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Abstract

This study examines how macroeconomic factors affect valuation multiples, specifically the
price-to-book (P/B) and price-to-earnings (P/E) ratios, for publicly listed real estate firms in
Scandinavia. Using quarterly data from 2010 to 2025, the analysis focuses on the impact of
key macroeconomic variables, including interest rates, inflation, GDP growth, and

unemployment.

The theoretical framework combines the Dividend Discount Model (DDM) and Arbitrage
Pricing Theory (APT) to motivate the inclusion of both macroeconomic and firm-level
determinants of valuation. The empirical analysis employs panel data methods to estimate

how these factors are associated with changes in valuation multiples.

The results show that interest rates, inflation, and GDP growth are significantly associated
with both P/E and P/B, although the direction and magnitude of the effects differ. Interest
rates are negatively associated with P/B, consistent with valuation theory, but show a positive
relationship with P/E. Inflation is negatively related to both multiples, while GDP growth is
positively associated with P/B but marginally negative for P/E. Unemployment does not

show a statistically significant effect.

As a more asset-based valuation measure, P/B is commonly used for real estate firms and
other asset-intensive industries, and the results suggest that it provides a more theoretically
consistent and empirically robust indicator of how macroeconomic risk is reflected in
valuation. In contrast, P/E appears to be more influenced by short-term earnings dynamics.
Overall, the findings highlight the importance of distinguishing between valuation multiples,

as they capture different underlying economic mechanisms.

Keywords: Listed Real Estate; Relative Valuation; Macroeconomic Factors; Panel Data,

Fixed Effect.
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1. Introduction

This first section introduces the background and context of the study, presents the purpose

and research question, and concludes with an overview of the thesis structure.

1.1 Background

Real estate is one of the most visible parts of the economy. Office buildings, shopping
centers, logistics facilities, and residential blocks shape how people live, work, and interact
with cities. These long-lived structures require substantial upfront investments and
continuous financing throughout their economic life, making the sector both capital-intensive
and highly leveraged. Because so much capital is tied up in physical assets, real estate
companies depend not only on rental income but also on favourable financing conditions. The
cost of capital reflects both the cost of debt and equity, and sets the minimum return firms
must generate to satisfy lenders and shareholders (Saalmuller, 2022). Listed real estate
companies must therefore balance large asset bases, relationships with creditors, and the
expectations of a broad investor base, while providing stable and reliable services to tenants.

This underscores the important societal role the sector plays.

Given their high leverage, real estate firms are particularly exposed to changes in the
macroeconomic environment. When interest rates rise, debt becomes more costly to
refinance, credit conditions tighten, and investors often demand higher returns to compensate
for increased risk. Likewise, changes in inflation or growth expectations influence
assumptions about rents, vacancies, and future profitability. These dynamics extend beyond
firm-level outcomes and affect tenants, property owners, financial institutions, and economic
stability. In Sweden, the central bank has noted that interest-rate sensitivity has increased over
time and identifies commercial real estate companies as especially affected due to their high
indebtedness (Riksbanken, 2022). This positions the sector as an important channel through

which macroeconomic conditions can propagate into the wider economy.

The stock market is the primary arena where such macroeconomic developments are rapidly
priced. Monetary policy announcements, in particular, can lead to immediate valuation

adjustments, reflecting that macroeconomic conditions are a key driver of equity prices rather



than mere background noise (Bernanke & Kuttner, 2005). In Scandinavia, this relationship is
especially relevant because household savings are strongly connected to capital markets
through pension systems and mutual funds. Swedish policy analysis highlights broad retail
participation, noting that households hold a significant share of their financial wealth in
investment products rather than deposits (Government Offices of Sweden, 2025). This pattern
aligns with European evidence showing that Sweden and Denmark have some of the highest

household engagement in capital-market instruments in Europe (EFAMA, 2024).

Given this broad participation, changes in the valuation of listed real estate companies affect
not only institutional investors but also private savers and pension capital. While previous
research has focused on how macroeconomic factors influence returns and volatility,
investors rely heavily on valuation metrics to assess whether a stock is attractively priced.
When an entire sector is affected by macroeconomic pressures, returns alone are insufficient
for comparison. In those cases, Relative valuation is a useful tool. It illustrates how much
investors pay for each unit of earnings or assets. Earnings-based multiples such as
price-to-earnings (P/E), and asset-based multiples such as price-to-book (P/B), are widely
used in valuation practice and frequently emphasized in academic literature (Damodaran,
2012). However, the relevance of these valuation multiples varies depending on the
characteristics of the sector studied. The P/E ratio reflects how much investors are willing to
pay for a firm’s earnings and is therefore closely linked to profitability and earnings
expectations. In contrast, the P/B ratio reflects how much investors are willing to pay for a
firm’s net assets, making it more closely related to balance sheet values (Damodaran, 2012).
In asset-intensive sectors such as real estate, where firms hold large amounts of tangible
assets and where valuation is closely tied to underlying property values, the price-to-book
(P/B) ratio is often considered particularly relevant. As highlighted in the valuation literature,
different multiples capture different aspects of firm value, where P/E is primarily linked to
earnings, while P/B is more closely related to balance sheet values and the underlying asset
base (Damodaran, 2012; Penman, 2013).Similar to industries such as banking and insurance,
real estate firms rely heavily on balance sheet values, and their assets are frequently revalued
to reflect market conditions. In such settings, valuation is largely driven by the economic
value of assets rather than short-term earnings performance, which may be more volatile and
influenced by financing costs or accounting effects. As a result, P/B is commonly used as a
valuation metric in asset-heavy sectors, as it provides a more direct indication of how

macroeconomic conditions are reflected in firm valuation. In contrast, P/E may be more



sensitive to short-term variations in earnings and therefore capture additional effects beyond
changes in underlying asset values (Damodaran, 2012; Koller et al., 2020). This means that
listed real estate sits at the intersection of macroeconomic conditions and market valuation:
when rates and inflation shift, expectations and prices adjust rapidly. This raises the question
of whether these valuation multiples move in a predictable way when the macroeconomic

environment changes?

1.2 Purpose & Research question

The background illustrates that listed real estate firms operate under multiple external
pressures. They must deliver stable and reliable services to tenants, maintain access to
financing in changing macroeconomic conditions, and meet the expectations of lenders and
shareholders in a sector that is especially sensitive to interest-rate movements (Riksbanken,
2022). In the Scandinavian setting, this becomes even more consequential because of the high
degree of household participation in capital markets on private savings and pension wealth
(Government Offices of Sweden, 2025; EFAMA, 2024). Yet while macroeconomic
conditions clearly matter for how the market values these firms, it remains less well
understood how macroeconomic changes are reflected in the valuation multiples that
investors rely on when interpreting relative valuation. Since, prior research on listed real
estate has predominantly focused on how macroeconomic factors influence stock returns and

volatility.

Against this backdrop, the purpose of this thesis is to investigate how macroeconomic factors
affect the valuation multiples of publicly listed real estate companies in Scandinavia. By
complementing the existing research, how much macroeconomic variables change the P/E

and P/B ratios of listed real estate firms.

This leads to the central research question:

How do changes in interest rates and other macroeconomic variables influence the valuation

multiples of publicly listed real estate companies in Scandinavia?

This study contributes to the existing literature in three ways. First, it extends previous
research on interest-rate sensitivity in listed real estate by analyzing multiples. Second, it

provides firm-level evidence on how valuation responses differ across companies depending



on leverage, size, and revenue growth. Third, by focusing on relative valuation, that are
widely used by market participants, the study strengthens the practical relevance of academic

research in a setting where household participation in capital markets is comparatively high.

1.3 Structure of the thesis

This thesis is organized into eight main sections to provide a clear and logical progression
from background to conclusions. The introduction presents the context, motivation, and
research question, followed by a theory section outlining the valuation models and
macroeconomic frameworks used in the analysis. The literature review summarizes previous

research on macroeconomic effects and identifies the research gap addressed in this study.

The methodology section describes the data sources, sample construction, and econometric
approach. Results and analysis present the empirical findings for both P/E and P/B ratios,
while the discussion interprets these results in relation to theory and prior literature,
highlighting key similarities and differences between the multiples. The thesis concludes with
a summary of the main findings, limitations, and suggestions for future research. References

are provided at the end for transparency.



2. Theory

The theory used to describe the relationship between macroeconomic factors and the
valuation multiples are outlined below. Firstly, the Dividend Discount Model (DDM)
explains the pricing of stocks and is used to mathematically derive the two valuation
multiples. Secondly, the Arbitrage Pricing Theory (APT) serves as a factor model to further

incorporate macroeconomic factors in the effects on valuation multiples.

2.1 Price-to-book through Dividend Discount Model

A common approach to investment decisions amongst investors is to utilize the relative
valuation framework (Damodaran, 2012). Its foundation relies on comparing the firm's
financial metrics to those of a market index or comparable firms, in order to evaluate if the
stock is under- or overvalued. Two commonly used ratios for this include the P/B and P/E,
where the value of those metrics being lower or higher than comparable firms and the market
index may serve as an indication of the stocks value (Damodaran, 2012). Although those

financial ratios can appear to be simple, they can be mathematically derived from the DDM.

P/B is a ratio described as the share price divided by the book value of equity, where book
value of equity is the difference between book value of assets minus liabilities, indicating that
the ratio is influenced by accounting standards (Damodaran, 2012). A P/B of 2 implies that
investors pay 2 units for 1 unit of equity measured in book value. It is shown that firms with
higher P/B ratios generally experience higher RoE, while firms that experience decreasing
RoE may experience lower P/B ratio (Damodaran, 2012). For a given stock, a low existing
equity return spread (RoE minus cost of equity) paired with high P/B might indicate
overvaluation, while low P/B and high equity return spread may indicate undervaluation

(Damodaran, 2012).

The interpretation of the equity’s book value is defined under the national accounting
standards followed by Scandinavian publicly listed real estate firms, the International
Financial Reporting Standards (IFRS). In IFRS 13, assets are measured at fair value,
representing the price the asset would sell for in an orderly transaction at measurement day

(IFRS 13, 2011). Because those firms hold assets under the regulation of IAS 40, the reported



IFRS equity serves as a foundation for the net asset value, and that the IFRS equity is the

starting point for calculating industry-standard net asset values metrics (EPRA, 2024).

The P/B can be linked directly to the stable growth version of the DDM , and can be rewritten

as formula 1:

P Marketpriceof shares __  RoE—g (I)

B~ Bookvalue of equity - k—g

Where g is the long term growth rate of the firm, £ is the cost of equity, and RoF is the return
on equity (Damodaran, 2012). g can be further explained by formula 2, the numerator in
formula 1 can be described by formula 3, and k& can be described with formula 4.

g = RoE * (1 — Payout Ratio) (2)
RoE — g = RoE — RoE (1 — payout ratio) = RoE * payout (3)

Where RoFE is net income divided by the firm’s equity, implying that growth is dependent on

the reinvestment rate and return on old reinvested earnings (Damodaran, 2012).

To estimate the cost of equity, Damodaran (2012) emphasize the use of the Capital Asset
Pricing Model:
k = Rf + B(ERP) (4)

Where £ is the cost of equity, 7f'is the risk-free rate, beta is stock return sensitivity, and ERP
is the equity risk premium, implying that the cost of equity is increasing with the systematic

risks of the share (beta), equity risk premium and risk-free rate (Damodaran, 2012).

The expression for P/B can be further expanded by writing RoE - g as a proxy of ROE
multiplied by the payout ratio as in formula 3, leading to formula 5 (Damodaran, 2012):

0o _ RoE*Payout Ratio
B, - k—g (5)

This can be further elaborated on as by substituting RoE multiplied by BV with EPS,
showing that:

EPSl * Payout ratio

p, = (©)

k—g




Further substituting payout ratio multiplied by EPS with DPS, indicating the expression for
the price of the share as below (Damodaran, 2012):

DPS1

Py = %= 7)

Following that P/B is increasing in return on equity, payout ratio and the growth rate, while it
is decreasing in the riskiness of the firm captured by cost of equity, where if RoE exceeds
cost of equity the market value will be over book value, while RoE less than cost of equity

implies the opposite (Damodaran, 2012).

2.2 Price-to-earnings through Dividend Discount Model

As previously discussed, the P/E ratio is widely used in relative valuation and is defined as
the market value of the shares divided by the earnings of a specific firm (Damodaran, 2012).
A P/E of 10 implies that investors pay 10 units for 1 unit of annual earnings. A high P/E ratio
for a given firm might indicate lower risk, higher growth and payout, where P/E ratios
exceeding historical values may indicate overvaluation if not justified by fundamentals, and
multiples below historical values may indicate undervaluation (Damodaran, 2012).
Furthermore, an increase in interest rate generally yields higher cost of equity implying that
PE ratio decreases, however, it is emphasized that drawing conclusions on the PE ratio and its
information on valuation without looking at firm fundamentals is problematic (Damodaran,
2012). Under the assumption of constant growth in the firm, the P/E ratio can be derived from
the stable growth versions of the DDM, which in the long term assumes constant growth in

the dividends (Damodaran, 2012):

P .
0 _ ___Payout Ratio
BPs. Forward P/E = Py (8)

Dividing the current share price by next period’s earnings per share (EPS) yields the forward
P/E ratio. The payout ratio equals dividends divided by earnings, & is the cost of equity, and g
is the long-term growth rate of the firm (Damodaran, 2012).

The long term growth rate of the firm and cost of equity can be derived as formula 2 and 4.



Furthermore, multiplying forward P/E on both sides with EPS gives the same expression as
formula 6, further showing that EPS multiplied with Payout ratio gives DPS, implying the

same expression as formula 7.

It follows that forward P/E is mathematically also positively related with payout ratio and
long-term growth rate, and negatively with cost of equity (Damodaran, 2012). If earnings are
decreasing faster or proportionally more than the share price, the P/E ratio might
mathematically increase despite increases in cost of equity (for example through increased

interest expenses), because of a denominator effect.

The above derivation shows the forward P/E, for the trailing or current P/E ratio the

expression changes with 1 + growth rate in the numerator (Damodaran, 2012):

P .
0 _ __ _Payout Ratio (1 + g)
EPS, P/E = k—g (%)

Indicating that trailing or current P/E ratio is also positively related to payout ratio and long

term growth rate, and negatively affected by cost of equity.

Implied by the derivations of forward P/E and P/B above, the ratios can be derived starting
from the DDM, where a similar relationship between the price of the stock and the dividends
per share divided by the cost of equity subtracted with the long term growth rate of the stock
in perpetuity, given a simplified stable firm phase exist. Assuming this stable phase
assumption holds, the financial ratios represent the growth potential and the risk for the given

firm.

Furthermore, macroeconomic factors that may influence the expected growth or required
returns could be represented in the financial ratios, and affect them through changes in

macroeconomic conditions.

2.3 Arbitrage Pricing Theory

While the DDM does not fully explain the potential impact arising from changes in
macroeconomic conditions, except for the risk-free rate and general growth prospects, the
Arbitrage Pricing Theory (APT) is a multifactor model that explains expected asset returns as

a function of its exposure to systematic risk. Its foundation lies on three assumptions; Factor



models can describe the security returns, idiosyncratic risk can be diversified away, and
arbitrage opportunities cannot be persistent in security markets (Bodie et. al., 2024). As
opposed to single-factor models, such as the Capital Asset Pricing Model (CAPM), the
multifactor model allows several different aspects of systematic risk to influence the expected
return of an asset, such as macroeconomic factors GDP growth and interest rate (Bodie et. al.,
2024). The theoretical foundation for this model lies on the Law of One Price, indicating that
two identical securities must be priced the same way. Otherwise, there exists an arbitrage

opportunity, which violates the assumption of the APT (Bodie et al., 2024).

The model can be shown as:
E(ri) = Rf + BilE(Rl) + BizE(Rz) +...+ BinE(Rn)
Where E(Ri) is the expected return of an asset, R;is the risk-free return in the market, beta is

the sensitivity of the asset to a specific factor, E(R) represents the systematic risk factors and

their associated risk premiums (Bodie et al., 2024).

Since macroeconomic factors may influence the expected returns through its effect on
systematic risk, they might as well affect equity valuations through the cost of equity used in
valuation models. As shown in the DDM described in section 2.1 and 2.2, valuation multiples
such as P/E and P/B depend on the relationship found between cost of equity and long term
growth rate of the firm. Consequently, changes in macroeconomic factors that affect expected
returns may also influence market valuation multiples for publicly traded firms. To conclude,
this framework, together with the DDM, provides a theoretical motivation for examining how

macroeconomic factors influence the valuation multiples of listed real estate firms.



3. Literature Review

This section reviews prior empirical research relevant to the relationship between
macroeconomic conditions and the valuation of publicly listed real estate companies. The
review focuses on three key areas. First, how macroeconomic variables affect equity
valuation. Second, empirical findings on the sensitivity of listed real estate firms to

macroeconomic conditions. Third, the role of P/E and P/B ratios in investment practice.

3.1 Macroeconomic factors effect on equity valuation

A central contribution to the finance literature on macroeconomic effects in equity markets is
provided by Bernanke and Kuttner (2004), examining how macroeconomic conditions,
particularly monetary policy, are transmitted into equity prices. Their study distinguishes
between expected and unexpected policy actions by the U.S. Federal Reserve, using federal
funds futures to identify “surprise” rate changes. Analyzing daily event-study regressions
from June 1989 to December 2002, they find that unexpected monetary policy actions are
associated with statistically significant movements in aggregate stock prices. On average, an
unanticipated 25-basis-point cut in the federal funds rate target leads to about a one percent

increase in broad stock indexes, while surprise rate increases lower equity returns.

The authors further show that market reactions are larger for policy changes perceived as
more permanent, and smaller for unexpected policy. At the industry level, they can show that
high tech and telecommunications exhibit the highest sensitivity, whereas sectors such as
energy and utilities are less responsive and statistically insignificant. The pattern of industry
responses aligns with asset pricing theory linking higher beta exposure to greater sensitivity
to systematic risk (Damodaran, 2012), and is empirically supported by Bernanke and Kuttner

(2005).

Bernanke and Kuttner (2004) also address why equity prices respond to monetary policy,
identifying three channels: lower expected future dividends, higher expected future real
interest rates, or higher equity premium. Their results indicate that the stock price reaction is
mainly driven by revisions to expectations of future excess returns and/or future dividends,
not by real interest rates. They conclude that the stock market responds strongly and

consistently to unexpected monetary policy actions, but these surprises explain only a small

10



portion of overall stock price variability. These findings motivate the use of valuation metrics
such as P/E and P/B, which are theoretically linked to discount rates and expectations about

growth, as shown in section 2.

Another study by Durer and Koéten (2021) provides a methodological precedent for the
present study. Using panel regression techniques, they analyze how macroeconomic variables
affect market-to-book ratios of listed REITs. A Real Estate Investment Trust (REIT) is a
listed real estate company that operates, owns or finances real estate. A key difference
between REITs and the Scandinavian publicly traded real estate firms used in the present
study’s sample is that REITs must distribute at least 90% of their taxable income as dividends
to investors (Investopedia, 2026). Durer and K6ten (2021) results showed that increases in
interest rates and inflation are associated with statistically significant declines in valuation
metrics, suggesting that adverse macroeconomic conditions are reflected in lower relative
valuations of real estate firms. The authors demonstrate that macroeconomic variables can be

meaningfully linked to valuation metrics at the firm level.

3.2 Interest-rate sensitivity in listed real estate firms

This section explains how interest rate movements affect listed real estate equities, and why it
is important to control for firm-specific characteristics such as leverage, firm size, ROA, and

revenue growth in the empirical models.

A study by Allen et al. (2000) found that U.S. REIT returns are clearly affected by changes in
interest rates and the general stock market. They tested whether this sensitivity depends on
firm characteristics like leverage, asset structure, and management strategy. Their results
show that while leverage and management strategy do influence how much REITs react to
stock market movements, these factors do not explain why REITSs react to interest rate
changes. In other words, interest rate sensitivity is present, but it cannot be predicted by
looking at firm-level variables. In contrast to Allen et al. (2000), Gilberto and Shulman
(2017) analyze REITs over a much longer period and across multiple economic
environments, using daily data to capture time-varying effects. They found that the impact of
interest rates on REIT returns changes over time and can even switch direction. Often, the

effect of interest rates is mixed together with general stock market movements, making it

11



hard to separate. Their main conclusion is that there is no stable, long-term pattern in how

REIT returns respond to interest rate changes.

Together, these studies show that listed real estate equities do react to interest rate
movements, but the effect is not constant and cannot be fully explained by firm-level
characteristics. Although both studies focus on returns, it can be helped to understand the risk
and discount-rate factors that are also important when interpreting valuation measures like

P/E and P/B ratios.

3.3 Valuation multiples and their empirical determinants

Nezlobin et al. (2016) develop a structural valuation framework that explains how commonly
used valuation multiples reflect underlying economic fundamentals. Rather than treating P/E
and P/B ratios as independent metrics, they show that both multiples are jointly determined
by expectations about future growth, firm profitability, and accounting practices.

Within this framework, differences in growth prospects, economic profitability, and
accounting conservatism give rise to systematic variation in both P/E and P/B ratios.
Valuation multiples can therefore be interpreted as equilibrium outcomes that summarize
complex expectations about growth opportunities and firm performance, rather than as purely

noisy or arbitrary market indicators.

This interpretation is particularly relevant for asset-intensive firms such as listed real estate
companies, where book values play a central role in valuation. In such settings, changes in
macroeconomic conditions that affect growth expectations or discounting are expected to be
reflected in valuation multiples. In particular, changes in interest rates are expected to be
reflected in both P/E and P/B ratios. As shown in section 2 through formula (4), increases or

decreases in interest rates affect firm valuation.

12



4. Hypothesis development

Taken together, the theoretical foundation and empirical findings suggest that valuation
multiples should respond to both firm-level fundamentals and macro-financial conditions.
The DDM implies that changes in interest rate and cost of equity will change the P/E and P/B
valuation multiples, together with the arbitrage pricing theory suggesting that macroeconomic
factors may affect the price of the share through changes in cost of equity, resulting in
changes in valuation multiples. Based on this foundation, the following two suggested

hypotheses are developed.

H1: Changes in the interest rate has a significant and negative effect on valuation multiples

(P/B, P/E) of listed real estate companies in Scandinavian.
H2: Macroeconomic variables beyond interest rate such as GDP, unemployment, and

inflation provide a broader and additional explanatory power to the fluctuations of valuation

multiples of listed real estate companies in Scandinavia.

13



5. Methodology and Model

To examine the relationship between macroeconomic factors and valuation multiples, this
section serves as the empirical methodology. The data is retrieved from Capital IQ Pro and

constructed as panel-data, and such techniques are applied for estimation.

The section starts with data sources, sample construction, and variables. Followed by deeper
insight to the estimation justification and model choice. Lastly, the section presents diagnostic

tests for the empirical application.

5.1 Interest rate

Estimation for the short term interest rates is done by collecting the 3m stibor, nibor, and
cibor, representing interbank offered rates for the three countries in the sample, ensuring
consistency with the quarterly format of the data. Furthermore, interest rates are retrieved

monthly but are aligned with the last month in the represented quarter and country.

Conceptually, the Stockholm Interbank Offered Rate (Stibor) contains several benchmark
rates, and acts as a foundation to price different financial contracts, indicating an important
component in the monetary policy towards both households and companies (Riksbanken,
2012). An important characteristic of the Stibor rate is that, all else equal, an increase in the
Swedish repo rate (policy rate) should lead to a similar increase in stibor and the contracts are
therefore tied to the stibor rate (Riksbanken, 2012). Furthermore, as observed in Policy rate,
deposit and lending rate (Riksbanken, n.d.) Repo rate changes usually occur by .25 or .50
changes once at a time, indicating that this range might be of extra interest during
interpretation of the results. This type of interbank offered rate will be applied for Danish and

Norwegian firms as well, using the country specific rates nibor and cibor.

5.2 Sample Construction

The quarterly based dataset used is sampled from Capital IQ Pro. Table 1 in section 5.2.2
summarizes the variables retrieved quarterly for the publicly listed firms in Scandinavia,
ranging from 2010Q1 to 2025Q4. The data points describe the given variable during that
quarter, except for the specific year-over-year variables, such as growth in revenue and GDP,

interest rate, inflation, and return on assets. For those, this is compared with the t-4 quarter
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but divided by 4 to represent and align with the quarterly data, enhancing the smoothing

effects on the seasonality in the variables.

The sample is constructed with a panel-data approach, implying that all individual companies
get an unique ID that follows through the given years in the sample (2010Q1-2025Q4),

resulting in 1-64 unique quarters for every given firm in the sample.

5.2.1 Sample characteristics

Unbalanced panels where firms are not observed for the whole period do not pose a problem
for the estimation of panel-data, such as the fixed effect model, however it is important to
acknowledge the nature of the dataset and underlying reasons for missing observations
(Wooldridge, 2012). There are mainly three reasons for the unbalanced panel in this sample.
Firstly, the financial reports may be missing or incomplete. Secondly, valuation multiples are
negative and missing, implying that logarithmic transformations are not possible and may not
be reported. Lastly, the firms in the sample may not have been publicly listed for the entire
period, leading to natural reasons for exclusion in the sample. Furthermore, the final sample

consists of firms under the Capital 1Q classification Real Estate, including 79 different firms.

To address the second reason for the unbalanced panel, observations with missing or negative
valuation multiples are dropped from the sample. In the retrieved dataset, such values are
denoted not meaningful (NM) or not available (NA), therefore, they are not included in the
estimation of the results. Excluding negative P/E ratios is also supported by existing
literature, where negative P/E values do not provide the same proxy for expected returns in

the future as positive values do (Fama & French, 1992).

One possible problem of missing data or systematic reasons for unavailable data points in the
dependent variables are selection bias (Stock & Watson, 2020). Since NA and NM values
denote firms with negative earnings or incomplete reports and are excluded from the
estimation, this may skew the data towards a certain type of firms. In this case, stable firms
making a profit are represented in the sample, making generalizability of estimated results
towards all real estate firms or the sector as a whole limited. Furthermore, to ensure that the
same firms are represented in the different models (P/E and P/B), all observations where P/E

or any other firm fundamental is missing, the whole data points are dropped. This enables
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comparisons between the models and the estimations and results in the same amount of

observations for both P/E and P/B specifications.

After correcting for missing firm fundamentals, negative valuation multiples, or general
insufficient or missing data in other aspects the sample is an unbalanced panel data with a
total of 2 163 observations. Of those, 1 569 (72.6%) observations came from Sweden, 362
(16.7%) in Denmark, and 232 (10.7%) in Norway.

The firms in this sample may vary in size and to ensure realistic and economically
meaningfulness of the models estimations, outliers will be handled. This includes valuation
multiples, revenue growth and return on assets, where all four variables show large outliers.
Following existing literature, these values will be winsorized at 5%, implying that the highest
and lowest 5% of the values will be scaled down (Nguyen et. al., 2021). After winsorization,
the dependent variables, P/E and P/B valuation multiples are log-transformed. This is done to
account for skewness in the multiples, and make interpretation of the estimation and

coefficients easier and linearity of the model improved (Wooldridge, 2012).

5.2.2 Variable Description

The flow variables retrieved in the sample (i.e. interest rate, revenue growth, inflation, GDP
growth, return on assets) are reported in annual terms. As previously explained, to ensure
alignment with the quarterly structure of the dataset, flow variables will be divided by four to

represent quarterly decimals.
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Table 1: Different variables used and how they are estimated

Variable Description

Leverage Total debt / Total assets

Return on assets EBIT / Total assets (YoY/4)

Total assets All current and long term assets, as reported in
USD

Revenue Growth Total revenue growth (YoY/4)

Trailing Price / EPS Price per share / earnings per share

Price / Book Price / Book value of equity FQ common equity

+ common shares outstanding value

Interest rate 3m STIBOR/NIBOR/CIBOR (Annual / 4)
Inflation Consumer price inflation (YoY/4)

GDP growth GDP growth (YoY/4)

Unemployment rate Current unemployment rate

In(P/E) Natural logarithm of the trailing P/E ratio
In(P/B) Natural logarithm of the P/B ratio

Size Natural logarithm of total assets

The retrieved flow variables, except for interest rate, are as previously discussed reported as
year-over-year, implying that the data point is compared with t-4 quarters earlier. This ensures
that annual stability is preserved, and that eventual temporary quarterly effects are decreased.
Furthermore, quarterly decimals further indicate that coefficients of the estimates will be
rather large and rescaling to more economically meaningful marginal effect changes will be

necessary.

The macroeconomic factors are calculated as: Consumer price inflation (CPI) represents the
difference in consumer price index in quarter t and t-4, GDP growth is proxied with real GDP
growth and measures expenditure in quarter t compared to t-4, and unemployment rate as the

current total proportion of the labor force that are unemployed (S&P Capital IQ Pro, n.d.).
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5.2.3 Descriptive Statistics

Table 2 shows the 2 163 data points and their min, max, standard deviation, and mean values.
The characteristics of the real estate sector, including acquisitions, projects, or asset sales,
may be the reason for the high maximum values in return on assets, leverage and total
revenue growth. As previously discussed, winsorizing at 5% ensures that outliers are handled

and that data points may be more economically meaningful in the estimations.

The mean values of 16.137 and 1.18 for the P/E and P/B ratio respectively indicate that price

is 16.137 times annual earnings and 1.18 times book value of equity.

Table 2: Descriptive statistics including observations, mean, SD, min, max for sample variables

Variable Obs Mean Std. Dev. Min Max
leverage 2163 544 A1 269 706
returnonassets 2163 .0066 .0029 .002 .014
revgrowth 2163 .0385 .0679 -.0626 234
peratio 2163 16.137 16.6 2.36 69.71
pbratio 2163 1.18 522 A48 2.52
interestrate 2163 .0026 .0036 -.0014 .0118
growthgdp 2163 .0048 .0065 -.0179 .0281
inflation 2163 .0062 .0059 -.0002 .0256
unemployment 2163 .071 .0163 .031 .099
size 2163 13.641 1.67 8.403 17.507

Note: All variables except peratio, pbratio, leverage, unemployment and size are presented in quarterly decimal
form (i.e. 0.0026 = 0.26% quarterly). Leverage and unemployment are presented in current decimal form (i.e.

.544 = 54.4%). peratio and pbratio are current levels. Size is the natural logarithm of total assets.

Furthermore, the two financial ratios show reasonable numerical values, except for the high
standard deviation of 16.6 for the PE ratio. This indicates that the data has a big right tail,
with high numbers on that side. For the macroeconomic factors, this descriptive statistics
seems reasonable given that interest rate, growth in gdp, and inflation, where the later two are

retrieved at a year-over-year, where the data point is comparing itself with 4 quarters earlier.

Table 3 visualizes the matrix of correlations for the given variables used in the following
regression models. Inflation and interest rate correlates at .34, indicating a positive
relationship, which seems economically reasonable. Other than that, the dataset does not
experience too high correlations which may indicate a lower risk of collinearity being present
in the model, which happens when two variables are linear combinations of each other

(Wooldridge, 2012).
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Table 3: Matrix of the correlations in the independent variables

Variables (1) 2) 3) @) 5) (6) @) ®) Q) (10)
(1) leverage 1.000

(2) returnonass .142  1.000

(3) revgrowth .040 102 1.000
(4) peratio -065  -.124  -120 1.000
(5) pbratio .022 324 -.021 139 1.000

(6) interestrate -.071 .140 .007 215 -.192  1.000

(7) growthgdp 011  -.006 -009 -085  .094 -199 1.000

(8) inflation -138  -.105 158 -.030  -.139 339 -.042  1.000
(9) unemploy 057  -205  -.008 .010 -105 -068 -034 -135 1.000
(10) size 105 -.011 045 -.125 097  -.060 .038  -.037 .140 1.000

5.3 Model Justification

Panel-data is a set that consists of time series for each of the cross-sectional members in the
dataset where a key feature of this type of dataset is that the same entities are observed over
time, which differs it from a pooled cross section (Wooldridge, 2012). Given this, using
panel-data makes some of the unobserved effects arising controlled for. This may enhance the
precision of the model in order to isolate the effect of the macroeconomic variables on the

given valuation multiples.

The fixed effects (FE) estimation foundation lies on controlling and eliminating the
unobserved effects within the same entities, including time-constant effects (Wooldridge,
2012). Below is the general equation representing the fixed-effect model.

y, = BX, + BX, +.+ BX, +a +u

it 1 itl
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Within transformation is the process of eliminating the unobserved effects previously

discussed, including subtraction of the time-average effect from each data point in the sample

(Wooldridge, 2012).

Yit - B1Xit1 + BZXitZ Fo BkXitk
After transformation is done the equation can be regressed with pooled OLS, furthermore, the
estimation method allows for correlation between unobserved effects and regressors

(Wooldridge, 2012).

Starting from the same general formula; the random effect (RE) model, opposed to fixed
effect, assumes a zero correlation between unobserved effects and regressors where A is part
of the composite error term (V = A + U), and is serially correlated over time (Wooldridge,
2012). Estimation is conducted through generalized least squares (GLS). Given that
assumptions holds, random effect estimation allows for the time-constant variables to be kept

in the estimation (Wooldridge, 2012):
yit = leitl + BZXitZ tot BkXitk + ai + vit

Studying interest rate in real estate valuation through panel-data and fixed effect models is
anchored in established empirical literature. Vonlanthen (2023) shed light on the relationship
between interest rates and real estate prices, estimated through fixed effect panel data. In a
similar fashion, Durer & Kd&ten (2021) used the same approach when examining how
macroeconomic conditions affect MV/BYV ratio. Following this, to control for differences

across firms and reduce bias by firm-specific effects, this study employs a similar approach.

5.4 Diagnostic tests

In this section certain tests for robustness and diagnostics will be conducted, including VIF to
evaluate multicollinearity issues, heteroskedasticity, Hausman test, Breusch-Pagan LM test,

and serial correlation.
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5.4.1 VIF

Multicollinearity occurs when two or more independent variables are perfectly or imperfectly
correlated, where perfect collinearity introduces limitations in the estimation (Wooldridge,
2012). The Variance Inflation Factor (VIF) is a practical, but not always consistent, way of
testing for eventual collinearity in the dataset, where values above 10 are generally

considered a risk that might indicate multicollinearity (Wooldridge, 2012).

The results from the VIF-tests are presented in the result section. This includes tables
representing both the P/E and P/B specifications independent variables, and their associated

VIF values. These tests highlight the likelihood of collinearity in the model.

To reduce the collinearity arising from regressing country-specific uniform values on time,

the primary models are estimated without time fixed effects.

5.4.2 Serial Correlation

Serial correlation is present in the data when the error term within the same entity is
correlated with its past values, which may lead to less efficient estimation and bias standard
errors, making it essential to test for (Drukker, 2003). The diagnostic test, which is originally
presented by Wooldridge, tests the null hypothesis that no first order autocorrelation is
present in the data. If serial correlation is present, one way of handling it is to use clustered
standard errors on ID (firm), letting Stata create clusters on each firm where variances are

allowed to change and arbitrary correlation is existing (Wooldridge, 2012).

5.4.3 Hausman, Breusch-Pagan, and F-test

First, a F-test is conducted to test fixed effects or pooled OLS, where rejection of the null
hypothesis signal that estimating the model with fixed effects is preferred (Durer & Kéten,
2021)

The next step is to test if it is appropriate to use the pooled OLS estimation or a panel-model
with random effects being individual-specific. The test uses the Breusch-Pagan lagrange
multiplier to test for presence of random individual-specific effects against the null
hypothesis of IID errors (Cameron & Trivedi, 2005). This can be tested using the residuals
from an estimated pooled OLS. Therefore, the null hypothesis states that pooled ols is
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sufficient, indicating that a rejection of this hypothesis means that the IID error is violated
due to presence of individual specific effects (Cameron & Trivedi, 2005). However, this test
does not signal whether fixed- or random effects is the appropriate choice, and will be

assessed by an additional Hausman test.

To further test for FE or RE, the Hausman test with HO that RE is the correct estimation is
conducted. If HO is rejected then FE is the correct estimation method, if HO holds then
random effects can be used if the previously discussed assumptions hold (Wooldridge, 2012).
Following Cameron & Trivedi (2010), to ensure that both covariance matrices are extracted

from the identical disturbance variance, the sigmamore option is used.

5.5 Regression specification

An unbalanced panel-data with a fixed effect regression, supported by the diagnostic tests
presented in the result section, will estimate and produce the results to the research question.
The two specifications that will be used to estimate the results are outlined in specification 1
and 2 where B is the coefficient that represents the average change in dependent when
independent change with one unit, a is the individual firm fixed effect, and € represents the

idiosyncratic error term.

Specification 1: Regression model and specification for the P/E estimation

In(P/E) = BlLeverageit + BzRoAit + BgGrowthit + B4InterestRateit + BSGDPgrowthit

+ B Inflation  + B Unemployment + B Size + o + €, (10)

Specification 2: Regression model and specification for the P/B estimation

In(P/B) = BlLeverage[t + BZROAit + BSGrowth[t + B4InterestRateit + BSGDPgrowthit

+BInflation + B Unemployment + BSize + a + €. (11)
it

Following the DDM model presented in section 2, where the relationship between price,
dividend, cost of equity (k), and growth (g) were presented for a given stock, the following
firm specific controls are included; refurn on assets to capture firm-level profitability,

revenue growth as estimation of future cash flows, leverage that may affect equity risk, and
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short-term interest rate that may affect cash flows and risk-free rate in the model. Firm size
controls for eventual differences between smaller and larger firms. Furthermore, the APT
suggests and justifies the inclusion of the macroeconomic variables inflation, unemployment,
and GDP growth as systematic risk factors that may affect stock prices, and therefore the

valuation multiples. Ln(P/E) and Ln(P/B) are the dependent variables in the estimation.

As previously discussed, time fixed effects will not be used in this specific estimation. If a
model is estimated with year dummies, this restricts the ability to estimate variables that are
uniform for all firms in the sample and change is constant (Wooldridge, 2012). Since
macroeconomic variables are uniform between firms, and only change over time except for
country-level differences, control variables for time restricts the estimation of their effect.

This exclusion enhances the estimation to ensure that variation is not absorbed in time.
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6. Results

This section outlines the estimated results on the P/E and P/B model specifications. As
previously discussed, flow variables (interest rates, return on assets, GDP growth, inflation,
revenue growth) are represented by quarterly decimals in the sample, indicating that a change

0f 0.01 in the sample equals a 1% quarterly change.

The dependent variables in the estimation are log-transformed. This means that the effect can
be treated as a semi-elasticity, indicating that the percentual increase in dependent variables
(Y) is approximated by calculating (1003) * AX (Wooldridge, 2012). Implying that a one unit
change (from 0 to 1) represents a very large and economically unrealistic 100 percentage
point increase. To provide a more economically meaningful interpretation of the results, the
marginal effects reported are presented to reflect a 1% percentage point increase in quarterly
terms (AX = 0.01). While scaling to report the 1 percentage point quarterly increase improves
the general interpretability of the model, it is necessary to keep in mind that this change in

macroeconomic factors is relatively large.

Because of the semi elasticity arising from log-linear models, the coefficients and represented
marginal effects can be interpreted as approximate percentage changes in dependent
variables, and results will use the approximated log-linear interpretation. To improve and
make interpretation easier, marginal effects are based on a one quarter percentage point
increase in explanatory variables, consistent with the structure of the panel data. It is also
necessary to highlight that the interpretation of the results presents the effect within the same

firm, when independent variables change, holding other variables intact.

Additionally, in the regression results below the Breusch-Pagan LM-test, Hausman, F-test,

Rho, and R-squared will be presented and discussed for the two models.
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6.1 Price-to-book

The first specification includes P/B ratio as dependent variable, and is presented in table 4
below. The estimation is conducted through a fixed effect model and includes previously
discussed variables. The coefficients presented in table 4 provides a measure of the sensitivity

of the P/B ratio to independent variables.

Table 4: Regression results for the P/B specification
Regression results

In_pbratio Coef. Qtr. % St.Err. tvalue pvalue [95% Interval] Sig
leverage -.263 2731 -0.96 339 -.807 281
returnonassets 8.896 8.896% 12.02 0.74 461 -15.03 32.828
revgrowth -2337 -2337% 2375 -0.98 328 -.7067 2392
interestrate -35.54 -35.54% 4.246 -8.37 0 -43.99 -27.09 HoHE
growthgdp 4.294 4.294% 1.015 423 0 2.271 6.317 Ak
inflation -5.999 -5.999% 2.794 -2.15 .035 -11.56 -4368 o
unemployment .695 1.156 0.60 .549 -1.606 2.997
size -.054 .0561 -0.96 339 -.1658 .057
Constant .96 619 1.55 125 -271 2.192
Hausman P-value 0.00 Number of obs 2163
R-squared 0.226 Rho 0.6538
Breusch-Pagan LM 0.000 Prob>F 0.000
Autocorrelation test 0.00

X p< 01, ** p<.05, * p<.1
Note: Coefficients are estimated on quarterly data. Flow variables are reported with a 1 p.p. quarterly increase (0.01).

Regarding the estimated coefficients in the regression model, interest rate (-), gdp growth (+),
are significant on the 1% level (p < 0.01) while inflation (-) is significant at the 5% level

(p < 0.05).

The coefficient of -35.54 indicates a negative relationship between interest rate and P/B ratio,
all else equal. The estimated marginal effect indicates that one percentage point increase in
quarterly interest rate is associated with an approximate 35.54% decrease in P/B ratio for the

same firm, all else equal.
Additionally, GDP growth and P/B ratio shows a positive relationship, where the estimated

marginal effect of a one percentage point increase in quarterly GDP growth is associated with

an approximate 4.294% increase in P/B ratio, all else equal. Inflation and P/B ratio shows a
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negative relationship. The estimated marginal effect of a one percentage point quarterly

increase in inflation is associated with an approximate 5.99% decrease in P/B ratio.

The Wooldridge test for autocorrelation is presented in table 4. The test rejects the null
hypothesis of no autocorrelation in the model at 0.00, suggesting that clustering standard

errors on ID (firms) is a valid approach.

Additionally, to test for panel models or pooled OLS the LM-test is used and receives a
P-value of 0.0, suggesting that a panel-estimation is preferred. Furthermore, the Hausman test
to further test for fixed- or random effect is presented in table 4. This result suggests that

fixed effect is the preferred estimation for this model.

Furthermore, the estimation yields a r-squared of 22.6%, while rho is estimated at 0.6538,

describing the fraction of variance represented by the firm-specific effects.

6.2 Price-to-earnings

Presented below is table 5, showing the estimated results for the P/E specification, following
the same approach and variables as in the previously presented P/B specification. The
coefficients provide a measure of the sensitivity of the P/E to changes in the independent
variables.

Table 5: Regression results for the P/E specification

Regression results

In_peratio Coef. Qtr. 1%  St.Err tvalue  pvalue [95% Interval Sig
leverage -.3280 413 -0.80 429 -1.150 4939
returnonassets ~ -70.46 -70.46% 15.71 -4.48 .000  -101.7 -39.17 ok
revgrowth -1.205 -1.205% 3358 -3.59 .001  -1.873 -.5367 ok
interestrate 72.36 72.36%  8.654 8.36 .000 55.13 89.59 ok
growthgdp -4.914 -4914%  2.569 -1.91 059 -10.02 .1998 *
inflation -28.05 -28.05%  4.679 -5.99 .000  -37.36 -18.73 Ak
unemployment  -.0926 1.703 -0.05 957  -3483 3.298
size -.0446 .0546 -0.82 417 -.1535 .0642
Constant 3.696 0.766 4.82 .000 2.170 5.222 *xE
Hausman P-value 0.031 Rho 0.2614
R-squared 0.125 Number of obs 2163
Breusch-Pagan LM 0.000 Prob>F 0.000
Autocorrelation test 0.6065

26



*E* p< 01, ** p<.05, * p<.1
Note: Coefficients are estimated on quarterly data. Flow variables are reported with a 1 p.p. quarterly increase

(0.01).

The results indicates that return on assets (-), total revenue growth (-), interest rate (+),
inflation (-), and estimated gdp growth (-) is significant at 1% level (p < 0.01), except for gdp
growth that is significant at 10% level (p < 0.1). Moreover, the significant variable interest

rate is the only to show an associated positive change in P/E ratio.

The coefficient for interest rate (72.36) interprets as a positive relationship to P/E ratio. The
estimated marginal effect of one percentage point increase in quarterly interest rate is

associated with a 72.36% increase in P/E ratio, all else equal.

Inflation shows a negative coefficient of -28.05, indicating a negative relationship between
inflation and P/E ratio. The estimated marginal effect of a one percentage point increase in
quarterly inflation is associated with an approximate 28.05% decrease in P/E ratio, all else

equal.

Additionally, the estimated marginal effect of a one percentage point increase in quarterly
return on asset is associated with an approximate 70.46% decrease in P/E ratio, all else equal.
GDP growth and revenue growth is associated with smaller estimated marginal effects,

associated with an approximate 4.914% and 1.205% decrease in P/E ratio respectively.

The Wooldridge test for serial correlation is presented in table 5. The null hypothesis is that
no first-order correlation exists in the model. For the P/E specification, the test is not rejected,
suggesting that first-order autocorrelation is not a problem in the model. However, to ensure
uniformity between models and allow comparison, clustering the standard errors at ID (firm)

1s still used.

To test for RE model or pooled OLS, the Breusch-Pagan LM test is used. The test retrieves a
P-value of 0.0, indicating that panel model with individual specific-effects is preferred over

the pooled OLS estimation.
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Additionally, the Hausman test is conducted to evaluate fixed- or random effects estimation
in the model. The result is shown in table 5 and is rejected at P < 0.05, indicating that

fixed-effect is the preferred estimation for this model.

Furthermore, the other firm control variables and unemployment do not show any statistical
significance. Finally, within firm R-squared is estimated at 12,5% and Rho provides 0.261,

explaining the fraction of the total variance attributable to firm-specific effects.

Comparing the two model outputs presented in table 4 and 5, the P/B specification yields a
higher r-squared value (0.226) compared to the P/E model (0.125). Furthermore, the Rho
values also show some discrepancies, where the P/B model (0.654) is higher than the P/E
specification (0.261), indicating that the fraction of the variance related to the firm-specific
effects are higher in the P/B model. The most significant observation is the discrepancy on
the sign of interest rate in the two specifications, where P/E shows a positive relationship and

P/B a negative.

For robustness results with time-effects the estimation of P/E significantly changes, where
GDP growth (-) is the only significant macroeconomic variable. The P/B model experiences
an overall insignificant estimation. This suggests that changes in valuation multiples may be
influenced by time variation rather than variation between firms. A reason for this may be the
low variation of macroeconomic variables between entities, resulting in difficulties to
establish causal relationships. The models were also re-estimated using alternative
specifications, by excluding one-variable at a time to compare the effects, the main results
remained intact. Given the limited cross-sectional variation in the macroeconomic variables
in the sample, arising from uniform values except for country differences, the results may be
sensitive to time-specific shocks. Therefore, the estimation of the results need to be

interpreted carefully, and mostly seen as associations rather than causal relationships.

6.3 VIF results

In this section the results from the variance inflation factor (VIF) tests outlined in section
5.4.1. VIF is estimated by first running an OLS regression with the dependent variables,

leading to the possibility to estimate values of VIF. Firstly, table 6 visualizes the VIF-values
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retrieved without the year fixed effects. Referring to the table, the values range from 1.035 up

to and including 1.247, indicating rather low values.

Table 6: Variance inflation factor for independent variables excluding time fixed effects for both models.

VIF 1/VIF
inflation 1.247 .802
interestrate 1.232 812
returnonassets 1.148 871
unemployment 1.1 .909
leverage 1.055 .948
revgrowth 1.052 95
growthgdp 1.046 956
size 1.035 .966
Mean VIF 1.114

Table 7 presents the VIF-values when including fixed effects on time (i.year), which
significantly increases the values returned for especially interest rate, growth gdp and
inflation above the previously discussed threshold of 10. Since macroeconomic conditions
only changes on country-level and not for the specific firms within the same country, time
effects may introduce collinearity between the time-effects and macroeconomic flow
variables, decreasing the identification of causal effects.Because of this, and the large
increase in VIF-values when time effects are introduced, time fixed effects may introduce

restrictions in the estimation of the model if used.

Table 7: Variance inflation factor for independent variables including time fixed effects for both models.

VIF 1/VIF
inflation 19.02 .802
interestrate 19.81 812
returnonassets 1.33 871
unemployment 2.28 .909
leverage 1.10 948
revgrowth 1.09 .95
growthgdp 7.61 .956
size 1.15 .966
Mean VIF 4.94
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7. Discussion

The aim of this section is to discuss the discrepancies in the result, and relate them to the

theoretical framework and the previous findings from related financial literature.

7.1 Interest Rate: Effects on P/E and P/B

Interest rates are central because listed real estate firms are capital intensive and typically
highly leveraged, implying a strong sensitivity to financing conditions and required returns.
This motivation is explicit in the introduction, where real estate is framed as an important
macroeconomic transmission channel, and where Swedish policy discussion highlights that
commercial real estate firms are particularly affected by rising interest rates due to
indebtedness (Riksbanken, 2022). Against this background, the empirical results show that
interest rates are statistically significant for both valuation multiples, but with opposite signs:
interest rates are associated with higher P/E and lower P/B. This divergence is analytically
important because it suggests that the channel through which interest rates affect valuation

depends on whether the multiple is earnings-based or asset-based.

From a standard valuation perspective, the DDM implies that higher interest rates increase
the cost of equity and the required return, lowering the present value of future cash flows and
thus depressing equity valuation (Damodaran, 2012). Under this logic, one would expect both
P/E and P/B to fall when interest rates rise. The estimated negative interest-rate effect on P/B
is therefore consistent with theory. Since P/B measures market value relative to book equity,
higher rates increase discounting and reduce the market’s willingness to pay a premium over
book value, which is coherent with the role of the cost of capital in asset valuation
(Damodaran, 2012). This interpretation is also consistent with empirical evidence where
higher interest rates are linked to lower valuation metrics in real estate settings (Durer &
Kéten, 2021). Because book value is determined by accounting standards and updated
through periodic fair value revaluations under IFRS 13, it is relatively stable in the short run.
Market prices, however, adjust more quickly to new discount rate expectations, meaning that
rising interest rates cause the numerator (market price) to fall faster than the denominator
(book value), and thereby produce a lower P/B ratio. This mechanism is consistent with
Durer and Ké&ten (2021), who document a significant negative relationship between interest

rates and market-to-book ratios in listed REITs, and with the APT framework, where interest
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rate changes represent a systematic risk factor that is priced into expected returns (Bodie et

al., 2024).

However, the positive interest-rate coefficient for P/E deviates from the most straightforward
theoretical prediction. Rather than forcing a single explanation, it is important to situate this
result in the literature emphasizing that interest-rate sensitivity in listed real estate is difficult
to isolate and can vary across periods. Allen et al. (2000) show that listed real estate returns
are sensitive to interest-rate changes, but that this sensitivity cannot be systematically
explained by firm-level characteristics (e.g., leverage or asset structure). Their findings
suggest that interest-rate effects exist, but that the underlying transmission mechanism is
complex and not easily mapped to observable firm attributes (Allen et al., 2000). In a similar
spirit, Giliberto and Shulman (2017) document that interest-rate sensitivity is time-varying
and can switch direction across different market environments, and that interest-rate effects
are often intertwined with broader equity market movements (Giliberto & Shulman, 2017).
This literature supports a cautious interpretation of the positive P/E effect as potentially

reflecting broader market conditions rather than a stable structural relationship.

The finding of a positive coefficient therefore seems to contradict this prediction, but several
mechanisms can explain the result. First, the positive relationship may partly reflect a
denominator effect. Since the P/E ratio is defined as price divided by earnings, the multiple
can increase not only through rising prices but also through declining earnings. Explicitly the
denominator effect is if earnings fall faster than price, e.g., due to higher interest expenses,
observed P/E may rise even if the cost of equity increases (Damodaran, 2012). For real estate
firms, which carry substantial debt, rising interest rates quickly lead to higher interest
expenses, which in turn reduce reported earnings. Market prices, on the other hand, may
adjust more slowly if investors consider the earnings decline to be temporary. If earnings fall
faster than prices, the observed P/E ratio mechanically increases, even without any upward
revision in investor expectations about future profitability. This is consistent with the
theoretical note by Damodaran (2012), who points out that P/E may increase when earnings

decline faster than prices as a result of increased cost of debt.

Second, the positive effect may also reflect that investors anticipate rent pass-through. In
markets where real estate demand is strong or where lease contracts are indexed to inflation

or financing costs, property owners may be able to transfer part of their higher financing costs

31



to tenants through increased rents over time. If such pass-through is expected, investors may
not reduce prices as much as current earnings would suggest, since the long-run earnings
impact of higher rates is seen as limited. This aligns with the introduction’s framing of real
estate as a sector where cash flows and financing conditions jointly shape valuation outcomes
(Riksbanken, 2022). Finally, in an APT framework, interest rates represent one systematic
factor among several, and the net effect on valuation depends on the interaction with other
macroeconomic forces such as inflation and growth expectations (Bodie et al., 2024). This

would result in a higher observed P/E ratio during periods of rising interest rates.

Taken together, the interest-rate effect on P/E and P/B points to a fundamental asymmetry:
P/B responds to interest rates through the cost of capital channel in a theoretically consistent
and predicted way, while P/E is additionally shaped by the simultaneous effect of interest
rates on reported earnings. The results should therefore not be interpreted as a rejection of
valuation theory, but rather as a reflection of the fact that P/E and P/B measure different
economic quantities and respond differently to changes in financing conditions, which also

have been confirmed by prior researcher (Giliberto & Shulman, (2017); Allen et. al, (2000)).

7.2 Inflation: Effects on P/E and P/B

Inflation shows a significant and negative effect on both valuation multiples, but the
magnitude differs considerably. For P/E, a one percentage point increase in quarterly inflation
is associated with a 28.05% decrease in the P/E ratio, while the corresponding effect on P/B
is a 5.99% decrease. The sign is consistent across both models and aligns with theoretical

predictions and the hypothesis of the study.

The negative inflation effect on both multiples can be explained through the same underlying
channel. From the DDM perspective, higher inflation is typically associated with increased
macroeconomic uncertainty and leads to higher required rates of return, since investors
demand compensation for the erosion of real purchasing power. An increase in the cost of
equity (k) reduces the present value of expected future earnings and dividends, which lowers
both P/E and P/B (Damodaran, 2012). From the APT perspective, inflation represents a
systematic risk factor that affects all firms simultaneously, and higher inflation increases the
risk premium demanded by investors (Bodie et al., 2024). This is consistent with the broader

finance literature, which shows that equity markets respond negatively to unexpected
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inflation, particularly when it raises expectations of future monetary tightening (Bernanke &
Kuttner, 2004). Empirically, the finding is also in line with Durer and Kéten (2021), who
report a negative association between inflation and market-to-book ratios in real estate firms.
In addition, higher inflation can reduce real earnings growth if operating costs such as
construction, maintenance, and energy. Rise faster than revenues, which would put further

downward pressure on the P/E multiple specifically.

The considerably larger negative effect of inflation on P/E compared to P/B reflects the same
asymmetry discussed in the previous section. Since earnings are directly affected by changes
in input costs and interest expenses, the P/E ratio is more sensitive to inflation through its
impact on the denominator. Book value, on the other hand, is updated based on fair value
assessments under IFRS 13, which may partially absorb inflationary changes in asset values
over time particularly if property values increase along with general price levels. This means
that P/B may be partly buffered by accounting updates that keep book value more aligned

with market conditions, which reduces the net downward pressure on P/B relative to P/E.

Overall, the negative and significant inflation effects on both multiples confirm the
theoretical prediction that adverse macroeconomic conditions reduce relative valuations, and
provide a more straightforward confirmation of the risk-based valuation mechanism

compared to the interest rate results.

7.3 GDP Growth: Effects on P/E and P/B

GDP growth produces diverging effects across the two multiples. For P/E, the estimated
coefficient is negative and marginally significant at the 10% level, suggesting that higher
GDP growth is associated with somewhat lower P/E ratios. For P/B, the coefficient is positive
and highly significant, indicating that a one percentage point increase in quarterly GDP
growth is associated with a 4.29% increase in the P/B ratio. The contrast between these two

results is theoretically informative.

The positive GDP growth effect on P/B is economically intuitive. Periods of stronger
economic activity are generally associated with higher occupancy rates, increased demand for
commercial real estate, and expectations of rising rental income. From the DDM perspective,

stronger growth expectations increase the long-run growth rate (g) of future cash flows,
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which raises the present value of equity and thereby increases the market price relative to
book value. This channel is particularly relevant for listed real estate firms, where asset
values and rental income are closely connected to broader economic conditions. The positive
coefficient is therefore consistent with the theoretical prediction that favorable

macroeconomic conditions support asset valuations above book value.

The negative effect of GDP growth on P/E is less straightforward, since stronger economic
growth might intuitively be expected to support earnings and justify higher multiples.
However, several mechanisms can explain this result. First, periods of high GDP growth
often signal rising inflationary pressures, which may lead investors to anticipate future
monetary tightening. From a valuation perspective, this is important since anticipated
increases in the discount rate can reduce the present value of future earnings even before
policy rates have actually been adjusted (Bernanke & Kuttner, 2004). Second, within the APT
framework, GDP growth interacts with other systematic risk factors, especially inflation and
interest rate expectations rather than affecting valuations in isolation (Bodie et al., 2024).
Investors may therefore interpret strong GDP growth not only as a positive signal about
future earnings, but also as an indication of increased macroeconomic risk and tighter
financing conditions ahead. Third, during periods of strong economic growth, earnings in the
real estate sector may increase rapidly through higher occupancy rates and rising rents
causing the denominator of the P/E ratio to grow faster than the numerator, and thus

mechanically reducing the observed multiple.

Overall, the divergence between the GDP growth effects on P/E and P/B therefore reflects
both the different sensitivities of the two denominators and the different economic channels
through which GDP growth is transmitted. P/B appears to capture the asset value and rental
demand channel, while P/E appears to reflect the interaction between earnings dynamics and

monetary policy expectations more strongly.

7.4 Unemployment: Effects on P/E and P/B

Unemployment does not show a statistically significant effect on either P/E or P/B. This

result is consistent across both models and can be explained in a few ways.
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First, labor market conditions are likely already captured indirectly through the other
macroeconomic variables in the model, particularly GDP growth and interest rates, which are
closely related to employment dynamics over the cycle. When GDP growth and interest rates
are controlled for, unemployment may not provide additional explanatory power in the

regression model for the study.

Second, during the sample period (2010-2025), unemployment in Sweden, Denmark, and
Norway exhibited relatively moderate fluctuations. The limited variation in unemployment

across the sample may reduce its statistical power as an independent predictor.

Third, from the perspective of listed real estate specifically, rental demand and property
valuations are primarily driven by broad economic activity and financing conditions rather
than unemployment directly. Many of the firms in the sample derive their rental income from
commercial tenants, businesses rather than individuals which further reduces the direct

transmission from labor market conditions to property valuations.

The insignificance of unemployment therefore does not necessarily mean that labor market
conditions are irrelevant for real estate valuations in general, but rather that their effect is

already embedded in the other macroeconomic variables included in the model.

7.5 Control Variables: Revenue Growth, Size, Leverage, ROA

The results for firm-level control variables differ considerably between the two regression
specifications, which reflects the different nature of the two dependent variables.

Both revenue growth and ROA are statistically significant in the P/E model. Revenue growth
shows a negative coefficient, indicating that higher short-term revenue growth is associated
with lower P/E ratios within the same firm. This can be interpreted in the context of how the
P/E ratio is theoretically defined. According to Nezlobin et al. (2016), P/E is a
forward-looking multiple that reflects investor expectations about sustainable future earnings
rather than current performance. In capital-intensive sectors such as real estate, short-term
revenue increases may be driven by one-time events such as acquisitions, project
completions, or asset disposals, which investors may not extrapolate into the future. Higher
current revenues therefore push up earnings (the denominator), which mechanically reduces

the P/E multiple, even if market prices remain stable.
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ROA is also negatively associated with P/E. This is consistent with the well-known pattern of
mean reversion in profitability: firms with high current returns on assets may be expected to
revert toward industry averages over time, and investors may therefore not assign a higher
multiple to temporarily high profitability. This result is in line with Nezlobin et al. (2016),
who show that P/E embeds expectations about the persistence of earnings rather than current
levels alone. Leverage and size do not show significant effects on P/E. This suggests that
cross-sectional differences in capital structure and firm scale are largely absorbed by the firm
fixed effects, and do not systematically explain within-firm variation in the P/E ratio over
time. The absence of a significant leverage effect is somewhat surprising given the sector's
high indebtedness, but it is consistent with Allen et al. (2000), who find that leverage does

not reliably explain the interest rate sensitivity of listed real estate.

None of the firm-level control variables are statistically significant in the P/B model. This
indicates that quarterly changes in firm-level fundamentals do not systematically drive
within-firm variation in the P/B ratio. This result is consistent with the nature of the P/B
denominator: book value under IFRS is based on periodic fair value assessments of property
assets and is updated through standardized appraisal procedures, making it less sensitive to
short-term changes in revenue or profitability. As a result, P/B may better reflect the broader
macroeconomic environment and the cost of capital, rather than short-term operational

performance at the firm level.

7.6 Comparison of Multiples

Taken together, the results reveal a consistent pattern: macroeconomic variables in particular
interest rates and inflation are significant drivers of both valuation multiples, but the
mechanisms and magnitudes differ in ways that reflect the fundamental differences between

P/E and P/B as financial measures.

P/B responds to macroeconomic conditions in a way that is more consistent with standard
valuation theory. Interest rates and inflation both show significant negative effects, which
aligns with the cost-of-capital channel derived from the DDM. The higher R-squared (22.6%
vs. 12.5%) and rho (0.654 vs. 0.261) in the P/B model suggest that macroeconomic variables
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explain a larger share of within-firm variation, and that firm-specific effects play a more

prominent role compared to the P/E model.

P/E is more difficult to interpret as a pure macroeconomic signal. Because earnings are
directly affected by interest expenses, operating costs and other firm-level factors, the P/E
ratio is simultaneously influenced by changes in the denominator, which can produce effects
that appear counterintuitive from a theoretical standpoint. One example of this is the notably
positive interest rate coefficient. This does not contradict valuation theory, but rather reflects

that P/E captures both pricing and earnings dynamics at the same time.

The two multiples therefore provide complementary rather than interchangeable information.
P/B more cleanly reflects the effect of the macroeconomic environment on the cost of capital,
while P/E additionally embeds firm-level earnings volatility and short-term operational

performance.

7.7 Limitations and methodological discussion

The empirical and statistical approach in this study includes several limitations worth
highlighting. Firstly, the exclusion of time-fixed effects may reduce the ability to conclude
causal relationships because global shocks or similar effects over time are not controlled for.
However, since inclusion of time fixed effects may introduce multicollinearity in the
estimation, this was excluded from the final models. This highlights the trade-off between
preserving enough variation for estimation and controlling for unobserved effects over time.
Excluding time fixed effects may introduce omitted variable bias resulting in estimations to
be seen more as associations rather than strict causal relationships. Secondly, the time match
between macroeconomic conditions and valuation multiples introduces the assumption that
P/E and P/B are affected exactly when macroeconomic conditions change. However, this
might not be the case since stock prices might react to interest rate announcements, and
earnings react over a longer period of time. Therefore, the estimations should be interpreted
with this in mind. Lastly, exclusion of firms with negative P/E ratios might skew the data
towards stable and profit making firms. Dropping negative P/E ratios were reasonable given
data restrictions, and necessary for log transformation. This decision might limit the

generalizability of the results to a certain type of firms, instead of the sector as a whole.
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7.8 Future Research

Future research could extend the present study in several directions to deepen the
understanding of how macroeconomic conditions are transmitted into valuation multiples for
listed real estate firms. One promising avenue would be to use higher-frequency or
event-based data to better capture the timing of market reactions. For example, analyzing
stock price and valuation responses around specific interest-rate announcements or the
official releases of macroeconomic indicators such as inflation, GDP growth, or
unemployment could help disentangle immediate market pricing effects from more gradual

adjustments in earnings and book values.

Another extension would be to include firms with negative earnings, thereby allowing a
comparison between loss-making and profitable real estate companies. While the exclusion of
negative P/E observations is necessary for the log-transformation applied in this study,
incorporating alternative methodologies or valuation metrics could improve generalizability
and provide insights into whether macroeconomic sensitivity differs systematically between

distressed and profitable firms.
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8. Conclusion

This thesis examines how macroeconomic factors affect the valuation multiples of publicly
listed real estate firms in Scandinavia over the period 2010-2025. Using a panel dataset of 79
firms and 2,163 observations, fixed effect regressions were estimated for two dependent

variables.

The results show that macroeconomic conditions, particularly interest rates and inflation, are
systematically reflected in valuation multiples, thereby providing a clear answer to the
research question. However, the direction and interpretation of these effects differ depending

on whether the multiple is asset-based or earnings-based.

The findings provide partial support for the first hypothesis. Consistent with valuation theory,
interest rates are negatively associated with P/B, reflecting a cost of capital channel where
higher discount rates reduce equity valuation relative to book values. Inflation also shows a
negative effect, supporting the interpretation that adverse macroeconomic conditions increase
required returns and reduce relative valuations. In contrast, the positive relationship between
interest rates and P/E deviates from the expected theoretical pattern, but can be explained by

a denominator effect, where higher financing costs reduce earnings faster than prices adjust.

The second hypothesis also receives partial support. Inflation is significant across both
models, while GDP growth is significant in the P/B model and positively associated with
valuation, consistent with stronger economic activity supporting asset values and demand in
the real estate sector. For P/E, GDP growth is only marginally significant and negative, while

unemployment does not show a significant effect in either specification.

Taken together, the results indicate that P/B provides a more theoretically consistent and
empirically clear measure of how macroeconomic conditions are reflected in valuation for
listed real estate firms, representing the asset-intensive nature of the sector, where firm value
is closely tied to underlying property assets. In contrast, P/E is more difficult to interpret as a
pure macroeconomic indicator, as it is influenced by both valuation changes and short-term
earnings dynamics. The findings therefore suggest that P/E and P/B should be viewed as
complementary rather than interchangeable measures when analyzing valuation in the real

estate sector.
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