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Introduction

1 Introduction

1.1 Motivation and Background

Real estate plays an important role in today's world in various ways. In addition to its
housing function, it is in greater demand than ever as an asset class. Due to continuing
low interest rates and excess liquidity, investors are scrambling for investment
opportunities, even in times of major societal crises like the worldwide COVID-19
pandemic. In addition to private individuals, the institutional world' shows an increased
interest in real estate, offering them predominantly stable returns and benefitting not only
pension plans of many people, but also helping to build up and preserve capital. In fact,

real estate makes up 5.1% of any institutional portfolio, on average (Andonov et al., 2013).

However, investing in real estate is not an easy task. More precisely, market participation
is challenging due to several reasons. First, real estate markets are typically characterized
by large lot sizes as real estate is usually sold at high prices due to its locational value,
physical structure, and size. Second, markets are rather illiquid and slow-moving, which
arises from long transaction processes including search, due diligence, negotiation, and
closing phases (Crosby & McAllister, 2004; Bond et al., 2007). Third, real estate markets
are economy-dependent and cyclical. The state of the national economy as well as of
individual industries determines the demand for space, which directly impacts prices and
rents (Bone-Winkel, Focke, & Schulte, 2016). Fourth, traded assets are highly
heterogeneous as they are individual goods with almost no standardized appearance.
Hence, all information about a respective property is often only available to a very limited
circle of people (Wong et al., 2012). All these characteristics contribute to real estate
markets and their assets being considered non-transparent. Although ‘transparency’ is
frequently used in the real estate context, it lacks a unified definition. K.-W. Schulte et al.

(2005) therefore propose:

“Real estate markets can be described as transparent when it becomes clear how the
market mechanisms and the variables behind these mechanisms work, i.e. when there is
as much information as possible available at any point in time.” (K.-W. Schulte et al.,

2005, p.91)

Hence, if information asymmetries are present or information is entirely missing when

assessing real estate investments, lacking transparency can quickly become the biggest

' According to Bone-Winkel, Schulte et al. (2016), this includes insurance companies, pension funds, open and
closed-end real estate funds, real estate operating companies and real estate investment trusts, among others.
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Introduction

challenge. At market level, it immensely impedes research and selection processes and
thus, investment activities, which is confirmed by different findings in the literature (i.e.,
Fuerst et al., 2015). Authors such as Adair et al. (2006), Falkenbach (2009), Lieser and Groh
(2014) and Sadayuki et al. (2019) argue that opaque markets attract less capital inflows
from foreign investors. Absent and incomplete market information often represents major
entry barriers, either triggering high search costs or making an investment impossible from
the start. Moreover, Wong et al. (2012) show that there is a link between transaction
volume of real estate and the degree of information asymmetry between a buyer and a
seller. The greater the imbalance, the more difficult it is for the parties to agree on a
transaction price. Thus, the transaction process is negatively influenced by lacking or
unevenly distributed information. In the given context, Chau and Wong (2016) further
highlight that information asymmetry between landlord and tenant has a direct impact on

the development of vacancy rates and rents.

At asset level, the picture is similarly obstructive. Occupants or sellers often know
considerably more about both their properties and the surrounding environment than
prospective buyers, resulting in information asymmetries between both sides (Firoozi et
al., 2006; Wong et al., 2012). Rutherford et al. (2005) and Levitt and Syverson (2008) find
that real estate agents sell their own houses for higher prices than similar ones they sell
for their customers. The authors suggest that this is due to the informational advantage of
the agents. Qiu et al. (2020) and Siebert and Seiler (2021) add that non-local homebuyers
pay more than informed locals do. Thus, it seems intuitive that unevenly distributed
information has a direct impact on individual transactions leading to adverse effects for

one or both sides.

How is it possible that even in today's increasingly digital society, there continues to be a
lack of transparency in many markets? The answer is admittedly rather simple: The present
data and thus information situation is often insufficient. In the literature, many researchers
report such data problems. For example, housing markets are known for repeatedly
suffering from limited data availability (Rondinelli & Veronese, 2011). At the same time,
also commercial and other sectors regularly perceive information as not available or
incomplete (Devaney et al., 2017). Yet, prospects of improvement exist. While the degree
of transparency still depends on the country or region considered, a general trend toward
greater transparency has been observed in recent years. Eichholtz et al. (2011) attribute
this to the internationalization of service providers, the rise of common investment
vehicles, and more sophisticated and mature performance benchmarks, among others. By
analyzing the Jones Lang Transparency Index, Newell (2016) confirm the above while

additionally highlighting the importance of transparent market fundamentals, transaction
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processes as well as of regulatory and legal issues. Many of these developments can be
attributed to the continuously improving availability of data. In fact, one can note the
emergence of several new data sources in the recent past. Whilst government data
collections provide more and more macro- and microeconomic content, companies such
as Real Capital Analytics or CoStar offer detailed information on capital flows, transactions
and deal related details gathered by market participants. Asking data from mostly the
residential sector can be retrieved from so-called multiple listing systems that source from
real estate portals on which landlords advertise their properties. Although this list of
emerging data sources is only an excerpt, the underlying potential becomes apparent. The
commonly associated phenomenon is often simply referred to as the advent of Big Data
(see e.g. Kok et al., 2017; DelLisle et al., 2020). Such data offers the prerequisites to more
transparent markets. To access these markets however, it further requires appropriate
techniques. To give one example, Arbia et al. (2019) show that data samples exceeding
70,000 observations overexert conventional statistical methods when using standard
computer capabilities, which then lead to unreliable results. This finding represents most
scientists’ and practitioners’ limits. Thus, in order to realize the full potential of data
available today, there is a need to develop new and powerful statistical tools. As outlined

below, the past decades have created a good foundation for this.

In the early nineteenth century, Legendre and Gaufs introduced the first form of linear
regression. Later, in the 1970s, adaptions and extensions such as generalized linear models
with logistic regressions followed. When computational power started to improve in the
1980s, non-linear methods became feasible. While generalized additive models were able
to handle non-linear relationships for the first time in history, classification and regression
trees were developed simultaneously, marking the basis for what nowadays is called
statistical machine learning. Since then, many so-called supervised and unsupervised
machine learning (ML) methods have emerged, that are capable of processing large
amounts of data.? The latter are often summarized under the term Artificial Intelligence
(Al). However, what drives statistical or artificial learning to be advantageous?
Conventional methods rely on predefined relationships in the data and thus may produce
inaccurate results if these relationships do not fully correspond to reality. Al methods, on
the contrary, have the ability to learn these relationships and rules from the data itself and

thus, often achieve better results (Mullainathan & Spiess, 2017).

In one’s everyday life, society already is confronted with Al, often without realizing it.

Personalized web advertisements, spam filter for email accounts, webpages for translation

2 For the complete history of statistical learning, see James et al. (2013).
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and many more applications use Al techniques on a regular base. In the real estate
industry, these methods have also found their areas of application. The Royal Institution
of Charted Surveyors (RICS)® reported increased use of Big Data in conjunction with Al
(RICS, 2017). Most of its use, however, can be found in the area of valuation, in which
large data volumes enable ML techniques to precisely quantify real estate prices. Similarly,
in the field of real estate research, authors such as Zurada et al. (2011), Mayer et al. (2019),
and Bogin and Shui (2020) provide different insights on how ML methods are capable of
identifying property prices. Aside from valuation topics, many problems and applications

around the assessment of real estate investments are practicable yet immature.

The objective of this dissertation is to take a further step towards closing this gap. More
precisely, this thesis aims to demonstrate how real estate investments can be assessed in
times in which the use of Big Data together with Al methods evolves rapidly. The three
individual papers show how increasing transparency allows a more thorough analysis of
investment opportunities at market and asset level by using appropriate data and methods.
With that, this dissertation supports and guides real estate stakeholders towards enhanced

market knowledge, which allows for more in-depth and accelerated decision-making.

The first paper focuses on hidden investment mechanisms on market level by investigating
European countries and cities. Cross-border capital flows are gradually part of many
international real estate markets, determining prices and transactions. However, the
factors influencing these flows have not been fully uncovered to date. In other words, it is
still not entirely clear which market characteristics attract foreign investors. While existing
literature has focused on the ‘absolute attractiveness’ of target markets such as sound
economic growth or political stability, this paper breaks new ground. A unique dataset
compiled of private transaction and real estate data as well as of public economic data
enables the exploration whether ‘relative attractiveness’ of markets affect foreign capital
flows by means of linear and nonlinear methods. The results indicate that relative risk
premiums attract investors and that target markets are benchmarked against each other
before an investment decision is made. This paper highlights that, by using appropriate

transaction data, linear and nonlinear approaches are able to uncover market mechanisms.

The second paper links market to asset level and investigates how investment determinants
such as rents can be better examined and predicted by adopting an increased focus on
statistical learning methods. Hedonic regression models delivered price estimates

depending on the underlying asset for many years in the past, whereas new technologies

3 RICS is an important professional association for the real estate industry regularly providing industry
standards, research and opinions.
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such as Al estimate actual achievable prices more accurately. As presented before, these
methods have already proven their worth and are demonstrably capable of supporting
valuation procedures. While rents can be estimated with hedonic techniques, this paper is
the first to investigate their derivation with statistical learning methods. Hence, it addresses
the question whether ML methods are capable of precisely predicting residential rents. A
large dataset on the city of Munich, covering residential rents as well as hedonic structural
and locational characteristics of respective apartments, serves as basis for the analysis at
hand. A comparison of a classic linear hedonic regression with several ML techniques
reveals that the latter are able to outperform traditional methods. A second step involves
the analysis of a residential portfolio and shows that ML methods also are applicable to
detect underrent scenarios. This paper’s findings encourage the application of statistical

learning methodologies in order to increase understanding at market and asset level.

The third and last paper directs the view towards transparency regarding assets. While ML
methods can outperform rather traditional linear methods at certain tasks*, they are far
from being a panacea. In fact, these methods are often criticized for their ‘black box’
character. As mentioned earlier, the power of ML arises from learning patterns and
relationships from the data. This ability stems from complex algorithms which are able to
produce consistent results but prohibit to see how the machine derives at such results
(McCluskey et al., 2013). In the recent past, interpretable machine learning (IML) tools
have been designed to analyze this exact inner working of such algorithms ex-post. In a
first step, this paper uses residential rents from apartments in Frankfurt am Main together
with structural and locational characteristics, allowing an ML algorithm to precisely predict
rents. The second step involves the application of two IML methods, namely feature
importance and feature effects. The former provides a ranking of the most important
hedonic characteristics affecting rental estimation. The latter is able to highlight
relationships between the rent and the individual characteristics. Subsequently, the IML
methods are able to show on which economically comprehensible basis the ML algorithm
came to its conclusion. Hence, this paper sheds light on how opening up a statistical
learning methodology leads to enhanced economic understanding and increased

transparency of the fundamental characteristics of real estate.

4 ML methods are known to perform exceptionally well in predictive tasks, however, their inferential
capabilities, which can be roughly translated to ,why the prediction took place’ are rather limited.



Introduction

1.2 Research Questions

This section presents all important research questions, which are being addressed
throughout the course of the different papers. While non-transparent markets are the basis
and thus the unifying element of all papers, each one covers individual issues at a different
level. A top-down approach serves as the framework for this dissertation. While the first
paper focuses on questions at market level, the second paper investigates both, market

and assets, and the third paper concentrates mainly on the asset level.

Paper 1: Do Cross-Border Investors Benchmark Commercial Real Estate
Markets? Evidence from Relative Yields and Risk Premia for a
European Investment Horizon

A Are international real estate markets transparent enough to investigate
comparative investment behavior?

A Do investors benchmark international real estate investments, i.e., is the relative
attractiveness of a target market decisive before market entry?

A Can relative attractiveness be expressed as relative yields and relative risk premia
of real estate markets?

A Does benchmarking behavior induce a non-linear relationship between cross-
border capital flows and relative yields and relative risk premia?

A Do transparent market mechanisms offer advantages for investors?

Paper 2: Rental Pricing of Residential Market and Portfolio Data — A
Hedonic Machine Learning Approach

A Can artificial intelligence in combination with appropriate data contribute to a
better understanding of real estate markets?

A Are machine learning methods suitable for estimating residential rents?

A Do hedonic machine learning methods provide a better predictive performance
than conventional linear methods?

A Can conclusions be drawn on how investors currently determine their rents?

A If machine learning improves transparency, will investors benefit in re-letting
scenarios?
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Paper 3: Peeking inside the Black Box: Interpretable Machine Learning and
Hedonic Rental Estimation

A Given the data available, can interpretable machine learning disclose rental
mechanisms on asset level?

A Which hedonic characteristics are most important when determining rent?

A What are the economic and statistical relationships between these characteristics
and the corresponding rent?

A Do machine learning algorithms estimate rents based on economically sound
principles?

A Can interpretable machine learning methods represent algorithmic decision
making in a comprehensible way?
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1.3 Co-Authors, Submissions and Conference Presentations

The following overview provides information about co-authors, journal submissions,
publication status and conferences presentations.

Paper 1: Do Cross-Border Investors Benchmark Commercial Real Estate
Markets? Evidence from Relative Yields and Risk Premia for a
European Investment Horizon

Authors:

Dr. Cay Oertel, Jonas Willwersch, Dr. Marcelo Cajias

Submission Details:

Journal: Journal of European Real Estate Research
Current Status: accepted (01/04/2020) and published in Volume 13, Issue 1
(02/03/2020)

Conference Presentations:

This paper was presented at:
A the 35" Annual Conference of the American Real Estate Society
(ARES) in Paradise Valley, USA (2019)
A the 26" Annual Conference of the European Real Estate Society
(ERES) in Cergy-Pontoise Cedex, France (2019)
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Paper 2: Rental Pricing of Residential Market and Portfolio Data — A
Hedonic Machine Learning Approach

Authors:
Dr. Marcelo Cajias, Jonas Willwersch, Felix Lorenz, Prof. Dr. Wolfgang Schafers
Submission Details:

Journal: Real Estate Finance
Current Status: accepted for publication (04/23/2020)

Conference Presentations:

This paper was presented at:
A the 26" Annual Conference of the European Real Estate Society
(ERES) in Cergy-Pontoise Cedex, France (2019)
A the 2" Workshop “Artificial Intelligence and Finance” of the Center
of Finance of the University of Regensburg, online (2020)
A the 37" Annual ARES Conference of the American Real Estate
Society (ARES), online (2021)

This paper will be presented at:
A the 27" Annual Conference of the European Real Estate Society
(ERES) in Kaiserslautern, Germany (2021) (submission accepted)
A the Verein fiir Socialpolitik (VfS) 2021 Annual Conference in
Regensburg, Germany (2021) (submission accepted)

Paper 3: Peeking inside the Black Box: Interpretable Machine Learning and
Hedonic Rental Estimation

Authors:
Felix Lorenz, Jonas Willwersch, Dr. Marcelo Cajias, Prof. Dr. Franz First
Submission Details:

Journal: Real Estate Economics
Current Status: Under review (04/21/2021)

Conference Presentations:

This paper will be presented at:
A the 3 Workshop “Artificial Intelligence and Finance” of the Center
of Finance of the University of Regensburg, online (2021)
A the 27" Annual Conference of the European Real Estate Society
(ERES) in Kaiserslautern, Germany (2021) (submission accepted)
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2 Do Cross-Border Investors Benchmark
Commercial Real Estate Markets? Evidence
from Relative Yields and Risk Premia for a

European Investment Horizon

2.1 Abstract

The purpose of the study is to introduce a new perspective on determinants of cross-border
investments in commercial real estate, namely the relative attractiveness of a target
market. So far, the literature has analyzed only absolute measures of investment
attractiveness as determinants of cross-border investment flows. The empirical study uses
a classic OLS estimation for a European panel data set containing 28 cities in 18 countries,
with quarterly observations from Q1/2008 — Q3/2018. After controlling for empirically
proven explanatory covariates, the model is extended by the new relative measurement
based on relative yields/cap rates and relative risk premia. Additionally, the study applies a
generalized additive mixed model (GAMM), to investigate a potentially nonlinear
relationship. The study finds on average a c.p., statistically significant lagged influence of
the proxy for relative attractiveness. Nonetheless, a differentiation is needed; relative risk
premia are statistically significant, whereas relative yields are not. Moreover, the GAMM
confirms a nonlinear relationship for relative risk premia and cross-border transaction
volumes. The results are of interest for both academia and market participants as a means
of explaining cross-border capital flows. The existing knowledge on determinants is
expanded by relative market attractiveness, as well as an awareness of nonlinear
relationships. Both insights help to comprehend the underlying transaction dynamics in
commercial real estate markets. Whereas the existing body of literature focuses on
absolute attractiveness to explain cross-border transaction activity, this study introduces

relative attractiveness as an explanatory variable.

Keywords — Cross-Border Real Estate Investment, Direct Property Investment, European

Real Estate, Panel Data, Nonlinear Regression
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2.2 Introduction

Direct cross-border investments in commercial properties have increased steadily over the
past two decades. Accordingly, the related research and market participants have
demonstrated an increased interest in understanding the determinants of capital flows

across national borders.

Institutional economics theory defines the attractiveness of a target investment market as
a function of its socio-economic environment and institutional framework (Fuerst et al.,
2015). In line with this theory, Lieser and Groh (2014) provided empirical evidence of the
importance of economic growth, demographics, urbanization or political stability of a
particular country. However, other authors highlight the importance of additional factors
on cross-border capital flows. Yet, the literature has described the attractiveness of an

investment location solely with absolute measures of potential determinants.

The present article introduces a new approach to explaining inflowing cross-border capital
into real estate market, namely relative attractiveness for a target investment horizon. As
opposed to previous studies, it sheds light on whether cross-border investors benchmark
investment opportunities against each other. More precisely, the study investigates
whether relative attractiveness in the form of relative yields or relative risk premia
determines the capital allocation of investors. In this context, the analysis concentrates on
European real estate markets, as classic prime European investment markets represent
rather homogenous, substantially economically integrated by the EU and geographically
densely located competing investment markets. Thus, relative attractiveness appears to be
a potential driver, but solely for geographical reasons. At the same time, as outlined by
Devaney et al. (2017a), data availability issues in Europe especially at the city level have
hampered research on cross-border transaction activity. Consequently, work at this level

requires new empirical evidence.

The paper is structured as follows: A comprehensive literature review builds the foundation
for the empirical study. The essence is the existing body of literature on the one hand,
while legitimating the approach of introducing relative attractiveness as a further driver of
cross-border investment activity on the other. The section concludes with a statement of
the hypotheses for the empirical work. Subsequently, the paper outlines the data set and
research design, including the new target variables for measuring the relative
attractiveness of a city. It also reports the descriptive statistics. Since macroeconomic
models on cross-border investment activities in real estate markets are subject to severe

methodological challenges and data availability issues, the variable selection process and
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the econometric approaches are discussed extensively. Afterwards, the empirical results

are presented, and some conclusions drawn.

2.3 Related Literature and Hypotheses Derivation

Several studies have tried to identify common determinants of cross-border real estate
investment in the view of various investor types and investment styles. From a portfolio
point of view, national and regional diversification benefits are often perceived as one of
the driving forces behind international capital allocation in real estate. Amongst others,
Sirmans and Worzala (2003) and Holsapple et al. (2006) argued that the diversification of
country-specific economic drivers is decisive. The abovementioned literature on
diversification, however, often suffers from data unavailability on investors who cause the
transaction flows. Thus, the relationship between investor, relevant portfolio and
investment flow cannot be established. Accordingly, a growing body of literature has
focused on investor-unrelated and general institutional and macroeconomic determinants
of cross-border investment flows. Hence, several studies have investigated investment

drivers and barriers on global and regional levels.

A comprehensive empirical study on the economic and institutional environment was
conducted by Lieser and Groh (2011). First, they defined six relevant areas for cross-border
investments, namely economic activity, real estate investment opportunities, the depth and
sophistication of capital markets, investor protection and the legal framework,
administrative burdens and regulatory limitations, as well as the socio-cultural and political
environment. In a second step, they quantified the attractiveness of countries via a
composite index approach. In a second paper, Lieser and Groh (2014) analyzed which of
these country characteristics impact on foreign real estate investment volumes. After
investigating 47 countries, they illustrated a significant relationship between foreign real
estate investment activity as the dependent variable and real estate investment
opportunities, the depth and sophistication of capital markets, investor protection and the
legal framework, administrative burdens and regulatory limitations as independent
variables. In line with this study, Devaney et al. (2017a) found that in European and Asian
Pacific countries, the size and wealth of a country, the specific country risk, and property
rights, as well as the performance of the real estate markets, mainly determine transaction

activity.”

® Transaction activity was measured from turnover rates of the total transaction volume taking foreign and
domestic investments together.
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A second stream of papers narrowed the geographic focus and carried out empirical
studies on national or city-level determinants. Chin et al. (2006) and Pi-Ying Lai and Fischer
(2007) identified patterns in Asian regions and cities. They highlighted that political stability
and legal regulations, as well as sound financial and economic structures, and the strength
and stability of the current economy, are of major importance for investments in these
areas. He and Zhu (2010) added that aside from a favorable institutional environment,
Chinese cities and their real estate markets attract capital through population and market
size. For Eastern Europe, McGreal et al. (2001) argued that foreign real estate investment
activity can be affected negatively, especially by non-transparency, overall economic
conditions, corruption, and bureaucracy. Salem and Baum (2016) found that foreign
money flows into real estate markets in the Middle East and northern African countries are
mainly influenced by political stability. Devaney et al. (2017b) investigated transaction
activity in U.S. metropolitan office markets. Economic growth and market size were
positively related to turnover rates, whereas vacancy rates and risk showed a negative

relationship.

The studies presented thus far indicate that the institutional framework and the
macroeconomic conditions shape cross-border investment. However, real-estate-related
factors also influence cross-border capital flows, since investment success is not only linked
to country characteristics, but also to the underlying real estate market and the property
itself. A number of authors have therefore included various proxies of real estate markets
into their investigations. Ford et al. (1998) found that market activity and rent levels of US
real estate markets determine foreign investment behavior. Moreover, according to Laposa
and Lizieri (2005) office construction attracts foreign investment in Eastern Europe. For
China, He and Zhu (2010) showed that aside from satisfactory demographic conditions,
already invested foreign capital attracts both foreign developers as well as more cross-
border investors. In addition, Rodriguez and Bustillo (2010), Gholipour Fereidouni and
Ariffin Masron (2013) and Farzanegan and Fereidouni (2014) observed market-specific
property prices to be influential. Interestingly, Gholipour Fereidouni and Ariffin Masron
(2013) found real estate market transparency to be an important determinant for foreign
investors, but Farzanegan and Fereidouni (2014) did not confirm this finding. Fuerst et al.
(2015) established a positive relationship between market liquidity and cross-border capital
inflows, since the ability to sell properties increases. Devaney et al. (2017a) noted a
negative relationship between office vacancy rates and turnover rates. With particular
respect to property characteristics, Devaney et al. (2018) demonstrated that cross-border

investors in U.S. gateway cities favor large and new buildings close to CBD locations.
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To gauge investment potential and to explain capital flows, risk characteristics such as the
previously documented institutional, macroeconomic and real-estate-related variables
constitute crucial considerations. Nonetheless, income opportunities, which may
additionally influence investors, can be assessed by an ex ante analysis of yields and pricing.
A common method of early real estate investment evaluation is the capitalization (cap)
rate. It is usually computed as the ratio of a property’s net operating income to its price
and therefore serves as an opportunity to compare assets and markets. When assessing
the main determinants of cap rates, the literature refers to the Gordon-growth model (see

e.g. McAllister & Nanda, 2016):

6 BYOO D ¢ aQt BHONVDO Y QRNQE QOGE EG'E Q0o (1)
The nominal risk-free rate is often approximated by a long-term government bond,
whereas the risk premium marks the difference between the government bond and an
individual asset yield. The income growth measures the growth of rents or net operating
income. Research companies, brokers and other market participants regularly provide cap
rates and therefore enable investors to measure and compare ex ante investment
potential. To the best knowledge of the authors, only a little research has investigated the

cap rate, or related initial yields, and investment flow relationship, even though a direct

relationship between both seems reasonable.

With respect to foreign investment, McAllister and Nanda (2016) and Oikarinen and
Falkenbach (2017) detected that foreign capital decreases cap rates. For the present study,
the subsequent question of whether the reverse relationship holds true and that cap rates
impact investment activity has barely been analyzed. Considering American real estate,
Ford et al. (1998) argued that foreign investors react to changes in cap rates. Considering
turnover rates in international office markets, Devaney et al. (2019) could not prove that
cap rates influence general investment activity. To shed more light on this topic, we
suggest a new approach to analyzing cap rates and cross-border flow dynamics. So far,
potential and actual determinants in the literature were taken into account in order to
display the absolute attractiveness of real estate markets. However, we are interested in
whether cross-border investors not only look at specific market characteristics representing
the absolute attractiveness, but also benchmark certain key determinants such as initial

yields against neighboring and competing markets.

More precisely, when cross-border investors choose among target locations, we expect
them to look for outperformance opportunities within a predefined investment horizon.
Thus, investors search for relative attractiveness among a given set of markets at the time

of deploying capital. A straightforward way to evaluate outperformance is to benchmark
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key metrics such as yields and risk compensation. Therefore, the present study analyzes
empirically whether cap-rate-based relative yields and relative risk premia contribute to the

relative attractiveness affecting cross-border investments. This leads to the first hypothesis:

Hypothesis 1: The relative attractiveness of real estate markets affects cross-border

capital inflows.

The vast majority of the abovementioned articles use classic linear models, based mainly
on panel models and OLS estimations. The present study aims at contributing to the
existing body of literature by relaxing the assumption of a constant effect of the
explanatory variables on cross-border investment volumes, as proposed by Devaney et al.
(2017a). Possible reasons are potential investor heterogeneity with regard to risk appetite,
differences in funding and investor herding behavior. Inspired by the real estate literature
on hedonic pricing models (Cajias & Ertl, 2018), the present paper uses a generalized
additive mixed model (GAMM). Accordingly, a potential nonlinear relationship between
the variable of interest and the dependent variable will be assessed, addressing the

following hypothesis:

Hypothesis 2: The relative attractiveness of real estate markets has a nonlinear

relationship with cross-border capital inflows.

In order to provide insight into the abovementioned hypotheses, the following sections
describe the data and the applied methodology. Subsequently the empirical results are
presented, which lay the foundation for the assessment of hypotheses. The latter is stated

in the conclusion section.

2.4 Data, Sample Description and Methodology

2.4.1 Data Source of the Dependent Variable

The analyzed data sample contains 28 European cities (n = 28) across 18 countries [2], with
quarterly observations of transaction volumes for office properties from Q1 2008 to Q3
2018 (t = 43). The data is from various data providers. The dependent variable covers
quarterly aggregated cross-border transaction volumes of office buildings provided by Real
Capital Analytics, Inc. (RCA). RCA is a data-specialist that tracks commercial real estate
transactions worldwide including single properties, portfolios and units which mainly
consist of commercial real estate. The company applies a standard price floor of 5 Mio.

EUR or greater in Europe to consider them in its statistics. Moreover, it sources information
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about transactions from a variety of investors, brokerage firms, media companies and
others. RCA labels a transaction as “foreign” or “cross-border” if the buyer’s or the major
capital partner’'s headquarter is not situated in the same country as the property. The
buyers typically consist of institutional (equity and pension funds, insurances, banks, etc.),
listed (REITs, REOCs and listed funds) and private investors (high net worth individuals, non-
traded REITs, developers/owners/operators) as well as others (governments, corporates,

non-profit, educational and religious users).

Figure 2.1 depicts aggregated quarterly investment volumes of cross-border and domestic
investors in the European sample from Q1/2008 to Q3/2018. A visual inspection indicates
a positive correlation of both capital types showing a trough in Q1/2009 and a peak in
Q4/2015. However, the domestic volumes are continuously greater than the cross-border

ones.

Figure 2.1: Agg. European Real Estate Investment in Bn. Euro (Q1/2008 — Q3/2018)
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The use of RCA data itself is increasing in the real estate literature. Nonetheless, with
respect to the measurement of investment activity, there is a debate on what constitutes
the right measure to incorporate these flows into econometric models. Devaney et al.
(2017b) argue that pure transaction volumes can be driven not only by activity, but also
by price inflation. Instead, they suggest turnover rates measured as the appropriate value
of the traded properties purchased by domestic and foreign investors, divided by the value
of all properties in the market, so as to more accurately capture investment activity. We
cannot follow this procedure, since the information on how much of the value of all
properties in the market belongs to foreign investors is not accessible. Instead, we stick to
the common transaction volumes, but control for inflation as proxy for the overall asset

price development of the target market.
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2.4.2 Research Design, Definition and Selection of the Explanatory Variables

Since we aim at replicating average investor behavior, the markets specified in the panel
data set appear to be the key ones for global investors looking for investment opportunities
in Europe (PricewaterhouseCoopers & Urban Land Institute, 2019). However, a decisive
methodological point needs to be highlighted: By defining the panel data set as such, we
model the included cities across Europe as a closed investment horizon in which only the
markets specified compete for inflowing capital. Thus, the relative attractiveness relates to
the benchmark of these investment locations only, assuming other markets beyond this
horizon to be irrelevant for cross-border investors. However, the study expects these

investors predominantly to target the specified main investment markets.

Since investors typically compare ex ante profitability metrics when looking for investment
opportunities, prime initial yields form the base of relative attractiveness. The term relative
indicates the comparison of one market with all others in the sample, which essentially
creates a benchmark. To describe the relative attractiveness, we decide to measure the
impact of two variables on the aforementioned foreign capital flows: relative yields as well
as relative risk premia. The formula is thereby based on the relative return measure of MSCI
(2019), which is frequently used, for example, in performance analysis. As the first variable,

the relative net mean yield 'Y 0 0 g is defined as follows (see equation 2):

YO 0 P ZPTMT (2)
0 @ denotes the prime initial yield of best located assets in city "‘Cfor period 0.5 The data
stem from CoStar. Additionally, 6 "Gy ¥tands for the average corporate income tax of the
respective country, obtained from the OECD. The taxation is additionally introduced, since
theyield of an investment will eventually be capitalized as an ex post return and thus taxed.
The domestic net yield in the numerator is calculated by multiplying 0 & by one minus
the specified tax. Although taxation issues are often neglected in related studies, we
incorporate them in order to account for taxation-driven investment decisions and since

we expect the average investor to be affected by a homogenous average tax rate, and so

6 Although our sample presumably includes not only core investors, we do not consider average yields or cap
rates. Instead, we use prime yields since they are from a cost and effort perspective relatively easy to obtain in
early market research. Cross-border investors have higher search costs (see McAllister and Nanda, 2016b),
suggesting that prime yields offer an inexpensive way to obtain an early market indication. In addition, several
practitioners informed us that prime yields are often included in order to assess investment potential in foreign
markets.
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the focus is on these net yields.” The denominator provides the average net prime yield,
which is defined by the mean of the net prime yields across all individuals. Thus, the
denominator can also be interpreted as the abovementioned benchmark. Excess
attractiveness of a city in comparison to the mean is c.p. expected to trigger inflowing

capital.

Whereas a relative yield benchmarks the sole real-estate-related income potential,
investors may be also affected by how much related risk premium a real estate market
offers as an excess in relation to the country-specific risk-free alternative. In other words,
is there an excess yield, justifying the capital allocation in a property market? Since
investors expect risk premia when allocating capital to a risky asset, we specify the relative

net mean risk premium 'Y 0 0 "Y;0 as such:

YOO R0 ® i i i p ZpTT 3)
-B R R R

The nominal risk free rate is approximated by long-term country-specific government

bonds. To account for different investment horizons, we include 10 year government

-estate-
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