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Abstract

The dynamic nature of real estate markets highlights several crucial yet
insufficiently explored areas in the existing real estate literature. Key gaps
include the limited empirical investigation into how interest rate sensitivities
vary across different interest rate types, locations, and real estate asset classes.
Additionally, while any real estate valuation based on the income approach
requires the incorporation of discount rates, their subjective nature introduces
risks of miscalculation, potentially leading to suboptimal and inefficient
valuations. Furthermore, there is a notable scarcity of theoretical and empirical
evidence on the significance and applicability of sustainability ratings in the real
estate industry.

This dissertation addresses three critical questions in the real estate literature
and aims to provide practical insights for a broad range of stakeholders,
including regulatory authorities, commercial real estate investors, appraisers,
and private households. Our research is centered in Switzerland and offers a
detailed analysis of the forces shaping real estate markets, with a specific focus
on interest rates, discount rates in the Discounted Cash Flow (DCF) method,
and Environmental, Social, and Governance (ESG) ratings. Through this
targeted approach, we seek to bridge gaps in the existing literature and provide
guidance for investigating the complexities of real estate markets.

The first study examines the relationship between interest rates and real estate
prices in Switzerland from 2005 to 2018, analyzing six real estate types across
106 regions. Using various interest rate proxies, the study reveals a
heterogeneous impact of interest rates on real estate prices, with variations
across real estate types and Swiss regions. The second study investigates the
determinants of discount rates within the DCF method, distinguishing between
appraisal-based and transaction-based discount rates. The findings show that
appraisers and investors attribute different levels of importance to the
fundamental determinants of discount rates. Furthermore, the study reveals that
locational and macroeconomic factors are more influential in residential real
estate, while object-specific characteristics dominate in the commercial real
estate segment. The third study assesses the association of ESG ratings with key
metrics in the real estate industry. The analysis shows significant associations
between ESG ratings and discount rates, rental incomes, and vacancy rates,
indicating that the environmental rating stands out as the most essential sub-
rating. Furthermore, the findings suggest potential signaling effects, as
properties with higher ESG ratings show greater sensitivity to discount rates
and vacancy rates.

Keywords
Real estate fundamentals, valuation process, sustainability, regional data
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Chapter I: Introduction

1.1. Real estate markets in the Swiss context

Distinctive characteristics of real estate markets, grounded in the immovability, illiquidity
and long-term nature of real estate assets, together with their sensitivity to locational
characteristics or even macroeconomic events, lay the foundation for their unique dynamics.
Within this realm, Swiss real estate markets demonstrated notable resilience during recent
years. Between 2005 and 2022, the residential real estate segment, in particular, witnessed a
substantial price surge. Median prices for owner-occupied flats (+79.9%) and houses (+66.4%)
experienced noteworthy increases, while median rental prices per square meter for apartments
(+16.7%) displayed a comparatively modest rise. The commercial real estate segment mirrored
this trend, as median rental prices per square meter for office space increased by 15.3%,
industrial real estate by 12.5%, while sales area experienced a more modest increase of only
1.8% (Wiiest Partner, 2023). Notably, prices for income properties surged by 84.4% between
2005 and 2022 (IAZI, 2023).

Heterogeneous price developments among real estate prices may seem surprising at first
glance, but are the consequence that prices for homeownership, rental prices or even prices for
income properties are determined on different markets. Rental prices are formed on the user
market by contrasting the supply for residential housing or commercial purposes with the
respective demand. The space originating from the building stock corresponds to the supply,
while households and firms using residential or commercial space represent the demand
(DiPasquale and Wheaton, 1992). In contrast, prices for houses or owner-occupied flats are
shaped on the market for homeownership, reflecting households’ willingness to pay that is
opposed with limited space for new construction. Additionally, the prices of income properties
are formed in investor markets, where transactions are based on comparing anticipated revenues
and costs, along with those of alternative investment classes (Theurillat et. al., 2015).

Understanding these distinct markets is crucial, as valuation methods tailored to each
market provide valuable insights into the fundamental mechanisms driving real estate prices.
In Switzerland, prices for homeownership are generally derived using hedonic pricing models,
for example by banks for granting mortgages. These models operate on the assumption that
individuals derive utility from housing, which can be priced. Accordingly, hedonic pricing
models articulate the price of a particular object as a function of its specific characteristics or
location, all of which exert an implicit impact on its value (McConnell and Walls, 2005). A
similar approach is taken for rental prices, as determined on the user market, where a hedonic

function is used to derive their values (Djurdjevic et al., 2008). Prices of income properties, in
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contrast, are assessed through the income approach, which evaluates them based on their cash
flows, as these properties are held as income-generating assets by commercial real estate
investors.

Along with various other factors, the effectiveness of valuation methods across different
asset classes depends on accurately assessing the influence of key macroeconomic forces that
shape the distinctive dynamics of real estate markets. Notably, increased real estate prices
during recent years aligned with constantly declining interest rates. Yields on 10-year
government bonds saw a decline from 3.4% in June 2008 to -1.1% in 2019, subsequently
rebounding into positive territory as of January 2022 (Swiss National Bank, 2024). Increased
real estate prices during recent years were also accompanied with a consistently growing
population and an enhanced overall economic performance. Over the period from 2005 to 2022,
the Swiss population experienced a growth of 17.9% (Federal Statistical Office, 2023), and the
Gross Domestic Product (GDP) per capita increased by 27.4% (Federal Statistical Office,
2023b). To accommodate economic and population growth between 2005 and 2022,
investments in new construction surged by 19.4% during this period (Federal Statistical Office,
2023c). Despite the substantial surge in investments in Swiss real estate markets, average
vacancy rates remained stable without any notable increase. Between 2005 and 2022, the
average vacancy rates for residential real estate ranged between 1.0% and 1.3%, as reported by
the Federal Statistical Office (2023d).

Apart from macroeconomic developments that typically influence real estate markets,
Switzerland exhibits unique characteristics, particularly in its regulatory framework. For
instance, the market for homeownership is influenced by the requirement for households to
provide a 20% down payment when purchasing a property. Furthermore, homeowners can
offset mortgage interest payments from taxes, but their imputed rents are subject to taxation
(Federal Tax Administration, 2015). Rental prices, on the other hand, are affected by the Swiss
rent control system. This system permits rent adjustments through the reference index, an
average level of mortgage interest rates across Switzerland, or the Swiss Consumer Price Index
(CPI). While commercial rental contracts frequently include an indexation to inflation up to
80%, residential rental contracts comprise an indexation of 40%. The investor market, on the
contrary, may be influenced by the regulatory shift back in 1985, which mandated deposits into
pension funds. Since then, institutional investors have systematically increased their
investments in real estate markets, considering their suitability as alternative asset classes

(Drechsel and Funk, 2017). Investors also benefit from the possibility to adjust rents either
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when undertaking major renovations, incurring increased maintenance costs, or when a new
tenancy starts (Hilber and Schoni, 2016).

Switzerland’s federalist structure, where the federal state and 26 cantons operate as distinct
fiscal jurisdictions, also exerts influence on its real estate markets. Under this structure, cantons
have the authority to establish local regulations and delegate powers to municipalities, resulting
in a diverse regulatory environment (Basten et al., 2017). A suitable example is the taxation of
incomes, wealth or even properties, which vary considerably between cantons and among its
municipalities. The federalist structure is also accompanied by the enactment of initiatives,
whether on a cantonal or national level, contributing to the unique character observed among
Swiss regions. For instance, in 2012, Swiss residents approved the Second Home Initiative
(SHI), which prohibits the construction of new second homes in touristic municipalities (Hilber
and Schoni, 2020). Recently, the canton of Basel City accepted the initiative ”Ja zum ECHTEN
Wohnschutz”, which aims to implement an additional rent control mechanism for renovations

and their cost transfer to rental prices (Regierungsrat Kanton Basel Stadt, 2022).

1.2.  Emerging questions in Swiss real estate markets

The numerous factors affecting Swiss real estate markets are intrinsically linked to the
emergence of new questions, a connection that resonates with the broader landscape of change.
Given Switzerland’s distinctive characteristics, encompassing structural circumstances and
regulations, an initial question coincides with the onset of the global financial crisis and
subsequent shifts in worldwide and Swiss monetary policies. The general decrease in interest
rates has substantially lowered mortgage interest rates, consequently making homeownership
more affordable through declined mortgage rates and financing costs. Simultaneously, investors
in commercial real estate have redirected their investments toward the real estate sector, seeking
higher yields amidst limited alternative opportunities. As a matter of fact, Swiss pension funds
have augmented the proportion of direct investments in real estate from 12.2% (CHF 56.9
billion) in 2005 to 17.6% (CHF 204.1 billion) in 2021 (Federal Statistical Office, 2008:2022).
In consequence, the disproportionate redirection of investments into the Swiss real estate
market has heightened vulnerabilities and increased risks to financial stability (Swiss National
Bank, 2021). The observed trends in Swiss real estate markets, marked by declining interest
rates and rising real estate prices, prompt questions about their underlying connection.
Specifically:

®  What are the macroeconomic transmission mechanisms through which changes in interest
rates influence real estate prices?

®  How does the impact of interest rate fluctuations differ across various real estate types?

11



® s there spatial heterogeneity in the influence of interest rates on real estate prices across
different geographic locations?

In addition to the overarching influence of aggregated demand and supply factors on real
estate prices, valuation-based mechanisms also contribute to the observed dynamics in real
estate markets, especially in the context of income properties. In Switzerland, commercial real
estate investors are mandated to have their portfolios evaluated annually by appraisal
companies, which commonly employ the Discounted Cash Flows (DCF) method to determine
the market value of income properties. The discount rate holds particular relevance in this
regard as it reflects variations in interest rates, contributing to the observed volatility in income
property prices in recent years.

While there are some guidelines regarding discount rates, the absence of publicly available
data sources makes it a perceived black box, implying that the discount rate often includes
uncertainties and may be susceptible to subjectivity. The significance of discount rates becomes
evident in the context of prevailing accounting standards. For instance, under the International
Financial Reporting Standard (IFRS), increased market values of income properties lead to
book gains, which can be employed to leverage external capital (PWC, 2016, p. 97).
Subsequently, these gains may be reinvested in new income properties, with financing
facilitated by Swiss banks. Since 2015, the mortgage volume of Swiss banks has been growing
by 25%, reaching a volume of CHF 1°200 billion in 2022 (Moneypark.ch, 2022). As a result,
real estate markets have become increasingly important in terms of financial stability, especially
because disruptions in these markets have repeatedly triggered chain reactions that not only
affected the banking system but also had broader implications for the whole economy. Given
this context, some questions arise, including:

= What are the underlying factors that drive discount rates in the DCF method?

=  What factors influence discount rates in the context of appraisal-based and transaction-
based methodologies?

= 7o what extent does the influence of fundamental determinants on discount rates differ
among various segments within Swiss real estate markets?

Real estate markets are also affected by structural transformations, notably the increasing
significance placed on sustainability considerations. This trend has prompted governments to
institute new regulatory frameworks, thereby influencing the investment decisions of both
investors and households. The inherent connection between sustainability measures and their
regulation prompts questions about their association with market outcomes within the domain
of real estate. Among these measures, Environmental, Social, and Governance (ESG) ratings
emerge as particularly pertinent, given their widespread adoption in the real estate industry. The

inclusion of measurable locational characteristics among the three pillars of ESG further
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emphasizes fundamental questions regarding the essence of ESG ratings for specific real estate
assets. In particular:

»  What are the channels through which ESG ratings may affect key metrics associated with
real estate assets?

= [n what manner, if any, does the association between ESG ratings and key metrics vary
among sub-ratings?

= Does broad sustainability coverage and targeted financial relevance intersect?

In light of these considerations, a deeper understanding of the fundamental drivers of real
estate markets has become increasingly important for key stakeholders in real estate markets.
This dissertation builds upon the multifaceted forces influencing Swiss real estate markets and
comprises three studies that delve into current topics within the realm of real estate economics.
The first study (Interest rates and real estate prices: a panel study) focuses on connection
between interest rates and their effect on real estate prices. The ensuing study, titled "On the
determinants of discount rates in the discounted cash flow method: a counterfactual analysis",
provides an analysis of a pivotal component within real estate valuation — namely, the discount
rate — with a particular emphasis on its determinants. The concluding study (ESG ratings and
real estate key metrics: a case study) explores the widespread concept of ESG ratings and how

this 1s associated with key metrics of income properties.

1.3.  Focus of the dissertation

The dissertation begins by addressing a notable trend and seeks to provide deeper insights
into the complex connection between interest rates and real estate prices. While this
fundamental connection benefits from a broad array of empirical findings, crucial questions
remain unanswered. Specifically, we aim to elucidate the channels through which channels
interest rates influence real estate prices, how this varies across different real estate types, while
also addressing spatial differences of this fundamental linkage.

Building on the insights gained from the initial study, further questions emerge, particularly
regarding the observed redistribution of financial resources among commercial real estate
investors toward income-producing real estate assets. Expanding upon this, the second study
delves into the complexities of income property market values, which are primarily derived
using the income approach. Given the regulatory landscape in Switzerland affecting cash flows,
fluctuations in income property market values are largely contingent on discount rates. This
study aims to shed light on this crucial factor, exploring its dynamics in relation various object-
specific, locational, or macroeconomic variables.

The third study addresses a pressing question for commercial real estate investors in
Switzerland — that is, the association between sustainability ratings and key metrics of income
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properties. In a competitive market for sustainability, characterized by an increasing number of
providers and upcoming regulatory initiatives, the study systematically examines potential
channels through which a specific type of a sustainability rating — ESG ratings — may be
associated with key metrics of income properties.

Each study in this dissertation examines fundamental aspects of real estate, including the
sensitivity of real estate prices to interest rates, determinants of discount rates in real estate
valuations, and the growing significance of sustainability ratings. Our research is centered in
Switzerland, employing statistical estimation methods to address the underlying research
question and drawing on high-quality data sourced from federal administrations (Swiss
National Bank, Federal Statistical Office), or Wiiest Partner AG, a leading real estate consulting

firm in Switzerland.

1.3.1. Interest rates and real estate prices: a panel study

In our first study, we analyze the trends observed in Swiss real estate markets spanning over
the past two decades, specifically the phenomena of decreasing interest rates and increasing
real estate prices. The connection of interest rates and real estate prices is a well-known question
in the real estate literature. Examples are given by Adams and Fiiss (2010), who analyzed the
long-term effect of macroeconomic variables on real estate prices in 15 countries over a period
of 30 years, or by Belke and Keil (2017), who analyzed the impact of fundamental determinants
on apartment and house prices in Germany between 1990 and 2010.

The existing literature addressing the connection between interest rates and real estate prices
can be clearly subdivided into cross-country and country-specific studies, offering multifaceted
empirical approaches to analyzing this connection. Interest rates, in this regard, are represented
very heterogeneously, suggesting that interest rates affect real estate prices through numerous
channels, which has insufficiently been analyzed in the relevant literature. Additionally,
empirical evidence for the fundamental linkage between interest rates and real estate prices
mainly exists for the residential real estate segment, whereas the commercial real estate segment
is largely unexplored.

We first highlight and discuss the characteristics of Swiss real estate markets. As a matter
of fact, Switzerland possesses unique characteristics that help explaining price developments
across real estate markets, but also that differentiate them from other industrialized countries.
Besides these characteristics, Swiss real estate markets were affected by several noteworthy
historical events. Among those events, a fundamental change can be traced back to the year
2008, when the global financial crisis and subsequent monetary policies significantly impacted

Swiss real estate markets. Interest rates, lowered to stimulate the weakening economy, reached
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all-time lows in the subsequent years. This increased the demand for homeownership, triggered
valuation-based leverages, and prompted institutional investors to shift their investments into
the real estate sector in search of yields due to limited alternative opportunities.

The foundation of the first study lies in the connection between interest rates and real estate
prices from a macroeconomic standpoint. We meticulously discuss how different interest rates
potentially affect real estate prices and pinpoint three measurable macroeconomic channels
through which our interest rate representatives influence real estate prices: a valuation-based
channel incorporating the computational application of the risk-free rate in discount rates, a
financing-based channel capturing the impact of interest rate levels via mortgage interest rates,
and an investment-based channel emerging as commercial investors redirect their financial
resources into real estate markets. These influencing channels are empirically tested on real
estate prices of six distinct real estate types, together with four metrics gauging interest rates.
In particular, we consider price developments of rental apartments, owner-occupied flats,
houses, office spaces, industrial real estate, and sales area against yields on 10-year government
bonds, 10-year fixed mortgage rates, variable mortgage rates, and a newly introduced variable,
the spread, which compares net initial returns with yields on governmental bonds.

Real estate markets are essentially local markets, as individuals, guided by Tiebout’s (1956)
concept, select regions based on an optimal mix of taxes and public goods. This underlying
principle extends to the commercial real estate segment, wherein real estate prices mirror entry
costs that businesses incur to avail themselves of local amenities (Gyourko, 2009). Building on
this, we assess the type-specific interest rate sensitivity across Swiss regions. Amid the diverse
geographical levels in Switzerland suitable to regional analysis, we focus on the MS-regions
(Mobilité Spatiale), which can be consolidated into 8 monitoring regions. The primary
advantage of the MS-regions lies in their ability to consider the enduring heterogeneity of the
Swiss landscape, encompassing geographical distinctions and language differences, elements
that traditionally influence and steer real estate markets.

From an econometric standpoint, we analyze the period from the first quarter of 2005 to the
fourth quarter of 2018, employing a fixed-effect panel regression model over a MS-region level.
This estimation approach proves suitable, as it accommodates a unique characteristic of real
estate markets: their immobility, tying them to specific locations. Consequently, when
estimating price developments at a local level, a region-specific effect for each MS-region
driving real estate prices can be aggregated into a time-invariant regional effect. Removing this
specific regional effect then facilitates the estimation of specific determinants, with a particular

focus on the effect of interest rate representatives on real estate prices.
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1.3.2. On the determinants of discount rates in discounted cash flow valuations: a
counterfactual analysis

Changes in monetary policy affect real estate prices through numerous channels, which also
hinges on the real estate segment under consideration. To delve deeper into this connection, the
second study focuses on income-generating properties, typically valued through the income
approach, which consists of two primary components: a depiction of cash flows and a discount
rate. The latter proves to be particularly interesting, primarily due to the complexity of
determining accurate discount rates. This complexity arises from the variations in discount rates
among different valuation methodologies, the limited availability of publicly accessible data
pertaining to discount rates, and the divergent weightings assigned to the components of
discount rates by the various stakeholders involved.

Essentially, the conversion of rental incomes generated on the user market in market values
of income properties takes place on the investor market via the discount rate. The discount rate
reflects the probability with which an expected rental income will be realized and correspond
to the return a given investor can expect under normal market conditions. A rational investor
compares this expected return with an alternative risk-free investment. While yields of
governmental bonds indicate the expected return for a relatively risk-free investment,
investments in income properties comprise risk, for which the investor must be compensated.
As a result, the discount rate, or the required rate of return more generally, consists of a
compensation for lost liquidity, inflation, and risk-taking.

The pivotal role of discount rates in influencing the market values of income properties may
elucidate the frequent exploration of the determinants of discount rates in real estate literature.
In fact, most studies pursued the strategy to directly estimate assets’ discount rate considering
versatile explaining factors. Examples include Chuangdumrongsomsuk and Fuerst (2017), who
analyzed the determinants of office capitalization rates (cap rates) in several American cities
between 2000 and 2013, or by Letdin et al. (2023), who focused on retail property transactions
from 2005 to 2019 in the United States (US). Among those discount rates, cap rates are by far
the most frequently analyzed type of a discount rates. Only very few studies analyzed the
determinants of discount rates in the DCF method, which is the most frequently applied
valuation method for income properties in Switzerland. Thus, we aim to close the existing gap
in the relevant literature, facilitating more informed investment decisions and refined valuation
practices, thereby enhancing the understanding of the valuation process in the real estate

industry.
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The second study centers discount rates for income properties in Switzerland between 2007
and 2020. The analysis builds upon a unique dataset, compromising market transactions
together with expert-based valuations. While appraisal-based discount rates are directly
extracted from the underlying dataset, they compromise appraisers’ expert knowledge but may
not accurately display assets’ heterogeneous character, current market tendencies, or investors’
perception of risk. In fact, an alternative discount rate is often identified when the evaluated
income property has been traded in open market transactions, thereby allowing the implicit
derivation of transaction-based discount rates.

Leveraging upon this fruitful dataset, we conduct a comprehensive counterfactual analysis
about the fundamental determinants of appraisal-based and transaction-based discount rates.
The analysis encompasses object-specific, locational, and macroeconomic variables, aligning
with consensus in the real estate literature. In conducting our analysis of the fundamental drivers
of appraisal-based and transaction-based discount rates across the full sample, as well as the
residential and commercial real estate segments, we critically assess their sensitivity to

numerous factors contributing to fluctuations in income properties’ market values.

1.3.3. ESG ratings and real estate key metrics: a case study

Our third study addresses the broader topic of sustainability and its intersection with real
estate markets. Among the frequently published certificates or eco-labels, ESG ratings became
increasingly important for management competence, non-financial performance and risk
management (Kiernan, 2007). ESG ratings aim to quantify specific components from the
perspective of risk or opportunity and represent an analytical framework to quantify the degree
to which an industry, an asset, or a portfolio is operating in a sustainable manner. However,
ESG ratings are not subject to direct regulation by governmental bodies or international
organizations, but various initiatives have been established to enhance their transparency,
accuracy, and consistency. Furthermore, numerous ESG providers have entered the market, but
their ratings are often not comparable, given the differences in sub-rating inclusion and the use
of varying weighting approaches (Tsang et al., 2023).

Specifically in Switzerland, the significance of sustainability criteria began in 2019 when
the Swiss parliament endorsed the Swiss Climate Policy 2050, aiming to achieve carbon
neutrality by 2050 (Federal Council, 2019). Following this, awareness of sustainability
experienced a rapid upswing, driven further by the recent adoption of the executive order on
climate reporting for sizable Swiss companies by the Federal Council (2022). Swiss institutions,
such as the Swiss Financial Market Supervisory Authority (FINMA), monitor enacted

regulations by the Swiss Parliament or the Federal Council and issue guidelines about the
17



integration and communication of ESG ratings for financial institutions. Furthermore, pension
funds are obliged to provide regular updates on the ESG performance of their investments,
rendering ESG ratings a vital guide for the real estate industry’s sustainable journey by directing
stakeholders to more informed decisions.

As a matter of fact, the real estate industry grapples with fundamental questions about the
essence of ESG ratings, driven by providers’ focus on developing ratings based on location-
based indicators. The absence of clear regulatory frameworks and the complexity of integrating
these ratings with financial materiality leave the association between ESG ratings and real estate
key metrics largely unexplored, raising pivotal questions about their relevance and practicality.
Building on this, the third study examines whether and through which channels ESG ratings
may be associated with key metrics in the real estate industry. Focusing on income properties
in Switzerland from 2019 to 2022, we leveraged appraisal and transaction processes of these
assets and identified four key metrics that are potentially associated with ESG ratings:
appraisal-based and transaction-based discount rates, rental incomes, and vacancy rates.

As tangible assets bound to a specific location, the considered key metrics may be affected
by a wide range of transmission processes. Rental incomes, for instance, may systematically
reflect location-based sustainability attributes that are capitalized through hedonic pricing
mechanisms (Feige et al., 2013). Conversely, vacancy rates could indicate the improved quality
of a location through a demand-side effect (Fuerst and McAllister, 2011). Whether and how
ESG ratings align with financial relevance may also be reflected in the risk premium captured
by appraisal-based or transaction-based discount rates, which indicate appraisers’ or investors’
perception of risk.

Our assessment is based on approximately 6’300 expert-based DCF valuations together
with roughly 850 real market transactions in Switzerland between 2019 and 2022. Both datasets
are enriched with an ESG rating, encompassing a wide range of indicators that real estate
experts attribute to the broader topic of sustainability. In employing an Ordinary Least Squares
(OLS) post Least Absolut Shrinkage and Selection Operator (LASSO) estimation procedure,
we aim to identify and quantify the association between the considered ESG ratings and the
four key metrics under consideration.

To deepen our understanding of the association between ESG ratings and key metrics, our
analysis is conducted at both aggregated and disaggregated levels. Initially, we focus on an
aggregated level, employing a data-driven approach to examine associations derived from total
ESG ratings. We also explore potential signaling effects emanating from varying levels of the

total ESG ratings, acknowledging that an association between real estate assets and ESG ratings
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may not be linear. At the disaggregated level, analysis scrutinizes the sub-ratings for the
environment, governance, and society. This dual-level analysis not only allows us to critically
assess the findings from the aggregated level, but also provides nuanced insights into how broad

sustainability coverage intersects with targeted financial relevance.

1.4. Contribution of the dissertation

Motivated by the growing complexity and significance of real estate markets, this
dissertation endeavors to provide nuanced perspectives on pivotal questions essential for key
stakeholders in real estate markets, regulatory authorities, appraisers, commercial real estate
investors, and private households. In the course of our analysis, our contribution encompasses
a comprehensive examination of the significance of real estate fundamentals to elucidate the

underlying forces and mechanisms that intricately shape the Swiss real estate markets.

1.4.1. The interest sensitivity of real estate prices

Our first study provides a comprehensive analysis of the impact of interest rates on real
estate prices, a topic of critical importance to policymakers, commercial investors, and
appraisers alike. Despite extensive literature on this subject, existing studies often rely on varied
approximations of interest rates and insufficiently explore the channels through which this
fundamental connection operates. Notably, there remains a significant gap in the literature,
particularly in Switzerland, regarding how interest rate sensitivity varies across different real
estate types and regions.

Focusing on Swiss real estate markets, the first study aims to close these gaps by discerning
the impact of four interest rate types on price developments of six real estate prices, thereby
exploring the channels through which these influences operate. Our findings reveal that the
relationship between interest rates and real estate prices is not characterized by a singular effect
but rather by a remarkably diverse array of effects, each tied to the specific real estate types
under consideration. This nuanced understanding offers valuable insights, providing a more
refined framework for anticipating market responses to interest rate changes.

In conducting an isolated analysis of the residential housing segment, we deepen our
understanding of how fluctuations in mortgage interest rates impact homeownership prices,
particularly examining the effects of both fixed and variable mortgage rates on houses and
owner-occupied flats. Our analysis about rental prices for apartments suggest a smaller, but
nevertheless, significant response to fluctuations in interest rates. Upon closer examination, we

find that even within Switzerland’s prevailing rent control system, residential rental prices are
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positively associated with the spread. This provides quantitative evidence that the divergence
between net initial returns and government bonds counteracts locally binding regulations.

By applying our estimation approach to the commercial real estate segment, encompassing
office space, industrial real estate, and sales areas, we uncover how this segment responds to
shifts in interest rates. Our findings indicate that only specific real estate types within this
segment consistently respond to shifts in interest rates, suggesting that other fundamental
drivers, such as firms’ performance and their interaction with monetary policy stance, also exert
an influence on the commercial real estate segment. This contribution enhances the
understanding of the diverse factors impacting commercial real estate, providing guidance for
navigating this complex market.

Finally, our initial study makes a valuable contribution by estimating the interest rate
sensitivities of various real estate types across Swiss regions. We observed that the
heterogeneous effects of interest rates become even more pronounced when considering
different Swiss regions. This detailed analysis provides important recommendations for
policymakers, offering quantitative insights into how real estate markets respond to interest rate

fluctuations.

1.4.2. Unraveling discount rate dynamics

Our second study contributes by undertaking a thorough analysis of the fundamental
determinants that influence discount rates in the DCF method. Despite being Switzerland’s
most widely used valuation method for appraising the market value of income properties, the
existing literature lacks empirical findings on this crucial aspect. The discount rate in the DCF
method introduces a notable level of subjectivity, suggesting that these rates are susceptible to
uncertainty and potential misjudgment. Furthermore, there is a substantial gap in our
understanding of how the impact of fundamental determinants on discount rates differ between
residential and commercial real estate, and also how appraisers or investors assign weights to
these fundamental drivers, especially in the context of Switzerland.

Given the pivotal role of the discount rate on market values of income properties, our
contribution relies on an in-depth analysis about the fundamental drivers of appraisal-based and
transaction-based discount rates. The latter are implicitly derived by combining appraisers’
expert knowledge with actually achieved transaction prices. While appraisal-based discount
rates illuminate the methodology employed by appraisers in determining discount rates,
transaction-based discount rates provide insights into how investors perceive risks. Thus, our

counterfactual analysis of the determinants of appraisal-based and transaction-based discount
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rates yields novel insights into the Swiss valuation process and its implications for market
trends.

We further refined our analysis by considering residential and commercial real estate
separately. This segmentation allows us to undertake a nuanced investigation, illuminating how
the determinants of discount rates differ across different real estate segments. Moreover, our
approach extends to understanding the divergent weightings assigned to specific components
by both appraisers and investors within these distinct segments. The outcomes of our
investigation advocate for a diverse weighting approach between appraisers and investors. This
divergence underscores the complexity and individuality with which these two key stakeholders
evaluate and prioritize different factors when determining discount rates.

Among the numerous findings regarding the fundamental determinants of discount rates,
the quantification of interest rate sensitivity stands out as particularly pertinent, especially given
the recent upswing in target interest rates, both globally and in Switzerland since 2022. This
investigation sheds light on the intricate interplay between the growth potentials of income
properties’ market value and the fluctuations in discount rates, thereby creating a connection
with Swiss mortgage markets for commercial real estate investors. This nuanced understanding
contributes valuable insights to policymakers concerned with financial stability, offering a
comprehensive perspective on the interconnected dynamics of interest rates, income property

market values, and their implications for economic and financial policy.

1.4.3. Assessing ESG ratings in the realm of income properties

In response to the growing emphasis on sustainability in real estate markets, our third study
delves into key questions surrounding the relevance and practicality of ESG ratings. While
existing literature provides valuable insights into the significance of eco-labels and various real
estate metrics at the property level, the association between these metrics and ESG ratings has
primarily been studied in the context of Real Estate Investment Trusts (REITs). This leaves a
significant gap in understanding the association between ESG ratings and key metrics for
income properties, especially within Swiss real estate markets. Additionally, there is a
significant gap in the discourse regarding the detailed analysis of underlying sub-ratings, and
how they intersect with financial materiality.

We contribute to the existing literature by offering a comprehensive analysis of the core
components of ESG ratings. As one of the first to explore this area in depth, we deconstruct the
total ESG rating into its individual sub-ratings, offering a thorough examination of the
foundational elements of these ratings. The deconstruction of ESG ratings into various

aggregation levels, combined with a data-driven estimation approach, offers insights into the
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conceptual origins of sustainability aspects and their potential transmission into financial
materiality within real estate markets. These findings are pertinent to both regulatory authorities
and real estate practitioners, enhancing the understanding of the fundamental dynamics within
real estate markets.

Diving deeper, our contribution includes an assessment using four distinct key metrics:
appraisal-based and transaction-based discount rates, rental incomes, and vacancy rates. These
key metrics derived from the appraisal and transaction processes not only enhance the
robustness of our findings but also allow us to identify influencing channels from a broader
perspective. The distinctiveness of the key metrics considered sheds light on the unique
characteristics of real estate markets, while also paving the way for future research by offering
a practical approach to identifying the channels through which sustainability characteristics
may influence the real estate industry.

Furthermore, our third study offers in-depth insights into a relatively unexplored category
of ESG ratings. Amid ongoing regulatory developments, we contribute to the field by critically
evaluating the relevance and practical application of these ratings within the real estate sector,
thereby elucidating and examining their fundamental characteristics. The findings of our study
provide a strategic framework that could help better align ESG rating developments with market

realities in the real estate industry.
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Abbreviations

Abbreviation Meaning

CPI Consumer Price Index

DCF Discounted Cash Flow

ESG Environment, Society, and Governance
FINMA Swiss Financial Market Supervisory Authority
GAAP Generally Accepted Accounting Principles
GDP Gross Domestic Product

IFRS International Financial Regulation Standards
LASSO Least Absolut Shrinkage and Selection Operator
MS Mobilité Spatiale

OLS Ordinary Least Squares

REIT Real Estate Investment Trusts

uUs United States
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Chapter II - Interest Rates and Real Estate Prices: a Panel Study*

Abstract: This study examines the connection between interest rates and real
estate prices in Switzerland. In considering median prices of six real estate types
consisting of rental apartments, owner-occupied flats, houses, office space,
industrial real estate, and sales area between the first quarter of 2005 and the
fourth quarter of 2018 across 106 Swiss regions, we study their connection with
four interest rate proxies: yields on governmental bonds with 10-year maturity,
fixed mortgage rates with 10-year maturity, variable mortgage rates, and a
newly introduced variable indicating the spread between net initial returns and
yields on governmental bonds. Our results highlight a heterogeneous
connection between real estate prices and interest rates, varying across real
estate types and Swiss regions.
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Real estate fundamentals, real estate prices, monetary policy, regional data, panel
study
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2.1. Introduction

Real estate prices are known to be influenced by a variety of determinants from different
spatial levels. Next to object-specific characteristics, the quality of local public goods, the
proximity to transport opportunities or even local building restrictions may explain real estate
prices on a local level. Apart from local determinants, developments in real estate prices can
also be attributed to macroeconomic phenomena affecting the overall economy. Prominent
examples are the development of Gross Domestic Product (GDP), population growth or
changes in monetary policy. The latter is the focus of this study, in particular the relationship
between interest rates and real estate prices.

Among the numerous instruments available to central banks for conducting monetary
policy, interest rates play a key role in real estate markets. For instance, the level of interest
rates affects the time value of money, which in turn is reflected in discount rates that are applied
computationally to determine real estate prices of income properties. Beside this rather
valuation-based argumentation to explain developments in real estate prices, interest rates affect
real estate prices through a financing perspective by means of mortgage interest rates.
Additionally, potential interest rate effects on real estate prices may also arise through the
investment behavior of commercial real estate investors. In particular, a rational investor
compares risk-free yields on governmental bonds with potential returns that can be achieved in
real estate markets. The resulting spread is directly linked to the level of interest rates and
captures the investment perspective through which interest rates affect real estate prices.

All these potential influencing channels increase in importance with regard to recent
developments in Swiss real estate markets. Between 2005 and 2018, median square meter prices
of owner-occupied flats (+48.9%) and houses (+37.0%), median rental prices per square meter
and year for rental apartments (+13.6%), office space (+7.1%), industrial real estate (+31.5%)
and sales area (+7.2%) have reached all-time highs. During the same time frame, the interest
rate environment has changed massively. For instance, yields on governmental bonds with 10-
year maturity decreased by 2.3%.

The goal of this study is to empirically measure the impact of interest rates on real estate
prices in Switzerland. We consider six different real estate types consisting of rental apartments,
owner-occupied flats, houses, office space, industrial real estate, and sales area. Whereas much
research exists concerning the residential housing segment, the commercial real estate segment
has rarely been analyzed empirically, especially within Switzerland. Since interest rates are a
broad term, we apply multifaceted representations of the latter using four different proxies:

yields on governmental bonds with 10-year maturity, fixed mortgage rates with 10-year
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maturity, variable mortgage rates, and a certain measure for the spread between net initial
returns on real estate objects and governmental bonds. The relationship between price
developments of real estate groups and representations of interest rates is analyzed using a
fixed-effect panel regression model, capturing quarterly data between 2005 and 2018 for 106
regions in Switzerland.

Our contribution to the literature is summarized as follows. First, we provide an in-depth
analysis about how different interest rate representatives affect type-specific real estate prices.
Second, using a unique dataset in combination with a largely unexplored regionalization type,
we contribute to the identification of fundamental drivers of real estate prices. Third, whereas
the widespread approach to assessing the impact of local or macroeconomic determinants on
real estate prices relies on vector autoregression (VAR) models, we contribute to the empirical
literature by demonstrating how a fixed-effect panel regression model can be applied reasonably
to analyze price development across heterogenous regions.

The remainder of this study is structured as follows. The second section is devoted to a
description of Swiss real estate markets. The third section reviews recent events in the monetary
policy of Switzerland, while focusing on interest rates. In the following section, we explain
developments of real estate prices for the underlying six real estate types. After a brief review
of literature in the fifth section, the sixth section explains the empirical strategy. Finally, in the

last section we will present and discuss the results.

2.2.  Characteristics of Swiss real estate markets

In 2018, approximately 8.5 million people were living in Switzerland and around one third
of Swiss residents reside within the three largest agglomerations: 1.3 million (Mio.) in Zurich,
600 thousand in Geneva and 550 thousand in Basel. Another third lives in agglomerations and
a final third in rural areas (Schweizerischer Stadteverband (SSV), 2020, pp. 19-20). The spatial-
political structure of Switzerland can broadly be divided into 26 cantons, 143 districts, and 2202
municipalities (Federal Statistical Office, 2005, pp. 19-23). Whereas cantons and municipalities
are political entities, districts are purely administrative units. Since political entities represent
an earmarked spatial level in political and regulatory terms, a number of additional regional
classifications have been established in order to characterize the Swiss landscape with respect
to spatial-social phenomena. Appropriate examples are geographical boundaries, language
differences, confessional divisions, or urban-rural distinctions. The 8 greater regions, or

monitoring regions, which are classified according to the largest urban centers in Switzerland,

29



constitute the most superordinated regions of analysis in Switzerland!. These 8 regions are
displayed in Figure 1 and build upon a subordinated region of analysis — the MS-region
(Mobilité Spatiale). The initial goal of these MS-regions was the development of comparable
micro-regions across the country. At present, MS-regions are considered the most important
units of analysis in Switzerland at the microregional level. The resulting 106 MS-regions enable
a fitting spatial grouping of Switzerland but overlap with spatial-political borders, such as

cantons for example (Federal Statistical Office, 2005, pp. 65-67; 73-74)>.

Figure 1: MS-regions and monitoring regions of Switzerland

Notes: Monitoring regions according to Wiiest Partner AG are shown in large letters: 1 = Zurich, 2 = East Switzerland, 3
= Central Switzerland, 4 = North Switzerland, 5 = Berne, 6 = South Switzerland, 7 = Geneva, 8 = West Switzerland. MS-
regions according to the Federal Statistical Office (2005) are displayed in small letters. Source: Wiiest Partner AG (2021).

With a GDP per capita of about 85 thousand Swiss Francs (CHF) in 2018, Switzerland
belongs to the most prosperous nations in the world (Federal Statistical Office, 2020a). Unlike
in other developed countries, prosperity is not translated into high homeownership rates
(Goodmann and Mayer, 2018). In 2018, only 36.6% of Swiss residents lived within their own
living space, indicating that the large majority is represented by tenants (Federal Statistical
Office, 2019a). Low homeownership rates are directly displayed in the composition of the
Swiss housing stock: single family houses (1.0 Mio.) or multi-family houses (0.5 Mio.) play a

subordinated role in Swiss real estate markets compared to residential apartments (4.5 Mio.)?

! The definition of monitoring regions was established by Wiiest Partner AG.
2 In total there are 14 overlaps of cantons with MS-regions, of which 7 are considered as actually intercantonal
regions: Grenchen, Laufental, Murten, Wil SG, Aarau, Broye and La Chaux-de-Fonds (Federal Statistical Office,
2005, pp. 74)
3 The difference between residential apartments and single- or multi-family houses consists primarily in the form
of ownership. Whereas family houses are real estate objects in homeownership, residential apartments are rental
objects.
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(Federal Statistical Office, 2019b). An explanation for the persistent low homeownership rates
can be found in the stringent lending practices by Swiss banks. A 20% down payment is
required when purchasing a property and debt services, consisting of interest and amortization,
cannot exceed one third of households’ income (Bourassa et al., 2010). Structural circumstances
given by the overrepresentation of residential apartments result in real estate investors
dominating Swiss real estate markets. From a value-based perspective, approximately 67% of
total residential properties are private-owned, whereas 17% are owned by institutional
investors, such as by pension funds and insurances (Federal Office for the Environment, 2015,
pp. 4-5).

The structural condition of low homeownership rates results in a sustainable demand for
rental apartments, which is directly reflected in low average vacancy rates ranging around 1%
between 2005 and 2010. Since 2010, however, Swiss average vacancy rates have risen up to
1.62%. It can generally be observed that urban cantons, such as Zurich, Zug or Basel-City, are
traditionally characterized by low vacancy rates below 1%. In rural cantons, such as Appenzell
Innerrhoden (I. RH.), Appenzell Ausserrhoden (A. RH.), or Jura, vacancy rates around 2.0%
between 2010 and 2018 are considered normal (Federal Statistical Office, 2020b).

The overall rise in vacancy rates can to a certain extent be attributed to the rise of
construction investments, including public maintenance projects. Between 2014 and 2018,
average construction investments rose by around 1% compared to the previous years.
Particularly notable is the development of investments in new buildings in the French-speaking
part of Switzerland, such as cantons Valais, Vaud, and Geneva, with annual growth exceeding
3% between 2010 and 2018 (Federal Statistical Office, 2020c).

Next to low homeownership rates and vacancy rates, Swiss real estate markets can be
characterized by the underlying taxes. Due to the federal system, a number of taxes are levied
on each spatial-political level. Appropriate examples are income and property taxes. Across all
spatial-political levels, the level of income, the number of children and the marital status
represent the basis for income taxes. As a result, the respective tax rate varies considerably
between Swiss regions. Taking the example of a married couple with two children and a yearly
gross income of 100 thousand Swiss Francs, taxes in percentage of the yearly gross income
vary from 1.25% in Canton Zug to 9.25% in canton Neuchatel* (Federal Statistical Office,
2018). The heterogeneity in the Swiss tax system can not only be observed on the basis of the

respective tax rates, but also whether the corresponding tax is levied at all. Regarding property

4 The figures shown rely on official numbers published by the Federal Statistical Office (2018) and include federal,
cantonal, municipal, and church taxes.
31



taxes, some cantons, such as Zurich, Schwyz, or Zug, renounce them, whereas others do not.
The same is true for the taxation of capital gains. In general, capital gain taxes for real estate
objects bear an inverse relationship with holding period — that is, decrease with the duration of
ownership (Bourassa et al., 2010).

From a historical point of view, a number of noteworthy regulatory changes and politically
motivated events affected Swiss real estate markets. An example is the obligation to deposit
into pension funds since 1985, the introduction of real estate transfer taxes in 1992, or the
provision of housing construction subsidies by the federal government in 1993. Another
example is the introduction of the free labor movement agreement with the European Union
(EU) in 2007, through which numerous immigration barriers have been removed (Drechsel and
Funk, 2017). In addition to these historical events, several regulatory standards are shaping
Swiss real estate markets. A fitting example is the equal treatment of owners and tenants,
according to which homeowners can deduct their mortgage interest rates from taxes, but their
imputed rents are taxed (Federal Tax Administration, 2015). Imputed rents are generally
considered as the amount that a property owner would earn if it was rented to a third party. In
exchange, interest on debt and maintenance costs can be deducted from income taxes. Although
Switzerland’s tax policies have little bias in favor of homeownership, they create strong
incentives to never fully repay mortgage debts. Thus, Switzerland ranks among the countries
with the highest mortgage debt-to-GDP ratios in the world (Hilber and Schoéni, 2016).

Another example of a regulatory standard is the persisting rent control system. Accordingly,
rent adjustments can be accomplished either by use of the reference index or the Swiss
Consumer Price Index (CPI). The reference index reflects the average level of mortgage interest
rates across Switzerland and serves as a benchmark value for landlords and tenants to justify
rent adjustments. A reduction of the reference index would imply that tenants can enforce a rent
reduction, and vice versa for an increasing reference index.

Beside legal changes, however, it was the financial crisis in 2008 and the associated
monetary policy that substantially affected Swiss real estate markets. In order to supply the
weakening economy with cheap money, interest rates significantly declined since 2008 and
reached all-time lows during recent years. As a result, the costs of financing real estate objects
significantly declined and, due to a lack of investment opportunities, institutional investors
shifted their investments into the real estate sector in search of yields. According to the Federal
Statistical Office, pension funds’ total share of real estate assets increased from 16.6% in 2008
(90 billion CHF) to 20.3% in 2018 (177 billion CHF). The investment behavior of pension

funds clearly indicates that governmental bonds are substituted against real estate assets. This
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becomes apparent when considering that pension funds decreased their asset allocation of

governmental bonds from 40.8% in 2008 to 31.4% in 2018 (Federal Statistical Office, 2020d,
pp- 15).

2.3. Interest rates

Next to the definition of price stability and inflation forecasts, the policy rate represents the
third element of the Swiss National Bank’s (SNB) monetary policy strategy (Jordan et al.,
2009). Central banks possess the authority to conduct monetary policy and thereby to determine
the level the of policy rate, or the target rate more generally. Since June 2019, the Swiss Average
Rate Overnight (SARON) has become the representative benchmark for the SNB to “keep the
secured short-term Swiss franc money market rates close to the SNB policy rate” (Maechler
and Moser, 2020). The SARON is a secured overnight rate, which is based on the most liquid
segment of the Swiss franc money market. It is calculated from concluded transactions and
tradable prices from the interbank repo market. Prior to June 2019, the 3-month London
Interbank Offered Rate (Libor) for Swiss franc investments was the guiding benchmark for
credit relationships in Switzerland. The absence of underlying money market transactions,
along with the fact that the United Kingdom’s (UK) Financial Conduct Authority (FCA) will
no longer support Libor after 2021, led to its replacement by SARON.

The SNB conducts its monetary policy through transactions in the financial market. These
transactions can broadly be divided into open market operations and standing facilities>. Due to
its constitutional mandate to ensure price stability, the SNB intervenes through open market
operations and thereby influences current interest rates. As explained above, these are short-
term interest rates or, in other words, daily interest rates. Since real estate objects are
characterized by their durability, a wide time frame is of particular interest for real estate
markets. Therefore, the real estate literature generally uses spot interest rates, or yields on
governmental bonds more generally, as a proxy for interest rates.

When considering the development of interest rates in Figure 2, represented by spot interest
rates with 10-year maturity and 3-month Libor rates, it becomes apparent that monetary policy
went through challenging times. In 2005, favorable growth prospects accelerated the economy,
leading the SNB to raise its 3-month Libor rate slightly in 2006 up to 2.5%. In 2007, troubles
in global financial markets pushed back growth expectations for the real GDP. As the effects

of the financial crisis emerged in the following year, the SNB answered with an expansionary

> Open market operations include repo transactions and the issuance of SNB bills. In contrast, standing facilities
consist of liquidity-shortage financing facilities, for which the SNB sets the conditions at which other banks may
obtain short-term liquidity.
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monetary policy. In particular, the SNB lowered the 3-month Libor rate in order to support the
markets with liquidity. As uncertainty dominated the markets, the Swiss franc appreciated and
deflationary pressure emerged (SNB, 2005:2010). In response, the SNB introduced the
minimum exchange rate of CHF 1.20 per Euro in September 2011, and lowered its 3-month

Libor rate to between 0.0% and 0.25% (SNB, 2011).

Figure 2: Spot interest rates and Libor target rates
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Notes: Spot interest rates with 10-year maturity and 3-month Libor rate have been averaged on a quarterly level. The displayed
time frame ranges from 2005 QI to 2018 Q4. Source: data.snb.ch.

The years from 2011 to 2015 were marked by deflationary expectations and declining 3-
month Libor rates, which fell to between -1.25% and -0.25%, along with a minimum exchange
rate that prompted significant intervention by the SNB in the foreign exchange market. In
January 2015, the SNB abolished the minimum exchange rate due to the significant depreciation
of the Euro against the U.S. Dollar (SNB, 2011:2015). The abolition of the minimum exchange
rate led to a significant drop of the CHF-EUR exchange rate. In addition, upcoming elections
in several EU countries, along with the exit negotiations between the UK and the EU,
introduced systemic risk, leading to an overvaluation of the Swiss franc and heightening the
need for the SNB to intervene in financial markets. Uncertainty and global risks prompted the
SNB to continue its expansionary policy in 2016, keeping the 3-month Libor rate unchanged at
between -1.25% and -0.25% (SNB, 2016).

Growth expectations for the Swiss and global economy persisted in 2018 and 2019. In
response, the conditional inflation forecast slightly increased until 2019, and many central
banks around Switzerland eased their expansionary monetary policy. However, the SNB still
expected momentum to remain modest over the short term and thus, kept their interest rates on

sight deposits unchanged at -0.75% (SNB, 2019).
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2.3.1. Framing influencing channels

The historical review reveals that the SNB had to adapt its monetary policy to constantly
changing circumstances, with interest rates serving as a control instrument. In the course of this
study, we analyze four different representatives for interest rates and their connection to real
estate prices: yields on governmental bonds with 10-year maturity, fixed mortgage interest rates
with 10-year maturity, variable mortgage interest rates, and a certain measure for the spread
between net initial returns and yields on governmental bonds.

Framing influencing channels through which interest rates affect real estate prices play a
decisive role in distinguishing their impact from overall monetary policy decisions. Between
2005 and 2018, the 3-month Libor rate served as a key instrument to conduct monetary policy
and represents the impact of the SNB’s monetary policy decisions on Swiss real estate markets.
As represented in Figure 2, the policy rate is not directly reflected in specific interest rate
representatives, which effectively drive real estate prices. Based on this, we identified three
measurable channels through which our interest rate representatives affect real estate prices
from a macroeconomic perspective: a valuation-based channel, a financing-based channel, and
an investment-based channel. Whereas the valuation-based channel accounts for the fact that
the risk-free rate is computationally applied in discount rates to derive real estate prices, the
financing-based channel captures the impact of the interest rate level through mortgage interest
rates on real estate prices’. Finally, the investment-based channel arises through commercial
investors shifting their financial resources into real estate markets.

Yields on governmental bonds are expected to reflect the impact of the overall interest rate
level on real estate prices through a valuation-based and an investment-based channel. The
valuation-based channel results from the appearance of risk-free rates in the discount rate,
which has a direct impact on real estate prices. In contrast, the level of governmental bonds can
reasonably be considered as a measure for opportunity costs, which represents the investment-
based channel.

Mortgage rates reflect the impact of interest rates on real estate prices through the financing-
based channel. In Switzerland, three groups of mortgage contracts exist: fixed-rate mortgages,
variable mortgages, and money market mortgages. The persistence of different mortgage types

renders it difficult to unify mortgage interest rates, especially because Swiss households often

® In the context of the discount rate in real estate valuations, the risk-free rate can without loss of generality be
equated with yields on governmental bonds. As a component of the discount rate, the risk-free rate plays a key
role in explaining real estate prices that are evaluated using the income approach. A widespread approach in
Switzerland is represented by the Discounted Cash Flows method, in which future incomes and costs are

discounted to the present to derive real estate prices of income properties.
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use multiple mortgage types to finance homeownership. However, developments in recent years
clearly indicate a preference of Swiss households for long-term fixed mortgages’
(Moneypark.ch, 2021).

In order to investigate the influence of the investment-based channel, we apply a newly
introduced variable called the spread. Let R; denote the return at time t, which is defined as
yearly rents divided by the object-specific price (R; = yearly rent /P;). Solving this
definition of a return for real estate prices (P;) explains the latter as the ratio between yearly
rents and the return (P; = yearly rent /R;). In fact, the real estate literature generally defines

returns, or the discount rate in this context, as being composed of the risk-free rate (Ry) and a
risk premium (Rp)8 (Chaney and Hoesli, 2012). Whereas the risk-free rate captures the
compensation for lost liquidity, the risk premium accounts for risk-taking arising through
investments in the real estate market (Leskinen et al., 2020). Thus, returns can be written as
R; = Ry + R, or equivalently:
R,=R,— R
p W (2.1)

Where the difference between returns and the risk-free rate represents the spread. The
relevance of this measure crucially depends on whether the respective real estate object is held
as an investment object or not. In the context of the underlying study, the spread is expected to
contain explanatory power for rental prices of rental apartments and industrial real estate
because only for these types corresponding net initial returns are available. For real estate
objects in homeownership, such as houses and owner-occupied flats, the spread may not
accurately explain their price dynamics because these objects are not commercially held as an
asset.

Figure 3 illustrates the development of the spread for residential housing and industrial real
estate. Particularly notable is the drop in net initial returns in the group of residential housing
and industrial real estate between 2005 and 2018. This decline in net initial returns is
attributable to the overall rise in real estate prices, which will be discussed in the subsequent
section. Another notable observation is that the spread for residential and industrial real estate
increased, despite a decline in their respective net initial returns. This can be explained by the
definition of the spread, which indicates that yields on government bonds declined more rapidly

than net initial returns in Swiss real estate markets.

7 Moneypark.ch analyzed around 15’000 mortgage agreements and find that fixed mortgages with 10-year maturity
are by far the most popular mortgage type in Switzerland. Their share grew from 52% in 2016 to 55% in 2020.
Money market mortgages account for a negligible amount of mortgage agreements (10% in 2016).
8 This definition simplifies discount rates, which typically also consider inflation adjustments.
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Figure 3: Net initial returns and the spread
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Notes: Net initial returns (source: Wiiest Partner AG) comprise yearly returns, whereas real estate specific costs, such as
refurbishment or running costs, have been deducted. Net initial returns are available for residential housing and industrial
real estate. The spread for residential housing and industrial real estate has been calculated in subtracting yields on
governmental bonds with 10-year maturity (source: data.snb.ch) from net initial returns of the respective real estate type. The
displayed time frame ranges from 2005 QI to 2018 Q4.

The fact that developments in the policy rate are mirrored in our interest rate representatives
raises the question about the pass-through of altered monetary policies on real estate markets.
A recent study by Koeniger et al. (2021) found that an unexpected 25 basis point cut in the
policy rate leads to a 22 basis point reduction in mortgage rates in Switzerland within two
months. The transition speed of the policy rate on interest rate representatives does, however,
not necessarily imply that real estate prices are equally affected. In fact, persistent lags arising
from the adjustment of computationally applied discount rates, selling processes in real estate
markets, and the growing popularity of fixed-rate mortgages in recent years slow the pass-
through of interest rate changes to real estate prices’.

In Figure 4, we analyze the co-movement of our interest rate representatives and the policy
rate, as represented by the 3-month Libor rate. In accordance with Koeniger et al. (2021), we
found that changes in the 3-month Libor rate are quickly translated into interest rates that are
relevant for real estate markets. Empirical evidence for this can be derived from a regression of
yields on governmental bonds with 10-year maturity, fixed mortgage rates with 10-year
maturity, variable mortgage rates, or the spread separately on a constant and the 3-month Libor

rate. Although a decreasing correlation between our interest rate representatives and the policy

? For instance, changes in the policy rate have a stronger impact on cash flows of existing mortgagors with
adjustable-rate mortgage contracts. The impact of altered policy rates further depends on whether fixed-rate

mortgages can be refinanced or home equity can be released.
37



rate at low levels is observable, from 2005 to 2018, our interest rate representatives experience

a slight delay in effect due to changes in monetary policy.

Figure 4: Co-movement of interest rate representatives and the policy rate
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2.4. Real estate prices

We consider six different real estate types that can broadly be subdivided into the residential
housing and commercial real estate segments. Residential housing includes rental apartments,
owner-occupied flats, and houses, whereas commercial real estate refers to office, industrial
real estate, and sales area. Real estate prices are proxied using either median square meter (sqm)
prices for houses and owner-occupied flats or median sqm rental prices per year for the
remaining real estate types.

Figure 5 displays the development of median real estate prices for residential housing

between 2005 and 2018. Median prices per sqm of owner-occupied flats increased from CHF
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3’565 in the first quarter of 2005 to CHF 5’309 in the fourth quarter of 2018 (+48.9%). During
the same time period, prices per sqm for houses rose from CHF 3’761 to CHF 5’153 (+37.0%).

Numerous macroeconomic indicators contributed to the considerable rise in real estate
prices for homeownership. Between 2005 and 2018, Swiss population grew from 7.4 Mio. to
8.5 Mio. residents. This population growth in combination with limited space for new
construction increased prices for homeownership. In a similar fashion, the real GDP per capita
grew from CHF 69°986 in 2005 to CHF 84’518 in 2018. Thus, Swiss residents not only grew
in numbers, but also benefitted from sustained growth in the overall economic performance.
The significant rise in real estate prices for homeownership can also be attributed to declining
financing costs induced through decreasing mortgage interest rates. Surprisingly, average
homeownership rates remained largely unaffected between 2010 and 2018, ranging around
36.0% (Federal Statistical Office, 2021), which could be evidence for ongoing substitution

effects between renting and buying the living space.

Figure 5: Residential real estate — real estate prices
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Notes: Average median real estate prices across 106 MS-regions of Switzerland for houses, owner-occupied flats, and rental
apartments between 2005 Q1 and 2018 Q4. The left axis indicates the price development of houses and owner-occupied flats
(CHF/sqm), whereas the right axis refers to yearly rental prices per sqm (CHF/sqm p.a.). Source: Wiiest Partner AG.

Average rental prices for rental apartments across Switzerland display a comparably small
growth of only 13.6%, i.e., from CHF 159/sqm in the first quarter of 2005 to CHF 181/sqm in
the fourth quarter of 2018. Between 2005 and 2013, rental prices rose from CHF 159/sqm to
CHF 183/sqm, but since then have not shown any further appreciation. Explanations for this
development can be found in the rise of overall construction activities within the same time
period, which led to increasing vacancy rates up to 1.62% in 2018 across Switzerland (Federal

Statistical Office, 2020b). In addition, the Swiss rent control system, according to which rent
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adjustments hinge on the development of the CPI and the reference index for mortgage interest
rates, prevented rental prices from rising. Between 2010 and 2018, inflation rates moved around
a fairly low level, ranging between 0.9% and -0.5% (Federal Statistical Office, 2020¢), and the
reference index decreased from 2.8% in 2010 to 1.5% in 2018 (Federal Office for Housing,
2021).

Figure 6: Commercial real estate — real estate prices
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Notes: Average median real estate prices, measured in rental prices per sqm and year (CHF/sqm p.a.), across 106 MS-regions
of Switzerland for office space, sales area, and industrial real estate between 2005 QI and 2018 Q4. Source: Wiiest Partner
AG.

Next, we examine the development of median prices per sqm for commercial real estate —
comprising office space, sales area, and industrial real estate — between the first quarter of 2005
and the fourth quarter of 2018, as shown in Figure 6. Similarly to prices of residential housing,
an appreciation of real estate prices can be observed. Industrial real estate has experienced the
largest price appreciation, with median rental prices rising by 31.5% from CHF 80 per sqm in
2005 to CHF 109 per sqm in 2018. Within the same time period, median rental prices for office
(7.1%) and sales area (7.2%) appreciated to a smaller extent. Whereas rental prices for office
and industrial real estate are characterized by an almost linear upswing, rental prices for sales
area mirror a relatively strong price upswing between 2005 (146 CHF/sqm) and 2013 (193
CHEF/sqm), followed by a downwards trend afterwards. We attribute price development in sales
area to structural changes, with online outlets being preferred to physical sales space. In
contrast, the general rise in rental prices for office and industrial real estate is attributable to the
economic structure of Switzerland. More than three quarters of all companies in Switzerland

operate in the tertiary, i.e., the service sector (Federal Statistical Office, 2020f).
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Yet another characteristic of Switzerland is the persistent heterogeneity. Figure 7 illustrates
the median real estate prices for the six real estate types under consideration in the fourth quarter
of 2018 across Swiss cantons. Especially remarkable is the co-movement of prices from
different real estate types across Swiss cantons. Urban cantons, such as Geneva, Zug, Zurich,
and Basel-City, in which approximately one-third of the Swiss population lives, display the
highest real estate prices across all real estate types. In contrast, rural cantons, such as Jura,
Neuchatel, or Appenzell 1. RH. exhibit the lowest real estate prices across Swiss cantons. The
heterogeneity of real estate prices among Swiss cantons persists across all real estate types and

suggests the presence of vastly different real estate markets.

Figure 7: Real estate prices across Swiss cantons
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(CHF/sqm p.a.). Source: Wiiest Partner AG.

2.5. Review of literature

Model-based studies suggest that fundamental determinants of real estate prices can be
traced back to a set of specific variables. For example, Hott (2009) derived a fundamental house
price equation that explains house prices as a function of aggregated income, population,
mortgage rates, and construction activities. Although there are only a few theoretically founded
fundamental determinants of real estate prices, the empirical literature presents a wide range of
candidate regressors that explain real estate prices from a macroeconomic perspective. A first
example is given by Adams and Fiiss (2010), which analyzed the long-term effect of

macroeconomic variables on real estate prices in 15 countries over a period of 30 years. Their
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results indicate that economic activity and construction costs are positively associated with
house prices. In addition, the authors found that a 1 percentage points (pp) increase in long-
term interest rates decreases house prices by 0.3%. In another comprehensive study comprising
47 advanced and emerging market economies between 1970 and 2015, Sutton et al. (2017)
estimated the impact of short- and long-term interest rates on house prices. The authors
explained the change in house prices as a function of past changes in house prices, real GDP
growth, demographic factors, as well as real and nominal interest rates. In applying a linear
regression model and accounting for lags of quarterly and annual lengths, they found that real
house prices in the United States (US) increased by about 8% after three years in response to a
1 pp decline in the nominal short-term rate. Interestingly, significant effects of short-term
interest rates were detected in countries in which securitization of homes is less prevalent.
Another study by Tripathi (2019) established an overview about the numerous potential
macroeconomic determinants of house prices. In considering 43 countries between 1970 and
2017, the researcher incorporated rent levels, GDP measures, price-to-income and rent ratios,
urbanization measures, inflation, employment in services, real exchange rates, the share of
working-aged residents, and broad money to a random-effect regression model. While the sign
of most coefficients are in accordance with economic intuition, the authors did not found any
significant effect of real interest rates on real house prices. This observation can to a certain
extent be explained by the heterogeneity of underlying countries, which is a topic that has been
addressed by Egert and Mihaljek (2007). In distinguishing between 19 Organization for
Economic Co-operation and Development (OECD) countries and eight transitional economies
of central and eastern Europe, they analyzed whether conventional fundamental determinants
of real estate markets could explain house price developments. Egert and Mihaljek (2007)
applied a panel dynamic Ordinary Least Squares (OLS) model and reported that the GDP per
capita and real interest rates are robustly associated with house prices in the OECD and eastern
European countries. Their results suggest that interest rate elasticities of house prices are more
than twice as high in transition economies (-5%) than in OECD countries (-2%).
Cross-country studies are confronted with a trade-off between data availability and its
comparability, i.e., to control for all the relevant demand and supply determinants explaining
price developments from an aggregated perspective. Country studies may circumvent this trade-
off as their spatial scope comprises one single country. A fitting example is given by Belke and
Keil (2017), who analyzed the impact of fundamental determinants on apartment and house
prices in Germany between 1990 and 2010 using a dataset consisting of 127 German regions.

In deploying a fixed-effect panel regression model, the authors found that interest rates,
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represented by yields on governmental bonds with a maturity of 10 years, are positively
associated with real estate prices. They reported that a 1 pp increase in interest rates raises house
prices by about 5% and rental apartment prices by between 2% and 4.5%, depending on the
model used. The authors argued that the positive connection between interest rates and real
estate prices may arises from the monetary policy stance und business cycles, such that higher
interest rates coincide with higher demand for housing and real estate prices.

A similar question, although with a different methodology, was addressed by Berlemann
and Freese (2013), who analyzed the impact of monetary policy on prices from different real
estate segments in Switzerland. In applying a VAR model to a dataset consisting of quarterly
GDP values, 3-month target Libor rate, the money stock and the Swiss Performance Index (SPI)
between 1987 and 2008, the authors concluded that the residential housing segments respond
very heterogeneously to altered monetary policy!’. Whereas an increase in the 3-month Libor
rate is inversely related to prices of houses and owner-occupied flats, a direct relationship has
been detected for rental prices of apartments. The authors argued that this result may be an
indication for substitution effects between buying and renting induced through monetary policy.
Apart from this, commercial property prices, consisting of office, industry, and sales area, are
barely affected by changes in the Libor rate.

The fact that specific real estate segments respond differently to altered monetary policies
is confirmed by Drechsel and Funk (2017). Using a Bayesian VAR to analyze intertemporal
and regional effects of mortgage rate shocks, as well as demand and supply conditions between
1982 and 2013, the authors concluded that residential rental prices are more susceptible to
changes in mortgage interest rates than prices of houses and owner-occupied flat. Additionally,
the authors reported a heterogenous response of real estate prices to mortgage or supply and
demand shocks across Swiss regions. Compared to other Swiss regions, they observed that real
estate prices in Zurich and Geneva responded more quickly to altered supply and demand
shocks.

Summarizing the relevant literature leads to the conclusion that interest rates are represented
very heterogeneously. The presence of different interest rate representations suggests that
interest rates affect real estate prices through various channels, which is a topic that has rarely
been analyzed in the corresponding real estate literature. Furthermore, the vast majority of the
relevant studies focused on the residential housing segment. This raises the question of whether,

and to what extent, learnings about the fundamental determinants of real estate prices can be

10 Since the authors were interested in the effect of monetary policy on real estate prices, Berlemann and Freese
(2013) approximated interest rates with the 3-month target Libor rate.
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applied to the commercial real estate segment. In fact, one fundamental difference is that real
estate prices of the commercial real estate segment tend to depend on firms’ performances
(Benjamin et al., 2020). This fundamental difference to the residential real estate segment is,
however, balanced by the fact that the level of real estate prices, independent of their segment,
reflect entry fees for a specific region that firms and households must pay to access local
amenities (Gyourko, 2009). Therefore, and because the relevant literature lacks empirical
findings in this regard, we presume that the fundamental drivers from an aggregated perspective
of prices for the commercial real estate segment are fairly similar to the ones driving residential

real estate prices'!.

2.6. Empirical strategy

Our empirical strategy to assess the relationship between interest rates and real estate prices
builds upon three elements. The first element consists of a multifaceted representation of
interest rates. We consider yields of governmental bonds with 10-year maturity, fixed mortgage
interest rates with 10-year maturity, variable mortgage interest rates, and our definition of the
spread. The second element relies on a diversified representation of real estate prices consisting
of six different real estate types: rental apartments, owner-occupied flats, houses, office space,
sales area, and industrial real estate. The third element builds upon the persisting heterogeneity
of Swiss real estate markets that is addressed in considering variations across all 106 MS-
regions in Switzerland. We combine all three elements by deploying a fixed-effects panel
regression model, covering the period from the first quarter of 2005 to the fourth quarter of
2018, which controls for regional fixed effects to analyze the impact of interest rates on real

estate prices.

2.6.1. Data

Table 1 describes the variables used in the subsequent analysis, while summary statistics
are attached in Table 4 (Appendix A.1). Real estate prices were provided by Wiiest Partner AG,
which collects and evaluates transaction prices and publicly available rental prices for various
spatial levels in Switzerland. Next to the spatial availability, data for real estate prices is
published on a quarterly basis, which allows a detailed analysis of price developments.

With the exception of the spread, all interest rate representatives were taken from the SNB’s
publicly available database. The spread is defined as the difference between net initial returns

and yields on governmental bonds with 10-year maturity. Net initial returns, provided by Wiiest

' To best of our knowledge, Berlemann and Freese (2013) belong to the minority which studied the commercial
real estate in Switzerland.
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Partner AG, include income, while object-specific costs, such as insurance and maintenance,
are deducted. So defined net initial returns provide information about actually achieved returns
of real estate investors in Switzerland.

Yields on governmental bonds will be used in our baseline regression model. Just as for
fixed and variable mortgage interest rates, we expect an inverse relationship with type-specific
real estate prices. The application of our definition of the spread is limited to rental apartments
and industrial real estate because corresponding net initial returns are exclusively available for
these two real estate types. Since a divergence of net initial returns and yields on governmental
bonds should increase the attractivity of investing in real estate markets, we expect a direct

relationship between the spread and corresponding real estate prices.

Table 1: Variable description

Variable Name Source
Description
Median rental prices: Wiiest Partner AG

Median rental prices per sqm and year. Relevant for: apartments, office space, sales area,
and industrial real estate.

Median prices: Wiiest Partner AG
Median prices per sqm. Relevant for: houses and owner-occupied flats.

Yields governmental bonds (10 Y): Swiss National Bank
Yields on governmental bonds with 10-year maturity (%).

Variable mortgage rates: Swiss National Bank
Average variable mortgage interest rates (%).

Fixed mortgage rates (10 Y): Swiss National Bank
Fixed mortgage interest rates with 10-year maturity (%).

Spread: Wiiest Partner AG

Indicates the difference between net initial returns and yields on governmental bonds

with 10-year maturity (%). Relevant for: rental apartments and industrial real estate.

Supply number: Wiiest Partner AG
Number of advertised real estate objects divided by the group-specific stock (%).

Relevant for: office space, sales area, and industrial real estate.

Vacancy rates: Federal Statistical Office
Number of vacant objects relative to the housing stock (%). Relevant for: houses, owner-

occupied flats, and rental apartments.

Market and location rating: Wiiest Partner AG
Rating: Min = 1, Max = 5. Relevant for: rental apartments, houses, owner-occupied flats,

office, sales area, and industrial real estate.

Investment per resident: Federal Statistical Office
Total investments (in thousand Swiss Francs), including public expenditures per resident.

Population growth Federal Statistical Office
Firm stock: Wiiest Partner AG

Total firm stock (in thousand) measured by the number of Itd’s.

Housing stock: Wiiest Partner AG

Total housing units (in thousand).

Economic structure: Federal Statistical Office
Number of firms in the services sector relative to the firm stock (%).

Building applications: Wiiest Partner AG /
Number of building applications per resident. Relevant for: rental apartments, houses, Federal Statistical Office

owner-occupied flats.

» ey

Notes: The description refers to all variables used in the empirical analysis. “Location and market rating”, “'Vacancy rates”,
“Supply number”, and “Building applications” are relevant across several real estate types and account for multiple type-
specific variables within each category. “Building applications” is the only variable, which combines two sources (building
applications from Wiiest Partner AG and the number of residents from the Federal Statistical Office). With the exception of
our interest rate representatives, which only vary on a national level, all variables are available for each MS-region. Data
taken from the SNB are available on a monthly basis and have been average on a quarterly level.
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As we consider six real estate types, we use two separate variables to represent vacancy
rates. For the residential housing segment, we apply officially published numbers by the Federal
Statistical Office!?. Official vacancy rates for commercial real estate are unfortunately non-
existent for Switzerland. For that reason, we proxy vacancy rates in the commercial real estate
segment by means of the supply number, which is defined as the number of advertised real
estate objects divided by the type-specific stock . Since a relatively high vacancy rate or supply
number is a sign of a local oversupply or weakening demand, we expect a negative relationship
with real estate prices.

We include the market and location rating (1 = worst, 5 = best), as provided by Wiiest
Partner AG, to account for the persisting heterogeneity across Swiss regions. This variable is
the result of a systematic analysis of measurable local-specific characteristics and highlights
the market and location quality for each real estate type across Swiss regions'®. The market and
location rating is a suitable variable to quantify the quality of locations from a macroeconomic
perspective, since it comprises several indicators that are difficult to aggregate, but nevertheless
important to control for. Examples of such indicators are the local tax level, the accessibility,
or the infrastructure. We expect a positive impact of the location and market rating on type-
specific real estate prices, reflecting the capitalization of local amenities into real estate prices.

Construction activities are represented by total investments in reconstruction and new
construction as a share per resident. Data was taken from the Federal Statistical Office, which
classifies investments into a number of subgroups, from which the total was taken for the
analysis. The resulting variable captures public and private spendings across time and Swiss
regions. According to economic intuition, we expect a negative impact of construction activities
on real estate prices, as the associated shift in supply decreases real estate prices.

The size of real estate markets, represented by the number of firms and the housing stock,
is expected to control for price effects arising through the density of the respective region. Both
data sources were taken from the Federal Statistical Office'. For the residential and commercial
segment, we expect prices to be higher in densely populated regions.

After all, the present dataset contains a wide range of fundamental drivers characterizing

Swiss real estate markets from the first quarter of 2005 to the fourth quarter of 2018 across six

12 The data source provides information about the number of vacant rental apartments, houses and owner-occupied
flats, which are then divided by the respective housing stock.
13 Since the commercial real estate segment is traditionally characterized by a low number of tenant changeovers
with long contract durations, we do not expect to incorrectly proxy vacancy rates by means of the supply number.
14 The market and location rating accounts for location-specific elements such as the municipality type, tax burden,
labor market conditions, and price developments.
15 The housing stock includes rental apartments, houses, and owner-occupied flats. Firms are represented by the
number of corporations and limited liability companies.
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different real estate types. The quality of the dataset is further enhanced by the limited number
of sources. All data were obtained from federal administrations (SNB, Federal Statistical
Office) or Wiiest Partner AG. This small number of sources standardizes the dataset and

facilitates comparisons of specific variables across different real estate types.

2.6.2. Methodology

We apply a fixed-effect panel regression model to measure the impact of interest rates on
real estate prices for six different real estate types in Switzerland. In doing so, we control for
aggregated demand and supply determinants that traditionally drive real estate prices from a
macroeconomic perspective. With the exception of interest rates representatives, each variable
in the subsequent empirical analysis varies across time (t) and across MS-regions (i). These

characteristics of the dataset are ultimately reflected in the baseline panel regression equation:
P] =a; + BiM], + Bom, +uy (2.2)
Real estate prices (Pi{) are represented by quarterly median rental prices per sqm for each

real estate type (j) consisting of rental apartments, sales area, office space, and industrial real
estate or by prices per sqm for owner-occupied flats and houses. a; represents region-specific
fixed effects for each MS-region in Switzerland. Ml]t is a vector of geographical and time
varying determinants of real estate prices across real estate type (j) as represented by the
location and market rating, investments per resident, the firm and housing stock, population
growth, vacancy rates, or the supply number. m; specifies local-invariant interest rate
representatives, and u;; is an error term.

The fixed-effect panel regression, also known as the within-estimator, considers the
variation of variables over time and estimates the individual-specific deviations from their time-
averaged values. Since idiosyncratic means are removed from the estimation equation, the strict
exogeneity assumption required for consistency is relaxed'®. A crucial assumption refers to the
presence of some unobserved time-invariant heterogeneity (a;) across individuals in the panel
dataset. If this assumption holds, the fixed-effect approach limits the sources of potential biases
(Collischon and Eberl, 2020).

In the context of this study, the intuition behind «; is linked to a central characteristic of
real estate objects: they cannot be displaced, and are therefore bound to the specific location.
Whereas object-specific characteristics in combination with local characteristics play a crucial

role when estimating object-specific real estate prices, explaining a regional price level requires

16 Consistency in a fixed-effect panel regression model requires that time-varying predictors do not correlate with
time-varying error term.
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macroeconomic and local characteristics only. This builds on the intuition that regional-specific
effects for each MS-region driving real estate prices can be aggregated into a time-invariant
regional effect (a;). Removing this particular regional effect then allows for estimation of
specific determinants, whereas the effect of interest rate representatives on real estate price is
of particular interest of this study.

While we expect to absorb a major share of the price development across Swiss MS-regions
with aggregated supply and demand determinants, ruling out potential effects arising through
time effects becomes particularly important since real estate prices in Switzerland almost
monotonically increased within the considered time frame. To address these time trends, we
include year and quarter dummies for the entire time frame. Additionally, we adapt the
heteroskedasticity-consistent covariance estimator, as proposed by Arellano (1987). Apart from

that, standard assumptions apply in the results displayed below.

2.7. Empirical results

Model 1 of Table 2 summarizes the results from our baseline regression model for
residential housing, in which interest rates are represented as yields on governmental bonds
with 10-year maturity. Particularly notable is the significant negative impact of our so defined
interest rate representative on median real estate prices across all real estate types. Prices of
owner-occupied flats exhibit the largest impact in response to altered interest rates. Decreasing
interest rates by 1 pp increases their prices by about 1.5% on average in Switzerland. With
regard to houses, the corresponding interest effect is only about half as large (0.7%) and even
smaller for rental apartments (0.4%). When putting these estimates into the context of the
decline in yields on governmental bonds by about 2.3 pp between 2005 and 2018, our results
suggest that the development of our so defined interest rate representative is associated with an
increase in real estate prices between 3.5% (owner-occupied flats) and 0.9% (rental apartments)
for the residential housing segment.

The market and location rating enters with a positive sign into our baseline regression Model
1 of Table 2. The impact of the location and market rating is considerably larger for houses and
owner-occupied flats than for rental apartments, which suggests that local quality criteria are
more heavily capitalized into prices for homeownership. Overall investments in real estate
markets have a positive impact on prices for residential housing. We interpret this result as
evidence for the sustained demand in the residential housing segment, whereas additional
supply is quickly absorbed.

The results in Model 1 provide evidence that the density of real estate markets is positively

contributing to the prevailing price level in the residential housing segment. Similar to the
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location and market rating, prices for homeownership display a higher sensitivity to the density
of the local real estate market than rental prices for rental apartments. Interestingly, population
growth reflects a largely counterintuitive and insignificant impact on real estate prices. We
attribute this observation to the persistent heterogeneity across all MS-regions and the fact that
real estate prices are influenced more by the density of the regional market than by population

growth.

Table 2: Fixed-effect panel regression — residential housing

Real estate type: Rental Apartments Houses Owner-Occupied Flats

Dependent log of median sqm rental

log of median sqm prices log of median sqm prices

variable: prices
Model: &) 2 ) 2 3 ) 2 3)
Market and  0.0244***  (.0244%** 0.0421***  0.0421***  (0.0604*** 0.0426***  (0.0425%**  (0.0634%**
location rating  (0.0067) (0.0067) (0.0095) (0.0095) (0.0111) (0.0114) (0.0114) (0.0113)
Investment per 0.0275%**  (.0275%** 0.0070 0.0070 0.0042 0.0274%%* 0.0274** 0.0240%*
resident  (0.0059) (0.0059) (0.01006) (0.0106) (0.0124) (0.0086) (0.0086) (0.0110)
Housing stock 0.0021. 0.0021. 0.0054%*%* 0.0055** 0.0049%* 0.0058%* 0.0058** 0.0048*
(0.0012) (0.0012) (0.0017) (0.0017) (0.0017) (0.0019) (0.0019) (0.0020)
Vacancy rate -0.0034 -0.0034 -0.0382* -0.0383* -0.0229 0.0070 0.0069 0.0007
(0.0041) (0.0041) (0.0175) (0.0175) (0.0148) (0.0205) (0.0206) (0.0218)
Population  -0.0168. -0.0168. -0.0138 -0.0138 -0.0046 -0.0605***  -0.0605***  -0.0363*
growth  (0.0089) (0.0089) (0.0156) (0.0156) (0.0116) (0.0170) (0.0170) (0.0157)
Yields
-0.0039%*** -0.0065%** -0.0152%**
governmental
bonds (10 Y) (0.0010) (0.0011) (0.0013)
Variable -0.0146%** -0.0228%*%**
mortgage rates (0.0041) (0.0048)
Spread 0.0043%**
residential (0.0009)
Fixed mortgage -0.0101%** -0.0183%**
rates (10 Y) (0.0012) (0.0017)
Year dummies Yes Yes Yes Yes Yes Yes Yes Yes
Quarter dummies Yes Yes Yes Yes Yes Yes Yes Yes
Region fixed Yes Yes Yes Yes Yes Yes Yes Yes
effects
Adjusted R? 0.764 0.764 0.850 0.850 0.795 0.895 0.895 0.865
Observations 5936 5936 5936 5936 4664 5936 5936 4664

Notes: Displayed coefficients are the results of a panel fixed-effect regression model including regional fixed effects for each
MS-region. Robust standard errors are displayed in brackets. In Models 1 and 2 the time frame is limited to 56 quarters from
2005 Q1 to 2018 Q4. In Model 3 for houses and owner-occupied flats the time frame is limited to 44 quarters from 2008 Q1 to
2018 Q4. Variables are defined according to Table 1. Signif. codes: “****0.001, “**’0.01, **’0.05, *.” 0.1

In Model 2 of Table 2, we investigate whether the negative interest rate effect reported in
Model 1 persists with a differentiated type-specific representation of interest rates. We apply
our definition of the spread for rental apartments and variable mortgage interest rates for houses
and owner-occupied flats. Our estimation reveals that a rise by 1 pp in the spread increases
median rental prices by approximately 0.4%. We associate the spread with the group of demand

shifters, which arises whenever net initial returns decline at a slower pace than yields on
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governmental bonds. The effect is nonetheless surprisingly pronounced since under Swiss law
rental prices should follow the development of the reference index, which has fallen from 3.5%
in 2008 to 1.5% in 2018.

Variable mortgage interest rates enter with a negative sign into our estimation equation for
houses and owner-occupied flats. Corresponding estimates gained in magnitude compare to
yields on governmental bonds in Model 1 of Table 3, which is due to the considerably smaller
volatility of variable mortgage interest rates'’. Nevertheless, the decline in variable mortgage
rates of about 1 pp between 2005 and 2018 increased house prices by 1.5% and prices for
owner-occupied flats by 2.3%. We attribute this effect to the decline in financing costs for
homeownership, which boosted demand for homeownership and, as a result, its prices.

In Model 3 of Table 2, we further analyze the financing-based channel with fixed mortgage
rates affecting real estate prices for homeownership'®. Corresponding estimates indicate that a
decline by 1 pp in fixed mortgage rates increases median prices sqm for houses by 1.0% and of
owner-occupied flats by 1.8%. Between the first quarter of 2008 and the fourth quarter of 2018,
fixed mortgage rates with 10-year maturity decreased by 2.9 pp. Thus, and holding everything
else constant, the overall decline in fixed mortgage rates within the considered time frame raised
house prices by approximately 3.0% and prices of owner-occupied flats by 5.3%. However, the
decline in financing costs for homeownership has not translated into increased homeownership
rates in Switzerland. Between 2010 and 2018, average homeownership rates remained at an
unchanged level of 36% (Federal Statistical Office, 2021). This rules out substitution effects
between renting or owning, but merely leaves capitalization effects as a result of increased
demand induced through declining financing costs.

Moving on to the commercial real estate segment. We apply the same empirical strategy to
explain rental prices for offices, industrial real estate and sales area, capturing 106 MS-regions
of Switzerland between 2005 and 2018. Considering first the results from our baseline Model
1 in Table 3, in which interest rates are represented by governmental bonds with 10-year
maturity. Office rental prices increase by about 0.4% in response to a decline in governmental
bonds by 1 pp, indicating a similar sensitivity to interest rates as observed in rental prices for
apartments (Model 1 in Table 2). In opposite, rental prices of industrial real estate and sales

area display a direct connection to yields on governmental bonds.

17 Since the first quarter of 2012, variable mortgage rates remained at a fairly constant level ranging between 2.7%
and 2.6%
18 Fixed mortgage rates are only available as of 2008. In consequence, the time frame under consideration is limited
to 44 quarters.
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While commercial real estate prices tend to react differently to interest rates, similarities to
the residential housing segment are given by the effect of the location and market rating, which
enters with a positive sign into our estimation equation. In fact, commercial real estate prices
display a higher sensitivity to the quality of the respective market compared to prices of
residential housing. The sign of overall investments in Model 1 suggests that rising investments
in real estate markets are associated with a shift in aggregate supply, which negatively impacts

commercial real estate prices. Corresponding estimates are, however, largely insignificant.

Table 3: Fixed-effect panel regression — commercial real estate

Real estate type: Office Industrial Real Estate Sales Area
Dependent variable: log of medlgn sqm rental log of medlgn sqm rental log of med1gn sqm rental
prices prices prices
Model: (1) (1) 2 &)
Market and location 0.1202*** 0.2045*** 0.2045*** 0.1866***
rating (0.0194) (0.0147) (0.0147) (0.0207)
Investment per resident -0.0084 -0.0107 -0.0108 -0.0148
P (0.0111) (0.0115) (0.0115) (0.0172)
Firm stock 0.0099* -0.0227%%*  -0.0227%** 0.0150*
(0.0046) (0.0065) (0.0065) (0.0075)
Supply number 0.0028*** 0.0082*** 0.0083*** 0.0080*
PPLY (0.0007) (0.0020) (0.0020) (0.0035)
Population erowth -0.0533** -0.0224 -0.0224 -0.0565*
P & (0.0203) (0.0236) (0.0236) (0.0266)
Yields governmental -0.0039* 0.0077** 0.0104***
bonds (10 Y) (0.0018) (0.0025) (0.0024)
Spread commercial 0.0010
P (0.0021)
Year dummies Yes Yes Yes Yes
Quarter dummies Yes Yes Yes Yes
Region fixed effects Yes Yes Yes Yes
Adjusted R? 0.578 0.614 0.614 0.535
Observations 5936 5936 5936 5936

Notes: Displayed coefficients are the results of a panel fixed-effect regression model including regional fixed effects for each
MS-region. Robust standard errors are displayed in brackets. In Models 1 and 2 the time frame is limited to 56 quarters from
2005 QI to 2018 Q4. Variables are defined according to Table 1. Signif. codes: “***’0.001, **’ 0.01, *’0.05, *." 0.1

Mixed results arise from the size of the regional market, as represented by the regional
number of firms. Median rental prices for office and sales area are positively related with the
number of local firms, whereas the opposite effect can be observed in the industrial real estate
segment. Thus, we do not find consistent evidence that the density of local firms is translated
into commercial real estate prices. The same holds true for population growth, which barely
explains price developments in the commercial real estate segment.

Interestingly, the supply number enters with a positive sign into the estimation equation for
each real estate type in the commercial real estate segment. Since the supply number is defined
as the number of advertised real estate objects divided by the corresponding stock, the positive
sign gives rise to the conjecture that investors rent offers are set independent of the current
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supply number. Explanations include a traditionally longer advertising duration for commercial
real estate objects, which is priced by investors.

In Model 2 of Table 3, we further investigate whether the positive price impact of the spread
persists for industrial real estate!®. Just as for rental apartments, using the spread to explain
rental prices of industrial real estate provides the anticipated results. A rise by 1 pp in the spread
increases industrial real estate prices by approximately 0.1%. Nevertheless, the insignificant
estimate indicates that this relationship lacks a consistent pattern. As already observed in the
residential housing segment, changing interest rate representatives does not significantly affect
the coefficients of the remaining variables. This observation is linked to our estimation strategy,
in which interest rate representatives display a considerable smaller correlation to the remaining
variables?’.

Comparing the estimation results between the residential housing and commercial real
estate segment suggests that the interest rate effect cannot be generalized without further
investigation. We speculate that prices of commercial real estate segment may depend more on
firms’ performances than on changes in interest rates®'. Explanations include that commercial
real estate prices primarily tend to rely on factors characterizing aggregate demand. In fact, the
considerably higher sensitivity of commercial real estate prices to the location and market rating
supports this observation. Further explanations refer to the monetary policy stance, through
which the level of interest rates is likely to coincide with firms’ performances. In particular,
during a time frame of decreasing interest rates, firms may benefit from the possibility to
finance new investments through equity capital, which offsets our expected interest rate effects
on real estate prices. Finally, we speculate that segment-specific regulation may also contribute
to the results obtained. In contrast to the residential housing segment, commercial rental
contracts usually include a fixed contractual term. In consequence, commercial rental prices are
relatively unaffected by changes in the interest environment, at least in the medium term.
Contractual differences also become apparent regarding the indexation to inflation. While
commercial rental contracts often incorporate an inflation indexation of up to 80%, residential
rental contracts usually feature an indexation of 40%.

The results reported in Table 3 are to some extent in line with Berlemann and Freese (2013),

who found that Swiss real estate prices from the commercial real estate segment are largely

19 Net initial returns are exclusively available for rental apartments and the industrial real estate segment.
20 Explanation include that interest rates only vary on a national level, whereas the remaining variables vary
between MS-regions.
2 To the best of our knowledge, reliable data indicating firms performances on a disaggregated level is
unfortunately not available for the considered time frame in this study.
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unaffected by changes in the policy rate. This supports our observation that the interest rate
effect depends to a large extent on the real estate segment under consideration and thus cannot
readily be aggregated. Furthermore, the considerable smaller adjusted R? in our estimation
results for the commercial real estate segment (Table 3) compared to the residential housing
segment (Table 2) reveals that a significant share of price developments in the commercial real

estate segment remains unexplained by the considered fundamental determinants.

2.7.1. Robustness check

In order to estimate the impact of interest rate representatives on real estate prices, our
empirical strategy controlled for a set of specific demand and supply determinants affecting real
estate prices on a local level. In addition, we controlled for regional fixed effects and time trends
to absorb a major share of price developments across Swiss MS-regions. In this section, we
analyze whether the presented results from the previous section persist when including further
potential drivers of real estate prices into our estimation approach. Of course, the selection of
variables is linked to the spatial scope and time frame of the study??.

During a period of declining interest rates, financing real estate objects becomes less
expensive, which increases demand for housing. In the context to this study, building
applications may be an important control variable as they represent a suitable measure to
approximate the demand for housing within a given MS-region. Building applications are
largely unexplored by the relevant literature and are exclusively available for different real
estate types of the residential housing segment. Against our expectations, we do not find
consistent effects of building applications on real estate prices within this particular segment
(see Appendix A.2, Table 5). Comparing these estimation results with Table 2 does further
reveal that the estimates of our interest rate representatives and control variables remain
relatively unaffected by the inclusion of building applications.

More than three quarters of firms in Switzerland operate in the service sector. However,
regional differences reveal that the sector-specific composition of firms varies considerably
between MS-regions?’. Building on this, we investigated whether a certain measure for the
economic structure is systematically mirrored in real estate prices. Our variable for the

economic structure is defined as the number of firms in the service sector relative to the firm

22 In particular, data availability for each MS-region within the time period between 2005 and 2018 limited the
incorporation of further potential drivers of real estate prices.
23 While highest share of firms operating in the service sector is located in the MS-region Zug (75%), the MS-
region Val-de-Travers displays the lowest share (25%).
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stock within a particular MS-region®*. In the group residential housing, we largely obtain
insignificant results and the sign of this particular variable varies considerably between real
estate types (see Appendix A.3, Table 6). A similar conclusion can be drawn when applying
our variable for the economic structure to the commercial real estate segment (see Appendix
A .4, Table 7). While we do not find evidence that real estate prices are affected by the sector-
specific composition of firms, it is possible that the outcome was influenced by factors such as
the time frame considered or the empirical strategy®. Furthermore, adding this variable to our
empirical strategy does neither affect the magnitude nor the significance of the remaining
variables.

We suspect that counterintuitive or insignificant impacts of the variables just mentioned can
be attributed to the spatial scope of our empirical analysis. Since we considered all of the 106
MS-regions in Switzerland between 2005 and 2018, the impact of some local-specific variables
suffers from its variability across locations. For that reason, our empirical strategy considered
only fundamental determinants of real estate prices, on which the real estate literature agrees

upon.

2.7.2. Spatial differences

In order to further analyze the impact of interest rates, this section examines their impact
across 8 Swiss monitoring regions. The latter represent suitable regions of analysis as they are
composed of specific MS-regions (see Figure 1). For the sake of the argument, we apply our
baseline regression model and analyze the impact of yields on governmental bonds with 10-
year maturity for each one of the considered real estate types.

Figure 8 summarizes our so defined interest rate effect on median real estate prices for
houses, owner-occupied flats, and rental apartments. As shown in Figure 8, interest rate effects
not only differ between Swiss monitoring regions, but also between real estate types. The
highest interest rate effects are observed in Zurich and Geneva, where a decline by 1 pp in yields
on governmental bonds raises prices for owner-occupied flats by 2.7% (Geneva) and 2.2%
(Zurich). Interestingly, the interest rate effect on house prices is comparatively small in Zurich
(0.6%), while it is even higher in Geneva (1.4%) or in the south of Switzerland (0.8%). A similar

picture as for houses is evident in rental apartments, where the highest interest rate effects are

24 A similar variable as a representative of fundamental drivers of real estate prices has previously been analyzed
by Belke and Keil (2017). The authors defined the economic structure as the number of persons working in the
service sector divided by the sum of persons working in the manufacturing and agriculture sectors.
25 Although the sector-specific composition of firms varies considerably between MS-regions, changes within
regions during the considered time frame may be absorbed by our fixed-effect regression strategy.
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located in Geneva and the south of Switzerland. In these regions, a decline by 1 pp in interest

rates raises rental prices by 0.7% (South) and 0.5% (Geneva).

Figure 8: Residential housing — interest rate effect across Swiss monitoring regions
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Notes: Displayed coefficients correspond to yields on governmental bonds with 10-year maturity for each monitoring region
in Switzerland. The coefficients are the results of a fixed-effect panel regression capturing 106 Swiss MS-regions between 2005
Q1 and 2018 Q4 (56 quarters) analogous to the baseline regression model in Table 2, Model 1. Signif. codes: “***’0.001,
**0.01, *70.05, " 0.1.

Spatial differences of the interest rate effect suggest the presence of vastly different real
estate markets. We presume that the heterogenous impact of interest rates between Swiss
regions can be traced back to other fundamental mechanisms affecting real estate prices. The
highest interest rate effects are observed in Zurich and Geneva, which also represent the most
densely populated regions, comprising 1.9 Mio. residents (1.3 Mio. in Zurich, 600 thousand in
Geneva), or approximately one quarter of the Swiss population in 2018. Consequently, a higher
sensitivity of real estate prices to interest rates may indicate that these regions are characterized
by an inelastic housing supply, leading to larger price fluctuations in response to changes in
interest rates.

A different picture emerges when applying the same empirical strategy for the commercial
real estate segment (Figure 9). The largest interest rate sensitivity of office rental prices can be
found in central Switzerland and Geneva. Our results suggest that a decline by 1 pp in yields
on governmental bonds raised rental prices for office space by 1.7% in central Switzerland, and
by 0.9% in Geneva. In the group of industrial real estate and sales area, we obtain inconsistent
results. Corresponding interest rate effects are largely insignificant and display a large variation
between regions. We interpret this as evidence supporting our presumption that the reported

interest effect largely hinges on the specific real estate segment considered.
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Figure 9: Commercial real estate — interest rate effect across Swiss monitoring regions
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Notes: Displayed coefficients correspond to yields on governmental bonds with 10-year maturity for each monitoring region
in Switzerland. The coefficients are the results of a fixed-effect panel regression capturing 106 Swiss MS-regions between 2005
Q1 and 2018 Q4 (56 quarters) analogous to the baseline regression model in Table 3, Model 1. Signif. codes: “***’0.001,
F*10.01, *70.05, 0.1

2.8.  Conclusion

This study analyzed the impact of interest rates on real estate prices. Using data from six
different real estate types across all 106 MS-regions of Switzerland between 2005 and 2018,
we examined the impact of four different interest rate representatives on median real estate
prices: yields on governmental bonds with 10-year maturity, fixed mortgage rates with 10-year
maturity, variable mortgage interest rates, and the spread — the difference between yields on
governmental bonds and net initial returns. In deploying a fixed-effect panel regression model
with region-specific fixed effects, we controlled for the persistent heterogeneity across Swiss
real estate markets.

In the group of residential housing, we find robust connections between all interest rates
representatives and real estate prices. Prices of houses and owner-occupied flats are particularly
susceptible to changes in variable and fixed mortgage interest rates. According to our
estimations, a decline by 1 pp in variable mortgage interest rates increases median houses prices
by 1.5% and prices for owner-occupied flats by 2.3%. Similarly, a reduction in fixed mortgage
interest rates by 1 pp increases median house prices by 1.0% and the median prices of owner-
occupied flats by 1.8%. The interest rate level of different mortgage types plays a crucial role
in explaining real estate prices for homeownership, as they represent the financing-based
channel through which interest rates affect real estate prices.

Residential rental prices are less vulnerable to altered interest rates. We find that a decline
by 1 pp in yields on governmental bonds raised median rental prices for apartments by 0.4%.

Additionally, our results suggest that rental apartment prices increase by approximately 0.4%
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in response to a 1 pp rise in the spread. Thus, even within Switzerland’s prevailing rent control
system, the divergence between net initial returns and government bonds may counteract locally
binding regulations.

In applying our empirical strategy to the largely unexplored commercial real estate segment
in Switzerland, we find a less conclusive relationship between our interest rate representatives
and real estate prices. Whereas an inverse relationship is detected between yields on
government bonds and office rental prices, rental prices for industrial real estate and sales areas
display the opposite trend. We also find weak support that the spread contributes to increasing
rental prices in the group of industrial real estate.

In applying our baseline model separately for each one of the 8§ monitoring regions in
Switzerland, we find that regions comprising large urban cities are characterized by a higher
interest rate sensitivity. This contrasts the commercial real estate segment, in which we
observed a very heterogenous connection between interest rates and real estate prices. The latter
underpins our observation that interest rate effects depend on the real estate segment under
consideration and, thus, cannot be readily aggregated.

To ensure comparability, our analysis was limited to the impact of fundamental
determinants on real estate prices in Switzerland. Against this background, future research
should use the possibilities of the constantly growing supply of high-quality data in order to
further analyze the impact of macroeconomic determinants on real estate prices. Especially in
the commercial real estate segment, open questions about the influence of macroeconomic
determinants on real estate prices still exist. Furthermore, the relationship between interest rates
and real estate prices will remain a topic of great importance for policy makers. Although Swiss
banks implement a stringent verification process for mortgage approvals, the impact of a
potential rise in interest rates on real estate prices for homeownership remains uncertain.

Finally, we want to stress the fact that rising real estate prices are a phenomenon observable
around the globe. Next to insufficient construction to keep up with the increased demand for
housing or overall changes in monetary policy, the “savings glut” is considered a driving force
of globally rising real estate prices. The origins of the “savings glut” can be traced back to
growing savings, spurred by increasing private pension provision in industrialized countries,
and rising prosperity in emerging markets. Among those investment opportunities, real estate
objects remain an attractive investment option due to their durability and safety. Therefore, it
would be wrong to attribute the entire upswing in real estate prices to monetary policy. On the
contrary, it appears that price dynamics in real estate markets observed during recent years

represent a new reality of the 21st century.
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Abbreviations

Abbreviation Meaning
Appenzell I. RH. Appenzell Innerrhoden
Appenzell A. RH. Appenzell Ausserrhoden

CPI
CHF
EU
FCA
GDP
Libor
Mio.
MS
OECD
OLS
SARON
SNB
SPI
Sqm
UK
US
VAR

Consumer Price index

Swiss Francs

European Union

Financial Conduct Authority
Gross Domestic Product
London Interbank Offer Rate
Million

Mobilité Spatiale
Organization for Economic Co-operation and Development
Ordinary Least Squares

Swiss Average Rate Overnight
Swiss National Bank

Swiss Performance Index
Square meter

United Kingdom

United States

Vector Autoregression Model
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Appendix

A.l.

Table 4: Summary statistics
Variable Min. Max. Mean Median Std. Dev.
Rental prices apartments (CHF/sqm p.a.) 118.27 346.03 191.24 186.37 37.15
Prices owner-occupied flats (CHF/sqm.) 2364.80 13353.46 5429.45 5016.81 1742.09
Prices houses (CHF/sqm.) 2618.94 11547.05 5146.95 4839.26 1553.40
Rental prices office space (CHF/sqm p.a.)  97.67 481.67 171.10 163.47 43.75
Rental prices industrial real estate 4523 191.25 102.09 100.81 24.09
(CHF/sqm p.a.)
Rental prices sales area (CHF/sqm p.a.) 101.99 462.02 189.42 177.10 54.68
Yields governmental bonds (10 Y) (%) -0.49 3.22 1.26 1.12 1.12
Variable mortgage rates (%) 2.62 3.47 2.82 2.69 0.23
Fixed mortgage rates (10 Y) (%) 1.53 4.58 2.51 2.29 0.82
Spread residential (%) 2.92 4.94 4.01 4.04 0.52
Spread commercial (%) 2.81 5.20 4.18 4.31 0.61
Eglt‘gei‘tf location rating rental 1.00 4.90 2.99 3.00 9.43
Markqt and location rating owner- 1.00 4.90 2.99 3.00 943
occupied flats
Market and location rating houses 1.00 4.90 2.99 3.00 9.43
Market and location rating office space 1.00 4.90 2.99 3.00 9.43
gg?;tlzet and location rating industrial real 1.00 4.90 2.99 3.00 942
Market and location rating sales arca 1.00 4.90 2.99 3.00 9.43
Investment per resident (tsd.) 0.33 5.87 1.42 1.31 0.56
Housing stock (tsd.) 3.64 237.11 38.78 29.26 37.30
Firm stock (tsd.) 0.12 28.81 3.03 1.84 4.16
Vacancy rate rental apartments (%) 0.02 4.17 0.93 0.80 0.60
Vacancy rate houses and owner-occupied 0.00 239 030 024 0.24
flats (%)
Supply number office space (%) 0.00 40.62 4.42 3.33 4.37
Supply number industrial real estate (%) 0.00 15.40 0.94 0.65 1.06
Supply number sales area (%) 0.00 34.12 1.19 0.78 1.51
Population growth (%) -0.56 0.87 0.21 0.21 0.20
Economic structure (%) 0.25 0.74 0.48 0.47 0.09
Building applications rental apartments 0.00 18.25 2.77 2.37 2.21
]f?lvztislding applications owner-occupied 0.00 43.86 3.08 238 294
Building applications houses 0.01 27.48 1.98 1.69 1.52

Notes: All displayed values reflect variations across 106 MS-regions of Switzerland between 2005 Q1 and 2018 Q4. Fixed
mortgage interest rates are only available for a limited time frame between 2008 Q1 and 2018 Q4. Variables are defined
according to Table 1.



A2.

Table 5: Fixed-effect panel regression — residential housing — building applications

Real estate type:

Rental Apartments

Houses

Owner-Occupied Flats

Dependent log of median sqm rental

log of median sqm prices

log of median sqm prices

variable: prices
Model: &) 2 &) 2 3 ) 2 3)
Market and ~ 0.243***  (0.0243*** 0.0421***  0.0421***  0.0607*** 0.0425**%  (0.0425%**  (0.0638***
location rating  (0.0066) (0.0066) (0.0095) (0.0095) (0.0111) (0.0114) (0.0114) (0.0112)
Investment per 0.0265%**  0.0265%** 0.0071 0.0071 0.0041 0.0263** 0.0262%* 0.0226*
resident  (0.0057) (0.0057) (0.0106) (0.0106) (0.0124) (0.0087) (0.0087) (0.0109)
Housine stock 0.0021. 0.0021. 0.0054** 0.0054** 0.0049** 0.0058%** 0.0058%*%* 0.0048*
& (0.0012) (0.0012) (0.0017) (0.0017) (0.0017) (0.0019) (0.0019) (0.0020)
Vacancy rate -0.0035 -0.0035 -0.0386* -0.0386* -0.0221 0.0094 0.0094 0.0044
Y (0.0041) (0.0041) (0.0176) (0.0176) (0.0150) (0.0212) (0.0213) (0.0216)
Population erowth -0.0153. -0.0153. -0.0137 -0.0137 -0.0048 -0.0599***  -0.0599***  -0.0352*
P & (0.0087) (0.0087) (0.0155) (0.0155) (0.0116) (0.0171) (0.0171) (0.0158)
Building 0.0010 0.0010 -0.0004 -0.0004 0.0008 0.0008 0.0008 0.0010
applications  (0.0006) (0.0006) (0.0016) (0.0016) (0.0013) (0.0007) (0.0007) (0.0006)
Yield
governm;i (ay 0-0038%%% -0.0066*** -0.0148%%*
bonds (10 Y) (0.0009) (0.0011) (0.0013)
Variable -0.0146%** -0.0224%**
mortgage rates (0.0041) (0.0046)
skskesk
Spread residential 0('80; 030 9)
Fixed mortgage -0.0098*** -0.0176***
rates (10 Y) (0.0013) (0.0017)
Year dummies Yes Yes Yes Yes Yes Yes Yes Yes
Quarter dummies Yes Yes Yes Yes Yes Yes Yes Yes
Region fixed effects Yes Yes Yes Yes Yes Yes Yes Yes
Adjusted R? 0.765 0.764 0.850 0.850 0.795 0.895 0.895 0.865
Observations 5936 5936 5936 5936 4664 5936 5936 4664

Notes: Displayed coefficients are the results of a panel fixed-effect regression model including regional fixed effects for each
MS-region. Robust standard errors are displayed in brackets. In Models 1 and 2 the time frame is limited to 56 quarters from
2005 Q1 to 2018 Q4. In Model 3 for houses and owner-occupied flats, the time frame is limited to 44 quarters from 2008 Q1
to 2018 Q4. Variables are defined according to Table 1. Signif. codes: “***’0.001, **’0.01, *’ 0.05, . 0.1
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Table 6: Fixed-effect panel regression — residential housing — economic structure

Real estate type:

Rental Apartments

Houses

Owner-Occupied Flats

Dependent log of median sqm rental

log of median sqm prices

log of median sqm prices

variable: prices
Model: &) 2 ) 2 3 ) 2 3
Market and  0.0250***  (0.0250*** 0.0423**% (0,0423***  (.0609*** 0.0430***  (0.0430***  0.0636%**
location rating ~ (0.0065) (0.0065) (0.0094) (0.0094) (0.0107) (0.0113) (0.0113) (0.0109)
Investment per 0.0280%***  0.0280*** 0.0071 0.0071 0.0043 0.0277%* 0.0277**  0.0240%**
resident  (0.0060) (0.0060) (0.0106) (0.0106) (0.0123) (0.0087) (0.0087) (0.0011)
Housing stock 0.0021. 0.0021. 0.0055%%* 0.0055** 0.0049%* 0.0059%** 0.0059**  0.0049%%**
(0.0011) (0.0011) (0.0017) (0.0017) (0.0017) (0.0019) (0.0019) (0.0020)
Vacancy rate -0.0023 -0.0023 -0.0384* -0.0385%* -0.0236 0.0057 0.0055 0.0003
(0.0042) (0.0042) (0.0175) (0.0175) (0.0146) (0.0208) (0.0209) (0.0217)
Population  -0.0149. -0.0149. -0.0135 -0.0136 -0.0037 -0.0589***  -0.0589%** -0.0358%**
growth  (0.0084) (0.0084) (0.0157) (0.0157) (0.0120) (0.0167) (0.0167) (0.0150)
Economic  -0.1654 -0.1648 -0.0261 -0.0252 0.0743 -0.1414 0.1394 0.0366***
structure  (0.1455) (0.1454) (0.1584) (0.1583) (0.1866) (0.2032) (0.2031) (0.0248)
Yields
governmental -0.0040%%** -0.0065%** -0.0153%**
bonds (10 Y) (0.0010) (0.0011) (0.0013)
Variable -0.0146%** -0.0228%%**
mortgage rates (0.0041) (0.0046)
Spread 0.0043%**
residential (0.0009)
Fixed mortgage -0.0102%** -0.0184%**
rates (10 Y) (0.0013) (0.0016)
Year dummies Yes Yes Yes Yes Yes Yes Yes Yes
Quarter dummies Yes Yes Yes Yes Yes Yes Yes Yes
Region fixed Yes Yes Yes Yes Yes Yes Yes Yes
effects
Adjusted R? 0.766 0.766 0.850 0.850 0.795 0.896 0.895 0.865
Observations 5936 5936 5936 5936 4664 5936 5936 4664

Notes: Displayed coefficients are the results of a panel fixed-effect regression model including regional fixed effects for each
MS-region. Robust standard errors are displayed in brackets. In Models 1 and 2 the time frame is limited to 56 quarters from
2005 Q1 to 2018 Q4. In Model 3 for houses and owner-occupied flats, the time frame is limited to 44 quarters from 2008 Q1
to 2018 Q4. Variables are defined according to Table 1. Signif. codes: “***’0.001, “**’0.01, *’ 0.05, . 0.1
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Table 7: Fixed-effect panel regression — commercial real estate — economic structure

Real estate type:

Office

Industrial Real Estate

Sales Area

log of median sqm rental

log of median sqm rental

log of median sqm rental

Dependent variable: . . .
prices price price
Model: (1) (1) 2) (1)
Market and location 0.1220%** 0.2042%** 0.2042%** 0.1860***
rating (0.0185) (0.0147) (0.0147) (0.0205)
Investment per resident -0.0072 -0.0112 -0.0112 -0.0129
P (0.0106) (0.0117) (0.0117) (0.0167)
Firm stock 0.0105* -0.0229%** -0.0229%** 0.0161%*
(0.0041) (0.0064) (0.0064) (0.0066)
Supply number 0.0027*** 0.0083*** 0.0083*** 0.0085*
PPLy (0.0007) (0.0020) (0.0020) (0.0034)
Population erowth -0.0481* -0.0244 -0.0244 -0.0465.
P & (0.0188) (0.0241) (0.0242) (0.0257)
Economic structure -0.4480* 0.1650 0.1639 -0.8011%*
(0.2176) (0.2176) (0.2175) (0.3575)
Yields governmental -0.0043* 0.0078** 0.0097***
bonds (10 Y) (0.0019) (0.0025) (0.0025)
Spread commercial 0.0010
P (0.0021)
Year dummies Yes Yes Yes Yes
Quarter dummies Yes Yes Yes Yes
Region fixed effects Yes Yes Yes Yes
Adjusted R? 0.584 0.614 0.614 0.543
Observations 5936 5936 5936 5935

Notes: Displayed coefficients are the results of a panel fixed-effect regression model including regional fixed effects for each
MS-region. Robust standard errors are displayed in brackets. In Models 1 and 2 the time frame is limited to 56 quarters from

2005 QI to 2018 Q4. Variables are defined according to Table 1. Signif. codes: “***’0.001, **’ 0.01, *’0.05, *." 0.1
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Chapter III - On the Determinants of Discount Rates in Discounted
Cash Flow Valuations: a Counterfactual Analysis*

Abstract: This study addresses the scarcity of empirical findings on the
determinants of discount rates in the Discounted Cash Flow (DCF) method,
filling a crucial gap in the existing literature and enhancing the understanding
of the valuation process from the perspectives of key stakeholders. Leveraging
a unique dataset comprising market transactions enriched with expert-based
valuation information, the study conducts a comprehensive counterfactual
analysis of the fundamental determinants influencing both appraisal-based and
transaction-based discount rates. The results reveal that appraisers and investors
attribute different levels of importance to object-specific, locational, and
macroeconomic variables. A segment-specific analysis further reveals that
locational and macroeconomic variables exert a greater influence on discount
rates in the residential real estate segment. In contrast, object-specific
characteristics hold significantly higher importance in explaining discount rates
in the commercial real estate segment.

Keywords
Discount rates, valuation process, Discounted Cash Flow (DCF) Method, real estate
fundamentals

*Updated version of the paper published in the MDPI Journal Real Estate (2024). DOI:
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3.1.  Introduction

Market values of income properties are frequently calculated using the Discounted Cash
Flow (DCF) method, in which future cash flows are discounted to the present. Expanding upon
this approach, the market value of an income property is essentially attributable to two key
determinants: a depiction of future cash flows and the discount rate. Whereas cash flows can be
derived relatively reliably using detailed rent roll information, object-specific quality criteria,
or market data, defining accurate discount rates proves to be more complex. Explanations may
include the disparity in discount rates among valuation methodologies, the limited availability
of publicly accessible data regarding discount rates, and the divergent weightings assigned to
the components of discount rates by the stakeholders involved.

Despite its widespread use in valuing income properties, the existing literature lacks
empirical findings on the fundamental determinants of discount rates in the DCF method. This
absence underscores the subjective nature of discount rates, implying their susceptibility to
uncertainty and potential misjudgment. Furthermore, significant gaps remain in understanding
how these fundamental determinants affect discount rates between residential and commercial
real estate, as well as how appraisers and investors assign weights to this critical component
driving market values of income properties.

This study aims to enhance the understanding of the valuation process in the real estate
industry by providing comprehensive insights into the nuanced determinants of discount rates,
thereby addressing a significant gap in the existing literature. Leveraging a unique dataset
containing detailed property information over fourteen years, the study conducts a
comprehensive counterfactual analysis of the fundamental determinants influencing appraisal-
based and transaction-based discount rates in the DCF method. While appraisal-based discount
rates reflect appraisers’ expert knowledge, transaction-based discount rates offer insights into
how investors prioritize specific components of the discount rate. Extending the analysis to
separately investigate the driving forces of both types of discount rates for specific real estate
segments further ensures the validity and robustness of the findings. Additionally, various
relative importance measures are utilized to assess the relevance of specific regressors across
appraisers, investors, and real estate segments.

The contribution can be summarized as follows. First, by simultaneously analyzing two
types of discount rates, the study provides an in-depth examination of their fundamental
determinants, offering novel insights into the valuation process and its implications for market
trends in real estate markets. Second, by distinguishing between residential and commercial

real estate in the empirical analysis, the study offers empirical insights into how the factors
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influencing discount rates differ across real estate types. Third, by extending the analysis to
explore the divergent weightings assigned to specific components by both appraisers and
investors within distinct real estate segments, the study sheds light on how key stakeholders in
the real estate industry evaluate and prioritize different factors of discount rates.

The results show that the relevance of regressors crucially depends on the real estate
segment considered. Whereas discount rates of residential real estate are best explained by
macroeconomic determinants, more weight is attached to object-specific characteristics in the
commercial real estate segment. Moreover, the findings indicate that investors prioritize
variables associated with market dynamics, while appraisers assign greater significance to a
diverse set of variables that characterize a specific real estate asset.

The remainder of this study is organized as follows. The second section presents the
theoretical framework and analyzes both appraisal-based and transaction-based discount rates,
followed by an examination of guidelines and practices. The third section offers a review of the
literature, while the fourth section outlines the methodology. The fifth section elucidates the

dataset, and the sixth section summarizes the results.

3.2. Discount rates

Discounting, integral to macroeconomic and asset pricing theories, finds its roots in the
derivation of a stochastic discount factor, typically grounded in the consumption-saving
tradeoff. Within this context, employing a power utility function, the discount factor (1)
signifies the marginal rate of substitution of consumption between at least two periods,
expressed as My, = Bu'(cepq)/u'(cr), where u(c) is a power utility function and B is a
subjective discount factor. Expanding upon this theoretical framework leads to the
establishment of the law of one price, asserting that assets with identical payofts share the same
price (Cochrane, 1992). A similar inference is derived from Fama (1970), establishing an
efficient market model where asset prices incorporate all pertinent information. Consequently,
employing a constant discount factor allows the expression of the current asset value as the sum
of the present values of all future cash flows.

The discount factor assumes a crucial role by assigning specific weights to future payoffs,
cash flows, or dividend streams depending on the considered asset. The intrinsic connection
between the discount factor and the time dimension becomes evident when defining the latter

as follows:

1/(1+d;)t (3.1
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Where d; represents the discount rate of asset i and t indicates time. d; is also known as
the required rate of return, which imparts an economic meaning to the underlying time value of
money.

According to Fisher (1930), the nominal discount rate, or the required rate of return more
generally, consists of compensation for lost liquidity, inflation, and risk-taking. Therefore, the
required rate of return is expressed as follows:

d; = RF,+ I, + RP;; (3.2)

Where RF; is the risk-free rate capturing the compensation for lost liquidity, I; is a
compensation for inflation, and RP; is an asset-specific risk premium for risk-taking (Leskinen
et al., 2020).

In the real estate industry, the significance of the discount rate is particularly evident in light
of the chosen valuation method. Essentially, the application of a valuation method should
produce an accurate estimate of assets’ market price while reflecting market fundamentals
(Pagourtzi et al, 2003). Given real estate objects’ unique characteristics in combination with
high transaction costs and, in this regard, incomplete transaction price data, a real estate
valuation is an estimate for the likely selling price derived from comparable market evidence
(Adams et al., 1999).

This study centers on the commonly used DCF method, employed for calculating the
present value of income properties that generate cash flows and are typically owned by

commercial investors such as banks, insurance companies, and pension funds:

— CF;1 s CF;5 R CFip
BT @+d)t T (1+4d;)? (1+4d;)"
(3.3)
= CF,
£ (1+d;)

Where PV, is the resulting present value, or market value more generally, of a real estate
object i at time t, CF;, are object-specific cash flows, and the discount rate is represented by
d;. For consistency, the application of the DCF method requires considering both CF; ; and d;,
either in nominal or real terms. In Equation 3.3, CF; ; represents a summary term comprising a
set of object-specific incomes and costs. Examples are rental revenues, vacancy costs, or
refurbishment costs that can be mapped over time, which allows the entire life cycle of a real
estate object to be derived using the DCF method (Gunnelin et al., 2020). In this context, the
discount rate yields a rate that reflects the expected required return based on the property’s
specific risk profile. This approach contrasts with the application of capitalization rates (cap

rates), which considers only the initial periodic Net Operating Income (NOI) to derive the
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market value of an income property. The absence of a temporal dimension, coupled with the
assumption of a fixed growth rate of the NOI, implies that the cap rate converges with the
discount rate in the DCF method only when cash flows are nominally constant, thereby
imposing a growth rate of zero?® (Adams et al., 2001).

In order to derive the market value using the DCF method, appraisers require detailed object
information to objectivize their valuation. While actual rents together with market rents
resulting from property managers’ rent rolls allow a precise depiction of incomes, past
accounting figures are used as reference values to map vacancy or running costs. Additionally,
object data, such as the construction and past refurbishment date, together with refurbishment
plans are used to accurately map refurbishment costs. Finally, any appraiser sets a discount rate,
the appraisal-based discount rate (d?pr), which represents an educated estimate of the accurate
discount rate for a given real estate object.

Given the limited availability of publicly accessible data regarding discount rates, appraisers
often set d?pr using a benchmark approach or internal methodologies. The former approach
considers historical valuations for similar objects, while the latter encompasses internal
guidelines, incorporating object-specific characteristics and current market circumstances. In
any case, d?pr is based on appraisers’ expert knowledge but may not accurately display the
heterogeneous character of a real estate object, current market tendencies, or investors’
perception of risk.

This critical gap is addressed by incorporating transaction-based discount rates (d{"),
implicitly derived through real market transactions. Specifically, d"™ is determined when an
asset undergoes evaluation using the DCF method and is traded in open market transactions.
These discount rates provide valuable insights into investors’ sentiment, enhancing the
understanding of how their perceived risk is formed, while also reflecting current market
dynamics.

Figure 10 displays the development of appraisal-based and transaction-based discount rates
in Switzerland between 2007 and 2020. During this time frame, median transaction-based
discount rates decreased by 2.1 percentage points, i.e., from 4.9% in 2007 to 2.8% in 2020. The
same trend can also be observed in appraisal-based discount rates, which declined from 5.1%

in 2007 to 2.8% in 2020.

n 1+t
=1 (14ayt

%6 To see this, one can rewrite the present value of a given real estate object as PV; = CF;;—o % or

i

. CFit= . L
equivalently as PV; = ﬁ, where g is a constant annual growth rate. From the last expression, it follows that

only if g = 0, the application of discount rates from the DCF method or cap rates result in the same present value
d=d;"" =d,).
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Figure 10: Development of discount rates
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Notes: Box plots visualize the distribution of transaction-based (d.trx) and appraisal-based (d.apr) discount rates (source:
Wiiest Partner AG) in Switzerland between 2007 and 2020. The displayed span of values extends from the 10th to the 90th
percentile. Within the plot, the box ranges from the 30th to the 70th percentile, and the horizontal line within the box denotes
the median (50th percentile).

The disparity between appraisal-based and transaction-based discount rates is a noteworthy
trend, which can be attributed to multiple factors. First, appraisers may overestimate the risk-
premium as a component of discount rates. In fact, Chaney and Hoesli (2012) found that
appraisers tend to overvalue economic risks and object-specific characteristics. Second, during
a time of constantly declining interest rates, discount rates react with a time lag to changes in
the interest rate environment. Between 2007 and 2020, yields on Swiss governmental bonds
with 10-year maturity declined from 2.45% in January 2007 to -0.68% in January 2020. The
literature in this regard speaks about appraisal smoothing, which states that appraisers attach
more weight to past-related rather than present-related information, and numerous studies found
empirical evidence for this phenomenon (Geltner et al., 2003; Cho et al., 2013; Cheng et al.,
2011). And third, increased willingness to pay of commercial real estate investors in light of
the overall decline in interest rates between 2007 and 2020 resulted in an increased demand for
real estate assets. Evidence for the latter is found in the balance sheet of Swiss pension funds,
whose total share of real estate assets increased from 13.2% (79.7 billion Swiss Francs) in 2007
to 17.1% (140.1 billion Swiss francs) in 2020 (Federal Statistical Office, 2007:2020).

A differentiated picture emerges from Figure 11, which displays appraisal-based and
transaction-based discount rates between 2007 and 2020 across different real estate types

consisting of business and office properties, industrial real estate, special usage, mixed usage,
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and residential real estate’’. Whereas the highest median discount rates are observed in

industrial real estate, the lowest discount rates are found in mixed usages.

Figure 11: Type-specific discount rates
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Notes: Box plots visualize the distribution of transaction-based (d.trx) and appraisal-based (d.apr) discount rates (source:
Wiiest Partner AG) in Switzerland between 2007 and 2020 across different real estate types. Displayed real estate types consist
of business and office properties, industrial real estate, special usage, mixed usage, and residential real estate. The displayed
span of values extends from the 10th to the 90th percentile. Within the plot, the box ranges from the 30th to the 70th percentile,
and the horizontal line within the box denotes the median (50th percentile).

Different discount rates across real estate types argue in favor of a varying risk premium
across real estate types. The residential real estate segment, in particular, benefits from
structural circumstances, such as low homeownership rates in Switzerland. In 2020,
approximately 57.8% of Swiss residents rented their homes (Federal Statistical Office, 2022),
creating sustained demand in the residential real estate segment. This high demand is reflected
in consistently low vacancy rates, which ranged from 1.7% in 2020 to 1.1% in 2007 (Federal
Statistical Office, 2022b). Furthermore, variations in transaction-based discount rates between
real estate types may also be explained by segment-specific regulations and uncertainty about
future cash flows. Swiss residential rental contracts can generally be terminated within three or
six months, which implies that the income generated from this particular usage moves very
closely to market rents. Rental contracts for all other usages, in contrast, run for a fixed maturity.
The latter poses additional risks because tenants in these usages are often as important as market

movements (Sivitanides et al., 2001).

27 Objects are generally classified as residential real estate if the rental income from residential usages exceeds
80%. The same logic is applied to classify industrial real estate or business and office properties, with the latter
type being determined by the proportion of office and business rental incomes. Mixed-usage properties combine
residential usage with industrial, commercial, or office usages. Special usages are those which, on the one hand,
cannot be classified into the types already mentioned or, on the other hand, contain a significant proportion of

storage usage.
73



As a complex valuation method that requires a substantial amount of detailed data, the DCF
method necessitates the formulation of guidelines for assessing the components of the discount
rate in real estate valuations. According to the Royal Institution of Chartered Surveyors (2010,
subsequently RICS), the risk premium is categorized into market risks and object-specific risks.
Market risks encompass factors such as illiquidity risks due to prolonged transaction durations,
unavailability of financial resources, and the non-performance of market rental expectations, as
well as locational, economic, and legislative risks. On the other hand, object-specific risks
pertain to tenant defaults, re-letting uncertainties, ownership and management costs, and
variations in lease structures, including lease breaks (RICS, 2010, p. 9).

Guidelines also exist for the risk-free rate as a component of discount rates, aiming to
portray a secure and maturity-equivalent return on the capital market. More specifically, the
risk-free rate is intended to reflect a feasible return at the valuation date that aligns with the
investment’s duration (Bienert and Funk, 2007, p. 359). Real estate valuation, being a point-in-
time assessment, requires a valuation date-specific risk-free rate. While empirical evidence for
determining the precise risk-free rate in real estate valuations is limited, opting for a valuation
date-specific risk-free rate allows for consideration of current market conditions and
developments in the interest rate environment (Haase, 2014).

Furthermore, accounting standards offer some direction on discount rates in real estate
valuations, albeit vaguely. For example, according to the International Financial Reporting
Standards (IFRS), discount rates under the DCF approach should be presented as pre-tax and
not adjusted for risks that have already been factored into future cash flows (PWC, 2023, p. 40).
Although accounting standards do not explicitly dictate the elements of discount rates, they are
implicitly influenced by the disclosure of market values in financial statements. While the
Generally Accepted Accounting Principles (GAAP) standard in the United States (US)
mandates the presentation of income property values using a historical cost model, the IFRS
standard permits the disclosure of values based on fair value, with any resulting gains or losses
accounted for in the income statement (PWC, 2016, p. 97). Consequently, variations in the
market values of income properties, potentially influenced by changes in discount rates, can be

leveraged to secure external capital, which, in turn, may be reinvested in new income properties.

3.3. Review of literature

The existing literature offers a broad variety of approaches to analyze the determinants of
discount rates in the real estate industry. A frequently discussed question refers to the

practicality of Sharpe’s (1964) Capital Asset Pricing Model (CAPM) to derive the discount rate
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for various asset classes?®. An example is given by Jud and Winkler (1995), who focused on
cap rates for offices, warehousing/distribution, retail, and apartments from 21 Metropolitan
Statistical Area (MSA) in the US. The authors found that cap rates are robustly associated with
capital market returns, but respond with significant adjustment lags. Using the CAPM to derive
the discount rate of a given real estate object, either through a direct or indirect approach, is
confounded by the specific character of real estate objects. For example, the persisting
heterogeneity among real estate objects renders it difficult to find adequate benchmark returns
for an investor’s specific portfolio. Furthermore, the non-existence of chronological
information for alternative real estate types impedes a valid estimation of asset betas. High
transaction costs, long transaction durations, specific fiscal aspects, asymmetric information,
risk-averse preferences of market participants, and homogeneous beliefs about return
distributions are further arguments against a meaningful application of the CAPM to determine
the discount rate of real estate objects (Breidenbach et al., 2006).

Given these arguments, the vast majority of studies in the relevant literature pursued the
strategy to directly estimate assets’ discount rates, including versatile explanatory factors.
Among those discount rates, cap rates are by far the most frequently analyzed type. For
example, Chuangdumrongsomsuk and Fuerst (2017) analyzed the determinants of transaction-
based office cap rates in New York City, Chicago, and Los Angeles between 2000 and 2013.
The authors concluded that office cap rates are mainly driven by local and object-specific
variables. Equivalently, MacDonald and Dermisi (2008) focused on transaction-based cap rates
for office buildings in Chicago between 1996 and 2007 and detected a robust association with
object-specific variables and market forces, such as local vacancy rates and changes in financial
sector employment.

A notable study that addressed a wider geographical range was conducted by Sivitanidou
and Sivitanides (1999). The authors assessed the relevance of local-fixed and time-variant
components of transaction-based office cap rates between 1985 and 1995 across 18 MSAs in
the US. The authors found that office cap rates are significantly influenced by population
growth and the risk-free rate, with the location of a property emerging as one of the strongest
predictors of cap rates. Similarly, Chichernea et al. (2008) analyzed the factors driving
geographical cross-sectional variation of cap rates for multifamily properties across 34 MSAs
in the US. The authors did not report a significant relationship between variables characterizing

aggregated demand and average excess cap rates. However, the authors detected a robust and

28 Applying the CAPM to determine assets’ discount rate either follows the direct or the indirect approach. Whereas
the direct approach hinges on an adequate approximation of market returns, the indirect approach builds upon asset

returns using publicly available returns of similar asset classes.
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significant relevance of supply determinants, such as the regulation restrictiveness provided by
Malpezzi (1996). The significance of supply determinants is supported by a broad part of the
real estate literature and suggests an inefficient pricing mechanism across real estate markets at
a given point in time (Maier and Herath, 2010).

Chervachidze and Wheaton (2010) conducted a study to explore whether standard
explanatory factors for cap rates could be expanded by incorporating additional macroeconomic
determinants. Specifically, they examined whether a measure of the general corporate risk
premium and the growth rate of debt relative to the Gross Domestic Product (GDP) offered
additional explanatory power for cap rates. Using a dataset of quarterly appraisal-based cap
rates for commercial real estate across 30 MSAs in the US from 1980 to 2009, they found that
their refined model provided significantly greater predictive power than the baseline model
across all commercial real estate subgroups. Similarly, Larriva and Linnemann (2022)
discovered compelling indications of fund flows predicting transaction-based cap rates within
the office and multifamily sector. Using a Vector Error Correction Model (VECM) on a dataset
of quarterly observations from 1993 to 2020, the authors concluded that their refined model
outperformed standard predictors suggested by the relevant literature. Specifically, they found
that incorporating cash flow, unemployment rates, and historical cap rates resulted in more
accurate cap rate estimates compared to models based on risk premiums, return expectations,
and past cap rates.

A recent study by Letdin et al. (2023) analyzed approximately 8’000 single-tenant retail
property transactions from 2005 to 2019 in the US. Their main emphasis involved the analysis
of the risk linked to tenant attributes while controlling for object-specific characteristics, deal
and lease characteristics, local characteristics, and macroeconomic indicators. Using Least
Absolute Shrinkage and Selection Operator (LASSO) regression techniques to adequately
select the relevant predictors, the authors concluded that tenant credit-worthiness indicators, the
ownership structure, and default risks are some of the primary drivers of cap rates.

When examining the geographical focus of the aforementioned studies, a considerable
number of them concentrated on the US and its subregions. Despite being relatively less
common, some studies have focused on the European continent. For instance, MacAllister and
Nanda (2016) addressed the question of whether foreign real estate investments are a driving
force of cap rates. In focusing on the office market capturing 28 European cities from 15
countries between 1999 and 2013, the authors analyzed transaction-based cap rates from around

9000 office sales by means of a two-step estimation procedure. Although the results hardly

76



depend on the country considered, the authors identified persistent effects stemming from
foreign real estate investments on cap rates.

While the majority of existing studies have concentrated on cap rates, there are also a few
studies that examined the determinants of discount rates in DCF valuations. Gunnelin et al.
(2004) analyzed the main determinants of appraisal-based discount rates in the DCF procedure,
capturing approximately 600 appraisal-based office valuations in the three largest cities of
Sweden in 2000. They found that discount rates for office properties in rural areas are about 75
basis points higher than those in central locations. Furthermore, the authors observed a
significant connection between lower discount rates and properties with higher market rents,
while higher discount rates were associated with properties exhibiting a higher long-run
vacancy rate.

The existing literature offers compelling insights into the fundamental determinants and
mechanisms underlying either appraisal-based or transaction-based cap rates, utilizing a variety
of explanatory factors. However, most studies have concentrated on a single real estate type,
leaving a significant gap in understanding the practicality of fundamental determinants across
different asset classes. This gap gains in relevance as even within studies focusing on similar
asset classes, multifaceted representations of object-specific, locational, and macroeconomic
variables can be observed (Chuangdumrongsomusk and Fuerst, 2017; MacAllister and Nanda,
2016; MacDonald and Dermisi, 2008; Sivitandou and Sivitanides, 1999). While this
observation is certainly also attributable to differing research questions being examined or
varying datasets used, the question about the generalizability of the fundamental determinants
of discount rates, or cap rates in this regard, has insufficiently received attention in the existing
literature. The almost exclusive focus on transaction-based cap rates further raises questions
about the decision-making of appraisers. Although they are obliged to provide an objective
assessment of a given property, few empirical findings exist regarding how these critical
stakeholders prioritize the fundamental determinants of discount rates and how the weight
assigned to these factors varies among asset classes. Furthermore, empirical findings on the
fundamental factors influencing discount rates in DCF methods are scarce, prompting the
question of the extent to which the driving forces of cap rates may be applied in this valuation
method. Building on this, this study seeks to address these gaps by offering an in-depth analysis
of the fundamental drivers of both appraisal-based and transaction-based discount rates across

diverse real estate types.
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3.4. Methodology

The study applies a direct estimation approach, guided by theory and intuition, to estimate
and compare the determinants of appraisal-based and transaction-based discount rates, utilizing
their functional benefits in relation to object-specific, locational, and macroeconomic variables:

d; = f(object, locational, macroeconomic) (3.4)

This functional advantage is at the expense of heterogeneous discount rates across time, real
estate types, and locations. To address these concerns, the methodology is based on theoretically
and empirically grounded determinants of appraisal-based (d?pr) and transaction-based (df"™)

discount rates. The baseline estimation equation is summarized as follows:
dl, = ao+ B RF +vi Iy + 8 RPyp + & Pip + iy (3.5)
Where dl] . are discount rates j, represented by appraisal-based and transaction-based

discount rates, for asset i at a given date t. @ is a constant, RF; is a risk-free rate, I, represents
inflation, RP; ¢ is a vector of variables characterizing the risk premium, ; ; is a vector of control
variables, and 9; ; is an error term.

Since the underlying dataset (Section 3.5) contains real estate transactions throughout
Switzerland over a period of fourteen years (2007 to 2020), some object-specific variables
display a large variation. To diminish the influence of such variations, the baseline estimation
equation will be constructed using robust regression techniques. Robust regressions are a fitting
estimation technique to deal with heteroskedasticity or if any other fundamental assumptions,
such as the normal distribution of the residuals, are unfulfilled by the data (Susanti et al., 2014).
A commonly applied robust regression method is the M-estimation, which is a maximum
likelihood estimation technique. The M-estimation minimizes the objective function p(¥; ;) =
p(yit — x;:b), where p summarizes the contribution of each residual to the objective function.
Defining ¢ = p' as the influence curve, differentiating the objective function with respect to b,
and setting the partial derivative to 0 results in @(y; — x;b)x; = 0, where the weight function
is defined as w(¥) = @ (9)/9 with w; = w(¥;). These equations are solved with iteratively
reweighted least-squares (Fox and Weisberg, 2010). The subsequent estimation procedure
applies Huber’s (1981) M-estimations, which utilizes a weight function that assigns a weight
of 1 to observations with small residuals while decreasing the weight as the residuals increase.

To control for the unobserved heterogeneity affecting either appraisal-based or transaction-
based discount rates, dummy variables reflecting the respective real estate type, quarter, year,
and region (Swiss cantons) are included. These variables are captured by 1; ; in the estimation
equation. Regional dummy variables account for non-varying market-specific effects and prove
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to be relevant because, as an immovable asset bound to a specific location, income properties
are directly affected by their location. In Switzerland specifically, local variations between
discount rates may arise from the federal system, which specifies that the federal state and the
26 cantons are fiscal jurisdictions. These cantons may delegate some authority to their
municipalities, resulting in a very heterogenous regulatory landscape affecting Swiss real estate
markets (Basten et al., 2017). For instance, significant inter-cantonal differences exist in the tax
obligations incurred during the acquisition of a real estate asset, as well as the tax burdens
associated with the ownership of such an asset. Including year and quarter dummy variables
accounts for the seasonality in discount rates, as observed in Figure 10, while the inclusion of
type-specific dummy variables accommodates variations in discount rates among real estate
types (Figure 11).

Multifaceted Relative Importance (RI) measures are applied to deepen the understanding of
how appraisers and investors weigh specific determinants of discount rates. The RI refers to an
individual regressor’s contribution to a multiple regression model. While the end goal is to
divide the overall R? into relative weights for each regressor, respective results either sum up
to the respective R? or to 1.0 when weights are proportions (Braun et al., 2019). In the
subsequent analysis, proportions of the RI will be displayed, considering several RI measures.
The first RI measure, /ast, which is also called “usefulness” by Darlington (1968), is a type of
metric that computes the fraction of the total variability in the response variable that is
accounted for by each predictor variable when it is added to the model last*. The second RI
measure, first, calculates the proportion of variance in the response variable that is explained
by each predictor variable when it is added to the model first. This metric quantifies the amount
of variability in the response variable that is accounted for by each predictor variable when no
other variables have been included in the model. The third measure, betasq, calculates the
squared standardized beta coefficients for each predictor variable, which represent the strength
and direction of the linear relationship between the predictor variable and the response variable,
standardized by their standard deviation (Gromping, 2006). The fourth measure, car, is the
correlation-adjusted marginal correlation (CAR-Score) by Zuber and Strimmer (2011). This
measure approximates the importance on the basis of a canonical ordering of grouped correlated
predictors. Finally, the decomposition by Genizi (1993), genizi, focuses on orthogonal
compatibility and is based on a specially constructed orthonormal basis for the space of all
predictors (Firth, 1998). In order to make the RI across all variables comparable, proportional

scaling on all RI measures considered is applied.

2 This metric is identical to the alteration in R? that arises from the inclusion of each predictor variable last.
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To assess the validity of the findings, the estimation approach, encompassing robust
regression techniques and various RI measures, is applied to both a full-sample analysis and a
segment-specific analysis. The segment-specific analysis delves deeper into the determinants
of discount rates for different real estate types, encompassing residential and commercial real
estate buildings. By disaggregating the data, the study aims to identify unique factors driving
discount rates within distinct real estate types, providing a nuanced understanding of the critical
role of object-specific, locational, and macroeconomic variables in shaping appraisal-based and

transaction-based discount rates.

3.5. Data and variable description

The subsequent analysis utilizes a unique dataset containing detailed information on the
transaction processes of income properties in Switzerland from 2007 to 2020. When a
commercial investor wishes to buy or sell an income property, it is evaluated by an independent
appraisal firm. After the transaction, the details are transmitted back to the appraiser, allowing
refinement of the original valuation and the implicit derivation of transaction-based discount
rates. The present dataset bundles detailed information throughout the appraisal and transaction
process, containing detailed information reflecting appraisers’ expert knowledge enriched with
transaction details. As every income property in the dataset has undergone both appraisal and
market transactions, a robust foundation for conducting a counterfactual analysis of the
determinants of appraisal-based and transaction-based discount rates is established.

Table 8 summarizes the variables for the subsequent analysis, while corresponding
summary statistics are attached in Table 14 of Appendix B.1. Various macroeconomic and
locational variables are taken into account that influence discount rates. To approximate a
secure and maturity-equivalent return on the capital market, the risk-free rate is modeled using
yields on government bonds with a 20-year maturity. This extended governmental bond
maturity is selected based on the assumption that longer bond maturities and their associated
higher interest rates more accurately capture investors’ return expectations, particularly during
periods of expansionary monetary policy with declining interest rates. The quarterly level of
inflation is used to represent the compensation for inflation, as established in Equation 3.2. This
approach aligns with the available information for appraisers and investors, providing a
practical method to account for the compensation demanded by investors and offering insight
into how appraisers address inflation. Next, the estimation procedure accounts for real GDP
growth rates, as the fundamental relationship between economic growth and changes in rental
incomes shapes market participants’ expectations regarding future cash flows. Among the

macroeconomic variables affecting discount rates, the study incorporates a variable indicating
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the absolute difference between quarterly growth rates of the Swiss Market Index (SMI) and

yields on government bonds with a 20-year maturity (Spread). This variable serves as a measure

of the economy-wide risk appetite as it compares returns on the stock market with those of risk-

free bonds.

Table 8: Variable description

Variable Description Classification Source
Variable name
Appraisal-based Discount rates, according to appraisers’ expert knowledge. Dependent Wiiest Partner AG
discount rate variable
dif"
Transaction-based Transaction-based discount rates, implicitly derived through Dependent Wiiest Partner AG
discount rate market transactions. variable
dit”
Macro-location Standardized property type-specific rating for each Risk premium Wiiest Partner AG
rating municipality in Switzerland (1=worst, 5=best).
Macro R
Micro-location Standardized property type-specific rating for the specific Risk premium Wiiest Partner AG
rating location of a real estate object within a given municipality
Micro R (1=worst, 5=best).
Object quality rating  Standardized rating reflecting the quality of a particular real Risk premium Wiiest Partner AG
Object R estate object (1=worst, 5=best).
Age Years between the date of complete refurbishment and the Risk premium Wiiest Partner AG
Age valuation date. In the absence of complete refurbishment, years

between the construction year and the valuation date.
Effective area Approximation for the object-specific size. Reflects the total Risk premium Wiiest Partner AG
Eff area effective area from all usages contained in a real estate object.
Object-specific Object-specific vacancy rate. Risk premium Wiiest Partner AG

vacancy rate
Vac P

Municipality-specific
vacancy rate
Vac M

Vacancy rate for a given municipality.

Risk premium

Federal Statistical
Office

Contract duration
Contract_dur

Average contract durations of commercial usages within a
given object.

Risk premium

Wiiest Partner AG

Inflation rate

Quarterly inflation according to the Swiss consumer price

Inflation

Federal Statistical

Inflation index. Office

Real GDP growth Real yearly GDP growth rate. Risk premium Federal Statistical
GDP _growth Office

Yields on Yields on governmental bonds with 20-year maturity. Risk-free rate Swiss National

governmental bonds
Govb 20Y

Bank

Population growth

Calculated as:

Risk premium

Federal Statistical

Pop growth Pop_growth = (P, — Py_1)/ P¢_1. Where P, is the number of Office
residents at year ¢ in a given Swiss municipality.

Spread Difference between quarterly growth rate of the SMI and Risk premium Swiss National

Spread contemporaneous yields on governmental bonds with 20-year Bank

maturity.

Notes: Variables for the subsequent analysis. The first column lists the variable and its name as used in the empirical analysis.
The second column provides additional information about each variable. The third column classifies the variables according
to the components of discount rates, as summarized in Equation 3.2. The last column indicates the source of each variable.

On a municipality level, yearly population growth rates and vacancy rates are accounted for

to capture appraisers’ and investors’ expectations of rental growth in response to altered local

conditions. The risk premium associated with a specific income property is determined by a set

of variables unique to that object. This includes the object-specific vacancy rate, derived from

detailed rent roll information. To account for locational characteristics influencing discount
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rates, the real estate type-specific micro- location and macro-location ratings are included.
Whereas the macro-location rating is a standardized assessment that reflects the quality of a
municipality as a whole, the micro-location rating specifies the precise location of an income
property within a particular municipality?°.

With the inclusion of the object-specific quality rating in the empirical analysis, a
standardized assessment for evaluating the market value of an income property is accounted
for. In alignment with the majority of analogous empirical studies, the age of a given income
property is factored into the analysis. Specifically, the study considers a simplified economic

t>!. The effective area, a variable

age by taking into account the date of a complete refurbishmen
reflecting the size of a given object, is associated with a group of object-specific risk premiums,
quantifying exposure to a specific location while accounting for diversification factors. The
study also assesses the significance of average rental contract durations. The inclusion of
persistent contract durations offers insights into object-specific risks associated with reletting
or the planning for future incomes. The significance of average contract durations depends on
the composition of usages within a particular object. Since residential housing contracts in
Switzerland can generally be terminated within three months, average contract durations relate
to commercial real estate, which is subject to a fixed maturity.

Overall, the underlying dataset encompasses a diverse range of fundamental drivers that
characterize discount rates derived from the DCF method between 2007 and 2020. A crucial
feature of this dataset lies in the incorporation of expert-based knowledge along with a limited

set of additional sources. The use of a restricted number of sources standardizes the dataset,

facilitating comparisons of specific variables across different real estate types.

3.6. Empirical results

The subsequent discussion of empirical findings first presents the results from applying the
estimation approach to the full sample (Section 3.6.1), which contains income properties from
various real estate types that have been part of market transactions between 2007 and 2020.
Thereafter, the empirical investigation centers on a segment-specific analysis (Section 3.6.2),
considering residential and commercial real estate objects separately. Section 3.6.3 discusses
the results when applying multifaceted RI measures to the findings presented in the previous

sections.

30 The macro-location rating accounts for fundamental location-specific elements such as the municipality type,
tax burden, labor market conditions, and price developments
31 A complete refurbishment refers to a comprehensive renovation of the interior as well as the exterior of a given
object
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3.6.1. Full-sample analysis

Table 9 displays the results when analyzing the determinants of appraisal-based (Model 1)
and transaction-based (Model 2) discount rates for the full sample. The micro-location rating,
the macro-location rating, and the object-specific rating are all inversely connected with
appraisal-based and transaction-based discount rates. Whereas a one-unit increase in the macro-
location rating has the potential to decrease both types of discount rates by approximately 3%,
notable differences are observed in the context of the micro-location and the object-specific
quality rating. Appraisers appear to place greater emphasis on the precise location of a given
property than investors, which becomes apparent considering that a one-unit increase in the
micro-location rating decreases appraisal-based discount rates by approximately 0.8% more
than transaction-based discount rates. Regarding the object-specific quality rating, differences
become even larger. A one-unit increase in the object-specific quality ratings decreases
appraisal-based discount rates by approximately 3.9% and transaction-based discount rates by
2.3%.

Object-specific vacancy rates enter with a positive sign into the estimation equation for both
types of discount rates, suggesting that appraisers and investors perceive persistent vacancy
rates as an additional risk. The effective area displays a heightened sensitivity to transaction-
based discount rates, underscoring investors’ heightened consideration of property size in their
asset diversification and investment decisions. Interestingly, while the object-specific age
shows the expected sign, its lack of significance suggests that age plays a subordinated role in
determining discount rates in the DCF method. This observation may inherently be tied to the
DCF method, which explicitly accounts for depreciation over time, or routine maintenance and
renovations already factored into the object-specific quality rating.

In the group of locational and macroeconomic determinants, several results are noteworthy.
The risk-free rate enters the estimation equation with a positive coefficient, indicating a
significant association between discount rates and changes in the interest rate environment.
Notably, transaction-based discount rates exhibit a considerably larger interest rate sensitivity
compared to appraisal-based discount rates. The analysis reveals that a 1 percentage point (pp)
increase in long-term interest rates corresponds to an approximately 3% rise in appraisal-based
discount rates, and a 5% increase in transaction-based discount rates. This heightened
sensitivity in transaction-based discount rates is attributed to their market-driven nature, leading
to greater responsiveness to immediate market conditions and short-term fluctuations in interest

rates.
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Table 9: Full-sample analysis

Dependent variable: log of dﬁf T log of d{%*
Model: (1) 2)
Constant 1.418%** 1.230%**
(0.037) (0.059)
Object-specific Macro R -0.032 %% -0.03 ] #okk
variables (0.003) (0.005)
Micro R -0.042%%* -0.034 %%
(0.003) (0.005)
Object_R -0.039%*** -0.023%%**
(0.004) (0.006)
Age 0.00004 0.00004
(0.0001) (0.0002)
Vac P 0.001*** 0.0005%**
(0.0001) (0.0002)
log(Eff area) 0.018%** 0.024%**
(0.002) (0.003)
Macroeconomic Govb_20Y 0.029%*** 0.052%**
and locational (0.010) (0.016)
variables Pop_growth 0.108 0.418%*
(0.131) (0.208)
Inflation -0.015%%%* -0.006
(0.006) (0.009)
GDP_growth 0.047%** 0.041%**
(0.009) (0.014)
Vac M 0.006*** 0.008%**
(0.002) (0.003)
Spread 0.001 0.003***
(0.001) (0.001)
Type dummies Yes Yes
Quarter dummies Yes Yes
Year dummies Yes Yes
Local dummies Yes Yes
Observations 2297 2297
Residual std. error 0.071 0.104

Notes: Models 1 and 2 are based on robust regression techniques using M-estimation according to Huber (1981) for the
full sample. Standard errors are presented in brackets. Real estate type, quarter, year and local dummies are included and
each model. Local dummies are equivalent to cantonal dummies. Definition of variables according to Table 8. Signif.
codes: “***(0.001, “**’0.01, “*’0.05, "’ 0.1.

Population growth, akin to the risk-free rate, appears to exert mixed effects on discount
rates. The pronounced impact on transaction-based discount rates likely reflects investors’
heightened attention to local real estate market dynamics. Moreover, population growth can
signal future shifts in market demand that are more relevant to investors than to appraisers,
potentially leading the latter to underestimate local market dynamics. This disparity in
perception among market participants also raises questions about inflation’s role in discount
rates. Appraisers traditionally integrate broader economic conditions, including inflation, into
real estate valuations. In contrast, investors, with potential shorter investment horizons,
prioritize current market conditions, where inflation’s influence on investment decisions is

comparatively diminished. Additionally, in a declining inflationary environment, transaction-
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based metrics may exhibit reduced sensitivity to inflationary changes, especially if factors such
as shifts in interest rates or changing investor expectations counteract inflation’s impact.

The coefficient associated with real GDP growth rates indicates that overall economic
development in Switzerland positively influences discount rates. This finding supports the
interpretation that a stronger economy enhances expectations of rental growth, thereby affecting
discount rates accordingly. The significance of macroeconomic factors in discount rate
determination is underscored by the substantial impact of the economy-wide risk premium
(Spread), particularly notable in transaction-based discount rates. Similarly, the local vacancy
rate shows a direct connection with discount rates, with a more pronounced effect observed in

transaction-based discount rates.

3.6.2. Segment-specific analysis

In order to further analyze the influence of specific variables on discount rates and to
critically assess the presented coefficients from the full-sample analysis, Table 10 summarizes
the results when applying the same empirical strategy separately for residential and commercial
real estate. The residential real estate segment exclusively encompasses residential buildings,
whereas the commercial real estate segment contains a diverse range of real estate types,
including business and office spaces, industrial real estate, and objects with mixed or special
usages. All real estate types that are grouped to the commercial real estate segment contain a
significant share of commercial usages. Variables are defined identically as in the full-sample
analysis from Table 9.

Turning to the results for residential real estate detailed in Models 1 and 2 of Table 10. The
micro-location and macro-location ratings are both inversely connected to discount rates,
though appraisal-based discount rates show a stronger sensitivity to variations in these ratings.
Notable disparities are observed specifically for the object-specific quality rating, which
significantly impacts appraisal-based discount rates but has a negligible effect on transaction-
based discount rates. The results further reveal that the object-specific age plays a minor role in
explaining discount rates for the residential real estate segment. The same holds true for the
object-specific vacancy rate, which does not significantly affect both types of discount rates.
The object-specific vacancy rate may be a weak predictor of discount rates in the residential
real estate segment arising from local circumstances, such as the relatively high tenant
occupancy rates and the resulting low vacancy risks. Conversely, the size of residential real
estate properties exhibits a significant positive association with discount rates, with transaction-
based discount rates demonstrating greater sensitivity compared to appraisal-based discount

rates.
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Examining the macroeconomic determinants of discount rates in the residential real estate
segment reveals a particularly notable effect of the risk-free rate. An increase in long-term
interest rates by 1 pp raises appraisal-based discount rates by approximately 2.2% and
transaction-based discount rates by 5.7%. The considerably higher sensitivity of transaction-
based discount rates to the long-term interest rates may be traced back to the Swiss regulatory
environment, which states that residential rents are tied to the reference index*2. Consequently,
the interest rate environment plays a decisive role for income streams derived from residential
real estate objects, which increases in relevance for investors and transaction-based discount
rates.

As already observed in the full-sample analysis (Table 9), the impact of inflation on
appraisal-based discount rates is statistically significant, whereas transaction-based discount
rates show no significant connection with inflation. This result may be interpreted as evidence
that appraisers tend to take a more comprehensive and forward-looking approach, whereas
investors demonstrate greater responsiveness to short-term market dynamics. This picture is
strengthened by the direct connection between GDP growth rates and appraisal-based discount
rates. Notably, investors place a heightened emphasis on the local vacancy rate compared to
appraisers. Explanations include that current vacancy rates have a direct impact on investors’
beliefs about future rental incomes, making them more sensitive to fluctuations in the
communal vacancy rate.

Consider the determinants of discount rates in the commercial real estate segment, as
summarized in Models 3 and 4 of Table 10. Several object-specific variables gain in
significance and magnitude in the commercial real estate segment for both types of discount
rates. Object-specific variables such as the micro- and macro-location rating, as well as the
object-specific quality rating, exhibit sensitivities that are more than double those observed in
the residential real estate segment (Models 1 and 2 of Table 10). Similarly, the significantly
higher sensitivity of transaction-based discount rates compared to appraisal-based discount
rates for commercial real estate suggests that investors prioritize object-specific characteristics
more heavily. This can be attributed to the market’s immediate responsiveness to nuanced
object-specific factors, reflecting investors’ perception of the impactful role of such
characteristics in shaping the perceived value and performance of commercial real estate

objects.

32 The reference index is a weighted average of mortgage interest rates in Switzerland. It is published quarterly
and implies that tenants and owners have the right to enforce rent adjustments accordingly. If the reference index
increases, owners can enforce an increase in rents, and vice versa for a decreasing reference index
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Table 10: Segment-specific analysis

Segment: Residential real estate Commercial real estate
Dependent variable: log of dﬁfr log of d}7* log of dgfr log of d{7*
Model: (1) ?2) 3) 4
Constant 1.250%** 0.994*** 1.791%** 1.842%**
(0.041) (0.069) (0.066) (0.104)
Object-specific Macro_R -0.026%** -0.018%x* -0.060%** -0.079%*x*
variables (0.003) (0.006) (0.007) (0.011)
Micro_R -0.022%%*%* -0.014%* -0.065%** -0.063%**
(0.003) (0.006) (0.005) (0.008)
Object R -0.020%** 0.005 -0.049%** -0.053%**
(0.004) (0.007) (0.007) (0.011)
Age 0.00004 0.00001 -0.0004** -0.0004
(0.0001) (0.0002) (0.0002) (0.0003)
Vac P 0.0001 -0.00002 0.001*** 0.001***
(0.0001) (0.0002) (0.0002) (0.0004)
log(Eff area) 0.013*** 0.019%*** 0.020%*** 0.028***
(0.002) (0.004) (0.003) (0.005)
Contract_dur -0.004%** -0.003**
(0.001) (0.001)
Macroeconomic Govb_20Y 0.022* 0.057*** 0.020 0.020
and locational (0.011) (0.019) (0.018) (0.028)
variables Pop_growth 0.170 0.085 0.395 1.092%*
(0.133) (0.221) (0.275) (0.433)
Inflation -0.019%** -0.005 -0.011 -0.002
(0.007) (0.011) (0.010) (0.016)
GDP_growth 0.033*** 0.019 0.052%** 0.076***
(0.010) (0.017) (0.013) (0.021)
Vac M 0.003* 0.007** 0.013*** 0.013**
(0.002) (0.003) (0.004) (0.006)
Spread 0.001 0.002* 0.0003 0.003*
(0.001) (0.001) (0.001) (0.002)
Type dummies No No Yes Yes
Quarter dummies Yes Yes Yes Yes
Year dummies Yes Yes Yes Yes
Local dummies Yes Yes Yes Yes
Observations 1259 1259 860 860
Residual std. error 0.054 0.088 0.065 0.102

Notes: Models 1 to 4 are based on robust regression techniques using M-estimation according to Huber (1981). Standard
errors are presented in brackets. Models 1 and 2 pertain to residential real estate properties, while Models 3 and 4 focus on
real estate properties with commercial usages. Real estate type, quarter, year, and local dummies are included as per model
specifications. Local dummies are equivalent to cantonal dummies. Definition of variables according to Table 8. Signif. codes:
FEXT0.001, **0.01, “*°0.05, .’ 0.1.

Rental contract durations play a pivotal role in commercial real estate as they serve as
critical indicators of future expected rental incomes. To evaluate this segment-specific
characteristic, Models 3 and 4 in Table 10 include the duration of tenant contracts
(Contract_dur) for income properties with commercial usages. The estimated coefficients
indicate that longer contract durations are associated with lower appraisal-based and
transaction-based discount rates. Notably, appraisal-based discount rates demonstrate a higher
sensitivity to persistent contract durations. This heightened sensitivity can be attributed to

appraisers’ meticulous consideration of contract durations, acknowledging that stable or
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extended durations significantly impact overall cash flow stability and predictability, thus
placing greater emphasis on this variable in the DCF method.

Compared to residential real estate, the significance and relevance of macroeconomic
variables have shifted for commercial real estate objects. Specifically, the sensitivity of the risk-
free rate in elucidating discount rates for commercial real estate has waned, potentially
reflecting investors’ heterogeneous return expectations for commercial properties and
appraisers’ difficulty in finding adequate benchmark returns within this particular segment. In
contrast, population and GDP growth have increased importance for both types of discount
rates, with transaction-based discount rates displaying heightened sensitivities in comparison
to appraisal-based discount rates. As these variables serve as indicators for future cash flow
developments, it can be concluded that investors, in particular, place emphasis on local
circumstances when making investment decisions. This emphasis on local factors is further
underscored by the relevance of local vacancy rates, which contribute to an increase in both

types of discount rates.

3.6.3. Relative importance

To gain deeper insights into the determinants influencing discount rates, this section utilizes
RI measures to analyze and compare the fundamental drivers of appraisal-based and
transaction-based discount rates. While each RI measure has its unique attributes, the focus is
on the average (avg) RI across all measures for variables grouped into object-specific,
locational, and macroeconomic categories. Figure 12 in Appendix B.2 also visualizes the RI of
the full set of variables. While the RI of these variables, particularly the dummy variables, is
displayed for completeness, they are not the primary focus of the interpretation.

First discussed are the findings presented in Table 11, which provides an overview of the
RI values derived from the full-sample analysis. The average RI of object-specific variables is
slightly higher for appraisal-based discount rates at 13.0% compared to 12.1% for transaction-
based discount rates. Among these variables, the micro- and macro-location ratings, along with
property size, exhibit the highest average RI. The micro-location rating has high relevance for
appraisal-based discount rates, whereas property size plays a significant role in transaction-
based discount rates. These findings suggest that appraisers prioritize quality criteria in
determining risk premiums, while investors focus more on property size and associated cluster
risks. This distinction is also highlighted by the disparity in the RI for the object-specific quality
rating, which holds greater importance for appraisal-based discount rates (2.6%) than for

transaction-based discount rates (0.9%).
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Table 11: Relative importance — full-sample

Discount rate: diy’ dir
Rl measure: last first  betasq genizi car avg last first  betasq  genizi car avg

Macro_ R 4.77% 237% 126% 2.40% 2.70% 2.70% 4.65% 2.00% 235% 239% 2.70% 2.82%

] Micro R 9.62% 3.55% 1.52% 3.57% 3.67% 4.38% 538% 2.42% 1.62% 2.38% 2.40% 2.84%
§ % Object R 6.18% 1.23% 1.26% 2.16% 2.23% 2.61% 1.97% 027% 0.77% 0.85% 0.64% 0.90%
e
3 § Age 0.01% 0.96% 0.00% 0.75% 0.48% 0.44% 0.11% 1.52% 0.04% 0.98% 0.86% 0.70%
8 Vac_ P 1.89% 0.60% 0.24% 0.72% 0.70% 0.83% 0.86% 0.46% 0.21% 0.51% 0.48% 0.50%
log(Eff area) 4.93% 0.92% 0.81% 1.88% 1.85% 2.08% 9.11% 2.17% 2.87% 3.69% 3.86% 4.34%
o Govb_20Y 0.26% 35.17% 1.53% 19.68% 33.58% 18.04% 1.16% 33.79% 13.20% 19.81% 34.02% 20.40%
S 0
.S % Pop_growth 0.06% 0.71% 0.01% 0.42% 0.30% 0.30% 0.86% 1.27% 0.24% 093% 0.84% 0.83%
é § Inflation 0.21% 7.23% 0.33% 5.14% 1.57% 2.90% 0.04% 7.75% 0.12% 5.54% 2.29% 3.15%
§ g GDP growth 0.93% 4.33% 9.31% 832% 8.93% 6.36% 0.82% 3.81% 15.67% 6.89% 7.17% 6.87%
] =
g § Vac M 0.48% 0.34% 0.09% 0.38% 0.22% 0.30% 0.36% 0.30% 0.13% 038% 0.22% 0.28%
pg=t

Spread 0.12% 4.44% 0.04% 2.87% 2.00% 1.90% 0.92% 550% 0.53% 3.69% 2.98% 2.73%

Notes: Proportions of RI measures, as elaborated in Section 3.4, are displayed. The last column (avg) indicates the average RI
across all the measures considered. Model 1 (dgfr ) and Model 2 (df'rtx ) for the full-sample analysis (see Table 9) serve as the

foundation for the displayed RI values. Definition of variables according to Table 8.

Table 11 further reveals that object-specific age and vacancy rates show modest relevance
in relation to discount rates. We conjecture that because discount rates in the DCF method do
not explicitly account for risks already incorporated into cash flows, the relevance of age and
vacancy rates is diminished. Additionally, differences in appraisers’ perspectives and investors’
perceptions of risks may further diminish the importance of these variables. The largest
relevance is attached to macroeconomic variables, which in total contribute 29.8% (appraisal-
based) and 34.2% (transaction-based) to the explained variance in discount rates across all
considered RI measures. The risk-free rate is by far the most relevant determinant, amounting
to an average RI of 18.0% for appraisal-based and 20.4% for transaction-based discount rates.
GDP growth rates are also a particularly relevant determinant of discount rates, representing
6.4% (appraisal-based) and 6.9% (transaction-based) of the average RI across all real estate
types.

The results from Table 11 indicate disparities in the attribution of relevance between
appraisers and investors concerning object-specific, locational, and macroeconomic variables
in the full-sample analysis. To further examine this observation, RI measures are applied
separately to the residential and commercial real estate segment. Table 12 summarizes the
results obtained through the analysis of RI measures for residential real estate objects.
Respective RI values demonstrate a pattern that aligns closely with the previously discussed
findings in Table 11. While the micro-location rating undergoes a notable decline in relevance,

the overall results indicate that object-specific characteristics collectively account for
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approximately 8.6% (appraisal-based) or 6.1% (transaction-based) of the average RI across all

measures considered in the residential real estate segment.

Table 12: Relative importance — residential real estate

Discount rate: diy’ dir
RI measure:  last first  betasq genizi car avg last first  betasq  genizi car avg
Macro R 5.71% 3.39% 0.60% 2.81% 3.21% 3.14% 235% 2.73% 0.30% 2.18% 2.43% 2.00%
5*% Micro R 4.17% 2.08% 0.23% 1.54% 1.50% 1.90% 0.89% 1.12% 0.06% 0.65% 0.58% 0.66%
g%} Object R 2.69% 1.32% 0.20% 1.58% 1.54% 1.47% 0.01% 031% 0.00% 0.45% 0.20% 0.19%
Eg Age 0.01% 0.89% 0.00% 0.64% 0.42% 0.39% 0.14% 143% 0.01% 0.93% 0.88% 0.68%

o)

o Vac_ P 0.04% 0.01% 0.00% 0.07% 0.00% 0.03% 0.13% 0.01% 0.01% 0.07% 0.00% 0.04%
log(Eff area) 6.00% 0.19% 0.33% 0.81% 0.77% 1.62% 8.16% 0.60% 0.54% 1.61% 1.63% 2.51%
S Govb_20Y 0.01% 36.97% 0.02% 21.86% 37.27% 19.23% 0.73% 36.64% 2.01% 23.37% 40.25% 20.60%
.5% Pop_growth 0.10% 0.37% 0.01% 0.28% 0.18% 0.19% 0.31% 0.81% 0.02% 0.58% 0.48% 0.44%
é"g Inflation 0.27% 7.59% 0.16% 5.78% 1.87% 3.13% 0.00% 9.41% 0.00% 7.00% 3.39% 3.96%
§ % GDP_growth 1.31% 3.61% 5.08% 8.44% 8.44% 5.38% 0.04% 3.99% 0.19% 7.32% 7.18% 3.75%
gg Vac M 0.20% 0.42% 0.01% 0.31% 0.16% 0.22% 0.85% 0.38% 0.07% 0.37% 0.25% 0.38%
Spread 0.11% 4.45% 0.01% 3.33% 2.36% 2.05% 0.10% 521% 0.02% 3.80% 2.61% 2.35%

Notes: Proportions of RI measures, as elaborated in Section 3.4, are displayed. The last column (avg) indicates the average RI

across all the measures considered. Model 1 (d

it

serve as the foundation for the displayed RI values. Definition of variables according to Table 8.

9PT) and Model 2 (dl-t‘rtx) for the residential real estate segment (see Table 10)

The reduced significance of object-specific variables in explaining discount rates for

residential real estate objects can be attributed to structural factors in Switzerland. Investments

in residential real estate benefit from strong demand, supported by high tenant occupancy rates

and consequently low vacancy risks. While residential real estate investments are generally

perceived as low risk, the interpretation of object-specific variables varies notably between

appraisers and investors. Appraisers prioritize micro-location and macro-location ratings,

crucial for assessing the intrinsic value of residential properties within a broader market context.

In contrast, investors place less emphasis on these ratings, potentially influenced by the

historically low vacancy rates during the period under consideration. The lower risk of tenant

turnover is also reflected in the diminished importance given to the object-specific quality

rating, which conversely holds greater relevance for appraisers.

The predominant portion of the RI for residential discount rates (Table 12) is ascribed to

macroeconomic variables, collectively contributing 30.2% in appraisal-based and 31.5% in

transaction-based discount rates. Within this category, the risk-free rate stands out as the most

critical determinant for both types of discount rates, with an average RI of approximately 20%.

Given the perception of residential real estate as low risk, variations in discount rates are closely

linked to the risk-free rate, a fundamental benchmark in the capital market. This significance is
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amplified by Switzerland’s regulatory framework, where rental payments are tied to the

reference index, making interest rate fluctuations crucial for future rental incomes.

Table 13: Relative importance — commercial real estate

Discount rate: diy’ di*
RI measure:  last first  betasq  genizi car avg last first  betasq  genizi car avg

Macro R 9.78% 4.61% 2.95% 5.13% 5.96% 5.69% 11.95% 5.98% 4.44% 7.24% 8.45% 7.61%
o Micro R 25.12% 8.58% 4.55% 9.80% 10.28% 11.67% 14.78% 8.32% 3.29% 8.77% 9.15% 8.86%
':::3 2 Object R 8.44% 1.44% 2.09% 2.77% 2.97% 3.54% 4.09% 0.72% 125% 1.70% 1.73% 1.90%
j%% Age 0.89% 1.30% 020% 1.51% 1.19% 1.02% 0.49% 1.29% 0.13% 1.25% 1.02% 0.84%
% = Vac P 1.54% 0.97% 024% 0.78% 0.75% 0.86% 2.00% 1.48% 0.38% 1.31% 1.29% 1.29%
© log(Eff area) 4.91% 1.01% 0.93% 1.70% 1.57% 2.02% 7.81% 1.94% 1.82% 3.04% 3.06% 3.54%
Contract dur 3.45% 0.22% 0.63% 0.82% 0.67% 1.16% 1.89% 0.01% 0.42% 0.41% 0.26% 0.60%
N Govb_20Y 0.18% 29.40% 1.44% 16.25% 27.88% 15.03% 0.13% 27.12% 1.21% 14.23% 24.02% 13.34%
E; —Lé Pop_growth 0.30% 1.89% 0.06% 1.17% 1.01% 0.89% 1.15% 2.54% 027% 1.80% 1.70% 1.49%
§ Lé Inflation 0.09% 7.11% 0.17% 4.47% 1.57% 2.68% 0.01% 6.29% 0.02% 4.07% 1.75% 2.43%
§ § GDP_growth 1.41% 4.98% 14.48% 8.10% 9.22% 7.64% 2.77% 3.14% 34.89% 6.67% 7.04% 10.90%
§ .§ Vac M 2.11% 0.46% 0.51% 093% 0.62% 0.93% 1.57% 0.67% 0.47% 1.22% 0.83% 0.95%
Spread 0.03% 3.55% 0.01% 2.13% 1.40% 1.42% 0.79% 4.50% 0.34% 2.88% 2.51% 2.20%

Notes: Proportions of Relative Importance (RI) measures, as elaborated in Section 3.4, are presented. The last column (avg)

indicates the average Rl across all measures considered. Model 3 (i dgtpr) and Model 4 (df;x ) for the commercial real estate

segment (see Table 10) serve as the foundation for the displayed RI values. Definition of variables according to Table 8.

When examining the RI of specific determinants for the commercial real estate segment
(Table 13), a different pattern emerges. Notably, the average relevance of object-specific
characteristics is estimated to be 26.0% for appraisal-based discount rates and 24.6% for
transaction-based discount rates. Among these characteristics, local quality ratings, specifically
the micro-location and macro-location ratings, are important for both types of discount rates.
This heightened importance in the commercial real estate segment can be attributed to
businesses prioritizing strategic locations to attract customers or clients. The success of
commercial real estate often hinges on factors such as the proximity to business centers,
accessibility, and the economic vitality of the region, which are effectively captured by these
locational ratings. Diving deeper, the results reveal that the micro-location rating is the most
relevant predictor of both types of discount rates, with appraisers attaching an even greater
weight to this rating. Investors, in particular, prioritize the macro-location rating more than
appraisers, reflecting their commitment to thorough and systematic market analysis when
making investment decisions.

Table 13 reveals significant divergences in RI values between appraisal-based and
transaction-based discount rates for commercial real estate, particularly concerning the object-

specific quality rating and size. Appraisers emphasize the object-specific quality rating,
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meticulously analyzing unique property characteristics to ensure a thorough and transparent
appraisal. In contrast, the heightened relevance of property size for transaction-based discount
rates reflects the increased risk premium demanded by investors. Investors’ focus on size may
be driven by diversification considerations and income potentials, as larger properties offer
greater rental income opportunities but also introduce higher associated reletting risks.

Table 13 shows a significant decline in the relevance of the risk-free rate, which is 15.0%
for appraisal-based and 13.3% for transaction-based discount rates. While not significant in the
estimation equations for commercial discount rates (Table 10), the risk-free rate remains the
most relevant determinant, underscoring its role as a secure, maturity-equivalent return.
Interestingly, GDP growth rates have gained importance in explaining discount rates for the
commercial real estate segment. This increased relevance underscores the vital connection
between commercial tenants, whose economic performance is closely tied to GDP growth, and
the valuation of commercial properties. Thus, both appraisers and investors consider GDP
growth rates crucial for determining discount rates, reflecting future income potentials and
risks. Despite the shift in relevance between macroeconomic variables, their overall importance
for discount rates in the commercial real estate segment remains substantial, averaging 28.6%

for appraisal-based and 31.3% for transaction-based discount rates.

3.7. Conclusion

This study delves into the determinants of discount rates, a critical factor elucidating the
market values of income properties. Despite their significance, there exists a notable dearth of
empirical research on the factors influencing discount rates within the application of the DCF
method. Building on this, the study conducts a comprehensive counterfactual analysis of the
driving forces behind both appraisal-based and transaction-based discount rates. By employing
the estimation approach across the full sample and separately for residential and commercial
real estate, the empirical investigation provides insights into the determinants influencing the
decision-making process of key stakeholders in the real estate industry. This study not only
deepens our understanding of the factors influencing discount rates but also contributes to the
broader body of knowledge surrounding income properties’ market valuation.

The full-sample analysis reveals that both types of discount rates are significantly associated
with object-specific, locational, and macroeconomic variables. Appraisal-based discount rates
exhibit heightened sensitivity to the micro-location and the object-specific quality rating,
reflecting appraisers’ adherence to professional standards. In contrast, investors prioritize
object-specific vacancy rates and size, with the latter having the highest RI among object-

specific variables, highlighting their emphasis on investment decisions and asset
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diversification. Additionally, macroeconomic variables indicate that transaction-based discount
rates are more responsive to interest rate fluctuations, reflecting investors’ market-driven
perception, whereas appraisers focus more on standardized object-specific characteristics.

Conducting the analysis across residential and commercial real estate segments revealed a
lack of homogeneity in the impact of specific variables. In the residential segment, object-
specific variables exhibit relatively low RI values of 8.6% for appraisal-based and 6.1% for
transaction-based discount rates. This observation may be attributed to structural conditions in
Switzerland, such as a high proportion of tenants in the population, leading to a perceived low
risk in residential real estate investments. Macroeconomic variables dominate in the residential
segment, accounting for a RI of 30.2% in appraisal-based and 31.5% in transaction-based
discount rates. Among these, the risk-free rate emerges as a crucial determinant, with an average
RI of approximately 20%. The significance of the risk-free rate is tied to Switzerland’s
regulatory framework, where rental payments are linked to the reference index, making interest
rate fluctuations pivotal for future rental incomes from residential real estate.

In the commercial real estate segment, the analysis underscores the growing importance of
object-specific variables, particularly the micro- and macro-location ratings, as well as the
object-specific quality rating. Their sensitivity is more than twice as high as in the residential
segment, with transaction-based discount rates displaying a notably greater sensitivity
compared to appraisal-based discount rates. This heightened sensitivity in transaction-based
discount rates reflects investors’ immediate response to nuanced object-specific factors. It
emphasizes how investors recognize the influential role of these characteristics in shaping
perceived value and performance. On average, object-specific characteristics contribute 26.0%
to appraisal-based and 24.6% to transaction-based discount rates in terms of average RI values.
The shift in relevance of macroeconomic variables does not substantially impact their overall
contribution: 28.6% for appraisal-based and 31.3% for transaction-based discount rates in the
commercial real estate segment.

This study illuminates crucial factors influencing the decision-making processes of
appraisers and investors. Appraisers, mandated to derive objective valuations during the
appraisal process and estimate likely selling prices for income properties, often face the
challenge of incorporating the heterogeneous risk perceptions of commercial real estate
investors and capturing market sentiment accurately. The findings of this study advocate for
the application of segment-specific methodologies when determining discount rates in the DCF
method. For residential real estate, while object-specific and locational variables remain crucial,

greater emphasis should be placed on fundamental macroeconomic determinants. Conversely,
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in the context of commercial real estate, standardized and widely accepted object-specific and
locational variables may carry more weight, with macroeconomic variables playing a smaller
yet still significant role. Additionally, the results question the applicability of commonly used
determinants of discount rates in the literature, such as population growth and the age of the
property.

Moving forward, it is essential for future research to expand upon the driving forces behind
discount rates, deepening our understanding of the underlying rationale of the key stakeholders
involved in the real estate industry. As of today, there is a limited availability of publicly
accessible data regarding discount rates for the DCF method. Future research could benefit from
incorporating datasets from multiple appraisal firms to enhance the generalizability of findings,
capturing a broader spectrum of appraisers’ and investors’ perspectives and methodologies in
real estate valuation. Especially in light of the recent increase in interest rates, extended
knowledge about the determinants of discount rates will remain a topic of great interest for real

estate practitioners and policymakers.
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Abbreviations

Abbreviation Meaning

CAPM Capital Asset Pricing Model

DCF Discounted Cash Flow

GAAP Generally Accepted Accounting Principles
GDP Gross Domestic Product

IFRS International Financial Regulation Standards
LASSO Least Absolute Shrinkage and Selection Operator
MSA Metropolitan Statistical Area

PP Percentage Points

RI Relative Importance

RICS Royal Institution of Chartered Surveyors
SMI Swiss Market Index

uUs United States

VECM Vector Error Correction Model
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Appendix

B.1.

Table 14: Summary statistics

Variable Min. Max. Mean Median Std. Dev.
Variable name
Transaction-based discount rate

e 1.49 8.35 4.12 4.19 0.85

L

Appraisal-based di t rat

d‘?pgra'sa ased discount rate 2.00 6.90 423 4.40 0.73
it

Macro location rating 1.15 5.00 421 438 0.73

Macro R

Micro location rating 1.40 5.00 3.60 3.60 0.62

Micro R

Object quality rating

Objost B 1.57 5.00 3.42 3.37 0.55

Age 0.00 100.00 30.09 27.00 20.86

Age

Effective area 60.00 73383.00 3876.67 2085.00 5684.84

Eff area

Object-specific vacancy rate 0.00 100.00 731 0.78 16.54

Vac P

Yields on governmental bonds

Govb, 0% -0.41 3.42 1.42 1.33 111

Population growth 20.03 0.16 0.01 0.01 0.01

Pop growth

Inflation rate 137 2.97 0.14 -0.03 0.96

Inflation

Real GDP growth

GDP prowth 327 3.12 0.53 0.94 1.63

Vacancy rate

v 0.00 12.10 1.06 0.62 1.22

Spread 0.11 19.69 4.15 2.90 4.32

Spread

Average contract duration 0.04 2576 500 373 411

Contract_dur
Notes: All displayed values represent the full sample of real estate objects from 2007 to 2020, except for average contract

duration (Contract_dur), which applies exclusively to the commercial real estate segment. Definition of variables according
to Table 8.
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B.2.

Figure 12: Relative importance — full set of variables
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Notes: Average proportions of Relative Importance (RI) for appraisal-based (d.apr) and transaction-based discount rates
(d.trx) across the RI measures last, first, betasq, genizi, and car, as elaborated in Section 3.4. The displayed RI values
correspond to Model 1 (d.apr) and Model 2 (d.trx) for the full sample in Table 9, Model 1 (d.apr) and Model 2 (d.trx) for
residential real estate (Table 10), and Model 3 (d.apr) and Model 4 (d.trx) for commercial real estate (Table 10). The average
Rl is grouped into object-specific, macroeconomic, and locational variables, as well as dummy variables. The dummy variables
include regionality (regional dummies), seasonality (time and quarter dummies), and real estate types (real estate type
dummies). For models focused on residential real estate, real estate type dummies are not displayed as the estimations in this
segment only include residential real estate objects.
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Chapter IV - ESG Ratings and Real Estate Key Metrics: a Case
Study*

Abstract: This study examines whether and through which channels ESG
ratings influence key metrics in the real estate industry. Focusing on
Switzerland as a case study and concentrating on commercial real estate
investors and their income properties, we utilize unique datasets and employ an
OLS post-LASSO estimation procedure to identify and quantify the
associations between ESG ratings and four key metrics: appraisal-based and
transaction-based discount rates, rental incomes, and vacancy rates. Our results
demonstrate that ESG ratings maintain a significant association with all four
key metrics even after undergoing robustness checks. When dissecting the total
ESG rating into its components, the environmental rating stands out as the most
significant. While largely dependent on the specific metric being analyzed, the
association of social and governance ratings tends to be less pronounced.
Delving deeper into individual ESG rating levels, our findings suggest potential
signaling effects, as properties with higher ESG ratings demonstrate heightened
sensitivity to both types of discount rates and vacancy rates. Overall, our
findings deepen the understanding of the association between ESG ratings and
real estate markets, illuminating the intersection of sustainability and financial
relevance.

Keywords
Real estate finance, sustainability, real estate fundamentals

*Updated version of the paper published in the MDPI Journal Real Estate (2024). DOI:
https://doi.org/10.3390/realestate1030014
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4.1. Introduction

In 2004, a report by the United Nations (2004) marked the origins of Environmental, Social,
and Governance (ESG) ratings, launching them to the forefront of discussions surrounding
assets sustainability characteristics. Since then, ESG ratings have emerged as indispensable
tools for investors and stakeholders within the real estate industry, complementing conventional
financial metrics. Real estate, distinguished by its tangible and immovable nature, occupies a
unique position within this paradigm. Delving deeper, the sector contends with fundamental
questions regarding the essence of ESG ratings, recognizing their adaptation toward a
comprehensive approach to sustainability.

Fueled by growing intra-industry interest in the association between ESG ratings and
financial performance, the real estate sector has embraced this topic. Recent literature offers
preliminary insights into the connection between ESG ratings and Real Estate Investment Trusts
(REITs), marking a pivotal step toward understanding how sustainability metrics intersect with
property investments. At the object-level, however, the association between ESG ratings and
key performance metrics remains largely unexplored, prompting critical questions about their
applicability and significance. Central to this inquiry is the underlying mechanism by which
sustainability attributes translate into the financial performance of real estate assets, alongside
the appropriate methodologies for evaluating these potential associations. The ambiguity
surrounding ESG ratings is further highlighted by the complex and diverse regulatory landscape
governing sustainability at both the international and national levels. While the European Union
(EU) has taken a major step with the EU Taxonomy, establishing a regulated framework for
measuring sustainability attributes, ESG rating methodologies remain predominantly in the
hands of independent agencies, with no direct oversight from governmental or international
regulatory bodies.

Amid the dynamic landscape of sustainability matters, this study examines whether and
through which channels ESG ratings influence key metrics in the real estate industry. Focusing
on Switzerland as a case study, we leverage the country’s regulatory enforcement of
sustainability standards and concentrate on commercial real estate investors and their income
properties. We utilize unique datasets comprising approximately 6’300 expert-based
Discounted Cash Flow (DCF) valuations and around 850 real market transactions in
Switzerland spanning from 2019 to 2022. From these datasets, we analyze the association
between ESG ratings and four key metrics derived from a conceptual framework: appraisal-
based and transaction-based discount rates, rental income, and vacancy rates. The evaluation of

these metrics is conducted through an ESG rating, approved by Global Real Estate
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Sustainability Benchmark (GRESB) and acknowledged for its objectivity and meticulous
quantification consistently applied across Swiss locations. Using an Ordinary Least Squares
(OLS) post Least Absolute Shrinkage and Selection Operator (LASSO) estimation procedure,
we seek to identify and quantify the association between ESG ratings and key real estate
metrics, employing a flexible and adaptive approach to explore the extent to which
sustainability ratings intersect with real estate markets.

To bridge the current gaps in the literature, our contribution can be summarized as follows.
First, by disentangling total ESG ratings into their individual sub-ratings, we offer a detailed
examination of the fundamental characteristics and complexities of such ratings, thereby
exploring the intersection between broad sustainability coverage and targeted financial
relevance. Second, leveraging appraisal and transaction processes, we enhance the
understanding of the association between ESG ratings and four key metrics for income
properties, contributing to the identification of influencing channels. Third, we offer new
insights into a relatively unexplored type of ESG rating, advancing the field by critically
assessing its relevance and practical application within the real estate industry.

The remainder of this study is organized as follows. The second section discusses the
definition of ESG ratings, their emergence, and regulation. The third section provides a review
of the relevant literature, followed by a discussion in the fourth section on the potential channels
through which ESG ratings may influence real estate assets. The fifth section presents the data,
and the sixth section outlines the methodology. In the seventh section, we present the empirical

results, with a discussion in the eighth section.

4.2. Definition, emergence, and regulation of ESG ratings

The fundamental concept underlying ESG ratings is associated with Socially Responsible
Investments (SRI), an investment approach that weights social or environmental concerns
similarly as financial rewards (Richardson, 2009). In contrast to older analytical frameworks,
such as Environment Health and Safety (EHS) and Corporate Social Responsibility (CSR), ESG
aims to quantify specific components through the perspective of risk or opportunity and
represents an analytical framework to quantify the degree to which an industry, an asset or a
portfolio is operating in a sustainable manner. Building on this, an ESG rating includes specific
measurable components concerning the environment (E), society (S) and governance (G),
which have become key indicators for management competence, non-financial performance,
and risk management in the financial industry (Kiernan, 2007).

On a global scale, the emergence of ESG ratings is linked to economic crises, extreme

weather events, or even wars. A prominent example is the economic crisis in 2008, which
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affected the public and private sectors and put investors’ investment decisions, social impacts,
and respective governance practices to the fore (Billio et al., 2020). ESG ratings also gained
prominence through a key initiative by the European Commission. In July 2018, the
Commission established the Technical Expert Group (TEG) on sustainable finance, composed
of experts from academia, industry, and finance, to develop a unified classification system for
sustainable economic activities (Lucarelli et al., 2020). The resulting EU Taxonomy aims to
create a standardized and transparent framework for determining the environmental
sustainability of economic activities, guided by six environmental objectives®®. The EU
Taxonomy targets industries categorized under the Nomenclature of Economic Activities
(NACE) system, focusing on sectors responsible for approximately 93.5% of the EU’s
greenhouse gas emissions. Companies meeting the Taxonomy’s technical screening criteria are
required to disclose the proportion of their economic activities, such as turnover and capital
expenditure, that align with the framework. Additionally, financial intermediaries investing in
these firms must report the percentage of their investments that comply with the Taxonomy.
This regulatory framework was enacted into law in late 2020, with compliance requirements
for market participants coming into force in December 2021 (TEG European Commission,
2020).

Several initiatives have been implemented to enhance the transparency, accuracy, and
consistency of ESG ratings. For example, the European Securities and Markets Authority
(ESMA) has issued guidelines for ESG rating providers, detailing best practices for ESG rating
methodologies and disclosure requirements (ESMA, 2021). Additionally, organizations, such
as the Global Reporting Initiative (GRI), Sustainability Accounting Standards Board (SASB),
and Task Force on Climate-related Financial Disclosures (TCFD), have developed frameworks
for companies to report their ESG performance (GRI and SASB, 2021). Overall, the
determination of specific submatrices within an ESG framework hinges on the principle of
materiality, with the alignment of these submatrices to financial materiality being a pivotal
requirement to substantiate their relevance in evaluations conducted by investors and
stakeholders in the real estate industry. Of course, the alignment necessitates ongoing
adjustments to address emergent global challenges effectively (Escrig-Olmedo et al., 2019),
which also contributes to a multitude of indicators across ESG ratings furnished by different
providers. As pointed out by Berg et al. (2022), different indicators across ESG ratings also
imply that they may not inherently be comparable. In fact, differences between ESG ratings

33 The six environmental objects are: (1) climate change mitigation, (2) climate change adaptation, (3) sustainable
use and protection of water and marine resources, (4) transition to a circular economy, (5) pollution prevention
and control, and (6) protection and restoration of biodiversity and ecosystems
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may arise through different definitions of ESG ratings across providers, such as the inclusion
of alternative sub-ratings and different weighting approaches (Tsang et al., 2023). Furthermore,
the difficulty in comparing ESG ratings is compounded by the lack of transparency in
methodologies, data sources, and weighting systems used by different providers (Abhayawansa

and Tyagi, 2021).

4.2.1. Regulation of sustainability matters in Switzerland

Although Switzerland is not part of the EU and therefore not bound to the EU Taxonomy,
a number of significant initiatives and regulations pertaining to sustainability have been
undertaken. Early instances include the implementation of the federal energy law in 1999,
emphasizing energy efficiency and renewable energies, as well as the introduction of the federal
CO2 law, aiming to diminish greenhouse gas emissions in accordance with international
reduction commitments (Eberwein et al., 2015). In 2013, the Swiss Sustainable Construction
Standard (SNBS) was introduced, which evaluates the sustainability of buildings based on
numerous criteria, such as energy, materials, ecology, and quality. In 2018, the Swiss
parliament approved a revision of the Energy Law, which includes measures to promote energy
efficiency in buildings. The revised law mandates that building owners disclose their buildings’
energy performance when selling or renting them, and introduces financial incentives for
energy-efficient renovations (Federal Council, 2017).

A pivotal action was undertaken in 2019 when the Swiss parliament approved the Swiss
Climate Policy 2050, a strategy designed to achieve carbon neutrality by 2050 through the
reduction of greenhouse gas emissions in Switzerland. The policy includes measures to promote
energy-efficient buildings, such as stricter building codes, increased subsidies for energy-
efficient renovations, and incentives for building owners to invest in renewable energy sources
(Federal Council, 2019). Recently, the Federal Council adopted the executive order on climate
reporting for large Swiss companies, which came into force on January 1, 2024. Public
companies, banks, and insurance companies that employ at least 500 people and have a balance
sheet total of at least 20 million Swiss francs, or revenues of more than 40 million Swiss francs,
are required to report publicly on climate issues (Federal Council, 2022).

Compliance with regulations and initiatives enacted by the Swiss Parliament and Federal
Council is monitored by the Swiss Financial Market Supervisory Authority (FINMA), which
defines guidelines that obligate financial institutions to consider ESG factors in their investment
processes and to transparently communicate their ESG policies and practices to stakeholders.
Similarly, pension funds in Switzerland are mandated by the federal act on Occupational

Retirements, Survivors’ and Disability Pensions (BVG) to take ESG considerations into
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account when making investments. Pension funds are required to provide regular updates on
the ESG performance of their portfolios and to furnish detailed information on ESG aspects of
their investments. Therefore, regulations in Switzerland serve to force financial institutions and
pension funds to consider ESG factors in their investment processes, and to promote
transparency in their ESG policies and practices (FINMA, 2021).

As part of the financial industry, the real estate industry in Switzerland is directly affected
by the enacted regulatory framework and initiatives. However, the real estate industry possesses
distinct characteristics, which differentiate it from other industries. Accounting for about one
quarter of total greenhouse gas emissions (Federal Office for the Environment, 2022), largely
due to heating and cooling systems, sustainability aspects have become paramount in the real
estate industry. Furthermore, as tangible assets bound to a specific location, real estate
properties may also be affected by a wide range of locational characteristics, such as the
socioeconomic structure, environmental hazards, or climate change risks. In addition, real estate
investments are often of a long-term nature and their consequences on their location and
environment can persist beyond the investment duration.

Recognizing the critical importance of location quality in assessing sustainability, ESG
providers have shifted towards establishing ratings that focus on location-based indicators. The
guiding principle behind these ESG ratings is a quantitative assessment of sustainability aspects
for specific locations based on objective data. These ratings aim to identify areas with high
sustainability potential, assess the resilience of income properties to environmental risks,
evaluate social impact considerations, and ensure alignment with industry standards. However,
the assessment of these location-based ESG ratings remains largely uncharted territory. This
includes investigating potential channels through which location-based ESG ratings may be
associated with key metrics of income properties, as well as performing a disaggregated
analysis to uncover the underlying mechanisms by breaking down the total rating into its

individual sub-ratings.

4.3. Review of literature

As ESG-related studies gained cross-industry interest, a significant portion of the literature,
particularly in the real estate industry, has focused on the connection between sustainability
ratings and REITs. Focusing on REITs in the United States (US) between 2000 and 2011,
Eichholtz et al. (2012) identified a positive association between the share of Leadership in
Energy and Environmental Design (LEED) and Energy Star-certified buildings and operating
performance measures, such as the return on assets, return on equity, and the ratio of operational

to total revenue. Similarly, Fuerst (2015) analyzed the association between sustainability
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benchmarking ratings provided by the GRESB and the financial performance of REITs. Using
a dataset of 442 detailed GRESB ratings for REITs in the US, Asia, and Europe between 2011
and 2014, the study concluded that investing in sustainability enhances operational performance
while reducing risk exposure and stock volatility.

Among the various sustainability ratings available, ESG ratings have become a focal point
in real estate literature. Brounen and Marcato (2018), for instance, analyzed the performance of
US REITs from 2011 to 2018, evaluating the relevance of ESG ratings from GRESB, Thomson
Reuters, and KLD MSCI within an asset pricing framework. Their results indicated
performance premiums associated with Reuters and KLD ratings, while GRESB ratings were
correlated with lower REIT returns. Moreover, the study revealed that sub-ratings for social
and governance factors positively influenced returns, whereas environmental ratings were
linked to diminished returns. In a later study, Aroul et al. (2022) confirmed the positive
relationship between ESG ratings and REIT performance. Examining publicly traded US REITs
from 2019 to 2020, they demonstrated that REITs with higher ESG ratings operated more
efficiently and exhibited enhanced operational performance.

A second strand of the literature centered on an object-level analysis, examining the
association between sustainability ratings and various key metrics. A prevalent approach in this
literature involves investigating real estate prices using hedonic pricing methods, thereby
exploring the underlying pricing mechanisms (Bruegge et al., 2016; Fuerst and Shimizu, 2016;
Addae-Dapaah and Wilkinson, 2020). The range of analyzed key metrics and their association
with eco-labels is notably multifaceted, encompassing factors such as occupancy rates (Fuerst
and McAllister, 2009; Holtermans and Kok, 2017), rental rates (Fuerst and Dalton, 2019), and
capitalization rates (cap rates) (McGrath, 2013). These studies commonly focus on eco-labels
such as LEED certification, Energy Star-certified buildings, or Energy Performance Certificates
(EPCs).

Given the critical role of ESG ratings in complementing standard financial metrics, it is
somewhat surprising that the prevalent literature offers very few results about the association
between ESG ratings and real estate key metrics on an object-level. This also counts for
Switzerland, where research, including Feige et al. (2013), or Kempf and Syz (2022), has
concentrated on the association between rental prices and sustainability attributes or
MINERGIE-certified residential properties. A somewhat broader approach was taken by Marty
and Meins (2017), who assessed potential rent premiums in Switzerland based on Economic
Sustainable Indicators (ESI). They found that above-average premiums are paid for factors

related to “location and mobility”, such as good public transportation connections or short
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distances to the city center or recreational areas, and particularly for factors related to “health
and comfort”**. Similarly, Meins et al. (2010) examined the feasibility and practicality of ESI
indicators in Switzerland to improve the transparency of the DCF method for assessing property
risk, particularly in determining the discount rate.

Overall, the exploration of whether and how ESG ratings may be associated with key
metrics for income properties is a frontier largely unexplored, leaving a significant gap in the
current understanding of sustainable finance. Leveraging comprehensive appraisal and
transaction data, we meticulously analyze the association between ESG ratings and four key
metrics. Moreover, by deconstructing the overall ESG ratings into their individual sub-ratings,
we shed light on the intricate interplay between broad sustainability coverage and targeted
financial relevance, providing a more granular understanding of how ESG factors may drive

financial performance in real estate markets.

4.4. Identifying influencing channels

The association of ESG ratings with key metrics is intricately intertwined with the
regulatory landscape, compelling commercial real estate investors to report sustainability
ratings for their assets. Centering on commercial real estate investors and their income
properties, we explore potential channels through which ESG ratings influence key metrics,
considering their connection to financial materiality and thereby substantiating their relevance
for key stakeholders in real estate markets.

Our estimation approach leverages the evaluation of these assets, particularly through the
income approach, where market values are typically assessed by discounting future cash flows
to the present. In Switzerland, the DCF method is frequently applied to evaluate the market

value of income properties:

n

CF;¢

PViy = t_1(1+—di)t @.1)

Where PV, is the resulting present value, or market value more generally, of a real estate
object i at time t, CF; . are object-specific cash flows, and the discount rate is represented by d;
(Gunnelin et al., 2004). Consequently, the market value of an income property is essentially
driven by cash flows and the discount rate, which forms the cornerstone in the related literature

exploring the connection between eco-labels. Specifically, cash flows and discount rates

34 ESI represents a sustainability rating, encompassing object- and location-based indicators across five following
groups: flexibility and polyvalence, energy and water dependency, location and mobility, safety and security,
health and comfort.
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encompass a variety of components acquired through appraisal and transaction processes,
offering a robust foundation for critically assessing their association with ESG ratings.

To objectively evaluate the market value of an income property, appraisers require detailed
information about actual incomes and costs, as summarized in object-specific cash flows in the
DCF framework. Among these, actual rental incomes and vacancy rates are particularly suitable
for analyzing their association with ESG ratings, given their direct linkage to real estate markets
and their reflection of market participants’ immediate responses to location-specific criteria.
Rental incomes, in this regard, may be associated with ESG ratings through real estate owners
or investors in this regard, passing on the quality of a given location on local rental prices,
which is capitalized by agents’ willingness to pay through hedonic mechanisms (Feige et al.,
2013). Alternatively, ESG ratings may also affect object-specific cash flows via a demand-side
effect induced through the increased quality of a given location, potentially influencing vacancy
rates (Fuerst and McAllister, 2011). In addition to these potential effects arising from object-
specific cash flows, an association with ESG ratings may also be mediated through the discount
rate (McGrath, 2013). The discount rate reflects the probability with which the expected rental
income will be realized and corresponds to the return that a given investor can expect under
normal market conditions. The discount rate is generally composed of a risk-free rate (RF;),
capturing the compensation for lost liquidity, a compensation for inflation (/;), and an object-
specific risk premium for risk-taking (RP; ;) (Leskinen et al., 2020):

d; = RF; + I, + RP;; (4.2)

The risk premium stands out as particularly intriguing, acknowledging that the real estate
literature commonly agrees on its association with object- and location-specific characteristics
(Chuangdumrongsomsuk and Fuerst, 2017; Chaney and Hoesli, 2012). If ESG ratings are
perceived to be associated with lower risks, higher future cash flows, and improved
sustainability, they can lead to lower discount rates. Conversely, if ESG ratings are perceived
to be associated with higher risks, lower future cash flows and reduced sustainability, they can

increase discount rates (Galema and Gerritsen, 2022).

apr

;P") and transaction-based (d{"™)

Throughout this study, we will analyze appraisal-based (d
discount rates. Whereas appraisal-based discount rates are determined by appraisers using the
DCF method in real estate valuations, transaction-based discount rates are implicitly derived
from market transactions and reflect investors’ perception of risks at a given point in time.
While appraisal-based discount rates facilitate the examination of whether appraisers consider

ESG-related indicators when determining discount rates, the analysis of transaction-based
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discount rates enables us to infer whether investors prioritize these indicators when making

investment decisions, eventually through a mark-up in the object-specific risk premium.

Figure 13: ESG ratings across real estate metrics
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Notes: Displayed are total ESG ratings (vertical axis) against appraisal-based discount rates in Panel A, transaction-based
discount rates in Panel B, rental incomes in Swiss Francs (CHF) per square meter (sqm) in Panel C, and against vacancy rates
(%) in Panel D. All objects have been evaluated or traded between 2019 and 2022. Source: Wiiest Partner AG.

Figure 13 illustrates the association between ESG ratings (Section 4.5.1) and selected key
metrics. In Panel A, an inverse association is evident between appraisal-based discount rates
and ESG ratings. Income properties with higher ESG ratings, particularly between 4 and 5, are
associated with lower discount rates compared to those with ratings between 1 and 2. A similar
inverse association is observed for transaction-based discount rates in Panel B. Panel C shows
a direct association between total ESG ratings and rental income per square meter (sqm), with
the highest rental incomes per sqm linked to increased ESG ratings. Panel D presents the

association between ESG ratings and vacancy rates, revealing a less pronounced pattern.
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Furthermore, Figure 13 also highlights the presence of potential signaling effects, as
previously discussed by Fuerst et al. (2016), suggesting that the association between ESG
ratings and the considered key metrics might not be linear. Income properties with high ESG
ratings (between 4 and 5) are notably associated with lower discount rates, whereas properties
with lower ESG ratings (between 1 and 2) tend to have higher discount rates. A similar trend is
observed in rental incomes, though it is less pronounced for vacancy rates. These considerations
prompt a closer examination of the association across various ESG rating levels for each key

metric, a topic explored in detail in Section 4.7.3.

4.5. Data

In the context of this study, the relevance of sustainability criteria influencing Swiss real
estate markets can be traced back to the year 2019 when the Swiss parliament approved the
Swiss Climate Policy 2050. Subsequently, sustainability criteria gained in importance among
commercial real estate investors, and its increase in significance further accelerated with the
Federal Council’s recent adoption of the executive order on climate reporting for Swiss
companies, effective from the start of 2024. Building on this, the empirical part of this study
analyzes the time frame between 2019 and 2022 using two unique datasets — a dataset capturing
expert-based valuations and a dataset containing real market transactions. The geographical

distribution of the real estate objects analyzed is displayed in Figure 14.

Figure 14: Geographical distribution

Notes: Geographical distribution of 6’261 expert-based real estate valuations (light gray) and 836 transactions of real estate
objects (dark gray). All real estate objects displayed have been evaluated or traded between 2019 and 2022. The boundaries
displayed refer to Swiss cantonal layers. Source: Wiiest Partner AG.

To assess the association between ESG ratings and appraisal-based discount rates, rental

incomes, and vacancy rates, we use a dataset capturing approximately 6’300 expert-based DCF
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valuations of commercial investors’ income properties. The effectiveness of the DCF
methodology stems from the combination of appraisers' knowledge and detailed, high-quality
data, including rent rolls, which provide comprehensive information on actual rental incomes
and vacancy rates. The second dataset contains roughly 850 income properties that have been
sold in market transactions. For each income property from the second dataset, an expert-based
DCEF valuation exists together with transaction data providing information about transaction-

based discount rates.

4.5.1. ESG rating

Both datasets have been enriched with an ESG rating, as outlined in Table 15. Similar to
most ESG ratings in the real estate industry, the ESG rating considered consists of multiple
indicators grouped under the three core pillars, emphasizing the need for transparency in their
disclosure (Kempeneer et al., 2021). Environmental indicators encompass a wide array of
indicators related to climate change and associated risks, as well as multifaceted indicators of
greenery, land sealing, and mobility aspects. Social indicators address aspects directly linked
to society, including health and well-being, safety and natural hazards, socioeconomic structure,
building stock, and recreational areas. In contrast, governance indicators focus on aspects
related to subordinate developments, such as current trends in local real estate markets,
initiatives toward renewable energy, and spatial planning efforts. Further information about the
ESG rating considered is provided in Appendix C.1 (Table 20).

The considered ESG rating aims to provide a comprehensive assessment of sustainability
for any given location in Switzerland, incorporating distinctive data beyond the conventional
characteristics typically used to describe a location®. It includes indicators based on expert
classifications, such as raster data for natural hazards and air pollutants, as well as benchmark-
based indicators. From these indicators, an overall ESG rating, along with sub-ratings for the
E, S, and G pillars, is calculated on a scale from 1 to 5, with 5 representing the highest value.
These ratings are subsequently compared and reclassified using precalculated ESG ratings for
2 million Swiss buildings, yielding the total ESG rating and sub-ratings for each pillar.

As a data-driven assessment, this ESG rating enhances objectivity by resisting influence
from stakeholders involved in the appraisal or transaction process, unlike object-specific ESG
ratings, which may be more prone to such biases. This objectivity improves comparability
across different locations and has led to the rating’s approval by GRESB. Although this study

does not delve into the inclusion of specific indicators, the ESG rating provides a robust

35 Compared to the EU Taxonomy, which adopts a broader, regulatory approach, the considered ESG rating is
more granular and specifically adapted to the real estate sector.
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foundation for evaluating its association with key real estate metrics, incorporating a diverse

set of factors commonly associated with sustainability in the real estate industry.

Table 15: ESG rating description

ESG sub-rating  Criteria Indicators

Environment Climate change and risks Heat days in 2020, difference in heat days between 2060 and 2020,

indicators (E) cooling degree days in 2020, difference in cooling degree days
between 2060 and 2020.

Greenery and sealing Proportion of shrubs, proportion and diversity of greening, surface
sealing.

Mobility Public transport quality class, car sharing locations, future public
transport infrastructure, public e-car charging stations.

Resource utilization Population density.

Social Health and well-being Road noise during the day, road noise at night, railway noise
indicators (S) during the day, railway noise at night, aircraft noise, long-term air
pollution index, radon.

Safety and natural hazards Hail, flood, fall, landslide, storm, debris flow, avalanche,
carthquake, surface runoff.

Socioeconomic structure Diversity of household sizes, diversity of age structure, diversity of
socio-economic milieus, diversity of income, price range
distribution.

Building stock Diversity of building categories, mix of dwelling sizes, diversity of
building ages.

Recreational areas Recreational and green areas, public meeting places, e.g. fire pits
and playgrounds.

Governance Real estate market Supply ratio, vacancy rates.
indicators (G) Renewable energy Energy city label, utilization of solar potentials.
Spatial planning Building permits, conversion shares in building permits,

densification potential.
Notes: The table specifies each sub-rating, respective criteria and indicators entering the ESG rating. More detailed
information, including the sources and weightings contributing to the ESG rating, is provided in Appendix C.1 (Table 20).
Source: Wiiest Partner AG.

4.5.2. Variable description

In the subsequent empirical analysis, we examine the association between ESG ratings,
including their sub-ratings, and four key metrics: appraisal-based and transaction-based
discount rates, rental incomes, and vacancy rates. Our estimation procedure incorporates
various control variables, acknowledging that our outcome variables are conventionally
influenced by a multitude of additional factors. Table 16 summarizes the relevant variables,
while summary statistics for both datasets are attached in Appendix C.2 (Table 21 and 22).

Considering first appraisal-based and transaction-based discount rates. As outlined in
Equation 4.2, from a theoretical standpoint, discount rates encompass a risk-free rate, an
inflation compensation, and a risk premium. To approximate the risk-free rate, we incorporate
yields from government bonds with a 20-year maturity. We have opted for this extended
maturity period under the presumption that longer government bond maturities and the
associated higher interest rates more accurately reflect investors’ return expectations in a low-
interest-rate environment. We consider the yearly inflation rate to represent the compensation

for inflation. Including the yearly inflation rate corresponds with the accessible data available
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to appraisers and investors, offering a pragmatic approach to assess the direct effects of inflation

on future cash flows.

Table 16: Variable description

Variable name Source
Description

ESG ratin ..

Total ESG%ating Min =1, Max =5) Wiiest Partner AG
E-rating Wiiest Partner AG
Rating for the environment (E) (Min = 1, Max = 5)

S-Rating Wiiest Partner AG
Rating for the society (S) (Min =1, Max = 5)

G-Rating Wiiest Partner AG
Rating for the governance (G) (Min = 1, Max = 5)

d?pr Wiiest Partner AG
Appraisal-based discount rate

dairx Wiiest Partner AG
Transaction-based discount rate

Rental I sqm Wiiest Partner AG

Effective rental income in Swiss Francs (CHF) derived from rent rolls divided by the total
effective area

Vacancy R Wiiest Partner AG
Object-specific vacancy rate derived from rent rolls

Age Wiiest Partner AG
Difference between the construction year of a given object and the valuation date

LogSqm Wiiest Partner AG
Logarithm of the total effective area, measured in sqm

Micro_L Wiiest Partner AG
Rating for the location of a given object within a given municipality (Min = 1, Max = 5)

Macro_L Wiiest Partner AG
Locational rating characterizing the municipality of a given object (Min = 1, Max = 5)

Object R Wiiest Partner AG
Standardized rating characterizing the overall quality of a given object (Min = 1, Max = 5)

Standard_R Wiiest Partner AG
Standardized rating characterizing the standard of a given object (Min = 1, Max = 5)

Condtion_R Wiiest Partner AG
Standardized rating characterizing the condition of a given object (Min = 1, Max = 5)

IR 20 Swiss National Bank
Yields on governmental bonds with 20-year maturity

Inflation Federal Statistical Office

Yearly inflation according to the consumer price index

Notes: Variable names, descriptions and sources for the subsequent empirical analysis. In both datasets used, the variables
are defined identically.

Besides macroeconomic variables affecting both appraisal-based and transaction-based
discount rates, we approximate the risk premium using an array of locational and object-specific
variables. To account for locational characteristics, we include the macro- and micro-location
rating. Whereas the macro-location rating is a standardized assessment that reflects the quality
of a municipality as a whole, the micro-location rating specifies the precise location of an
income property within a particular municipality. The macro-location rating classifies the
municipality, capturing fundamental elements, such as the municipality type, tax burden, and

price developments. Both the macro- and micro-location rating are tied to the specific type of a
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given income property, encompassing condensed information about locational characteristics
that traditionally affect key metrics. To control for the overall quality of a given object, we
incorporate the object-specific quality rating, which is a standardized rating defined by any
appraiser during the assessment of a given object. Besides these standardized ratings, we control
for the object-specific age and the size (LogSqm), which are variables that traditionally drive
discount rates (Letdin et al., 2023).

In our empirical investigation to analyze the role of ESG ratings on rental incomes, we
control for variables that are generally applied in hedonic estimation procedures (Djurdjevic et
al., 2008). We incorporate both the macro-location and micro-location rating to consider local
quality criteria that influence rental prices. Because rental prices are primarily influenced by
distinct quality criteria, we consider the overall condition and the standard of a given object.
Considering the standard and condition of an object provides a more detailed and granular
understanding of the rental object’s attributes, allowing for accurate price differentiation
between objects. We additionally incorporate the specific age and size of a given object to more
effectively account for variations in rental incomes across different locations.

Concerning vacancy rates, we incorporate the macro-location and micro-location rating to
control for local characteristics that influence local vacancy rates. We also consider the object-
specific quality rating to accommodate differing tenant preferences among locations, which can
impact vacancy rates. Controlling for the object-specific age and size follows a similar
approach.

Across all key metrics under consideration, we include dummy variables controlling for
seasonality, regionality, and real estate type-specific differentials. Seasonality is addressed with
the inclusion of year dummy variables, accounting for significant events between 2019 and
2022, such as the emergence of the COVID-19 pandemic in 2020 and changes in monetary
policy, including increasing target interest rates in 2022. Real estate type dummy variables
control for variations in key metrics inherently tied to specific property categories due to
structural circumstances. Examples include the persistent rent control system in Switzerland,
allowing property owners or tenants to adjust rental incomes according to the reference index
or the Consumer Price Index (CPI) (Hilber and Schoni, 2016), the historically high share of
Swiss tenants resulting in low vacancy rates in the residential real estate segment, and the risk
premium asked by commercial investors for this particular segment®®. Regional dummy
variables, including those for the 26 cantons, accommodate Switzerland’s spatial political

structure. This incorporation addresses the pronounced heterogeneity within Switzerland’s

36 The reference index is a weighted average of mortgage interest rates in Switzerland.
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regulatory landscape, arising from the Swiss federalist system, which grants each canton the
authority to establish distinct locally binding regulations (Basten et al., 2017). As a result, the

key metrics considered exhibit significant fluctuations across Swiss regions.

4.6. Methodology

In order to test and estimate the connection between ESG ratings and real estate key metrics,
we employ an OLS post-LASSO estimation methodology (Belloni and Chernozhukov, 2013),
wherein we use LASSO for variable selection and subsequently employ OLS to quantify the
connection between ESG ratings, their corresponding sub-ratings, and predefined key metrics.
In light of the dataset outlined in Section 4.5, the employment of the LASSO estimation
technique in our analysis serves a dual purpose. Firstly, it facilitates a meticulous evaluation of
these established drivers, and secondly, it systematically examines the association of ESG
ratings, including their sub-ratings, with the designated outcome variables. This hybrid
approach integrates a priori variable selection based on intuition and theory with a data-driven
model, offering a robust framework for investigating the association between ESG ratings and
the predefined outcome variables.

Our baseline estimation equation is summarized as follows:

Yie=ao+ Vi ESGe +6; i + 0 (4.3)

Where Y, denotes the key metrics for asset i at a given date t, encompassing appraisal-
based and transaction-based discount rates, along with rental incomes and vacancy rates. ESG; ,
reflects either the total ESG rating or sub-ratings for the pillars E;;, S;;, and G;;. ;¢
summarizes control variables, and 9, ; is an error term.

The LASSO method extends OLS estimation by augmenting the model with a penalty term
on the sum of the absolute coefficients. This penalty term facilitates variable selection by setting
many potential explanatory variables to have zero coefficients (Tibshirani, 1996). In particular,

applying a linear LASSO solves the following absolute value function:
1 n p
B = argmin EZ(YL- - X;B")* + AZI#’;I (4.4)
B i=1 j=1

Where B = [@g, Y1, V2, ---» 01,02, ... |, Xj represents p potential covariates in the dataset of n
observations, and Y; is the outcome variable. In Equation 4.4, A represents the LASSO penalty
term (1 > 0), which belongs to the tuning parameters in our estimation procedure (Letdin et al.,
2023). All variables have been standardized according to the z-score normalization. The
optimal value of the regularization parameter A was determined using 10-fold cross-validation,

extracted from the fitted LASSO model. In fact, applying k = 10 in k-fold cross validation can
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be seen as common practice in the empirical literature (Marcot and Hanea, 2021). To enhance
the robustness of our findings, we conduct a thorough examination using alternative variable
selection methods (Section 4.7.4). This evaluation assesses the consistency of selected variables
across various cross-validation settings, contributing to the reliability of our results.

Upon identifying the pertinent regressors selected through the LASSO estimation procedure
(1), we incorporated them into an OLS:

Yie=ao+V:i- ESGil,t +6;- llift + ;¢ (4.5)

A list of all variables incorporated in our estimation procedure is attached in Appendix C.3
(Table 23). While our estimation approach employs a comprehensive OLS post-LASSO
regression model with cross-validation to explore the associations between ESG ratings and
key metrics of income properties, it is crucial to acknowledge the inherent challenges in
attributing causal relationships in this study. In fact, the country-wide obligation for commercial
real estate investors to report such ratings, along with the distinctives of ESG ratings as outlined
in Section 4.5, forms essential components within the framework for assessing their connection
to income properties’ key metrics. However, with the emergence of sustainability criteria and
ESG ratings, they face opposition from traditionally heterogeneous perceptions among market
participants in real estate markets. For instance, there might be a scenario where an association
between vacancy rates and rental incomes with ESG ratings only emerges for particular “green”
tenants who either choose to locate themselves in sustainable areas or are willing to pay a rent
premium. Additionally, appraisers and investors may implicitly incorporate factors contained
in ESG ratings, predating the formal conceptualization and regulation of these ratings. This
underlines the importance to control for a multitude of empirically grounded variables that
collectively influence the key metrics under consideration, all of which are assessed through

LASSO, to mitigate omitted variables bias and achieve conditional exogeneity.

4.7. Empirical results

The results are organized according to the key metrics under consideration. Section 4.7.1
presents the findings related to appraisal-based and transaction-based discount rates, while
Section 4.7.2 focuses on rental incomes and vacancy rates. In Section 4.7.3, we extend the
empirical analysis by exploring the association between key metrics across different rating
levels. Section 4.7.4 provides a robustness check through the assessment of alternative model

specifications.
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4.7.1. Appraisal-based and transaction-based discount rates

Considering first the findings presented in Table 17, which summarizes the results from the
OLS post-LASSO estimation procedure for appraisal-based and transaction-based discount
rates. In Model 1, the total ESG rating is selected by LASSO and significantly contributes to
the equation for appraisal-based discount rates. This suggesting that sustainability
characteristics, on an aggregated level, are positively associated with appraisal-based discount
rates. The results indicate that a one-unit increase in the total ESG rating is associated with an
approximate 3.2% decrease in appraisal-based discount rates. To achieve a nuanced
understanding of the association between ESG ratings and appraisal-based discount rates,
Model 2 applies our OLS post-LASSO estimation procedure to the sub-ratings of the total ESG
rating, specifically focusing on the environment (E-rating), society (S-rating), and governance
(G-rating). Apparently, all sub-ratings have been selected by LASSO and display a significant
inverse connection with appraisal-based discount rates. Among those ratings, appraisal-based
discount rates appear to be particularly sensitive to changes in the E-rating, whereas the S-rating
and G-rating exhibit comparatively smaller sensitivities. These results suggest that
environmental factors may have a more significant influence on appraisal-based discount rates,
while social and governance factors likely play a subordinated role.

The relevance of environmental factors in explaining appraisal-based discount rates is
supported by the significant association with the micro- and the macro-location rating. In
Models 1 and 2, both locational quality criteria enter significantly into the estimation equations.
Similarly, the object-specific quality rating displays a notable sensitivity to appraisal-based
discount rates, suggesting that a considerable share in the variation of appraisal-based discount
rates hinges on the object quality itself. The age is characterized by a counterintuitive estimate,
as one would expect the risk premium to increase with the age of a given real estate object.
Explanations may be found in the DCF method, wherein depreciation is explicitly accounted
for over time, stable income that is independent of object characteristics is considered, and
routine maintenance and renovations are already factored into the object-specific quality rating.
Conversely, appraisal-based discount rates appear to increase with the size of an object,
indicating an increasing risk premium associated with relatively sizable real estate objects.

The risk-free rate enters the estimation equations in Models 1 and 2 with a counterintuitive
sign. Throughout the period under consideration, interest rates predominantly remained in the
negative territory, particularly in 2021, before experiencing a subsequent increase in 2022.
Average discount rates, in contrast, consistently decreased during the same time frame. Due to

the conventional time lag in the responsiveness of discount rates to changes in the interest rate
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environment, the influence of interest rates on discount rates may have become attenuated
during the period under investigation. The same holds true for inflation, which has a minor and

insignificant effect on appraisal-based discount rates.

Table 17: ESG ratings — appraisal-based and transaction-based discount rates

Dependent variable: log of d;P" log of d;P" log of df™ log of d™
Model: (1 2) 3) )
1.558%** 1.553%** 1.333%** 1.318%**
Constant
(0.018) (0.019) (0.070) (0.072)
-0.056%** -0.050%** -0.031%%** -0.014
Macro L
- (0.003) (0.003) (0.011) (0.013)
-0.032%%*%* -0.031%%* -0.042%%* -0.038*%**
Micro L
N (0.002) (0.002) (0.010) (0.010)
Quality R -0.041%%* -0.042%**
uali
- (0.003) (0.003)
A -0.0004#%** -0.0003*** -0.0071#%** -0.001*%**
e
£ (0.00003) (0.00003) (0.0001) (0.0001)
0.0227%** 0.021#%** 0.016** 0.012*
LogSqm
(0.001) (0.001) (0.007) (0.007)
IR 20 -0.045%%* -0.045%** -0.039%#** -0.040%**
N (0.004) (0.004) (0.013) (0.013)
0.002 0.002
Inflation
(0.002) (0.002)
-0.0327%%%* -0.0427%%*
ESG rating
(0.002) (0.007)
-0.024*** -0.053%**
E-rating
(0.002) (0.007)
-0.004**
S-rating
(0.002)
-0.011%%* -0.006
G-rating
(0.002) (0.007)
Regional dummies Yes Yes Yes Yes
Year dummies Yes Yes Yes Yes
Type dummies Yes Yes Yes Yes
Observations 6166 6166 836 836
Adjusted R? 0.593 0.598 0.435 0.45
Residual std. error 0.094 0.093 0.159 0.156

Notes: The results displayed are derived from an OLS post-LASSO estimation procedure, in which we employ LASSO for
variable selection and OLS for quantification. In the LASSO variable selection procedure, the optimal value of the
regularization parameter A was determined using 10-fold cross-validation. The optimal value of 1 is 0.0020 in Model 1, 0.0012
in Model 2, 0.0103 in Model 3 and 0.0010 in Model 4. Year, type, and regional dummies are included in each model. The time

frame under consideration refers to the years from 2019 to 2022. Variables are defined according to Table 16. Signif. codes:
FEX0.001, **0.01, “*°0.05, " 0.1

In Models 3 and 4, we examine the association between transaction-based discount rates

and ESG ratings. Compared to appraisal-based discount rates, transaction-based discount rates
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reflect investors’ perceptions, providing information on whether ESG ratings may be reflected
in the risk premium of a given real estate object. In Model 3, the total ESG rating emerges as a
relevant predictor for transaction-based discount rates, having been selected by LASSO, and
revealing an inverse association between the two variables. Notably, transaction-based discount
rates exhibit a more pronounced sensitivity to variations in the total ESG rating compared to
appraisal-based discount rates. A one-unit increase in the ESG rating is associated with a
decrease in transaction-based discount rates of approximately 4.2%. Furthermore, in Model 4,
we include ESG sub-ratings in our OLS post-LASSO estimation, revealing that the predominant
association of the total ESG rating observed in Model 3 primarily stems from the E-rating. The
relevance of the S-rating is not retained by LASSO, resulting in its attenuation as a regressor in
the model, while the G-rating does not significantly enter the estimation equation. This
observation highlights a significant limitation of relying solely on associations resulting from
aggregated ratings, which may obscure important variations within the data and potentially
serve as a foundation for aggregation errors.

Overall, the association of ESG ratings with transaction-based discount rates mirrors the
pattern observed with appraisal-based discount rates, with environmental ratings serving as the
primary driver of the aggregated association detected. In contrast to appraisal-based discount
rates, transaction-based discount rates exhibit a lower sensitivity to variations in the macro-
location rating. Nonetheless, it is noteworthy that the micro-location rating displays an
increased degree of responsiveness in relation to transaction-based discount rates, suggesting
that investors place a heightened emphasis on the precise geographical location of a particular
real estate object compared to the overall rating of a given municipality. Different weightings
between appraisers and investors also become apparent considering the object-specific quality
rating or inflation, which have been excluded by LASSO from the estimation equation for

transaction-based discount rates.

4.7.2. Rental incomes and vacancy rates

Table 18 summarizes the results of applying our empirical strategy to analyze the
association between ESG ratings, rental incomes, and vacancy rates. Examining first the results
for rental incomes, as displayed in Models 5 and 6. Model 5 reveals that the total ESG rating is
directly associated with rental incomes. Notably, a one-unit increase in the ESG rating is linked
to an average increase of approximately 6.3% in rental incomes. In Model 6, we further
decompose the association of the total ESG rating into its individual sub-ratings. Similar to
appraisal-based discount rates (Table 17), all sub-ratings are selected by LASSO. A substantial

portion of the association between the total ESG rating and rental incomes is primarily mediated
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through the E-rating. Rental incomes display a relatively small sensitivity to changes in the G-
rating, which becomes even smaller for the S-rating. While the finding that rental income
associations are primarily mediated through environmental factors is well-documented in prior
studies (Marty and Meins, 2017; Meins et al., 2010), we hypothesize that the reduced sensitivity
of social and governance aspects may result from varying perceptions of these attributes among

market participants.

Table 18: ESG ratings — rental incomes and vacancy rates

Dependent variable: log of Rental I sqm log of Rental I sqm log of Vacancy R log of Vacancy R
Model: %) ©6) @) ®)
4.4471x** 4.374%H% 8.859%** 8.966%**
Constant
(0.061) (0.061) (1.655) (1.703)
0.075%*** 0.069*** -0.746** -0.694**
Macro L
(0.011) (0.011) (0.295) 0.277)
0.094%** 0.089%** -0.521%** -0.481%**
Micro L
(0.007) (0.007) (0.183) (0.184)
0.090%** 0.091***
Standard R
(0.010) (0.010)
0.076%** 0.081***
Condition R
(0.007) (0.007)
0.547** 0.518%*
lity R
Quality (0.237) (0.237)
-0.0004*** -0.003 -0.003
Age
(0.0001) (0.003) (0.003)
-0.069%** -0.063*** 0.366%** 0.341%**
LogSqm
(0.005) (0.005) (0.126) (0.126)
0.063%** -0.809%**
ESG rating
(0.007) (0.185)
0.043%** -0.797%**
E-rating
(0.006) (0.146)
0.009* -0.149
S-rating
(0.006) (0.149)
0.017%**
G-rating
(0.006)

Regional dummies Yes Yes Yes Yes
Year dummies Yes Yes Yes Yes
Type dummies Yes Yes Yes Yes

Observations 6261 6261 6166 6166
Adjusted R? 0.256 0.256 0.058 0.060
Residual std. error 0.317 0.317 8.284 8.277

Notes: The results displayed are derived from an OLS post-LASSO estimation procedure, in which we employ LASSO for
variable selection and OLS for quantification. In the LASSO variable selection procedure, the optimal value of the
regularization parameter A was determined using 10-fold cross-validation. The optimal value of A is 0.3901 in Model 5, 0.3238
in Model 6, 0.0483 in Model 7, and 0.0412 in Model 8. Year, type, and regional dummies are included in each model. Variables
are defined according to Table 16. Signif- codes: “***’0.001, **’0.01, *’0.05, " 0.1.

122



The responsiveness of rental incomes to various influencing factors becomes evident
through the remaining LASSO-selected variables in Models 5 and 6. While the significant
association with both micro- and macro-location ratings unveils rental incomes’ sensitivity to
locational characteristics, tenants’ willingness to pay for unique object-specific attributes is
illustrated by the direct association with the standard and condition rating. Interestingly, the
object-specific age is not a significant variable in the estimation equation, while rental incomes
inversely correlate with the object-specific size. This suggests that older properties tend to
command lower rents and indicates a decreasing rent premium for larger properties.

In Models 7 and 8, we analyze the association between ESG ratings and vacancy rates. Our
OLS post-LASSO estimation procedure selects the total ESG rating as a relevant variable for
object-specific vacancy rates (Model 7). A one-unit increase in the total ESG rating is
associated with an approximate 0.8 percentage point decrease in average vacancy rates. In
Model 8, we break down the total ESG rating and asses the relevance of ESG sub-ratings to
vacancy rates. We find that the E-rating remains the most influential predictor among all ESG
sub-ratings, whereas the S-rating exhibits an insignificant estimate, and the G-rating has not
been selected by LASSO. We conjecture that this observation may be attributed to the
underlying mechanisms governing real estate markets, where location attractiveness — largely
influenced by the quality-related factors encompassed in the E-rating — exerts a positive
demand-side effect, thereby influencing vacancy rates.

The significance of locational quality criteria also becomes evident in the estimation
equations for vacancy rates. An increase in both the micro and macro-location ratings is
associated with a decrease in vacancy rates. Furthermore, our results suggest nuanced interplays
among object-specific variables in explaining vacancy rates. Surprisingly, the object-specific
quality rating enters into the estimation equations for vacancy rates with a positive sign, which
suggests that even high-quality objects may experience vacancies. Conversely, our results
reveal that vacancy rates are not consistently affected by the object-specific age but tend to

increase with the size of a given real estate object.

4.7.3. Exploring ESG rating levels

Our prior analyses have shed light on the connection between ESG ratings and the pertinent
metrics, operating under the assumption of a linear association. Yet, beyond this linear
perspective, ESG ratings may implicitly signal value, implying that their connection with
outcome variables could differ across varying rating levels. To further explore potential

signaling effects of both high and low ESG ratings, Figure 15 summarizes the results from our
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established estimation procedure, illustrating the association between various ESG rating levels
(e.g., below 3, between 3 and 4, and above 4) and the previously discussed real estate key

metrics.

Figure 15: ESG rating levels analysis

Panel A: Appraisal-based discount rates Panel B: Transaction-based discount rates
below 3 between 3 and 4 above 4 below 3 between 3 and 4 above 4
0 0,03
-0,01 0,00
0,02 . -0,03
0,06
-0,03
0,09
0,04
0,12
-0,05 ok
’ -0,15
-0,06 -0,18
Panel C: Rental incomes Panel D: Vacancy rates
below 3 between 3 and 4 above 4 below 3 between 3 and 4 above 4
0,06 0,40
*
0,05 0,00
0,04 0,40
0,03 0,80
0,02 1,20
0,01 1,60
kK
0,00 2,00

Notes: The coefficients displayed correspond to total ESG ratings across different levels, e.g., below 3 (ESG ratings < 3),
between 3 and 4 (ESG ratings > 3 and < 4), as well as above 4 (ESG ratings > 4). The coefficients are the results of the
same OLS post-LASSO estimation procedure as displayed in Table 17 (Models 1 and 3 for appraisal- and transaction-
based discount rates) and in Table 18 (Models 5 and 7 for rental incomes and vacancy rates). Signif. codes: “***’ (0.001,
FX20.01, *70.05, 0.1

In Panel A, the analysis reveals a pronounced sensitivity between ESG ratings and
appraisal-based discount rates, with the most substantial association observed in the upper
bound, particularly for ESG ratings exceeding 4. Intermediate and low ratings (below 4) do not
exhibit a significant association with appraisal-based discount rates. A similar pattern emerges
in Panel B for transaction-based discount rates, highlighting that the primary association is
particularly pronounced in properties with ESG ratings above 4. Since the existing Swiss
regulatory framework imposes obligations on commercial real estate investors, the inclusion of
risk discounts in discount rates is likely indicative of a future-proofing effect for sustainable
investments, as previously reported by Kempf and Syz (2022), which may reveal an implicit

risk discount for strategic investment decisions towards sustainable locations.

124



Applying the same approach to rental incomes (Panel C) suggests that particularly low
levels of ESG ratings are associated with increasing rental incomes. We speculate that this
might suggest that rental incomes in the upper bound of the ESG rating already account for
locational sustainability characteristics. As a result, the association between higher ESG ratings
and rental incomes appears marginal, limiting the potential for additional mark-ups on rental
prices, especially given the constraints of Switzerland’s rent control system.

Panel D highlights a notable sensitivity of vacancy rates to higher ESG ratings (above 4),
providing evidence of a higher signaling effect for heightened ESG ratings. We posit that this
increased sensitivity is likely attributed to properties with higher ESG ratings attracting greater
demand, potentially leading to a reduction in vacancy rates. Thus, tenants sorting themselves
around sustainable locations may be inherently linked to the fundamental mechanisms
composing real estate markets, where local quality characteristics are transmitted through

object-specific cash flows via a demand-side effect.

4.7.4. Assessing model specifications

In order to further test the obtained results, we apply additional selection methods to assess
the validity of LASSO-selected variables, as displayed in Table 19. We first perform a
robustness check using Elastic Net regression, which is a regularization technique that
combines the penalties of both Ridge regression and LASSO. Specifically, Elastic Net penalizes
the absolute size of regression coefficients (LASSO penalty) and the squared size of coefficients
(Ridge penalty). This combination allows Elastic Net to select variables like LASSO while also
handling multicollinearity more effectively, akin to Ridge regression (Zou and Hastie, 2005).

Next, we employ the Adaptive LASSO as an additional variable selection method. The
Adaptive LASSO extends the conventional LASSO methodology by incorporating data-driven
weights for each predictor variable during the regularization process. In contrast to standard
LASSO regression, which uniformly penalizes all predictors, the Adaptive LASSO assigns
unique weights to each predictor based on their estimated coefficients derived from an initial
model. This adaptive approach employs cross-validation to iteratively fit the model, enabling
the determination of adaptive weights by varying the regularization parameter A (Zou, 2006).

While LASSO’s stronger regularization generally leads to a more stringent variable
selection process — resulting in fewer non-zero coefficients and a sparser model — both the
Elastic Net and Adaptive LASSO methods offer distinct advantages in managing collinearity
and highlighting variable importance. As illustrated in Table 19, Elastic Net and Adaptive

LASSO produce comparable variable selection outcomes. Despite differences in the selection
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methods, the qualitative consistency of the results reaffirms the reliability of the selected

variables.

Table 19: Assessing variable selection

Dependent apr trx
variable: log of d; log of d; log of Rental I sqm Vacancy R
Model: &) () 3) ) ©) (6) (7 ®)

Method EN AL EN AL EN AL EN AL EN AL EN AL EN AL EN AL

Macro L Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

Micro L Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

Quality R Y Y Y Y N N N N Y Y Y Y
Standard R Y Y Y Y
Condition R Y Y Y Y
Age Y Y Y Y Y Y Y Y Y Y N N Y Y Y Y
LogSqm Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y
IR 20 Y Y Y Y Y Y Y Y
Inflation Y Y Y Y N N N N
ESG rating Y Y Y Y Y Y Y Y
E-rating Y Y Y Y Y Y Y Y
S-rating Y Y N N Y Y Y Y
G-rating Y Y Y Y Y Y N N

Notes: Selected variables (Y =Yes, N=No) by Elastic Net (EN) and Adaptive Lasso (AL) using 10-fold cross validation to
determine the optimal regularization parameter A. With the exception of applied selection methods, selected variables are the
results of the same estimation procedure as displayed in Table 17 (Models 1 and 2 for appraisal-based discount rates, Models
3 and 4 for transaction-based discount rates) and in Table 18 (Models 5 and 6 for rental incomes, Models 7 and 8 for vacancy
rates). The variables are defined according to Table 16.

4.8. Discussion

The question of whether, and through which channels, ESG ratings may be associated with
key metrics in the real estate industry is intrinsically linked to the fundamental dynamics
governing real estate markets. The integration of sustainability concerns into financial decision-
making processes, particularly in real estate, requires an understanding of both regulatory
frameworks and market forces that convert non-financial attributes, such as environmental,
social, and governance considerations, into measurable financial outcomes. This study,
although focused on Switzerland, offers insights with broad relevance, as the underlying
principles transcend national boundaries and can inform global investigations into the
intersection of sustainability ratings and financial performance across various markets.

Recent developments in Switzerland serve as a case study to demonstrate how sustainability
factors, such as ESG ratings, are progressively embedded into financial practices. The study’s
conceptual framework, detailed in Section 4.4, offers a robust and adaptable foundation that
accommodates the complex interactions between ESG ratings and income properties’ key

metrics. This framework is not limited to the Swiss real estate industry but can be reutilized for
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diverse regulatory environments and real estate markets, allowing for a more comprehensive
understanding of how ESG ratings influence financial performance internationally. By
capturing these interactions, the framework establishes a foundation for future research,
enabling scholars and practitioners to explore the intricate mechanisms through which
sustainability is integrated into the financial relevance of real estate and beyond.

An important feature of this study is its methodological approach, which integrates
theoretical insights with a data-driven model. The combination of variable selection methods,
such as the LASSO technique, with subsequent OLS estimation, proves effective in addressing
the inherent complexity and ambiguity found in ESG ratings. This methodology allows us to
navigate the uncertainties surrounding sustainability ratings with their inconsistent regulatory
frameworks, while still delivering reliable preliminary results about their relevance and
practical application within the real estate industry.

However, a critical limitation of this research — and indeed, any study attempting to assess
ESG ratings with financial metrics — is the availability of granular data. In addition to ESG
ratings and real estate metrics, a range of object-level control variables must be accessible to
mitigate omitted variable bias and ensure conditional exogeneity. Without access to detailed,
high-quality data on these variables, any analysis risks oversimplifying the association between

sustainability ratings and real estate key metrics.

4.9. Conclusion

In an era increasingly dedicated to sustainability, our study has endeavored to assess the
intricate association between sustainability and real estate assets. Drawing insights from the
Swiss regulatory framework, we leveraged appraisal and transaction processes to identify key
metrics potentially associated with ESG ratings, including appraisal-based and transaction-
based discount rates, rental incomes, and vacancy rates. Guided by comprehensive datasets
featuring 6’300 expert-based valuations and around 850 real market transactions, we applied
an OLS post-LASSO estimation procedure to identify and quantify the association between
ESG ratings and real estate key metrics.

At an aggregated level, our results indicate that the total ESG rating is significantly
associated with the key metrics considered. Our results argue in favor of a robust connection
between ESG ratings and all key metrics considered. Specifically, we observed a sensitivity of
3.2% in appraisal-based discount rates and 4.2% in transaction-based discount rates in response
to a one-unit change in the total ESG rating. We also identified a direct connection between

ESG ratings and rental incomes. A one-unit increase in the total ESG rating has the potential to
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increase average rental incomes by approximately 6.3%. Similarly, the total ESG rating is
significantly connected to object-specific vacancy rates, resulting in a reduction of 0.8
percentage points in response to a one-unit increase in the total ESG rating.

Dissecting the total ESG rating into its sub-ratings reveals that the overall association is
primarily mediated through the environmental sub-rating. Among all key metrics considered,
this sub-rating demonstrates the highest sensitivity and establishes the most significant
associations. Notably, the relevance of the social and governance sub-ratings varies
substantially across the key metrics under consideration. While LASSO identifies all ESG sub-
ratings in the context of appraisal-based discount rates, indicating that appraisers consider a
diverse range of factors when evaluating a real estate object, transaction-based discount rates
are predominantly influenced by the environmental sub-rating. Conversely, in the case of rental
incomes, robust associations are mainly evident for the environmental and the governance sub-
rating, while for vacancy rates, the environmental sub-rating is the sole sub-rating selected by
LASSO and characterized by a significant association. These results question the intersection
between broad sustainability coverage and targeted financial relevance, suggesting that both
perspectives do not necessarily align and vary depending on the key metric being considered.

In our further exploration of potential signaling effects at different levels of total ESG
ratings, we observed that high ESG ratings, particularly those exceeding 4, exhibit an increased
sensitivity in the context of appraisal-based and transaction-based discount rates, as well as in
vacancy rates. However, for rental incomes, we did not observe a consistent association
between higher ESG ratings and increased rental levels. The detection of potential signaling
effects for specific key metrics highlights that an association with sustainability attributes may
not be linear, further underscoring the varied perceptions of sustainability attributes among
market participants.

Several parallels can be drawn when comparing our results to the existing literature,
especially regarding the sign and magnitude of previously documented findings. Among the
few empirical findings about the connection between sustainability ratings and discount rates,
our results validate their inverse connection to the risk premium, as reported by McGrath
(2013). Furthermore, our results align with a broader body of evidence on rent premiums,
supporting findings from both international studies (Fuerst and Dalton, 2019) and national
investigations (Feige et al., 2013; Marty and Meins, 2017; Kempf and Syz, 2022). While there
is a limited benchmark for vacancy rates, our study advances this area by reporting a consistent
inverse association between ESG ratings and vacancy rates, mirroring the observations of

Fuerst and McAllister (2009) and Holtermans and Kok (2017).
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Building on our findings and anticipating upcoming regulatory efforts to incorporate and
report sustainability ratings, we advocate for their standardization. Specifically, we emphasize
the development of transparent frameworks, together with unified methodologies for measuring
financial relevance alongside adequate sustainability indicators, to foster transparency and the
effective management of sustainability issues. Thus, we encourage policymakers to develop
comprehensive guidelines on the scope of sustainability ratings and their practical application
in object valuations and investment decisions. Consequently, future research should further
explore the fundamental mechanisms through which sustainability ratings may be associated

with real estate markets, thereby deepening our understanding of this critical issue.
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Abbreviations

Abbreviation Meaning

ARE Federal Office for Spatial Development

AL Adaptive Least Absolut Shrinkage and Selection Operator
BEFS Federal Statistical Office

BAKOM Federal Office of Communications

BAFU Federal Office for the Environment

BAV Federal Office of Transport

BFE Federal Office of Energy

BVG Occupational Retirements, Survivor’s and Disability Pensions
CHF Swiss Francs

CPI Consumer Price Index

CSR Corporate Social Responsibility

DCF Discounted Cash Flow

EHS Environment Health and Safety

EPC Energy Performance Certificate

ESG Environment, Society, and Governance

ESI Economic Sustainable Indicator

EU European Union

FINMA Swiss Financial Market Supervisory Authority
GRESB Global Real Estate Sustainability Benchmark
GRI Global Reporting Initiative

GWR Federal Register of Buildings and Dwellings
LASSO Least Absolut Shrinkage and Selection Operator
LEED Leadership in Energy and Environmental Design
LFI National Forest Inventory

OLS Ordinary Least Squares

SASB Sustainability Accounting Standards Board
SNBS Swiss Sustainable Construction Standard

Sqm Square meter

SRI Socially Responsible Investments

TCFD Task Force on Climate-related Financial Disclosures
UK United Kingdom

UN United Nations
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Appendix

C.1.

Table 20: Detailed ESG rating description

ESG Sub-Rating  Criteria (Weight)  Indicator Radius Source
Heat days in 2020 (RCP45) Point National Centre for Climate Services
Climate change %g;r:sn)ce in heat days between 2060 and 2020 Point National Centre for Climate Services
??S)HSI(S Cooling degree days in 2020 (RCP45) Point National Centre for Climate Services
aDrigf;)eZH(s f(r};re(;}(:;l)lng degree days between 2060 Point National Centre for Climate Services
Environment Indicators Greenery and sealing ]P)r'opor'tlon sIeening 30m LFI
(E) (12.5) iversity greening 50 m LFI :
Surface sealing 50m Copernicus
Public transport quality class Point ARE
Mobility Car sharing locations 2000 m BAV, BAKOM, Wiiest Partner
(12.5) Future public transport infrastructure Municipality Wiiest Partner
Public e-car charging stations 4000 m BFE
Resource utilization Population density 300 m BFS
(10.5) Employment density 300 m BFS
Road noise during the day Point BFS
Road noise at night Point BFS
Health and well-being Ra%lway no%se duri‘ng the day Po?nt BFS
(12.5) Rgllway noise at night P()?nt BFS
Aircraft noise Point Wiiest Partner
Long-term air pollution index Point Meteotest
Radon Point BAG, Wiiest Partner
Mudslide Point (50 m buffer) BAFU, Geotest AG, Wiiest Partner
Hail Point MeteoSchweiz, Wiiest Partner
Flood Point (50 m buffer) BAFU, Geotest AG, Wiiest Partner
Safety and natural Fall . Po%nt (50 m buffer) BAFU, Geotest AG, Wiiest Partner
hazards Landslide P()?nt (50 m buffer) BAFU, W?.est Partner
Social Indicators (12.5) StO@ Po¥nt BAFU, Wiiest Partner “
) Debris flow P0¥nt (50 m buffer) BAFU, Geotest AG, Wiiest Partner
Avalanche Point (50 m buffer) BAFU, Geotest AG, Wiiest Partner
Earthquake Point BAFU, Geotest AG, Wiiest Partner
Surface runoff Point (50 m buffer) BAFU, Geotest AG, Wiiest Partner
Diversity of household sizes 300 m BFS STATPOP, Wiiest Partner
Socioeconomic Diversity of age structure 300 m BFS STATPOP, Wiiest Partner
structure Diversity of socio-economic milieus 300 m Microm, Wiiest Partner
9) Diversity of income 300 m Wiiest Partner
Price range distribution Municipality Wiiest Partner
Building stock Diyersity of l?uildi_ng categories 300 m GWR, Wl}est Partner
(7.5) Mlx of dwellmg sizes 300 m GWR, Wiiest Partner
Diversity of building ages 300 m GWR, Wiiest Partner
Recreational areas Recreational and green areas Municipality BFS
(6) Public meeting places 1000 m BAV, BAKOM, Wiiest Partner
Real estate market Supply ratio Municipality Wiiest Partner
2) Vacancy rates Municipality Wiiest Partner
Renewable energy Energy city label Municipality Energiestadtlabel
Governance Indicators  (1.5) Utilization of solar potentials Municipality Energyreporter geoimpact AG
(G) Building permits, densification potential Municipality Wiiest Partner
Spatial planning Densification potential population Municipality Wiiest Partner
(1.5) Densification potential employees Municipality Wiiest Partner
Conversion shares in building permits Municipality Wiiest Partner

Notes: The table summarizes each sub-rating of the total ESG rating, along with their respective criteria, weights, information
about indicators, and sources. Weightings for each sub-rating take into account Swiss specific characteristics. For example,
environmental and social indicators receive relatively high weights compared to governance indicators. This is mainly due to
the persistent heterogeneity across Swiss regions, through which urban regions would receive a consistently better rating for
the governance. The column “radius” characterizes the spital scale at which the respective indicator is measured. “Point”
refers to the process of verifying the property’s coordinates against the corresponding raster value. "Point (50m buffer)" entails
pre-buffering the raster, selecting the point where the property’s coordinates intersect with the raster. Distances are measured
in meters (m), while spatial political ranges (“Municipality”) represent the range within which the respective indicator is
recorded. RCP45 represents the scenario RCP 4.5, which predicts a global warming of 2.6 degrees Celsius by the year 2060.
Abbreviations used: BFS = Federal Statistical Office, LFI = National Forest Inventory, ARE = Federal Office for Spatial
Development, BAV = Federal Office of Transport, BAKOM = Federal Office of Communications, BFE = Federal Office of
Energy, BAFU = Federal Office for the Environment, GWR = Federal Register of Buildings and Dwellings.
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C.2.

Table 21: Summary statistics — valuations dataset

Variable Min. Max. Mean Median Std. Dev.
Variable name
Appraisal-based discount rate

s 1.50 6.00 2.99 2.95 0.45
i

Rental income per sqm 30.48 788.36 230.70 216.49 86.67

Rental I sqm

Object-specific vacancy rate 0.00 100.00 433 1.45 8.55

Vacancy R

Macro-location rating 118 5.00 437 453 0.62

Macro L

Micro-location rating 1.00 5.00 3.58 3.50 0.62

Micro L

Object quality rating 118 5.00 3.42 3.40 0.49

Quality R

Standard rating

S R 1.30 5.00 3.36 3.30 0.53

Condition rating

o 1.00 5.00 3.50 3.40 0.75

Age 1.00 822.00 5221 48.00 42.64

Age

Sgr‘:lare meter 130.00 97425.00 4209.61 2418.75 5996.55

Yields on governmental bonds 041 1.20 015 20.06 052

IR 20

Inflation -0.70 2.80 1.16 0.60 1.38

Inflation

Total ESG rating

ESG rating 1.00 5.00 3.89 4.10 0.91

Ratn:lg for the environment 1.00 500 361 380 1.04

E-rating

Rating for the society 1.10 5.00 3.66 3.70 0.90

S-rating

Rating for the governance 1.00 5.00 3.70 4.00 1.00

G-rating

Notes: Summary statistics reflect variations across expert-based DCF valuations between 2019 and 2022. The dataset is used
in the empirical investigation to analyze the association between ESG ratings and appraisal-based discount rates, rental
incomes, and vacancy rates. Variables are defined according to Table 16.
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Table 22: Summary statistics — transactions dataset
Variable Min. Max. Mean Median Std. Dev.
Variable name
Transaction-based discount rates

i 1.36 6.85 2.74 2.71 0.61
L

Macro-location rating 1.20 5.00 420 4.40 0.82

Macro L

Micro-location rating 1.80 5.00 3.68 3.60 0.63

Micro L

Object quality rating 230 4.88 339 332 0.47

Quality R

Age 0.00 599.00 58.88 51.00 47.90

Age

Sgr‘l‘fre meter 77.00 73383.00 3060.90 173130 5054.85

Yields on governmental bonds 2041 1.20 023 0.06 057

IR 20

Inflation -0.70 2.80 1.13 0.60 1.48

Inflation

Total ESG rating

ESG ratine 1.00 5.00 3.85 4.20 1.04

Rating for the environment 1.00 5.00 3.48 3.60 115

E-rating

Rating for the society 130 5.00 3.68 3.80 0.92

S-rating

Ratmg for the governance 1.00 500 355 370 111

G-rating

Notes: Summary statistics reflect variations across market transactions between 2019 and 2022. The dataset is used in the
empirical investigation to analyze the association between ESG ratings and transaction-based discount rates. Variables are
defined according to Table 16.
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C.3.

Table 23: Variable classification

Variable Name Description Classification
ESQG rating Total ESG rating (Min = 1, Max = 5) Continuous
E-rating Rating for the environment (E) (Min = 1, Max = 5) Continuous
S-rating Rating for the society (S) (Min = 1, Max = 5) Continuous
G-rating Rrating for the governance (G) (Min = 1, Max = 5) Continuous
d?pr Appraisal-based discount rate Continuous
dir* Transaction-based discount rate Continuous
Rental I sqm Effective rental income in Swiss Francs (CHF) derived from rent roll divided by the total ~ Continuous
effective area
Vacancy R Vacancy rate derived from rent rolls Continuous
Age Difference between the construction year of a given object and the valuation date Continuous
LogSqm Logarithm of the total effective area, measured in sqm Continuous
Micro L Rating for the location of a given object within a given municipality (Min = 1, Max = 5) Continuous
Macro L Locational rating characterizing the municipality of a given object municipality (Min = Continuous
1, Max =5)

Object R Standardized rating characterizing the overall quality of given object Min=1, Max=5)  Continuous
Standard R Standardized rating characterizing the standard of a given object (Min = 1, Max = 5) Continuous
Condtion R Standardized rating characterizing the condition of a given object (Min = 1, Max = 5) Continuous
IR 20 Yields on governmental bonds with 20-year maturity Continuous
Inflation Inflation according to the consumer price index Continuous
YD 19 Year dummy for the year 2019 Dummy
YD 20 Year dummy for the year 2020 Dummy
YD 21 Year dummy for the year 2021 Dummy
YD 22 Year dummy for the year 2022 Dummy
Type D1 Real estate type dummy for residential real estate properties Dummy
Type D2 Real estate type dummy for mixed usages (residential, industrial, or office purposes) Dummy
Type D3 Real estate type dummy for industrial real estate properties Dummy
Type D4 Real estate type dummy for special usages Dummy
CT D1 Regional type dummy for canton Zurich Dummy
CT D2 Regional type dummy for canton Berne Dummy
CT D3 Regional type dummy for canton Lucerne Dummy
CT D4 Regional type dummy for canton Uri Dummy
CT D5 Regional type dummy for canton Schwyz Dummy
CT D6 Regional type dummy for canton Obwalden Dummy
CT D7 Regional type dummy for canton Nidwalden Dummy
CT D8 Regional type dummy for canton Glarus Dummy
CT D9 Regional type dummy for canton Zug Dummy
CT D10 Regional type dummy for canton Fribourg Dummy
CT DI11 Regional type dummy for canton Solothurn Dummy
CT D12 Regional type dummy for canton Basel-City Dummy
CT D13 Regional type dummy for canton Basel-Country Dummy
CT D14 Regional type dummy for canton Schafthausen Dummy
CT D15 Regional type dummy for canton Appenzell Ausserrhoden Dummy
CT D16 Regional type dummy for canton Appenzell Innerrhoden Dummy
CT D17 Regional type dummy for canton St.Gallen Dummy
CT D18 Regional type dummy for canton Grison Dummy
CT D19 Regional type dummy for canton Aargau Dummy
CT_D20 Regional type dummy for canton Thurgau Dummy
CT D21 Regional type dummy for canton Ticino Dummy
CT D22 Regional type dummy for canton Vaud Dummy
CT D23 Regional type dummy for canton Valais Dummy
CT D24 Regional type dummy for canton Neuchatel Dummy
CT_D25 Regional type dummy for canton Geneva Dummy
CT D26 Regional type dummy for canton Jura Dummy

Notes: The table specifies the variables (variable names, descriptions, and classification) for expert-based DCF valuations
and market transactions between 2019 and 2022 applied in the OLS post-LASSO regression approach, as discussed in Section
4.6. Variables are specified according to Table 16 and are defined identically in both datasets used for the empirical analysis.

More detailed information about the ESG rating can be found in Appendix C.1 (Table 20).
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Chapter V: Conclusion

Amidst the ever-evolving landscape of real estate markets, new questions constantly arise,
shaping the trajectory of research in the real estate industry. Yet, despite this dynamism, certain
pivotal questions have been given insufficient attention. First, there is a lack of empirical
evidence regarding the differentiation of interest rate sensitivities across various interest rate
types, locations and various real estate types, notably within commercial real estate segments.
Second, although discount rates are extensively applied in DCF valuations across Switzerland,
their subjective nature introduces the possibility of miscalculation, thereby increasing the risk
of suboptimal valuation outcomes and inefficiencies in financial assessment practices. Third,
there is a limited theoretical and empirical evidence concerning the relevance and practicality
of sustainability ratings, particularly within the context of Switzerland.

In this dissertation, we addressed three emerging questions in the real estate industry and
endeavored to offer answers by integrating sound theoretical knowledge, high-quality data,
suitable estimation approaches, and an extensive understanding of Swiss real estate markets.
The first study delved into the fundamental relationship between interest rates and real estate
prices, while the second study investigated the influential factors behind a largely unexplored
determinant of real estate assets’ market value — the discount rate. Our third study delved into
the pressing issue of sustainability and its potential association with specific key metrics of real
estate assets. The collective contribution of all three studies involves a comprehensive analysis
of the significance of real estate fundamentals, valuation methodologies, and shifts in regulatory

frameworks.

5.1. Interest rates and real estate prices

The first study offered an examination of the intricate connection between interest rates and
real estate prices. To illuminate this complex linkage, we analyzed price movements of six
distinct real estate types, attributing these fluctuations to four representative interest rate
representatives: variable and fixed mortgage rates, yields on government bonds, and a newly
introduced metric known as the spread, which gauges the attractiveness of investing in real
estate assets. To isolate the impact of interest rates on these price dynamics, we employed a
panel fixed-effect regression model tailored to a specific regional type.

Our findings not only emphasize the significance of the fundamental connection between
interest rates and real estate prices, but also demonstrate that the importance of this relationship
largely hinges on the type of real estate being examined. Residential real estate prices,

particularly those prices of owner-occupied flats and houses, exhibit a heightened sensitivity to
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changes in mortgage interest rates. Specifically, a 1 percentage point decrease in variable
mortgage rates corresponds to a 1.5% increase in median house prices and a 2.3% increase in
prices for owner-occupied flats. Similarly, a 1 percentage point reduction in fixed mortgage
rates leads to a 1.0% increase in median house prices and a 1.8% increase in median prices of
owner-occupied flats. Residential rental prices, on the contrary, demonstrate lower sensitivity
to changes in interest rates, such as yields on government bonds. This can be attributed to the
influence of the Swiss rental control system, where rental prices are tied to the reference index.
Surprisingly, our findings suggest a direct connection between residential rental prices and the
spread. This raises the possibility that residential rental prices may exhibit less flexibility in
downward adjustments compared to upward shifts.

In the relatively unexplored commercial real estate sector, particularly within the Swiss
context, conclusive effects were solely discerned in rental prices for office space. Our findings
indicate that office rental prices increase by approximately 0.4% in response to a 1 percentage
point decline in government bonds, suggesting a comparable sensitivity to interest rates as
observed in rental apartment prices. However, insignificant or counterintuitive effects were
observed in rental prices for sales areas and industrial real estate. We posit that prices within
the commercial real estate segment may be more influenced by factors related to aggregate
demand rather than changes in interest rates, with the monetary policy stance potentially
offsetting the expected impact of interest rates.

Through a spatial analysis of interest rate effects across Swiss monitoring regions and
various real estate types, we found that real estate prices in the residential housing segment are
particularly sensitive to interest rates in the most densely populated areas of Switzerland, such
as Geneva and Zurich. This heightened sensitivity suggests that these regions may possess an
inelastic housing supply, leading to more pronounced price effects in response to changes in
interest rates. A similar result was obtained for office rental prices in the region of Geneva.
However, within the group of industrial real estate and sales area, we encountered inconsistent
results with significant variations between regions. These findings underline our presumption
that observed interest rate effects are largely dependent on the specific real estate segment under
consideration.

In conclusion, our findings underscore the pivotal role that interest rates play in driving real
estate price dynamics, particularly through the diverse channels by which they impact various
real estate types. The heterogeneity in interest rate sensitivities across different real estate types
and regions presents a significant challenge to the Swiss federal system, potentially leading to

a fragmented regulatory landscape. This highlights the need for policymakers to deepen their
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understanding of how interest rates shape real estate markets and adapt regional policies
accordingly. This understanding becomes even more crucial when considering the multitude of
other fundamental factors that collectively shape real estate dynamics, further reinforcing the

need for informed and region-specific policy interventions to ensure market stability.

5.2.  Determinants of discount rates

The second study focused on a particular component that contains much explanatory power
for price developments of income properties — the discount rate. In fact, the discount rate is,
besides a depiction of cash flows, the dominant factor driving real estate prices of income
properties. While highly pertinent for elucidating changes in market values of income
properties, the discount rate in the DCF method is inherently subjective, primarily due to the
absence of publicly available data sources and vague guidelines about this particular
component. Moreover, under specific accounting standards in Switzerland, market value
growth resulting from fluctuations in discount rates can yield book gains, which can then be
utilized to leverage external capital. Therefore, an expanded understanding of the fundamental
drivers of discount rates is not only crucial for real estate practitioners but also for mortgage
lenders and institutions concerned with financial stability.

Using a unique dataset compromising expert-based valuations together with market
transactions, we analyzed the determinants of appraisal-based and transaction-based discount
rates. Whereas the former provides insights into how appraisers weight specific determinants
of discount rates, the latter allows derivations about the perceived risk of investors at a given
point in time. By conducting a comprehensive counterfactual analysis of both types of discount
rates, we illuminate the fundamental forces shaping this essential component. To address the
persistent heterogeneity in the dataset, we applied robust regression techniques.

Our full-sample analysis uncovered a nuanced landscape of both similarities and
distinctions in the fundamental determinants shaping appraisal-based and transaction-based
discount rates. Notably, appraisal-based and transaction-based discount rates display
heightened sensitivity to locational variables, such as the micro- and macro-location rating,
indicating appraisers’ commitment to professional standards or investors’ strategic emphasis
on asset diversification. However, transaction-based discount rates react more responsive to
fluctuations in interest rates, reflecting investors’ perception driven by market dynamics.

Analyzing the residential and commercial real estate segments separately revealed a
significant shift in the relevance among fundamental determinants of discount rates. Regarding
residential real estate, object-specific characteristics contribute around 8.6% (appraisal-based)

or 6.1% (transaction-based) to the average relative importance across all considered measures.
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The primary drivers of relative importance in this segment are macroeconomic variables,
accounting for 30.2% (appraisal-based) and 31.5% (transaction-based) of the discount rates. In
the commercial real estate segment, object-specific characteristics have an average relative
importance of 26.0% (appraisal-based) and 24.6% (transaction-based), while macroeconomic
variables contribute approximately 28.6% (appraisal-based) and 31.3% (transaction-based) to
the explained variance in discount rates. Thus, we find that macroeconomic variables best
explain discount rates of residential real estate properties. Conversely, object-specific variables
emerge as the primary explanatory factors for discount rates of commercial real estate.
Overall, the findings of this study advocate for the use of type-specific methodologies when
determining discount rates in the DCF method. For residential real estate, greater emphasis
should be placed on fundamental macroeconomic factors, while for commercial real estate,
object-specific and locational variables may carry greater weight. Furthermore, it is essential
for regulatory authorities to closely scrutinize the discount rates used in the financial statements
of commercial real estate investors, and to establish unified guidelines on how appraisal firms

should derive this critical component.

5.3.  ESG ratings and real estate key metrics

The third study builds upon the growing focus on sustainability matters during recent years,
thereby exploring the association between ESG ratings and the real estate industry. As inherent
immovable and physical assets, real estate objects are particularly susceptible to locational
sustainability attributes, a momentum bolstered by the Federal Council’s recent adoption of the
executive order on climate reporting for sizable Swiss companies. Amid concrete regulation
about the coverage range of ESG ratings and insufficient guidelines about underlying
methodologies, their relevance and practicability for the real estate industry remains an
uncharted territory, especially at an individual object-level.

Aiming to provide comprehensive insights into the foundational origins of ESG ratings, we
provided an in-depth description of their definition, emergence, and regulatory frameworks.
Focusing on a relatively unexplored type of ESG ratings, we detailed the underlying indicators,
their weightings, and the methodologies applied, revealing new perspectives on the diverse
indicators that real estate professionals associate with the broader topic of sustainability. By
integrating appraisal and transaction processes, we identified four critical metrics potentially
associated to the specified ESG rating: appraisal-based and transaction-based discount rates,
rental incomes, and vacancy rates. To explore the potential connections between these key
metrics and ESG ratings, we employed an OLS post-LASSO estimation procedure, conducting

our analysis at both aggregated and disaggregated levels.
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At an aggregated level, our analysis unveiled significant associations between the total ESG
rating and the considered key metrics. Acknowledging that ESG ratings may implicitly signal
value, we investigated potential signaling effects. We found that higher ESG ratings,
particularly those above 4, are more sensitive in relation to both types of discount rates, and
vacancy rates. Possible explanations include an implicit risk discount for investments in
sustainable locations, which may stem from their enhanced locational quality, or the operation
of fundamental mechanisms in real estate markets that transmit heightened local quality
characteristics into object-specific cash flows.

To gain a deeper understanding of the underlying mechanisms, we conducted a
disaggregated analysis of the sub-ratings across the three pillars: environment, society, and
governance. Our findings indicate that sustainability characteristics are predominantly
mediated through environmental factors. The significance of social and governance ratings
varied with the specific key metrics assessed. Through the estimation procedure, all three sub-
ratings were relevant for appraisal-based discount rates and rental incomes, while the social
rating was excluded from transaction-based discount rates, and the governance rating was found
to be irrelevant for vacancy rates.

The distinctiveness of the association between ESG ratings — or sustainability ratings more
broadly — and key metrics in the real estate industry is expected to become increasingly
significant in the near future. While our findings offer preliminary evidence of a potential
association with financial materiality at an aggregated level, they also indicate that the relevance
of underlying sub-ratings largely depends on the specific metrics being examined. This
highlights that broad sustainability coverage may not always intersect with financial relevance
in the Swiss real estate industry. As regulatory initiatives for sustainability reporting continue
to evolve, we strongly advocate for the standardization of ESG ratings. Developing transparent
frameworks that incorporate both comprehensive sustainability aspects and financial
considerations is essential. Furthermore, we encourage real estate professionals to rigorously
analyze the foundations of ESG ratings, paying close attention to the methodologies and

indicators that underpin these assessments.

5.4. Future research

The real estate industry, with its heterogeneous and immovable physical assets, presents
interesting opportunities for future research. The sector’s substantial economic impact, driven
by both private and commercial investments, underscores the importance of targeted studies.
Research priorities, however, will likely differ across real estate types and will be shaped by

the unique dynamics of national and regional markets. As the industry continues to evolve
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amidst shifting regulatory frameworks and financial developments, it is critical for future
research to address these changes, providing insights that enable policymakers to respond
effectively and ensure market stability.

Building on the studies presented in this dissertation, several questions emerge for future
research. One critical area is the impact of macroeconomic factors on real estate markets,
specifically the sensitivity of real estate prices to interest rate fluctuations. In the commercial
real estate segment, empirical findings on interest rate sensitivity are notably scarce,
underscoring the opportunity to further investigate and elucidate the pricing mechanisms in this
segment. Additionally, on a global scale, the influence of different types of interest rates on
various real estate categories remains largely unexplored. While the distinctiveness of interest
rate types is influenced by country-specific regulations, we encourage future research to delve
into these promising areas. Gaining a deeper understanding of these dynamics is crucial for
recognizing the broader impact of monetary policy on real estate markets.

In the pursuit of enhancing the precision and reliability of real estate valuation practices, we
underscore the necessity for future research into the determinants of discount rates. As of today,
existing guidelines and regulations surrounding discount rates exhibit a degree of ambiguity,
leaving room for potential misinterpretation and subjective judgment. Thus, future
investigations should address this vital research domain and provide hands-on
recommendations for regulatory agencies in order to improve and refine existing guidelines.
While contingent upon data accessibility, the development and refinement of sophisticated
models concerning discount rates are poised to enhance the accuracy of real estate valuations.
Building on this, a quantitative assessment of theoretically founded determinants of discount
rates, along with various estimation methods, represents a valuable approach for future research
to calibrate the weight attached to discount rate determinants, but also to identify further factors
that may help explain the level and development of this crucial component.

Within the current field of tension, the question of the relevance of sustainability ratings for
real estate assets is of great significance in the industry. This strand of literature is expected to
attract increasing attention, and further empirical research will be necessary to deepen our
understanding of this pivotal topic. Especially in today’s context, empirical findings regarding
the relevance of sustainability ratings are crucial for providing a suitable basis for regulatory
agencies to regulate and standardize how these ratings should be incorporated into financial
statements and real estate valuations. Thus, future research should continue to analyze the

financial materiality of various sustainability ratings on key metrics of real estate assets,
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disclosing the methodologies used to calculate these ratings and critically assessing their

validity.
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