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This master’s thesis explores how security policy can affect credit spreads alongside other
macroeconomic and financial factors, with a focus on Finland and Sweden between 2014
and 2024. The Russian invasion of Ukraine, which prompted the historically neutral Nordic
countries to pursue NATO membership, was an unprecedented event and the main
motivating factor behind this thesis. As security policy has become a prominent topic in
today’s world, understanding its implications in the context of financial markets is crucial.

This thesis utilizes two different methods of statistical testing. The primary method is a
linear regression, applied separately to both countries. Additionally, T-tests with unequal
variances are used to analyze spread differences between Baltic and Nordic countries. The
findings illustrate how various factors affect credit spreads, categorized into three groups:
financial variables, security variables, and country-specific macroeconomic variables.

This thesis contributes to existing literature by offering a different perspective on credit
spreads, combining security policy analysis with financial analysis in a broader context.
Study limitations and suggestions for future research are also discussed. The regression
models in the study produced R? values ranging from 28 to 42 percent. The results indicate
that the most significant factors affecting Finnish spreads were government debt and
defense spending, while NATO had weak statistical significance. For Sweden, the most
significant factors were OMX volatility and the 12-month Euribor rate, both of which had
strong statistical significance. NATO was found to have no statistical significance for
Swedish sovereign spreads. No similar factors were identified which would have affected
both Finland and Sweden. Future studies should incorporate qualitative factors that link
credit spreads and country defense-related variables.
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Tama pro gradu -tutkielma analysoi, miten turvallisuuspolitiikka voi muiden
makrotaloudellisten ja rahoituksellisten tekijoiden ohella vaikuttaa
luottoriskimarginaaleihin, paapainona Suomi sekd Ruotsi vuosien 2014 — 2024 valilla.
Venajan hyokkdys Ukrainaan, joka sai historiallisesti neutraalit Pohjoismaat pyrkimaan
Nato-jasenyyteen, oli ennenndkemdatdon tapahtuma ja tdman tutkielman tarkein
motivaatiotekija. Koska turvallisuuspolitiikasta on tullut merkittava aihe nykymaailmassa,
sen vaikutusten ymmartaminen rahoitusmarkkinoiden yhteydessa on ratkaisevan tarkeaa.

Tassa tutkielmassa kaytetaan kahta erilaista tilastollista testausmenetelmaa. Ensisijainen
menetelma on lineaarinen regressio, jota sovelletaan erikseen molempiin maihin. Lisaksi
Baltian maiden ja Pohjoismaiden valisten luottoriskimarginaalierojen analysoimiseksi
kdytetdadn epatasaisen varianssin T-testejad. Tulokset havainnollistavat, miten eri tekijat
vaikuttavat luottoriskimarginaaleihin, jotka on luokiteltu kolmeen ryhmaan:
rahoitusmuuttujat, arvopaperimuuttujat ja maakohtaiset makrotaloudelliset muuttujat.

Tama tutkielma tdydentdd olemassa olevaa kirjallisuutta tarjoamalla uuden nakdkulman
luottoriskimarginaaleihin, yhdistden turvallisuuspoliittisen ja rahoitusanalyysin seka ottaen
huomioon tutkimuksen rajoitukset. Lisdksi esitetddan ehdotuksia jatkotutkimukselle.
Tutkimuksen regressiomallit tuottivat R2-arvoja, jotka vaihtelivat 28—42 prosentin valill3.
Tulokset osoittavat, ettd merkittavimmat Suomen luottoriskimarginaaleihin vaikuttavat
tekijat olivat valtion velka ja puolustusmenot, kun taas Naton tilastollinen merkitys oli
heikko. Ruotsin osalta merkittavimmat tekijat olivat OMX-indeksin volatiliteetti ja 12
kuukauden euribor-korko, joilla molemmilla oli vahva tilastollinen merkitsevyys. Natolla ei
havaittu olevan tilastollista merkitystd Ruotsin valtionlainojen luottoriskimarginaaleihin.
Suomen ja Ruotsin valilld ei havaittu yhtalaisia muuttujia. Tulevissa tutkimuksissa olisi
otettava huomioon laadulliset tekijat, jotka yhdistavat luottoriskimarginaalit ja maan
puolustukseen liittyvat muuttujat.
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1 Introduction

The 17t of May 2022 marked a historical day in Finnish neutrality. The Finnish president
Sauli Niinist6 had, by proposal of the cabinet, decided to inform the North Atlantic Treaty
Organization (NATO) of Finnish interest in joining the alliance (Ulkoministerio 2022). A
historical decision had been made. Ever since the brutal attack on the 24t of February by
Russian forces into Ukraine the security landscape changed in an instant. The old ways of
neutrality, which Finland had relied upon throughout the Cold War were thrown into the
waste bin and a new era had begun. As European leaders, and especially Finnish leaders
found themselves in an ever-evolving landscape of international relations and global
security, they were at a crossroads. What to do and how? Finland, a nation situated in
Northern Europe, has stood as a beacon of neutrality throughout much of its history;
skilfully navigating the geopolitical currents of the 20t century alongside Sweden who did
the exact same as Finland. However, recent developments have propelled Finland and
Sweden into a new phase of foreign policy as they embarked on a path toward full

membership in the North Atlantic Treaty Organization (NATO).

At the heart of this transition lies the question of how such a fundamental shift in security
policy might impact Finnish and Swedish financial markets, particularly their sovereign
bond markets. Sovereign bond yield spreads, defined here as the differential between a
target country’s government bond yields and those of German government bonds serve as
an essential indicator of market sentiment, fiscal stability, and investor confidence.
Germany is used as the European benchmark due to its strong economic fundamentals
(ABmann & Boysen-Hogrefe 2012). Consequently, this master's thesis delves into the
intricacies of Finland's and Sweden’s NATO accession and their potential ramifications on

sovereign bond yield spreads within the context of other Nordic and Baltic nations.

The rationale for undertaking this study is multi-faceted. Firstly, understanding the financial
implications of Finnish and Swedish NATO membership is crucial not only for policymakers

but also for investors, financial institutions, and market analysts who closely monitor the



dynamics of sovereign bond markets. Secondly, this thesis gives insight into how security
policy can affect financial markets, offering insights into how a significant geopolitical
decision can reverberate through the world of finance. As there have not been many
studies on this matter before, this thesis contributes a new view on this matter. Previously
NATO has been researched, in relation to the financial markets mostly in the context of the
global financial crisis in 2007 — 2008 (Lipow & Melese 2009). Past investigations into NATO
membership’s impact on the economy have focussed on the stimulus impact of military
spending (lvancik & Usiak 2014). Thirdly, this thesis seeks to provide empirical evidence to
support or refute any preconceptions about the effects of NATO accession on a nation's

bond yield spreads, adding clarity to the ongoing debate on the changing security policy in
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Figure 1: Year on year investment returns of the Baltic countries pre and post NATO accession compared to

Germany (IMF 2006).

Based on financial data, the average monthly 10-year bond spread versus Germany from
2010 to 2013, which covers the period before this thesis, was 0,148% for Sweden and
0,293% for Finland (Investing 2024a & Investing 2024b). The “NATO effect” as titled here
has not been researched thoroughly before. However, there have been multiple studies
conducted on the Baltic states, which were amongst the most recent admissions to NATO
in the beginning of the 2000s. These studies have focused on the overall investment
atmosphere in the countries post accession. Zajedova (1999) notes in her paper how NATO
has greatly contributed to the stability and economic growth of the countries. Foreign
direct investment and credit ratings have improved drastically, which has brought

economic prosperity to the Baltic countries. In 2022 the World Bank compared the Baltic



states against their former peer (former USSR) and found that their gross domestic product
(GDP) development has been faster. The average GDP for sub-groups the Baltics were in
was 19 300 USD. In comparison the GDP values for Estonia, Latvia and Lithuania were 28

300 USD, 21 900 USD and 24 800 USD respectively (Koll 2024).

The IMF provides data following the NATO accession of the Baltics. As seen in figure 1 the
returns of the banking sector started to rise steadily even before the accession was fully
completed in 2004. One reason for this could be increased overall security and investor

confidence in the countries, but no concrete research has been conducted on this.

1.1 Research questions and aim of the thesis

The aim of this master’s thesis is to examine whether Finnish and Swedish accession into
NATO has affected the sovereign bond spreads and to analyze Finnish and Swedish country
risk in detail, before and after the accession. The observation period starts from the
beginning of 2014 before the first crisis in Crimea and eastern Ukraine. The end date of the
observation period is the 31°t of May 2024. This gives the study a time window of roughly
10 years. For the analysis, a regression model is built with multiple variables in conjunction
with simpler T-tests. Studying the Finnish and Swedish bond markets is the main objective
of this thesis as their accession submissions were sent to NATO simultaneously. The two
sample T-test with unequal variance is used for analyzing the difference in bond yields and
spreads in the Baltics alongside other Scandinavian countries. The Baltics are an interesting
group as they have been part of NATO ever since the 1990s and have also adopted the Euro
as their currency. Denmark and Norway are also an interesting target for study as they are

NATO founding members.

There have been many studies which have investigated credit yield spreads and country
risk in recent decades. However, studies into NATO and its long-term effects on country
risk and yield spreads remain very limited. This research question also takes into focus
Sweden’s role as they submitted their desire to join the alliance at the same time as Finland.

The main research question of the thesis is thus as follows:



e Have there been any statistically significant changes in the spreads of Finnish and

Swedish sovereign bond yields since the NATO application was submitted?

To support the main question, sub-questions are also formed. When analyzing Finland’s
NATO accession, one must also contemplate other macroeconomic factors such as
inflation, unemployment rate and GDP development when estimating the effects of the
accession of bond yield spreads. As the economy develops constantly, so do credit yield
spreads. Noting this, other factors must also be considered, and changes cannot just blindly
be attributed to the NATO accession if credit yield spreads have been affected after the

accession, thus the first sub-question is:

e To what extent can changes in Finland's and Sweden’s bond yield spreads be

attributed to the NATO accession decision?

Lastly, it is also interesting to analyze how the accession of Finland has affected the
neighbouring countries. As the other Baltic countries have been NATO members for roughly
20 years and Nordics excluding Sweden for over 70 years (NATO 2023a) it is intriguing to
see if the Finnish accession had any effects on the bond yield spreads of these countries.

This is the motivation behind the second sub-question question, which is as follows:

® Does Finland's or Sweden’s NATO accession exhibit any impact on the bond yield
spreads of their neighbouring Nordic and Baltic countries, and if so, how significant

are these effects?

The information provided by this thesis may be useful for a multitude of applications. As
this subject is still relatively new and very relevant it gives great insight into how the
financial market reacts to a completely new security situation in Finland’s case. The results
of this thesis can be expanded upon to cover a larger dataset or to alter the study in the
future if other countries state their desires to join NATO. This way the results of this study

can be leveraged to evaluate the financial reaction of those countries.



1.2 Limitations of the study

As with all studies, this study has its limitations as well. As this thesis only considers the
Nordics and Baltics and with an emphasis on Finland and Sweden the overall geopolitical
area is relatively tiny. This means that conclusions cannot be blindly drawn from the results
of this study as economic factors affect all countries differently. The focus of the thesis is
on sovereign yield spreads as stated earlier. This means corporate bonds are not
considered and their development due the recent events covered in this thesis are not

analyzed.

Another limitation that should be considered is the T-test time window which in this case
is multi-faced. The benchmark results are taken from before the Russian invasion of
Ukraine when the world could be considered relatively “normal” security-wise. It is good
to keep in mind that there was an ongoing pandemic during 2020 to 2022 which could also
have affected credit spreads in the Nordics and Baltics by some amount, as well as the

international bond market.

Lastly it is good to keep in mind that the regression model created to assess the effects of
the accession may not capture all the macroeconomic variables and market dynamics in it
and thus the results could indicate that the accession has had a greater or lower effect on
the yield spreads than in reality. There may have been other market shocks which may not

be accounted for in this thesis.

1.3 Thesis structure

This thesis structure is formulated in the following way. In the second chapter, the relevant
literature is analyzed and discussed regarding the relevant theoretical framework. The third
chapter presents the data of this study. In the fourth chapter the study methodology is
presented step by step. The fifth chapter handles the results of the study and draws insights
from them. Lastly in the sixth chapter, the results of the study are summarized and
discussed in comparison to previous research. Suggestions regarding further research into

this area are also provided.



2 Theoretical framework and literature review

The relationship between the bond market and the security environment has not been
studied in great depth. One could at first glance think that NATO membership reduces the
risk factor to a country and increases overall financial viability, for example investments
(Efthymiopoulos 2011). However, as the research on the relationship between bond
market credit spreads and potential NATO affiliation is scarce, the results may be different.
It should be noted that after joining a military alliance such as NATO, public spending might
increase which could in turn increase government borrowing and lead to elevated interest
rates. Some investors may also consider neutrality more attractive for capital than a
country with military alliances as these countries need to focus on their allies as well.
Exploring this topic is intriguing because it can reveal the importance of such an event for
the region. It also offers insights into how it might shape Europe's geopolitical landscape,
especially in Northern Europe, including the Baltic and Nordic regions. Additionally,
understanding how NATO affiliation could affect Finland's political risk in the short and long
term might influence its sovereign ratings. As all the Nordic and Baltic countries have now
joined NATO, the entire Baltic Sea has been characterized as a “NATO lake”. This improves
the security of supply, especially so for Finland as most imports into Finland are delivered
via ship (Destia & EK 2023). As the security of supply is strengthened the country becomes
a more attractive target for foreign investment as the risk of supply chain disruptions
lowers. The theoretical framework of this study will firstly cover the basic theory related to
bonds and how they are valued. Then this thesis analyzes previous literature related to
security in international relations and political risk. Lastly, the macroeconomic country

specific factors are covered.

2.1 Bond pricing

Bonds, as financial instruments, are securities issued by entities such as governments,
municipalities, and corporations with the aim of raising capital from the financial market.

In essence, they represent a form of borrowing wherein the issuer seeks funds from



investors. Typically, bonds take the form of interest-only loans, where the issuer agrees to
pay an annual interest rate, commonly referred to as the coupon, to the bondholders. This
interest payment is made at regular intervals, often on an annual basis, until the bond
reaches its maturity date (Ross, Westerfield & Jaffe 2012, p. 238). Bonds can have varying
loan durations, spanning different timeframes, which are denoted as the time to maturity
or (TTM). This can be anywhere from months to tens of years. As the bond approaches the
end of its loan period, the issuer is obligated to repay the initial borrowed amount, known
as the par value or face value, to the bondholders (Ross et al. 2012, p. 998). This
fundamental understanding of bonds as interest-bearing securities with defined loan
periods and repayment obligations forms the basis for their role in financial markets and

their significance in investment portfolios.

Another pivotal concept associated with bonds is the yield to maturity or (YTM), commonly
denoted as yield. Yield to maturity represents the discount rate that equates the present
value of anticipated cash flows, including coupon payments, and the present value of the
par value disbursed upon maturity, with the current market price of the bond. In simpler
terms, it signifies the average rate of return that an investor can anticipate if the bond is
retained until its maturity date. Additionally, yield to maturity functions as an internal rate
of return for the bond. Calculating the yield necessitates knowledge of the bond's time to
maturity, coupon rate, par value, and current market price (Bodie, Kane & Marcus 2013,

pp. 458-459).

The yield of a bond is comprised of two fundamental components: the base interest rate
and the credit spread, often referred to as the risk premium. The base interest rate reflects
the interest rate associated with a debt security characterized by minimal credit risk.
Illustrative examples of such securities are the United States government's treasury bonds
or German sovereign bonds. This interest rate, frequently termed the risk-free interest
rate, serves as the benchmark minimum return requirement for other securities (Fabozzi

2001, pp. 169-170 & ABmann et al. 2012).

Bond valuation is relatively simple. Bonds are valued and priced based on the present value
of their anticipated future cash flows, encompassing coupon payments and the par value

disbursed upon maturity. Consequently, the value of a bond equates to the summation of



the present value of its coupon payments and the present value of the par value. This
approach forms the foundation for determining the value of bonds in the financial markets

(Bodie et al. 2013, pp. 452). The value of a bond is presented in equation 1.

T Coupon Par value
Value of Bond = Z LU (1)

t=q (4D a+nT

In the equation T represents the maturity date of the bond, r is the interest rate of discount

which at the same time is the yield to maturity (YTM) of the bond.

One feature of bonds is that their value approaches the par value as the maturity date
closes in. This means that bonds which are priced above the par value have a decreasing
price before maturity, on the other hand bonds which are priced below the par value have
an increasing price before maturity. This is known as the pull to par effect. This is practical;
if no defaults are assumed, the price of a bond should approach the par value as the
maturity decreases, as at the end of the bond’s maturity the bond value is the par value

(Chen 2022).
2.2 Term structure of interest rates

In the economic landscape, there is no single interest rate applicable to the valuation of all
securities. This highlights the pivotal role played by the maturity of a security in shaping
investors' required rates of return. This relationship between security maturity and interest
rates is commonly referred to as the term structure of interest rates, or more commonly,
the yield curve. This curve serves as an illustrative representation of the yields associated
with bonds of identical characteristics, except for their varying maturities (Fabozzi 2001,

pp. 169-173).

The yield curve can assume various shapes, each indicative of distinct market conditions
and investor sentiment. It exhibits an upward-sloping pattern when long-term interest
rates surpass short-term interest rates. Conversely, a downward-sloping, or inverted yield
curve emerges when short-term interest rates exceed their long-term counterparts.
Additionally, the yield curve can manifest as having a hump, exemplified by initial rate

increases for shorter maturities followed by decreases for longer maturities. The upward-



sloping yield curve is often regarded as the standard or typical configuration (Ross et al.

2012, p. 262).

A fourth prevalent shape of the yield curve is the flat curve, which, akin to a hump-shaped
curve, signals economic uncertainty. True to its name, the flat curve denotes uniform or
closely aligned yields across all maturities (Hayes 2022). Figure 2 depicts these theoretically

shaped yield curves for visual reference.
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Figure 2: Different yield curve shapes (Adaptation from Bodie et al. 2013).

These distinct shapes of the yield curve serve as invaluable tools for interpreting market
expectations, assessing economic conditions, and informing investment decisions, thereby

underscoring their significance in the realm of finance.

As described by Ross et al. (2012), the configuration of the yield curve is emblematic of
market expectations and encompasses three fundamental components; interest rate risk,
real interest rate, and inflation. Interest rate risk underscores the link between interest
rates and bond prices, exhibiting an inverse relationship. When interest rates rise, bond

prices tend to decrease, and conversely, when interest rates fall, bond prices tend to rise.
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This phenomenon arises from the constancy of a bond's cash flows (assuming no borrower
default), contrasted with the shifting market demand for returns, contingent upon the
direction of interest rate movements. Consequently, bond prices adjust in response to
variations in interest rates, contingent upon whether the bond's coupon payment exceeds
or falls short of prevailing interest rates. When interest rates surge, the market is inclined
to lend less than the bond's principal value to compensate for diminished coupon
payments, causing the bond to trade below its principal value. Conversely, when interest
rates decline, bonds featuring coupon payments surpassing prevailing interest rates tend

to be priced above their principal value (Ross et al. 2012, pp. 239-242).

The degree of a bond's sensitivity to fluctuations in interest rates, denoted as interest rate
risk, hinges upon two factors; the bond's coupon rate and its time to maturity. Bonds with
lengthier maturities are more responsive to interest rate shifts due to the multiplicity of
times the change in interest rates is factored into the bond's present value. Conversely,
shorter-term bonds, such as those maturing within a year, undergo relatively minor price
adjustments, as their principal repayment is imminent and the discounting of their present
value occurs fewer times compared to bonds with, for example, 10-year maturities.
Furthermore, concerning the correlation between the interest rate and the coupon rate,
ceteris paribus, bonds with lower coupon rates exhibit heightened sensitivity to interest
rate fluctuations. In contrast, bonds with larger coupon payments, to some extent, offer a
degree of insulation against interest rate swings, as they furnish substantial cash flows early
in their lifecycle (Ross et al. 2012, pp. 242—-243). This intricate interplay between coupon
rates, time to maturity, and interest rate risk underscores the multifaceted dynamics that

shape the bond market and influence investor behaviour.

2.3 Credit spread

The main concept of this thesis is credit spread. Credit spread, defined by Mishkin and
Eakins (2018) is the risk premium paid for carrying additional risk of default in comparison
to a risk-free investment vehicle. In essence, the credit spread signifies the differential

interest rate between a risky debt security and one that is considered risk-free, constituting



11

an integral component of the overall yield. Together, the credit spread, and the risk-free
interest rate form the comprehensive yield of the bond. Numerous factors contribute to
the magnitude of the credit spread and the overarching yield, encompassing the nature of
the issuer, the issuer's creditworthiness, the bond's time to maturity, the presence of
embedded options, the tax implications of interest payments, and the anticipated liquidity
of the bond (Fabozzi 2001, pp. 170-173). Many factors out of these have in turn their own
sub-factors which affect them initially, such as the creditworthiness of a country which can
be influenced by macroeconomic factors such as GDP growth (Collin-Dufresne, Goldstein
& Martin 2001). Also, other qualitative factors such as the security environment should be
considered. Given that creditworthiness of a bond and the nature of the issuer exhibit a
symbiotic relationship to a certain extent. For example, it is often assumed that bonds
issued by corporate entities typically exhibit higher yields compared to those issued by
governments or municipalities. Moreover, the size of the credit spread can vary across
corporate bonds issued by entities from diverse sectors or countries, contingent upon their
individual creditworthiness. Generally, lower creditworthiness prompts a higher credit
spread. The evaluation of issuer creditworthiness is frequently undertaken by credit rating
agencies. Concerning the time to maturity of the bond, a broad principle holds that the
longer the duration to maturity, the greater the volatility in the bond's yield (Fabozzi 2001,
pp. 170-171).

2.3.1 Macroeconomic factors of credit spread

The following chapters cover the different macroeconomic factors which affect credit
spreads. Bodie et al. (2013) identified major factors that affect credit spreads in their study.
These are interest rates, gross domestic product, unemployment, volatility, and inflation.
Besides these, other factors such as political risk and defense spending are also considered

in this study.
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2.3.2 Interest rates and credit spread

Merton's seminal work in 1974 introduced the theoretical foundation for an inverse
relationship between the risk-free interest rate and the credit spread. The core premise
suggests that as the risk-free interest rate rises, the credit spread should theoretically
narrow, and conversely, when the risk-free interest rate declines, the credit spread should
widen. This reasoning is grounded in the concept that increasing interest rates enhance a
company's value by reducing the probability of default, subsequently leading to a
contraction in the credit spread. Consequently, the increase in the interest rate for
corporate bonds should be less pronounced than the increase in the risk-free interest rate.
Nevertheless, empirical findings regarding this proposed relationship exhibit varying

degrees of alignment.

Several studies have reported results that align with Merton's theory, including Duffee
(1998), Longstaff & Schwartz (1995), Collin-Dufresne et al. (2001), Fama & French (1989)
Boss & Scheicher (2002), and Avramov, Jostova & Philipov (2007), particularly concerning
the relationship between the risk-free interest rate and the credit spread. Longstaff et al.
(1995, p. 791) found that fluctuations in the risk-free interest rate can account for most of
the changes in the credit spread across the sampled bonds. Duffee (1998) further
differentiated bonds into callable and noncallable categories, revealing a more pronounced
negative relationship between the risk-free interest rate and the credit spread for callable
bonds compared to noncallable bonds. Collin-Dufresne et al. (2001) substantiated a
relationship consistent with theory and demonstrated that interest rate sensitivity diverges
among groups categorized by leverage and credit rating. Their study indicates that higher
leverage or lower credit ratings correspond to greater credit spread sensitivity to interest
rate increases. The results of Boss et al. (2002) underscored the significance of the interest
rate as one of the two primary determinants of credit spreads in both the euro area and
the United States corporate bond market. Avramov et al. (2007) provided evidence that
changes in government interest rates exert the most substantial impact on credit spreads,

both in terms of statistical significance and explanatory power.
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Several studies, including Boss et al. (2002) and Van Landschoot (2008), have explored the
interplay between risk-free interest rates and credit spreads. Van Landschoot's research
(2008) offers insights into differences between the United States and European bond
markets. Surprisingly, Van Landschoot found that credit spreads in the United States
exhibited a stronger correlation with risk-free interest rates compared to European bonds.
Notably, European bonds were notably influenced by the risk-free rate of the United States
but showed limited responsiveness to risk-free rates within the euro area. These findings
(Van Landschoot 2008, p. 2601) align with the theory proposing a negative relationship
between risk-free interest rates and credit spreads. However, it's worth noting that slight
disparities between the observations of Boss et al. (2002) and Van Landschoot (2008) can
be attributed to variations in sample periods, reflecting the importance of context in credit

spread analysis.

Furthermore, Lepone and Wang (2009) and Osterholm (2018) corroborated a theory-
aligned relationship within the Australian bond market. According to Lepone et al. (2009),
the risk-free interest rate and the slope of the yield curve emerged as the most influential
drivers of credit spreads. As previously mentioned, empirical results offer partially
contradictory findings concerning the relationship between credit spreads and risk-free
interest rates. While many studies support results consistent with the theoretical

framework, some have reported contrasting outcomes.

For instance, Bevan and Garzarelli (2000) found that a long-term increase in risk-free
interest rates led to wider credit spreads, contrary to Merton's (1974) theory. These
findings imply that an increase in risk-free interest rates coincides with a decrease in
company value, heightened default risk, and a broadening of credit spreads; a departure
from Merton's proposed framework. Nonetheless, Bevan et al. (2000) also identified
theory-aligned results in the short term and suggested that the relationship varied across
distinct time periods. Similarly, Davies (2008) demonstrated that an increase in risk-free
rates corresponded with credit spread movements in the same direction, utilizing an 85-

year dataset from the United States.

In South Africa Radier, Majoni, Njanike & Kwarambe (2016) uncovered partially conflicting

results. During their sample period from 2005 to 2013, the relationship between risk-free
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interest rates and credit spreads varied between different time periods, with the overall

relationship exhibiting significance and negativity, consistent with theory.

The slope of the yield curve, another common variable in explaining credit spreads, has also
garnered attention in existing literature. However, unanimity regarding the relationship
between the two remains elusive. Collin-Dufresne et al. (2001) argued that, theoretically,
an increase in the yield curve slope should narrow credit spreads, as it signifies a robust
and improving economic state, along with heightened recovery rates. Conversely, an
opposing viewpoint suggests that the steepening yield curve also elevates the discount
factor, thereby reducing the number of positive net present value projects and the
company's value, ultimately leading to an increase in credit spreads. Avramov et al. (2007)
investigated these contrasting perspectives and found that changes in the slope between
two-year and 30-year yields exerted a strong positive impact on credit spread changes.
Their research suggested that an increasing (steepening) slope of the yield curve amplified
credit spreads, aligning with the latter argument. However, when the observation period
for slope measurements was reduced to the yield curve between a two-year bond and a
five-year bond, the former argument held true, indicating that an increasing (steepening)

slope was followed by a decreasing credit spread (Avramov et al. 2007).

Boss et al. (2002) substantiated the former argument, which entails a negative relationship
between credit spreads and yield curve slope in the euro area. Lepone et al. (2009) further
supported this view for credit spreads of Australian corporate bonds. In particular, they
emphasized that the slope held strong significance for bonds with credit ratings of A or
higher. Radier et al. (2016) found that the latter argument, involving a positive relationship
between the two, held true in South Africa, as an increase in the slope corresponded with
an increase in credit spreads. Hibbert, Pavlova, Barber & Dandapani (2011) also reported a

similar positive relationship.

2.3.3 Volatility and credit spread

Volatility is a recognized determinant of credit spreads, as it plays a pivotal role in the

contingent-claims approach, where debt is perceived as a composite of a short put option
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on the company and a risk-free loan. Collin-Dufresne et al. (2001) asserted that high
volatility augments the likelihood of falling below the default threshold. Accordingly, the
relationship between volatility and the credit spread is expected to be positive. When
equity volatility rises, the value of the put option increases, causing the bond's value to
decrease, which, in turn, leads to an increase in the credit spread. In structural models,
volatility is frequently proxied by equity volatility (Collin-Dufresne et al. 2001). The study of
Collin-Dufresne et al. (2001) provided empirical support for this theoretical relationship.
They established a statistically significant link between the volatility index (VIX) and the
credit spread, both in multiple regression and univariate regression analyses. Interestingly,
they observed an asymmetric response of the credit spread to changes in implied volatility,
with credit spreads being more sensitive to increases in volatility than decreases. This
observed relationship aligns with theory, as higher volatility corresponds to wider credit

spreads.

Consistent with the theoretical framework, Campbell & Taksler (2003) and Avramov et al.
(2007) reported similar findings using idiosyncratic volatility, demonstrating a robust
positive relationship between idiosyncratic volatility and credit spreads. Avramov et al.
(2007) defined idiosyncratic equity volatility as the difference between market volatility

and the issuer's equity volatility.

Moreover, Van Landschoot (2008) identified a significant, theory-aligned relationship
where stock market volatility exerts a substantially stronger impact on corporate bonds
denominated in U.S. dollars than on those issued in euros. This phenomenon is
corroborated by Cremers, Driessen, Maenhout & Weinbaum (2006), who found that credit

spreads for bonds with lower credit ratings are more sensitive to equity volatility.

Boss et al. (2002) offered partially theory-aligned results within the euro area. For
corporate bonds in the industrial sector, equity volatility, proxied by the VDAX index,
emerged as a significant explanatory variable, consistent with the theoretical framework.
However, this relationship does not hold for corporate bonds in the financial sector, where

no significant association is found.

In the context of the United States, Hibbert et al. (2011) investigated changes in corporate

bond credit spreads before and after the financial crisis. They identified a substantial link
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between the credit spread and equity volatility, with an increase in the volatility index (VIX)
resulting in widening credit spreads. Notably, this relationship is more pronounced for

bonds with shorter maturities.

Furthermore, Radier et al. (2016) established equity volatility as a significant determinant
of credit spreads in South Africa. Their results, based on data spanning from 2005 to 2013,

reveal the significance of this relationship across all credit rating classes.

2.3.4 Political risk and credit spread

Political decisions have drastic effects on the daily lives of everyone on the planet. These
decisions also greatly affect other countries and thus also credit spreads. The effect of the
political environment on sovereign bonds has been researched before on multiple
occasions. Political risk for a given country can be defined as the risk that the country's
government actions or imperfections of the country's executive, legislative, or judicial
institutions adversely affect the value of an investment in that country (Bekaert, Harvey,
Lundblad & Siegel 2014). Smaoui, Houcem, Boubakri & Cosset (2017) utilized a sample of
35 developing countries in a 16-year period. They found concrete evidence that robust
government structures lead to narrower sovereign spreads. Good governance reduces
uncertainty which increases investor confidence. Another conclusion from the study was
that democratic competition lowers spreads as well. This is a sign of a properly working
democratic process which again increases investor confidence. The sample utilized in this
study consisted of developing nations some of which can be classified as authoritarian and
others as democratic. Another study on developing nations was conducted by Gupta, Mati
& Baldacci (2008) where the results mirror the results of Smaoui et al. (2017). This IMF
working paper constructed their own political risk index based on the World Bank

governance index and the Heritage Foundation economic freedom index.

Equivalent results were found by Bekaert et al. (2014) who studied the US in their study on
the spread of US dollar debt and the equivalent US treasury bond. Political risk was found

to be one of the four main factors which explain spreads. Based on this paper political risk
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ratings are predictive of future risk realizations. Another discovery discussed in this study

was how a one percent reduction of political risk spreads increases FDI new inflows by 12%.

2.4 Country specific factors

The following sub-chapters cover the country specific factors which are related to this

thesis.

2.4.1 International relations

International relations play a pivotal role in shaping the security landscape of nations and
regions across the globe. The interplay between international politics, diplomacy, and
security considerations has been a subject of extensive study in the field of political science
and international relations. One of the most prominent perspectives in international
relations is by Morgenthau, Thompson, Clinton & Jitersonke (2006) which states that
nations tend to be at a constant struggle for power around the globe. This view also states
that the constant struggle for power is trying to achieve security as that is the eventual goal

for every state.

Herz (1950) introduced the security dilemma concept which highlights the nature of states’
efforts to enhance their security. As increasing security often means strengthening the
military forces of a nation the neighbouring countries might view these actions as a threat
and react by bolstering their own military. This can then lead to a never-ending spiral. Since
the second world war, there have been major changes in the security landscape as alliances
like NATO have emerged. NATO involved mutual defense commitments by member nations
which make all the countries stronger. An example of this is the NATO article 5 which states
that an attack against one alliance member is an attack against all alliance members (NATO
2023b). Benitez, Brzezinski & Mahnken (2019) analyzed NATO’s role in deterring
aggression, promoting stability, and managing overall security. Through a comprehensive

analysis of NATO's missions, strategies, and capabilities, the authors explore how the
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alliance contributes to deterrence, crisis management, and cooperative security efforts.
This study however does not analyze whether NATO has affected the financial stability of

the member states.

2.4.2 Country risk and defense spending

Each country on Earth has its own associated risk which is referred to as country risk. This
is the risk and uncertainty associated in a particular country and more specifically the
degree to which uncertainty could lead to losses in investments. This uncertainty can be
caused by many factors such as political, geopolitical or economic factors. Often country
risk is referred to when considering the probability of default for a country on its bonds
(Jankovic 2010). Finland’s current credit rating is AA+ and Sweden’s AAA Fitch (2024a &
2024b). Sweden has the best possible credit rating whereas Finland has the second-best
rating. The rating table used by Fitch can be viewed in the appendix of this thesis. The rating
effects can be also seen the country risk premium percentages. Finnish premium is 0,58%
and the Swedish is 0,00%. (NYU 2024). Geopolitical tension can affect credit ratings of
countries and thus the country risk premium. As a recent example of this, there is the
lowering of Estonia’s credit rating to AA- by Fitch in 2022. A major factor for this degrading
of credit rating was the heightened geopolitical situation around the Baltic due to the
Russian threat even though Estonia is a member of NATO. It was also noted that NATO
increases the overall security of the country and the region significantly and without a
membership, the overall rating could be a lot worse (Fitch 2022). Country risk can be
thought as a leverage variable when analyzing governmental bond as each country has its

own level of risk, just like a stock in the stock market.

Defense spending is another factor to consider when viewing the entire picture of country
risk and the geopolitical spectrum. Every country in the world has a defense budget but the
budget size depends on many factors. Later in this thesis, the historical figures of Finnish
and Swedish defense spending are covered, and the trends are analyzed. There have been
many previous studies on the link between defense spending and economic performance

where credit spreads also come into view.
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Rooney, Johnson & Priebe (2021) investigated the defense spending and economic growth
of the United States from the onset of the Cold War to the 2020s. They found that
prioritizing defense spending over national infrastructure investment is harmful in the long
run for the economy. This makes sense and can be illustrated with an example. You can
build a bridge for 10 million dollars which lasts for fifty years, or you can build bombs for
10 million dollars which are used in a conflict. Both increase GDP by the nominal amount
of 10 million, but the bridge will benefit people for 50 years in the area where it was built
whereas the bombs are single-use items. As Reuters reported in 2024 Russian GDP was on
a rise of 3,6% after a rebound from initial dip due to the war. But as this is driven by the
war; the overall benefit for the economy is negligible as the manufacturing could be used

for something far more useful in the country besides weaponry (Reuters 2024).

Another factor to consider with defense spending is how it is funded overall as sudden
needs to increase spending might not have been accounted for in annual budgeting for a
country. When these situations occur, the country is required to take on more national
debt to fund the defense costs. From 1954 to 2005 the US national debt went from 5,8
trillion USD to 8,6 trillion USD and much of the increase is directly contributed to defense
spending (Heo 2010). This timeframe covers many conflicts that the US has entered, such
as the War on Terror which has cost the US 8 trillion dollars as of 2022 (Watson Institute
2022). Heo noted in his study that the rising amount of national debt has also affected the

credit spread in the US, albeit not by much.
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Figure 3: Thesis framework.

2.4.3 Inflation and credit spread

Garay, Gonzalez, and Rosso (2019) observed in their study on corporate bond spreads in
emerging markets that a higher inflation rate in a country is likely to indicate both current
and future economic imbalances, thereby increasing the associated risk. This in turn means
that credit spreads should widen. One of the reasons for this is that investors generally
demand higher returns if they expect inflation of the currency to start eroding the cash
flows. Investors' ability to deduce future real economic conditions from present inflation
levels results in a situation where asset values and the financial health of firms are
contingent on the prevailing macroeconomic circumstances. This dependence on the
macroeconomic state leads to variations in credit spreads, which are non-linearly related
to firms' solvency ratios. Consequently, average credit spreads tend to be higher than those
observed at average solvency levels (David 2008). Mishkin et al. (2018) pointed out in their

study the eroding effect inflation has on purchasing power. As inflation reduces the real
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value of both the bond’s coupon payments and the par value paid at maturity, investors
demand a higher risk premium to compensate for this loss in value. When macroeconomic
shocks occur, they introduce risk premiums into the equation. These risk premiums cause
expected default losses to be more sensitive to fluctuations in the price of risk compared
to changes in credit spreads. Bernanke & Gertler (1999) noted that inflation’s effect on
credit spreads is a major factor in why central banks took drastic measures in the 1990s to
bring inflation under control. Combatting inflation is important as it has a direct link to bond

volatility according to the study.

2.4.4 GDP and credit spread

The relationship between GDP and credit spreads is relatively complex. The fluctuations in
credit spreads provide valuable insights into the trajectory of the real economy and the
potential risks to the economic outlook. A decline in the capital position of financial
intermediaries can precipitate a contraction in the supply of credit. This contraction
subsequently leads to an elevation in the cost of debt finance, manifested as a widening of
credit spreads, which in turn results in a decrease in spending and production.
Furthermore, credit spreads may also mirror shifts in the effective supply of funds offered
by financial intermediaries. Given the presence of financial market frictions, these shifts
have significant implications for the predictive utility of credit spreads in relation to
economic activity (Gilchrist & Zakrajsek 2012). Bodie, Kane & Marcus (2005) theorized
positive GDP growth may be associated with narrower credit spreads as this reflects an
improvement in a country’s economic future. On the other hand, if a country’s GDP is
declining this may lead to widening of credit spreads. As countries improve their economic
status, it makes complete sense for the risk premium of their bonds to be lower as they

have a higher economic ability for repayment.

The general state of the economy exerts a substantial influence on credit spreads. In a
robust economy characterized by strong growth and flourishing businesses, investors
typically demand less compensation for credit risk due to the reduced likelihood of default.
Consequently, credit spreads tend to narrow in such scenarios. Moreover, there is a

discernible link between projected GDP growth and bond maturities, with an increase in
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growth correlating with an increase in maturity (Sanchez & Mather 2020). The study by
Sanchez et al. (2020) concluded that growth increased from 2% to 4%, which was
associated with an extension in the maturity of corporate bonds from nearly six years to

about seven years.

Tang & Yan (2010) studied credit spread market conditions through credit default swap
spreads (CDS). The study concluded that average credit spreads decrease with GDP growth
but increase if GDP growth is volatile. They also concluded that investor sentiment
significantly determines credit spreads. At the firm level, credit spreads generally rise with
cash flow volatility and beta, with the effect of cash flow beta varying with market
conditions. The study identifies implied volatility as the most significant determinant of
default risk among firm-level characteristics. Noting this, the conclusion can be drawn that
credit spreads tend to lessen when the economic conditions are secure and easily
foreseeable in the future. But as previously mentioned, growth might not always mean

lesser spreads as volatile growth renders future forecasts inaccurate and increases spreads.

2.4.5 Unemployment and credit spread

Unemployment is a macroeconomic indicator of the state of a country’s economy. If the
unemployment rate is high, a recession is often imminent. There have been many pieces
of previous research on the correlation between unemployment and credit spreads. The
Reserve Bank of Australia (2020) found in their study that unemployment can have great
effects on credit spreads. As a higher unemployment rate in an economy decreases
prospects, the credit spread widens. As unemployment increases the social spending for a
country and at the same time decreases tax revenue, it is an indication that a country might
not be able to repay their debts in time if there have been arising problems in the past. Bai
(2021) utilized model simulations to establish a strong positive correlation of 0.85 between
unemployment and credit spreads. This suggests that an increase in unemployment often
coincides with a rise in credit spreads, and vice versa. The period for the study covers the
US market for almost a hundred years from 1929 — 2015 so it is very thorough. On average,
it was observed that a one percentage increase in unemployment widens the credit spread

by 13 basis points. He also highlights in his research that during economic disasters, both
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unemployment and credit spreads often spike to unusually high levels. This is likely due to
the heightened risk of default during such periods, leading to wider credit spreads, and the
simultaneous rise in unemployment. Another factor which Bai (2021) observed is that the

unemployment rate evens out slower compared to higher credit spreads.

Afonso & Blanco-Arana (2023) found in their study on the OECD countries during 1990 —
2020 that increases in unemployment often lead to increases in credit spreads. However,
the nature of this relationship can vary depending on specific economic conditions and
specific countries. It should also be noted that different time intervals could provide
different results. Similar conclusions were found by Gilchrist et al. (2012) but with different
methods. Their study instigated a term called excess bond premium which reflects the risk
bearing capacity of the market. When this reduces, it in turn decreases spending and
production which leads to a larger part of the workforce being out of work which in turn

leads to higher unemployment.

As these studies show unemployment and credit spreads are very intertwined. They both

affect each other but if one starts to worsen, the other often follows.

2.4.6 Other factors affecting credit spread

Other factors affecting credit spreads are for example financial contagion and spillage as
financial markets are heavily interconnected. These can lead to several spillover effects and
overall financial contagion. These effects may be both positive and negative. Financial
contagion refers to the transmission of shocks or disruptions from one financial market or
asset class to others. These events can have a profound impact on the pricing of financial
instruments, including credit spreads. Collin-Dufresne et al. (2001) utilized a leverage ratio

in their study on credit spreads of corporations.

Another factor to consider in terms of credit spreads is international trade. The umbrella
of international trade also includes foreign direct investment and exchange rates. All these
factors also tie in with the interconnected nature of financial markets. The annual
international trade of a country leads to a trade surplus or a deficit which in turn can lead

to changes in credit spreads and interest rates (Batra, Ravi & Beladi 2013; Feldstein 1999).
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Another capital flow factor which may change spreads is the fact that countries with high
interest rates attract capital better than countries with low interest rates (Kumhof 2004).
Exchange rates of countries should also be considered but in this study, this is not such a
major factor as Finland is a euro-based country and the Swedish krona has been relatively

stable during the study period.
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3 Data

The data for this thesis consists of the government 5 and 10-year bonds of the Nordic and
Baltic states. The Finnish and Swedish government bonds are analyzed more thoroughly in
the regression part. The data analysis was done with the statistic computing language R

and MS Excel.

3.1 Overview on data collection

This thesis uses a dataset which was acquired by combining the data of a few different
sources. The financial data for Finland was acquired from the Bank of Finland’s website and
from Investing.com. The data for Sweden was acquired from the Sveriges Riksbank website
as well as from Investing.com. Other macroeconomic variables were acquired from the
Statistic authorities of Finland and Sweden, respectively. The World Bank was also used as
a data source for political risk data. The data in this thesis is a time series data and the data

is separately analyzed for Finland and Sweden in the regression.

The regression data consists only of Finland and Sweden mainly because of two factors.
Firstly, they were the only non-militarily allied countries in the Nordics before 2022, and
their data was publicly available whereas for example Baltic data had entire years missing.
Other Nordic countries could have been used as control variables, but as they have been
members of NATO ever since 1949, it was dismissed. Baltic data alongside data from
Norway and Denmark is utilized in analyzing credit spread differences as this does not

require that many data points and data for this was able to be extracted.

3.1.1 Data preprocessing

This thesis uses monthly data observations from 1/2014 to 5/2024. The dataset includes
125 observations for each Finland and Sweden respectively. Many variables used in the

study are also tracked monthly, such as inflation. Some variables such as GDP are tracked
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annually which means that GDP figures needed to be interpolated into monthly values. This
was done linearly as the historical GDP growth was already known. The linear interpolation

formula is described below.

y=y+222 (- x) (2)

X2

Where x1 and yi represent for example GDP growth at the start of the year, x2 and y;
represent GDP growth at the end of the year, x is the point within the year at which the

interpolation is performed, and y is the interpolated GDP value at that point.

Another modification which was made for some of the variables such as GDP and OMX was
indexing the variable ranges. This way the initial value in the beginning of 2014 is 100 and

the index development follows the variable development throughout the period.

__ Xold index
Xnew index = X1 * 100 (3)

Where X0 index 1S the new index value proportional to the initial value of 100, for example
defense spending to GDP in year 2016, X,;4 index IS the value before, for example defense
spending to GDP in year 2015 and x; is the original value of the first variable, in this case

defense spending to GDP in year 2014.

After conducting the preprocessing in Excel, the data was uploaded into R for analysis.
3.2 Overview on the Nordic governmental bond market

According to Evli’s 2021 report, the overall Nordic bond market is vastly different compared
to its European counterparts, especially on the corporate side. The Nordics are perceived
to have low political risk and as being stable. Finland is also the only Nordic country which

is part of the eurozone alongside the Baltics.

The governmental bond market is vital for the economy of a country. According to the State

Treasury of Finland, the funding strategy of the country is based on euro benchmark bond
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issuance. New benchmark bonds are issued in syndicated form. Syndications are
complemented with bond tap auctions, which enable increases in the outstanding volumes
of the existing bond lines. The current funding volume supports two new euro benchmark
bond syndications per year, quarterly auctions, and one benchmark-sized USD bond issue.
The short-term funding is carried out by issuing Treasury bills. In terms of maturities, the
focus is on issuing current coupon bonds in 5- and 10-year tenors annually and 15-year
bonds every three years. In addition, 30-year bond issues can be expected approximately
every five years. In 2023 the governmental borrowing in Finland consisted of T-bills (46,7%),
money market borrowing (3,6%) and serial bonds (49,7%) totalling 42,25 billion EUR
(Valtionkonttori 2024).

The National Debt Office of Sweden has a slightly different strategy as nominal government
bonds are prioritized over other debt instruments, and the Debt Office issues them
regularly according to an established auction plan. By selling smaller volumes on numerous
occasions, investors are continually offered access to government bonds via the primary

market.

The strategy to minimize borrowing costs over the long term is to be predictable and build
a sufficient volume in each bond to ensure good liquidity. The Debt Office also strives to
maintain even redemptions, in terms of both size and time. The Debt Office also offers
inflation-linked bonds alongside treasury bonds and foreign currency bonds. The overall
borrowing in Sweden consisted of T-bills & money market borrowing (80,5%) and bond

funding (19,5%) totalling 273 billion SEK. (Riksgalden 2024).

As seen the ratios of borrowing between Finland and Sweden are very different as Finland

issues new bonds more frequently.
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Figure 4: NATO timeline with Finnish and Swedish 10-year spreads.

Figure 4 shows the timeline of 10-year bond spreads coupled with NATO membership
process. As it can be seen especially the Swedish spreads have relatively high fluctuations
following the ratification steps. Swedish bond spreads jumped heavily in the first months
of 2022 and then a downward trend started to appear when the first talks of possible
membership arose. Initially following the application, the spreads continued to reduce up
until the end of Q2 of 2022. The figure also shows Finnish spreads, but as seen they do not
have such high fluctuations compared to Sweden, but movement is still visible. If this is
considered from the national defense perspective, Finland’s defense capabilities were a lot
better compared to Sweden’s due to Finnish conscription. Finland’s improved readiness is
well justified as it shares a large land border with Russia. As seen in the figure Sweden’s
ratification process took a significantly longer time compared to Finland’s. It is also

interesting to see if this has had any effects on the spreads.
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3.3 Variables

The dataset for this study was obtained from the websites of the Central Banks of each
respective country alongside supplementary sources. The data period spans from 1/2014
to 5/2024. Monthly observations are used for the bond data as most explanatory variables
included monthly data. For data visualization, daily bond data is used as well. The dataset
includes both euro and Swedish krona bonds as the Swedish governmental bonds are
denominated in krona. However, this is not a problem because the explanatory variables
for each country include country specific data. The NATO membership effect is used as a
binary dummy variable 0 or 1 depending on the membership process. Other variables are

covered in the following subsections.

Baltic countries are not used for the regression as their bond data was limited in availability

thus the results could be skewed.

3.3.1 Spread and interest rates variables

The credit spread data for this thesis is comprised of the monthly data for the Finnish and
Swedish 5 and 10-year bonds. The spread is calculated against the German 5 and 10-year
bonds which are often used as the European benchmark bonds (ABmann et al. 2012). The
data period starts from 1/2014 lasting to 5/2024. It should be noted that this period
includes many notable worldwide events, as a result of which, the spreads fluctuate heavily
which aren’t considered in this model specifically, but their side effects are. Notable events
include e.g. the Covid-19 pandemic which has affected spreads between 2020 — 2022 as
seen in the figure 5 below. The figure also displays a clear difference in the spread between

the 5 and 10-year bonds.
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Figure 5: Finnish and Swedish 5 and 10-year credit spreads (%) to benchmark German bonds from 2014 to
2024.

The 12-month Euribor rate is used as an explanatory variable in this thesis in order to study
the relationship between interest rates and credit spread. The Euribor rate is not illustrated
visually in the figures as comparing an interest rate with a 12-month maturity to bonds with
5 and 10-year maturities does not generally make sense due to the large maturity

difference. However, as the Euribor rate affects all the interest rates in the EU it is
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interesting to see its explanatory power in the model itself. This aligns with the study of
Collin-Dufresne et al. (2001). In the figure below the comparison between the studied
Finnish and Swedish bonds is presented in comparison the German bonds with same

maturity from which the spread is calculated.
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Figure 6: Finnish and Swedish bond yields (%) in comparison to the German benchmarks from 2014 to 2024.
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3.3.2 Leverage and volatility variables

The leverage variables for this thesis are the OMX Indices of Helsinki and Stockholm
respectively. As measuring leverage is trickier for governmental bonds in the big picture as
governments do not function like corporations. Collin-Dufresne et al. (2001) used the
leverage ratio in their study when studying corporate bonds. In order to gain some leverage
understanding, stock indices are used. As indices reflect the overall stock portfolio of a
given country and its stock exchange, the stock value should have the specific country risk
priced in. These also have the additional benefit of mirroring the overall market conditions
in both countries each year. Both indices are the main indices of corresponding stock
exchanges which mean they are diversified and represent the market. As seen in figure 7,
both countries’ index yields were relatively similar until 6/2019. Sweden has consistently
outperformed Finland ever since. It is expected that the OMX development has a positive

effect on the credit spreads where increasing OMX returns reduce credit spreads.
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Figure 7: OMX Helsinki and OMX Stockholm indexed yields from 2014 to 2024, 2014 is indexed as 100.

The volatility variables in this study are the OMX Helsinki and OMX Stockholm volatility

indices. The monthly volatilities were calculated from daily returns of the stock indices and



33

the sample index was formulated for each month separately. As seen in the figure 8 the
volatilities for Finland and Sweden have been very similar in the observation period. The
only bigger deviations between the indices are the final years in the sample. It is expected
that increasing volatility increases credit spreads. This is what Collin-Dufresne et al. (2001)

found in their study.
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Figure 8: OMX Helsinki and Stockholm volatility indices from 2014 to 2024, 2014 is indexed as 100.

3.3.3 Country specific variables

As this thesis focuses on two different countries, the country specific factors play a crucial
role. These factors include inflation, unemployment, GDP development and defense

related factors.

In order to include inflation into the model, the consumer price index CPI development was
analyzed for Finland and Sweden respectively. As the credit spread data spans from 1/2014
to 5/2024 the CPI data also starts from the beginning of 2014. The 2014 level was indexed
as 100 to illustrate the development on an event level between the countries. As it can be
seen in figure 9, the CPl development between the two countries remains level up until the

end of 2016. Thereafter, the inflation level in Sweden has been higher compared to Finland
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throughout the observation period. However, the trend in the curve development is very
similar. Sweden’s higher CPI value is at least partly explained by the fact that Sweden’s
economic growth has been better than Finland’s. As discussed earlier higher inflation
should increase credit spreads. Thus, it should be expected that Swedish credit spreads

should be marginally higher compared to Finland as Sweden has experienced more

inflation.
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Figure 9: Consumer Price Index development in Finland and Sweden from 2014 to 2024, 2014 is indexed as

100.

Governmental debt is used as another explanatory variable in analyzing the credit spreads
of Finland and Sweden. As seen in figure 10, the divergent trends in the governmental debt
levels between the two countries highlight the different financial approaches pursued by
the countries. Sweden’s the governmental debt has remained stable throughout the
observation period whereas Finland’s debt has risen by about 10%. Sweden’s debt is
significantly lower overall compared to the GDP of the country. Finland’s budget has had
higher deficits in the recent decade which explains the rising debt level. Sweden has been
better at managing its annual budget. Increasing debt often tends to increase spreads as
an increasing debt burden pressures the budget of a country and may affect spending.

Thus, it is expected that increasing debt has an increasing effect on credit spreads.
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Figure 10: Governmental debt levels (%) of GDP in Finland and Sweden from 2014 to 2024.

The unemployment level development between Finland and Sweden has also been
relatively similar. The data points in the beginning of 2014 and in mid-2024 are at the same
level. Throughout the years there have been some heavy fluctuations, however. Finland’s
unemployment rate was by and large two percent above that of Sweden’s up until 2018.
Ever since the unemployment trend has been very close between the two countries. In the
beginning of the observation period Finland’s unemployment fluctuated heavily. The
biggest fluctuations have been upwards of four percent between quarters, which is
considerable. Toward the end of the observation period, the fluctuations have evened out.
Sweden had a clear downward trend in its unemployment up until 2020 when the Covid-
19 pandemic hit the country. Ever since then, the unemployment has been higher. As high
unemployment often indicates a turmoil in a country’s economy it is expected that higher

levels of inflation lead to increases in credit spreads (Reserve Bank of Australia 2020).
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Figure 11: Unemployment rate (%) in Finland and Sweden from 2014 to 2024.

GDP per capita among the Sweden and Finland is strong when compared to the rest of the
world. Based on the World Bank estimates Finland places 18" and Sweden 12% in the entire
world (World Bank 2024a). This places both countries at the top echelon of the world.
When comparing the two countries it can be noted that Sweden’s GDP per capita has been
above that of Finland’s throughout the observation period. However, Sweden has had
significant fluctuations and even had years of GDP decline whereas Finland has had a steady
growth of a few percent year on year. Given that Sweden’s GDP per capita is roughly 20%
higher than Finland’s and knowing that Sweden also has a larger population it is no wonder
that Sweden’s overall nominal GDP is roughly twice that of Finland’s. Higher GDP values for
a country are an indication of a sturdier economy which is not affected by shocks that easily

which means GDP should have a lowering effect on credit spreads.
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Figure 12: Nominal and per capita GDP figures in Finland and Sweden from 2014 to 2024.

The second variable related to security is the defense spending to GDP, measured as a
percentage of GDP. As this thesis aims to explain credit spreads from the perspective of
security policy, this is an important variable alongside NATO accession statistics. As seen in
figure 13, Finland’s expenditure has always been higher compared to Sweden’s. This is
partly explained by the fact that Finland never disbanded its military conscription for young
males whereas Sweden did. This costs money and can be seen in the graph. The military
spending remained relatively low for both countries up until the 2020s. Finnish military
spending soared at the end of 2021 when the Finnish Air Force signed a contract with
Lockheed Martin for 64 F-35 fighter jets (Ilmavoimat 2021). This increase in defense
spending remained in 2022 after Russia’s attack on Ukraine. For Sweden, the increase in
spending happened a bit later also in response to Russia’s aggression in Ukraine. Defense
spending in the terms of credit spreads is a bit two-sided; on one hand the increased
security fosters better investment into a country on the other hand the spending might be

too much, and the money could be used elsewhere more effectively.
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Figure 13: Military expenditure of GDP (%) in Finland and Sweden from 2014 to 2024.

The last two variables in the regression model are related to political risk. These variables
are called the Economic Freedom Index (EFI) and World Governance Index (WGI). Both of
these indices are based on international recognition and measure all the countries in the
world. The higher the index values, the better the country’s ranking. The EFI covers twelve
different factors whereas the WGI covers six. The EFl is formulated by the Heritage
Foundation and the WGI by the World Bank (Heritage Foundation 2024 & World Bank

2024b). The index overview is presented in table 1.
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Table 1: EFl and WGI overview.

The table below provides an overview of what the Economic Freedom Index and the World Governance Index
include in their assessment. The EFl is split into four categories with three components each whereas the WGI

has six different dimensions.

EFI WGl
Category Component Dimension

Property Rights Voice and Accountability

Rule of Law Judicial Effectiveness Political Stability and Absence of Violence/Terrorism
Government Integrity Government Effectiveness
Government Spending Regulatory Quality

Government Size Tax Burden Rule of Law
Fiscal Health Control of Corruption

Business Freedom
Regulatory Efficiency Labor Freedom

Monetary Freedom

Trade Freedom

Open Markets Investment Freedom
Financial Freedom

The Economic Freedom Index has steadily risen in both Sweden and Finland throughout
the 2010s and 2020s. The Swedish index has been more volatile and even suffered some
small declines. Finland on the other hand has had a steadier climb. Both countries have
however had good development in their economic freedom during the period this thesis
covers. The World Governance Index development is a bit different in this case. As seen in
figure 15 it has declined for both countries a bit every year. One of the possible reasons for
this could the security situation which developed in Northern Europe during this time. The
index values are still well above the median of 1,24 (World Bank 2024b). Political risk is
expected to increase credit spreads when the risk increases. This was confirmed by Gupta

et al. (2008) in their study as an example.
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Figure 14: Economic Freedom Index values for Sweden and Finland from 2014 to 2024.
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The descriptive statistics of the dataset are presented below. It should be noted that for
the regression some of the variables were used as proportional values meaning instead of
defense spend, the defense spend to GDP proportional variable was used. As for inflation
the CPIl index was used as it was available with monthly data and it displays compounding
effects, but the overall inflation rate is displayed below. All the variables are also covered

in their respective sub-chapters above.

Table 2: Descriptive statistics of the sample.

The tables below provide an overview of the variables used in the regression. The panel above displays the
variables and their names in cursive from the statistics software R which was used for the analysis. The
variables and their definitions are provided. The bolded values indicate the dependent variables of the

regression. Below the mean, median, minimum, maximum and standard deviation are displayed.

Data overview

Variable (Variable namein R)

Definition

S-year bond spread (five_yearspreadfFl! / five_yearspreadSWE )
10-year bond spread (ten_yearspreadFl / ten_yearspreadSWE)
Inflation (CPL_FI/ CP_SWE )

Debt (Debt FI/ Debt SWE)

Unemployment (UnEmploy A/ UnEmploy SWE)

GDP (GDP_FI / GDP_SWE)

Defense spend to GDP (Defensespend )

OMX yield (OMX_FI / OMX_SWE )

OMX volatility (VOL_OMX_FI / VOL_OMX_SWE )

NATO membership effect (NATO )

12-month Euribor (Euribor )

Economic Freedom Index (Ecofreedom_ff / Ecofreedom_SWE )
World Governance Index (WGILFI / WGI_SWE )

S-year spread for Finland / Sweden.

10-year spread for Finland / Sweden.

Monthy CPI for Finland / Sweden.

Mominal governmental debt for Finland / Sweden.

Monthy unemployment for Finland / Sweden.

Mominal GDP for Finland / Sweden.

Defense spending to GDP for Finland / Sweden.

Main country-specific stock index return for Finland / Sweden.
Main country-specific stock index volatility for Finland / Sweden.
MNATO membership effect.

12-month Euribor rate monthly observation.

Heritage Foundation & Wall Street Journal Index on Economic Freedom.
Index on six different dimensions of governance.

Finland Sweden
n=125 Mean  Median Min Max StDev Mean  Median Min Max StDev
5-year spread (%) 0,173 0,157 -0,232 0,620 0,151 0,323 0,276 -0,236 1,052 0,229
10-year spread (%) 0,299 0,290 -0,096 0,889 0,184 0,315 0,310 -0,218 0,777 0,209
Annual inflation (%) 1,796 1,170 -0,160 7,170 2,137 2,502 1,870 0,210 8,050 2,396
Nominal Debt (bn) 196,911 180,361 141,625 268,602 36,354 | 222456 218,507 191,044 261,311 16,102
Unmployment (%) 8,485 8,344 5,689 12,122 1,473 7,609 7,500 5,800 10,500 1,040
GDP (bn) 282,928 276,986 228,059 344,803 35,842 | 590,048 566,957 457,508 745,894 68,909
Defense Spend (bn) 4,213 3,750 3,400 6,300 1,031 6,666 6,270 5,390 8,898 1,266
OMX (pts) 9593,414 9497,050 7030,600 13186,000 1343,732 | 658,988 597,470 416,720 1037,140 165,594
OMXVol (%) 15,097 13,483 7,097 59,025 6,878 15,367 13,702 6,254 62,342 7.408
Euribor (%) 0,554 -0,081 -0,504 4,160 1,422 0,554 -0,081 -0,504 4,160 1,422
Economic Freedom Index 75,082 74,900 72,600 78,300 1,770 75,155 74,900 72,000 77,900 2,010
World Governance Index 1,743 1,747 1,692 1,835 0,041 1,633 1,649 1,560 1,708 0,052

As table 2 illustrates, the regression data consists of 125 observations for Finland and

Sweden respectively.
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4 Methodology

4.1 Linear regression

The main research methodology of this thesis is the multiple linear regression analysis. The
general linear regression methodology is introduced. The point of a regression model is to
measure and describe relationships between different variables. The dependent variable
() is the variable the model is made to explain. The variables which explain the model,
called independent variables (x) are as their name suggests, independent of the dependent
variable. They can also be called explanatory variables. The linear regression model is one
of the most used and practical models in econometrics (Hill et al. 2018, 47-49). The general

multiple regression model is as follows:

Ve = P1+ Boxe, + Baxe, + -+ PrXex t € (4)

Where vy, is the dependent variable, ; is the constant term, B, 53, fx are the unknown
parameters, x;,, X;,, X;x are the independent variables and ¢ is the error term (Brooks

2014).

As Brooks (2014) explains it the principal idea of a linear regression model is to fit a line
that closely aligns with the observations, with the dependent variable on the y-axis and the
independent variables on the x-axis This is done by minimizing the vertical distances from
the observations. The minimization is done by choosing the independent variable and the
constant S in a way that the line fits all the observations as closely as possible. Most
commonly, this is done by using OLS or ordinary least squares. OLS operates by minimizing
the total sum of squared vertical distances between the line and the observations, ensuring
the line fits as closely as possible. In a multiple linear regression, the minimization is done

based on all the independent variables.
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A linear regression model has five assumptions which need to be fulfilled for the model to

be reliable based on Brooks (2014).
1. Average value of errors is zero (E (u¢ = 0).
2. The variance of residuals is constant (var (u: ) = 0 < =), homoscedasticity.
3. Covariance of errors is zero (cov (ui, u; ) = 0 fori #j)
4. Independent variables are non-stochastic (cov (ut, x:) =0
5. Residuals are normally distributed (u:~ N (0, o 2)).

In this section these assumptions are covered in greater depth. The first assumption states
that the average error value shall be zero. If the regression includes a constant value which
is not affected by the independent variables, then this assumption is never violated.
However, if there is no constant in the regression model which means the model crosses

the y-axis at zero, the average error values might not be zero (Brooks 2014).

The second assumption states that the model needs to be homoscedastic. The opposite
condition is known as heteroscedasticity. Detecting heteroscedasticity in errors can be
accomplished visually, but more reliably this is done by conducting statistical tests such as
the Goldfeld-Quandt test or White's test. If heteroscedasticity is ignored this may lead to
inaccurate standard errors in the model. In some cases, heteroscedasticity can be
addressed by modifying the data by taking the logarithms or taking the 2" powers of the
values in the model. If this does not help the model can be changed from an OLS model to

a GLS model which considers heteroscedasticity (Brooks 2014).

The third OLS assumption states that the error covariance is zero which means that the
errors are not correlated with each other. The presence of correlation among errors is
called autocorrelation, and it is presumed that autocorrelation is absent in the model.
Autocorrelation may become evident through graphical analysis, where errors are plotted
against their preceding values. Positive autocorrelation is suggested if a positive previous
error is succeeded by a positive current error, and similarly for negative autocorrelation.
Plotting residuals against time can reveal autocorrelation; infrequent crossings of the x-axis

may suggest positive autocorrelation, while frequent crossings may indicate negative
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autocorrelation. Detecting autocorrelation often involves statistical tests, such as the
Durbin-Watson test or Breusch-Godfrey test. Neglecting autocorrelation may lead to
incorrect standard errors in the model. As with addressing heteroscedasticity,
autocorrelation can sometimes be mitigated by switching the estimation method to GLS
from OLS if the nature of autocorrelation is understood. Autocorrelation might signify that
a vital aspect of the explained variable remains unaccounted for in the model, residing in
the model's residuals, or it may indicate inadequacies in the model's dynamics (Brooks

2014).

The fourth assumption stated that the independent variables need to be non-stochastic.
Brooks (2014) mentions that if this is not the case, the estimates could be biased as the
error term and the independent variables would be correlated. The fifth assumption by
Brooks (2014) was the normally distributed residuals. This assumption does not always
need to be fulfilled, however; only if hypothesis testing is based on the estimation results.

Testing for residual normal distribution can be done by conducting a Jarque-Bera test.

In addition to the five assumptions, an important consideration is multicollinearity,
denoting a substantial correlation among independent variables. Detecting
multicollinearity involves examining the correlations between all independent variables.
While multicollinearity may enhance the overall explanatory power of the model, it can
lead to non-significance of individual explanatory variables. Consequences may include
heightened model sensitivity to changes and broader confidence intervals. It's worth noting
that multicollinearity is often viewed more as a data issue than a model problem. Practical
approaches to address multicollinearity include excluding highly correlated variables or
transforming them into a single ratio that is incorporated into the model. Increasing the
sample size or acquiring additional data can also be effective in mitigating multicollinearity.
In some cases, multicollinearity may be disregarded if the model is otherwise appropriate.
Importantly, the presence of multicollinearity doesn't affect the Best Linear Unbiased
Estimators (BLUE) properties of the model if the initial four assumptions are met, but it can
lead to wider standard errors (Brooks 2014). The problem with multicollinearity is that if
many variables are highly multicollinear, that basically means they could just be one

independent variable in that case.
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4.2 Regression implementation

The empirical portion of this thesis is covered by the test methods which were discussed
previously. As regression is the main research method, this subchapter covers the

regression model used in this study. The model was applied for all time periods separately.

BS; = a + ;NATO + B,CPI + B;Debt + B, UnEmploy + BsGDP +
PsDefensespend + [, OMX_yield + g VOL_OMX + [y Euribor +
PioEcoFreedom + [, WGI + ¢ (5)

These variables are explained in the table below.

Table 3: Regression variable model names and expected signs.

The table below displays the regression variables and their explanations alongside the expected signs.

Symbol Explanation Expected sign
BS, Bond spread monthly change
Explanatory variables:
NATO Nato membership effect -
CPI Inflation development +
Debt Governmental debt development +
UnEmploy |Unemployment level development +

GDP GDP development -
Defensespend Defense spending to GDP -
OMX _vield |Yield of the country OMX index +
VOL_OMX |Volatility of the country OMX index +
Eurtbor |Change in the 12-month Euribor rate +
EcoFreedom |Economic Freedom Index -
WaGr World Governance Index -
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4.3 T-Test with unequal variance

T-tests are used as a supportive research method in this thesis. They are utilized to answer

the sub-question:

® Does Finland's or Sweden’s NATO accession exhibit any impact on the bond yield
spreads of their neighbouring Nordic and Baltic countries, and if so, how significant

are these effects?

The T-test used for this thesis is the T-test with unequal variances. Conducting a t-test yields
two important values: the t-statistic and the p-value. The t-statistic displays how many
standard errors the difference in means is away from zero. The p-value displays the
probability of observing a difference. The chosen significance level for this study is 0,05.
The test significance can be viewed from the two-tailed p-value of the test. If the two-tailed
p-value is less than the 0,05-significance level the null hypothesis (H,) should be rejected
as there is a statistically significant difference between the values. If the p-value is above
0,05 the null hypothesis (H,) should not be rejected as the results are not statistically
significant (Ross & Willson 2017).

The T-test null hypothesis (Hy) is as follows:
Hy: Hpre = Hpost (6)

Or in other words there is no statistical difference between the spreads from pre and post

accession. This means that the alternative hypothesis or (H,) is as follows:

H;: Hpre F Upost (7)

Or in other words there is a statistical difference between the spreads from pre and post

accession.

The T-test formula according to Ross et al. (2017) is as follows:

= 1%

X1—X2
T 8
. (8)
51,52
ng nz
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Where: X7 is the mean of group 1 and x, is the mean of group 2, s# and sZ are the standard

deviations of the groups and n, and n, are the group sizes.

Average 5-year govermental bond yields and spreads in 2021 and 2022

Yield 2021 Yield 2022
I 1.165 I 2,844
-0.517 1.265
T Microsoft, DparSineat g
Spread 2021 Spread 2022
I 1.754 I 1.771

0,071 0,191

Powarad by Bing Posarod by Bing
rosc, Opansisatidap & Microsod, Dpanshsathiap

MNore: Data not available far Estonia

Figure 16: Average 5-year Nordic and Baltic governmental bond yields and spreads (%) 2021 and 2022.

Figure 16 displays the overview of the Swedish, Finnish, Norwegian, Danish, Latvian and
Lithuanian bond yields and spreads in 2021 and 2022. As observed, they drastically change
in this time. This is why T-tests are used to study the spread and yield development. The
regression is used to study Finland and Sweden in greater depth, but Finland and Sweden

are used in the T-test part as well for extra assurance.
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5 Results

5.1 Regression results

The regression dataset consists of the 5 and 10-year credit spreads for the Finnish and
Swedish governmental bonds. The spread is measured against the corresponding German
bond. The time period for the data was 1/2024 - 5/2024. The initial regression results for

each variable are displayed in the following table.

Table 4: Regression variable overview.

The table provides a breakdown of the regression data from R. Explanatory variables were calculated as
proportional changes between two observations. Defense spend, Economic Freedom Index and World

Governance Index calculated as logarithmic observations. Bolded values are the dependent variables.

Finland Sweden
n=125 Mean Median Min Max StDev Mean Median Min Max StDev
5-year spread 0,173 0,157 -0,232 0,620 0,151 0,323 0,276 -0,236 1,052 0,229
10-year spread 0,299 0,290 -0,096 0,889 0,184 0,315 0,310 -0,218 0,777 0,209
Monthly inflation change 0,002 0,001 -0,007 0,014 0,004 0,002 0,002 -0,015 0,019 0,005
Mominal Debt change 0,002 0,001 -0,012 0,023 0,007 -0,001 -0,003 -0,011 0,100 0,011
Unemployment change 0,012 0,016 -0,324 0,500 0,123 0,004 0,011 -0,333 0,242 0,093
GDP change 0,003 0,003 -0,012 0,009 0,003 0,004 0,003 -0,001 0,016 0,003
Defense Spend (log) 4,615 4,543 4,445 5,062 0,196 4,588 4,560 4,409 4,910 0,164
OMX change 0,004 0,004 -0,168 0,119 0,042 0,008 0,012 -0,133 0,120 0,046
OMXVol change 0,068 -0,043 -0,613 1,869 0,426 0,072 -0,010 -0,622 2,160 0,438
Euribor change 0,207 0,003 -1,182 20,957 1,892 0,207 0,003 -1,182 20,957 1,892
Economic Freedom Index (log) 4,317 4,316 4,285 4,361 0,023 4,317 4,316 4,277 4,355 0,025
World Governance Index (log) 0,557 0,558 0,526 0,607 0,022 0,493 0,500 0,445 0,535 0,029

5.1.1 Initial regression model

Table 5: Initial regression coefficients and statistical values.

The table provides a breakdown of the initial OLS regression coefficients for the four different bonds. Overall
numbers represent the statistics for the entire sample. Inflation, Debt, Unemployment, GDP, and Defense
spend are based on the data reported by the statistics authority of the individual country. OMX vyield and
volatility are monthly changes in the OMX yield and volatility starting from January 2014. NATO is a binary
variable which equals to one after the accession process was initiated and zero before. Euribor is the 12-
month Euribor rate of the ECB. The political variables are formulated based on the two indices, the EFl and

WGI which cover twelve and six factors respectively. P-value refers to the p-value of the regression T-test for
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testing statistical significance. The significance codes are displayed in the table. Coefficient p-value is

displayed in brackets.

Initial OLS regression results 2014 - 2024

Coefficents

Finland 5-year Finland 10-year Sweden 5-year Sweden 10-year
Intercept 1,106 (0,757) 1,150 (0,768} -18,172 (0,039%) 6,934 (0,326)
Inflation -4,213 (0,280)  -1,528(0,718) 6,341 (0,107) 5,201 {0,102)
Debt 2,731(0,128)  4,271(0,030%) 1,363 (0,413) 0,208 {0,877)
Unemployment -0,115 (0,256)  -0,188 (0,090.) 0,045 (0,819) 0,098 (0,543)
GDP -3,843(0,334)  -1,786 (0,680) 20,200 (0,027%) 12,072 (0,101)
Defense spend to GDP 0,259 (0,115) 0,301 (0,086.) 0,385 (0,000%=%) 0,677 (0,000%*%)
oM yield 0,264 (0,349) 0,263 (0,391) -0,199 (0,619) -0,112 (0,731)
OMX volatility 0,005 (0,851) 0,010 (0,737} 0,037(0,382) 0,055 {0,114)
NATO membership effect 0,102 (0,192) 0,158 (0,064.) -0,264 (0,004%%) -0,354 (0,000%*%*)
12-month Euribor rate -0,003 {0,685)  -0,004 (0,612) 0,020 (0,045%) 0,014 (0,073.)
Economic Freedom Index -0,489 (0,569)  -0,364 (0,619) 2,926 (0,109) -2,227(0,133)
World Governance Index -0,027(0,971) -0,519(0,518) 3,573 (0,063.) -0,152 (0,921)
Adjusted R-squared 0,261 0,410 0,239 0,401
P-value 0,000 0,000 0,000 0,000
F-statistic 4,967 8,824 4,532 8,534

Significance codes 0 "***" 0,001 "**" 0,01 "*" 0,05 "." Coefficent p-value in brackets ().

As seen in the table above, the adjusted R-squared values for the Finnish data are 26,1%
for the 5-year and 41,0% for the 10-year spreads. This means that the explanatory power
of the model is relatively good especially for the 10-year data. The model p-value is also
zero, which indicates that the relationship between the spread and the explanatory
variables is statistically significant. Some of the variables have relatively poor explanatory
power in the model such as volatility with a p-value of above 0,5. The initial Finnish models
lack statistical significance with individual variables at the chosen confidence level. Only
the Debt variable is statistically significant at the 0,05-confidence level for the 10-year
model. More variables are statistically significant at a confidence level of 0,1. Because the
model includes variables with low explanatory power these variables are removed, and a

second regression is run in order to improve the model.

The Swedish regression explanatory power is very similar to the Finnish models. The
adjusted R-squared values are 23,9% for the 5-year and 40,1% for the 10-year spreads. The
model p-value is close to zero as well with it being even lower than in the Finnish model. In
Sweden’s case many variables are statistically significant at the chosen confidence interval

level. Interestingly the NATO variable is statistically significant at confidence levels of 0,01
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and 0,001 for 5 and 10-year models respectively, which is interesting. In Sweden’s case the
Unemployment and OMX variables are a bad fit for the model with p-values over 0,5 thus
they are removed for the second iteration of the model. The full R output which displays

all the statistics of individual variables is found in the appendix.

Table 6: Initial regression assumption testing p-values.

The table displays the regression assumption testing p-values which were covered in 4.1. The residual graphs

are attached in the appendix.

Initial regression OLS assumption testing p-values

Finland 5-year Finland 10-year Sweden 5-year Sweden 10-year

Breusch-Pagan 0,000 0,000 0,000 0,002
Durbin-Watson 0,069 0,012 0,000 0,000
Madel exp variable correlation 0,821 0,733 0,833 0,739
Jarque-Bera 0,000 0,000 0,000 0,000
Mean residuals 0,000 0,000 0,000 0,000

Table 6 displays the p-values of OLS assumption testing related to the regression model.
Based on the Breusch-Pagan test the model is heteroscedastic as the p-value of the test is
almost 0 for both Finland and Sweden. The Durbin-Watson test indicates that there is
autocorrelation in the model residuals for the Finnish and Swedish models. The Finnish p-
value for the 5-year data differs slightly from zero, but not enough to reject the null
hypothesis, as the evidence is weak. The Jarque-Bera testing has the same p-value for all
datasets at 0 which means the data is not normally distributed. There is also strong
correlation between the model residuals and the explanatory variables which is not good
for the model. Appendices 2 and 7 display the regression data correlation matrices which
display strong correlation among some of the variables such as Defensespend and Nato. To
address issues such as autocorrelation, GLS (generalized least squares) regression is used

alongside OLS regression.
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5.1.2 Modified regression models

For the modified regression model, the explanatory variables with p-values exceeding 0,5
were removed. The variables that were removed can be observed in table 7. Due to the
removal the adjusted R-squared values increased a bit which means the model was
improved due the removal of excess variables. It is interesting to see how many more of
the variables are statistically significant with the Swedish data compared to the Finnish
data. The adjusted R-squared values for the adjusted model are 28,2% for Finnish 5-year,
43,0% for Finnish 10-year, 30,4% for Swedish 5-year and 41,8% for Swedish 10-year. It is
also notable that some of the variables became more significant due to the removal of non-
significant variables such as the NATO effect for the 10-year Finnish and the EFI for the

Swedish 10-year

Table 7: Adjusted regression coefficients and statistical values.

The table provides a breakdown of the adjusted OLS regression coefficients for the four different bonds.
Overall numbers represent the statistics for the entire sample. Inflation, Debt, Unemployment, GDP, and
Defense spend are based on the data reported by the statistics authority of the individual country. OMX yield
and volatility are monthly changes in the OMX yield and volatility starting from January 2014. NATO is a binary
variable which equals to one after the accession process was initiated and zero before. Euribor is the 12-
month Euribor rate of the ECB. The political variables are formulated based on the two indices, the EFl and
WGI which cover twelve and six factors respectively. P-value refers to the p-value of the regression T-test for
testing statistical significance. If the variable displays “excluded” it means the variable was excluded due to a

high p-value. The significance codes are displayed in the table. Coefficient p-value is displayed in brackets.



Adjusted OLS regression results 2014 - 2024

Coefficents

Finland 5-year

Finland 10-year

Sweden 5-year

Sweden 10-year

Intercept

Inflation

Debt

Unemployment

GDP

Defense spend to GDP
OMX yield

OMX volatility

NATO membership effect
12-month Euribor rate
Economic Freedom Index
World Governance Index

Adjusted R-squared
P-value
F-statistic

-0,935 (0,144)
-5,476 (0,113)
2,691 (0,126)
-0,116 {0,238)

-1,078 (0,108)
Excluded
4,233 (0,026%)
-0,178 (0,092.)

-18,32 (0,035%)
6,445 (0,092.)
1,385 (0,402)

Excluded

6,135 (0,088.)
4,978 (0,103)
Excluded
Excluded

-4,385 (0,240) Excluded 20,027 (0,027%) 12,408 (0,051.)
0,240 (0,089.) 0,290 {0,511.) 0,876 (0,000%**) 0,682 (0,000%**)
0,259 (0,349) 0,266 (0,371) Excluded Excluded
Excluded Excluded 0,038 (0,376) 0,055 (0,107)
0,091(0,168) 0,158 (0,026%) -0,265 (0,003%%) -0,352 (0,000%**)
Excluded Excluded 0,020 (0,0401%) 0,015 (0,064.)
Excluded Excluded 2,973 (0,101) -2,072 (0,021%)
Excluded Excluded 3,541 (0,062.) Excluded
0,282 0,430 0,304 0,418
0,000 0,000 0,000 0,000
7,058 19,590 5,583 13,720
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Significance codes 0 "***" 0,001 "**" 0,01 "*" 0,05 "." Coefficent p-value in brackets ().

As the initial OLS models suffered from autocorrelation in the model residuals, the OLS
model was altered into a GLS model. As the GLS regression transforms the original
regression model to account for the structure of the residuals by using a known covariance
matrix of the residuals to weigh the observations appropriately. By accounting for
heteroscedasticity and autocorrelation, GLS provides more efficient and unbiased
estimates of the regression coefficients compared to OLS in the presence of such issues

(Menke 2015).

The table below shows the GLS model results, highlighting the changes in the coefficients
and the statistical significance (p-value) of the variables. The OLS model had higher
explanatory power compared to the GLS model, but the difference came from

autocorrelation. With the autocorrelation removed, the clean results can be viewed.

Table 8: GLS regression coefficients and statistical values.

The table provides a breakdown of the final GLS regression coefficients for the four different bonds. Overall
numbers represent the statistics for the entire sample. Inflation, Debt, Unemployment, GDP, and Defense
spend are based on the data reported by the statistics authority of the individual country. OMX yield and
volatility are monthly changes in the OMX vyield and volatility starting from January 2014. NATO is a binary
variable which equals to one after the accession process was initiated and zero before. Euribor is the 12-

month Euribor rate of the ECB. The political variables are formulated based on the two indices, the EFI and
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WGI which cover twelve and six factors respectively. AIC and BIC refer to different information criteria and
the Phi value represents the parameter related to the variance structure of the errors, adjusting for
heteroscedasticity or autocorrelation in the model. The significance codes are displayed in the table.

Coefficient p-value is displayed in brackets.

GLS regression results 2014 - 2024

Coefficents

Finland 5-year Finland 10-year Sweden 5-year Sweden 10-year
Intercept -0,964 (0,166)  -1,258 (0,103) -19,178 (0,088.) 6,229 (0,368)
Inflation -4,524 (0,154) Excluded -1,147 {0,421) 1,164 (0,392)
Debt 2,575(0,171) 3,837 (0,073.) 0,769 (0,435) Excluded
Unemployment -0,104 (0,284)  -0,151(0,135) Excluded Excluded
GDP -4,431 (0,255) Excluded 7,413 (0,214) 6,140 (0,301)
Defense spend to GDP 0,246 (0,108) 0,330 (0,538.) 0,173 (0,645) -0,126 {0,709)
OMX yield 0,273 (0,308) 0,367 (0,200} Excluded Excluded
oM volatility Excluded Excluded 0,020 (0,163) 0,022 (0,135)
NATO membership effect 0,087 (0,225) 0,138 (0,083.) 0,087 (0,412) 0,049 (0,631)
12-month Euribor rate Excluded Excluded -0,011 (0,004%%) -0,009 (0,018%*)
Economic Freedom Index Excluded Excluded 3,810 (0,098.) -1,248 (0,450)
World Governance Index Excluded Excluded 4,452 (0,197) Excluded
AlC -142,319 -118,716 -186,877 -183,876
BIC -114,697 -96,483 -153,938 -156,255
logLik 81,159 67,358 105,439 101,938
Residual 5tD 0,128 0,140 0,367 0,234
Phi 0,100 0,190 0,958 0,903

Significance codes 0 "***" 0,001 "**" 0,01 "*" 0,05 "." Coefficent p-value in brackets ().

When analyzing the GLS regression results, it can be seen that the regression explains the
Swedish data better. This result is the same as with the OLS model. The Phi values for
Finland are 0,10 and 0,19 whereas the Swedish ones are 0,96 and 0,90. As the Phi value is
the estimate of the correlation strength between consecutive measurements it can be said
the Swedish model has a clear linear dependence structure. The Swedish model also has
less variance in Phi values between the 5 and 10-year spreads with better explanatory
power. This can also be seen from the amount of statistically significant variables in the

models.

The Swedish models also have lower AIC and BIC scores which indicate that the Swedish
models are better. The AIC and BIC stand for Akaike Information Criterion and Bayesian
Information Criterion and, they display how good the model is. AIC focuses on balancing

model fit and complexity whereas BIC penalizes the number of parameters and thus favors
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simpler models (Kuha 2004). This can be seen with this model as well; the AIC is always a

lot lower than the BIC. The AIC and BIC are based on the following.

AIC = 2k — 2In(L) (9)

BIC = kin(n) — 2In(L) (10)

Where k is the number of parameters in the model, n is the sample size, and L is the

maximized value of the likelihood function.

The final regression models below present the equations with all included variables and

their coefficients, based on the GLS model.

BSFi5year; = —0,964 + 0,087NATO — 4,924CPI + 2,575Debt
— 0,104UnEmploy — 4,431GDP + 0,246Defensespend
+ 0,2780MX _yield + ¢

BSFil0year;
= —1,258 + 0,138NATO + 3,837Debt — 0,151UnEmploy
+ 0,330Defensespend + 0,3670MX _yield + ¢

BSSwebSyear;
= —19,178 + 0,087NATO — 1,147CPI + 0,769Debt + 7,413GDP
+ 0,173Defensespend + 0,020VOL_OMX — 0,011Euribor
+ 3,810EcoFreedom + 4,452WGI + ¢

BSSwel0year;
= 6,229 + 0,049NATO + 1,164CPI + 6,140GDP
— 0,126Defensespend + 0,022VOL_OMX — 0,009Euribor
— 1,248EcoFreedom + €
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5.2 T-test results

Below the T-test results are displayed in the following table.
Table 9: T-test results.

The table provides a breakdown of the six countries used in the sample for the T-test with unequal variances.
P(T<=t) displays the T-test value for significance. The t Stat is the ratio that measures how many standard

errors the estimated coefficient is from zero. The significance codes are displayed in the table.

Latvia Lithuania Finland
Test P(T<=t) t Stat P{T<=t) T Stat P(T<=t) t Stat

Spread g*== -6, 886 g*== -6, 786 g*== -4.292
Yield gr=* -8,578 g*=r -8,390 gr=* -20,170

Sweden Morway Denmark
Test P(T<=t) t Stat P(T=<=t) t Stat P(T<=t) t Stat
Spread g+ 3,296 |0,0527== 1,984 0,093* -1,732

Yield gr=* -23,274 g==* -16,651 gr=* -21,442

Significance codes 0™ **" 0,001 "™ *"0,01 "*"0,05"."

.

As seen, all the p-values are very low (below the significance level of 0,05) for both yields
and spreads which means there is a statistical difference. The t-statistic displays how many
standard errors the mean is from zero. This means that positive t-statistics indicate that the
spreads and yields have declined from pre accession to post accession whereas negative t-
statistic indicates that the spreads and yields have increased from pre accession to post
accession. In other words, the negative t-statistic for all but the Swedish and Norwegian
spread indicates that the spreads have increased for all the other countries. Interestingly

the Baltics and Finland are more heavily affected based on the t-statistic values.
As the H,, stated for the t-tests the difference in means would be zero.
Hy: Upre = HUpost (11)

Based on the evidence from the tests it can be said that there is a significant difference
between the spreads and yields between pre and post accession and that the H of the T-
testis dismissed so H, is retained. However, it cannot be said for certain that this difference

has been caused by the NATO membership of Finland and Sweden, more specifically the
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NATO membership application in 2022 as there were many other events going on at that
time. Another factor to which the NATO application is a direct consequence, is the war
Russia started in Ukraine. As the Baltics were part of the Soviet Union until its collapse, they
are more heavily affected by Russian geopolitical decisions. The increase of the spreads in
the Baltics can also partially be attributed to the lowering of their credit ratings as discussed
earlier in this thesis. All in all, the T-test indicates that there is a clear statistical difference
between the two periods, but it cannot be said for certain that how much of the difference

could be attributed to the NATO effect.

Table 10: Spread and yield average deviation during the T-test period.

This table provides an overview on the average change in monthly sovereign bond spread and yield from
periods before February 2022 and after. Sample for the Baltic countries (n=10), sample for the Nordic
countries (n=26). The Baltic sample is smaller due to limited number of new sovereign bond issuances.
Difference calculated by subtracting the target country value from the benchmark bond (Finland or Sweden).

This table provides only descriptive values as these are not formulated on the basis of statistical testing.

Latwia Lithuania MNorway Denmark Finland Sweden
Change in yield 3,028 2917 2434 2,718 2876 2438
Change in spread 1,103 0,542 -0,233 0,051 0,209 -0,229
Difference FIN 0,894 0,783 -0,442 -0,157 M/A -0,438
Difference SWE 1,332 1,221 -0,004 0,281 0,438 M/

In addition to the T-test with unequal variance, the average deviation regarding the yield
and spread was calculated for the sample. This is displayed in the table above. As seen the
Baltics have a much higher fluctuation compared to the Nordics. This supports the
consensus that the security shift affected the Baltic nations more in a financial sense as
they are smaller size and population wise, and their economies are not nearly as strong
compared to the Nordics. They have also been under Russian influence before which made
them more intertwined with Russia. Separating from this caused financial harm which is
reflected in their governmental debt becoming clearly more expensive as risks increased in
the country. Russia's history of invading neighbouring countries increases the country risk
for nations that share a border with it. This likely contributed to Finland experiencing

different credit spread changes compared to other Nordic countries. While Sweden and
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Norway saw negative spread changes and Denmark remained close to zero, Finland's
spreads were noticeably positive. However, Finland's increase was not as pronounced as

that of the Baltic states, which are in a category of their own.

When viewing the changes in yields during the study period, all of those are relatively in
line. With a scale from 2,43% to 3,03% all the yields rose drastically during the period from
the exceptionally low values which had been around ever since the financial crisis. The
Baltic countries were the only ones which had yields above zero in the beginning of the

analysis period.
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6 Conclusion and discussion

This chapter concludes the thesis. Firstly, the research questions are reviewed. In addition,
the implications of this thesis and credit spread effects are discussed in a wider sense. The

limitations of this study and possible future research are also discussed.

e Have there been any statistically significant changes in the spreads of Finnish and

Swedish sovereign bond yields since the NATO application was submitted?

Yes, there have been significant changes in the sovereign spreads and in the overall bond
yields as well. The overall economic situation in the Nordics has been fragile ever since the
Russian invasion of Ukraine and the global energy crisis which followed this. Based on the
regression results the factors which had the biggest impact on the Finnish spreads were
governmental debt development, defense spending and NATO. When it comes to Sweden
the OMX Stockholm volatility and Euribor development had the biggest impact. It should
be noted that this thesis did not analyze qualitive factors regarding the accession which
could have their own impact too. Qualitative factors could be added to formulate a mixed
methods model where security experts would be interviewed to gain a deeper picture of
the immediate and longer lasting effects of NATO. Another factor which affects the
regression results is the interpolation of some of the variables. This was done as the data
was only available in annual form and monthly data was needed. The interpolation was
conducted linearly which means the monthly change is the same throughout the year
which may not have been the case if actual monthly values had been available. Other forms
of interpolation could also have been utilized if the underlying trends in economic
development were better known. This could be achieved by interviewing experts. The
findings of this thesis are supported by previous research which has been discussed in this
thesis earlier such as Collin-Dufresne et al. (2001) and Van Landschoot (2008). Next, the

sub-questions address the main questions below.

e To what extent can changes in Finland's and Sweden’s bond yield spreads be

attributed to the NATO accession decision?
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The NATO variable p-values were 0,225 and 0,089 for Finnish 5 and 10-year and 0,412 and
0,631 for Swedish 5 and 10-year respectively. This means that the Finnish 10-year bond
spread had weak statistical significance to the NATO membership effect. Other maturities
had no statistical significance. Interestingly the NATO variable had strong statistical
significance on both the Swedish maturities in the OLS model but in the GLS model which
was the final model the significance lessened by a large amount. Reason for this may be
heteroscedasticity or autocorrelation for example. As the OLS regression models had good
explanatory power and low AIC and BIC for the GLS, it can be said with good certainty that
the results are reliable. Another point to consider is the fact that Sweden took roughly a
year longer to finally join NATO compared to Finland. This could be one contributing factor

why the NATO variable itself had a lower statistical significance.

® Does Finland's or Sweden’s NATO accession exhibit any impact on the bond yield
spreads of their neighbouring Nordic and Baltic countries, and if so, how significant

are these effects?

There were major changes between the spreads in all the Nordic and Baltic countries
between pre and post accession. The countries in the sample were Latvia, Lithuania,
Denmark and Norway. Finland and Sweden were used in the T-tests for comparison but as
they were the focus for the regression, they are not the main target of this testing. Based
on evidence there were statistically significant changes in both yields and spreads in all the
countries in the sample. However, it cannot be said for certain that this has been caused
by the Finnish and Swedish NATO accession. NATO was the only variable which was
considered for the cause of the change while the causes may be multi-faceted in reality.
Future research should be done into these differences to find out all the different variables
which have affected it. Using only T-tests as statistical evidence is vague, and thus far-

reaching conclusions are not to be drawn.

As it has been pointed out earlier on in this thesis and in previous literature, governmental
credit spreads serve as a crucial indicator of a nation’s economic health and investment
climate. These spreads, by influencing investor confidence, borrowing costs, economic
stability, currency valuation, and market liquidity, play a significant role in shaping future

investment opportunities. Both investors and policymakers must closely monitor credit
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spreads to make informed decisions and foster an environment conducive to sustainable
economic growth. When credit spreads widen, it signals increased perceived risk. This
heightened risk perception can make investors wary of the country’s economic stability,
leading to a reduction in foreign direct investment (FDI) and portfolio investments.
Conversely, narrowing spreads suggest improved investor confidence and lower perceived
risk, potentially attracting more investments. The impact of credit spreads on government
borrowing costs is also significant. Wider credit spreads result in higher interest rates for
government borrowing, which can increase the costs of financing public projects and
infrastructure. This may also reduce the amount of private investment as borrowing for the
private sector is influenced by the current market conditions and interest rates in a country.
This decline in private investment can be seen after the interest rate hikes in Europe in
2022 and 2023 after which investment plummeted (EY 2024). On the other hand, narrower
spreads reduce borrowing costs, enabling the government as well as the private sector to
invest more in development projects. Governmental spending on development projects is
also noted as an excellent way to inject stimulus into a country’s economy which drives
private consumption and investment forward too. Another point of discussion regarding
this study is the relationship between credit spreads and currency valuation. Widening
credit spreads can lead to a depreciating currency, making imports more expensive and
potentially causing inflation. This inflation can reduce the purchasing power of consumers
and businesses, negatively impacting investment. This would affect Sweden more heavily
as it has its own currency whereas Finland uses the Euro which is utilized by 20 countries.
Finally, credit spreads influence market liquidity. High credit spreads can signal reduced
market liquidity, making it harder for businesses to access capital. This can stifle innovation
and expansion efforts. In contrast, low credit spreads generally indicate better market
liquidity, facilitating easier access to capital for businesses and fostering a more dynamic
investment climate. A country with robust investment in infrastructure, technology, and
human capital becomes more attractive to foreign investors. Foreign direct investment
(FDI) brings in additional capital, technology, and expertise, integrating the country into the
global economy and opening new markets and opportunities for trade and collaboration.
The relationship between governmental and corporate bond spreads is closely linked.

Robust investment atmosphere is also heavily influenced by security policy which needs to
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be studied further in-depth. As security policy influences all major decisions in a country it
is a key factor which foreign investors address in a country. As an example, a country with
a high level of risk such as Somalia is a lot less attractive than a low-risk country like
Germany. Investment is a cornerstone of economic development, playing a multifaceted

role in strengthening a country’s economy.

For future research into this area, qualitative methods should also be considered in order
to gain a more in-depth understanding of the overall security policy. Interviews with
security specialists would be a great way for this. Interviews would add another layer to
the quantitative study conducted here. Another factor which should be considered is a
longer time frame for the study. If this study is replicated in 10 years, the results will be a
lot more thorough as NATO data for Finland and Sweden will be more available. Utilizing a
study period which is more in the past is easier when it comes to variables as well. Another
way to conduct future research into this topic is to increase the study scope so that it would
include other Nordic countries such as Norway and Denmark into the regression model as
a peer group. The Baltic countries could also be used as a second peer group. This would

make the regression results more comparable.
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APPENDIX

Appendix 1: Credit Ratings. Adaptation from Fitch (2024c).

Highest credit quality AAA
Al
Very high credit quality AR
AA
A+
High credit quality A
A
BBE+
Good credit quality BBBE
BBB-
BB+
Speculative BE
BB-
B+
Highly speculative B
B-
CCC+
Substantial credit risk CCC
CCC-
Very high levels of creditrisk CC
Mear default C
Restricted default RD

Default D




Appendix 2: Correlation matrices for the Finnish bond dataset.
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Appendix 3: Initial Finnish 5-year regression R output.

Residuals:
Min 10 Median £l Max
-0.49489 -0.07888 0.00655 0.08012 0Q.33890

Coefficients:
Estimate std. Error t value Pri=|t|)

(Intercept) 1.106064 3. 5366425 0. 310 0.757
CPI_FI -4,21263%  3.BB2625 -1.085 0. 280
Debt_FI 2.730745 1.779156 1.535 0.128
UnEmploy_FI -0.115044 0.100798 -1.141 0.256
GDP_FI -3. 842990 3.959118 -0.971 0.334
Defensespend 0.256844 0.161807 1. 587 0.115
OMX_FI 0.263959 0. 280680 0. 940 0.349
VOL_OMX_FI 0.005236 0. 027907 0.188 0.851
NATO 0.102140 0.077863 1.312 0.192
Euribor -0.002728 0.006719 -0.406 0. 685
EcoFreedom_FI -0.488623 0. 854884 -0.572 0. 569
WGI_FI -0. 026966 0.734105% -0.037 0.971

Residual standard error: 0.1296 on 113 degrees of freedom
Multiple rR-squared: 0.32539, Adjusted rR-squared: 0.2603
F-statistic: 4.967 on 11 and 113 DF, p-value: 2.9e-08



Appendix 4: Finnish 5-year regression residuals.
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Appendix 5: Initial Finnish 10-year regression R output.

Residuals:
Min 1g Median Eni] Max
-0.35705 -0.08005 0.00003 O0.08870 0.41626

Coefficients:

Estimate std. Error © wvalue Pri=|t])
{(Intercept) 1.150032 3. 883849 0.296 0.7677
CPI_FI -1.528513 4,228192 -0.362 0.7184
Debt_FI 4,270543 1.937507 2.204 0.0295 *
UnEmploy_FI -0.,187661 0.108769 -1.710 0. 0901
GOP_FI -1.785738 4,311494 -0.414 0.6795
Defensespend 0, 305213 0.176208 1.732 0.0860 .
OMX_FI 0,.263248 0. 305662 0. 861 0. 3909
VOL_OMX_FI 0.010232 0.030391 0.337 0.7370
NATO 0.158369 0.084793 1. 868 0. 0644
Euribor -0, 003727 0.007317 -0.509 0.6115
EcoFreedom_FI -0.463751 0.930982 -0.498 0.6194
WGI_FT -0, 518515 0.799443 -0.649 0.5179
Signif. codes: 0O "#**%*' 0,001 **=' 0.01 *“*" 0.05 “.” 0.1 * " 1

Residual standard error: 0.1411 on 113 degrees of freedom
Multiple R-squared: 0.4621, Adjusted R-squared: 0.40897
F-statistic: 8.824 on 11 and 113 OF, p-value: 3.767e-11



Appendix 6: Finnish 10-year regression residuals.
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Appendix 7: Correlation matrices for the Swedish bond dataset.
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CPI_SWE
Debt_SWE

Un Employ_SWE
WL OMY_SWE
GOP_SWE

O _SWE
Defensespend
EcoFreedom_SWWE

WIGI_SWE

MATO
Euribor

1.00-0.05-0.15-0.23 0.05 0.19 0.16 0.06-0.14 0.19 0.21-0.20
-0.051.00 0.03-0.10 0.02 0.09-0.06 0.14 0.03 0.12-0.04-0.01
-0.150.03 1.00 0.06 0.02 0.03 0.01-0.03-0.10 0.04 0.05-0.07
-0.23-0.100.06 1.00 0.13-0.09-0.06-0.08 0.04-0.05-0.08 0.09
0.05 0.020.020.13 1.00-0.46 0.03 0.45 0.01-0.11-0.37 0.26
0.19 0.09 0.03-0.09-0.461.00 0.19-0.25-0.03 0.76 0.71-0.76
0.16-0.06 0.01-0.06 0.03 0.19 1.00-0.02-0.07 0.10 0.14-0.14
0.06 0.14-0.03-0.08 0.45-0.25-0.02 1.00 0.06 0.11-0.23-0.03
-0.14 0.03-0.10 0.04 0.01-0.03-0.07 0.06 1.00 0.02-0.08 0.04
0.19 0.12 0.04-0.05-0.110.76 0.10 0.11 0.02 1.00 0.68-0.82
0.21-0.04 0.05-0.08-0.37 0.71 0.14-0.23-0.08 0.68 1.00-0.88
-0.20-0.01-0.07 0.09 0.26-0.76-0.14-0.03 0.04-0.82-0.88 1.00

0.8

0.6

0.4

0.2

0.2

0.4

0.6

0.8
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Appendix 8: Initial Swedish 5-year regression R output.

Residuals:
Min 10 Median 3Q Max
-0.50719 -0.10063 -0.01231 0.07007 0O.88832

Coefficients:
Estimate std. Error t wvalue Pr{=|t]|)

{(Intercept) -18.172375 8.691609 -2.091 O0.0387ER =
CPI_SWE 6.341159 3.899582 1.626 0.106711
Debt_SWE 1.362803 1.659304 0.821 0.413199
UnEmpToy_SWE 0.045520 0.198012 0.230 0.8183938
GDOP_SWE 20.199799 9.01c477 2.240 0.027026 *
OMX_SWE -0.19918&0 0.399662 -0.49E 0.619225
VOL_OMX_SWE 0.037491 0.042702 0.878 0.381828
NATO -0. 264176 0.089472 -2.953 0.003833 %=
Euribor 0.019877 0.009788 2.031 0.044B32 =
Defensespend 0.884757 0.224627 3.939 0.000142 wwx
EcoFreedom_SWE 2.925968 1.815661 1.612 0.109857
WGI_SWE 3.572773 1.903729 1.877 0.063135 .
Signif. codes: © *#*#=' 0,001 "**' Q.01 **' 0.05 “." 0.1 °* "1

Residual standard error: 0.1995 on 113 degrees of freedom
Multiple rR-squared: 0.30681, aAdjusted R-squared: 0.2386
F-statistic: 4.532 on 11 and 113 DF, p-value: 1.141e-03



Appendix 9: Swedish 5-year regression residuals.

Residuals over time
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Appendix 10: Initial Swedish 10-year regression R output.

Residuals:

Min 10 Median 3q
-0.42790 -0.09738 -0.00950 0.08240
Coefficients:

Estimate std. Erraor
{(Intercept) 6.903631 7.035100
CPI_SWE 3. 209959 3.15%6372
Debt_SWE 0.207746 1.343062
UnEmp 1oy _SWE 0.097842 0.160273
GOP_SWE 12.072416 7.298053
OMX_SWE -0,111685 0.323492
VOL_OMX_SWE 0.055040 0.034564
NATO -0, 354034 0.072420
Euribor 0.014356 0.007923
Defensespend 0.677642 0.181816
EcoFreedom_SWE -2.226821 1.469620
WGI_SWE -0,152308 1.540903
Signif. codes: 0 "#¥%’ 0,001 fee’

Residual standard

error: 0.1615 on 113 degrees of freedom
0.40086

Multiple R-squared: 0.4
F-statistic: 8.534 on 11 and 113 DF,

538,

T

0.

Max
0.71131

value

TR e A P T e B e B P

| |
=g

01

. 981
. 651
.155
. 610
. 654
. 345
. 5392
. B&9
.B12
727
. 515
. 099

LI

Pri=|tl)
.328535
.101594
L877349
.542778
.100863
.730548
.114085
.38e-06
.072652
. 000304
.132505
.921438

cooowooooooo

g.05 .

Adjusted R-squared:
p-value: 8.263e-11

b

bR

0.1

1
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Appendix 11: Swedish 10-year regression residuals.

Residuals over time
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Appendix 12: Adjusted Finnish 5-year OLS model.

Residuals:
Min 1q Median
-0.50577 -0.07177 0.00776

Coefficients:
Estimate std.

Max
0.33422

3Q
0.07673

Error t value Pri=|t|)

{(Intercept) -0.93610 0.63691 -1.470 0.14473
CPI_FI -5.47637 3.42539 -1.599 0.1126
Debt_FI 2.69079 1.74684 1. 540 0.1262
UnEmploy_FI -0.11636 0.09814 -1.186 0.2381
GDP_FI -4, 38486 3.71118 -1.182 0.2398
Defensespend 0.24030 0.14017 1.714  0.0891
OMX_FI 0.25923 0.27542 0.941 0. 3485
NATO 0.09102 0.06562 1. 387 0.1681
Signif. codes: 0O “##%% 0,001 °***%° Q.01 “*' 0.05

Residual standard error: 0.1277 on 117 degrees of freedom
Adjusted R-squared:
p-value: 6.996e-08

Multiple R-squared:
F-statistic:

0.3225,
7.958 on 7 and 117 DF,

Appendix 13: Adjusted Finnish 10-year OLS model.

Residuals:
Min 10 Median
-0.36191 -0.09125 ©.00654

Coefficients:
Estimate std.

{(Intercept) -1.077537 0.66493 -1.621 0.1078
Debt_FI 4,23358 1.88011 2.252 0.0262
UnEmploy_FI -0.17849 0.10497 -1.700 0.0917
Defensespend 0.28%61 0.146992 1.970  0.0511 .
OMX_FI 0.26622 0.29646 0.898 0.3710
NATO 0.15827 0.07036 2.250 0.0263 *
signif. codes: © *#***' 0,001 **¥*' 0.01 **' 0.05 '

Residual standard error: 0.1387 on 119 degrees of freedom
Adjusted r-squared:
p-value: 2.968e-14

Multiple rR-squared:

S

0.4527,
F-statistic: 19.69 on 5 and 119 DF,

3Q Max
0.08861 0.41198

Error t value Pr{=|t]|)

0.1

0.282

0.1

0.4297

1

1
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Appendix 14: Adjusted Swedish 5-year OLS model.

Residuals:
Min

Coefficients:

(Intercept)
CPI_SWE
Debt_SWE
GDP_SWE
VOL_OMX_SWE
NATO

Euribor
Defensespend
EcoFreedom_SWE
WGI_SWE

signif. codes:

10 Median
-0.51302 -0.10388 -0.01498 0.

Estimate std.
. 5399898
. 788535
L B4d5672
.933304
042368
088678
L009705
222426
. 795577
880116

-18. 320017
6.445300
1.3385318

20.026715
0.037665
-0.265241
0.020151
0.876266
2.972604
3.541226

HEOOODOomBE wo

'} gy ?

0.001

3Q
07871

Error

ey D

¥

¥

Max

0.85438

t value Pri=|t|)
-2.130 (.03528
1.701  ¢.09160 .
Q.842 0.40165
2.242 0.02689
Q.889 0.37587
-2.991 (.00340
2.076 0.04008
3.940 0.00014
1.656 0.10055
1.884 0.06216 .

Lol S 0,05 L7

0.1

Residual standard error: 0.198 on 115 degrees of freedom
Adjusted R-squared:
p-value: 2.24e-06

Multiple R-squared:
5.583 on 9 and 115 DF,

F-statistic:

0.3041,

Appendix 15: Adjusted Swedish 10-year OLS model.

Residuals:
Min

10 Median

3Q

-0.42295 -0.08904 -0.00396 0.07927

Coefficients:

{Intercept)
CPI_SWE
GDP_SWE
VOL_OMX_SWE
MNATO

Euribor
Defensespend

EcoFreedom_SwWE -2.

signif. codes:

Residual standard error: 0.1591 on 117 degrees of freedom
Multiple R-squared:

Estimate std.

6.134656
4.977811
12.407932
0.054933
-0, 351563
0.014510
0.682347
071578

[ e i T e o WU QWY

0 oy ey ?

0.4508,

0.001

Max
0.71420

Adjusted R-squared:
F-statistic: 13.72 on 7 and 117 DF,

p-value: 7.205e-

o e e

WV
"

Error t value Pr{=|t|)
. 388205 1.719 0.08821 .
026246 1.645 0.10268
. 300664 1.969 0.053128 .
033836 1.623 0.10718
066968 -5.250 6. %e-07
L0773 1.867 0.06443
.170439 4,003 0.00011
.883699 -2.344 0.02075%
fewd o og,01 %' Q.03 .0

0.1

0.418

13

0.2496

1

1
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Appendix 16: Initial Finnish 5-year GLS regression R output.

Data: data
AIC

BIC

TogLik

-142.319 -114.6972 81.159%49

Correlation Structure: AR(1)

Formula: ~1

Parameter estimate(s):

Phi
0.09976093
Coefficients:
value std.Error
{(Intercept) -0.964076 0.692054
CPI_FI -4.924024 3.431402
Debt_FI 2.574623 1.8B67277
UnEmploy_FI -0.103947 0.096584
GOP_FI -4.431401 3.877539
Defensespend 0.246396 0.152284
OMX_FI 0.277720 0.271390
NATO 0.086589 0.071043
Correlation:
(Intr) CPI_FI Dbt_FI
CPI_FI 0.109
Debt_FI 0.151 ©0.099
UnEmploy_FI -0.009 0.030 -0.244
GDOP_FI -3.269 0.033 -0.075
Defensespend -1.000 -0.117 -0.155
OMX_FI -3.081 0.118 0.039
NATO 0,884 -0.012 0.101
standardized residuals:
Min 0l M

-3.92175717 -0.535744687

Residual standard error:

t-value
-1. 3930604
-1.434989
1.378811
-1.076230
-1.142838
1.618003
1.023323
1.218813

p-value
.1662
L1540
L1706
. 28B40
L2554
L1084
. 3083
L2254

= Qe i e B i e

UNE_FI GDP_FI Dfnssp OMX_FI

0.178
0.00a5

-0.076 -
-0.005 -

ed

0.250
0.022 0.059
0.171 -0.889 -0.040

Q3 Max

0.05103914 0.60903818 2.60751751

0.1281418

Degrees of freedom: 125 total; 117 residual

=
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Appendix 17: Initial Finnish 10-year GLS regression output.

Data: data

AIC BIC TogLik

-118.7156 -96.48261 &7.

3578

Correlation Structure: AR(1)

Formula: ~1
Parameter estimate(s):

Phi
0.19024
Coefficients:
value s
(Intercept) -1.238233 0
Debt_FI 3.837027 2
UnEmploy_FI -0.150830 0
Defensespend 0.329609 0
OMX_FI 0.366743 0
NATO 0.138702 0

Correlation:

(Intr) Dbt_FI

Debt_FI 0.1138

td.Error
. 7B57655
.1215295
1001498
L1692201
. 2845913
. 0809540

unEmploy_FI  0.034 -0.225

UnE_FI

t-value
-1.643107
1. 808614
-1. 506045
1.947814
1. 288664
1.712501

-0.067 0.079

Defensespend -1.000 -0.122 -0.035
OMX¥_FI -0.082 0.028
NATO 0.884 0.083

standardized residuals:
Min ol
-2.5%1723909 -0.066843920

Residual standard error:

=

Med

p-value

o= Qi e e e e

L1030
L0730
1347
.0538
. 2000
L0894

Dfnssp OMX_FI

0.025 -0.889 -0.044

Q3 Max

0.04986619 0.64243814 2.94904930

0.1396913
Degrees of freedom: 125 total; 119 residual
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Appendix 18: Initial Swedish 5-year GLS regression R output.

Data: data
ATIC

BIC

TogLik
-186. 8771 -153.9379 105.4386

Correlation Structure: AR(1)

Formula: ~1

Parameter estimate(s):

value std.Error

Phi

0.9575641
Coefficients:
{(Intercept) -19.
CPI_SWE -1.146618
Debt_SWE 0.768554
GOP_SWE 7.413355
VOL_OMX_SWE 0.,020071
NATO 0.087414
Euribor -0.010907
Defensespend 0.172880
EcoFreedom_SWE 3.810036
WGI_SWE 4.451682
correlation:

(Intr) CPI_Sw
CPI_SWE 0.138
Debt_SwWE 0.011 -0.014
GDP_SWE -0.013 -0.190
YVOL_OMX_SWE -0.015 0.218
MATO -0.00%9 0.11l6
Euribor -0.005 -0.031
Defensespend -0.125 0.178
EcoFreedom_SwWE -0.%78 -0.135
WGI_SWE -0.755 -0.305

standardized residuals:

Min

ol

177718 11.142713

420684
. 981620
. 926608
014301
106257
. 003685
. 374529
. 283952
LA2TTIT

(RN S e e i T s

t-value p-value

-1.7210995
-0.BO70EBE3
. 7829446
. 2508597
.4035049
.B226689
.9593431
.4615925
.66B1767
. 2987082

[l el e B S e T L i e

Db_SWE GDP_SW VOL_OM

0.048
0.069
0.012
0.002

-0.027 -

-0.004

-0.030 -

Med

-1.52656860 -0.38758775 -0.04549437

Residual standard error:
Degrees of freedom: 125 total; 115 residual

=

0.366504

.111

.001 0.107
.019 0.020
.374 -0.073
.0B6 0.034
.049 -0.026

cooooo

Q3

.0879
L4213
L4353
. 2135
1632
4124
0037
G452
. 0980
L1966

coooooOooo

NATO  Euribr Dfnssp EF_SWE

0.023

-0.038 -0.015

0.009 0.007 -0.050

0.030 0.011 0.099 O0.665

Max

0.50149658 1.87588438



Appendix 19: Initial Swedish 10-year GLS regression R output.

& " - —_ - -

Data: data_
AIC BIC logLik
-183.8763 -156.2546 101.9382

Correlation Structure: AR(1)
Formula: ~1
Parameter estimate(s):

Phi
0.9027906
Coefficients:
value std.Error t-value p-value
(Intercept) 6.228994 6. 886677 0.9044994 0.3676
CPI_SWE 1.164341 1.354081 0.B598755 0.3916
GDP_SWE 6.139712 5.908737 1.0390902 0.3009
VOL_OMX_SWE 0.021851 0.014531 1.5037412 0.1353
NATO 0.048765 0.101346 0.4811701 0.6313
Euribor -0.008983 0.003755 -2.3925264 0.0183
Defensespend -0.126064 0.335467 -0.3757860 0.7078
EcoFreedom_swE -1.247886 1.646961 -0.7576896 0.4502

Correlation:
(Intr) CPI_SW GDP_SW VOL_OM MNATO Euribr Dfnssp
CPI_SWE -0, 0995

GDP_SWE -0.120 -0.192

VOL_OMX_SWE -0.048 0.225 0.109

NATO 0.126 0.081 0.034 0.108
Euribor 0.007 -0.030 0.020 0.019 0.020

Defensespend 0.037 0.160 -0.346 -0.079 -0.186 -0.013
EcoFreedom_SwE -0.976 0.061 0.189 0.063 -0.085 -0.003 -0.252

standardized residuals:
Min ol Med Q3 Max
-1. 88043510 -0.50196007 0.05279501 0.71321759 2.05827115

Residual standard error: 0.2435322
Degrees of freedom: 125 total; 117 residual

=



Appendix 20: T-test outputs on spreads.

t-Test Two-3ample Assuming Unequal Variances
Latvia spread

Pre Post
Mean 0,4258 1,5288
Variance 0,027266178 0,2292964
Observations 10 10
Hypothesized Mean Difference 0
df 11
t Stat -6,886187715
P(T==1) one-tail 1,31756E-05
tCritical one-tail 1,795884819
P(T==t) two-tail 2,63511E-05
t Critical two-tail 2,20098516
t-Test Two-Sample Assuming Unequal Variances
Lithuania spread
Pre Post
Mean 0,5858 1,5778
Variance 0,017035067 0,1966588
Observations 10 10
Hypothesized Mean Difference 0
df 11
t Stat -6,786027234
P(T«=t) one-tail 1,50461E-05
tCritical one-tail 1,7956884519
P(T«=t) two-tail 3,00923E-05

t Critical two-tail

2,20098518
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t-Test Two-3ample Assuming Unequal Variances

Finland spread

Pre

Post

Mean

Variance

Observations

Hypothesized Mean Difference
df

t Stat

P{T<=t} one-tail

t Critical one-tail

P{T<=t) two-tail

t Critical two-tail

0,111577702
0,012641339
26

0

37

-4,292148376

6,11571E-03

1,68709362
0,000122314
2,0261924563

0,320075034
0,0487118886
26

t-Test: Two-Sample Assuming Unequal Variances
Sweden spread

Pre Post
Mean 0,5045 0,275153846
Variance 0,01271186 0,113192935
Observations 26 26
Hypothesized Mean Difference 0
df 31
t Stat 3,295770784

PiT<=t) one-tail
t Critical one-tail
P{T<=t) two-tail
t Critical two-tail

0,001232095
1,695518783
0,002464189
2,039513446

89



t-Test: Two-Sample Assuming Unequal Variances
Morway spread

t Critical two-tail 2,039513448

Pre Post

Mean 1,558884615 1,325615385
Variance 0,163816586 0,195699366
Observations 26 26
Hypothesized Mean Difference 0

df 50
t Stat 1,983741361

P(Tz=t) one-tail 0,026394351
t Critical one-tail 1,675905025

P(T<=t) two-tail 0,052788763
t Critical two-tail 2,008559112

t-Test Two-3ample Assuming Unequal Variances

Denmark spread
Pre Post

Mean 0,178153846  0,229345154

Variance 0,002539015  0,020154955

Observations 26 26

Hypothesized Mean Difference 0

df 31

t Stat -1,731606752

P(T==t) one-tail 0,046642858

t Critical one-tail 1,605518783

P(T<=t) two-tail 0,093285716
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Appendix 21: T-test outputs on yields.

t-Test: Two-Sample Assuming Unequal Variances

Latvia yield
Pre Post

Mean 0,0225 3,05

Variance 0.118395833 1,127222372

Observations 10 10

Hypothesized Mean Difference 0

df 11

t Stat -8,576111844

P(T«=t) one-tail 1,67227E-06

tCritical one-tail 1,7955864519

P(T<=t) two-tail 3,34453E-08

t Critical two-tail 2,20098516
t-Test: Two-Sample Assuming Unequal Variances

Lithuania yield
Pre Post

Mean 0,1825 3,099
Variance 0,1585735833 1,049938222
Observations 10 10
Hypothesized Mean Difference 0
df 12
t Stat -8,389500956
P(T<=t) one-tail 1,15172E-06
t Critical one-tail 1,782287556
P(T<=1) two-tail 2,30344E-06

t Critical two-tail 2.17881283
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t-Test: Two-Sample Assuming Unequal Variances
Finland yield

Pre Post
Mean -0,465268451  2,410339206
Variance 0,048478995 0,479998827
Observations 26 26
Hypothesized Mean Difference 0
df 30
t Stat -20,16986179
Pi(T==t) one-tail 2 66328E-19
t Critical one-tail 1,697260887
P(T<=t) two-tail 5,32656E-19
t Critical two-tail 2042272456
t-Test: Two-Sample Assuming Unequal Variances

Sweden yield
Pre Post

Mean

Variance

Observations

Hypothesized Mean Difference
df

t Stat

P(T«=t} one-tail

t Critical one-tail

P{T<=t) two-tail

t Critical two-tail

-0,072346154
0,109640715
26

0

47
-23,27351719
9,60277E-28
1,677926722
1,92055E-27
2011740514

2,365269231
0,175579085
26
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t-Test: Two-Sample Assuming Unequal Variances

MNorway yield
Pre Post
Mean 0,962038462 3,415730769
Variance 0,3605932358 0,194837325
Observations 26 26
Hypothesized Mean Difference 0
df 46
t Stat -16,65089019
P(T==t) one-tail 2,10374E-21
t Critical one-tail 1,675660414
P(Tz=t) two-tail 4,20749E-21
t Critical two-tail 2,012895599
t-Test Two-Sample Assuming Unequal Variances
Denmark yield
Pre Post
Mean -0,398892308  2,319461538
Variance 0,065706222  0,352115378
Observations 26 26
Hypothesized Mean Difference 0
df 34
t Stat -21,44199863
P(T<=t) one-tail 1,23584E-21
t Critical one-tail 1,690924255
P(T«=t) two-tail 2,47169E-21

t Critical two-tail 2,032244509




