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This bachelor's thesis investigates the effect of Euribor interest rate fluctuations on the returns 
and volatility of Finnish residential real estate investment funds during the period 2018–2025. 
Using quantitative methods and the ARCH model, the study analyzes how changes in interest 
rates influence return volatility.  
 
The findings indicate that the 3-month Euribor has a statistically significant negative impact on 
fund returns with a two-month lag. The results also show that fund performance is more sensi-
tive to short-term interest rate changes, while medium- and long-term rates do not significantly 
affect return variation. The hypothesis suggesting an asymmetric volatility response to Euribor 
movements was not supported. This study contributes insights into the dynamics between in-
terest rates and real estate fund performance in the Finnish context and provides a foundation 
for future research in the area. 
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Tämä kandidaatin tutkielma tutkii Euribor-koron vaikutusta suomalaisten asuinkiinteistösijoi-
tusrahastojen tuottoihin ja niiden volatiliteettiin vuosina 2018–2025. Tutkimus hyödyntää 
kvantitatiivisia menetelmiä ja ARCH-mallia analysoidakseen, kuinka korkotason muutokset 
heijastuvat rahastotuottojen volatiliteettiin.  
 
Tulokset osoittavat, että kolmen kuukauden Euriborilla on tilastollisesti merkitsevä negatiivi-
nen vaikutus rahastotuottoihin kahden kuukauden viiveellä. Lisäksi havaitaan, että Euribor-
korkojen muutokset vaikuttavat erityisesti lyhyellä aikavälillä, kun taas pidemmän maturiteetin 
korot eivät selitä tuottojen vaihtelua yhtä hyvin. Hypoteesi korkojen asymmetrisestä vaikutuk-
sesta volatiliteettiin ei saanut tukea aineistosta. Tutkimus tarjoaa uutta empiiristä näyttöä kor-
kojen ja kiinteistösijoitusrahastojen välisestä dynamiikasta Suomessa ja voi toimia pohjana tu-
leville tutkimuksille aiheesta. 
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1. Introduction 

 

 

Real estate is often considered a valuable component of an investment portfolio due to its rela-

tively low correlation with other asset classes and its potential to generate stable, long-term 

returns (Goldman Sachs, 2022). Real estate investment funds (REIFs) are collective investment 

vehicles that primarily allocate capital to real estate assets. These investments can be made 

either directly through the acquisition of physical properties or indirectly by purchasing equity 

or debt instruments issued by firms engaged in real estate activities. By channeling capital into 

commercial real estate (CRE) markets, REIFs play a significant role in the euro area’s financial 

system. They reduce dependence on traditional bank financing and contribute to a more diver-

sified investor base. (Pierce et al, 2023) 

 

The REIF market plays a crucial role in modern financial systems, offering investors an oppor-

tunity to gain exposure to real estate assets while benefiting from liquidity and professional 

management. In the past decade, REIFs have grown significantly and now account for 40% of 

commercial real estate market (CRE) in the euro area (Pierce at al, 2023). REIFs are inherently 

sensitive to macroeconomic factors, particularly interest rates. In the Eurozone, the Euro Inter-

bank Offered Rate (Euribor) serves as a key benchmark influencing borrowing costs, invest-

ment strategies, and ultimately, the performance of real estate investment funds. Understanding 

the relationship between Euribor and REIF returns is essential for investors, fund managers, 

and policymakers alike. 
 

The impact of interest rates on real estate markets has been extensively studied, yet there is a 

specific gap in research investigating effects of Euribor fluctuations on Finnish REIFs. Previous 

research has largely focused on Central European, Asian and American markets. This study 

aims to address the existing research gap by investigating the impact of Euribor fluctuations on 

the returns of real estate investment funds within the Finnish market. Given Finland’s relatively 

small economy and its peripheral position within Europe, its market dynamics may differ from 

those of larger core Eurozone countries. These contextual differences underscore the im-

portance of analyzing Finland separately, as the findings may offer insights that are not captured 

in broader, pan-European studies. 
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The Euro Interbank Offered Rate (Euribor) serves as one of the most critical benchmark interest 

rates in the European money markets. It reflects the average interest rates at which a panel of 

large European banks lend unsecured funds to one another in the interbank market. Euribor is 

published for five different maturities, one week, and one, three, six, and twelve months (Triami 

Media, 2023) of which the three-, six-, and twelve-month rates were selected for this study to 

capture variations across short- and medium-term interest rate horizons. As a widely used ref-

erence rate, Euribor plays a central role in the pricing of various financial instruments, including 

mortgages, loans, and derivatives, thereby influencing both financial institutions and house-

holds across the Eurozone.  

 

1.1 Research questions and objectives 

 

The main objective of this thesis is to examine how fluctuations in the Euribor interest rate 

affect the returns of Finnish residential real estate investment funds. This topic is particularly 

relevant in the current economic environment where interest rates have seen significant varia-

tion and play a critical role in real estate financing and investor decision-making. In addition to 

assessing the general relationship between Euribor and fund returns, this study also investigates 

whether changes in volatility exhibit asymmetric behavior in response to interest rate fluctua-

tions, for example whether increases and decreases in Euribor have differing effects on fund 

volatility. 

 

 The empirical analysis in this thesis is based on monthly return data from Finnish residential 

real estate investment funds and the EURIBOR rate. The study period spans from 2018 until 

present, allowing for a comprehensive assessment of short- and medium-term interest rate im-

pacts. The research utilizes time series econometric method ARCH, to capture volatility dy-

namics and investigate whether the response to interest rate changes is symmetric or asymmet-

ric. The dataset has been sourced from publicly available financial and market databases. 

 

Previous research has largely focused on how central bank policies and monetary conditions 

influence the real estate sector as a whole. This study seeks to bridge this research gap by ex-

amining how changes in Euribor influence the returns of Finnish real estate investment funds. 

Specifically, it aims to answer the following research question: 
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1. “How does the Euribor rate influence the returns of Finnish real estate investment 

funds?” 

 

2. “Is the effect of Euribor rate fluctuations on fund volatility asymmetric?” 

 

 

1.2  Theoretical framework 

 

The purpose of this chapter is to establish the theoretical foundation that guides the analysis of 

how fluctuations in the Euribor rate influence the performance of Finnish residential real estate 

investment funds. The chapter introduces and discusses three central areas of theory: monetary 

economics, the term structure of interest rates, and asymmetry in information shocks. These 

perspectives provide the tools needed to understand both the direct and indirect channels 

through which interest rate changes affect real estate fund returns. Monetary economics offers 

insights into the policy mechanisms and macro-financial variables under examination. The term 

structure of interest rates frames the relationship between short- and long-term interest rates 

and their role in investment decisions. Finally, the concept of asymmetric information shocks 

highlights the uneven and potentially nonlinear reactions of financial markets to new data, par-

ticularly within the context of monetary policy surprises. Together, these theoretical approaches 

form the basis for the hypotheses, analysis, and interpretation of results presented in this thesis. 

 

1.2.1  Monetary economics 

 

Monetary economics consists of both microeconomic and macroeconomic dimensions and ex-

plores essential questions regarding the nature of money, as well as its demand and supply. In 

monetary economics, interest rates influence investment decisions primarily through the cost 

of capital. As borrowing becomes more expensive due to rising interest rates, leveraged invest-

ments, such as real estate purchases, tend to decline. In contrast, lower interest rates reduce 

financing costs and stimulate real estate investment activity. This sensitivity is especially im-

portant in the context of real estate investment funds, which rely heavily on capital markets for 

financing property acquisitions and operations. (Handa, 2000, pp. 1-2) 
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The microeconomic aspect emphasizes the role of financial institutions, particularly central and 

commercial banks, in shaping the money supply. Understanding their behavior is critical for 

analyzing how interest rates, such as Euribor are formed and transmitted through the economy. 

 

From a macroeconomic perspective, changes in the money supply and interest rates can affect 

a range of short-term economic variables, including investment levels, inflation, and employ-

ment. In the context of real estate investment funds (REIFs), interest rate fluctuations alter the 

cost of capital, which can either stimulate or suppress investment activity. Higher interest rates, 

for instance, tend to increase financing costs and reduce property valuations, ultimately dimin-

ishing fund returns. Lower rates, conversely, often enhance liquidity and encourage capital in-

flows into real estate markets. 

 

The primary objective of central banks is to maintain price stability, which they pursue primar-

ily by adjusting key interest rates. However, changes in the money supply implemented through 

monetary policy do not affect real economic variables and price levels instantaneously. Instead, 

these effects occur with time lags. As a result, the implementation of monetary policy must not 

only be forward-looking but also account for these delayed transmission effects when evaluat-

ing causal relationships between monetary policy instruments and the variables they influence. 

(Belke & Polleit, 2009, pp. 479) 

1.2.2  The Term Structure of Interest Rates 

 

The term structure of interest rates, often illustrated by the yield curve, describes the relation-

ship between interest rates and the maturity of debt instruments.  It plays a fundamental role in 

financial markets by reflecting investor expectations about future economic conditions, includ-

ing inflation and monetary policy. Among the primary theories explaining the term structure is 

the Expectations Theory, which suggests that long-term interest rates are an average of current 

and expected future short-term rates. In this view, an increase in the Euribor, representing short-

term borrowing costs, may signal expectations of higher rates in the future, influencing long-

term investment decisions and asset valuations accordingly. (Handa, 2000, pp. 597-599) 

 

Another relevant explanation is the Liquidity Premium Theory, which argues that investors 

demand a premium for holding longer-term securities due to their higher risk and lower liquid-

ity. This premium causes the yield curve to slope upward even when expectations of future 
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short-term rates remain constant. In the context of real estate investment funds, which typically 

involve long-term investments in illiquid assets, shifts in short-term rates like Euribor can indi-

rectly influence fund performance through adjustments in long-term yield expectations and dis-

count rates. Understanding these dynamics is essential for analyzing how monetary policy im-

pacts asset prices, investor behavior, and ultimately, fund returns. (Handa, 2000, pp. 608-609) 

 

The yield curve thus serves as a transmission channel through which monetary policy, via 

changes in Euribor , affects the real estate market. For REIFs, a steepening curve may imply 

better growth prospects and lower short-term borrowing costs, which supports fund perfor-

mance. Conversely, a flattening or inverted curve could signal recessionary expectations, po-

tentially reducing fund inflows and asset values. Understanding these yield curve dynamics is 

vital for interpreting both the level and volatility of returns in response to interest rate shifts. 

 

1.2.3  Asymmetry in shocks 

 

Financial markets are inherently sensitive to information, but not all information is interpreted 

or transmitted symmetrically. The concept of asymmetric information shocks refers to situa-

tions where economic entities respond differently to positive and negative news, or where cer-

tain entities possess more or better information than others. In the context of interest rate 

changes and real estate investment funds (REIFs), asymmetric information can lead to unequal 

adjustments in pricing, volatility, and investor behavior. (López et al., 2012, pp. 4-5) 

 

Asymmetry is also observed in how different types of investors respond to information. Insti-

tutional investors in REIFs may have more sophisticated forecasting models or better access to 

ECB communication, allowing them to react more quickly to changes in monetary policy. In 

contrast, retail investors may adjust their portfolios with a delay, amplifying short-term mis-

pricings and contributing to excess volatility. This behavior aligns with the noise trader theory, 

where imperfectly informed investors react sub-optimally to new data, increasing return disper-

sion. Cognitive negativity bias tends to be especially prominent among retail investors, influ-

encing their perception of and reaction to adverse financial information. 

 

Furthermore, negative information shocks, such as unexpected rate hikes or pessimistic macro-

economic data, often have a larger effect on asset volatility than positive surprises. This 
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phenomenon is consistent with the leverage effect observed in financial markets, where declines 

in asset values increase financial leverage and perceived risk, thus elevating volatility. For RE-

IFs, this means that bad news tends to trigger stronger corrections in pricing and higher fluctu-

ations in returns compared to equally strong good news. 

 

 
Figure 1. Theoretical Framework 

 

1.3 Research limitations and structure 

 

This thesis has certain limitations that must be acknowledged. First, the Finnish residential real 

estate investment fund (REIF) market is relatively young. Most funds were established after 

2013, which limits the availability of long-term data. To include the widest possible set of ob-

servations, the study period begins in 2018. Additionally, the empirical scope is restricted to 

listed Finnish REIFs, which may limit the generalizability of the findings to unlisted or inter-

national funds. 

 

The geographical focus of this thesis also imposes a limitation on the generalizability of the 

findings. The analysis concentrates exclusively on Finnish residential real estate investment 

funds, which operate under the specific regulatory, economic, and market conditions of Finland. 

These include national housing policies, taxation, financial regulation, and the overall structure 

of the domestic real estate market. Consequently, the relationship observed between Euribor 

rates and REIF returns may not hold in other countries with different monetary regimes, legal 

frameworks, or real estate dynamics. For instance, countries with more mature REIT markets 
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or different interest rate benchmarks (e.g., SOFR or LIBOR) might exhibit distinct behavior. 

Therefore, caution should be exercised when extending the results of this thesis to broader Eu-

ropean or global contexts. 

 

This thesis is structured into seven chapters. After the introduction, which presents the topic, 

research gap, and objectives, the second chapter provides a literature review. The literature 

review builds a foundation for the study by examining previous research related to real estate 

investment funds and interest rates. The third chapter presents the methodology, including the 

data, variables, and the justification for the chosen GARCH model used in the analysis. In the 

fourth chapter, the empirical strategy and data processing steps are explained. The fifth chapter 

presents and interprets the empirical results. These findings are then discussed in the sixth chap-

ter in the context of existing literature and theoretical expectations. Finally, the seventh chapter 

concludes the thesis by summarizing the key findings, answering the research questions, eval-

uating the reliability of the study, and suggesting directions for future research. 

 

 
Figure 2. Flowchart of the Thesis 
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2 Literature review 

 

 

The relationship between interest rates and the volatility of real estate investment returns re-

mains relatively underexplored within the context of Finnish residential real estate funds. Ex-

isting empirical research has primarily focused on broader economic settings, examining the 

pricing and performance of real estate funds under varying market conditions. The following 

section reviews existing literature relevant to these themes and introduces the hypotheses that 

guide this research. 

 

2.1 Previous research 

 

Akimov et al. (2019) examined the sensitivity of interest rates in seven public real estate mar-

kets across Europe over the period 1995–2013. Their analysis, based on a Generalized Auto-

regressive Conditional Heteroskedasticity (GARCH) model, focused on how interest rate 

changes affect both returns and volatility in these markets. The study highlights that, with one 

exception, the examined markets exhibit significant sensitivity to interest rate movements. 

 

Laine (2024) examines the relationship between interest rates and housing prices in the Nordic 

countries, finding a generally negative correlation. The study shows that rising interest rates 

between 2009 and 2023 have contributed to declining housing prices in Finland, Sweden, and 

Norway. This thesis contributes to the literature by being the first to quantitatively analyze the 

effects of interest rate changes during this specific time period in the Nordic context. 

 

Zheng et al. (2024) analyze the volatility dynamics of the Swedish Real Estate Sector Index 

from 2003 to 2021, with a focus on major economic crises including the 2007–2008 financial 

crisis, the 2009–2012 European debt crisis, and the COVID-19 pandemic. Utilizing various 

GARCH-type models, the study finds that volatility is highly time-varying and reactive to crisis 

periods. During COVID-19, in particular, the index exhibited long-range dependence and 

asymmetric responses to market news, suggesting increased market inefficiency. The findings 

highlight the growing sensitivity of market participants to negative shocks and a shift toward 

quicker adjustment to new information. 
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Ito (2013) investigates the effects of stock prices and interest rates on the Japanese REIT market 

by analyzing two distinct periods: before and after the 2007 financial crisis. The study finds 

that while stock prices positively influence REIT performance, this effect is more pronounced 

during times of financial stress. Conversely, interest rates exhibit a stronger negative impact 

during the crisis period, reflecting the challenges REITs face in securing funding. Notably, swap 

rates have a greater negative effect on REIT returns than government bond yields, emphasizing 

their relevance as benchmarks for medium- and long-term financing in the Japanese market. 
 

Keunecke and Oertel (2024) highlight the critical role of the innovation term distribution in 

GARCH modeling of direct real estate capital value returns. Their study challenges the sprev-

alent use of the normal distribution for innovation terms, arguing that such assumptions fail to 

capture the true characteristics of real estate return data and may lead to underestimated risk 

and misallocated investments. Through a time-varying modeling framework, they demonstrate 

that using more flexible distributions, particularly the Johnson SU distribution, enhances model 

accuracy and robustness. The findings underscore the importance of appropriately specifying 

innovation terms to better assess volatility and risk in direct real estate markets. 
 

Asteriou and Begiazi (2013) analyze daily U.S. REIT returns and volatility from 2000 to 2012 

using various GARCH models, incorporating the day-of-the-week effect and stock market in-

dex as explanatory variables. They find that EGARCH models best capture the volatility dy-

namics for most REIT subcategories, revealing significant asymmetric effects and leverage 

phenomena. While the stock market strongly influences REIT returns, the day-of-the-week ef-

fect appears negligible. Their results also suggest limited risk diversification between REITs 

and common stocks, particularly during financial crises, with mortgage and hybrid REITs 

showing heightened sensitivity to negative market news. 
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Table 1. Previous Research 

2.2  Hypotheses development 

 

Previous literature has identified a strong link between interest rate fluctuations and the perfor-

mance of real estate investment vehicles. Particularly, short-term reference rates such as the 

Euribor influence borrowing costs and investment behavior in real estate markets, thereby af-

fecting the return dynamics of real estate investment funds. Given the capital-intensive nature 

of real estate investments, changes in interest rates are expected to impact both the valuation of 

real estate assets and investor sentiment. 
 

An increase in the Euribor rate typically leads to higher financing costs for property developers 

and real estate funds. As borrowing becomes more expensive, both institutional and retail in-

vestors may reduce exposure to property markets, potentially causing price corrections and in-

creased uncertainty. This dynamic can translate into elevated volatility in real estate fund re-

turns. Moreover, macroeconomic tightening associated with rising interest rates can amplify 

market-wide risk aversion, further contributing to return instability. This relationship is sup-

ported by research from Akimov et al. (2019), who demonstrated that European real estate mar-

kets exhibit significant sensitivity to interest rate changes, affecting both returns and volatility. 

Drawing from these findings, the first hypothesis is formulated as follows: 

Topic Methods Variables Findings Authors

Interest rate sensitivity in 
European real estate 
markets

Generalized Autoregressive 
Conditional Heteroskedasticity 
(GARCH) model

Interest rates, real estate 
market returns, volatility

European real estate markets (with one 
exception) exhibited significant 
sensitivity to interest rate changes, 
affecting both returns and volatility. 

Akimov, A. 
et al. (2019) 

Effects of interest rates on 
Nordic housing prices

Multiple Linear Regression, 
Lindeman, Meranda, and 
Gold (LMG) decomposition

Interest rates, GDP, 
unemployment rate, 
housing prices

Rising interest rates negatively impacted 
housing prices in Finland, Sweden, and 
Norway, but no significant effect was 
found in Denmark due to widespread 
fixed-rate mortgages. 

Laine, M. 
(2024)

Volatility dynamics of 
Swedish real estate sector 
index

GARCH, asymmetric GARCH, 
and long-memory GARCH 
models

Swedish Real Estate Sector 
Index returns, volatility

Volatility was highly time-varying and 
reactive to economic crises.

Zheng et al. 
(2024)

Effects of stock prices and 
interest rates on the 
Japanese REIT market

Comparative time-period 
analysis, Regression analysis

Stock prices, Interest rates, 
Government bond yields, 
REIT returns

Stock prices positively influence REITs, 
more strongly during financial stress. 
Interest rates, especially swap rates, 
negatively impact REITs more during 
crises due to funding difficulties.

Ito, T. 
(2013)

Impact of innovation term 
specification on volatility 
modeling in direct real 
estate returns

Time-varying GARCH Capital value returns, 
Volatility

Assuming normal distribution for 
innovation terms in GARCH models 
leads to misspecification and 
underestimated risk.

Keunecke & 
Oertel 
(2024)

Volatility and return 
dynamics of U.S. REITs

CAPM, GARCH(1,1), 
TGARCH(1,1), 
EGARCH(1,1)

REIT returns, Stock 
market index

Stock market significantly impacts REIT 
returns, but no strong day-of-the-week 
pattern is found. Mortgage and hybrid 
REITs are more sensitive to bad news.

Asteriou & 
Begiazi 
(2013)



 

 

15 

 

H1: Euribor rate increases lead to higher volatility in real estate investment fund returns. 
 

While an interest rate hike tends to introduce higher uncertainty into financial markets, the re-

verse effect, declining interest rates may not lead to an equally pronounced reduction in vola-

tility. This asymmetry may stem from behavioral factors such as loss aversion or from macro-

economic lags in the transmission of monetary policy effects. Furthermore, sharp increases in 

the Euribor can act as negative shocks that disproportionately raise volatility compared to the 

stabilizing impact of rate cuts.  

 

The importance of capturing such asymmetries has been highlighted by Keunecke and Oertel 

(2024), who showed that assuming normally distributed innovations in GARCH-type models 

can lead to model misspecification and underestimated risk, especially during turbulent periods. 

Their findings underscore the necessity of accounting for asymmetric effects when analyzing 

volatility responses to macro-financial variables such as interest rates. Recognizing this possi-

ble asymmetry in the volatility response, the second hypothesis is proposed: 

 

H2: The effect of Euribor rate fluctuations on fund volatility is asymmetric. 
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    3.  Methodology 

 

 

This chapter outlines the methodological approach used to examine the relationship between 

Euribor rates and the returns of Finnish residential real estate investment funds. The objective 

is to clarify how the research was conducted and to ensure the reliability and validity of the 

results. The chapter describes the research design, data sources, variables, and the statistical 

methods applied. The emphasis is on the use of time series econometrics and, specifically, 

ARCH models to capture volatility patterns. The methodology reflects the study's aim to pro-

vide empirical insights into the dynamics between interest rate fluctuations and fund perfor-

mance. 

3.1 Quantitative research  

 

In examining the influence of EURIBOR rates on Finnish housing fund returns, it is crucial to 

account for the time-varying nature of financial market volatility. Traditional econometric mod-

els often assume constant variance, which may not adequately capture the dynamic fluctuations 

inherent in financial data. The ARCH model, introduced by Engle (1982), is designed to model 

and forecast conditional variance, effectively capturing volatility clustering, a phenomenon 

where periods of high volatility tend to be followed by high volatility, and periods of low vol-

atility tend to follow low volatility. By employing the ARCH framework, this study aims to 

provide a more accurate analysis of how fluctuations in EURIBOR rates correlate with changes 

in the volatility of Finnish housing fund returns, offering deeper insights into the risk dynamics 

within the housing fund market. 
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Figure 3. Quantative Research Progress 

 

3.1.1 Euro interbank offered rate 

The Euro Interbank Offered Rate (Euribor) is a key benchmark interest rate that reflects the 

average rate at which European banks are willing to lend unsecured funds to one another in 

the euro money market. It is published daily by the European Money Markets Institute 

(EMMI) for various maturities ranging from one week to twelve months. In this thesis, the fo-

cus is on the three-month Euribor, which is among the most commonly used maturities in fi-

nancial markets and frequently serves as a reference rate for loans, mortgages, and financial 

derivatives. For the purposes of this study, Euribor rates with maturities of 3, 6, and 12 

months were utilized to capture short- to medium-term interest rate dynamics. 

Euribor plays a central role in determining the cost of capital across the eurozone and is thus a 

critical variable in understanding the dynamics of real estate investment returns. Changes in 

the Euribor rate directly affect financing costs for real estate investment funds, potentially in-

fluencing their profitability, valuation, and investor returns. Consequently, studying its rela-

tionship with fund performance is particularly relevant in periods of monetary policy shifts or 
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market uncertainty, when interest rate volatility may have pronounced effects on financial 

outcomes. 

Although EURIBOR is widely used as a reference rate and generally regarded as reliable, its 

integrity has not gone without criticism. Eisl et al. (2017) highlight concerns regarding the po-

tential manipulation of global benchmark rates, noting that several banks have received sub-

stantial penalties in the past for such practices. Moreover, they reference early, indirect evi-

dence of manipulation reported by Mollenkamp and Whitehouse (2008) in The Wall Street 

Journal, who suggested that, during the onset of the financial crisis, certain banks may have 

deliberately submitted artificially low LIBOR rates to conceal their deteriorating creditworthi-

ness. Allthough this particular statement is about LIBOR, it raises questions about the integ-

rity of EURIBOR. 

Further evidence regarding the integrity of the Euribor rate-setting process is presented by Her-

rera et al. (2021), who examine whether advanced data processing methods can detect manipu-

lation among panel banks. By analyzing daily quote submissions and deriving monthly varia-

bles that capture distinct contribution patterns, the authors apply Machine Learning techniques, 

such as Supervised Learning, Anomaly Detection, and Cluster Analysis, to classify banks based 

on legal outcomes. Their results show that Deep Learning algorithms successfully identified 

five out of seven banks later convicted of manipulation, all exhibiting similar submission be-

haviors. 

 

This manipulation had significant repercussions for international financial markets, prompting 

regulatory bodies to adopt both qualitative and quantitative methods aimed at preventing future 

misconduct. The study by Herrera et al. also demonstrates the potential of Machine Learning 

as a supervisory tool, capable of capturing complex data patterns and enhancing the transpar-

ency of benchmark rate-setting. As a result of strengthened oversight mechanisms and the con-

tinued widespread use of EURIBOR as a reference rate, it’s credibility as a reliable market 

indicator is valid. 
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Graph 1. 3- 6- and 12-Month Euribor Rates 

 

3.1.2  Finnish real estate markets – Index 

 

To analyze the relationship between EURIBOR rates and real estate fund performance, a self-

constructed index was constructed to represent the Finnish residential real estate investment 

market. The data spans the period from January 2018 to the present. The index aggregates return 

data from a selection of real estate funds that focus primarily on residential, commercial, 

healthcare and residental care properties in Finland. This approach enables a more accurate and 

representative analysis of market dynamics within the specific segment under examination. The 

index is based on data from seven of the largest real estate investment funds operating in Fin-

land. Collectively, these funds represent a total net asset value (NAV) of approximately 4002 

million, ensuring that the index reflects a substantial portion of the Finnish real estate invest-

ment landscape. 

 

The selected funds were chosen based on their accessibility, size, popularity and relevance to 

the residential property sector. Each fund’s return series was weighted equally in the 
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construction of the index to avoid concentration bias and to ensure a balanced reflection of 

overall market performance. The resulting index serves as the dependent variable in the subse-

quent econometric analysis, capturing monthly changes in the aggregate return of the selected 

real estate funds.  

 

 
Table 2. Composition of the Real Estate Investment Fund Index 

 

Data for the index was collected from publicly available online sources, such as fund websites 

and financial data aggregators. In certain cases, where historical data was not readily available, 

direct contact was made with the institutions operating the funds to obtain the required infor-

mation. While most funds provide monthly returns , some reported only on a quarterly basis. 

To harmonize the data frequency across all funds and ensure consistency in the time series 

analysis, a simple moving average (SMA) technique was applied to interpolate monthly values 

from the quarterly reports. The resulting monthly return index serves as the dependent variable 

in the econometric framework and forms the basis for analyzing volatility and interest rate sen-

sitivity using ARCH models. 

 

Fund Name Size, millions € Index Weight (%)

Lähitapiola Sijoituskiinteistöt 181,7 4,54 %

S-Pankki A 297,9 7,44 %

OP Vuokratuotto 1064 26,58 %

eQ Yhteiskuntakiinteistöt 1132 28,28 %

eQ Liikekiinteistöt 561 14,02 %

Titanium Hoivakiinteistö 479 11,97 %

OP Palvelukiinteistöt 287 7,17 %

Total 4002,6 100,00 %
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Graph 2. Index with Simple Moving Average, 2018-01 = 100 

3.1.3 Data collection 

 

The study period from 2018 to 2025 was selected based on data availability and coverage. This 

timeframe allowed for the most comprehensive collection of return data across the chosen real 

estate investment funds, several of which were established relatively recently. As such, the se-

lected period ensures both the consistency and completeness of the dataset. 

 

Monthly Euribor data for the same period were obtained from the official statistics of the Bank 

of Finland. The use of monthly intervals aligns with the frequency of the return data and sup-

ports a consistent time series structure for the analysis. 

 

 

3.1.4 Research methods 
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The empirical approach of this study is based on time series econometrics, with the objective 

of analyzing the relationship between Euribor rates and the return dynamics of Finnish residen-

tial real estate investment funds. The primary focus is on modeling return volatility and interest 

rate sensitivity over time. To this end, Autoregressive Conditional Heteroskedasticity (ARCH) 

models are employed, as they are specifically designed to capture time-varying volatility, a 

common feature in financial return series. 

 

ARCH models allow the conditional variance of returns to depend on past squared errors, 

thereby capturing periods of increased or decreased volatility over time. This makes them ap-

propriate for studying the time-varying risk structure of real estate fund returns and how this 

risk is potentially influenced by changes in short- and medium-term interest rates. While the 

ARCH model family encompasses a wide range of specifications designed to capture time-

varying volatility, this study specifically employs the original ARCH model proposed by Engle 

(1982). This choice reflects the study’s focus on modeling volatility through a framework in 

which the current conditional variance depends solely on past squared error terms, without in-

corporating lagged conditional variances as in later extensions such as GARCH. 

 

The analysis proceeds by first estimating a mean equation, typically an autoregressive (AR) 

process, to capture the dynamic structure of the returns. The residuals from this equation are 

then used in the ARCH model to estimate the conditional variance. This approach enables the 

identification of interest rate effects not only on average returns but also on their volatility, 

offering a more comprehensive understanding of interest rate sensitivity in the real estate in-

vestment context. All models are estimated using maximum likelihood methods, and model 

adequacy is evaluated through standard diagnostic tests for autocorrelation and heteroskedas-

ticity. 

 

When using an ARCH model, certain fundamental assumptions must be satisfied to ensure the 

validity and reliability of the results. The ARCH model assumes the following: 

 

Conditional Mean Zero: 

E(ϵ!|ϵ!"#ϵ!"$…) = 0 

Conditional Heteroscedasticity: 

Var(ϵ!|ϵ!"#ϵ!"$…) = σ!$ 

No Autocorrelation in the Error Terms: 
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Cov(ϵ!ϵ%) = 0, for	t ≠ s 

Positivity and Stationarity of Conditional Variance: 

α& > 0, α' ≥ 0											for	i = 1,… , q 
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4. Research Process 

 

 

This chapter outlines the empirical research process undertaken in this study, detailing the se-

quence of steps from data collection to model estimation. Each phase of the process, ranging 

from the construction of the real estate index and the selection of interest rate variables to the 

application of the ARCH model, is described in detail to demonstrate how the research question 

was formed into an empirical study. 

 

4.1 Software for quantitative data 

 

MS Excel was used in the initial stages of the research process for data gathering, cleaning, and 

formatting. The real estate return index was constructed in Excel by aggregating individual fund 

returns, and a simple moving average (SMA) was applied to interpolate missing monthly values 

for funds that reported returns on a quarterly basis. This ensured a consistent frequency across 

the full dataset. 

 

Subsequent statistical analysis was conducted using Stata. In Stata, the data was transformed 

into stationary form through appropriate differencing and testing, and procedures were carried 

out to assess the presence of heteroskedasticity. The ARCH models were estimated within this 

environment using maximum likelihood methods. 
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Table 3. Description of Variables 

 

4.1.1 Model specification and Lag approximation 

 

The dependent variable in this study is the constructed REIFI, while the independent variables 

consist of the three-, six-, and twelve-month Euribor rates. Given that changes in interest rates 

are not expected to affect real estate fund returns instantaneously, lagged values of the Euribor 

rates are included in the model to account for delayed transmission effects. To address missing 

values and harmonize the return series in the index, a three-month simple moving average 

(SMA) was applied. The SMA, as defined in Equation 1 below, is calculated by averaging the 

most recent three monthly observations for each time point. 

 

<=>? =
?# + ?$ +…+ ?(

A
B 

Equation 1. Simple Moving Average (SMA), where A represents individual data points, 
and n is the number of observations included in the average. 

 

The stationarity of the time series variables employed in this study was assessed using the Aug-

mented Dickey-Fuller (ADF) test for, a widely applied procedure for detecting the presence of 

Variable Definition Units Source(s)

REIFI (Real Estate 
Index Finland)

Combined index of 
Finnish residential real 
estate investment fund 

returns

Index points, 
2018 = 100,       

1st differenced

Each fund's 
data was 

collected from 
their respective 

owner

Returns
Logarithmic monthly 
return of the REIFI 

index

Percentage (%), 
Logarithmic

Computed from 
the REIFI index

Euribor_3m 3-month Euro 
Interbank Offered Rate,

Percentage (%), 
2nd differenced Bank of Finland

Euribor_6m 6-month Euro 
Interbank Offered Rate

Percentage (%), 
2nd differenced Bank of Finland

Euribor_12m 12-month Euro 
Interbank Offered Rate

Percentage (%), 
2nd differenced Bank of FinlandIn
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e
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a unit root in a stochastic process. If the test statistic is more negative than the corresponding 

critical value, the null hypothesis of a unit root is rejected, indicating that the series is stationary 

and vice versa. Following the test results, all independent (EURIBOR) variables were found to 

be non-stationary at level and were subsequently second-differenced to achieve stationarity. 

 

The dependent variable, was also found to be non-stationary in level and was first-differenced 

to achieve stationarity. In addition to formal testing, visual inspection of time series plots was 

conducted to detect potential trends or structural drifts, thereby providing further support for 

the stationarity conclusions drawn from the ADF test. 

 

Table 4. Results for ADF 

 

For the series variables used in this study, the optimal lag length was determined through an 

explorative process, whereby multiple lag structures ranging from one to five months were 

tested. The selection of the most appropriate lag length was guided by standard model selection 

criteria using the Akaike Information Criterion (AIC) and the Bayesian Information Criterion 

(BIC). The lag specification that minimized these information criteria was adopted for the final 

model. A lag structure was applied to the transformed series, and the second lag of the three 

month euribor proved to be statistically significant in predicting index returns. 

 

Variable Test Statistic Critical Value 
(5%) Outcome

REIFI -3,162 -2,902 Stationarity at 
1st difference

EURIBOR_3M -10,522 -2,903 Stationarity at 
2nd difference

EURIBOR_6M -11,152 -2,903 Stationarity at 
2nd difference

EURIBOR_12M -11,776 -2,903 Stationarity at 
2nd difference
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Table 5. Lag Test results and their AIC/BIC scores. 

 

The appropriate ARCH specification was determined by estimating multiple ARCH models 

with varying lag orders and comparing their goodness-of-fit using the Akaike Information Cri-

terion (AIC) and the Bayesian Information Criterion (BIC). Based on this evaluation, the ARCH 

model, incorporating three lags in the conditional variance equation, was selected as it yielded 

the lowest AIC and BIC values. Among the lag terms, only the third lag was statistically sig-

nificant, indicating that return shocks occurring three months earlier had a measurable and per-

sistent effect on current volatility. The ARCH(m) is calculated as: 

 

	C) = D)E + F) (conditional mean) 

 

	G)$ = H& + H#F)"#
$ + H$F)"$

$ +⋯+ H*F)"*$  (conditional variance) 

 

Equation 2. Where C)	is the dependant variable, D) is the independent variable, F)	is the error 

term at time t, G)$ is the conditional variance at time t and H+are the ARCH parameters. 

 

 
Table 6. Different models and their AIC/BIC scores. 

  

Number of 
lags 0 1 2 3 4

Euribor 3M -2.64754 / -2.56014  -2.64931 / -2.59019  -2.65329 / -2.5646 -2.67838* / -2.61798*  -2.65383 / -2.50602

Euribor 6M -2.0511 / -1.92603 -2.06486 / -2.0123 -2.04427 / -1.97617 -2.07143* / -2.02154* -2.02066 / -1.87286

Euribor 
12M -1.17424 / -0.938149 -0.96771 / -0.953555 -1.01268 / -1.056 -1.18766* / -1.09897* -1.15167 / -1.00387

AIC/BIC *Best score

Model AIC BIC
GARCH(3,2) 91 100,8

GARCH(2,1) 112,9 122,8

GARCH(1,2) 101,7 111,6

EGARCH(1,1) 139,5 144,41

GJR-GARCH(1,1) 70 88

ARCH(3) 96,3 103,7

ARCH(3) with 
lagged euribor* 66,4 76,1

*Chosen model
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5. Empirical Results 

 

 

This chapter presents the empirical findings of the study on how Euribor affects the returns of 

Finnish residential real estate investment funds. The analysis is based on time series data for 

the 3-month Euribor and the combined index of real estate investment funds. The results of 

descriptive statistics, stationarity tests, and the ARCH analysis are reported in the following 

sections. This chapter aims to provide answers to the research questions. The results are divided 

into three main sections based on the Euribor maturities used in the analysis: first, the 3-month 

Euribor, and second, the 6-month and 12-month Euribor rates. The chapter concludes with a 

discussion on the presence or absence of asymmetry in the relationship between Euribor fluc-

tuations and return volatility. 

 

5.1 Results for 3-month euribor 

 

The analysis reveals that the three-month Euribor rate has a statistically significant and negative 

effect on the returns of the real estate investment index, but with a two-period lag. The second 

lag of the second-differenced Euribor rate shows a negative coefficient, indicating that an in-

crease in Euribor leads to a decline in index returns after approximately two months. This de-

layed impact suggests that interest rate changes may not immediately influence fund perfor-

mance, but instead apply their effect over time as financing conditions adjust and investment 

decisions are re-evaluated. The finding highlights a lagged sensitivity of the index to monetary 

policy changes, which may be particularly relevant in the context of real estate markets where 

adjustment processes are known to be gradual. 

 

The analysis shows that a one percentage point increase in the 3-month Euribor rate is associ-

ated with a 0.417 percentage point decrease in the return of the real estate investment fund 

index. This relationship is statistically significant at the 5% level, with a p-value of 0.003, in-

dicating strong evidence against the null hypothesis of no effect. 

 

5.1.2  Results for 6- and 12- month euribors 
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When included in ARCH-type models as explanatory variables in the mean equation, neither 

the second-differenced 6-month nor 12-month Euribor rates were statistically significant. This 

suggests that the real estate fund returns are more sensitive to short-term interest rate move-

ments, and that longer-term Euribor changes do not exhibit a measurable delayed impact on 

monthly return fluctuations.  

 

One possible explanation for this result is that short-term Euribor rates better capture the im-

mediate market conditions and liquidity environment to which real estate investment funds and 

their investors are more sensitive. In contrast, longer-term Euribor rates may reflect more grad-

ual macroeconomic expectations, which are less directly linked to the month-to-month perfor-

mance of fund returns. Moreover, residential real estate funds may rely more heavily on short-

term financing instruments or pricing models that are benchmarked against shorter maturities, 

amplifying their responsiveness to short-term rates while muting the impact of long-term inter-

est rate trends. 

 

Table 7. Test results for the different Euribors 

5.1.3  Asymmetry 

 

To test second hypothesis regarding the potential asymmetry in the effect of Euribor rate 

changes on return volatility, models allowing for asymmetric responses were estimated. The 

purpose was to identify whether positive and negative Euribor shocks have differential impacts 

on the volatility of real estate investment fund returns. 

 

The empirical results do not support the claim that the effects of Euribor rate fluctuations are 

asymmetric. Across all examined maturities of 3-month, 6-month, and 12-month, no statisti-

cally significant asymmetry was detected. This suggests that the volatility of fund returns re-

sponds similarly to both increases and decreases in Euribor, and that directional movements in 

the rate do not yield systematically different volatility effects within the sample period. 

Variable Coeffient z P>|z|
Euribor 3M -.4174002 -2.99 0.003 -.6909542 -.1438463
Euribor 6M -.118744 -0.95 0.343 -.3644127 .1269248

Euribor 12M -.0697324 -0.93 0.353 -.2169538 .0774889

[95% conf. interval]
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5.2 Hypotheses 

 

The empirical results are now compared to the hypotheses presented in chapter 2, which were 

formulated based on theoretical considerations and previous literature. 

 

H1: Euribor rate increases lead to higher volatility in real estate investment fund returns. 

 

The first hypothesis proposed that increases in Euribor rates would lead to higher volatility in 

the returns of Finnish residential real estate investment funds. The results partially support this 

hypothesis. The 3-month Euribor rate was found to have a statistically significant effect on 

return volatility, suggesting that short-term interest rate movements may influence investor ex-

pectations and liquidity in the real estate market. In contrast, neither the 6-month nor the 12-

month Euribor rates had a significant effect on volatility. This suggests that market participants 

in the residential real estate fund segment may react more strongly to short-term rate fluctua-

tions than to changes in longer-term rates. 

 

H2: The effect of Euribor rate fluctuations on fund volatility is asymmetric. 

 

The second hypothesis suggested that the effects of Euribor rate changes on fund volatility 

would be asymmetric. For example, that increases and decreases in rates would have different 

magnitudes of impact. However, the empirical results do not support this claim. The analysis 

did not reveal statistically significant evidence of asymmetry in the volatility response to Euri-

bor fluctuations. This indicates that, within the scope of this study, volatility in real estate fund 

returns does not differ systematically depending on the direction of the interest rate change. 

 

 
Table 8. Hypothesis Interpretations Based on the Results 

Hypothesis Result

H1: Euribor rate increases lead 
to higher volatility in real estate 

investment fund returns.
Supported

H2: The effect of Euribor rate 
fluctuations on fund volatility is 

asymmetric.
Rejected
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6. Discussion 

 

 

The results indicate a negative relationship between Euribor increases and real estate fund re-

turns. Specifically, as the 3-month Euribor rises, the average return on the housing fund index 

tends to decrease. This relationship is consistent with the theoretical expectation that higher 

interest rates increase borrowing costs and reduce the attractiveness of leveraged real estate 

investments. Moreover, the impact of Euribor appears to be more pronounced during periods 

of economic uncertainty. This may be due to heightened investor sensitivity to macroeconomic 

indicators during turbulent times, leading to greater return fluctuations in real estate markets 

that are otherwise relatively stable. 

 

Comparing the results to previous research presented in the literature review, the negative rela-

tionship found between the interest rates and fund returns is consistent with the findings of 

Akimov, A. et al. (2019), who emphasize the sensitivity of real estate investment to interest 

rates. Furthermore, Zheng, M. et al. (2024) observed that real estate markets tend to respond 

more acutely to interest rate movements during periods of volatility, an effect that was also 

visible in this study through the ARCH model's detection of clustered volatility. 

 

Due to the unique methodological approach and the use of a distinct dependent variable, direct 

comparisons with prior studies in the literature are limited. None of the reviewed studies em-

ployed an identical research design or focused specifically on the relationship between the 3-

month Euribor and Finnish residential real estate fund returns using an ARCH model frame-

work. Despite these differences, the findings of this study do not contradict existing literature. 

 

As such, this thesis provides a novel empirical basis that can inform future studies seeking to 

explore the dynamic interplay between macroeconomic variables and real estate investment 

returns, particularly in markets characterized by structural differences and data limitations. 
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7. Conclusions  

 

 

The purpose of this thesis was to examine how fluctuations in the  EURIBOR rate have affected 

the returns of Finnish residential real estate investment funds during the years 2018-2023. The 

analysis was conducted using quantitative methods, with a focus on time series modeling to 

explore the volatility and dynamic relationship between the interest rate and fund performance. 

ARCH model was employed to assess how interest rate movements contribute to return vola-

tility. The results were interpreted in the context of existing financial literature and market con-

ditions relevant to real estate fund investments. 

 

7.1 Theoretical implications 

 

From a theoretical perspective, this thesis contributes to the literature on the relationship be-

tween interest rates and real estate fund performance by applying an ARCH model to examine 

volatility patterns in response to changes in the EURIBOR. The findings support the notion that 

interest rates, such as the EURIBOR, are not only relevant for the level of returns but also play 

a significant role in explaining the time-varying volatility observed in real estate funds. This 

aligns with earlier studies suggesting that real estate investments, although traditionally viewed 

as relatively stable, are not immune to broader monetary shocks. The use of ARCH modeling 

in this context also reinforces the value of volatility-sensitive models in financial time series 

research. 

 

7.2 Limitations and further research 

 

Despite providing valuable insights, this study is subject to several limitations that should be 

acknowledged. First, the analysis focused exclusively on Finnish residential real estate invest-

ment funds, which may limit the generalizability of the results to other countries or real estate 

segments such as commercial or international funds. Different market structures, regulatory 

environments, and interest rate sensitivities in other regions may yield different outcomes. 
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Second, the study utilized the EURIBOR as the sole macroeconomic variable of interest. While 

this provides a clear and focused approach, it does not capture the broader set of economic and 

financial factors, such as inflation, GDP growth, or credit conditions that may also influence 

fund returns and volatility. Including additional variables in future models could yield a more 

comprehensive understanding of return dynamics. 

 

The empirical analysis was based on time series data and employed an ARCH model, which is 

effective in capturing volatility clustering but may not fully account for other stylized facts of 

financial time series such as leverage effects or long memory. Future research could extend this 

work by applying more advanced models, such as GARCH, EGARCH, or multivariate ap-

proaches, to examine interactions among multiple variables and asset classes. 

 

The dataset covers a specific time period that may have been affected by exceptional market 

conditions, such as the COVID-19 pandemic or rapid monetary policy changes in response to 

inflation. These events may have introduced short-term shocks that are not representative of 

typical market behavior. Further studies using longer time horizons or alternative periods could 

help assess the stability and robustness of the observed relationships. 

 

Future research could also explore investor behavior and sentiment in response to interest rate 

changes, potentially combining quantitative modeling with qualitative methods such as inter-

views or surveys to gain a richer understanding of market reactions. 
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