counteract the

detrimental effects of misquided and misconceived financial advice.

Summary of Commission Bans

2.1.1 Commission Ban Countries

Most customers struggle with significant information asymmetries. Consequently,
they often depend on advice from sellers and are not well-equipped to assess the value
and integrity of the advice provided. In response, countries such as Denmark, Finland, the
United Kingdom, Norway, the Netherlands, and Australia, have instituted commission
payment restrictions. These measures were introduced in different years, enabling us to

analyze their effects over time.

In Denmark, the regulation of commission payments for independent insurance brokers
began in 2006, although it was not fully implemented until 2011.> The regulation was
targeted at a particular segment of the insurance industry — independent brokerage —
which was attracting concern regarding the distribution of obligatory occupational

pension schemes (Oxera, 2015).

A full ban on commissions from investment funds was introduced with Section 46 (b) (1)
of the Danish Financial Business Act on 1 July, 2017.° This stemmed from the Directive
2014/65/EU of 15 May 2014 (MIFID 11), issued by the European Union (EU) Parliament and

the EU Council. The regulation entails a ban on investment companies receiving and

4 Unsurprisingly, the Financial Conduct Authority (2017), which conducts robust large-scale quantitative surveys
annually, concludes that all consumers are unable to judge the quality of financial advice. It also stresses that
over-reliance on financial literacy is the most significant contributor to shortcomings in disclosure and financial
advice.

> The policy was introduced progressively across the range of customers, beginning with larger companies.

6 Specific legislative text can be found in LOV no. 632 of 8 June 2016 or in the legislative proclamation no.
174 (for example, at: https://www.retsinformation.dk/eli/Ita’2016/632). An English-language interpretation
can be found at: https://www.njordlaw.com/danish-financial-supervisory-authoritys-guidanceinterpretation-
ban-payments-commission.
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retaining fees, commissions, or other monetary or non-monetary benefits from, for
instance, investment funds in connection with providing discretionary portfolio

management to customers.

The Finnish Insurance Mediation Act (570/2005) imposed a similar ban on commission
payments to independent insurance brokers. The Act came into effect on 1 September
2005, but did not become fully effective until the end of a three-year transition period

(2008), as the regulation was progressively rolled out across different customer types.

In the UK, the regulation of financial product distribution has undergone various changes
over the years. Starting from 1 January 2013, intermediaries were prohibited from
receiving commissions on retail investment products provided by product providers,
regardless of any intention to rebate these payments to the customer. Instead, as indicated
in the Conduct of Business Sourcebook (COBS) 6.1A, advisors were only allowed to be
remunerated for their services by the clients or on their behalf. This particular regulation
was limited to financial advice pertaining to retail investment products, since comparable
problems were not identified for other financial products such as insurance and mortgages

(Oxera, 2015).

In January 2013, the Netherlands introduced a commission ban for the mediation of
complex financial products. The ban was introduced on commissions for a range of
products, such as mortgages, insurance, savings products, and participation in investment
funds. In 2014, the ban was extended to the sale of other investment products, and not
just investment funds (de Jong, 2017). The ban covers all sales channels; however, it does
not cover typical property and casualty insurance (such as motor, contents, liability, and
legal aid insurance.) This decision was based on the existence of strong competition among
providers, consumers’ relatively good understanding of these products among consumers,

and awareness of there being multiple providers.”

Norwegian legislation prohibits insurance brokers from receiving commissions from
insurance companies. Commissions have to be paid directly by the policyholder. The ban,
initiated in 2004 for non-life insurance and in 2007 for life and pension insurance, was first
introduced in laws No. 41 (forsikringsformidlingsloven) and 44 (forsikringsloven). It was

later extended to all forms of commissions, excluding ship insurance, as specified in § 5-2

” For an explanation of the reasons for product exemptions, see the letter from the Norwegian Minister of
Finance to Parliament, dated 11 April 2013.
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a i forsikringsformidlingsloven and § 6-9 i forsikringsloven, recommended by the

Banklovkommisjonen’s NOU 2007.

In Australia, a series of reforms were introduced from 1 July 2012, and adherence was
made mandatory from 1 July 2013. A crucial aspect of these changes was a ban on
“conflicted remuneration” .2 This included a ban on both upfront and trailing commissions,®
as well as any kind of payment from the provider to the advisor that was contingent on
sales volume or targets. Moreover, “assets under management fees”, based on a

percentage of the total assets, could only be levied on products that were not leveraged.

These reforms obliged advisors to negotiate their fees directly with their clients and
disclose them transparently. Additionally, if an advisor provides a continuous service, they
are obligated to request clients to opt in to (or renew) their advisory agreement biennially
(Oxera, 2015). The legislation applies to all advice provided to retail clients by holders of
Australian Financial Services licensees, encompassing all retail financial products, with the

exception of non-life insurance and basic banking products.

To summarize our findings, all six countries have enacted bans on the payment of
commissions for most financial products. However, the size and scope vary widely — from
about 200 affected independent insurance brokers in Finland to 33,000 retail investment
advisors in Great Britain. In each case, the introduction of commission bans has reshaped
the market for financial advice, as legislators have sought to mitigate the well-documented
agency conflicts inherent in commission-based remuneration. Yet the precise timing and
scope of these bans often varied within jurisdictions, with staggered rollouts across
product lines and provider categories. Because our analysis relies on annual, country-level
macro series, we are unable to exploit these intra-national transition windows
econometrically. Despite this limitation, our core objective remains to assess whether—
and to what extent—the enactment of comprehensive commission bans has produced a
measurable discontinuity in household wealth accumulation relative to countries that have

maintained traditional commission structures.
2.1.2 European Framework

At the European level, there is consensus among national governments, the European
Insurance and Occupational Pension Authority EIOPA, the Financial Services User Group

(FSUG) and financial supervisors, that the logic of the commission system results in so-

8 Conflicted remuneration refers to any benefit given to a financial advisor that could reasonably be expected
to (adversely) influence the recommendation of a financial product given to clients.
° These are charged as a percentage of the client’s asset year.
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called mis-selling, that is, unsuitable investments (de Jong, 2017). Nonetheless, these
findings have not precipitated a Europe-wide introduction of commission bans. The
European legislature in both Article 18 Markets in Financial Instruments Directive (MiFID)
and Article 23 MiIFID Il (Markets in Financial Instruments Directive) simply stipulates that
investment firms must take all appropriate steps to identify and prevent or manage

conflicts of interest.

MIFID 1l, enacted in 2014, stipulates disclosure of any payment or benefit to or from a
financial service provider (de Jong, 2017). The original proposal for the MiFID amendment
advocated a Europe-wide ban on commission-based advice. However, this provision was
subsequently altered by the European Parliament to an optional one, leaving each member

state responsible for the directive’s implementation.

In 2015, the EU Packaged Retail and Insurance-based Investment Products (PRIIPs)
Regulation made it mandatory to distribute Key Information Documents (KIDs) before
investment. For those familiar with KIDs, their efficacy in reducing customer confusion is
debatable. Cain et al. (2005) find that disclosing conflicts of interest often amplifies advice
bias. This is because advisors, freed from moral qualms, may feel emboldened to offer poor
advice in their own interest. According to Inderst and Ottaviani (2012), a disclosure leads

to a reduction in commissions, but may also spur sales of more costly products.

The Capital Markets Union Action Plan, unveiled in 2005, did not usher in notable changes,
even though its purpose was to ensure that EU retail investors received unbiased advice
and equitable treatment (European Commission et al., 2023). The EU Commission
considered a general ban on commission-based investment advice in its 2023 retail
investment strategy, in order to protect consumers from high costs and substandard
advice. However, it once again shelved the idea, largely due to strong resistance from the
financial sector. A study commissioned by the EU to feed into the development of the retail
investment strategy revealed that the cost for products with inducements cost 24 to 26

percent more than those without inducements (European Commission et al., 2023).

This context highlights the relevance of our research. We empirically analyze the effect of
commission bans on the investment success of private households. In doing so, we do not
intend to deliver a welfare analysis for all actors, but are interested in the effect on

household wealth.
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The Effects of Commission Bans

2.1.3 Data Overview

Table 2.1 provides an overview of our main indicators, which were retrieved from 1996 to
2020. Our data includes 773 unbalanced panel observations from 36 countries. The first
of the six commission bans in this sample was introduced by Finland in 2005. All absolute
values are denoted in US dollars to account for different real returns due to currency and

exchange rates.

Table 2.1 Commission Bans in OECD Countries (as of 2020)

Country Commission ban Country Commission ban
Finland Yes (2005) Luxemburg No
Great Britain Yes (2012) Mexico No
Netherlands Yes (2013) Poland No
Norway Yes (2007) Portugal No
Australia Yes (2013) Slovakia No
Denmark Yes (2017) Spain No
Austria No Sweden No
Belgium No Switzerland No
Canada No USA No
Czech No Chile No
France No Estonia No
Germany No Israel No
Greece No Slovenia No
Hungary No Turkey No
Iceland No Brazil No
Ireland No Latvia No
Italy No Lithuania No
Japan No South Africa No
Korea No

Our dependent variable represents total household wealth. Total wealth encompasses the
value of assets held in life insurance, mutual funds, pension funds, securities, shares,
currency, deposits, and other equities (OECD, 2023b). We assume that all additional
investments take place at the end of the year. Overall, we define the return as the

difference between changes in total household wealth, minus savings, as follows:

Return; =Wealth; ;-Savings, ./Wealth;; -1 (1)
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where wealth is defined as the total financial assets of households in US dollars at current
purchasing power prices.'® Savings are defined as disposable income, adjusted for changes
in employment-related pension entitlements, minus final consumption expenditure (OECD,
2023¢)." Costs associated with financial advice (commission or fee-based) are therefore
included in the return variable.'? Implementing logarithmic returns constrains the variance
of the returns. Our discrete returns are highly significantly normally distributed (D’ Agostino

and Pearson’s p-Value < 10-44).

Given that our data contains outliers, we exclude data points where annual changes in
wealth exceed 20 percent. Brazil, India, Russia, New Zealand and Colombia are removed

due to lack of data availability.

2.1.4 Empirical Model

In this paper, we allow for country-specific factors by including country-fixed effects and
by correcting standard errors for heteroskedasticity. Investment returns are also sensitive
to market shocks, for example, the global financial crisis in 2009 and the coronavirus
pandemic in 2020. To account for these year-specific changes in wealth performance, we

implement time-fixed effects.

We estimate the following empirical model:"*
Y, =B8*ComissionBans;; + y*X; i+si+(+ €+ (2)

whereY; ; is our explanatory variable at time t for country i. The regressor ComissionBans, ;
is a binary treatment indicator taking the value 1 in all years after a commission ban in
country i, and O otherwise. The matrix of controls, X; ;, includes social services contribution
as a percentage of Gross Domestic Product (GDP), the working population as a percentage
of the total population, tertiary education as a percentage of the total population and the
percentage of the total population that is female.' Our choice of control variable follows
previous literature, such as Lusardi and Mitchell (2007) for the impact of (financial)

education and Bucher-Koenen et al. (2021) regarding the influence of demographics. We

10 Inflation data would underestimate the effect by focusing solely on price changes without considering
substitution effects. By contrast, values measured in purchasing power parity are the most reliable data source.
This accounts for the impact of differing price levels on consumers and the real loss of purchasing power, not
approximated using the inflation (Laspeyres Index), but instead as a precise deflator.

" For a concise summary, refer to OECD (2023a).

12 As a supporting document, refer to the United Nations (2018) division 12 (insurance and financial services)
p. 166.

13 See Roth et al. (2022) for an overview.

' Arguably, risk aversion is captured by the demographic controls or the household fixed effects.
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control for systematic differences across countries using fixed effects (s;) and for economic
conditions using year-fixed effects ({;). €, captures the error term, corrected for

heteroskedasticity.

A key trade-off in our specification lies between avoiding overfitting and ensuring that all
materially relevant covariates are accounted for. While a vast array of micro-level
variables—could in principle influence wealth dynamics, our two-way fixed-effects design
effectively absorbs country-specific time-invariant heterogeneity and common annual
shocks, leaving only cross-effects unmodeled. Including every conceivable control would
risk diluting statistical power and introducing multicollinearity. We therefore retain a
parsimonious set of macroeconomic and demographic controls that capture the primary
drivers of wealth accumulation, while acknowledging that residual micro-level

confounders remain a limitation and warrant investigation in future research.

We adopt the suggestions from Baker et al. (2022) to validate our results. Nearly 85
percent of the countries in our dataset have never been treated, ensuring a robust control
group. The assumption of parallel pre-treatment trends is corroborated by our analyses
(see Figure 2.2 in the appendix). The potential caveats associated with two-way fixed
effects models, as highlighted by Imai and Kim (2021), do not impact our results, due to
the one-time treatment of each country in the sample. A placebo test in the spirit of
Callaway and Sant’Anna (202 1) further substantiates the validity of our analysis (see Table
2.7 in the appendix). Moreover, the residuals of our dependent variable do not display a

clear trend, with only a few outliers, as depicted in Figure 2.3.

Given the relatively small number of observations, analyses on narrow subsamples are of
limited reliability. When we drop entire initial or terminal years from the sample period,
the estimated effect remains positive but loses statistical significance. Rolling-window
estimations are impractical here, because at the start of our panel only one to three
countries had implemented a commission ban, creating complete—or nearly complete—
multicollinearity. This small-sample issue persists until around 2013, after which a fourth
country enters treatment. In our two-way fixed-effects framework, retaining both lead and
lag years of the policy change is therefore essential to satisfy the parallel-trends assumption

(see Figure 2.2 in the appendix).

We acknowledge that using annual aggregate data limits the granularity of our analysis
and may mask short-term dynamics and transition effects. However, a two-way fixed
effects specification on yearly data was chosen to robustly capture long-run cross-country
impacts while smoothing out high-frequency volatility. Hence, annual macro series deliver

more reliable estimates for pension-oriented wealth changes over multiple decades.
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Nonetheless, we stress that macro indicators cannot fully capture individual heterogeneity

or behavioral nuances that micro data reveal.

2.1.5 Hypothesis and Overall Results

Drawing from the extensive literature on financial advice, we test the following research

questions for our empirical research:

= How do commission bans effect household wealth development?

= Does household saving behavior change when commission bans are
implemented?

= Do commission bans discriminate against the poor?

= How do commission bans impact participation in capital markets among

private households?

To answer our first research question, introducing a commission ban results in a significant
relative increase in household wealth returns of 1.7 percent per annum. This outcome
persists after accounting for the control variables, with a 1.4 percent increase per annum.
The added explanatory power of the control variables is relatively low, as the two-way
fixed effects model already captures most of the effects. Since most of the countries that
have introduced commission bans are European, we focus our analysis on this group.
Analyzing a more homogeneous set of countries might alter our overall findings. When
analyzing European countries, we observe that the impact of commission bans is both
highly positive and statistically significant (see Table 2.2). The effect rises between 1.8
percent and 2.1 percent when we include control variables. Thus, we conclude that
commission bans also have a significantly positive impact on household wealth returns in

Europe.
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Table 2.2 The Effect of Commission Bans

(1 (2 3) 4

Panel (A): Return on Household Wealth

Commission Bans 1.7006*** 1.4104** 1.8360** 2.1865***
(1.9143) (1.6040) (1.8100) (2.1220)
No. Observations 773 773 548 548
R-Squared (Overall) 0.5333 0.5449 0.4651 0.4798
R-Squared (Within) 0.2318 0.2441 0.2239 0.2421

Panel (B): Change in Savings Rate

Commission Bans -0.1849 0.1245 -0.4558 0.2877
(-0.2917) (0.1861) (-0.5968) (0.3296)
No. Observations 773 773 548 548
R-Squared (Overall) 0.2082 0.2319 0.2746 0.316
R-Squared (Within) 0.1765 0.201 0.251 0.2933

Panel (C): Bottom 50% Wealth

Commission Bans 1.5800 2.0390 1.6538 5.2034
(0.3973) (0.5551) (0.3266) (1.3560)
No. Observations 647 647 466 466
R-Squared (Overall) 0.2414 0.256 0.2475 0.2639
R-Squared (Within) 0.0836 0.0977 0.103 0.12
Controls No Yes No Yes
Region OECD OECD Europe Europe

*** ** denote significance at 5% and 10%, respectively, t values in parentheses

Moreover, we examine the effect of commission bans on the change in savings.”™ We find
that the impact on savings is both small and insignificant. The findings are detailed in Table
2.2. Thus, our results suggest that commission bans do not alter the saving behavior of
households. Data from the European Securities and Markets Authority (2022) indicates
that the ongoing costs of retail Undertakings for Collective Investment in Transferable

Securities (UCITSs) are substantially lower in the Netherlands (0.57 percent) than in France

> This data was taken from OECD (20230).
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(1.66 percent), Germany (1.49 percent), Italy (2.06 percent) and Spain (1.67 percent). This
can be attributed to heightened competition between product manufacturers following
commission bans. Concurrently, commission bans may lead to reduced costs as product
manufacturers no longer have to cover the expenses of inducements paid to distributors

(White et al., 2023).

Furthermore, we conduct our analyses across different wealth percentiles of the overall
population to empirically evaluate the widely held assertion that commission bans may
disadvantage poorer households.'® Drawing on data from Facundo Alvaredo et al. (2022),
we calculate the impact of a commission ban on the top 10 percent and bottom 50 percent
wealth percentiles of households. For the bottom 50 percent, the results of a commission
ban are positive, but not significant (see Table 2.2). However, the effect in this subsample
is still close to the overall results (1.6 percent versus 1.7 percent for all OECD Countries).
This emphasizes that commission bans do not structurally constrain the wealth of poorer

households.

In the next step, we investigate how commission bans impact on the asset allocation of

private households. We do so by estimating the following model:

Yj,-,t=aj+Zf=7s,-k+Z,L=7(,t+6j *CommissionBans,-,t+y]fX,-,t+£j,-,t (3)

Here, Yj; , represents the proportion of the j-th financial asset in the portfolio of private
households in country i at time t. a; denotes a specific intercept for the j-th asset. SR 1Sk
signifies the sum of country-specific fixed effects, where each s; is a dummy variable for
country i (with K being the total number of countries minus 1). Similarly, S, (;; represents
the sum of time-specific fixed effects, where each {;; is a dummy for year t (with L as the
total number of years minus 1). Bj is the coefficient to be estimated for the effect of the
ban on commissions on the j-th asset. X; is a vector of control variables. €;;; denotes the

error term.

16 The intuition behind this claim is that poorer customers might be unwilling and or unable to pay upfront
fees instead of commissions.
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Table 2.3 The Effect of Commission Bans on Asset Allocation

Currenc Shares & Securities'? Mutual Fund Life Pensions
y Equity Shares Insurances Funds
Effect on Asset Allocation
Commission  -3.4862*** 1.2304* 1.0000*** 1.0000*** -2.4992*** 1.9185**
Ban (-4.7724) (1.4733) (2.7771) (2.7771) (-6.1887) (1.9556)
Region Europe Europe Europe Europe Europe Europe
Controls Yes Yes Yes Yes Yes Yes

*** ** denote significance at 5% and 10%, respectively, t values in parentheses

Table 2.3 shows the impact of commission bans on asset allocation, presenting regression
results for six distinct asset classes: currency and deposits, shares and other equity,
securities other than shares, mutual fund shares, life insurance reserves, and pension
funds.™ This helps us understand our finding that household wealth in countries with

commission bans outperforms that of countries without commission bans.

The regression results reveal a significant negative association between commission bans
and household allocations to currency and deposits. This implies that in countries where
commission bans are enforced, households are less inclined to include currency and
deposits in their portfolios. Conversely, commission bans exhibit a positive relationship
with households’ allocations to shares and other equity, securities other than shares,
mutual fund shares, and pension funds. Hence, in countries with such bans, households

show a preference for these asset categories in their portfolios.

In essence, the regression data suggests that commission bans sway households toward
riskier assets. For long-term retirement savings, such risk exposures are both standard and
necessary to attain real wealth growth. This trend probably emerges because commission
bans curb financial advisors’ motivation to endorse low-return high-cost products, thus

enabling households to arrive at more informed investment choices.

2.1.6 Modelling the Impact of Commission Bans

Our results enable us to calculate the household wealth foregone for countries without a
commission ban. Here, we assume that the average effect of commission bans can be

extrapolated from our previous results:

Wealth Losscountry i = Household financial assetsCOuntry,. * Returncommission ban ~ (4)

7 Securities other than shares.
18 Retrieved together with the household wealth data from the OECD (2023b).
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Table 2.4 summarizes the wealth loss of countries without commission bans. Overall,
introducing more stringent restrictions on commissions in the EU could add about 584

billion EUR to household wealth every year.

Table 2.4 Household Wealth loss in the European Union from Commission-Based
Systems in 2021 (in billion EUR)

Total 584
Germany 104
France 84
Italy 77
Spain 35
Sweden 28
Belgium 22
Austria 11
Poland 8
Ireland 7
Portugal 5
Czech Republic 5
Greece 3
Hungary 3
Luxenburg 2
Estonia 1
Lithuania 1
Slovakia 1
Slovenia 1
Malta 5

Notes: according to data from Allianz (2022). We assume a 1.8 percent p.a. return difference. Data
for Luxemburg was retrieved from Banque Centrale Du Luxembourg (2022).

2.1.7 Determinants of Commission Bans

Our results show that our control variables influence household wealth formation,
especially in Europe. In addition, we construct our own Lobby Index (refer to separate
technical note) to determine the impact of lobbying on the likelihood of a commission ban.
The following logit regression model helps us draw conclusions about the country-specific

characteristics that increase the probability of a commission ban:
log(P; ¢/ 1-P;y) =6o+6*X; 1+ €+ (5)

where P;  is the probability that country i implements a commission ban at time t. X, is a

vector of our independent variables. €; ; captures the error term.
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Table 2.5 Determinants of a Commission Ban

(1) (2)

Likelihood of a Commission Ban

SocialContri 0.0437 0.4094*
(1.3594) (4.8410)
. 0.1186*** 0.3613***
Tertiarykd (5.7459) (5.3778)
. -0.3536*** -0.9314%**
WorkingPop (-5.2279) (-4.1746)
Population, female -1.2604™ 28174
P ' (-3.3982) (-3.3579)
. 0.1451*** 0.3126%**
Lobby Resistance Index (7.3178) (5.6222)
No. Observations 770 545
Pseudo R-squared 0.4447 0.7563
Log-Likelihood -172.3474 -52.7526
Region OECD Europe

*** denote significance at 5%, t values in parentheses

The social security contributions as a percentage of GDP have a significant positive effect
on the likelihood of a country introducing a commission ban in European countries, but
not when considering all OECD countries. For Europe, this result supports the notion that
countries with a strong social welfare system prioritize consumer financial protection in

the form of commission bans.

Additionally, high levels of tertiary education, which according to the academic literature
correlates positively with financial literacy, significantly increases the probability of
introducing a commission ban in all regions. A well-educated population might be easier
to convince and mobilize in support of the introduction of a commission ban. In Europe,
high financial literacy increases the likelihood of a commission ban by 0.36 percent. Our
results make it apparent that an educated public is a prerequisite for introducing measures

such as commission bans.

Our results also predict a significantly negative relationship between employment rates

and the introduction of a commission bans. This is concerning, as people who accumulate
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wealth during their working lives require qualified and optimal financial advice to support

their savings decisions (van de Ven and Fano, 2017).

Moreover, a high percentage of females in the population significantly decreases the
prospect of a commission ban in the OECD as well as in the European sample. Research
by Bucher-Koenen et al. (2021) shows that female clients are recommended more costly
products, by financial advisors compared to men. Women state a preference for delegating
decisions, but appear unaware of the higher associated costs. Therefore, they might be
less aware of the detrimental impacts of a commission-based system, and less inclined to

question it.

To analyze the impact of lobbying on the likelihood of a commission ban, we construct
our own lobby resistance index." The final score of our lobby resistance index is set to a
scale of 0 to 100, where 0 is the highest level and 100 is the lowest level of perceived
lobbying. Therefore, our results show that the closer the lobby resistance index is to 100,
the lower the probability of a commission ban. In other words, countries with lobby

resistance close to 0 have an increased probability of implementing a commission ban.

Policy Debate

Our results demonstrate that commission bans can enhance the return on wealth for
private households. This section discusses some potential alternatives to commission-based

financial advice.

The primary alternative to a commission-based system is fee-based financial advice,
whereby clients pay the financial advisor directly. Despite the benefits of eliminating the
conflict of interest inherent in commission-based financial advice, some consumer groups
find it challenging to pay for advice directly (de Jong, 2017). Moreover, the fixed fee model

is not entirely devoid of conflicts of interest, as it may give rise to shirking and over-billing.

A prevalent concern about fee-based financial advice is that consumers who can afford it
might not always be ready or willing to pay for the advice directly. Mugerman et al. (2020)
explain that being able to defer payment (timing effect) is the strongest predictor of
people’s willingness to pay, which makes fee-based financial advice unattractive for

investors. As de Jong (2017) discovers, consumers tend to choose the cheapest form of

19 Our index is inspired by the Transparency International Corruption Perception Index, as we aggregate our
data from the Bertelsmann Stiftung Sustainable Governance Indicators (BF), World Bank Global Insights
Business Conditions and Risk Indicators (Gl), Varieties of Demography Project (VDEM) and the World Justice
Project Rule of Law Index (WJP). These provide perceptions of lobby intensity at the institutional level. All data
is publicly available.
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advice instead of the best advice. Many would argue that this reasoning is misquided.
Compared to fee-based financial advice, commission-based financial advice simply “feels”
free of charge, because the costs are concealed. Consumers may be oblivious to the reality
that commission-based financial advice is financed through the fees included in the

financial instrument’s price.

Other alternatives include asset-based models, which link compensation to performance.
The advisor is paid a small percentage of the assets they manage. Theoretically,
performance-based payments should harmonize the interests of advisors and investors, as
both benefit when the investment increases in value. However, the advisor may prioritize
increasing the assets they manage, thereby reducing investments outside the fee
arrangement. We thus advocate future research into both fee-based and asset-based

models.

Many investors are unaware of the costs associated with investment loads, and disclosures
have not addressed this sufficiently (Beshears et al., 2009). Although financial education
programs, like those developed by Lusardi et al. (2020), cover a myriad of topics, the
emphasis on costs may need prioritization to resonate with the public. Merely providing
financial education is insufficient, since commission compensation is opaque and difficult

to understand.

Furthermore, high-performing contribution plans or governmental pension funds, as seen
in countries such as Norway, the Netherlands and Sweden, can encourage competition
among financial advisors by setting strong industry benchmarks. The fact that countries
with investment-based pension contribution plans have also implemented commission

bans is telling.

Another concern is that a commission ban may lead to a significant reduction in the
number of financial advisors. However, empirical evidence from countries that have
adopted commission bans or stricter fiduciary standards suggests otherwise. For instance,
the Netherlands has not observed a decline in the number of independent financial
advisors (de Jong, 2017). The Financial Conduct Authority (2020), reports that the number
of financial advisors in the UK rose by 4 percent between 2012 and 2020, despite a
commission ban having been implemented in 2013. Furthermore, Finke and Langdon
(2012) find no evidence in the United States to suggest that stricter fiduciary standards
relating to commission-based financial advice reduced the number of registered

representatives or impeded their ability to serve lower-wealth clients.
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Theoretically, Thiel (2020) argues that commission bans are associated with so-called
“advice gaps”, suggesting that advice becomes less accessible as financial advisors are
squeezed out of the market. This theory is further supported by de Bruin et al. (2024), who
show that demand for mortgages decreases by 25 percent when costs for financial advice
become salient. However, our results reveal that a potential “advice gap” may not
necessarily be detrimental. Sometimes, the absence of financial advice is preferable to
advice tainted by conflicts of interest. Low-cost products like exchange traded funds (ETFs),
are seldom offered to investors, because these low-margin products do not pay a
commission to distributors. Yet, ETFs can be independently purchased through online
brokers. Both the Netherlands and the UK have experienced a transition to simpler, cost-
effective products after introducing inducement bans, particularly passively managed
funds and ETFs (White et al., 2023). Compared to countries without commission bans in
place, such as Germany, France or Italy, the UK and the Netherlands are leaders in passive
retail fund penetration, with figures of 28 percent and 12 percent respectively (White et
al., 2023).

For future research, it is important to learn from the experiences in various countries. In
particular, researchers can employ micro-level data and case studies for countries that have
introduced commission bans. While our research aims to answer the questions on a cross-
country level, it does not delve deeply into the national-level impacts of commission bans.
We also encourage researchers to further explore the potential consequences of

commission bans for the financial industry.
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Conclusion

Our paper explores the impact of commission bans on wealth formation. The reviewed
academic literature paints a clear picture of the principal-agent problem endemic to the
financial advice industry. Although misaligned incentives of financial advisors stemming
from commission-based systems have been shown to negatively influence the quality of
financial advice, many countries have refrained from introducing commission bans. In
Europe, only five countries, including the UK, have followed the EU Commission’s
recommendation to ban commission-based financial advice. This policy discrepancy has

enabled our empirical research.

We compared data on household wealth in OECD countries, in order to calculate the
difference in the return on wealth between commission with and without commission
bans. Our regressions reveal a markedly positive impact of commission bans on wealth
formation across all OECD countries. This effect is even more pronounced in Europe. The
household wealth of countries with commission bans was between 1.8 percent and 2.1
percent higher annually than those without bans. At a macro level, we estimated the
potential household wealth forfeited due to the absence of a commission ban in some EU
countries. Our calculations reveal that introducing tighter restrictions on commissions

could add about 584 billion EUR to household wealth in the EU every year.

Furthermore, we endeavored to discern the factors that might influence the likelihood of
a nation introducing a commission ban. Our logit regression model suggests that a country
will be inclined to adopt a commission ban if it possesses a robust social security system,
elevated educational standards, and if a lower percentage of the population is female. This
finding is concerning: if economically advanced nations continue to adopt superior wealth-
fostering policies, standards of living could diverge significantly among EU and OECD

countries.

We hope that our paper will foster academic interest in strategies that both promise and
deliver growth in private household wealth growth, especially in an era marked by aging
populations and strained pension systems. Our conclusions firmly endorse the introduction

of commission bans.
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Appendix

Table 2.6 Descriptives

. o .
Wealth Commission SocialContr  TertiaryEd YoWorkingP  Female Pop
return ban op (%)

count 773 773 773 773 773 773
mean 1.14 0.14 9.69 30.07 66.7 51.08
std 8.58 0.35 4.43 11.2 2.25 1.04
min -35.5 0 0 7.1 59.5 47.98
25% -2.58 0 6.38 21.95 65.38 50.45
50% 1.77 0 10.76 29.77 66.7 50.88
75% 5.32 0 13.21 38.34 67.97 51.45
max 66.9 1 18.11 59.96 73.42 54.21

Table 2.7 Correlation Matrix

— S .

Wealth  Commission SocialContr TertiaryEd %WorkingP  Female Pop

return ban op (%)
Return Wealth 1.0000 -0.0694 0.0136 -0.0216 -0.0882 0.2203
Commission ban ~ -0.0694 1.0000 -0.0993 0.2767 -0.2042 -0.1988
SocialContr 0.0136 -0.0993 1.0000 -0.2562 0.0295 0.2690
TertiaryEd -0.0216 0.2767 -0.2562 1.0000 -0.3279 -0.2260
%WorkingPop -0.0882 -0.2042 0.0295 -0.3279 1.0000 0.0122
Female Pop (%) 0.2203 -0.1988 0.2690 -0.2260 0.0122 1.0000

Table 2.8 Placebo Test Results

97.5th percentile -1.3923 -1.5266 -1.7454 -1.8068

2.5th percentile 1.9237 1.7731 2.1350 2.0581

Region Total Total Europe Europe

Controls No Yes No Yes

Notes: We ran a placebo test as suggested by Callaway and Sant’Anna (2021). Here, we simulated
10,000 regressions for each sample with randomly assigned commission ban variables (for times
when no ban was in place). No significant effect could be detected in any subset at the 5 percent

confidence level, supporting the validity of our model.
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Figure 2.2 Lead Variable analysis for the Total Sample with Controls

Notes: We (pre-)tested the parallel trends assumption in the spirit of Sun and Abraham (2021). This
means that our control and treatment groups showed similar wealth trends before the commission
ban was introduced. This was implemented by adding lead variables to our model (t-1 to t-5) and
running the regression. The resulting coefficients for the total sample without control variables are
shown visually, as the results of the other samples differ very little. In this case, no lead effect is
significantly different from zero at the 5 percent confidence level. is significantly different from zero
at the 5 percent confidence level.

Figure 2.3 Residual Plot for the Total Sample with Controls
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3 Does Residential Land Development Pay off

Fiscally?

Abstract

The economic profitability of land development is well known to local decision makers in
Germany particularly as it relates to the development of commercial real estate. Less
attention has been paid to residential land development, especially in view of its impact
on income tax revenues for municipalities. We estimate the income tax effect based on
spatial regressions in a panel for the years 2011 to 2020 using a unique synchronized panel
database for German districts. Our findings suggest that a one percent increase in
residential area has a significant positive effect of about 0.5 to 0.7 percent on income tax
revenue for municipalities annually. Robustness checks confirm our findings. Further, we
relate these estimates to costs for residential land development, offering insights for

policymakers.

Keywords — Urban development, Tax revenues, Spatial regression
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Introduction

Germany’s severe housing shortage has become an issue placed squarely at the center of
voters’ concerns and increasing residential building tops the political agenda. Current
estimates suggest an undersupply of roughly 700.000 dwellings (Gunther, 2023).
According to the German Federal Statistics Office more than 9.5 million people, live in
cramped conditions.?® As a response, in 2021 the German government set the ambitious
goal of building 400,000 new homes a year. However, during the course of the last two
years, this target was not met. In this context it may come as a surprise that German
municipalities focus heavily on the development of commercial land rather than that of
residential land. The reason for this lies in the German tax system, which allows
municipalities to determine the business tax (Gewerbesteuer) on their own discretion,
whilst most other taxes such as the income tax, are determined at the federal level and are
accordingly uniform across Germany. Therefore, this results in the incentivization for
municipalities and local political decision-makers to favor commercial land development
over residential land development in order to maximize business tax revenues. Business
taxes are thus the proverbial carrot dangling in front of decision makers as they develop

commercial areas.

One paper that looks at business taxes and commercial land development in Germany is a
study by Langer and Korzhenevych (2018), which finds that an increase of one square
meter of commercial land increases business-tax revenues by about 13 € in the German
State of Bavaria. This underscores the financial benefits of commercial land development,
although it overlooks potential income tax revenues that come from residential land
development which is what would be required to overcome housing shortages. Our
research is driven by the need to understand and quantify the relationship between

residential land development and its impact on income tax revenues.

To achieve this, we employ spatial regressions in our methodological approach to account
for regional heterogeneity and consider neighboring and spill-over effects. Our findings
are both significant and revealing. We find that a one percent increase in residential living
area correlates with a 0.5 to 0.7 increase in income tax revenue. Additionally, we find
significant positive effects of age, income, and population density on income tax revenues.
These results underscore the fiscal benefits of residential development that have been

potentially overlooked in the debate surrounding the creation of new housing supply.

2 According to EU-SILC this is defined as living space with no common room or no private room for children
over 12 years old.
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Additionally, by comparing the average costs associated with different forms of residential
land development to income tax revenues, we offer a foundation for local decision-makers
to determine financial break-even points for individual residential development projects.
Our approach therefore also contributes to the ongoing discourse on the economic
profitability of land development in the context of environmental concerns (Harrison,
2017).

The paper is organized as follows: Section 2 offers a comprehensive literature review.
Section 3 details our data and variables, laying the groundwork for the empirical analysis.
Section 4 introduces our empirical methodology. Our results are presented and interpreted
in Section 5, before we offer a mathematical approach to comparing income tax effects

with costs associated with land development in Section 6.

From Theory to Empirics

The literature on strategic fiscal interactions between regions is extensive but does
however focus more on business taxes and public expenditures than income taxes. One
example of this tendency is the research conducted by Cassette, Di Porto and Foremny
(2012), who show that foreign local fiscal policy does not impact domestic tax setting
behavior when they examine French and German local tax burdens on firms. Langer (2019)
analyzes municipal expenditures in light of horizontal fiscal interactions, which occur due
to public expenditure spillovers, fiscal competition, and yardstick competition (Borck et al.,
2015; Revelli, 2005; Stastn, 2009). Local government activities directly affect neighboring
preferences, leading to competition for residents and businesses between municipalities

(Wilson, 1999).

Jurisdictions may increase expenditures or lower taxes to attract residents and firms,
indirectly influencing each other's policies and resulting in competition among
governments. The theoretical foundation of these studies can however not be translated
to the German context, given that income tax is uniform across Germany and cannot be
set individually by municipalities to compete for residents. Although municipalities cannot
set the statutory income-tax rate, they receive 15 percent of federal income-tax revenue.
Because this share depends on both the number and the socioeconomic composition of
residents, residential development can—albeit indirectly—strengthen municipal budgets.
Business-tax multipliers, by contrast, are under direct local control, which explains the

traditional policy bias toward commercial land.
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Nonetheless, residents often compare their local policies with those of neighboring
jurisdictions, using them as a yardstick to evaluate their own local government’s
performance (Solé-Ollé, 2006). Bordignon, Cerniglia and Revelli (2003) find that there is a
positive spatial autocorrelation in local tax rates in Italian jurisdictions where mayors face
uncertain re-election contests, which suggests that the political setting significantly

influences whether yardstick competition is at play.

Focusing on income tax effects from residential development, studies by Gutsche (2003),
Reidenbach et al. (2007), and Krause-Junk (2007) have sought to determine the fiscal
effects of residential land development in Germany. However, these studies have notable
limitations. They do not employ spatial regression analysis, which is crucial for
understanding income tax revenues across different regions by accounting for spatial
heterogeneity. Furthermore, they focus only on specific case studies and restricted areas
within Germany. To our knowledge, no single study has empirically evaluated the income
tax effects across all German districts. This is even more important, given that the income
tax rate cannot be set at the municipal level and revenues from it can only be interpreted

as a national average.

Gutsche (2003) for instance examines the impact of residential build-up in the greater
Hamburg area on property and income tax revenues, comparing these revenues to the
immediate and ongoing costs of land provision. His findings suggest that new residential
spaces are particularly profitable for urban regions. Similarly, Verhoef and Nijkamp (2008)
and Ahrend and Lembcke (2016) conclude that tax revenue effects from land consumption
are higher in urban areas than in rural ones. These studies align with the New Economic
Geography (NEG) framework, which posits that agglomeration economies create rents for
mobile factors rather than simple tax competition (Wilson, 1999). Graham (2007) also
supports this view, showing that returns to agglomeration are higher for sectors typically
found in large urban areas. However, the positive fiscal effect of residential land
development postulated in these findings is not unanimous. Reidenbach et al. (2007)
identify a negative relationship between residential land development and tax revenue
when the costs of social infrastructure are included. Their study, which focuses on two

distinct municipalities, is further supported by Monnich (2005).

Gotze and Hartmann (2021) argue that focusing new developments on high-income

households can circumvent the high costs associated with social benefits, for instance. On
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the other hand, this strategy reduces the cost-efficiency of technical infrastructure when
new settlements have low population density. Focusing on residents of a particular socio-
economic background is highly limited in Germany as there are in fact subsidies and other
legal instruments in place to promote social mixing (Soziale Durchmischung). Importantly,
Monstadt and Meilinger (2020) do observe that municipalities with high income tax
revenues often oppose further urban development due to the negative connotations
associated with dense living forms. We can therefore dismiss the idea that municipalities
with high income tax revenues by nature develop more residential land compared to low-
income municipalities. This is underscored by the Not In My Back Yard (NIMBY) literature
(for a comprehensive overview of the underlying debate see Brouwer and Trounstine
(2024)).

It is important to understand what influences income tax revenues. We orientate ourselves
alongside Langer and Korzhenevych (2018) and Rittenauer and Best (2021) who posit
among other things that economic output, unemployment rate, population, and
employment structure all influence the business taxes generated by a municipality, which
is likewise the case for income taxes. Recognizing the diversity in land-use policies globally,
our research focuses on Germany. Cavalleri, Cournéde and Ozségut (2019) describe
Germany as having an inelastic housing supply and high tenancy rates, underscoring the
need to strategically examine land use to increase housing supply (Duca, Muellbauer and

Murphy, 2021; Turner, Davies and Marquardt, 2017).

Institutional Setting

In the context of this paper, it is important to understand the role of municipalities in
facilitating housing supply through land development in Germany. Vacant (greenfield) or
vacated (brownfield) sites are sold either by the municipality or private owners. Developers
are required to draw up and present land use plans before local authorities grant
permission based on these plans. This stage is where municipalities can lay preferred

allowances for commercial rather than residential land use plans.

Germany comprises sixteen federal states (Bundeslander). At the local level, districts
(Landkreise) are the most significant entities. The more than 11,000 municipalities
(Gemeinden) operate at a subordinate level, largely entitled to handle local matters as they
see fit (Article 28 (2), Constitutional Law). Within the municipal budget, income tax

revenues form the largest person-related tax item. In comparison, property tax is around
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1/14th of income tax revenues in the municipal budget (Statistische Amter des Bundes und

der Lander, 2023).

Unlike in the US, Germany's system of fiscal federalism is based on a cooperative rather
than a competitive tax system where the horizontal distribution of functions is matched by
the prevalence of revenue sharing. All major taxes (income and corporate income taxes
and the value-added tax—VAT) accrue jointly to federal, and municipal governments.
According to German tax legislation, a municipality is entitled to a fifteen percent share of
household income tax revenue (per person). Income tax rates are uniform across Germany
and, unlike with local business taxes (Gewerbesteuer) or land transfer taxes
(Grunderwerbssteuer), cannot be set competitively at the municipal or state level,

respectively.

As a result, German municipalities are unable to simply compete for mobile factors by
changing the income tax policy as standard models of tax competition would assume.
These only apply for commercial land development, where municipalities can set the
business tax rate with the intent to increase revenues. However, municipalities designate
land as residential primarily in order to overcome housing shortages (see German
Baulandmobilisierungsgesetz). Quantifying the income tax benefits delivers new insights
to residential land development in Germany and can shift municipal attention away from
concerns regarding the fiscal profitability of residential land development also in relation

to commercial land development.

Data

To measure the fiscal effect of land uptake in Germany, we collect regional panel data
from the Federal Statistics Agency database.?’ These data, updated annually, cover the
entirety of Germany in terms of land use. For German districts and autonomous cities, this
results in a comprehensive and balanced panel over a 10-year period??, enabling us to trace
changes in land use at a regional level. The choice of counties (Landkreise) and
independent cities (kreisfreie Stadte) is driven by data availability. Owing to numerous
municipal boundary reforms during the study period, only the county level provides a

consistent panel across years. Conducting the analysis at the single-municipality level

21 See Statistische Amter des Bundes und der Lander (2023).

22 According to the subsidiarity principle, Germany contains 10,773 municipalities. While municipalities with
large populations are self-governing, smaller municipalities are consolidated into counties under administrative
law. In Germany, there are 106 independent cities and 294 counties, resulting in a total of 400 observation
units.
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would undermine comparability over time.?*> We focus on living area to consider the areas
that districts can offer to the population for residence. In most cases, growth in living area

can be represented by the designation of building land.

Due to the availability of a homogeneous data set, our observation period is limited to the
years 2011 to 2020.* Within this period, most German districts experienced an increase
in living area, as shown in Figure 3.1. Simultaneously, income tax revenue increased in
every district, as can be seen on the right-hand side of Figure 3.1. Figure 3.1 also makes
clustering apparent. Increases in living area and income tax revenues are similar within one
region. Figure 3.2 highlights the positive relationship between the changes in income tax
revenues and living area for districts from 2011 to 2020. Figure 3.2 plots the percentage
change in income tax revenues against the percentage change in residential area over the

same period.

Figure 3.1 Total Growth of Residential Area (left) in m? and Municipal Tax (right)
in € over the Period 2011 - 2020

2 We therefore acknowledge that within-county heterogeneity across municipalities remains a limitation.

24 \We are aware that this period was characterized by a low-interest rate environment. In Germany, income
tax declaration data can be adjusted retrospectively for up to 4 years. Therefore, final data for more recent
years is not available.
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Figure 3.2 Change in Living Area and Income Municipal Tax (2011 - 2020)
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To account for economic conditions at the district level, we use disposable income per
capita, gross domestic product (GDP) per capita, and the share of unemployed persons per
capita as proxy variables. Additionally, to control for the influence of settlement structure
on income tax revenue, we add the population density to our analysis.?> To reflect spatial
heterogeneity within the data, particularly in terms of demographics, the youth ratio is
included.”® Regarding the different income levels of various occupational groups, we
include the shares of the working population in the service and processing sector
respectively, for each district.?” Table 3.1 shows the descriptive statistics for all variables
mentioned above. Since we aim for a complete analysis of the German spatial structure
and control for neighbourhood effects, we refrain from removing any outliers from the

data set.

% Since urban areas are usually more densely populated, we use the population density as proxy for the
distinction between urban and rural areas.

2 The youth ratio compares the share of under 20-year-old inhabitants with the share of inhabitants of working
age. It serves as proxy for the aging structure of a county.

27 All data is gathered from the German Federal Agency of Statistics.
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Table 3.1 Descriptive Statistics

Statistics Abbr. n Mean Median St. Dev. Min. Max.

Municipal share of

income tax (EUR) Tax 4,000 8893m 60.86m  120.50m  8.61m 1.83bn
Living area Area 4,000 9,221 7,048 9,409 1,501 142,716
Population density Density 4,000 526.83 197.17 691.82 3558  4789.84
GDP per capita GDP 4,000 35,241 31,201 15,710 13,338 194,876

Disposable  income

per capita Income 4,000 21,504 21,311 3,009 14,893 42,840

Unemployment - per Unemp 4,000  0.031 0.028 0.010  0.007  0.092

capita

Share of workforce Share

in the service L 4,000 70.33 69.95 9.72 42.30 94.00
Service

sector (%)

Share of workforce Share

in the processing — 4,000 19.59 18.30 8.67 1.60 52.90
Process

sector (%)

Youth ratio (%) Youth 4,000 30.43 31.10 3.76 0.00 60.00

Units: m - million; bn - billion

Estimating the Effect on Income Tax

In standard ordinary least squares (OLS) regression, it is assumed that each observation
does not affect another. However, observations located in proximity often display
similarities, leading to potential biases in OLS outcomes (Elhorst, 2010; LeSage, 2014). To
address this issue, spatial models recognize the interconnectedness of regions.”® Golgher
and Voss (2016) underscore the broader implications of these spatial shifts. The concept
of “spatial spillovers” refers to the ripple effects one region can have on its neighbors. For
instance, if one city improves its public transport system, neighboring cities may witness
an increase in commuter numbers.? In the face of the ongoing trends of urbanization and
urban sprawl, we can expect spatial patterns in the designation of living area and in the
distribution of income (Guo, Buchmann and Schwarz, 2019). Therefore, we anticipate
spatial dependencies in the income tax data and test for spatial autocorrelation using
Moran’s I. The test statistics reveal significant positive spatial autocorrelation, validating
the appropriateness of spatial regression models.>* Considering these effects, we acquire

a shapefile of Germany from the Federal Agency for Cartography and Geodesy. We apply

28 For example, changes in economic health or crime rates in one region may affect neighboring areas.
2 Golgher and Voss (2016) categorized these influences into direct, indirect, and total effects.
30 See Appendix Table 3.7 for Moran's | test statistics.
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the Queen method to compute a first-order binary neighborhood matrix W.2" This enables
us to calculate spatial regression models that consider neighboring cities and districts and
incorporate these relationships into the calculation of the coefficients. We employ the
following Spatial Durbin Model to examine the relationship between residential land
development and municipal income tax revenues (Elhorst, 2010; Halleck Vega and Elhorst,
2015; Langer, 2019; Lee and Yu, 2016; LeSage, 2014; Millo, Piras and others, 2012). This
approach constitutes a general specification for spatial regression models from which

further models can be derived.??
N N
Yie = PZ Wi;Yie + BXie +vCit + 2 W, ;j0Cit + pi + 6 +uip (1)
=1 =

withi,j=1,..,N (2)
and u;; = AWu]-,t +&: (3)

where i indexes districts, t indexes time and j indexes a neighboring district to i.?? In the
first equation, C refers to a 1 x K vector of district-level control variables with y denoting
the estimated parameter, while y; and &§; denote district and year fixed effects,
respectively. The sum of W; ;C; . describes the properties of neighboring districts. 8 refers
to the associated 1 x K vector of estimated coefficients. The dependent variable is the
annual municipal income tax revenue Y. The sum of W; ;Y; . depicts the spatial dependency
effects of neighboring districts. W is a binary neighborhood matrix, wherein W; ; is the
i, jth element of that matrix. p measures the response factor with neighboring districts.
The independent variable of interest, X, represents the living area in 1,000 square meters,
whereas f refers to the estimated coefficient. The disturbance term is denoted by u; . 4
measures the error response factor of neighboring districts. Last, ¢;, refers to the
identically and independently normally distributed error term. We use logarithms to ensure
linearity of all variables except for the shares of the workforce in the service and processing
sectors, which are given in percentages. The control variables include disposable income
per capita, GDP per capita, population density, unemployment per capita and workforce
share in the processing and service sectors, respectively. We include district and annual

fixed effects in all model specifications to control for unobserved heterogeneity, such as

31 The neighborhood matrix is calculated based on the sdep-package in R by Bivand et al. (2015). The vector
turns one whenever two counties are adjacent to each other and zero otherwise.

32 With the application of various spatial regression techniques, the regression equation changes accordingly

3 In the following, neighboring counties are also referred to as spatial lagged. While we do not claim full
causal identification, we mitigate confounding by adding unemployment rate, industrial-employment share
and median household income as controls, and by estimating district-year fixed effects alongside spatial lags.
Residual unobserved heterogeneity, however, cannot be entirely ruled out.
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differing local regulations or exogenous shocks. Furthermore, these fixed effects prevent
our variable of interest from being influenced by unobserved or omitted variables like the

topography of certain districts.

Based on the academic literature, there is a generally held expectation that an increase in
living area positively influences income tax revenue. The trend of progressive urbanization
is anticipated to introduce spatial effects. For the selected control variables in our model,
the findings of Gotze and Hartmann (2021) indicate that high disposable income, GDP and
low unemployment are associated with high income tax revenues. These variables
collectively serve as indicators of economic prosperity and stability, conditions that are
typically conducive to higher income tax receipts. According to Langer and Korzhenevych
(2018), the economic structure of a district can be proxied by the share of the workforce
in the processing and services sector. In alignment with this approach, we assume that a
high share of the workforce in both these sectors leads to higher income tax revenues.
Gutsche (2003) and Dekel (1995) provide evidence for a positive relationship between
increased population density and income tax revenues. This assertion is rooted in the pull
factor that urban areas exert. As part of the model selection process, we gradually increase
the complexity of the regression model by adding further regressors. Based on the
equation above, this is done by setting all spatial parameters to zero to obtain a simple
OLS regression model. However, since the existence of a spatial pattern in income tax
revenues has been proven by applying Moran's |, the coefficients cannot be interpreted.
Referring to Gutsche (2003) and Dekel (1995) we include the spatial lagged population
density in a second step. We thereby control for the urban sprawl of cities and

metropolitan areas in terms of income distribution (Guo, Buchmann and Schwarz, 2019).

This step proves the first neighborhood spillover effects by resulting in a highly significant
coefficient for x;. ** Additionally, and to refer to the spatial pattern in income tax revenues
derived by Moran’s |, we add a spatial lag of Y (Braun and Lee, 2021; Gornig and Goebel,
2018; Guo, Buchmann and Schwarz, 2019). The highly significant effect of the spatial
coefficient p allows us to prove the existence of neighboring spillover effects on income
tax revenues. In the following step, we combine the spatial lag of X (SLX) model, and the
spatial autoregressive (SAR) model derived by including the spatial lag of Y, to obtain a
spatial Durbin model (SDM). This specification, depicted in the equation above, controls
for spatial spillover effects in the dependent and in the independent variables of interest.

Lee and Yu (2016) explore spatial Durbin panel models (SDPMs), elucidating the challenges

34 The OLS regressions are conducted applying the plm-package in R by Croissant and Millo (2008).
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inherent in pinpointing individual parameters within these models. Their research offers

guidance on achieving accurate and reliable estimations from SDPMs (Lee and Yu, 2016).

In a further step, we remove both exogenous and endogenous spatial lags and include a
spatial lag in the error term by adding u; in the equation of the disturbance term. This
leads us to a spatial error model (SEM), which is extended by adding the spatial lagged
exogenous variable from the SLX model.>* LeSage (2014) highlights the efficacy of two
specific models for spatial data: the SDM and the SDEM. Therefore, and due to the growing
research on applied spatial regression models, we conduct a broad analysis to present the
process of model selection. In spatial analysis, when nearby observations influence each
other, traditional measures like R-squared can be misleading. This is because spatial
influence challenges common assumptions that data points behave independently
(Hoeting et al., 2006). We therefore consider alternative methods such as the log-
likelihood-value, the Akaike information criterion (AIC) and the Bayesian information
criterion (BIC). The assessment of the residuals reveals that the autoregressive models SAR
and SDM account most effective for spatial patterns since they appear to be ruled out in
the residuals. The spatial error models result in weaker model selection criteria and higher
remaining spatial clusters in the residuals compared to the applied autoregressive models.>®
Hence, the interpretation of our results focusses on the coefficients identified by these

regression approaches.

3 All spatial panel models are calculated using the splm-package in R by Millo, Piras and others (2012).
36 See Appendix Figure 3.3 for the residual plots.
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Table 3.2 Regression Results

Dependent Variable: In(Tax)
(M

OoLS

@

€]

SLX

@

()

SAR

6)

@

SDM

®)

)

SEM

(10)

SDEM

(1

(12)

In(Area) 0.957*** 1.150*** 1.260*** 1.174*** 0.502*** 0.527*** 0.678*** 0.576*** 0.820*** 0.630*** 0.831%** 0.650***
(0.051) (0.066) (0.063) (0.068) (0.029) (0.041) (0.034) (0.042) (0.037) (0.044) (0.037) (0.045)
In(Density_Lag) -0.410*** -0.080 -0.237*** -0.176*** 0.062 0.064
(0.052) (0.050) (0.027) (0.030) (0.035) (0.035)
In(Density) 0.143** 0.177*** 0.1171*** 0.187*** 0.215*** 0.202***
(0.049) (0.053) (0.029) (0.032) (0.033) (0.034)
In(GDP) 0.058*** 0.060*** 0.024** 0.028** 0.022** 0.023**
(0.015) (0.015) (0.009) (0.009) (0.008) (0.008)
In(Income) 0.108*** 0.110%** 0.072*** 0.076*** 0.080*** 0.079***
(0.024) (0.024) (0.015) (0.015) (0.014) (0.014)
In(Unemployment) -0.163*** -0.163*** -0.049*** -0.048*** -0.037*** -0.037***
(0.006) (0.006) (0.004) (0.004) (0.005) (0.005)
Share_Service 0.007*** 0.007*** 0.004*** 0.004*** 0.004*** 0.004***
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
Share_Process 0.013*** 0.013*** 0.007*** 0.007*** 0.006*** 0.006***
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
Spatial Coefficients
s 0.843*** 0.830*** 0.842*** 0.829***
(0.009) (0.010) (0.009) (0.009)
p 0.828*** 0.754*** 0.825*** 0.757***
(0.009) (0.010) (0.009) (0.010)
Observations 4,000 4,000 4,000 4,000 4,000 4,000 4,000 4,000 4,000 4,000 4,000 4,000
Fixed Effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Estimator OoLS OoLS OoLS OoLS S-ML S-ML S-ML S-ML S-ML S-ML S-ML S-ML
Spatial Weights Matrix None None None None Queen Queen Queen Queen Queen Queen Queen Queen
(Order 1) (Order 1) (Order 1) (Order 1) (Order 1) (Order 1) (Order 1) (Order 1)
LogLik. 8,319 8,989 8,354 8,991 10,682 10,805 10,716 10,825 8,314 8,590 8,322 8,601
Akaike Inf. Crit. -16,633 -17,963 -16,701 -17,963 -21,359 -21,592 -21,425 -21,630 -16,623 -17,161 -16,636 -17,182
Bayesian Inf. Crit. -16,620 -17,912 -16,682 -17,907 -21,340 -21,535 -21,399 -21,567 -16,604 -17,105 -16,611 -17,119

Signif. codes: 0 "***" 0.001 ‘**" 0.01 "*" 0.05"." 0.1 " " 1
Standard errors are in parentheses.
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Income Tax Revenues from Residential Land Development

Columns (1) to (12) of Table 3.2 display various model specifications, all conducted with
4,000 observations and including district and year fixed effects. Across these specifications,
we find that the coefficient for residential land development is consistently positive and
highly significant.?” Other coefficients behave as expected; for example, a higher
disposable income leads to higher income tax revenues, while higher local unemployment
results in lower income tax revenues. The SDM model in the eighth column exhibits the
lowest AIC (-21,630) and BIC (-21,567) values among all the models. This suggests that it
is the best-fitting model among those considered. It shows, ceteris paribus, that a one
percent increase in the living area leads to an average increase in income tax revenues of
around 0.58 percent. When we broaden the dependent variable to aggregate of income
tax, shared VAT, business tax and property tax we find that this yields an average revenue

of 53.01 EUR per newly designated residential square meter.

Upon a thorough examination of the spatial regression results presented in Table 3.2, a
nuanced understanding of the relationship between residential living areas and income tax
revenues emerges. The central variable of interest, the natural logarithm of living area
(AREA), consistently demonstrates a positive and significant relationship across various
model specifications, highlighting its substantial influence on municipal income tax
revenues. In the SAR model, which incorporates the spatial lag of the dependent variable,
the coefficient for living area decreases to 0.527 percent, indicating that spatial
interactions affect the impact of living area on income tax revenues. This means that a one
percent increase in living area correlates with a 0.527 percent increase in income tax
revenues ceteris paribus on average. Quantifying this effect for all of Germany is novel and
enables an adequate cost-benefit analysis for local authorities. Conversely, when
accounting for spatial error autocorrelation in the SEM, the coefficient for living area
decreases to 0.630 percent, suggesting that some of the variation in income tax revenues
previously attributed to living area is in fact due to spatial error autocorrelation. This
distinction is crucial, as it highlights the importance of accounting for spatial processes to

derive accurate and unbiased estimates.

The SDM and the SDEM further extend our understanding by integrating both spatial lag
and spatial error effects, respectively. In these models, the coefficients for living area are
0.576 percent and 0.650 percent, respectively, suggesting that both spatial lag and spatial

error processes play significant roles in shaping the relationship between living area and

37 This observation continues to hold true when we subsample our data from 2011-2015 and 2016-2020.
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income tax revenues. In our SAR and SDM models, the spatial lag of population density
(DENSITY_LAG) shows that an increase in population density in neighboring areas is
associated with a decrease in income tax revenues. This reflects potential substitution
effects and a pronounced urbanization effect. Control variables such as GDP per capita,
disposable income per capita, and workforce shares in the service and processing sectors
consistently exhibit positive relationships with income tax revenues, aligning with
theoretical expectations. The unemployment ratio per capita shows a significant negative

relationship.

The values presented in Table 3.2 for Rho (p) and Lambda (A) across various spatial
econometric models provide important insights into the spatial dependence of municipal
income tax revenues. In the SAR model, a p value indicates significant positive spatial
autocorrelation. As the spatial autoregressive parameter p is equal to 0.843 and 0.83
respectively (Columns 9 and 10). This implies that roughly 80 percent is explained by the
indirect or spillover effect suggesting that a municipality’s income tax revenue is
substantially influenced by neighboring areas. The SDEM model shows a similar trend, with
Avalues of 0.842 and 0.829 respectively (Columns 11 and 12), confirming the presence of
spatial relationships. The remainder is explained by the direct effects, namely the impact
of variation in a variable in the same district. Moreover, p in the SAR model is 0.828 and
0.754 respectively (Columns 5 and 6), highlighting significant spatial autocorrelation in the
error term and suggesting that unobserved factors affecting income tax are correlated
across districts. The SDM model corroborates this with p values of 0.825 and 0.757
respectively (Columns 7 and 8), emphasizing the robustness of these spatial correlations.

Further robustness tests with subsamples reveal similar results.®

Although our empirical results reveal a net positive spatial spill-over effect, the underlying
mechanism cannot be unambiguously decomposed into (i) ‘free-riding’ imitation, where
one municipality emulates the success of its neighbors, and (ii) pure displacement, where
gains in one locality come at the expense of another. Consequently, we acknowledge as a
limitation that the observed positive aggregate effect cannot be causally attributed to

imitation versus competitive crowd-out.

3.1.1 Indirect and Direct Neighborhood Effects

In spatial autoregressive models, the estimated coefficients can be broken down into direct

and indirect effects to examine the spatial relationships of individual effects in more detail.

38 See Appendix Table 3.7 for regression outputs.
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In the following, this analysis is carried out for the two models with the highest model fit
according to the selection criteria AIC and BIC. We thereby focus on population density to

prove urbanization effects.

Table 3.3 Spatial Effect on Population Density on Income Tax

Variable Coefficient Std. Dev.. p-value 95% Confidence interval

Lower Higher

Density (SAR model)

Direct spatial effect 0.133 0.033 <0.001 0.067 0.193
Indirect spatial effect 0.320 0.081 <0.001 0.159 0.462
Total effect 0.453 0.114 <0.001 0.225 0.661

Density (SDM model)

Direct spatial effect 0.223 0.036 <0.001 0.152 0.286
Indirect spatial effect 0.546 0.093 <0.001 0.362 0.728
Total effect 0.769 0.128 <0.001 0.513 1.014

In Table 3.3 we show the direct, indirect, and total spatial effects for population density.
The results from both models demonstrate a significant positive relationship between
population density and income tax revenues, with both direct and indirect effects being
statistically significant. In the SDM Model (Table 3.3) the coefficient for the direct spatial
effect is 0.223. This implies that a one-percent increase in population density is associated
with a 0.223 percent increase in income tax revenue within the same district. The indirect
(spillover) spatial effects are more pronounced, whereby a one-percent increase in
population density in one district results in a 0.546 percent increase in the income tax
revenues of neighboring districts. The results for the SAR Model can be interpreted

similarly.

The analysis of population density reveals two opposing trends concerning income tax
revenues. First, more denser districts receive higher income tax revenues and neighboring
districts profit from positive spillover effects as an effect of urban sprawl. Second, more
densely populated districts generate higher income tax revenues and appear to absorb tax
revenues from neighboring districts. While the positive spill-over effect predominates, the
lower saturation effect might be explained by the progressive degree of urbanization in
Germany. However, analyzing the influence of population density on income tax revenues
reveals significant differences between urban and rural regions. In a next step, we
therefore examine whether these differences can also be measured in terms of building

land designation.
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3.1.2 Spatial Heterogeneity

Direct real estate markets are observed to be highly heterogenous, particularly when it
comes to changes in environmental factors. Hence, interaction terms are employed to
investigate whether the effect of an increase in living area on income tax revenues varies
depending on other socio-economic and demographic factors. These terms capture
complex relationships not explained by main effects alone, revealing how the combined

influence of two variables differs from their individual impacts.
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Table 3.4 Heterogenous Effects on Income Tax

(13)

SDM
(14)

(15)

(16)

(17)

Areax Density 0.0771*

(0.011)
Areax Income 0.068***

(0.006)
Areax 0.001***
Share_Service (0.001)
Area x GDP 0.048***
(0.005)
Area X Youth 0.007***
(0.001)

Area 0.284*** -0.084 0.491*** 0.111. 0.548***

(0.061) (0.072) (0.051) (0.066) (0.043)
Density -0.533*** 0.161*** 0.171*** 0.147*** 0.179***

(0.117) (0.031) (0.032) (0.032) (0.032)
Density_LAG -0.156*** -0.231*** -0.174*** -0.216*** -0.189***

(0.030) (0.023) (0.030) (0.030) (0.030)
Youth -0.011***

(0.001)

Spatial Coefficient
Rho (p) 0.762*** 0.778*** 0.760*** 0.771%** 0.757***

(0.010) (0.010) (0.010) (0.010) (0.010)
Controls Yes Yes Yes Yes Yes
Observations 4,000 4,000 4,000 4,000 4,000
Fixed Effects Yes Yes Yes Yes Yes
Estimator S-ML S-ML S-ML S-ML S-ML
Spatial Weights Queen Queen Queen Queen Queen
Matrix

(order 1) (order 1) (order 1) (order 1) (order 1)
LogLik. 10,548 10,583 10,531 10,565 10,539
Akaike Inf. Crit. -21,679 -21,784 -21,641 -21,733 -21,648
Bayesian Inf. Crit. -21,610 -21,716 -21,572 -21,663 -21,573

Signif. codes: 0 "***" 0.001 “**" 0.01 "*" 0.05"." 0.1 " " 1

Standard errors are in parentheses.

Table 3.4 presents the results of five spatial Durbin models (SDM) examining the
heterogeneous effects of various interaction terms involving the increase in living area on
income tax revenues. The interaction between area and population density shows a
significant positive effect of 0.07 percent. Thus, the positive effect of an increase in living
area on income tax revenues is significantly stronger, the more densely populated an area
of interest is. We thereby observe a notable difference between urban and rural areas. The
designation of residential land appears fiscally more rewarding in denser populated areas.
Likewise, the interaction between area and income has a significant positive effect.

Additionally, the interactions between area and the share of the service sector and area
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and GDP show significant positive outcomes. Hence, the development of residential land
appears more profitable in economically stronger and service-oriented districts. Lastly,
there is a significant albeit small effect of the youth coefficient and living area on income
tax revenues that is visible. The designation of living areas in demographically younger

districts thus seems somewhat more rewarding than in districts with a lower youth ratio.

The interaction between newly designated residential land and the regional median land
price is significantly positive, indicating that the fiscal dividend per m? rises more steeply
in high-price districts. Population density displays an analogous pattern: higher density
amplifies the positive effect, with an interaction coefficient of f = 0.12 (p < 0.05). Taken
together, the heterogeneity analysis confirms that residential land development is fiscally

most rewarding in high-price metropolitan areas.

Calculating overall fiscal impact

We have established a positive relationship between residential land development and
income tax revenues. For a comprehensive perspective, we need to closely examine the
costs associated with land development. Income tax revenues need to exceed those costs
for authorities, otherwise the proceeds from residential land development may appear
fiscally unattractive. As data on costs is not readily available in form a panel data, we
orientate ourselves along Reidenbach et al. (2007) who propose a cost-benefit analysis

from a local authority perspective.

3.1.3 Land Development Costs

Our analysis encompasses the following costs®®: technical infrastructure, social
infrastructure, municipal services, green and compensation areas, and project-specific
expenses. Technical infrastructure includes all physical facilities essential for providing basic
services to citizens, such as roads, sewers, drinking water, electricity, and gas. Social
infrastructure covers facilities necessary for delivering social services, including schools,
hospitals, libraries, and parks. Additional municipal services include waste disposal, street
cleaning, and public safety. Green spaces and compensation areas are vital components
of municipal infrastructure. They provide habitats for flora and fauna, improve air quality,
and offer spaces for citizens to relax. Project-specific expenses pertain to costs incurred

during the execution of specific projects, such as planning, site preparation, and

39 For a detailed explanation of all mentioned positions, please refer to Gutsche (2015).
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remediation of previous burdens. These expenses are distinct from regular municipal
expenditures and are typically financed through special funds. Regarding external
development, we assumed a flat rate for investment and ongoing costs, equivalent to the
rates suggested by Koller and Henger (2010). These cost rates are indexed using the
construction price index*® of the German Federal Statistical Office (Destatis, 2023) and then

averaged for the period under review.

Table 3.5 Average Costs for Land Development

Cost category Costs in EUR per square meter

Year In 2010 Avg. 2011-2020

Shared costs between developer and municipality (Cs)

Traffic facilities 78.51 81.00
Stormwater drainage 39.26 40.54
Street lighting 6.73 6.94
Green spaces 11.22 11.75
Compensation areas 8.97 9.40

Costs for municipality (C,,,)

Planning costs 1.68 1.73
Social infrastructure 66.34 75.35

Table 3.5 presents the average costs associated with land development in Germany.*'
These costs vary depending on the category and location of the building plot and are
divided into two categories. The first category includes project-specific costs, of which a
municipality, as local authority with responsibility for urban development, bears at least 10

percent and apportions a share to developers.*

The second category includes
comprehensive costs, such as infrastructural improvements, which are solely borne by the
municipality.** Costs related to landscape restoration measures and surveying are more
variable, thus posing challenges in accurate quantification. Contaminated soil costs are
excluded from this analysis due to their significant variability across different development

projects.

40 For traffic facilities, street lightning and planning costs, the construction services sub-index was applied.
Costs associated with green spaces and compensation areas were indexed using the sub-index for
groundwork, while the expenses for stormwater drainage were adjusted using the specialized sub-index for
drainage channel work.

41 More detailed cost datasets are not available in the literature; existing sources provide only aggregated
categories. A finer-grained analysis would therefore require primary data collection, such as a dedicated survey
of municipal budgets, because no nationwide secondary database exists.

4 As stipulated by German Law (§ 129 Abs. 1 Satz 3 BauGB), a municipality is required to bear at least 10
percent of these costs.

# In accordance with German Law (§ 127 Abs. 2 Satz 1-5 BauGB), a municipality is obligated to cover the
entirety of these costs.
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Consistent with the approach of Koller and Henger (2010), it is assumed that municipal
investment in social infrastructure is confined to care and educational facilities. These
expenses amount on average to EUR 965 per child. Other social facilities, such as hospitals
and public transport, are predominantly funded by federal and state resources.** To
calculate the average costs per square meter, we employ the following Equation (4),
converting the cost approach accordingly.

Cxtx(1+g)

T, ye _AREA )
£ Lk e e @

Csociat = 1

Equation (4) calculates the average costs for social infrastructure, Cg,ciq:- Here, C, denotes
the average costs per individual (i.e., per child), t is the average duration of care and school,
and g denotes the average annual cost growth rate. According to Koller and Henger
(2010), the average childcare and school duration is about 16 years. We use the European
Central Bank inflation target of 2 percent as a proxy for the growth rate. The denominator
applies the average amount of residential area per minor in Germany (m;).*> To ensure
costs estimate comparability, we convert living space into absorbed residential land by
applying spatial efficiency (u) and the floor-area-ratio (¢).*° The assumptions made can
vary regionally; although such data are unavailable, they would have added further

precision to our cost-benefit analysis.

3.1.4 Land Development Cost-Benefit Analysis

Our regression results, as illustrated in Column (8) of Table 3.2, lay the groundwork for a
cost-benefit analysis of land development in Germany, using mean values from our panel
dataset. A one-percent increase in living area equates to approximately 92,000 square
meters. Assuming the average dwelling size, this equalizes about additional 1,000
dwellings, each of about 92.5 square meters in size of living area. This one-percent increase
in living area corresponds on average to a 0.58 percent increase in the municipal income
tax revenue, totaling about EUR 500,000. Referring to the additional 1,000 households
populating the created living area, each households contributes approximately EUR 500 to

the annual municipal income tax revenue, on average, ceteris paribus. This amounts to an

4 We refer to German Law: Krankenhausfinanzierungsgesetz (KHG) regarding hospital financing and the
Regionalisierungsgesetz (RegG) for public transport provision.

4 According to German law, the legal age of majority is 18.

46 For multifamily homes, we use average values from construction cost statistics for spatial efficiency u = 0.67
(BKI-Baukosteninformationszentrum Deutscher Architektenkammern, 2022), and the floor-area-ratio ¢ = 1.2.,
according to § 17 BauNVO.
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additional annual income tax revenue of EUR 5.50 per square meter, on average, ceteris

paribus.

When considering the set-up costs for developing residential area, we need to define
several assumptions. For simplicity, we do not include land purchases by the municipality,
as this form of land development is often not feasible due to limited municipal budgets.
Furthermore, we assume the municipality funds either all costs or at least the legally
required minimum share (i.e.,10 percent) of the development costs. Additionally, we

assume maintenance and social costs to be fully covered by ongoing fees.

Within the further analysis, we distinguish between greenfield and brownfield
developments. Greenfield developments necessitate the creation of the entire
infrastructure, whereas brownfield developments typically utilize some existing
infrastructures.*” Thus, the total set-up costs are estimated on average at EUR 92.00 per
square meter for greenfield residential areas and EUR 84.68 per square meter for
brownfield residential areas, assuming a 10 percent share of development costs borne by
the municipality.*® To determine the economic breakeven point from a local authorities
perspective, we use the European Central Bank inflation target of 2 percent as a proxy for
the growth rate (g) of income tax revenues. Additionally, we employ the spatial efficiency
(W) and the floor-area-ratio (¢) to convert the living area into absorbed residential land.*°
This leads to the following equation, where t determines the economic turnaround time
in years, C represents the average costs and 8 equals the average increase in income tax
revenue. The average costs for land development C, are derived from the sum of the
average costs borne by the municipality C,, and the proportion (w) of the average shared

costs Cy not forwarded to the developer.
C2(Bruxp)xtx(1+9)" (5
C =Cpn+wxCswith we [0.1,1] (6)

Rewriting Equation (5) for t and solving it, given the identified costs and income tax
revenue, yields an average fiscal turnaround time of about 15 years for investment in

additional greenfield residential development, assuming multi-family-housing, ceteris

4 In brownfield developments, we assume only half the estimated costs for traffic facilities, drainage and
lightning due to the common use of existing infrastructure. Compensation costs are usually not incurred in
these cases. This approach aligns with estimates by Pavolova et al. (2021).

4 See Table 3.5 for detailed set-up costs, in euros per square meters.

4 We use average values from construction cost statistics for spatial efficiency. For single-family-housing
p=0.65 and for multi-family-houses p=0.67, as indicated by BKI-Baukosteninformationszentrum Deutscher
Architektenkammern (2022) to quantify the degree of building use in terms of the floor-area-ratio, we refer to
the building regulations. For single-family-housing, ¢=0.4 and for multi-family-housing, ¢=1.2. (§ 17 BauNVO).
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paribus. Table 3.6 presents the results for greenfield and brownfield developments, for

single-family and multifamily housing, respectively.

Table 3.6 Average Fiscal Turnaround of Building Land Designation (in Years)

Greenfield development  Brownfield development Expansion in existing

buildings
_ _ 33 31
Single-family house (54) (44) )
o 15 14 13
Multi-family house (29) (22) (13)

Notes: The given values assume that the municipality covers a shared cost at the legally prescribed
minimum of 10 percent. Additional costs are passed on to the developer. The value in parentheses
indicates the break-even point if the municipality were to bear the full expenses. For building
extensions, where no expansion of existing infrastructure is assumed, only planning and social
infrastructure costs are incurred by the municipality. As planning and costs for social infrastructure
cannot be forwarded to developers, these costs are borne by the municipality in any case.

From a local authorities’ perspective, the data underscores the fiscal advantages of
brownfield developments, especially in the realm of multi-family-housing, in which the
average fiscal turnaround is 14 years (assuming 10 percent cost coverage). This compares
with an average of 15 years in greenfield settings. This contrast presents a compelling
argument for policies that incentivize brownfield developments, aligning economic
benefits with sustainability and optimal resource utilization. Using such a price signal to
allow for urban expansion without significant environmental damage is in line with the
proposals advocated by Cheshire (2013). When it comes to single-family-houses, the
turnaround rises to 31 years for brownfield and 33 years for greenfield developments. This
disparity reveals a financial inefficiency in single-family-housing projects, necessitating
policy reevaluation and possible redirection towards more economically viable housing
solutions. For developers, our methodology serves as a strategic tool, indicating that
efforts could be more profitably channeled toward multi-family-housing projects in
brownfield settings, where fiscal returns are expedited, taking just 14 years to break even.
This data-driven approach can also strengthen their negotiating stance with governments,
helping them to advocate for supportive policies and incentives that are in line with faster

turnaround projects.

Our conclusions pertain solely to residential land. Reliable nationwide cost data for
commercial land development are unavailable; a comparable cost-benefit assessment

would therefore require primary data collection and is left for future research.
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Conclusion

This study has provided a comprehensive empirical analysis of the fiscal impacts of
residential land development across Germany, using spatial regression models and panel

data derived from official federal statistics. The findings of our research are threefold.

First, there is a positive and significant relationship between the expansion of residential
land and the income tax revenues, even after controlling for various economic and
demographic factors. This effect can be pinpointed at approximately EUR 5.50 per square
meter additional income tax per annum for every 1 percent increase in residential area.
Although this is still lower than the fiscal benefits shown for commercial land development
in Germany, our research clearly conveys that residential land development fiscally pays
off and should not be dismissed by local authorities. Income taxes are thus the often-
unseen carrot for local decisionmakers to promote more residential land development and

thus an incentive to shift the political perspective towards residential land development.

Second, spatial spillover effects are identified, indicating that the income tax revenues and
residential areas of neighboring districts influence each other. Given the strong spatial
effects observed, it is evident that districts do not exist in isolation. Local governments
should collaborate across district borders, to optimize land use and infrastructure projects.
The interconnectedness of districts also reinforces the potential efficacy of mechanisms

that can promote a more coordinated and optimal land use approach across regions.

Lastly, the contrast in turnaround times between different types of developments and the
financial implications of municipalities covering full costs underline the importance of
strategic planning, risk assessment, and the promotion of sustainable urban expansion to
balance immediate fiscal responsibilities with long-term economic and community well-

being.

Our findings contribute to the existing literature by shedding light on the fiscal implications
of residential land development throughout Germany. Additionally, our study has
important implications for land policy strategies as it highlights the need for careful
consideration of the costs and benefits associated with land development, as well as the
potential for spatial spillover effects. It also underscores the need for further research to
develop potential remedies for land inefficiency. Ultimately, this study provides valuable
insights for policymakers and practitioners involved in land development and fiscal

planning.
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Appendix

Table 3.7 Moran’s | Test Statistics for Spatial Autocorrelation

Year More?n'_s : Expectation Variance p-Value
statistic
2011 0.157 -0.003 <0.001 <0.001
2012 0.156 -0.003 <0.001 <0.001
2013 0.146 -0.003 <0.001 <0.001
2014 0.143 -0.003 <0.001 <0.001
2015 0.138 -0.003 <0.001 <0.001
2016 0.140 -0.003 <0.001 <0.001
2017 0.148 -0.003 <0.001 <0.001
2018 0.131 -0.003 <0.001 <0.001
2019 0.126 -0.003 <0.001 <0.001
2020 0.120 -0.003 <0.001 <0.001

Notes: Table 3.7 presents the test statistics for Moran's |, evaluating spatial autocorrelation within
the dataset. This test is conducted annually using a row-standardized queen spatial weights matrix.
Moran’s | values range between -1 and 1, where 1 indicates perfect positive spatial
autocorrelation, and -1 denotes perfect negative autocorrelation. Values near zero suggest an
absence of spatial autocorrelation. The reported test statistics, significantly deviating from zero,
confirm the presence of positive spatial autocorrelation in the income tax data utilized in our study.
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Figure 3.3 Comparison of Spatially Distributed Residuals
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Table 3.8 Regression Results Applying a Data Subsample

2011-2015 2016-2020
SAR SDM SAR SDM
(13) (14) (15) (16) (17 (18) (19) (20)
AREA 0.736*** 0.811* 0.914*** 0.893*** 0.410*** 0.668*** 0.537*** 0.669***
(0.067) (0.085) (0.077) (0.087) (0.046) (0.070) (0.053) (0.070)
DENSITY_LAG -0.222** -0.220*** -0.259*** -0.109
(0.052) (0.058) (0.057) (0.066)
DENSITY 0.043 0.131* -0.201*** -0.148*
(0.049) (0.054) (0.059) (0.067)
GDP -0.001 -0.002 -0.009 -0.009
(0.014) (0.014) (0.011) 0.011)
INCOME 0.072** 0.077*** 0.031. 0.030.
(0.023) (0.023) (0.016) (0.016)
UNEMP -0.057*** -0.058*** -0.020*** -0.019***
(0.008) (0.008) (0.005) (0.005)
SHARE_SERVICE 0.002 . 0.002 0.002* 0.002*
(0.001) (0.001) (0.001) (0.001)
SHARE_PROCESS 0.005*** 0.005*** 0.003* 0.003*
(0.001) (0.001) (0.001) (0.001)
Spatial Coefficient
Rho (p) 0.829*** 0.788*** 0.828*** 0.790*** 0.770*** 0.750*** 0.772** 0.753***
(0.013) (0.014) (0.013) (0.014) (0.016) (0.016) (0.016) (0.016)
Observations 2,000 2,000 2,000 2,000 2,000 2,000 2,000 2,000
Fixed Effects Yes Yes Yes Yes Yes Yes Yes Yes
Estimator S-ML S-ML S-ML S-ML S-ML S-ML S-ML S-ML
Spatial Weights Matrix Queen (order 1) Queen (order 1) Queen (order 1) Queen (order 1) Queen (order 1) Queen (order 1) Queen (order 1) Queen (order 1)
LogLik. 5,525 5,580 5,534 5,587 6,036 6,066 6,046 6,068
Akaike Inf. Crit. -11,427 -11,474 -11,442 -11,489 -12,384 -12,411 -12,405 -12,414
Bayesian Inf. Crit. -11,410 -11,424 -11,420 -11,433 -12,367 -12,360 -12,382 -12,358

Signif. codes: 0'*** 0.001 "** 0.01"*' 0.05"0.1"" 1
Standard errors are in parentheses.
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4 Living on the Highway? Addressing Highway
Infrastructure Potential through Object

Detection

Abstract

The rapidly increasing demand for freight transport has precipitated a critical need for
expanded highway infrastructure, including Heavy Goods Vehicle (HGV) parking spaces.
Utilizing state-of-the-art object detection techniques in satellite imagery, we conduct a
comprehensive analysis to assess the current availability of HGV parking spaces in
Germany. We relate our results to HGV traffic volume data. Our findings reveal disparities
in parking supply and demand. In a next step, we conduct location analysis to determine
regions impacted the most by identified undersupply. Our results deliver valuable insights

to both, specialized real estate developers as well as policymakers.

Keywords: Satellite Imagery, Machine Learning, Infrastructure Investment, Real Estate

Development
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Introduction

Advancing globalization and the rise of e-commerce have significantly increased
international cargo traffic, thus intensifying Heavy Goods Vehicle (HGV) traffic on European
highways. While the number HGVs can rapidly grow, the necessary infrastructure,
particularly HGV parking facilities, lags behind (Krasniuk et al., 2024). This results in a more
heavily used infrastructure, accentuated by the scarcity of HGV parking facilities. This
scarcity forces drivers into untenable situations such as parking illegally in unsafe locations
(Nevland et al., 2020). This often literally ends with drivers living on the highway. Fatigue
due to insufficient rest also diminishes driver reaction times, heightening the risk of
collisions in emergency situations (National Academies of Sciences, Engineering, and
Medicine, 2016). With road freight accounting for an impressive 72.2% of Germany's total
freight volume (DHL Freight, 2023) and a market size of USD 63.88 billion, the strategic
importance of HGVs becomes unmistakably clear (Research and Markets, 2024). These
figures not only highlight the sector’s substantial contribution to the national economy but
also draw attention to the urgent need to address infrastructural deficiencies, specifically
the lack of truck parking facilities, that threaten to undermine this crucial economic pillar
while at the same time offering a rare investment opportunity for specialized real estate
developers. Moreover, the lack of necessary infrastructure prevents the settlement of
companies that decide on their location based on prevailing infrastructure (Champagne &
Dubeé, 2023).

The existing literature extensively discusses the challenges of heavy goods vehicle parking
shortages, often highlighting safety risks, economic impacts, and regional disparities. Prior
research predominantly focuses on localized assessments, such as case studies of individual
highway corridors or national-level surveys, which fail to capture the full complexity of
supply-demand mismatches on a broader scale. Most prior research has been limited in
geographic scope or reliant on traditional methods — for example, localized corridor case
studies and driver surveys — which fail to capture the full complexity of supply—-demand
mismatches at a broader network level. Recent data-driven efforts have begun to emerge
(e.g. clustering of GPS trajectories or time-series forecasting of occupancy), yet advanced
geospatial machine learning techniques remain underexplored in this domain. Notably, the
use of high-resolution satellite or aerial imagery with object-detection algorithms to
systematically map HGV parking infrastructure is rare. A recent study by Hellekes et al.

(2023) demonstrates the potential of deep learning on aerial images for general parking
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inventory, but such an approach has not been applied to large-scale HGV parking facilities.
This leaves an evident gap in the literature regarding granular, up-to-date mapping of truck
parking supply using geospatial machine learning, especially when aiming to assess entire
highway networks rather than single sites. To overcome these limitations, our study
employs satellite imagery obtained from Google Maps API and polygon coordinate date
from OpenStreetMap. We utilize advanced machine learning techniques, specifically the
YOLOV8 object detection algorithm, to systematically quantify the availability and
distribution of HGV parking spaces along German highways.

Unlike conventional studies, our methodology provides up-to-date, granular insights into
parking supply while integrating demand-side traffic volume data from automated traffic
count data (BASt, 2024) for a holistic assessment. Our traffic-driven demand model
accounts for factors such as regulatory driving constraints, freight volume growth, driver
behavior, and infrastructural capacity. By correlating the supply data with detailed
demand-side traffic volume information, we establish local supply-demand equilibria
highlighting regional disparities and identifying areas with the most significant
undersupply. We also show actionable opportunities for specialized real estate developers
and policymakers, offering a strategic framework to address the pressing shortage. This
approach not only advances the field of transport infrastructure analysis but also lays the

groundwork for scalable, technology-driven solutions across other regions and countries.

To understand the investment case this paper seeks to determine, it is essential to grasp
how truck and rest stops as part of the highway service infrastructure generate revenue.
Their business model is based on a variety of income streams that together can create a
stable and profitable financial structure. Many infrastructure facilities earn revenue from
the rental of parking spaces, especially for HGV drivers who are required to take their
legally mandated rest periods. However, a substantial part of the monetization of these
truck parking spaces comes not from the rental itself but from the presence of on-site real
estate such as restaurants, shops, or sanitary facilities. These additional offerings make the
infrastructure facilities an attractive destination for drivers and significantly contribute to
overall value creation. Consequently, many truck stops operate restaurants, cafés, or fast-
food chains. Another important revenue driver is the sale of fuel and automotive
accessories.”® Additional income is also generated through the sale of products such as

motor oil, windshield wipers, and other accessories. That this can be lucrative is illustrated

% Some infrastructure facilities also offer additional services such as car washes, workshops, or shops for
drivers, supplies, further enhancing their revenue streams.

77



Living on the Highway? Addressing Highway Infrastructure Potential through Object
Detection

by the figures from Germany’s largest service station provider, Tank & Rast, which had a

revenue of 537 million euros in 2021 (Piller, 2023).

Section 4.3 commences with a review of the literature. Section 4.4 presents our
methodological framework, while Section 4.5 is dedicated to our results. Both aspects are
integrated in Section 4.6, where we show regional differences and locational investment
opportunities for specialized real-estate developers. We discuss policy implications in

Section 4.7 and conclude in Section 4.8.

Literature Review

The significant role of trucks in local and long-haul commerce is well-documented,
particularly given their crucial function in connecting production hubs with consumers
across vast geographies (Sadek et al.,, 2020). However, the challenge of providing
adequate parking infrastructure for HGVs remains pressing. In the U.S., Garber et al. (2002)
identified severe shortages along 1-81, while a broader state-level audit by Parametrix
(2005) confirmed systematic overcapacity across Washington’s interstates. Similar issues
have been reported in Europe. Chatterjee and Wegmann (2000) showed that a significant
share of HGV drivers park illegally due to the lack of legal alternatives, a finding echoed by
Boris and Brewster (2016), who found that over 80% of U.S. drivers parked illegally at least
once a week. A comparable situation was documented for Germany (Niederrheinische IHK,
2024).

lllegal parking is not only a regulatory failure but also a safety issue. Boggs et al. (2019)
demonstrated a direct link between full parking facilities and increased ramp crashes, while
Nourinejad and Roorda (2017) outlined the broader societal costs of such behaviour.
Anderson et al. (2018) and Horn (2015) further illuminated the regulatory dilemma: drivers
often park on ramps to avoid exceeding legal driving limits, while enforcement agencies
are reluctant to intervene. The lack of suitable amenities at existing stops exacerbates this
behaviour, as shown by Krasniuk et al. (2024), who emphasized that HGV drivers often

bypass facilities that lack appropriate services.

Despite increasing demand and evident safety concerns, the evaluation and planning of
HGV infrastructure remain fragmented. Most studies focus on small-scale observations,
regional case studies, or behaviour-based surveys. For example, Mahmud et al. (2020) use
clustering methods to explore how facility amenities influence parking duration, and
Nevland et al. (2020) develop a typology of formal and informal truck parking based on

GPS tracking—but neither study attempts to assess supply-demand balances at a network
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level. Patel et al. (2022) and Wu et al. (2024) utilize passive GPS and geofencing techniques,
respectively, to identify parking behaviours and demand clusters, yet they do not quantify
infrastructure supply or evaluate its adequacy. Likewise, Sadek et al. (2020) and Seya et al.
(2020) focus on modelling parking occupancy or driver decision-making but offer no

scalable methods to inventory parking infrastructure itself.

In parallel, real estate literature has explored location analysis for traditional asset classes,
often through regression or GIS-based methods. Champagne and Dubé (2023)
demonstrate that transportation infrastructure heavily influences industrial location
decisions. Yet, site selection for infrastructure-specific assets like truck stops has received
little empirical attention. Rabianski et al. (2001) and Fryrear et al. (2001) propose
frameworks for community-specific or GIS-based site assessment, while Rymarzak and
Sieminska (2012) highlight that specialized real estate is frequently constrained by
immobile physical resources. However, all these approaches are either too general or
reliant on highly localized datasets. As Kabir et al. (2019) point out, incomplete or missing
data further complicates infrastructure site assessment, often requiring manual data

collection to fill gaps.

Recent developments in computer vision and deep learning offer new pathways to
overcome these limitations. Redmon et al. (2015) introduced the YOLO framework,
revolutionizing object detection by enabling real-time processing of image data. Yu et al.
(2022) and Jenkins and Burton (2008) have shown the accuracy and efficiency of deep
learning applications across a range of domains. However, to date, very few studies have
applied these methods to HGV infrastructure. A notable exception is Hellekes et al. (2023),
who used a CNN to detect general parking capacity in urban areas using aerial imagery.

Yet even this effort did not address highway-specific or truck-specific parking supply.

As the literature reveals, although the problem of truck parking scarcity is well recognized,
there remains a significant methodological and empirical gap: no existing study
systematically quantifies the spatial distribution of HGV parking infrastructure at a national
scale using scalable, real-time methods. Most research either analyzes driver behavior,
focuses on urban delivery logistics, or employs static survey data without integrating
dynamic traffic or supply-side geospatial data. Moreover, while object detection and
machine learning are increasingly used in real estate valuation (Stang et al., 2023) and
parking analysis (Hellekes et al., 2023), their application to truck-specific highway

infrastructure is virtually nonexistent.
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Our study fills this gap by combining high-resolution satellite imagery with YOLOv8 object
detection to assess the current supply of HGV parking infrastructure along Germany's
entire highway network. We further integrate traffic flow data to estimate localized
demand and evaluate regional supply-demand mismatches. This approach offers a
scalable, technology-driven framework that advances beyond both survey-based and GPS
clustering methods, enabling systematic infrastructure assessment across spatial scales. As
such, it provides actionable insights for both policymakers and real estate developers in a

domain where data limitations have long hampered planning and investment.

We have compiled overview Table 4.1 to include all relevant academic studies based on
their methodological approach, data type, and relevance to HGV parking infrastructure.
This structured summary highlights where prior work stops short, thereby clarifying the

novelty of our paper’s geospatial machine learning approach.
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Table 4.1 Overview of Key Literature on HGV Parking and Infrastructure Site Selection

Publication

Methodology & Focus

Data Source

Anderson et al. (2018)

Boggs et al. (2019)

Boris and Brewster (2016)
Champagne and Dubé (2023)
Chatterjee and Wegmann (2000)
Fryrear et al. (2001)

Garber et al. (2002)

Hellekes et al. (2023)

Horn (2015)

Jenkins & Burton (2008)
Kabir et al. (2019)

Krasniuk et al. (2024)
Liermann et al. (2019)
Mahmud et al. (2020)
Nevland et al. (2020)
Niederrheinische IHK (2024)
Nourinejad and Roorda (2017)
Parametrix (2005)

Patel et al. (2022)

Rabianski et al. (2001)
Redmon et al. (2015)
Rymarzak and Sieminska (2012)
Sadek et al. (2020)

Seya et al. (2020)

Stang et al. (2023)

Wau et al. (2024)

Yu et al. (2022)

Survey-based study investigating drivers' decisions to park on ramps due to lack of formal HGV parking
Correlational study linking overcapacity in truck parking with increased ramp collisions

Survey of driver parking behavior and frequency of illegal parking

Meta-analysis on how infrastructure affects industrial site selection; no analysis of real-time capacity
Survey on distribution of legal vs. illegal HGV parking and implications for safety

Survey of GIS adoption in real estate, not specific to infrastructure gaps

Case study on corridor-level parking supply shortfalls along I-81 in Virginia

CNN-based object detection for curbside/urban parking, not specialized for HGV or highway systems
Field interviews on enforcement reluctance for ramp-parking violations

Demonstration of deep learning efficiency (generic, not parking-related)

Application of imputation for missing data in infrastructure datasets

Scoping review on how lack of amenities worsens supply-demand mismatch

Overview of Al applications in finance and infrastructure, no HGV focus

Cluster analysis linking amenity availability to parking duration

Classification of legal/illegal parking using GPS, but no supply-demand modeling

Industry report showing frequency of illegal parking in Germany

Simulation of policy impacts; lacks spatial parking infrastructure assessment

Capacity audit of state-wide parking utilization, limited to descriptive metrics

Clustering and classification of stop purpose (rest vs. delivery); does not assess infrastructure capacity
Theoretical framework for location analysis in corporate real estate

Introduction of YOLO model, foundational for object detection like ours

Empirical study of real estate placement constraints (e.g., mineral locations), no HGV or transport focus
Time-series forecasting of occupancy; no infrastructure mapping

Tobit and choice modeling using GPS logs; micro-level, not infrastructure-wide

XAI applied to commercial property valuation, not HGV parking or networks

Spatio-temporal clustering of GPS stops; identifies demand clusters but not parking infrastructure supply
Computer vision study; methodologically relevant, not topic-specific

Oregon highway observations
Parking capacity vs. crash data
U.S. truck driver diaries
Systematic literature review
Driver-reported data

U.S. commercial real estate
Survey and observational data
Aerial imagery, GIS

Local enforcement input
Visual recognition data
Infrastructure databases
Literature synthesis

Industry use cases

Truck GPS, facility inventory
GPS movement data (Canada)
Survey analysis

Urban truck parking data
Facility observations (Washington)
Passive GPS traces

Literature

Image datasets

Polish land-use data

Truck parking data (California)
Digital tachograph data (Japan)
Location and transaction data
GPS trajectories (Shanghai)
Image data
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Determining the HGV Parking Situation

Our study addresses the outlined research gap by introducing a novel, data-driven
approach that leverages state-of-the-art object detection models and comprehensive
satellite imagery to evaluate HGV parking availability along German highways. Figure 4.1
shows why Germany is of particular relevance when considering transport infrastructure.
The German highway network includes key logistics axes and connects the European north
with the south and the east with the west. The transport infrastructure is therefore used
by large numbers of Europeans likewise. However, it is certainly feasible to replicate this
approach on similar transportation networks, for example in the US or China.

Figure 4.1 Germany's Position in the European Highway Network
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Notes: This figure visualizes European highway networks in blue color, while the federal borders of
Germany are marked in red color.

The institutional setting in Europe differs between three categories of highway
infrastructure facilities offering parking spaces. While service stations and truck stops are
considered managed facilities, rest areas are usually unmanaged. Focusing on the situation
in Germany, according to the German General Administrative Regulation on the Road
Traffic Regulations (VwV-5tVO), service stations are designated rest stops located directly
along Germanys federal highway system. These service areas typically include amenities
such as fuel stations, restaurants, restrooms, and parking spaces. Service stations are
accessible directly from the highway without the need to exit.

Truck stops offer similar amenities as service areas but are usually located near highway
exits, rather than directly on the highway itself (§15 of the German Federal Trunk Road
Law (FStrG)). They offer a broader range of services, often including larger parking areas,
more diverse dining options, repair services, and overnight accommodations. Truck stops
cater particularly to long-haul truck drivers. To access a truck stop, drivers need to leave
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the highway and then re-enter it again after their stop. These are comparable to Pilot Flying
or TA Petro in the US.

Rest areas are, just as service stations, located directly along the highway. However, they
usually offer less amenities limited to parking spaces and washrooms. While a recent study
by Mahmud et al. identified differences in usage of infrastructure facilities depending on
HGV drivers’ origin and break duration (Mahmud et al., 2020), all three mentioned
categories offer HGV parking spaces and are therefore included in the following analysis.

4.1.1 Methodological Framework

Figure 4.2 gives an overview of our methodological approach addressing the infrastructure
adequacy and potential of HGV parking facilities. We gain traffic and infrastructure data
from two major sources and combine them once we isolated supply and demand estimates
for HGV parking. First, we gather polygon coordinates for all HGV parking facilities along
German highways from OpenStreetMap (2024). In a second step, we use Google Maps
API to collect satellite imagery for all extracted polygon coordinates from the first step.
After that, we manually create bounding boxes for 10,000 single HGV parking spots to
train and validate a YOLO v8 object detection algorithm. Once the algorithm is sufficiently
trained, we apply it for an out of sample prediction to assess all satellite images gained in
the second step. This results in a holistic supply data set of HGV parking spots at each
location identified in the previous steps. Parallel to the supply data processing, we collect
traffic data from the automated traffic count (BASt 2024). This data is cleaned up for long
haul HGV traffic and updated with the 2024 growth rate for heavy goods traffic. In a next
step, the traffic data counters are matched with highway kilometers to receive a local
mapping of traffic flows. Further, we apply a simple economic model to estimate local

HGV parking supply.

However, the adequacy of infrastructure can only be assessed when supply and demand
are matched on a local level. We therefore combine the demand data estimated by simple
economic modelling and the supply data gained from the object detection approach to set
up local equilibriums. Based on deviations from the equilibria, we draw conclusions
comparing local juxtapositions of HGV parking supply and demand. Our results may
support the expansion of local HGV parking infrastructure by creating an independent
database for authorities and real estate developers. The subsequent sections present our

detailed procedure stepwise.
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Figure 4.2 Methodological Framework

Supply Side

Coordinates for HGV parking facilities
from OpenStreetMap (2024)

Demand Side
A4
Automated HGV highway traffic count data Satellite imagery from Google Maps API
(BASt 2024) (2024)
A 4 A 4
Data cleansing for long haul traffic and Manually created 10,000 bounding boxes
traffic growth for HGV parking spaces
A 4 A 4
Matching traffic counters and highway Training YOLO v8 object detection
kilometers using interpolation algorithm
A\ 4 A\ 4
Calculating HGV parking demand for every Out of sample prediction for HGV parking
highway kilometer spaces on all satellite images
\ 4

Creating driving distance polygons with 15 km radius to determine reachable HGV parking spaces
from every highway kilometer

Calculating local demand and supply equilibria for HGV parking spaces

Notes: This figure illustrates the stepwise methodological framework applied to determine supply
and demand for HGV parking spaces along German highways resulting in the calculation of local
equilibriums.

Object Detection Model

To determine the number of HGV parking spaces in Germany, we first acquired bounding
boxes coordinates for truck stops, service stations and unmanaged rest areas along
Germany's highways from OpenStreetMap. We retrieved both managed and unmanaged

parking areas. Using the retrieved coordinates, we extracted recent (year 2024) satellite
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imagery from Google Maps API. To avoid potential overlapping and double counting, we
implemented a custom algorithm that dynamically adjusted the queried coordinates while
maintaining a constant zoom level across our satellite imagery, ensuring data accuracy in
our analysis. A total of 11,398 images were retrieved, split into 931 images for truck stops,

6,802 for (unmanaged) rest areas and 3,665 for service stations.

Figure 4.3 Untrained Model Output on Sample Image

v large vehicle
small vehicle 57 gehicle 0:45 =

o ICJ'rge vehicle 0.85

s Al vakhiaAia s
smali vehici e ’“ 85 <@\ i .
Iore'veh|cle 0.83 / Iggge g

9,
“small vz -
iarge vehicle O 85‘
'forge vehicle 0.86/79¢ vehlcle 0.84

P \
large vehicle 0.84 N—— 0'70'
i § \ - l 6
small vehicle 0.69 lorge vehicle 0. 8479

m! I vehinla

S small vehlcle O 80 large vehicle 0.85

P
lgrge vehicle 0. 8

small vehicle 0.72"®
. N~ \"

~ l
Warge vehicle 0.87le 0.86
large vehi s

SNGE \gl\orge vehlcle OIS %
large vehiclg

large vehlcle 02 %
large vehicle

Notes: Geospatial data acquired from Google APl and Open Street Map.

To estimate the number and spatial distribution of available parking spaces, we employed
the YOLOV8 algorithm, leveraging the Oriented Bounding Box (OBB) technique. This
model, pre-trained on satellite images, is adept at accurately delineating the angular
orientation and shape of parking spaces. Although YOLOv8-OBB in its original version was
not specifically trained on HGV parking lots (as seen in Figure 4.3), its capabilities can be
enhanced through training and validation with an annotated dataset to address the unique
characteristics of HGV parking spaces, which are often angled, as illustrated in Figure 4.
The refined model should therefore be able to make out-of-sample predictions on unseen
images regarding the availability and spatial distribution of HGV parking spaces. Alternative
pretrained object detection models beyond YOLO are of limited use in our research
because our methodology requires orientation aligned with OBBs. At the time of
deployment and testing, only a few models had been pretrained on the necessary type of
data, primarily satellite imagery. Consequently, we did not conduct a comparative
performance evaluation with other models. Other relevant models aside from YOLO

include those from the MMDetection toolbox and Seodore.
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For the creation of a structured training and validation dataset from our satellite images,
we manually had to annotate visible HGV parking spots. A total of 519 images were
annotated, resulting in 10,483 parking spaces being identified. Each parking space within
the images was annotated with an oriented bounding box mask to delineate its perimeter.
The resolution for each image was fixed at 640x640 pixels. For the training and validation
process, we utilized the largest pre-trained YOLOv8x-OBB model, running for 300 epochs
on a Tesla T4 GPU with a batch size of 16. We used the Adam optimizer with a learning
rate of 0.002 and a momentum of 0.9. An “epoch” refers to one complete pass through
the entire dataset in both forward and backward propagation through the neural network.
We adopted a 70-15-15 split for our annotated images to train, validate, and test the
model. Specifically, 70 percent of the annotated images were used to train the model to
detect HGV parking spots, 15 percent were used to validate the model’s performance, and
the remaining 15 percent were reserved for out-of-sample testing to evaluate the model’s

generalization capabilities.

Figure 4.4 Manual Annotation of the Parking Spaces
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Notes: Geospatial Data acquired from Google APl and Open Street Map.

4.1.2 Model Performance

The resulting metrics indicate a robust performance in both the training and validation
processes. After 300 epochs, the model exhibits low loss levels, with precision at 0.89,

recall at 0.85, and a mean average precision @ 50 of 0.92, all suggesting a high degree
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of model accuracy. Overfitting does not appear to be a significant issue up to Epoch 300,

although there is a gradual increase in the disparity between training and validation losses.

The results from our test dataset containing 71 unseen images, follow the initial results
from training and validation dataset metrics and indicate a high level of performance (see
Table 4.1). The precision, measured at 88.7 percent, indicates a high rate of correct positive
predictions for parking space detection. The model also achieved a recall rate of 85.4
percent, demonstrating its ability to reliably identify the vast majority of relevant instances
within the dataset. The mean Average Precision scores provide an overarching indication
of the model’s accuracy across different Intersection over Union (loU) thresholds: 91.8
percent at an loU of 0.50. The metrics collectively attest to the model’s robust
performance, rendering it a highly reliable tool for estimating the supply of HGV parking
spaces. We refrain from describing the results in terms of F1 scores, precision-recall curve,

and confusion matrix since we are only predicting one class.

Table 4.2 YOLOv8-OBB Model Performance Metrics on Test Dataset

Metric Value
Total Images Processed 71

Total Instances Detected 1,523
Precision Box 0.887
Recall (R) 0.854
mAP at loU=0.50 (mAP50) 0.918
mAP at loU=0.50-0.95 (mAP50-95) 0.647

The utilized methodology to identify the supply of parking spaces through satellite imagery
delivers granular up-to-date data and is designed to be universally applicable across
different geographical regions, underscoring its potential for widespread implementation.
In our case, we use the model to predict all parking spaces visible on our 11,398 images.
While object detection offers high efficiency and scalability, it also involves uncertainties
related to transparency and accuracy. Object detection mechanisms may be at a
disadvantage in these respects compared to manual counts. The degree of explainability
in object detection remains limited, and this—along with the underlying data sources—
can introduce biases into the models. These biases may lead to errors in out-of-sample
predictions, potentially resulting in the over- or underestimation of available truck parking
spaces. Larger and more accurate training and validation datasets are essential in order to
mitigate such biases. Manual counts, by contrast, are normally less prone to such errors

and do not require extensive data preparation. Another challenge in our specific use case
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is that satellite imagery may obscure some parking spaces with obstacles such as trees or

equipment, which limits visibility and detection accuracy.

As shown in subsection 3.1, our model demonstrates a high degree of accuracy. Since
there are still missing parking spaces that are not correctly detected, we calculate the
difference between our predicted parking spaces and the actual parking spaces from the

test dataset using the following equation:

B Actual Labels
Y™ Predicted Labels

The resulting coefficient C for the approach i (see Table 4.2 for results), with which we

adjust our model results.
4.1.3 Demand Side

Building upon a year of extensive truck parking data collection, Sadek et al. developed a
dynamic forecasting model capable of predicting truck parking occupancy at any given
time within the current day (Sadek et al., 2020). The model’s effectiveness is assessed using
the Root Mean Square Error (RMSE), offering a quantitative measure of its accuracy. In
their model, Irzik include the capacity of truck parking facilities along a freeway section,
the average daily traffic volume of heavy goods vehicles in the section, and the section’s
length (Irzik, 2019). This approach is encapsulated within a multiple regression analysis

framework.

To determine HGV traffic demand for infrastructure facilities, our approach uses data from
the German Federal Roads Office (BASt, 2024) highway traffic meters from 2021. This
includes 1,227 traffic meters on federal highways. First, we match highway meters with
highway kilometers applying interpolation.> Next, we generate driving distance polygons
for 15-kilometer travel distances to determine the number of reachable parking spaces in
each highway section. We thereby base our approach on the average driving distance
drivers spend to find eligible parking spaces for a break (Niederrheinische IHK, 2024). This
enables us to compare demand and supply for each highway kilometer. In a last step, we

identify zones with varying levels of demand coverage.

The parking requirements of HGVs vary significantly between short-term and long-term
needs. Short-term parking, which includes curbside spaces for urban and residential

deliveries, is distinct from long-term parking that accommodates rest stops and overnight

3" We applied linear interpolation to fill in missing data gaps between traffic counters in line with Loder et al. (2019).
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parking. This differentiation is crucial for accurate demand estimation (Amer & Chow,
2017; Chen et al., 2017; Mitman et al., 2018; Schmid et al., 2018). Long-haul trips, often
classified by distances exceeding 400 km (Pécheux et al., 2002) or 500 km (Ortuzar S. &
Willumsen, 2011), necessitate longer stops due to the need for driver rest, with trips over

900 km requiring significantly more time (Gingerich et al., 2016).

Pecheux et al. (2002) first developed a simple demand model for HGV parking being
dependent on traffic volume, driving times and seasonal peaks. Based on the evidence of
Vital and loannou (2021), Wu et al. (2024) and Seya et al. (2018) on HGV drivers scheduling
their breaks anticyclical to avoid overcrowding and traffic congestion, we enrich the
baseline approach of Pécheux et al. (2002) by allowing for multiple daily usage of a single
parking spot. Aligning with Patel et al. (2022), we further include the effect of temporary
closures and construction into the demand estimation. Lastly, regulatory driving time
constraints are added since the European Union imposes precise requirements regarding
working conditions. (European Union, 2024) Considering the above-mentioned studies
and the described extensions, we apply the baseline equation (2) to estimate the average
effective demand D_(i,t) on HGV parking spaces based on the data obtained from the

automated traffic count (BASt, 2024):
Dyt = Sim * Dee—1Nie * Die (2)
Stp =1—ssy (3)

where i indexes highway sections and t indexes time. N; ; refers to the average daily HGV
volume, whereas A, ;_; determines the aggregated growth rate for HGV volume applied
on 2021 data to enable later comparison with 2024 supply data. s,y and sgy denote the
average share of long and short haul traffic, respectively. Following the approach of
Pécheux et al., (2002), we assume only long haul traffic to demand resting facilities.
Therefore, the total traffic volume is reduced by the share of short haul traffic s_SH as
shown in equation (3). The probability of an HGV seeking a parking space exactly on a
considered highway kilometer (rest probability) i is denoted by p and estimated applying
equation (4).

n
Pie =7+ (L+Pe) x (L+vie) (4)
tYit
de =Ty *V (5)

Thereby, d, denotes the average driving distance that drivers can cover without a break.
That value is calculated by the product of the average HGV speed on highways (V;) and

the allowed maximum driving time until a break is required by law (T;). The number of
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breaks per day required by law and the occupancy factor of supplied parking spaces are
denoted by n, and 0;, respectively. A peaking factor P; . is assumed to allow for seasonal
peaks. Further, a structural vacancy rate v;, is applied to control for illegal parking and
temporary closures. To estimate the demand for highway infrastructure facilities offering
parking spaces for each observed highway kilometer, we use the data and necessary
assumptions summarized in Table 3. We thereby rather underestimate than overestimate
the actual demand. However, we cannot prevent including HGV traffic in the demand
estimation which only arises due to the search for available infrastructure and would not

occur if supply and demand were distributed locally equal.>?

Table 4.3 Overview of Assumptions

Notation Description Assumption Source

Bundesamt fiir
SiH Average share of trucks that are long-haul 0.33 Logistik und
Mobilitat (2024)

Average aggregate growth rate for HGV Bundesministerium

Nppoq . 3.5 % p.a. fur Digitales und
volume on German highways Verkehr (2023)
. European Union
ng Number of breaks per day for HGV drivers 2 (2024)
T, Maximum allowed driving time without break 4.5 hours European Union
(2024)
. § 18 of the German
Vi Average speed of HGV on German highways 80 km/h traffic law®
. European Union
0;¢ Occupancy factor of parking spots 2.67 (2024)
. 0.15% Pecheux et al.
P, Seasonal peaking factor (2002)
Vit Structural vacancy of parking spaces 0.012 Deutscher

Bundestag (2024)

Notes: This table lists the applied values for the demand estimation applying the afore mentioned
equations (2) to (5). The assumptions were gathered with respect to the German highway and
German regulation regarding HGV drivers. When applying the equations (2) to (5) on data other
than Germany, assumptions may differ.

We use the average share of long-haul traffic s 5 to correct the average HGV volume N; ¢
derived from BASt (BASt, 2024) for long haul traffic drivers in need for rest areas on their

freight routes. The remaining volume of long-haul traffic vehicles is then adjusted for the

>2 Fuel costs and tight driver schedules render lengthy parking searches economically irrational; the resulting
search traffic remains minor.

>3 A recent study by Trabert et al. (2018) on HGV accidents on German highways reveals an average speed of
89.7 km/h supporting our conservative approach of assuming an average HGV speed corresponding to the
maximum allowance.

>* There is no reason to assume that seasonal peaks differ between US and Germany.
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growth in freight volume between 2021 and 2024, since the retrieved most recent data

covers only the 2021 volume.

To calculate the rest probability, we primarily rely on EU regulation governing the working
conditions of truck drivers on the road network in the European Union. Therein, the
minimum number of breaks per day n, and the maximum driving time allowed without a
break T, are defined. Further, the occupancy factor of parking spots 0;, can be derived
applying the mandatory rest periods (European Union, 2024). The average speed of HGVs
on German highways is derived from §18 of the German traffic law. To further control for
seasonal peaks P; ; we adopt the assumption of Pecheux et al. (2002) since peaks in freight
volume appear similar comparing the US and Germany. The structural vacancy of parking
spaces v;, is derived applying the scheduled highway construction per year (Deutscher

Bundestag, 2024).

Results

4.1.4 Identified HGV Parking Supply

The objection detection approach outlined in section 4.5 results in the following supply of
HGV parking spots summarized in Table 4. We identified approximately 71,300 parking
spots in three different categories. While service stations and unmanaged rest areas offer
roughly the same number of parking spaces, truck stops provide a smaller part of the

infrastructure.

Table 4.4 Total Number of HGV Parking Spots

Category Available Parking Spots
Service stations 29,194
Truck stops 13,927
Unmanaged rest areas 28,222
Total 71,343

Notes: This table presents the adjusted results of the application of a trained YOLOv8 algorithm on
satellite imagery containing HGV parking facilities. The algorithm assessed 4,596 images detecting
71,343 HGV parking spaces in total. The definitions for mentioned categories are in subsection 4.3.

The German ministry of transport conducted a nationwide survey on the truck parking
situation in April 2018. They recorded 2,200 locations. Based on the survey, the number
of HGV parking spaces was estimated about 70,800 (BMDV, 2020). Our data suggests an

increase of parking spaces of about 500 since the survey was conducted.
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Figure 4.5 Parking Supply along German Highways
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Notes: Geospatial data acquired from Google APl and Open Street Map. The R package was
provided by Giraud (2022). The shapefile was taken from the Federal Agency for Cartography and
Geodesy (2024).

Figure 4.5 illustrates the distribution of HGV parking spots aggregated on the NUTS-2*
level in Germany using a color-coded map. The regions are shaded from dark purple,
indicating fewer than 1,000 parking spots, to light yellow, indicating over 4,000 parking
spots. Regions such as Berlin or parts of Bavaria, which are shaded in dark purple, have
the lowest supply of parking facilities. In contrast, regions like Saxony-Anhalt, depicted in
light yellow, have the highest number of parking spots, exceeding 4,000, indicating a
better developed infrastructure capable of accommodating freight traffic. The map reveals

notable regional disparities in the availability of HGV parking infrastructure.
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Figure 4.6 Estimated HGV Parking Demand
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Notes: Geospatial data acquired from Google APl and Open Street Map. The R package was
provided by Giraud (2022). The shapefile was taken from the Federal Agency for Cartography and
Geodesy (2024).

Based on the equations (2) to (5) applying the previously described data and the
assumptions listed in Table 4.3, Figure 4.6 illustrates the aggregated absolute parking
demand for HGVs in NUTS-2 regions in Germany using a color gradient from light beige
to dark grey. The regions shaded in dark grey represent those with the highest demand.
Notably, eastern regions fall into this category, indicating high freight parking demand.
Conversely, regions shaded in light beige have the lowest demand, with fewer than 1,000
parking spots needed. These areas, particularly distributed in the southwest of Germany,

experience less HGV parking demand along German highways.

4.1.5 Local Equilibrium

Matching supply and demand enable us to identify local equilibriums as well as over- and
undersupplied areas. Referring to a quotation of Glaeser and Joshi-Ghani stating that “the
infrastructure need in enormous, but so is the possibility of building the wrong
infrastructure” (Glaeser & Joshi-Ghani, 2014), it is essential to prioritize local over global
comparisons. Inefficiencies arise as soon as supply and demand are spatially distant from
each other. Therefore, we distinguish between micro view evaluation at the level of
highway kilometers and the macro view evaluation at the aggregated level of NUTS-2

regions. We thereby allow micro level insights relevant for specialized developers and
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macro level insights with special interest for regional planning authorities and

policymakers.

4.1.5.1 Micro View

Equation (6) expresses the equilibrium E; . for HGV parking spaces on a given kilometer i
at time t. Whenever supply and demand are balanced, their quotient Q;, equals 1 and a

local equilibrium sets in.
Eir =1=0;:(6)

Sit
L= . ithn €]1,..,13180] (7
Qit D) withn €[ 1(7)

Equation (7) highlights, how supply and demand are compared in their quotient Q; ;. D; ¢
represents the demand for HGV parking spaces on kilometer i, and S;;represents the
supply of HGV parking spaces on kilometer i. n(D; ) represents the number of polygons
(or kilometers) from which the supply S; ; can be reached.>® We thereby assume a uniform

distribution of supply on demanders.

Figure 4.7 illustrates an example of reachable parking spaces from a given kilometer i

within a 15 km polygon in green color.

Figure 4.7 Driving Distance Polygon (Reachable Parking Spots within 15 km
Radius)

i
w
cw

Reachable Facilities

Leaflet | © OpenStreetMap contributors © CARTO

% The number of polygons from where supply can be reached is limited by the total number of analyzed
highway kilometers.
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Notes: This figure illustrates an example polygon in green color and highway infrastructure
facilities assigned with markers in orange and blue color on a German highway. Geospatial
data acquired from Google APl and OpenStreetMap. The R package was provided by
Giraud, 2022). The shapefile was taken from the Federal Agency for Cartography and
Geodesy, 2024.

4.1.5.2 Macro View

Equation (6) assumes that an equilibrium (E;; = 1) is achieved when the supply perfectly
matches the demand. In other words, each region’s parking supply is ideally distributed
among the drivers from all regions that can access it. If E;; > 1, it suggests that there is
an oversupply in region i, meaning the available parking spaces exceed the demand.
Conversely, if E;; <1, it indicates a shortage, where the demand for parking spaces

outstrips the available supply and the need for additional parking facilities.

Figure 4.8 illustrates the average ratio of HGV parking supply to demand aggregated on
NUTS-2 regions in Germany, using a color gradient from dark blue to yellow. Regions
shaded in gray indicate an undersupply (i.e. E;; < 1), with the parking infrastructure
failing to meet the average demand, though not as severely as in regions shaded in dark

blue.

Figure 4.8 Average Aggregation of Supply and Demand on Highway Kilometers
along German Highways

Supply vs. Demand

Notes: Geospatial data acquired from Google APl and OpenStreetMap. The R package was provided
by Giraud, 2022. The shapefile was taken from the Federal Agency for Cartography and Geodesy,
2024.

95



Living on the Highway? Addressing Highway Infrastructure Potential through Object
Detection

Figure 4.9 Median Aggregation of Supply and Demand along German Highways
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Notes: Geospatial data acquired from Google APl and Open Street Map. The R package was provided by Giraud (2022).
The shapefile was taken from the Federal Agency for Cartography and Geodesy (2024).

Figure 4.9 offers a clear depiction of the median supply versus demand ratio for HGV
parking aggregated on the level of NUTS-2 regions in Germany, using a color gradient
from dark purple (indicating severe undersupply or E; ; < 1) to yellow (indicating an exact
balance between supply and median demand or E;, = 1). The map reveals that the vast
majority of regions are experiencing an undersupply of parking facilities, with many areas

shaded in blue to dark purple, indicating ratios as low as 0.2.

The comparison between the results from average versus median aggregation of supply
versus demand ratios demonstrates that, in both scenarios, there is a significant and
widespread undersupply of HGV parking across Germany’'s NUTS-2 regions. Regardless of
whether median or average aggregation is applied, the maps consistently show that most

regions are shaded in colors indicating undersupply, such as gray, blue, or dark blue.

4.1.5.3 Location Analysis for Potential Investments

In infrastructure or real estate investments, supply and demand are typically among the
key determinants in location analysis. Our methodology operates on a meta-level, making
it applicable across a wide range of investment scenarios. For example, in infrastructure
analysis—such as ports or passenger vehicle parking—satellite imagery and demand data
can be effectively utilized. There is also significant potential for real estate developers,

particularly in the logistics sector. Our methodology for measuring truck parking demand
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is both scalable and applicable beyond the German market. Satellite data is generally
available for the entire built environment, though resolution varies by continent and
country. In order to meaningfully combine supply and demand data, reliable truck traffic
frequency counts are required — data that is typically only available in industrialized
countries. Within Europe, the applied methodology offers a cost-effective and scalable

approach to identifying potential undersupply in truck parking infrastructure.

The identified undersupply has significant implications for both specialized real estate
developers and policymakers. For developers, the regions experiencing the most severe
undersupply represent key opportunities for investment. By leveraging our data, we can
precisely identify the polygons—specific areas within these regions—that are most in need
of additional HGV parking infrastructure. This targeted approach allows developers to
focus their efforts on areas where demand is highest, ensuring that new facilities will meet

an urgent need and likely see high utilization.

For policymakers, Figure 9 highlights the urgent need to address the infrastructure
shortfalls that are widespread across the country. By using the data to pinpoint exactly
where the undersupply is highest, policymakers can prioritize regions for funding and
development, ensuring that resources are allocated to the areas with the greatest need.
This strategic investment could help alleviate parking shortages, reduce illegal parking, and
enhance road safety for HGV drivers, ultimately leading to more efficient freight transport
and economic benefits across Germany. While Figures 8 and 9 indicate a general trend of
undersupply, the ability to pinpoint specific areas of greatest need provides a powerful
tool for targeted action and investment. Overall, we show that there is a strong investment

case for specialized developers.

Policy Debate

Our analysis of HGV parking infrastructure along German highways reveals a critical
imbalance between available supply and escalating demand, presenting both challenges
and opportunities for specialized real estate developers. Despite the Ministry of Transport’s
five-point plan, which includes initiatives like creating new truck parking options,
enhancing telematic parking procedures, and optimizing existing space utilization, the gap
between current provision and the needs of HGV operators remains significant (BMDV,
2020). These governmental measures, while forward-thinking, have not fully addressed
the complexity of the issue, particularly when considering the potential role of private

sector investment in bridging this gap.
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A central factor inhibiting private investment in HGV parking is the current market
structure, particularly the dominant position of Tank & Rast.>” As the quasi-monopolistic
operator of service station on the Autobahn network, Tank & Rast offers free parking
subsidized through ancillary services such as fuel and food sales. This model effectively
crowds out competition: private developers must operate on non-federal land and charge
for parking to achieve cost recovery, placing them at a structural disadvantage. The
absence of price signals in the free parking segment—combined with exclusive access
rights granted to Tank & Rast—prevents market-driven capacity expansion in high-demand
areas. The German Monopolies Commission and other regulatory bodies have raised
concerns that these long-term concession agreements restrict competition and innovation,
even in adjacent sectors such as electric vehicle charging (German Council of Economic
Experts, 2024). The result is a systemic under-provision of HGV parking, exacerbated by
high entry barriers—both institutional and economic—for new market participants.
Developers face substantial upfront costs, uncertain demand, and inferior locations relative

to the Autobahn network.

Importantly, the economic viability of developing new paid parking infrastructure is also
limited by HGV drivers’ behavioral preferences. Drivers consistently prioritize free parking
until it is fully occupied. Only then do they consider alternatives—either paid facilities or,
increasingly, informal and often illegal parking. This behavior aligns with discrete choice
models under capacity constraints (Ben-Akiva & Lerman, 1985), in which individuals select
the highest-utility option given costs, accessibility, and availability. Paid parking typically
involves both monetary costs and detours off the highway, reducing its relative utility.
When enforcement against illegal parking is weak, and the perceived safety risk is low,
informal parking becomes a rational, if undesirable, alternative for drivers operating under

strict legal rest time constraints.

This behavioral dynamic reflects a deeper market failure (see model in Appendix): the
absence of enforceable and differentiated pricing mechanisms results in inefficient
allocation. Paid infrastructure may remain underused, while free and illegal parking options
are chronically oversubscribed. Urban parking economics has demonstrated similar effects,
where rigid pricing and insufficient enforcement lead to demand spilling over into
unregulated or unauthorized spaces (Arnott & Inci, 2006; Verhoef et al., 1995). In the

context of HGV infrastructure, this implies that expanding paid options alone—without

> Tank & Rast GmbH has a 93 percent market share and is owned by an investor consortium consisting of
Allianz, Mlinchner Riick, Canada’s pension fund OMERS, and the China Investment Corporation (Piller, 2023).
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corresponding adjustments in pricing, accessibility, or enforcement—is unlikely to resolve

the imbalance.

The problem of parking scarcity is not unique to HGVs; urban areas face similar challenges
with passenger vehicle parking, driven by legal requirements and the escalating cost of
maintaining these spaces (Lehner & Peer, 2019; Yan et al., 2019). However, the afore-
mentioned absence of parking fees for HGVs and the specific demand for exclusive HGV
parking spaces (Malik et al., 2017; Pécheux et al., 2002) further complicate the issue.
Technology, particularly real-time information applications on HGV parking availability, has
been identified as a potential solution to alleviate some of these challenges (Boris &
Johnson, 2015; Martin & Shaheen, 2013; Trépanier, 2010). Nonetheless, land use policies
significantly limit the development of new parking facilities, with jurisdictions often
imposing restrictions on HGV parking on roadsides or other spaces (Giuliano et al., 2018;
Perry et al., 2017). These high entry barriers compound the challenges pertaining to HGV

parking provision.

Urban areas, where land is particularly scarce and expensive, face the most significant
challenges. Zoning policies and urban densification targets frequently prohibit the
construction of adequate HGV parking lots, presenting a substantial barrier to resolving
the parking shortage (Giuliano et al., 2018; Meyer, 1999). Innovative solutions, such as
adapting vacant or underutilized urban properties for HGV parking during off-peak hours,
have been suggested as viable alternatives (Perry et al., 2017). Tax incentives and the
implementation of nominal overnight parking fees could offer financial viability for these

initiatives (Fleger et al., 2002).

Conclusion

The findings of this paper provide a comprehensive analysis of the current state of HGV
parking infrastructure in Germany, with a specific focus on the implications for specialized
real estate developers. First. we utilize machine learning methods to determine the actual
supply of HGV parking spaces along German highways. This approach allows for an
accurate and current number that can be updated regularly. We then matched our supply-
side results with demand determined from traffic volume. The analysis reveals a critical and
widespread undersupply of HGV parking spaces, with neither median nor average demand

being adequately met across most regions.
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The inability to meet demand on both the median and average levels highlight the
potential for high returns on investment in the HGV parking sector. This situation presents
a unique opportunity for developers to enter a market with minimal competition and
significant unmet needs, ensuring that new developments are quickly absorbed by the

market and generate stable revenue streams.

The long-term growth potential of the HGV parking sector is another consideration for
specialized real estate developers. As Germany remains a central hub in European and
global logistics, the demand for HGV parking is expected to grow alongside the expansion
of freight transport activities. Developers who can strategically target these underserved
areas stand to benefit from an immediate and sustained demand for parking infrastructure.
Moreover, the development of infrastructure facilities improves working conditions for

HGV drivers so that they no longer must live on the highway.

Lastly, the paper emphasizes the importance of adopting innovative solutions to effectively
address the infrastructure and in particular the parking shortfall. Traditional real estate
development strategies may fall short in this complex and regulated market. Developers
who can leverage technology—such as real-time parking availability systems—or explore
creative land use strategies, particularly in constrained urban environments, will be better
equipped to meet the challenges of the market. Accordingly, further research potential lies
in the collection and analysis of locally detailed data on infrastructure demand. Moreover,

economic studies on subsidies and regulation are needed to evaluate targeted policy

measures addressing the imbalance between highway infrastructure demand and supply.
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Appendix

We model the parking decision of HGV drivers as a discrete utility-maximizing choice
between three options: (A1) free public parking (typically at rest areas directly along the
Autobahn), (A2) paid private parking (usually off-network), and (A3) illegal parking (e.g.,
on ramps or industrial roadsides). This extended framework accounts for the empirical
observation that many drivers opt for unauthorized parking even when paid options exist,

particularly when free facilities are fully occupied, and enforcement is weak.
Let drivers derive utility U from each option as follows:
Utility Uy from free parking:

Ur = Ous + (1 - 0)u, (A1)

where 6 is the probability of finding an available free spot, and uis the utility derived from

it. If no free spot is found, the fallback utility u, reflects a switch to paid parking.
Utility Uy, from paid parking:
Uy=—C,—T+e, (A2)

where C, denotes the monetary cost, T captures the time and fuel penalty for diverting

off the highway, and ¢, is an idiosyncratic error term capturing preference heterogeneity.
Utility U; from illegal parking:
Ui = —R —S+Sl’ (A3)

where R represents the expected financial penalty from enforcement (if applicable), S is

the perceived safety risk (e.g., collisions or theft), and ¢; is an individual-specific shock.

Drivers are expected to choose the option with the highest expected utility. In this
framework, illegal parking can dominate paid parking in cases where monetary and detour
costs (C, + T) outweigh enforcement risks and perceived safety penalties (R + S). This
helps explain the widespread persistence of unauthorized truck parking along European

freight corridors despite the existence of fee-based alternatives.

The structure aligns with capacity-constrained discrete choice models (Ben-Akiva &
Lerman, 1985) and insights from urban parking economics (Arnott & Inci, 2006; Verhoef
et al., 1995). Empirical extensions could estimate choice probabilities using a multinomial
or mixed logit model and simulate scenarios under varying levels of enforcement, pricing,

or capacity expansion. Such a model also supports policy insights: for example, increasing
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the perceived risk of enforcement R or lowering the cost of paid parking C,could reduce

illegal parking incidence.
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5 Conclusion

Executive Summary

This section provides a comprehensive summary of all three papers included in this thesis.
It discusses the problems and objectives, the data and methodologies used, as well as the

results and their contribution for both science and practice.

The Effects of Commission Bans on Household Wealth: Evidence

Paper 1: from OECD countries

Problems and Objective

The primary problem addressed in this paper is the conflict of interest inherent in
commission-based financial advisory systems. In many OECD countries, financial advisors
receive commissions from the financial products they recommend, which can incentivize
them to prioritize their own income over the best interests of their clients. This
misalignment can lead to suboptimal investment decisions, negatively affecting household
wealth. The objective of this research is to evaluate the impact of commission bans on
household wealth, savings behavior, and asset allocation. By examining the effects of such
regulatory measures, the study aims to provide evidence on whether commission bans can

mitigate conflicts of interest and enhance the financial outcomes for households.

Methodology and Data

This study employs a comprehensive empirical approach to assess the impact of
commission bans on household wealth across various OECD countries. The analysis is
based on an OECD dataset spanning from 1997 to 2020, encompassing household wealth,
savings rates, and asset allocation. The primary empirical model uses country-fixed effects
and time-fixed effects to control for country-specific and time-specific factors, ensuring
that the results accurately reflect the influence of commission bans. Additionally, the study
incorporates a logit regression models to explore the determinants of a country
implementing a commission ban, considering variables such as social security
contributions, education levels, employment rates, lobbyism, and gender demographics.

The dataset includes 36 countries.
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Results and their Contribution to Science and Practice

The study makes a significant contribution to the academic literature on financial advisory
practices and consumer protection. It provides empirical evidence that supports the
adoption of commission bans as a regulatory measure to enhance market efficiency and
protect consumers. The findings have practical implications for policymakers, suggesting
that commission bans can lead to better financial outcomes for households without
negatively impacting savings behavior. By promoting more transparent and consumer-
friendly financial advisory services, the research offers a data-driven basis for regulatory
reforms aimed at improving the alignment of interests between financial advisors and their

clients.

Paper 2: Does Residential Land Development Pay off Fiscally

Problems and Objective

The paper addresses the critical shortage of Heavy Goods Vehicle (HGV) parking spaces in
Germany and its implications for specialized real estate developers. Using advanced object
detection models on satellite imagery, the research maps the current availability of HGV
parking spaces. Our analysis integrates traffic volume data from the German Federal Roads
Office to estimate parking demand and identify regions with significant shortages. The
results reveal acute parking deficits in high-traffic areas along major highways, posing
substantial risks for road safety and logistics efficiency. This research offers valuable
insights for specialized real estate developers and policymakers, suggesting targeted
investments to address the parking shortfall. The findings underscore the economic and
safety benefits of adequate HGV parking infrastructure, emphasizing its importance for the
national economy and road safety. The paper provides a data-driven foundation and

investment case for specialty real estate developers.

Methodology and Data

The methodology of this study employs spatial regression models to account for regional
heterogeneity and potential spillover effects between neighboring districts. The analysis
uses a unique panel dataset from the Federal Statistics Agency database, covering all
German districts from 2011 to 2020. Key variables include living area, income tax revenue,
GDP per capita, disposable income per capita, unemployment rate, population density,

and workforce composition in the service and processing sectors. The study uses spatial
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econometric models such as the Spatial Lag Model (SLX), Spatial Autoregressive Model
(SAR), Spatial Durbin Model (SDM), and Spatial Error Model (SEM). These models are
chosen to capture the spatial dependencies and spillover effects, as municipalities do not
operate in isolation but are influenced by the development activities of their neighbors. To
test for spatial autocorrelation, Moran's | statistics are used, confirming significant positive
spatial autocorrelation in the data. The spatial regression models then incorporate these
spatial dependencies to derive more accurate and unbiased estimates. The robustness of
the findings is further tested through various model specifications and subsample analyses.
Additionally, our cost-benefit analysis then estimates the fiscal turnaround time of different
types of residential development types by comparing the associated costs with the average
annual income tax revenue generated from the increased living area determined by our

spatial regressions.

Results and their Contribution to Science and Practice

The results of our paper provide substantial evidence of the fiscal benefits of residential
land development for German municipalities. A one percent increase in living area is
associated with a 0.5 to 0.7 percent annual increase in income tax revenue, confirming
the significant positive impact of residential development on municipal finances. The
analysis also reveals that variables such as GDP per capita, disposable income, and
population density positively influence income tax revenues, while higher unemployment
rates have a negative effect. The findings highlight significant positive spillover effects,
indicating that residential development in one district can benefit neighboring districts,

emphasizing the need for regional cooperation in urban planning.

The paper compares the fiscal benefits of residential development with the associated
costs, demonstrating that the financial returns from residential projects, particularly multi-
family housing, outweigh the costs over a reasonable period. These insights suggest that
municipalities can achieve a fiscal turnaround in about 15 years for greenfield
developments and even faster for brownfield developments. The contribution to science
lies in the comprehensive analysis of spatial dependencies and fiscal impacts of residential
land development, offering new empirical evidence on the economic profitability of land
development. For practice, the findings provide a data-driven basis for policymakers to
reconsider the current bias towards commercial development, advocating for a balanced
focus that includes residential projects to address housing shortages, while simultaneously

enhancing municipal revenues.
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Paper 3: Potential through Object Detection

Problems and Objective

The paper addresses the critical shortage of Heavy Goods Vehicle (HGV) parking spaces in
Germany and its implications for specialized real estate developers. The issue is of major
importance due to its impact on road safety, logistics efficiency, and the national economy.
Specialized real estate developers can play a key role in solving this problem. Using
advanced object detection models on satellite imagery, the research maps the current
availability of HGV parking spaces. Our analysis integrates traffic volume data from the
German Federal Roads Office to estimate parking demand and identify regions with
significant shortages. The results reveal acute parking deficits in high-traffic areas along
major highways, posing substantial risks for road safety and logistics efficiency. This
research offers valuable insights for specialized real estate developers and policymakers,
suggesting targeted investments to address the parking shortfall. The findings underscore
the economic and safety benefits of adequate HGV parking infrastructure, emphasizing its
importance for the national economy and road safety. The paper provides a data-driven

foundation and investment case for specialty real estate developers.

Methodology and Data

The methodology of this study involves a multi-faceted approach combining data
collection, machine learning, and spatial analysis to assess the HGV parking situation in
Germany. The data used in the analysis includes traffic volume data from the German
Federal Roads Office (BASt) and high-resolution satellite imagery obtained from the Google
Maps API. The study employs the YOLOV8 object detection model to identify and count
HGV parking spaces. The YOLOv8 model, pre-trained on general object detection tasks, is
fine-tuned using a manually annotated dataset of 519 satellite images, resulting in the
identification of 10,483 HGV parking spaces. The annotated dataset is split into training,
validation, and test sets in a 70-15-15 ratio to ensure robust model performance. The
model is trained for 300 epochs using the Adam optimizer, achieving high precision (88.7
percent) and recall (85.4 percent) on the test set. Spatial analysis techniques are then
applied to match traffic counting stations with highway kilometers, allowing for the
estimation of parking demand. The study calculates the effective demand for HGV parking
spaces based on traffic volume and driving regulations, integrating these estimates with

the model's predictions to identify areas with significant parking shortages.
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Results and their Contribution to Science and Practice

The results of the study provide robust evidence of a substantial shortage of HGV parking
spaces in Germany. The analysis reveals that the existing supply of parking spaces is
significantly lower than the demand, particularly in high-traffic regions along major
highways. The findings indicate that certain areas have severe parking deficits, forcing
drivers to resort to unauthorized and unsafe parking practices. The study demonstrates the
effectiveness of using advanced machine learning models like YOLOvV8 for accurately

detecting and counting parking spaces from satellite imagery.

These insights offer significant investment opportunities for specialized real estate
developers. By identifying regions with the highest demand for HGV parking, developers
can strategically invest in building new truck stops and parking facilities. The data-driven
approach ensures that investments are directed towards locations with the most acute
shortages, maximizing the potential for high returns. The study highlights the economic
benefits of such investments, not only in terms of financial returns but also in enhancing

road safety and supporting the logistics sector.

For policymakers, the findings suggest the need for strategic investments in HGV parking
infrastructure to alleviate the parking shortfall and improve logistics efficiency. The
research contributes to more sustainable and efficient urban planning practices by
providing a detailed understanding of HGV parking dynamics. It underscores the critical
role of adequate parking infrastructure in supporting the logistics sector and ensuring road
safety, offering actionable recommendations for policy and investment decisions. Overall,
the research advances the understanding of HGV parking dynamics and provides a
foundation for future studies and practical interventions aimed at mitigating the parking

crisis.
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Final Remarks

This cumulative thesis has addressed critical issues within the finance and real estate
sectors through three distinct papers, each contributing to our understanding of complex
economic phenomena and providing actionable insights for policymakers and private

actors.

Together, these three papers contribute to a deeper understanding of the complex
interplay between regulatory frameworks, fiscal policies, and infrastructure development
in shaping economic outcomes. They highlight the importance of empirical research in
informing policy decisions and underscore the value of advanced analytical techniques in

addressing real-world problems.

The findings from these papers emphasize the need for a holistic approach to policymaking
that considers both economic efficiency and social welfare. Whether it is through
improving financial advisory services, optimizing land use policies, or addressing
infrastructure shortages, the research presented in this thesis underscores the importance
of aligning regulatory frameworks with the broader goals of economic development and
societal well-being. As the finance and real estate sectors continue to evolve, the insights
from this research will remain relevant, guiding future studies and policy interventions

aimed at fostering sustainable and inclusive growth.

For my first paper this evolution is already underway, having sparked academic literature
on microdata analysis on the effect of commission bans (de Bruin et al., 2024; Giu et al.,
2024; Kramer et al, 2024) and having influenced the political debate on commissions
Europe-wide. Consumer protection agencies have also seized on the empirical results to
bolster their arguments in public. Further extensions could include looking at the effect
commission bans have on the financial industry as our paper solely takes the perspective

of consumer protection.

Paper 2 on Residential Land Development has the potential to be further developed for a
cost-benefit analysis for individual residential projects. This could serve as an empirical basis
for local authorities to decide whether a project is fiscally feasible. Additionally, it offers an
nuanced perspective on how municipal decision-makers should approach residential land
development, providing insights that could help address the acute housing shortages in

Germany.

Paper 3 is not only the first empirical study to address the HGV parking deficit in Germany,

but also introduces a new methodology for counting existing HGV parking lots. This
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method can expedite and enhance the efficiency of measurement compared to those
currently employed by institutions such as the Federal Highway Research Institute (BASt),
where parking spots are still measured manually. Moreover, the methodology in Paper 3
would enable a granular estimation of the exact supply-shortage for every kilometer of
Highway in Germany. This is both highly relevant to political decision-makers and

specialized real estate developers.

116



Conclusion

References

de Bruin, B., Cherednychenko, O., Hermes, N., Kramer, M., Meyer, M. (2024).
Demand for financial advice: Evidence from a randomized choice experiment.
Journal of Banking & Finance, 163, 107193.

Guo, F., Li, F., Lu, X. (2024). Does financial advisors improve portfolio efficiency for
individual investors? Evidence from large-scale microdata. International Review of
Economics & Finance, 91, 400-412.

Kramer, M., de Bruin, B., Hermes, N., Cherednychenko, O. O., Meyer, M. (2024).
Demand for Financial Advice: Evidence from a Randomized Choice Experiment.
Available at SSRN 4756355.

117



