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Abstract

Using monthly stock and bond returns data in thet preenty years for both the United States
and Germany, this master’s thesis investigatedithe-varying correlation between the two
main asset classes. Emphasis is placed on thetievobf this relationship during periods of
market turmoil; characterized by the “flight-to-djt)d phenomenon. The empirical results
indicate that crisis episodes, stock market unce#ytaas measured by the VIX and the
VDAX) and globalization affect negatively the stels&nd correlation. By contrast, the term
spread has a positive impact on both relationsfips. TED spread and oil prices, for their
part, only influence the American interaction. Thissearch is motivated by its critical

implications for asset allocation, portfolio optaation and risk management.
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Chapter 1: Introduction

Over the past decades, the analysis of the caoelaetween stock and bond returns has been
an inescapable topic in financial markets sincesthe of this relationship plays a pivotal role
for asset allocation, portfolio optimization andkrimanagement. Bond returns provide fixed
incomes whereas returns on stocks reward inve&tontsking risk. Therefore, in a dynamic
environment, investors can diversify their risk dyoosing a portfolio including these two
asset classes and by adjusting their proportiong2@02), llmanen (2003), Aslanidis and
Christiansen (2011), Hong et al. (2011), Asghastaal. (2015)). The recent crisis episodes
have proven that investors need to be extremedntae to the market changes and deeply
understand the various factors that could influgheecorrelation. This is the main reason that

led me to conduct this research.

Although it has not always been the case, liteeataaches an agreement regarding the time-
varying nature of the stock-bond correlation. Hoarewdespite the impressive amount of
research that has been carried out, no consensusela reached about the exact drivers of
the correlation between the two main asset clasgss.relationship should be on average
positive since both markets are exposed to sinmlacroeconomic conditions such as the
inflation rate, the economic growth and the re&triest rate (Chiang et al. (2014)). Moreover,
the literature suggests that the stock-bond cdroelgpresents a slightly positive value over
long periods of time. Nonetheless, in periods ofkeaturmoil or weak economic conditions,
this trend tends to reverse and sustained peribdsegative correlation can be observed
(Andersson et al. (2004), Johnson et al. (2013)psfezGonzales et al. (2015)). Some
researchers such as Gulko (2002), Baur (2006) aaeleBet al. (2014) affirm that these
negative episodes coincide with the “flight-to-qtydl phenomenon; characterized by a

movement of funds from risky assets to safer assets

The goal of this master’s thesis is to get a gm@sghe complex and dynamic relationship
between stock and ten-year bond returns. In ordedd so, the monthly stock-bond
relationship is studied over time and across tweeligped countries: the United States and
Germany. Two different nations are chosen in otderompare the findings. This report tries
to determine the sign and the amplitude of theksbmnd correlation over the past two

decades and to discover the macroeconomic varidflalesg a positive/negative impact on



the relationship. A particular attention is givem drisis episodes and their impact on the

stock-bond correlation.

The S&P500 index, DAX index and ten-year governnimrids are employed to determine
the monthly stock-bond correlations. The resultsioled are analysed over time in order to
figure out the sign and amplitude of these twoti@eships. Then, two dummies variables are
created for each country to identify the impacttioé crisis episodes on the correlation
between stock and bond returns. The first one resutre information contained in the stock
market value, the gross domestic product valueth@d.ibor-OIS spread. The second one is
based, for its part, on the stock market uncestaiiarious macroeconomic indicators are
also selected from the literature. Next, the effeicthese macroeconomic variables/crisis
indicators is estimated through three lagged dependariable models. These models allow
one to determine the sign and the impact of therd&indicators.

The remainder of this master thesis is organizeflésvs. Chapter 2 provides an overview
of the existing literature on the stock-bond catieih. The various macroeconomic variables
that could have an impact on the relationship &e presented in this chapter. Chapter 3 and
chapter 4 describe the data collection, stock-bmorckelation calculations and crisis episodes.
Chapter 5 represents the globalization, while amjason of the macroeconomic variables
over the sample period is available in chapter ltag@er 7 explains the Augmented Dickey
Fuller test and its applications. Then chaptersn@ @ exhibit the three lagged dependent
variable models and the regression outputs. Intehd®, different tests are carried out on the
results. Chapter 11 evaluates the quality of thedetso Finally, chapter 12 provides a
summary of the discoveries, their implications &gset allocation and the limitations of this

research.



Chapter 2: Literature review

During the past decades, the financial world had p#ention to the correlation between
stock and bond returns. The pioneers of this stilajgcFama and Schwert (1977), Keim and
Stambought (1986) and Campbell and Schiller (198%d in Baeker et al. (2011)). They are
followed by a large number of authors, trying tsalee the mystery of the stock-bond

correlation.

Since bonds and stocks are the two main assetslassnvestment portfolios, the sign of this
association plays a pivotal role for asset all@catiecisions, portfolio optimization and risk
management (Li (2002), llmanen (2003), Aslanidisl &hristiansen (2011), Hong et al.
(2011), Asgharian et al. (2015)).

2.1. Time-varying stock-bond correlation

Although it has not always been the case, thealibee reaches an agreement on the time-
varying nature of the stock-bond correlation (Caeiplp1987), Gulko (2002), Engle and
Sheppard (2002), limanen (2003), Connollu et 8048, Jones and Wilson (2004) and Li
(2004)).

Recently, Johnson et al. (2013) highlight the fdett from 1927 to 2012, the correlation
between the S&P500 and the long-term Treasuriexhasged signs 29 times, and ranged
from -93% to + 86%. Using data from the United &atnd Germany, Andersson et
al. (2004) show that, even if the relation in botluntries is positive most of the time, this one
can change from positive to negative in a very tsperiod of time. This point of view is
supported by lImanen (2003) adding that the pasitio-movements between stock and bond

returns occasionally dipped below zero for extenpieibds.

To name but a few, Li (2002), Andersson et al. @0&nhd Yang et al. (2008) affirm that
taking into account the time-varying nature of gteck-bond correlation allows to improve

asset allocation and risk management strategies.

Even though several macroeconomic factors can lpigssifluence this relation; the different

authors didn’t reach a consensus about the drofdfge time-varying correlation.



2.2.Macroeconomic determinants of the stock-bond correltion

2.2.1. Business cycle

“The business cycle is the fluctuation in econoautivity that an economy experienced over
a period of time. A business cycle is basicallyngef in terms of periods of expansions and

recessions(Investopedia.com (2016)).

Schwert (1989) shows that business cycle can exphaich of the time variation series as

well as the stock market volatility.

During periods of good economic prospects, theetation between stock and bond returns is
positive whereas, in crisis period, this relati@cdimes negative. Stock markets and bond
markets are exposed to similar macroeconomic congit(inflation rate, real interest rate and
economic growth), leading to a positive correlatomiween the two asset classes. In tranquil
times, bond and stock prices tend to increase lagr@fore drive a positive relation. However,

during periods of crisis or high uncertainty, tkeétion turns negative (Chiang et al. (2014)).

According to Andersson et al. (2004),

Boyd et al. (2005) and Andersen et ¢ Bysiness cycle: stock and bond returns

(2007), the cash flows effect may domina‘~
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business cycle expansions whereas bo Figure 1.1 — llmanen (2003)

are likely to surpass stocks during

contractions. Bonds have higher average returgemtractions than in expansions, while the
reverse is true for stocks (llmanen (2003ge figure 1.1: Business cycle: stock and bond
returns.

Andersson et al. (2004) notice that the stock-bmordelation tends to be negative in period of
stock market crashes. Hong (2011) agrees withhypsthesis and adds that during periods of

recession, the spread of returns between stockamd is expected to be lower.



By contrast, Jensen and Mercer (2003) affirm thatstock-bond correlation is lower during
expansions than during recessions. However, tHsreince is only significant for small cap

stocks.

The “flight-to-quality” phenomenon, explained$®ction 2.2.3is one possible explanation of
the negative correlation observed during timesnmientainty, high volatility and crisis

periods.
2.2.2. Major crisis episodes

The past decades have been marked by differemisciidhie broad lines of the most important

ones are presented in this section.

Asian financial crisis — 1997

The Asian financial crisis, also called “Asian Cagibn” started in Thailand in July 1997
with the collapse of the Thai bath. The main caakehis crisis is the lack of foreign

exchange reserves to support the Thai bath pabe tdS dollar.

“A currency peg is a country or government’s exulparate policy of pegging the central
bank’s rate of exchange to another country’s cuckert allows importers and exporters to
know exactly what kind of exchange rate they cgeexfor their transactions, simplifying

trade” (Investopedia.com (2016)).

Overinvestments as well as high levels of foreigihtd constitute the underlying causes of
this crash. As the crisis spread, most of South&sist and Japan saw a devaluation of their
currencies and stock markets. Despite the inteiveiof the International Monetary Fund and

the World Bank to limit the damages, other area$ s the United States and Europe were

touched by this turmoil.
(Miller (1998), investopedia.com (2016), finandiahes (2016))

Russian crisis — 1998

A decreasing productivity, a chronic fiscal defieihd the wish to maintain high fixed
exchange rate between the Ruble and foreign cue®itriggered the crisis that hit Russia in
1998.



The Asian crisis of 1997, as well as the declindeggnand of crude oil also affected the

Russian foreign exchange reserves.

In the mid-1990s, the Russian government issued-gdon bonds called GKOs. Many banks
and investors were attracted by these juicy nelglatidebt securities.

However, on the 17 August 1998, the Russian government had defaolteits debt, leading

to a brutal devaluation of its currency and a hiilight-to-quality” phenomenon.

On its turn, this course to safety affected thegeeflind Long Term Capital Management
(LTCM); an important hedge fund management firmngshigh financial leverage and

complex risk management techniques. LTCM was fobkszhuse it ignored the warning signs
preceding this crisis. Indeed, when the financiatkats started to enter in a period of turmoil,
LTCM was sure that the situation would rapidly nesee It decided to take a large position in
the market by holding an important quantity of GK@ghen Russia announced its debt

default, LTCM lost a huge amount of money.
Other areas, such as the United States and Eurexgeaffected by this crisis.
(Edwards (1999), Investopedia (2016), Financial@3r({2016))

Turkish crisis — 2000

Throughout the 1990s, the Turkish government didwn the financial funds to support a
meaningful economic growth. This country was sutfigrfrom an important budget deficit.
Hence, it decided to manage this issue by sellimgngportant quantity of high interest
government bonds. However, the competitivenesshef dountry started to decline. The
investors escaped the country and the balance whemat broke down rapidly. The crisis
started on the 2DNovember 2000, in the middle of an ambitious ptiestined to reduce the
high inflation affecting the country. The help difet International Monetary Fund was not

enough to save this nation. A second aid plan wasplace by the United States.

(Macovei (2009))

The Argentinian government chose to use the “cagrdsoard”, linked to the US dollar in
order to stabilize the economy suffering from higfiation. This dangerous system, the
Russian and Asian crises and the burst of the dotmabble are the main causes of this Great



Depression. It caused a widespread unemploymepit] pelitical changes, the default on the
country’s foreign debt and the end of the pesolediexchange rate to the US dollar, which
led to a dramatic fall of the currency.

(Murphy et al. (2003), investopedia.com (2016)).

“The dotcom bubble is a rapid rise in equity maskételled by investments in internet-based
companies. During the dotcom bubble of the late0$9%he value of equity markets grew
exponentially, with the technology-dominated Nasidaex rising from under 1,000 to 5,000

between 1995 and 200@Investopedia.com (2016)).

This bubble started to explode in 2000 when it highlighted that internet-based companies
were not as prosperous as expected. Some of theenswffering from huge losses. Hearing
this news, investors became afraid and sold theoks, leading to a market crash.

(Ofek & Richardson (2003), investopedia.com (2016)

Brazilian crisis — 2002

Before the presidential elections {2@ctober 2002), Brazilian debt holders were aftht

Luiz Inacio da Solva would adopt a moratorium oa ¢fovernment bonds. Over the year, the
spread between the Brazilian bonds, issued in dodad the American government bonds
widened. As a result, the implicit default leveltbe country was 100%. The International
Monetary Fund brought 30 billion dollars. This blébbtopped once it was clear that the new

president would not go into a financial adventurism

(Cardim de Carvalho & Pires de Souza (2011))

A subprime is a mortgage loan granted to Americanskholds that not meet the required
conditions to take out regular credit. The asswasfcthese loans is based on the increasing
value of the property. Indeed, since the year 2@0@pusing bubble was observed in the

United States, characterized by a rapid rise ip@my values.

In the 2000s, the financial securities generateddsgmbling these mortgage credits attracted
a lot of investors. In a context of very low ratesd liquidities, they were looking for higher

returns on investment.



However, the households’ debt reached its limiterafome years. The real estate prices
peaked before collapsing; they experienced thghdst decline for more than a century in
the middle of 2006.

A large number of households were not able to hotloeir monthly reimbursements. The

real estates of insolvent borrowers were seized;hwiaintained the falling house prices.

Banks, for their part, suffered from the depreoiatof the asset-backed securities and booked
asset depreciations every semester. The subpraesemination through the securitization
had installed an atmosphere of mistrust and baonk®mger wanted to lend money to each

other.

The majority of countries were affected by the 20@8is because the subprimes were owned
by more than just the American financial instita8o Indeed, European banks had also
invested in these juicy investments and recordsside. In order to re-establish their solvency
ratio, they restrained the credit access, which ¢@tsequences on the real economy; the
households reduced their consumption and the coegpaad more difficulties investing. The
trading and economic connections between countraage the rest of the decline.

(Bartnick (2015), Bianco (2008))

In order to revive the economy and save their baitey the subprime crisis, governments
injected liquidities, and to do so, accumulatedaongnt debts. The Great Recession of 2008-

2012, the real property market crisis and fiscdicpes constitute other causes of this crisis.

The European sovereign debt crisis started at tite &F 2009, when some peripheral
Eurozone countries were incapable to refinancer thevernment debt. They needed the
assistance of third-party institutions such as Ehweopean Central Bank, the European
Financial Stability Facility and the Internation®lonetary Fund. After Greece in 2009,
Ireland required a bailout in November 2010, fokalby Portugal in May 2011. Italy, Spain

and Cyprus were also in trouble; the two latteredskssistance in June 2012.

In 2009, the new Greek government announced tlabtiuget deficit of the country was
underreported. This lack of transparency initiatedlimate of fear in the euro zone and

investors were less willing to lend money to higbdebted European countries. They decided



to increase their interest rates, which complicdtes financing of these countries’ budget

deficits.

Thanks to various financial reforms, domestic aitsteneasures and other unique economic
factors, Ireland, Portugal and Spain recovered extitkd of their bailout program in 2014.

Although these good news have reduced the concaiost the European markets, the
indebtedness of some countries are still high tatay carefully monitored by investors and

institutions.
(Investopdia.com (2016), Financial Times (2016))

Russian crisis — 2014

This crisis is caused by a lack of confidence ie fRussian economy. This decreasing
confidence stemmed from two majors sources: thledfathe oil price in 2014 and the
international economic sanctions imposed on Ruefsta the annexation of Crimea.

(Investopedia.com (2016)).

China market crash - 2015

Having started on the f2June 2015, this crash was the consequence ofacfad bubble
started in November 2014. In one month, the Shargibek exchange lost a third of its value
and the borrowing capacity of the registered congzamvas highly reduced. In a bit of

ricochet effect, this market crash affected the W8#k exchange.

(Investopdia.com (2016))

These important crises have more than probablycteffiethe two countries studied in this
master thesis. Since the correlation between saadkbond returns is negative in periods of
market turmoil, these dates should be charactetiged declining or a negative stock-bond

correlation.

2.2.3. Flight-to-quality or decoupling phenomenon

“Flight-to-quality is the action of the investorsowing their capital away from riskier
investments to the safest possible investment lgshidhis flight is usually caused by

uncertainty in the financial or international matke (Investopedia.com (2016))



10

According to Acosta Gonzales (2015), investors i@rggovernment bonds as instruments to
diversify their portfolios in period of high volaty and decreasing stock market levels. This
hypothesis is supported by Hong (2011), adding Itleaitd markets represent a hedge during

time of stock markets weakening.

Investors tend to become more risk averse wherk starkets present some difficulties and
prefer move funds from the stock market to the lesisy bond market (Hartmann et al.
(2001), Baur and Lucey (2009) and Hakkio and Kgeéfa09)). The opposite phenomenon
(the movement of funds from bonds to stocks wheekstmarket is rising), called “flight-
from-quality” is generally observed after the isiThese two flows lead to a negative
correlation between stock and bond returns. Howevieen the crisis had passed, the stock-
bond correlation reverts to positive. (Gulko (2902pnnolly et al. (2005), Andersson et al.
(2008) and Baur and Lucey (2009)).

Baele et al. (2014) add that most of flight-to-safevents are country-specific. Indeed only
less than 25% of them are characterized as gldl.authors’ results show that flight-to-
safety events coincide with decreases in consusm@imsent indicators and rises of the VIX
and the TED spread.

Hong (2014), Christiansen and Ranaldo (2007), ZBEang (2009) and Baur and Lucey
(2009) have, for their part, documented that “ftigh-quality” and cross-country stock market

contagion occur at the same time.

“Contagion is the spread of market changes or dlsnces from one regional market to
others. Contagion can refer to the diffusion oheiteconomic booms or economic crises

throughout a geographic region(iInvestopedia.com (2016)).

According to Baur (2010), the cross-country co-mmogats determine the international
diversification benefits. However, during periodscasis, one can notice an increased stock
correlation between the different countries, legdma reduction of this diversification (Baig
and Goldfajn (1999), Forbes and Rigobon (2002))e Hypothesis is that in order to
compensate for lower gain, investors rebalance thwifolios by selling off stocks in favour
of bonds. When the co-movement among the sameofygssets is high (low), the stock-bond

correlation is low (high).
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2.2.4. Globalization

Over time, international diversification has attegt the attention of many researchers.
Indeed, the 18 century development of mutual funds in Hollandelon the benefits of

diversification through holding of internationalcseities. Henry Lowenfeld’'s (1902) carries
out a quantitative analysis on international diifeation and affirms that better performance
can be reached by dividing the capital in equapprtion across a number of geographical
regions. Grubel (1968) notices that US investonsiccthave attained better risk and return
opportunities by holding foreign stocks in the 19%%6 period. Levy and Sarnat (1970), on
their turn, study international correlation and whthe benefits from investing in both

developed and developing equity markets betweef 488 1967.

According to Goetzmann (2001), the correlations mofjor equity markets change
considerably over time with peaks in the latd' t@ntury, the Great Depression and the late
20" century. Therefore, the diversification benefitsni global investments are not constant

through time and are currently low compared tordst of the capital market history.

The variation in the average correlation acrosskaetarand the variation in the investment
opportunity set are the two components of the difieation benefits. The two last decades
have experienced a remarkable increase of the appiyrset as well as a surge of the major
markets correlations. The development of emergapgtal markets has driven the benefits of

this international diversification.

The other periods, as the two decades after thddWiar I, were characterised by a risk
reduction coming from lower correlation between mh@or international markets. Periods of
globalization provide benefits, but also drawbad®s international investors since they
increase the opportunity set. However, diversiiazatelies more and more on investments in

emerging markets.

During the last decades, the reduction in tradiagts; the superior accessibility to global
stock and bond markets and the integration of markave brought an increased integration
of international capital markets. This globalizatieads to higher international stock market
correlations and lower potential gain from interoia&l diversification (Finnerty and
Schneeweis (1979), Cochran and Mansur (1991), KB882), Longin and Solnik (1995),
Eun et al. (2002, 2008), Goetzmann et al. (2008)Baur (2010)).
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This hypothesis is supported by Hong et al. (20tiBt analyse the contemporaneous
correlation between stock returns in eight coustrfthe US, Japan, the UK, Germany,
Canada, China, Mexico and Singapore). Their resiitsv a positive and relatively large
correlation between each pair of countries. A @mpattern is detected for bonds. This
highlights the co-movements among stock marketcggliand among bond market indices:
stock returns tend to move in the same directioer cdime and so do bond returns. This
integration implies lower benefits across similaset classes, inducing investors to rebalance

their portfolios.

This effect is accentuated in recession perioddedd when a crisis occurs, the cross-country
correlations increase due to the contagion effEoerefore, investors decide to move their
funds from stocks to bonds (“flight-to-quality” pm@menon) in order to compensate the
lower gain from the international diversificatiohhese fund movements lead to a decline in

the stock-bond correlation.
2.2.5. Stock market uncertainty: the VIX index

When the stock market uncertainty increases, theledion between stock and bond returns
tends to decrease, due to the “flight-to-qualittepomenon (Connolly et al., and Kim et al.,
Andersson et al. (2004)).

The long-run stock volatility tends to be large whke general economic conditions are weak
(Asgharian et al. (2015)).

Chiang et al. (2014) declare that this uncertat@ity be measured by the VIX, which displays

the expected market volatility from an externaluehce.

The Chicago Board Options Exchange (CBOE) websitimeés the VIX as follows:

“The CBOE Volatility Index (VIX) is a key measurkemarket expectations of near-term
volatility conveyed by S&P 500 stock index optioiegs. Since its introduction in 1993, VIX
has been considered by many to be the world's prelbarometer of investor sentiment and

market volatility”.
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“The VIX (CBOE volatility index) is the ticker syolbfor the Chicago Board Options
Exchange (CBOE) Volatility Index, which shows tharket's expectation of 30-days
volatility. It is constructed using the volatiliseof a wide range of S&P500 index options.
This volatility is meant to be forward looking aisdcalculated from both calls and puts. The
VIX is a widely used measure of market risk andfien referred to as “the investor fear

gauge” (Investopedia.com (2016)).

When Banerjee et al. (2007) consider the VIX asi@edactor having a significant power to
predict stock returns, Hakkio and Keeton (2009sitits power to capture uncertainty arising

from fundamentals or unexpected shifts in invebtiraviour.

Whaley (2009) highlights the considerable increasethe VIX during market turmoil,
reflecting the market phenomenon that if expectedket volatility increases (decreases), a
higher (lower) rate of return is desired by theeistors, which leads to the decline (rising) of

the stocks prices.

Aslanidis and Christiansen (2011), for their pansider the VIX as one of the most
influential transition variable for determining thegime of the stock-bond correlation. They
affirm that the stock-bond correlation is more k& be negative when the VIX is larger,
due to the “flight-to-quality” phenomenon. Inde@dhen uncertainty increases, investors tend

to move their funds from risky asset to safer asset
2.2.6. TED spread

“The TED spread is the difference between the tmeath London Interbank Offered Rate
T-bill rate (LIBOR ) for a particular currency (cotry) and the corresponding three-month
T-bill interest rate” (Baele et al. (2014)).

Formula:

TED spread
= (3 — month London Interbank Of fered Rate (LIBOR)) — (3 — month bill interest rate)

The Federal Reserve Bank of St Louis (2016) defined.IBOR as follows:

“The London Interbank Offered Rate is the averagerest rate at which leading banks
borrow funds of a sizeable amount from other bankde London market. Libor is the most

widely used "benchmark" or reference rate for stierin interest rates”.
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“The London interbank offer rate (Libor) is the easit which banks indicate they are willing
to lend to other banks for a specified term ofldan” (Thornton (2009)).

The TED spread being a short term indicator of dieault risk in financial markets; a
widening of this one signifies that the lenderd & increased risk of default on interbank
loans. Therefore, interbank lenders either askdrighterest rate or move their funds from
risky assets to safe assets (“flight-to-qualityepbmenon); leading to a negative stock-bond
correlation (Chiang et al. (2014)). Baele and 2014) confirm that flight-to-safety episodes
coincide with increases in the TED spread.

The liquidity risk is also highlighted by this spck Indeed, an increase of the TED spread
caused by a short-run liquidity crisis leads toegative correlation between the stock and
bond returns, reflecting a “flight-to-liquidity” @momenon. This is what happened during the
2008 crisis (Chiang et al. (2014)).

Although the relation between the TED spread amdstbck-bond correlation is negative in
periods of market turmoil, the sign of this oneewses during periods of low inflation and
stable availability of liquidity (Chiang et al. (20)).

2.2.7. Default risk spread

“The default risk spread is calculated as theati#ince in the annualized yields of Moody’s
Baa and Aaa-rated bondgChiang et al. (2014)).

According to Chen et al. (1986) and Fama and Fréh8R3), the premium that uncertainty

commands in the bond market is measured by theadpr

Other authors, such as Dichev (1998) or Campbedll.e2008) demonstrate that this yield

spread is negatively correlated with the S&P50@xdndeed a small spread reflects better
market sentiment, leading to an increase in stoie pOn the contrary, a deterioration in the
financial health of the borrowing firms or an inase in compensation for liquidity risk tends

to increase the default spread (Avramov (2002),vi#dimg et al. (2005)). When this spread

starts to widen, market participants perceive ftinat future economy is becoming less
promising. Hence, risk adverse investors decideetlnuce their stock holdings, leading to a
decrease in stock prices. This finding is conststath the “flight-to-quality” phenomenon:

larger default risk encourages investors to mowdr ttunds from risky instruments to safer
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assets. Therefore, the default risk spread seerhav® a negative impact on the stock-bond

correlation in the long run (Chiang et al. (2014)).

Aghasharian et al. (2015) highlight in their stutgt the default spread has a positive impact
on the long-run stock-bond correlation.

According to Vassalou and Xing (2004), much infotiora included in the default spread is
independent to the default risk. Indeed, 85% df #pread is considered as a reward for the

bearing systematic risk.

“The systematic risk is the risk inherent to thdirenmarket or an entire market segment.
Systematic risk, also known as “undiversifiablekfis‘volatility” or “market risk,” affects
the overall market, not just a particular stock ardustry. This type of risk is both
unpredictable and impossible to completely avdidtestopedia.com (2016)).

Being mainly composed of systematic risk, the défapread should affect the stock and

bond returns in a same way, leading to a positweksbond correlation.

2.2.8. Term spread

“The term spread is computed as the first diffeeeind the yield spread between 10-year

Treasury bond and 3-month Treasury bi{Rsgharian et al. (2015)).

According to a great number of authors such as Bug®97, 2005), Moneta (2005), Wright
(2006) and Rosenberg and Maurer (2008), the temreadps a good predicator of recessions

(Wheelock and Wohar (2009)). _
Regular yield curve

This spread represents the slope of the yield curve

“The yield curve is a graphical representation bét

=
relationship between the yields and maturities &
different bonds of similar quality, currenc

denomination and risk (usually government bond:

(Financial times (2016)). Maturity

See figure 1.2: Regular yield curve Figure 1.2- Investopedia.com (2016)
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The yield on longerm securities being typically superior to othessvcomparable sh-term
securities, the yield curve.€i, the plot of the yield on otherwise comparad®eurities o
different maturities) is typically upward slopingowever, analysts notice that a sharp dec
in the slope or an inversion of the yiccurve is observed before mastessions (short te

yieldsrising above those on lo-term securities).
Therefore, a declining or negative te US term spread and recessions
spread generally predicts periods of ma

Percent
turmoil (Wheelock and Wohar (2009 °]

44

See figure 1.3: US term spread ¢

recessions.

=]

The expected excess returns on -term
bonds are timerarying and this variation |
positively associatedith movements in th

—14
yield spread. Me counter cyclical tim

-2

variation in bond risks proxied by the yiell FE e RN EEFEFE IO IS,

B

Spread Between 10-Year and 3-Month Treasury Security Yields

spread (Fama and French (19¢

S

Figure 1.3 -Wheelock and Wolar (2009). Tl

Viceira (2007)’s results shothat the bond risk
increases when the vyield spread wide whereas the shaded areas denote reces
However, when the bondarket risk increase:

bonds have to pay higher yields in order to attragstors. Since bond yields and discour
rate of the equity market move in the same directiogher bond yields lead bond and st

prices to go down, leading to a positive k-bond correlation (Chiang et al. (201«

Asgharian et al. (2015), for their part, try to eletine the impact of certain ma-finance
variables reflecting the current state of economy, on teek-bond correlation. The variabl
measuring the bond latility include the term spread. The results shbat the term spree
has a positive influence on the l-run bond volatility. However, the lo-run correlation
between stock and bond returns is not influencedhieysame variables than the I-run
stack and bond volatility. Indeed, the term spreachas significant for the lor-run stock-

bond correlation.

Aslanidisand Christiansen (2011) affirm that the yield sdresone of the most importa

transition variables for determining the st-bond correlation. According to them, tl

continued line represents the term spread
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correlation is more likely to be positive when tyield spread is large. Estrella and Trubin
(2006) and Wright (2006) note that the term sprisad good predictor of the state of the
macroeconomy; large spreads tend to imply futungaesgions (Aslanidis and Christiansen
(2011)).

2.2.9. Economic indicators

In this master thesis, the short term interest, rite inflation, the purchasing managers’
index, the industrial production and the consunmfidence are employed to determine the

economic situation of a country.
2.2.9.1. Short term interest rate and inflation

Definitions of interest rate and inflation

"Interest rate is the amount charged, expressed psrcentage of principal, by a lender to a

borrower for the use of asset@fhvestopedia.com (2016)).

“Inflation is the rate at which the general levdl price for goods and services is rising and,

consequently, the purchasing power of currencgllzg” (Investopedia.com (2016)).

Formula:(1+nominal interest rate) = (1+ real interest rate)(1+ inflation rate)

The nominal interest rate can be approximated asstim of the real interest rate and the

inflation rate.

In theory, the real interest rate is assumed tgthble over time, meaning that the nominal
interest rate reflects the expected inflation rdtkerefore, we can expect the correlation
between the nominal interest rate and the inflatada to be strongly positive.

Although this assumption is rejected in the rea{itye real interest rate is actually time-
varying), this relationship highlights the fact thiae effects of the short term interest rate and

the inflation on the stock-bond correlation shoodgdsimilar.
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When interest rates are lower, consumers are alidertow money cheaply, which increases
their purchasing power. This increased consumpéads to economic growth and eventually
to a rise of inflation. By contrast, when interesties are higher, consumers tend to save more
and spend less, leading to a slowdown of the ecgraomd a decrease of inflatioBee figure

1.4: Interest rate and inflation.

Interest rate and inflation

[SUPER MARKET

LOWER INTEREST RATE === 8_) "'| — %—) gaapa'g_) ECONOMIC GROWTH & INFLATION INCREASES

S0 pag
|r
HIGHER INTEREST RATE % %‘ % M %% % /r_‘( iy T:B % SLOW DOWN OF THE ECONCMY & INFLATION DECREASES

Figure 1.4- investopedia.com (2016)

Eight times each year, the Federal Open Market Citteenof the US Federal Reserve
reviews economic and financial conditions and dexidn monetary policy. The short-term
interest rate targets are determined during thesetings. The Federal Reserve analyses
several economic indicators such as the Consumes Rrdex and the Produce Price Index
and establishes the appropriated interest ratgetsarHaving the role to keep the economy in
balance, the Fed decides to increase the shortieenest rate to limit the future inflation or,

on the contrary, to decrease the short-term irteags to spur the economic growth.

Inflation is not the only factor influencing the d¥e decisions on interest rates. For example,
during a financial crisis, the Fed can decreaserast rates to provide liquidity to US

financial market in order to prevent a market mmhd (Investopedia.com (2016)).

Unfortunately, this mechanism is not always effitidndeed, since the 2008 crisis, the Fed
has considerably decreased the interest rateslar to support the economy and increase the
level of inflation, but the economic situation doésseem very prosperous. This is why

additional unconventional measures like the QE (fitaive Easing) were implemented.
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According to Asgharian et al. (2015), the shoréraas a positive impact on the stock-bond
correlation. These results are in line with theea@sh of Aslanidis and Christiansen (2001),
affirming that the stock-bond correlation is makely positive if the short term interest rates

are high.

This idea is also supported by Viceira (2007) simguthe ability of the short rate to forecast
positively the covariance between stock and botutme, adding that the short term nominal

interest rate is considered as a proxy for inflaBod economic uncertainty.

Li (2002) affirms that the co-movements betweerls@nd bond returns are increased by the
real interest rate uncertainty. D’Addona and Ki@ad6) analyse the stock-bond correlation in
G-7 countries and find that the volatility of theal interest rate increases this correlation.

However, Asgharian et al. (2015) and Baele an(®8atL0) explain the difficulty to predict the
impact of the short interest rate on stock and h@bgkns. This complexity comes from the
fact that the interest rate is linked to the inflaf and inflation is likely to affect both the tas

flows and the discount rate.

Although the inflation is one of the most influeltiransition variable for determining the
regime of the stock-bond correlation, its impacttus relation is still undetermined since this
factor is likely to affect both the cash flow artetdiscount rate (Asgharian et al. (2015),
Baele and al. (2010)).

A) Bond price

As explained before, inflation rate and interese r@e linked. Therefore, inflation can affect
the bond price’s discount rate through the interasd. Since the coupons are constant over
time, the bond price’s cash flows are negativefgaéd by an increase of the interest rate,
which can be caused by an increase in expecteationfl Therefore, inflation and bond price

are negatively correlated, via the impact of inflaton the level of interest rates.

Formula bond price:

n
Coupon

Bond Price =

£ (1 + interest rate;)t
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B) Stock Price

The effect of inflation on stock prices is morefidifilt to determine. Indeed, the discount rate

involves a risk premium and generally, the divideade also influenced by inflation.

“The risk premium ighe additional return an investor expects from Iajda risky asset
rather than a riskless ongFinancial Times (2016)).

The correlation between the risk premium and ther@st rate is weak since the risk premium
is influenced by many other factors such as théa&xge rate, commodities prices, changes in
taxes, market sentiment,...This implies that the pgmium and the interest rate can move

either in the same direction or in the oppositeation.

Concerning the impact of inflation on dividendsisiimportant to determine the source of the
inflation. According to its nature (for example:dacision of the company to increase the
prices or an oil shock), inflation can have a pesior a negative impact on the profitability

of the company, and so on its dividends.

Formula stock price (according to DDM):

T

) Dividend;
Stock Price =

1+ (risk premium, + interest rate,)t
= p t t

The effect of inflation on the stock-bond corredatidepends on the relative discount rate and
cash flow effects.

Authors’ research

According to llmanen (2003), the correlation betwede inflation and the stock-bond

correlation is positive. The author proposes thievong explanation:

When the inflation level is high, stock and bondatitities are dominated by common
discount rate changes, leading to a positive sbarid correlation. However, during periods
of low but positive inflation, discount rates arelatively stable and the volatilities are
dominated by growth uncertainty, inducing a lowterck-bond correlation. Finally, deflation
has a positive impact on equity risk premium ankgative impact on bond risk premium,

making the stock-bond correlation negative.
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Andersson et al. (2004) reason in the same wayxplaming that an increase in expected
inflation represents bad news for bond marketsesin@ises the discount rates. However, the
impact of this rise on stock prices is ambiguousabee the discount rates and the expected
future cash flows are likely to be affected. Thésodind that periods of negative stock-bond
correlation coincide with the lowest levels of atfbn expectations, while during periods of

high inflation, stock and bond prices are goinghe same direction.

According to Li (2002), the correlation betweencgtand bond returns tends to increase with
the expected inflation uncertainty. He reveals tiraater concerns about the future inflation

lead to higher co-movements.

Since this uncertainty is positively related to thation level (Ball and Cecchetti (1990)),
periods of high uncertainty coincides with peri@dsigh inflation level. Li (2002) adds that
when the inflation risk is high, asset returns temtie more volatile, encouraging investors to
diversify their portfolio. Unfortunately, duringithkind of period, the stock-bond correlations

are high and few diversification opportunities available.

By contrast, d’Addona and Kind (2004) indicate thdtation shocks and volatility tend to

decouple the correlation between stocks and bamd®-7 countries. This hypothesis is also
supported by Campbell and Ammer (1993) who dematesthat expected inflation as well as
changes in the long-run expected inflation tendrtee the bond market down and the stock

market up.

Yang et al. (2008), discover, for their part, thagher inflation rates tend to be followed by

higher stock-bond correlation.
The inflation is generally measured as the logedéhce of the consumer price index (CPI).

“The consumer price index (CPI) is a measure thaiméxes the weighted average of prices
of a basket of consumer goods and services, suttamsportation, food and medical care.
The CPI is calculated by taking price changes facteitem in the predetermined basket of
goods and averaging them; the goods are weightecbrding to their importance”

(Investopedia.com (2016))
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2.2.9.2. Purchasing Managers’ Index (PMI)

“The purchasing manager index (PMI) is an indicatof the economic health of the
manufacturing sector. The PMI index is based oa fingjor indicators: new orders, inventory
levels, production, supplier deliveries and the Eyment environment{Investopedia.com
(2016)).

Joseph et al. (2011) affirm that this index is euabye, being based on the reports of
manufacturing companies’ managers. Indeed, more4b8 purchasing managers, chosen for
their geographic and industry diversification béisetomplete the survey necessary to

determine the PMI (Investopedia.com (2016)).

Harris (19913, Koening (2002, Lindsey & Pasvur (2008) Readels (1996)and Peleaz
(20037 (cited in Cho (2006)) for their part, use the daling definition:

“Purchasing managers’ index is a monthly seasonatljusted weighted composite diffusion

index of five indicators of economic activities the

manufacturing sector”. Weight of each indicatorin the PMI calculation

Since 1982, the weights attributed to each indrcate the Inventories
10%
following (Danny 1.Cho (2006), Joseph et al. (2011)
Supplier
deliveries

See figure 1.5: Weight of each indicator in the PI 15%

calculation.

- 30% for new orders (from customers; higher
lower)

- 25% for production (higher or lower)

- 20% for employment (increase or decrease) Figure 1.5 — Danny I.Cho (2006),

- 15% for supplier deliveries (slower or faster) Joseph et al. (201

- 10% for inventories (increase or decrease)

! Harris, E.S. (1991). Tracking the Economy With Ehechasing Managers’ IndeQuarterly Review Federal
Reserve Bank of New Yod6(3), 61-69.

2 Koenig, E.F. (2002). Using the Purchasing Manadadex to Assess the Economy’s Strength and thelyi
Direction of Monetary Policyi-ederal Reserve Bank of Dallas Economic and Firarfeolicy Review1(6), 1-
14.

3 Lindsey, M.D., Pavur, R.J. (2005). As the PMI TairA Tool for Supply Chain Managegournal of Supply
Chain Managemen#1, 30-39.

* Raedels, A. (1990). Forecasting the NAPM Purctipblanagers’ IndeXnternational Journal of Purchasing
and Materials Managemen26(4), 34-39.

® Pelaez, R.F. (2003). A Reassessment of the Plinghiskenagers’ IndexBusiness Economic88(4), 35-41.
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These specific weights were chosen in order to mipe the correlation between the PMI and
the real Gross Domestic Product (GDP) growth (Toft@85), Bretz (1990), Kauffman
(1999), Lindsey and Pavur (2005)).

Here is the formula used to obtain the PMI:
PMI = O:3 * (IOrder) + 0:25 * (IProd) + O:Z * (IEmploy ) + 0115 * (ISupply) + O:1 * Ilnventory

Where bygeris the Index of New Ordersgdqis the Index of Productiongihpioy is the Index of
Employment, 4,ppiyis the Index of Supplier Deliveries angldnoryis the Index of Inventories.

The purchasing managers’ index ranges from 0 to Widld 50 as the Meanings of the PMI

A

Scores
critical value. A PMI score equal or higher to B@icates growth in the

industry. If the manufacturing sector is increasithg general economy —}— 100
should expand as well. A PMI below 50 forecasts baws for the PMI 550
economy and means that recession could be jusnartue corner EXPANSION
(Joseph et al. (2011) and Investopedia.com (2016)). 50
See figure 1.6: Meanings of the PMI scores.

PMI <50
This index, released on the first business dayashemonth, presents . RECESSION
large number of advantages. 0

Indeed, it is recognized by many practitioners andnomists to be & Figure 1.6 — Joseph et al.
timely, reliable and valuable near-term indicatbthe economic activity (2011),
in spite of the decrease in the manufacturing ingmme (Danny I. Cho Investopedia.com (2016)

(2006)).

It is also a good predictor of the real gross ddimgwoduct (GDP) and the growth rate
(Joseph et al. (2011), Investopedia.com (2016)Xhlgh the manufacturing is not the main
component of the total gross domestic product (GBP#essions tend to begin and end in this

particular industry (Investopedia.com (2016)).

Harris (1991), Dasgupta and Lahiri (1992, 1993)uffman (1999), Koenig (2002) and
Lindsey and Pavur (2005) demonstrate the abilitythef Price Managers’ Index to warn

changes in economic trend and to furnish earlyscarethe turning point of business cycle.

The PMI presents also some disadvantages as ifeciub nature in its data collection
compared to other indicators, the fact that it otdyers the manufacturing sector and the
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unaccounted economic impact of analysed firms mvesuresponses (Joseph et al (2011);

Investopedia.com (2016)).

Since the correlation between stock and bond retignpositive during expansions and
negative during recessions; this one should betipesvhen the PMI is superior or equal to

50 and negative when the PMI is inferior to 50.
2.2.9.3. Industrial production

“Industrial production figures are based on the ntdg raw volume of goods produced by
industrial firms such as factories, mines and electtilities in the United States”

(Investopedia.com (2016)).

Combined with some capacity utilization figures,e thndustrial production provides
information about the overall economic activity atite gross domestic product (GDP)
(Investopedia.com (2016)).

Asgharian et al. (2015) examine the impact of aemaacro-finance variables, reflecting the
current state of economy, on the stock-bond cdrogla They find that the industrial
production has a significant and positive impacttioa correlation between stock and bond
returns. This result indicates that the long-rumredation between stock and bond returns
tends to be small/negative when the economy is vemakreinforces the “flight-to-quality”

phenomenon.
2.2.9.4. Consumer Confidence

“Consumer confidence, measured by the Consumerid@nde Index (CCl), is defined as the
degree of optimism on the state of the economycttragumers are expressing through their

activities of saving and spendinglhvestopedia.com (2016)).

This index, calculated for the first time in 1988 released every month by the Conference
Board.

Consumer spending, forming from 50 to 75% of thesgrdomestic product (GDP) is the key
component of any developed economy. Optimistic goress tend to purchase more goods
and services, which stimulates the whole economige\the consumer confidence is high,
the market can move higher because investors ame miling to purchase equities.

However, when confidence is trending down, conssnpeefer save money, indicating that
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Composition of the CCI
the economy faces some difficulties (The ConfereBoard

website (2016), Investopedia.com (2016)).

Historically, the consumer confidence index foll@iveell the

business cycle. e
of future
conditions

Every month, 5 000 households complete a survapgosed of 60%

five questions) designed to measure the relativantiial health,

spending power and confidence of the average cossufe

data are available by age, income and region. Goessl _. .
Figure 1.7 — Investopedia.com

opinions on current conditions represent 40% of imex (2016)

whereas the remaining 60% is devoted to future @oon

expectations (Investopedia.com (2016)).
See figure 1.7: Composition of the CCI

Because of its small sample size and its subjeciat@ire, economists prefer analyse the
consumer confidence trend over several months. a\dnil index change inferior to 5% is
generally considered as negligible, a shift equalsoperior to 5% usually indicates a

modification in the economy’s direction (Investo@edom (2016))

Responding only after the overall economy has direzhanged; consumer confidence is
considered as a lagging indicator by the econom&sisumers needing time to respond to
economic events, this index doesn’t predict therkitbut provides information about what
has happened and if it can be expected to conffereer et al. (2016)).

The consumer sentiment, component of the consumeiidence index, is released each

month by the University of Michigan.

Asgharian et al. (2015) study how the stock-bondetation is influenced by certain macro-
finance variables reflecting the current state cdn®my. They notice that the Consumer
Confidence (measure by the Consumer Confidencex)ndas a significant and positive

influence on the long-run stock-bond correlation.

Baele et al. (2014) examine flight-to-safety epesoth different countries and note that these
episodes coincide with declines in consumer semtinmelicators. To carry out their research,
these authors use the Baker and Wurgler sentimatitator, the Michigan Consumer

Sentiment Index (to measure the sentiment in thg th8 IFO Business Climate Indicator (to
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measure the sentiment in Germany) and the coupegdic OECD consumer confidence

indicators.

Given that periods of flight-to-quality are chaextzed by a negative stock-bond correlation,
one can affirm that Consumer Sentiment Indicatoffueénce positively the correlation

between stock and bond returns.
2.2.10.0iIl price

By its increasing importance in the global econowil has attracted the attention of many
authors, trying to explain the relationship betwe#grand financial markets. A great literature
exists on the impact of oil price changes on equitljpation. Although most of the research
concludes that oil price have an impact on stockeprthe sign of this relationship is still

debated.

Hamilton (1986) examines the relation between aitgs and GDP growth for the period
1948-1972 and establishes that oil price shock® wentributing factors to recession in the
US. Kaul and Seyhun (1990); Huang et al. (1996) Sadorsky (1999) indicate that both oil
price and its volatility have a negative impact sinck returns. Papapetrou (2001); Hong,
Torous and Valkanov (2007) find a negative corretabetween these two assets in advanced

economies.

The effects of different structural shocks of oilce changes on stock returns attract the
attention of Apergis and Miller (2009). Howevergithresults show that the magnitude of

these shocks (supply chocks, global and idiosyrcdgimand shocks) is very small.

Conrad et al. (2012), for their part, study thegiwan correlation between crude oil and stock
prices for the period 1993-2011. Their results sleopositive correlation during recessions
and recovery periods and a negative correlatiomguyneriods of strong economic growth.

Vo (2011)’s results exhibit that the correlationtviseen oil prices and S&P500 index rises

with the volatility in the market. A volatility jumis observed in 2008, leading to an increased
correlation between these two assets. This situagw@eals that oil and stock prices behave
more similarly in the last few years, meaning ttraide oil is no longer a safe-haven (Turhan

(2014)). For Ravazzolo (2013), the correlation et oil and stock prices fluctuates around
zero and becomes positive since mid-2008.
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Nicolau (2011), for his part, investigate the nelatbetween the Dow Jones Industrial
Average (stocks) and the CRB Commodity Index (mitl ather commodities). A strong
negative correlation is observed until December32Q0S’s invasion of Iraq), followed by a

shift to highly positive levels.

Using daily data from 1983 to 2006, Gogineni (200jls a weak correlation between the
US stock market and daily oil price changes. Ifriierket expects an expansion, oil and stock
prices are likely to rise and, if the market desiderecession is coming, assets prices are
likely to decrease. In other words, oil prices haygositive impact on stock prices, if oil price
shocks are driven by the aggregate demand, bugatine effect if they reflect changes in
supply. The returns of industries that do not usehmoil are also sensitive to oil price

changes.

Park (2008) demonstrates the significant impadiilgbrice shocks on real stock returns in the
US and 13 European countries between 1986 and Z0@bauthor finds that oil price shocks
represent 6% of the volatility in real stock retriie also adds that Norway being an oil

exporter, its real stocks returns are positivelpaeted by oil price increases.

According to Nicolau (2011), the correlation betwesl and bond prices is negative. An
increase in oil price is generally followed by aeriin interest rates (due to the inflationary
pressure), leading to a drop in bond prices (Tusdtaad. (2014)). Ciner et al. (2013) identifies
a low negative association between oil and bonekpri

An increased demand or a lower supply can bothedavsurge in oil prices. The former
predicts good economic prospects, leading to atipestorrelation between stock and bond
returns. However, the latter means a rise of pribodimicosts for the industries, leading to a

negative stock-bond correlation.
2.2.11.Gold price

The relation of US, UK and German stock and bordrins with gold returns is analysed by
Baur and Lucey (2010). Their results show thatawarage, gold is considered as a hedge
against stocks and as a safe haven when stock imaokditions become more extreme.
Bond markets, for their part, are viewed as a hddgequity market (at least, on average).
Gold is not all the time a safe-haven for stocksakes this role only when it is needed the

most, namely in extreme stock market shocks.
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“A hedge is defined as an asset that is uncoreslabr negatively correlated with another
asset or portfolio on average” whereas“A safe haven is defined as an asset that is
uncorrelated or negatively correlated with anotlasset or portfolio in times of market stress

or turmoil” (Baur and Lucey (2010)).

However, gold is a safe-haven for a relatively siperiod of time. This time constraint is due
to the fact that gold is also a hedge for stocgswden stock prices start to increase after the

extreme negative shock, the gold price falls.
It is important to notice that gold is not a sate4dn for bonds in any market.

Since the gold price increases in periods of mankehoil and decreases in times of good
economic prospects, the relation between the guoté pnd the stock-bond correlation should

be negative.
2.3. Summary of the literature review

Although the stock-bond correlation is positive mosthe time, this one can change from
positive to negative in a very short period of tjnaeie to its time-varying nature. Good
economic prospects are generally associated witbs#ive correlation whereas the relation
becomes negative during periods of market turmi eecessions. Therefore, the different
periods of crises are likely to be marked by aidew or a negative stock-bond correlation.
The *“flight-to-quality” phenomenon is the most pdéale explanation of the negative

correlation observed during periods of weak ecoearanditions.

The correlation between stock and bond returnsnfiianced by a large number of
macroeconomic factors. While term spread, purclgasmanagers’ index, industrial

production, short term interest rate and consumaefidence have a positive impact on the
stock-bond correlation; the globalization, stockrke uncertainty (measured by the VIX),

TED spread and gold price affect negatively thatr@hship.

Finally, the result of some other factors suchhasdefault risk spread, oil price or inflation is

still undetermined.
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Chapter 3: Data collection and stock-bond correlatin calculations

Stock and bond returns

The empirical analysis in this master thesis idquered using monthly data on stock and
bond returns. The data, extracted from Bloombeogers two advanced markets: the United
States and Germany. The period studied, includitigdbservations, starts on th¥ 2anuary
1996 and ends on the 8Danuary 2016. It was chosen because some imparties

occurred during this time.

The daily stock returns are computed as the loigréifice of the daily stock prices; namely
the S&P500 index for the United States and the Drdéx for Germany.

Stock pricey

Tstock,d = 1N :
stock, Stock price 4_4

Daily bond returns, for their part, are determibgdising the following formula:

Thona,a = — yield 4 + yieldy_4

(Formula provided by professor Léonardo lania)
The long term (10-year) government yields emploiedalculate the bond returns are the
USGG10YR index for the United States and the GDBR#lex for Germany.

Correlation between stock and ten-year governmentbyeturns

The monthly correlations are calculated as followed

rstock, day 1of montht rbond, day 1of montht

3 3 rstock, day 2 of montht rbond, day 2 of montht
correlation (rstock_t; rbond,t) = correlation ( : ; : )

rstock, day 30 of montht rbond, day 30 of montht
where:

Tstockt - stock return at time t (expressed in month).

Thondt - bond return at time t (expressed in month).
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(Formula provided by professor Léonardo lania)

The representation of the correlation between stuk 10-year bond returns over time is

provided in thdigure 2below.

Figure 2: Correlation between stock and 10-year bahreturns over time in the United

States and Germany
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The time-varying nature of the stock-bond correladi well represented on this graph by
periods of negative and positive correlations;siitates the agreement reached by the
literature (Campbell (1987), Gulko (2002), Engled aBheppard (2003), llmanen (2003),
Connollu et al. (2004), Jones and Wilson (2004) lan@004)).

Since 1997, the correlations in both countries tende mainly negative, due to the diverse
crisis periods. Some huge declines from positiveegative are observed around 1997, 1998,
2000, 2007 and 2011. These decreasing relationsespmmd to the “flight-to-quality”
phenomenon, generally perceived during periods afrket turmoil and explained in
section 2.2.3The first and the second switches corresponchéoAsian and the Russian
crises. The large negative correlation between 20@D 2003 coincides, for its part, to the
burst of the dotcom bubble. The next extensive tegaelation is associated with the
subprime crisis. Since then, the correlation is nodghe time negative, reflecting the other

crisis episodes, as well as the difficulty of tlker@omy to recover.
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The stock-bond correlations of the two countriesdtéo follow the same trend and are
correlated at 0,73. This high relationship betwden United States and Germany is in line
with the research of many authors such as Anderssah (2004), Baur et al. (2006), Chiang
et al. (2015) and Acosta-Gonzales et al. (2015).

Over the sample period, the correlation betweenkstmd bond returns is mainly negative
with an average value of -0,20 and -0,25 for théadhStates and Germany, respectively. The

medians are, for their part, equal to -0,26 an81-0,

Therefore, the hypothesis claiming a positive stockd relationship over long periods of

time is rejected by these numbers.

However, this negative correlation is consisterthvine research of Acosta-Gonzales et al.
(2015), declaring:

“... from the beginning of the second period (2 Oetob997) to the present, this behaviour
changed and most of the time the stock-bond cdroeldnas remained negative ...(Acosta-
Gonzales et al (2005), p.4)

To name but a few, other authors, such as Anderstsai (2004), Baur et al. (2006), llmanen
et al. (2013) and Chiang et al. (2015) also ndtice negative tendency.

Hong et al. (2011) highlight the fact that globatinn reduces the benefits of diversification
across similar asset classes and encourages irséstarebalance their portfolios. This
rebalancing leads, on its turn, to a negative ¢atioa between stock and bond returns.

Studying trends in the stock-bond correlation, Oland Okimoto (2016) show that the
declining effects of diversification across couedrias well as the increasing “flight-to-
quality” phenomenon are the two main reasons oftigative relationship observed during

the last decades.

These results suggest that our sample period ¢émutdo short to highlight the positive stock-
bond correlation generally observed over long gkabtime. The increasing globalization
and the different crises that occurred during tie past decades have driven investors to
diversify their portfolio. This portfolio rebalamay lead to a negative correlation between

stock and bond returns.
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The standard deviation, measuring the dispersigheo€orrelation around the mean, is equal
to +0,44 for the United States and to +0,39 foraery; meaning that the correlation is more
volatile in the former country. The relationshipsige from -0,88 to +0,85 in the United

States and from -0,91 to +0,78 in Germany.

These findings are in line with the past literafj@sserting great variations in the stock-bond
correlation (Johnson et al. (2013), Li (2002), Arsgen et al. (2004), llmanen (2003), Yang
et al. (2008)).

The separated graphs for the United States and &wrmas well as more descriptive statistics

are provided in th&ppendix 1

Chapter 4: Crisis periods

In order to determine the impact of the differenses on the American and German stock-
bond correlations, two dummy variables are cre&deeéach country. These ones are equal to
“1” is periods of crisis and to “0” otherwise. Thmethodology, as well as the different
criteria’s selected to delineate the periods ofketurmoil are developed in this section.

4.1. The different types of crisis

Financial crisis and economic crisis

“A financial crisis is a situation in which the kee of financial institutions or assets drops
rapidly. A financial crisis is often associated lwia panic or a run on the banks, in which
investors sell off assets and withdraw money frawing accounts.” (Investopdia.com
(2016)).

Therefore, a financial crisis is generally amptifiey investors’ behaviour. Other situations,
such as stock market crashes or bursting of fighiteibbles are called “financial crises”. If

no measures are taken, a financial crisis can Isapidh into an economic crisis. Indeed, the
financial crisis tends to drive the economy awaynfrits equilibrium. The outputs, measured
by the GDP, start to decline. An economic crisisiownly takes the form of a recession or a
depression (Mishkin (1992), Frankel (2010), Babeekal. (2014))
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A currency crisis occurs when a country’s centrahks does not have sufficient foreign
exchange reserves to maintain the country’s desxetiange rate. Currency crises are often

associated with financial, economic or debt criBigbecky (2014)).

Debt crisis

A country suffers from a debt crisis when it expades massive public debts. It meets some
difficulties to refinance its government debt ameds the assistance of third-party institutions
(Investopedia.com (2016), Financial Times (2016)).

During periods of market turmoil, banks are lesfling to lend money to each other and
demand early repayment of loans and other finanostruments (Thornton (2009), Cui
(2016), Financial Times (2016)).

4.2. Criteria’s used to determine the crisis period

In this master thesis, four criteria’s are employedletermine the various periods of market
turmoil. It is important to notice that althoughns® indicators better highlight a specific type

of crisis, they can also, in a lesser extent, digphe other types of crisis.

This factor mainly indicates the periods of finatarisis or the burst of financial bubble.
However, the other types of crisis can be feltrgtock market value.

This factor illustrates the different periods ofcession. As explained isection 4.2.2

economic crises are most of the time associatdd retession periods.

Reflecting the willingness of banks to lend moneyeiach other, this indicator provides
information about the health of the banking system.
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All crisis episodes are characterized by an imporitacrease of stock market uncertainty.
4.2.1. Stock market value (S&P500 index and DAX index): “@RISIS_B”

Economists, journalists and more widely the investoommunity consider that a stock
market is bearish when the spread between théilgis¢st point and the new lowest point is
superior to 20% (Information provided by Arnaud &elay, financial analyst at Leleux

Associated Brokers).

Since the stock market is generally bearish ingaeof market turmoil, this criterion is used
to establish precisely the dates at which a coustaffected by a crisis. Therefore, a dummy
variable called “CRISIS_B” is created for each doynThese ones are equal to “1” in
periods of bearish stock market and to “0” otheewiBhese two variables are available in
Table 6

The United States

On the graph of the S&P500 index (availablé&ppendix 2, four bearish periods can be

observed. Their starting and ending dates, asasdlheir amplitudes are providedtable 1
below. The two columns in the centre indicate tifieigtnce between the highest and the
lowest values of the bearish periods and the diffee between the closing values (of the

starting and ending dates). The detailed calculatare available iAppendix 3

Table 1: Crisis periods highlighted by bearish treuls in the United States (CRISIS_B)

Starting and ending dateg Amplitude 1 Amplitude 2 >20%"?
(highest ---- lowest) (closing ---- closing)

July 1998 — October 199§ () 22% () 2% Yes
March 2000 — October 2002 (-) 51% (-) 41% Yes
October 2007 — March 2009 (-) 58% (-) 49% Yes

May 2011- October 2011 () 22% () 7% Yes
Germany

The same process is applied for Germany. On thehgrthe DAX index (available in
Appendix 4, six bearish periods are noticed. Their starind ending dates, as well as their
amplitudes are provided able 2below. The detailed calculations are providedppendix
5.
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Table 2: Crisis periods highlighted by bearish trels in Germany (CRISIS_B)

Starting and ending dates Amplitude 1 Amplitude 2 >20%7?
(highest ---- lowest) | (closing ----- closing)

July 1997 — October 1997 () 22% (-) 16% Yes
July 1998 — October 1998 (-) 38% (-) 20% Yes
March 2000 — March 2003 (-) 73% (-) 68% Yes
July 2007 — March 2009 (-) 56% (-) 46% Yes
June 2011 — September 20111 (-) 35% (-) 25% Yes
April 2015- January 2016 (-) 25% (-) 15% Yes

Over the sample period, four (six) bearish pericals be observed in the United States

(Germany).

4.2.2. Gross Domestic Product Value (GDP): “CRISIS_GDP”

Although recessions constitute a normal part ofilrginess cycle, their onset can be triggered
by a crisis event. Therefore, this characterisic be used in order to determine the various

periods of market turmoil.

“A recession is a significant decline in activitgrass the economy, lasting longer than a few
months. It is visible in industrial production, eloyment, real income and wholesale-retail

trade” (Investopedia.com (2016)).

The Gross Domestic Product (GDP) is the techniwdicator of recessions. Indeed, a country
is considered “in recession” when it presents twosecutive quarters of negative economic
growth. Among the numerous factors leading to r&oes inflation is the most important one.
When this variable increases, individuals and congsatend to reduce their expenses,
leading to a decrease of GDP. More details abaGRP (definition, characteristics, ...) are

provided inAppendix §Investopedia.com (2016)).

Considering recessions as a proxy of crisis periadkimmy variable, called “CRISIS_GDP”
is created for each country. These two variablesaanilable inTable 6.The quarterly data
are transformed into monthly data by assumingttiatsign of the quarterly GDP growth can
be applied to the corresponding months (Babeclky. €2014)).
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Example:

. R . iod April, May, June 2008
Q2 of 2008 Negative GDP Growth ecession perio CRISIS_GDP =1

P, . >
= Crisis period July, August, September 200¢
Q3 of 2008=>» Negative GDP Growth CRISIS_GDP CRISIS_GDP =1

It is important to notice that this variable do@s highlight all types of crises. It mainly
reveals the economic and global crises, havingrgract on the consumers’ and companies’
expenditures (Frankel (2010)).

Two (three) recession periods are exhibited byGB€ growth indicator in the United States

(Germany).

Table 3: Crisis periods highlighted by the GDP growh indicator in the United States
and Germany (CRISIS_GDP)

Country Crisis periods
The United States From January 2008 to March 2008
From July 2008 to June 2009
Germany From October 2002 to March 2003
From April 2008 to March 2009
From October 2012 to March 2013

4.2.3. The LIBOR-OIS spread: “CRISIS_LO”

The LIBOR-OIS spread is the difference betweenliedon Interbank Offered Rate T-bill
Rate (LIBOR) and the Overnight Index Swap (OIS)diftton (2016)).

4.2.3.1. LIBOR

“The London Interbank Offered Rate is the averagerest rate at which leading banks
borrow funds of a sizeable amount from other bankte London market. Libor is the most
widely used "benchmark" or reference rate for sherm interest rates’(Federal Reserve
Bank of St Louis (2016)).

Thornton (2009) defines the LIBOR as follows:

“The London interbank offer rate (Libor) is the eaait which banks indicate they are willing

to lend to other banks for a specified term ofltaan”.
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4.2.3.20vernight Index Swap (OIS

“An overnight index swap is an interest rate swap wiwng the overnight rate beir
exchange for a fixed interest rate. An overnigkexswap uses an overnight rate index, ¢
as the Federal Funds Rate, as the underlying ®fldtating leg, while the fed leg would be

set at an assumed rat@hvestopedia.com (2016

The Federal Funds Rate corresponds to the intextesat which a depository institution ler
funds maintained at the Federal Resen another institution overnight (Federal Rese
Bank of Saint Louis (2016)).

Since no principals are exchanges, the risk ofulietan the OIS market is very little. It
only at the maturity of the contract that funds exehanged. One party pays the net inte
obligation (the difference between tifloating and the fixed interest rateso the other

(Thornton (2009))See figure : Overnight Index Swap.

Figure 3: Overnight Index Swap

If floating rate decreases, A has

FIXED RATE to pav the difference to B PLDAT_[NG RATE
=ASSUMED RATE (fixed rate- floating rate) =OVERNIGHT RATE
BANK } BANK
(il (il
PARTY A PARTY B

If floating rate increases, B has
to pay the differenceto A
(floating rate- fixed rate)

Being considered as good indicators of the intetlaadit markets, Overnight Index Swe
are popular among financial institutions. They @ less risky than other traditional inter
ratespreads (Thornton (2016), Investopedia.com (2C

4.2.3.3. LIBOR-OIS spreac
Measuring the willingness of banks to lend to eather, the LIBOIOIS spread is

considered as an indicator oe health of the banking system (Sengupta and Tao8|2.

This idea is supported by Thornton (2009), affirgn
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“ ... The term LIBOR-OIS is assumed to be a meastithe health of banks because it
reflects what banks believe is the risk of defagkociated with lending to other banks ... ©
(Thornton (2009), p. 1).

A higher spread indicates a decreased lendingngiliess by major banks, whereas a lower

spread is an indication of higher liquidity in tharket (Investopedia.com (2016)).

The LIBOR-IOS, remaining a fear barometer of marikejuidity, is considered as a key
measure of credit risk in the banking sector. fleats the changes in risk premiums, which

tend to rise in periods of market turmoil and rea@ss (Thornton (2009)).

Historically, the value of this spread remains abd0-15 basis points. However, when the
environment becomes uncertain (for example, duangrisis period), the gap increases
dramatically. This characteristic can be used tterdane the periods of market turmoll

(Sengupta and Tam (2008), Thornton (2009)).

For Germany, this spread is calculated as therdiifee between the EURIBOR and the OIS.
The overnight rate index is the Euro OverNight kdererage (EONIA), which is equivalent

to the Federal Funds Rate.

Considering the LIBOR-OIS spread as an indicatarrisis, a dummy variable “CRISIS_LO”
is created for both countries. This variable isado “1” when the LIBOR-OIS spread is
superior to 20 and to “0”, otherwise. More detalsout these two variables are provided in
Table 6

The LIBOR-OIS spread is only available since Decem001, reducing the number of
observations from 218 to 175. The EURIBOR-OIS spresa for its part, available since
February 1999, lowering the number of observatmBd4.

As one can see on thable 4 below, banks were less willing to lend money tcheather

during three (two) periods in the United Statesr(Gay).

Although this indicator can be helpful to determiperiods of recessions or crisis, it is
important to notice that its first role is to higjiit the health of the banking system. After a
crisis has passed, banks are sometimes still egititd lend money to each other. Therefore,

the crisis periods displayed by this indicator temtie longer than they really are.
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Table 4: Crisis periods highlighted by the LIBOR-OIS spread and the EURIBOR-OIS
spread (CRISIS_LO)

Country Period of “uncertain environment”

The United States From August 2007 to July 2009
From August 2011 to September 2002
From December 2015 to January 2016

Germany From August 1999 to November 1999
From August 2007 to August 2012

4.2.4. Index volatility (VIX index and VDAX index): “CRISI S_V”

Crisis episodes are characterized by an importastease of the stock market uncertainty,
measured by the VIX index (VDAX index) in the Urdt&tates (Germany). This indicator,

generally used to measure the market risk, is addhe “investor fear gauge” since its value
tends to peak when investors are concerned abedttire volatility. (Banerjee et al. (2007),

Whaley (2009), Investopedia.com (2016)).

The VIX index (VDAX index) can be employed to deténe the different periods of market
turmoil in the United States (Germany). A dummyiahle, called “CRISIS_V” is created for
each country. This variable is equal to “1” wher #WX (VDAX) is superior to 25; and to

“0” otherwise. More information about these twoightes is provided ifable 6

Although the VIX (VDAX) is used as an indicator miarket turmoil, it is important to notice
that the stock market uncertainty can be inducedtbgr events that crises. For example, the
VIX (VDAX) has increased after the terrorist attadk the 11" September 2001.
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Table 5: Periods of crisis highlighted by the VIX ndex and the VDAX index
(CRISIS_V)

Country Periods of crisis

The United States From October 1997 to November 1997
From August 1998 to November 1998
From November 2000 to April 2001
From June 2002 to March 2003

From January 2008 to October 2009
From August 2011 to November 2011

Germany From August 1997 to January 1998

From June 1998 to March 1999

From December 1999 to March 2000
From September 2001 to December 2001
From June 2002 to June 2003

From September 2008 to August 2009
From August 2011 to December 2011

4.3. Crisis variables

Since the first three variables represent diffetgpés of crisis (financial, economic, debt), a
dummy variable called “CRISIS_G” is created for le@ountry. This variable captures the
information of the stock market value, the grosmdstic product value and the LIBOR-OIS
spread. It is equal to “1” when “CRISIS_B”, “CRISISDP” or “CRISIS_LO” is equal to “1”
and to “0” otherwise. Detailed information is prded inTable 6

Since all crisis episodes are characterized by mpoitant increase of stock market

uncertainty, CRISIS_V is the second crisis indicamployed in this master thesis.

Chapter 5: Correlation between American and Germarstock (10-year bond) returns:
“Globalization”

The cross country correlations between stock mar&etl 10-year bond markets are studied
separately in order to determine the degree ofaljipdtion. These two time series are also
presented itable 6
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5.1. Correlation between American and German stocketurns

The formula employed to calculate the relationskipimilar to the one used to establish the
stock-bond correlation. The daily German stockgsiare multiplied by the daily USD/EUR
exchange rates (EURUSD BGN Curncy) in order toialatansistent results.

correlation (rAmerican stock,t YGerman stock ,t)

Tamerican stock, day 1 of montht TYGerman stock, day 1 of montht

B TAmerican stock, day 2 of montht TGerman stock, day 2 of montht
= correlation ( . ; .

Tamerican stock, day 30 of montht YGerman stock, day 30 of montht

where:
Tamerican stock,t - Stock return of the S&P500 index at time t (@gsed in month).
TGerman stock ¢ - Stock return of the DAX index at time t (exgsed in month).

The correlation between American and German stetlrms is positive over the sample
period, with an average value equals to 0,48. As @an observe on the graph provided in
Appendix 7it reaches its maximum of 0,90 in November 20Hese results are in line with
the research of many authors such as Goetzmanh €085), Baur (2010), Hong et al.
(2011) and Ohmi and Okimoto (2016) announcing aitipesand increasing correlation

between same asset classes.
5.2. Correlation between American and German 10-ye&dond returns

The cross-country correlation is determined by gisie formula presented section 5.1The
“stock returns” are simply replaced by the “10-ybéand returns”. The daily German bond
yields are multiplied by the daily USD/EUR exchamgtes (EURUSD BGN Curncy) in order

to obtain consistent results. The modified formslavailable inAppendix 8

Being in line with the research of Hong et al. (201he correlation observed between 10-
year bond returns is positive over the sample pgefldne average value is equal to 0,42 and
the relationship reaches its maximum in July 201,8§). The standard deviation, for its part,
is equal to 0,24. The graph of the correlation leefwAmerican and German 10-year bond

returns is provided iAppendix 9
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Chapter 6: Macroeconomic variables

A wide range of macroeconomic variables are selefttem the literature in order to assess
their impact on the stock-bond correlation. Sinne goal of this master thesis is to compare
their repercussions on the American and Germarioekhnips; analogous factors must be
employed to ensure the rigor of the analygippendix 19 The evolution of the comparable

variables over the sample period is provided ia faction.

To obtain the desired factors, some of them arestoamed into the first difference. This step
is also necessary in certain cases for stationag@gons, explained ichapter 7 Table 6
below provides an overview of the different varesbl The first columns provide a brief
description of the variable as well as the freqiesycsources and codes of the various data.

The last row indicates the expected effect of dugable on the stock-bond correlation.
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Factor Country | Name of the | Description Freq. Source + Sign
variable code
Crisis period | USA CRISIS_B Dummy Monthly | Bloomberg | Negative
Stock market USA variable: S&P500
value CRISIS_B=1in index
periods of
Germany | CRISIS_ B bearish markets| Monthly | Bloomberg | Negative
GERM and DAX index
CRISIS_B=0
otherwise.
Crisis period | USA CRISIS_GDP | Dummy Monthly | Bloomberg | Negative
Gross USA variable: CQOQ index
Domestic CRISIS_GDP=1
Product value | Germany | CRISIS_GDP| in periods of Monthly | Bloomberg | Negative
(GDP) GERM recessions and GRGDPPGQ
CRISIS_GDP=0 index
otherwise.
Crisis period | USA CRISIS_LO Dummy Monthly | Bloomberg | Negative
LIBOR-OIS USA variable: US0003M
spread CRISIS_LO=1 index —
when the USSOC
LIBOR-OIS > Curncy
20 and
Germany | CRISIS LO | CRISIS_LO=0 | Monthly | Bloomberg | Negative
GERM otherwise. EUROO3M
index —
EUSWEC
Curncy
Crisis period | USA CRISIS_G Dummy variablel Monthly | Bloomberg Negative
Global crisis USA CRISIS_G=1
indicator when
Germany | CRISIS_G CRISIS_B, Monthly | Bloomberg Negative
GERM CRISIS_GDP or
CRISIS_LOis
equal to 1 and
CRISIS_G=0
otherwise //
CRISIS_G=1in

periods of crisis
and
CRISIS_G=0

otherwise.
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Crisis period | USA CRISIS_V Dummy Monthly | Bloomberg | Negative
Stock market USA variable: VIX index
uncertainty CRISIS_V=1
Germany | CRISIS V when the VIX Monthly | Bloomberg | Negative
GERM (VDAX) index VDAX index
> 25 and
CRISIS_V=0
otherwise //
CRISIS_V=1in
periods of crisis
and
CRISIS_V=0
otherwise
Globalization | USA and | STOCK Correlation Monthly | Bloomberg | Negative
Integration of | Germany | STOCK between S&P500
the stock American and index and
markets German stock DAX index
returns
Globalization | USA and | BOND BOND | Correlation Monthly | Bloomberg | Negative
Integration of | Germany between USGG10YR
the 10-year American and index and
bond markets German 10-year, GDBR10
bond returns index
Stock market | USA VIX Chicago Board | Monthly | Bloomberg | Negative
uncertainty Options VIX index
Exchange
Volatility Index
Germany | VDAX Deutsche Borse | Monthly | Bloomberg | Negative
AG DAX VDAX index
Volatility Index
TED spread USA TED USA First difference | Monthly | Bloomberg | Negative
between the 3- US0003M
month LIBOR/ index —
EURIBOR and USGG3M
the index
corresponding
Germany | TED GERM 3-month bond Monthly | Bloomberg | Negative
yield EUROO3M
index —
GETB1

index
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Default risk USA DEFAULT First difference | Monthly | Bloomberg | Undeter-
spread between the MOODCBA | mined
yields of Aindex —
Moody’s Baa- MOODCAA
and Aaa-rated A index
bonds
Term spread USA TERM USA First difference | Monthly | Bloomberg | Positive
of the yield USGG10YR
between 10-year index —
Treasury bond USGG3M
and 3-month index
Treasury bill
Germany | TERM GERM Monthly | Bloomberg | Positive
GDBR10
index —
GETB1
index
Economic USA SHORT USA | 3-month bond | Monthly | Bloomberg | Undeter-
indicator yields USGG3M mined or
Short term index positive
interest rate
Germany | SHORT Monthly | Bloomberg | Undeter-
GERM GETB1 mined or
index positive
Economic USA FED KEY Key interest rate Monthly | Bloomberg | Undeter-
indicator RATE provided by the FDTR index | mined or
Key interest Central Banks positive
rate provided
by the Central| Germany | ECB KEY Monthly | Bloomberg | Undeter-
Banks RATE EURROO2W | mined or
index positive
Economic USA INFL USA Month-on- Monthly | Bloomberg | Undeter-
indicator month log CPI CHNG | mined
Inflation difference of the index
consumer price
Germany | INFL GERM | index Monthly | Bloomberg | Undeter-
GRCP20MM | mined

index
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Economic USA PMI Indicator of the | Monthly | Bloomberg | Positive
indicator economic health NAMPMI
Business of the index
condition manufacturing
sector
Germany | IFO Indicator of the| Monthly | Bloomberg | Positive
“‘Germany GRIGPBUS
Business index
Climate”
Economic USA IP USA Raw volume of | Monthly | Bloomberg | Positive
indicator goods produced IP index
Industrial by industrial
production Germany | IP GERM firms Monthly Bloomberg | Positive
GRIPI index
Economic USA Consumer Degree of Monthly | Bloomberg | Positive
indicator Confidence optimism on the CONCCONF
Consumer USA=CC state of the index
confidence USA economy that
consumers are
expressing
through their
activities of
saving and
spending
Consumer Michigan Monthly | Bloomberg | Positive
Sentiment Consumer CONSSENT
USA=CS Sentiment Index index
USA
Germany | Consumer Degree of Monthly | Bloomberg | Positive
Confidence optimism on the GRCCI
GERM = CC | state of the index
GERM economy that

consumers are
expressing
through their
activities of
saving and
spending
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Oil price OIL Crude oil Brent | Monthly | Bloomberg | Undeter-
~ Price per co1 mined
barrel comodty

index

Gold price GOLD The Gold Spot| Monthly | Bloomberg | Negative
Price is quoted Xau index
as US$ per Troy
Ounce

6.1. Stock market uncertainty

VIX and VDAX

The VDAX index, measured in Germany is equivalenthie VIX index in the United States.
On average, the volatility of the DAX is higher thine S&P500Table 7below resumes the
descriptive statistics for both countries. Althougtme differences can be observed, both
indicators are characterized by identical perioflp@aks and troughs. With a correlation
equals to 0,86 ; the VIX and the VDAX tend to meuailarly over time. The two last jumps
in the indicators levels are observed in Novemi@82and in September 2011. A graph with
the evolution of the VIX and the VDAX over timeasailable in theAppendix 11

Table 7: Descriptive statistics of the stock marketincertainty

Stock market{ Mean Median Standard | Minimum Maximum
uncertainty Deviation
VIX 21,11 19,52 7,82 10,42 59,89
(January 2007) | (October 2008)
VDAX 22,47 20,73 8,53 10,87 57,96
(September 1996) (February 2002)

6.2. TED spread

The TED spread is only available since DecembeBI00Germany, reducing the number of
observations from 241 to 206. This indicator présem average of 0,43% for the United
States and 0,39% for Germany. One can observeheograph provided iappendix 12that

the TED spreads for both countries tend to follbe same trend. The TED spreads peak in
2007 and 2008 and reach their maximum in Septe2@@8, in the middle of the subprime
crisis. Despite their correlation of 0,71 ; two malifferences are detected; the American
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spread increases in 1999 and 2000 (burst of thednobubble), whereas the German spread

raises in 2011 (EU sovereign crisis).

Table 8: Descriptive Statistics of the TED spreads

TED spread | Mean Median | Standard Minimum Maximum
deviation
USA 0,43% | 0,29% 0,42% 0,10% 3,15%
(August 2011) (September 2008
Germany 0,39% 0,24% 0,44% -0,30% 2,85%
(December 2000)| (September 2008

6.3. Default risk spread

The default risk spread, only available for the t8diStates, is on average equal to 1,01%
with a 0,44% standard deviation. The default riglaks to 3,38% at the end of December
2008; in the middle of the global financial crisihe difference between the yields of the
Moody’s Baa and Aaa-rated bonds is at its minimardune 2014. A graph with the evolution

of the default risk spread is availableAppendix 13

Table 9: Descriptive Statistics of the Default riskspread

Default Risk| Mean Median Standard Minimum Maximum
spread Deviation
USA 1,01% 0,90% 0,44% 0,55% 3,38%

(June 2014) | (December 2008)
Germany NA NA NA NA NA

6.4. Term spread

Since the term spread averages for the United SStatd Germany are positive, the market
expected a higher yield on the long-term securthias on the short term securities.

The term spread average is superior for the UrStates than for Germany, meaning that the
yield difference between the long and the shomntsecurities is superior for the former
country.

Although the correlation between the term spreadsiy 0,50 ; both spreads cross the zero
line two times and reach their lowest point at $hene time. However, as one can see on the
graph inAppendix 14the German term spread has a slight delay oAmmerican one and its

negative values are less extreme.
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Term spread | Mean Median Standard | Minimum Maximum
Deviation

USA 1,75% 1,87% 1,15% -0,71% 3,68%
(December 2000)| (May 2004)

First diff 0,00% -0,01% 0,24% -0,93% 0,82%

Germany 1,58% 1,57% 0,83% -0,29% 3,24%
(December 2000)| (May 1996)

First diff 0,00% -0,02% 0,21% -0,56% 1,67%

6.5. Economic indicators

6.5.1. Short term interest rate
6.5.1.1. Short Term Interest Rate (3-month bond gid)

Over the sample period, the 3-month bond yieldseduo measure the short term interest rate

(OCDE website (2016)). The average values in th#edrStates and Germany are positive

and equal to 2,38% and 2,06%, respectively. As aareobserve on the graph provided in

Appendix 15the American and German interest rates wereqodatiy affected by the burst
of the dotcom bubble (2000-2002) and the 2008scriSince then, the short term interest rates

amount approximatively zero. Although the corr@atbetween both interest rates is 0,82; the

American interest rate movements are in advanceaced to the German’s ones.

Table 11: Descriptive Statistics of the short terninterest rates

Short term interest| Mean Median | Standard| Minimum Maximum
rate deviation
USA 2,38% | 1,72% 2,21% -0,0007% 6,35%
(December 2011)| (November 2000
First diff -0,02% | 0,00% 0,19% -0,90% 0,47%
Germany 2,06% | 2,34% 1,59% -0,53% 5,21%
(January 2016) | (December 2000
First diff -0,02% | 0,00% 0,18% -1,87% 0,40%




50

6.5.1.2. Key interest rates provided by the CentraBanks

Since the commercial and/or bond market are graaflyenced by the key interest rate
provided by the Federal Reserve Bank (FED) (inUhéed States) and the European Central
Bank (ECB) (in Germany), one can affirm that thesitation given by the Central Banks

constitutes the essential factor of the short teterest rate.
However the missions of these two financial institos present some differences.

Maintaining the economic activity (in order to ad@ depression such as the one that affected
the US in the 1930s) and keeping an eye on thatiofi (the “ideal” objective is to retain the
inflation under 2%) are both parts of the FED’ssiua (Federal Reserve.gov (2016)).

In Europe, the mission of the ECB consists of ddifeg the euro stability to prevent the
inflation to run out of control (such as in GermanyL923). Supporting the economic activity
is not included in its mandate. This is why thedp@an Central Bank acts more carefully and

slowly when interest rate issues are on the taab.éuropa.eu (2016)).

The Central Banks decide to decrease the shod materder to boost the economy and to
avoid the liquidity problem that some banks couldaunter after a crisis. One can see on the
graph provided imPAppendix 16that the FED’s decisions are in advance compavethd
ECB’s ones. The amplitude of the reduction is sigpén the United States than in Germany.
However, since 2015, the key interest rate of 88 ks inferior to the FED’s one.

During the 2008 crisis, the FED rapidly decreassdey interest rate. However, this measure
was not sufficient and the financial institutiondad an exceptional and non-conventional

measure: the quantitative easing.

“Quantitative easing is an unconventional monetpojicy in which a central bank purchases
government securities or other securities fromrttegket in order to lower interest rates and
increase the money supply. Quantitative easingeg®es the money supply by flooding
financial institutions with capital in an effort tpromote increased lending and liquidity.
Quantitative easing is considered when short-tentarest rates are at or approaching zero,

and does not involve the printing of new banknotfés/estopedia.com (2016)).

One can notice on the graph providedAppendix 1&hat since then, the key interest rate is

stable and equal to 0,5%.
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Being more reticent to decrease its rate, it iy eviien the inflation was almost equal to zero

that the ECB reduced its key rate to zero.

Table 12 : Descriptive Statistics of the key inters rates

Key interest | Mean Median Standard Minimum Maximum

rate Deviation

USA 2,11% 1,25% 2,11% 0,25% 6,50%

First diff -0,02% 0,00% 0,20% -1,25% 0,50%

Europe 2,12% 2,00% 1,39% 0,05% 4,75%

First diff -0,01% 0,00% 0,16% 0,50% -0,75%
6.5.2. Inflation

With a weak correlation of 0,28 ; American and Gannnflations present some divergences.
The average (monthly) values are positive and etqu@l18% and 0,11% respectively. The
standard deviations, for their part, amount to %3hd 0,29%. One can note, on the graph
provided inAppendix 17that inflation in Germany crosses many times theo dine and
exhibits some high negative values. In the UniteateS, inflation is more stable over time;

except in November 2008, when the indicator coaps -1,80%.

Table 13: Descriptive Statistics of Inflation

Inflation Mean Median | Standard | Minimum Maximum
Deviation
USA 0,18% 0,20% | 0,29% -1,80% 1,40%
(November 2008) | (September 2005)
Germany 0,11% 0,10% | 0,32% -1,00% 1,10%
(January 2015) (December 2004)
First diff 0,00% 0,00% | 0,50% -1,90% 1,90%

6.5.3. Business conditions

Over the sample period, the Purchasing Managedgxins only available for the United
States. Its average value, median and standardataeviare 52,10 ; 52,6 and 4,89

respectively.



52

The PMI is inferior to 50 during the five followingeriods: from September 1998 to
December 1998; from August 2000 to February 20@in fOctober 2002 to June 2003, from
December 2007 to July 2009 and from October 20lt&d@resent time. The manufacturing

sector and activities are suffering during the$iidint periods.

The lower value is observed in December 2008 wisettea highest value is observed in May
2004.

The IFO in Germany can be compared to the PMI énUhited States. The critical value 100
corresponds to the survey data as of tlieldnuary 2005. The average value, median and
standard deviation over the sample are equal tg3802103,4 and 6,74 respectively. The
lower value is observed in March 2009 and the tsgialue in December 2010.

Although the two indicators tend to follow the satrend, the PMI is in advance compared to
the IFO.

A graph with the evolution of the PMI and the IF@otime is available iAppendix 18

Table 14: Descriptive Statistics of the businessigiate

Business Mean Median | Standard | Minimum Maximum
Climate Deviation
PMI 52,10 52,60 4,89 33,10 61,40
(December 2008) | (May 2004)
IFO 102,33 103,4 6,74 83,60 114,20
(March 2009) (December 2010)

6.5.4. Industrial Production

Although the industrial production in the Unitecatés and in Germany follows an upward
trend over the sample period, a huge collapse serwbd between February 2008 and
September 2009. Fortunately, this decline stofg3atober 2009 and the industrial production
starts to recover. The critical value of 100 cquoesls to the survey data as of the 2012
(2010) in the United States (Germany). The meanevaking inferior to 100, the industrial
production is, on average, lower than it used tini2012 (2010). A graph with the evolution
of the German industrial production and the Amerigadustrial production over time is

available in theAppendix 19
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Table 15: Descriptive Statistics of the IndustriaProduction

Industrial Mean Median Standard Minimum Maximum

Production Deviation

USA 95,99 96,32 7,17 75,33 106,67
(31-01-1996)| (28-11-2014)

First diff 0,12 0,17 0,64 -4,36 1,79

Germany 96,67 93,70 8,97 79,40 111,20
(29-02-1996)| (29-01-2016)

First diff 0,12 0,20 1,39 -6,70 3,30

6.5.5. Consumer Confidence

The average values of the consumer confidenceeitVthted States and Germany are equal to
93,29 and 92,80 ; respectively. The critical val0@ corresponds to the survey data as of the
1985. Since the average values are below this@riialue, American and German consumers

are on average more pessimist than they were ipasie

Although the correlation between the German anditherican consumer confidence is weak
(18%), this indicator displays its lowest value @pgmatively at the same time in both
countries (2009).

It is important to notice that the consumer coniice is more volatile in the United States

than in Germany.

One can see on the graph providedppendix 2Ghat the American households were used to
be optimistic before 2001. However, since thenegative confidence has taken place and has
been reinforced by the 2008-crisis. Albeit the Gammaonsumers express their pessimism in a

lesser extent, their confidence is under the alittalue most of the time.

The degree of optimism on the state of the econpengeived by the consumers in the United
States can also be measured by the Michigan Coms8em@iment Index. The correlation
between the Michigan Consumer Sentiment Index &edQonsumer Confidence Index is

equal to 0,94. A graph with both indexes is proglideAppendix 21.
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Table 16: Descriptive statistics of the consumer afidence

Consumer Mean Median Standard Minimum Maximum
Confidence Deviation
USA 93,29 95,24 28,08 25,30 144,71
(February 2009) (May 2000)
First diff 0,00 0,16 6,17 -22,54 19,58
Germany 92,79 95,00 9,48 67,00 111,00
(April 2009) (November 2010)
6.5. Oil price

From 1996 to 2008, oil price tends to follow an @apevtrend. A sharp rise is observed
between 2006 and 2008 and the prices reachedntlagimum of 139,83%/barrel in June
2008. A high demand from the emerging countriesgarticularly from China, together with

heavy speculation, constitutes the main causds®gpectacular increase.

However, the financial crisis and the resulting fefarecession induce a huge decline of the
raw material prices (including oil) by the end bétyear 2008. Fortunately, some recovery
measures (a sharp fall of the Central Banks pratesy “quantitative easing” in the United
States and in China, investment plans (Europe njJ&ana)) were put into motion in order

to reverse the tendency.

Some other factors, specific to the oil sector, alan explain the large price fluctuations.
Among them, one can find a more efficient use eféhergy (green cars and industries); the
increasing success of the renewable energies (wibthes, photovoltaic panels); the return
of oil producing countries (Libya, Irag and latean), previously under embargo as well as
the exploitation of new production techniques (stal from Canada and USA, “offshore”
production in Mexico, Brazil and Africa). The inasng offer and decreasing demand

resulting from these factors lead to a declinéhefrices.

A graph with the evolution of oil price over timeprovided iMAppendix 22.
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Oil price Mean Median Standard | Minimum Maximum
Deviation

USA and 59,89% 50,80% 35,36% 10,46% 139,83%

Germany (November 1998) (June 2008)

First diff 0,07% 0,31% 5,54% -32,85% 16,42%

6.6. Gold price

Over the sample period, the average gold pricejimleto 744,34%/ounce. The price follows

an upward trend between 1996 and 2013. One caarstée graph provided iAppendix 23

that the gold value increases sharply in 2008. hportant raise translates the fact that gold

is considered as a safe haven during chaotic period

Table 18: Descriptive Statistics of the gold prices

Gold price Mean Median Standard Minimum Maximum
Deviation

USA and 744,34% | 561,55% 475,50% 255,68% 1825,55%

Germany (August 1999) | (August 2011)

First diff 3,03% 0,40% 47,77% -201,76% 198,5%
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6.7. Summary of the macroeconomic variables

Over the sample period, the economy is weakenethéwarious crises. Being affected by
these periods of market turmoil, the different aadors tend to change their tendency when
the situation is becoming less prosperous.

The 2008 crisis affects the diverse factors toeaigr extent. Since then, one can observed the
difficulty of the economy to recover. The Europesovereign debt crisis is, for its part,

mainly felt through the German indicators.

Therefore, the market uncertainty, measured bytXeand the VDAX, peaks during periods
of market turmoil. These times are also markedrbynarease of the TED spread, as well as
the Default risk spread (only available for the tgdi States). The gold price, playing its role
of safe haven, rises dramatically between 2008281@.

By contrast, the inflation crosses many times tae Zine and reaches some high negative
values when bad news is taking shape on the horiltoa interest rate decreases dramatically
during crisis episodes and amounts approximatizehp since the 2008-crisis. The business
conditions indicators, represented by the PMI arel IFO, fall below their critical values

during periods of market turmoil. Being an indigatd recession, the term spread tends to

decline before each crisis.

The consumer confidence reveals that the Americah@erman consumers are pessimistic

during the sample period.

Finally, the industrial production, following anward trend, seems only affected by the 2008

crisis.

Generally speaking, the American and German indisatend to follow the same tendency

over the sample period.
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Chapter 7: Non-stationary variables and Augmented key-Fuller (ADF) Test

Since the different models (describecchapter § are estimated by using the Ordinary Least
Squares (OLS) method, it is important to verify #tationarity of the dependant (stock-bond

correlations) and independent variables (macroenaneariables/crisis indicators).

“A series is said to be stationary if the mean amdo-covariances of the series do not

depend on time(EViews 9 user guide I, p. 527).

By contrast, a non-stationary series, called “irateg”, is designed by the abbreviatid{d);

whered is the number of unit roots contained in the serie

For example, in a simple AR(1) process, the seyjedepends on its lagged values and a

random innovationg,.

Ye = PYi-1+ €

If | p| is superior or equal to one, the process hasitaramt and is considered as non-

stationary. In that case, the variance aficreases with time and approaches infinity.

Since the stationarity is needed to insure the wviolation of the OLS assumptions,
regressions including integraté{d) variables lead to spurious regression. In sualasdn,

the OLS results highlight a false relationship kedw two variables, either due to a
coincidence or to the presence of a third, unsaetorf. The standard errors and the t-statistics
are, for their part, invalid.

(Keele and Kelly (2006), Wooldridge (2013), EVietvsiser guide 1l (2015))

The ADF test allows to detect the presence of waats in a series. Assuming that the series
follows anAR(p) process instead of &R (1) process, it is an evolution of the Dickey Fuller
test. Therefore, the right-hand side of the ADR tegression includes lagged terms of the

dependant variabte.

Ay = ayi 1+ B1Ayi—1+ BAYe o+ + By Ay p + €

Wherea = p — 1.
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The Augmented Dickey Fuller test tests whetherathsolute value op is strictly inferior to

the unity. Therefore, the null and alternative hjyesises are the following:

Hy:a =0 = |p| =1 => The time series is not stationary.

H,:a <0 = |p| < 1=> The time series is stationary.

This test is performed on all the variables presgnh this master thesis. When the null
hypothesis |p| = 1) is not rejected, the non-stationary series isdfi@med into its first
difference, which is stationary. The different lesof the ADF test are provided inpfendix
24. The first differences of the non-stationary vhlés are added in their descriptive statistics
tables.

(Wooldridge (2013), EViews User Guide 1l (2015))

Chapter 8: Regression models

In this section, three regression models are engplay order to determine the impact of the
different macroeconomic variables on the stock-boowdelation. The best model is elected
on the basis of three indicators: the adjusted rusyl, the Akaike Information Criterion
(AIC) and the Bayesian Information Criterion (BI@xplained irchapter 10

Model 1

SB correlation, = a + 1 * SB correlation;_, + 5, * SB correlation,_, + f3* Y, + &

Model 2

SB correlation;
= a+ By * SBcorrelation,_, + [, * SB correlation ,_, + 3 * MACRO, + B4 * CRISIS X,
+ &

Model 3

SB correlation;
= a+ f1* SBcorrelation,_, + B, * SB correlation;_, + 3 ¥ MACRO, + B4 * CRISIS X,
+ Bs * (MACRO; x CRISIS X ;) + &
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Table 19: Description of the variables

Variable Description

SB correlation; Contemporaneous correlation between stock and 40band returns,
calculated irChapter 3.

SB correlation ._, | Correlation between stock and 10-year bond retlagged by one

period.

SB correlation ,_, | Correlation between stock and 10-year bond retlagged by two
periods.

Y; Macroeconomic variable or crisis indicator (CRISESor CRISIS_V)
at time t.

MACRO, Macroeconomic variable at time t.

CRISIS_X; Dummy variable equals to “1” in period of crisisdato “0” otherwise,
at time t.

CRISIS_X is replaced either by CRISIS_G or by CRBISI.

Model 1 displays the impact of the macro-econonaicable on the stock-bond correlation. It
does not take into account the presence or absginceses. According to this model, the
contemporaneous stock-bond correlation is functibthe past correlation, altered by new

information.

Model 2 is a bit different in the sense that itesknto consideration the influence of crisis
periods. Sinc&€RISIS_X, is a dummy variable, its effect is felt at theentept level. Indeed,
B, coincides with a fixed increase or decrease of dteek-bond correlation (when the

variableCRISIS_X, is equal to one).
The model can be re-written as followed (WHHRTSIS_X,= 1)

SB correlation;

= (a + B,) + 1 * SB correlation,_; + B, * SB correlation,_, + B3 * MACRO, + &,

Model 3, for its part, includes an interactive duynwariable; (MACRO; x CRISIS;). This
element allows to discover the effects of the mawmoenomic factor on the stock-bond
correlation, conditionally to the presence or absenf crisis. Therefore, one can consider that
the variable behaves differently in periods of isrishen ; and s are not similar.Ss
modifies the slope of the stock-bond correlatiorngw the variable€RISIS_X, is equal to

one).
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The model can be re-written as followed (WHHRTSIS_X,= 1)

SB correlation;
= (a + B4) + By * SB correlation,_; + B, * SB correlation;_, + (B3 + fs) * MACRO,
+ &

8.1. Lagged dependant variables

According to Ohmi and Okimoto (2015), the condiaboorrelation between stock and bond
returns is highly serially correlated. However stbharacteristic constitutes a violation of the

various conditions necessary to employ correcy@ndinary Least Squares (OLS) method.

“The Ordinary Least Squares (OLS) regression edtimassumes, for example, that there is

no autocorrelation in the residualg{Keele and Kelly (2005)).

In order to eliminate this residual series corretgta lagged dependent variable is included in
the right-hand side of the model. This inclusiosoataptures the dynamics of the stock-bond
correlation. Moreover, not incorporating this laggeariable could lead to an omitted variable

bias and, therefore, to inconsistent and biased &itighators (Keele and Kelly (2005)).

Including only the first dependent variable is eabugh to remove the residual correlation.
Therefore, the second lagged dependent variallsaesincorporated in the various models.

The absence of ARCH and residual series correlasiarontrolled through three indicators,
presented itChapter 10.

8.2.Independent variables

The different macroeconomic variables, as welltas drisis indicators are included in the

various models in order to define their impact lo@ $tock-bond correlation.
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Chapter 9: Regression results

The results of the various models are presentdatlisnsection. With very low p-values, the
first and the second lagged dependent variables hagositive impact on the stock-bond

correlation; both in the United States and Germany.
9.1. Regression results for Model 1

A comparative table with the American and Germagulte is provided irAppendix 27 It
only includes the significant crisis/macroeconomaciables and their impact on the stock-

bond correlation in both countries.
9.1.1. The United States

The regression outputs of model 1 suggest that (RIS, CRISIS V, STOCK STOCK,
BOND BOND, VIX, TED USA, TERM USA and OIL have agsiificant impact on the
stock-bond correlation. A table with the resultprisvided inAppendix 25

Crisis periods

With a p-value inferior to 0,05, the negative caééints of CRISIS_G (-0,161673) and
CRISIS_V (-0,109973) are highly significant (5% rsfgcance level). Therefore, a negative
relationship exists between the crisis periodstardstock-bond correlation. According to the
first indicator (CRISIS_G), the stock-bond corraatis, on average, 0,161673 more negative
in periods of crisis. The second indicator (CRISIp reveals that the correlation is, on
average, 0,109973 inferior in periods of marketiif. These findings are in line with the
research of many authors such as limanen (200Bhsdo et al. (2013), Chiang et al. (2014)

and Acosta-Gonzales et al. (2015).

® In this master thesis, the variables consideréedigsificant” are the ones presenting at least a 5%
significance level. This choice is made in ordeh&we highly precise estimations.

For a two-sided test, a factor is significant & 186 or 5% significance level if the absolute vatfie
the t-statistic is larger than its correspondiritjoal value (2,58 and 1,96; respectively). Thaluwe is
calculated as the ratio of the estimated parameteits standard deviation. Alternatively, a valeais
significant at 1% or 5% significance level when fhealue of the estimated parameters is inferior to
0,01 or 0,05. In these cases, the null hypothaffigsning that the estimated coefficient is equal t
zero, is rejected (Wooldridge (2013)).
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The negative impact of these two variables on tweksbond correlation indicates the
presence of “flight-to-quality” episodes. As expladl insection 2.2.3investors tend to move

their funds from risky assets to safer assetsisiscperiods (Gulko (2002), Baur and Lucey
(2009), Hakkio and Keetp and Acosta-Gonzales (2015)

Macroeconomic variables having a positive impactimstock-bond correlation

TERM USA and OIL have a positive impact on the tieleship between stock and bond
returns. Their p-values being inferior to 0,05 (Q;Ghe null hypothesis of a zero coefficient

can be rejected at the 5% (1%) significance level.
TERM USA

A one per cent increase in the first differencehef term spread would cause a 0,280931 rise
of the stock-bond correlation. This result is cetesit with the research of Viceira (2007),
Wheelock and Wohar (2009), Aslanidis and Chrisean@011) and Asgharian et al. (2015).

OIL

The coefficient of OIL illustrates a 0,008344 ingse of the stock-bond correlation for a one
dollar increase in the oil price first difference.

Macroeconomic variables having a negative impacthenstock-bond correlation

The p-values of STOCK STOCK, BOND BOND, VIX and TBIDSA indicate a highly
significant negative relationship between theseabées and the stock-bond correlation. All
the findings are in line with the literatur€gctions 2.2.4, 2.2.5, 2.2.6

STOCK STOCK and BOND BOND

A one percent increase in the correlation betwemerican and German stock (10-year bond)
returns leads to a 0,273181 (0,188427) decreaskeo$tock-bond correlation. Hong et al.
(2011) and Ohmi and Okimoto (2016) also noticednibgative impact of the globalization on
the stock-bond correlation.

VIX

The correlation between stock and bond returnedsiaed by 0,007782 when the VIX index

is increased by one per cent. The negative effiettteostock market uncertainty on the stock-
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bond correlation is due to the “flight-to-qualityphenomenon (Andersson et al. (2004),
Whaley (2009), Baele et al. (2010), Asgharian ef24114)).

TED USA

The -0,133683 TED USA coefficient predicts a 0,1836ecrease of the correlation for a one
percent increase of the TED spread.

9.1.2. Germany

In Germany, five variables (CRISIS_G, CRISIS_V, SIOSTOCK, VDAX and TERM
GERM) have an impact on the stock-bond correlat&hthe findings are in line with the

literature. A table with the results is provideddppendix 26
Crisis periods

As for the United States, the two crisis indicatarg highly significant and reveal the
negative effect of the crises on the stock-bondetation. CRISIS_G (CRISIS_V) indicates
that the relationship between stock and bond retisnon average, 0,137243 (0,103003)
inferior in periods of market turmoil. The negatiefect of these two variables on the
correlation highlights the presence of “flight-taality” episodes.

Macroeconomic variables having a positive impactlmstock-bond correlation

With a p-value equals to 0,0491 ; TERM GERM is dinéy macroeconomic variable having a
positive impact on the stock-bond correlation. Whiea term spread increases by one per

cent, the correlation increases by 0,173481.
Macroeconomic variables having a negative impacth@nstock-bond correlation
STOCK STOCK

Representing the globalization (cross-country datian), STOCK STOCK has a negative
impact on the correlation between stock and bomdrns. A one percent increase in the
correlation between American and German stock metleads to a 0,430959 decrease of the

stock-bond correlation.
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VDAX

The p-value of VDAX (0,0059) evidences the exiseerd a highly significant, negative
relationship between the German stock market Vityatand the stock-bond correlation.
When the VDAX increases by one per cent, the caticel should decrease by 0,006227.

9.2. Regression results for Model 2

Since CRISIS_G and CRISIS_V are significant inftret model, both of them are retained as
adequate proxies of the crisis periods.

9.2.1. Regression results for Model 2 with CRISIS_G

Model 2 takes into account the influence of the duynvariable CRISIS_G. A comparative
table with the American and German results is mrediin Appendix 30 It includes the
significant macroeconomic variables and their inbpat the stock-bond correlation in both

countries.
9.2.1.1.The United States

As one can see on the table providedAppendix 28 the crisis indicator (CRISIS_G) is
highly significant in all the regressions. Indegs,p-value is inferior to 0,01 in each of them.
Since CRISIS_G has an impact on the intercept ;levdlxed decrease of the stock-bond

correlation can be expected in crisis periods.

STOCK STOCK, BOND BOND, TERM USA and OIL remain @ificant, with a p-value

inferior to 0,05. As expected, the value of th@eficients stays approximatively the same.

9.2.1.2. Germany

As for the United States, CRISIS_G has a signiticaegative impact in all the regressions.

With a p-value inferior to 0,05, STOCK STOCK andRM GERM stay significant in this
second model. As expected, their coefficients avgly similar to the ones provided by the

model 1.

A table with the regression outputs is availabl&ppendix 29
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9.2.2. Regression results for Model 2 with CRISIS_V

Model 2 takes into account the influence of the dwymvariable CRISIS_V. Since this
indicator is created on the basis of the VIX indax] the VDAX index (se&ection 4.2.%

these two macroeconomic variables are not includedder to avoid inconsistent results.

A comparative table with the American and Germatpuais is provided imPAppendix 331t
includes the significant macroeconomic variablesl dheir impact on the stock-bond

correlation in both countries.
9.2.2.1. The United States

The crisis indicator is significant in six regress on thirteen (46%). CRISIS_V is
significant for BOND BOND, TERM USA, INFLATION USAPMI, IP USA and GOLD.
Therefore, a fixed decrease of the stock-bond [@iroe can be expected in periods of market

turmoil for the regressions including these vaesbl

The p-value of STOCK STOCK, BOND BOND, TED USA, THRJSA and OIL indicates
that the null hypothesis can be rejected at a Sifstance level. Therefore, as in model 1,
these variables have an impact on the stock-borrélation. As expected, the value of their

coefficients stays approximatively the same.
The table with the regression outputs is availabkppendix 31
9.2.2.2. Germany

By contrast to the United States, CRISIS_V is highignificant and negative in all the

regressions in Germany.

Two variables (STOCK STOCK and TERM GERM) remaigndiicant in this model. As

expected, their coefficients are roughly similatite ones provided by the model 1.

A table with the regression outputs is availabl&ppendix 32
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9.3. Regression results for Model 3

Model 3 contains an interactive dummy variable.féisModel 2, CRISIS_G and CRISIS_V

are retained as adequate proxies of the crisisgeeri

9.3.1. Regression results for Model 3 with CRISIS_G

9.3.1.1. The United States

As one can see on the table providedppendix 34the coefficients of TED USA and FED
KEY RATE, as well as their corresponding interaetdummies (TED*CRISIS_G) and (FED
KEY RATE* CRISIS_G) are significant, meaning thieteffect of these two variables on the

stock-bond correlation varies in periods of matketoil.

Since the interactive dummy tends to modify theslof the stock-bond correlation (when

the crisis indicator is equal to one), model 3 lbame-written as followed:

SB correlation;
= (a+ B,) + B1* SBcorrelation,_, + P, * SB correlation,_, + (B3 + PBs)
* MACRO; + &

Therefore, in periods of crisis, the impact of THSA and FED KEY | RATE on the stock-

bond correlation is equal to the sumpgfandps.
TED USA

In periods of market turmoil, when the TED spreactéases by one percent, the relationship
between stock and bond returns decreases by 0,27{38301408+0,427536).

FED KEY RATE

When the crisis indicator is equal to one, a oneceat increase of FED KEY INTEREST
RATE would cause a 0,021772 (0,777627-0,799399edse of the correlation between

stock and bond returns.

With a p-value inferior to 0,05, STOCK STOCK andRM USA have a negative impact on
the stock-bond correlation. However, since themresponding interactive dummies are not
significant, one cannot conclude that these fadtarse a different impact on the stock-bond

correlation during crisis periods.
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9.3.1.2. Germany

In this model, no interactive dummy is significathe 5% or 1% level.
A table with the regression outputs is availabl&ppendix 35

With a p-value inferior to 0,05, STOCK STOCK, TERBERMANY and IFO have an
impact on the stock-bond correlation. However, sintbeir corresponding interactive
dummies are not significant, one cannot concludat tthe impact of these three

macroeconomic variables on the stock-bond cormlataries in period of market turmoil.

9.3.2. Regression results for Model 3 with CRISIS_V

Model 3 takes into account the influence of the dwymvariable CRISIS_V. Since this
indicator is created on the basis of the VIX indax] the VDAX index (se&ection 4.2.%

these two macroeconomic variables are not includedder to avoid inconsistent results.

9.3.2.1. The United States

As one can see on the table providedAppendix 36 the coefficients of TED USA,
DEFAULT and SHORT USA, as well as their correspagdinteractive dummies (TED
USA* CRISIS_V), (DEFAULT*CRISIS_V) and (SHORT USA®RISIS_V) are significant,
meaning that the effect of these three variabletherstock-bond correlation varies in periods
of market turmoil. Their impact are therefore egual the sum off; andfs, depending on

the model.
TED USA

In period of market turmoil, when the TED spreacr@ases by one per cent, the relationship
between stock and bond returns decreases by 0,845Y,331259+0,285486).

DEFAULT USA

When the crisis indicator is equal to one, a oneceat increase of the default risk spread
would lead to a 0,037778(-0,400009+0,437787) irszed the stock-bond correlation.
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SHORT USA

When CRISIS_V is equal to one, a one percent isered the short interest rate would cause
a 0,116522 (0,393785-0,510307) decrease of th&-simad correlation.

With a p-value equals to 0,05, STOCK STOCK, BONDNED) TERM USA and FED KEY
RATE have a negative impact on the stock-bond tmirom. However, since their
corresponding interactive dummies are not significeone cannot conclude that these

variables have a different impact on the stock-b@fationship during crisis periods

9.3.2.2. Germany

In this model, no interactive dummy is significathe 5% or 1% level.
A table with the regression outputs is availabl&ppendix 37

With a p-value inferior to 0,05, STOCK STOCK and GERM have a negative impact on
the correlation. However, since their correspondirigractive dummies are not significant,
one cannot conclude that these two variables hadédferent impact on the stock-bond

relationship during periods of market turmoil.
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Chapter 10: Tests carried out on the various regresons.

10.1. Tools to determine the presence of residuarges correlation : correlograms and
Q-statistics

In order to test whether the inclusion of the latydependent variables is able to eradicate the
residual series correlation, the correlograms arstafdstics of the different regressions are

observed and analysed.

The correlograms present the autocorrelation amtiapautocorrelation of the residuals, as

well as the Ljung Q-statistics for high-order skc@arrelation.

“ If there is no serial correlation in the residugal the autocorrelations and partial
autocorrelations at all lags should be nearly zesiod all Q-statistics should be insignificant
with large p-values(HIS (2015), p.96)

Results

For all the regressions, the null hypothesis, mgathe absence of autocorrelation, cannot be
rejected. This finding suggests that incorporating first and the second lagged dependent
variables is sufficient to completely eliminate tngtocorrelation. An example is available in
Appendix 38

10.2. Tools to determine the presence of ARCH

Two different tools are employed in order to camfithe absence of ARCH in the residuals:

the correlograms of squared residuals and the EngRCH test.
10.2.1.Correlograms of squared residuals

The correlograms exhibit the autocorrelations aadigd autocorrelations of the squared
residuals up to any stated number of lags. Thed-Box Q-statistics are also calculated for
the corresponding lags. These indicators can belogeg to determine the presence of

autoregressive conditional heteroscedasticity (ARR@Hhe residuals.

“If there is no ARCH in the residuals, the autoadations and partial autocorrelation should
be zero at all lags and the Q-statistics shoulahbesignificant” (HIS (2015)).

An example is available iAppendix 39
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10.2.2.Engle’s ARCH test

Although ARCH in itself does not invalidate the Oirfferences, ignoring its effects may
result in loss of efficiency. The ARCH test regessthe squared residuals on the lagged
squared residuals and a constant. The null hypistetges the absence of heteroscedasticity

and autocorrelation effects in the regression’sregarm.

The Engle’s (1982) Lagrange Multiplier test alloiwsdetermine the presence of ARCH.
Following ay? distribution, this statistic is computed as thenber of observations times the

R-squared from the test regression.

(HIS (2015)).

The results of Engle’s ARCH test (providedAppendix 4}, as well as a correlograms do not
reject the null hypothesis, stating the absenc&RECH in the various regressions. This
finding suggests that including the first and thecamd lagged dependent variables is

sufficient to entirely eliminate the Autoregresst@enditional Heteroscedasticity.

Chapter 11: Evaluation of the models

As revealed before, the best model is elected erb#sis of three indicators: the adjusted R-
squared, the Akaike Information Criterion (AIC) atite Bayesian Information Criterion
(BIC). All the results are provided #ppendix 41

11.1. Adjusted R?

The R-squared measures the proportion of the \@@ianri the dependant variable that is

explained by the model.

e
&L

R?=1

WhereSRR corresponds to the sum of squared resid$&lB,is the total sum of squares and

n coincides with the number of observations.
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The coefficient of determination typically increasehen more independent variables are

included in the model. This rise is mainly due e fact thatSRR tends to fall with the

presence of new regressors. The adjusted R-squaredis part, imposes a penalty for the

addition of exogenous factors which do not contelio the explanatory power of the model.
SRR

B k=D

R =1
STT
(=)

Wherek represents the number of estimated parameters.
(Wooldridge (2013), HIS (2015))
11.2. Akaike Information Criterion (AIC) and Bayesian Information Criterion (BIC)

Measuring the relative quality of statistical majehe two indicators reward the goodness of
fit but also incorporate a penalty term, rising hwihe number of parameters. Since the
likelihood can be increased by adding exogenousifacthis penalty is present to discourage
overfitting. It also allows to stay parsimoniousefefore, the preferred model is the one with
the lowest AIC/BIC.

The Bayesian Information Criterion, also called \Batiz Criterion (SC) is an alternative of
the AIC that imposes a larger penalty for supplemrgnexogenous factors. Indeed, besides

depending on the number of parameters, its sanaigs on the sample size.

AIC formula:
=2l 2k
AlC = —+ —
n
BIC or SC formula:
—21 klogn
sc= 2ty Uelosm)

Wherel is the log likelihoodk is the number of parameters and the number of observations.

(Wooldridge (2013), HIS (2015))
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11.3. Results

Model 2 with CRISIS_G is the best model for the tddiStates and Germany. This choice
was made by examining the Adjusted R-squared, #saw¢he Akaike Information Criterion
and the Bayesian Information Criterion. Althougle R-squared is slightly superior for some
macroeconomic variables in model 3 with CRISIS I&; AIC and BIC are undeniably lower
in model 2 with CRISIS_G. The “10% significanced€wariables are added in this section.

The United States:

The crisis indicator (CRISIS_G) is highly signifidan all the regressions; meaning that the
periods of market turmoil have a negative impacttiom stock-bond correlation. With a p-
value inferior to 0,05, STOCK STOCK, BOND BOND, THRUSA and OIL also affect the

relationship.

The correlation between stock and bond returnsfisenced by the stock market uncertainty
and the TED spread. These two macroeconomic vaggiiesent a coefficient significant at

the 10% significance level.

As for the United States, CRISIS_G is highly sigraint in all the regressions; meaning that
the stock-bond correlation is negatively influendsdthe crisis periods. STOCK STOCK,
and TERM GERMANY affect this correlation; with avadue inferior to 0,05.

The stock-bond relationship is also impacted by BOBIOND and VDAX. With a p-value
inferior to 0,10 ; these two macroeconomic varialid@ve a negative impact on the stock-
bond correlation (10% significance level).

In both countries, the periods of market turmoilddo push the stock-bond correlation into
negative territory. The globalization (represenbgdSTOCK STOCK and BOND BOND) as
well as the stock market uncertainty (describedvby and VDAX) affects negatively the

relationship. On the contrary, the correlationasipvely influenced by the term spread.

The TED spread and the oil prices, for their parily affect the American stock-bond

correlation.
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Chapter 12: Conclusion

The purpose of this master's thesis is to bettedetstand the changing and complex
correlation between stock and ten-year governmentl breturns. The monthly relationship
between the two main asset classes is studiedioverand across two different countries: the
United States and Germany. Emphasis is placed @retblution of this correlation during
periods of market turmoil; characterized by thegtt-to-quality” phenomenon. Therefore,
the sample period (1996-2016), including the 20@®a crisis, is particularly relevant. This
research is motivated by the desire to get a gossghe correlation dynamics in order to
improve asset allocation and risk management giesteAnother objective of this report is to
determine the various macroeconomic factors haamgnpact on the stock-bond correlation.
In order to do so, three lagged dependent variatddels are compared and evaluated for
each country. This chapter is divided in three pastummary of the empirical results,

implication for asset allocation and limitations.

12.1. Summary of the empirical results
12.1.1.Stock-bond correlation

Over the sample period, the correlation betweenksémd ten-year bond returns is mainly
negative, with an average value of -0,20 and -G@5the United States and Germany,
respectively. These findings contradict the hypsithelaiming a positive relationship over
long period of time. However, several authors sashAndersson et al. (2004), Baur et al.
(2006), limanen et al. (2013) and Ohmi & Okimot®18) also notice this tendency. The
negative results are principally due to the fagt tthe correlation tends to reverse from
positive to negative in periods of weak econominditons. Some huge declines,
corresponding to “flight-to-quality” episodes caa bbserved at the beginning of the various
crises. This fund movement from risky assets tersagsets is amplified by the globalization,
reducing the benefits of diversification acrossikimasset classes and encouraging investors
to rebalance their portfolios (Hong et al. (201Qhmi & Okimoto (2016)). The globalization,
computed as the correlation between American amth&e stock (bond) returns, is positive

over the sample period, with an average value4s (1),42).

Being correlated at 0,73, the stock-bond correfaitioboth countries tends to follow the same
trend; meaning that similar factors could affeat tielationship in different countries. This

finding could reject the assumption that the dyresmof the stock-bond correlation are
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country specific. However, deeper research has etocdrried out before reaching this

conclusion.

The correlation between stock and bond returngiig unstable and ranges from -0,88 (-0,91)
to +0,85 (+0,78) for the United States (Germanyjese results are in line with the research
of Baele et al. (2010) and Johnson et al. (2013).

12.1.2.Crisis and macroeconomic variables

In order to determine the effect of the differenses on the American and German stock-
bond correlations, two dummy variables are cre&tedach country. The first one captures
the information of three crisis indicators, namtig stock market value (S&P500 index and
DAX index), the gross domestic product value (GRRJ the Libor-OIS spread. The second
one is, for its part, based on the VIX index anel WMDAX index.

A wide range of macroeconomic variables are sdalettem the literature to assess their
impact on the relationship between stock and betutms. Since one goal of this report is to
compare their repercussions on the American anch@eicorrelations; analogous factors are

employed to ensure the rigor of the analysis.

Three different models are developed in this mabkesis. Each of them includes the first and
the second lagged dependent variables. This incatipo allows the eradication of the
residual series correlation. Model 2 with CRISISisGhe best model for the United States
and Germany. This choice is made by examining djested R-squared as well as the Akaike
Information Criterion (AIC) and the Bayesian Infation Criterion (BIC). Adding an
interactive dummy variable or using the other srisidicator (CRISIS_V) does not improve

the quality of the model.

For both countries, CRISIS_G is highly significantall the regressions; meaning that the
crisis periods have a negative impact on the sharid relationship. The globalization
(measured as the correlation between American atth&h stock (bond) returns) and the
stock market uncertainty (represented by the VI #me VDAX indexes) push down the
stock-bond correlations and suggest the presencheofflight-to-quality” phenomenon in

periods of market turmoil. By contrast, the termesyl influences positively the relationship

in both countries.
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The TED spread and the oil prices only affect thmefican stock-bond correlation. The
former (latter) has a negative (positive) impactioarelationship.

12.2. Implications for asset allocation
12.2.1.Portfolio diversification

“Asset allocation and risk management strategieat tassume a constant relationship
between stock and bond returns may be improvedrbgedy taking into account the

observed time-variation in the correlation betwdleese two assetAndersson et al. (2004),
p-2)

This affirmation is supported by many authors sashLi (2002), Chiang et al. (2014) and
Acosta-Gonzales et al. (2015).

Our results suggest that, over the sample periogerikan and German investors who would
have held a diversified portfolio, composed of kand ten-year government bonds, would
have seen a reduction of their risk with a minimgbact on their returns. Indeed, the variance
formula of the Modern Portfolio Theory (Markowiti952)) reveals that a negative stock-
bond correlation decreases the portfolio risk (Beyh & Hawley (2013), Mangram (2013)).

12.2.2.Warning indicators

Investors must react quickly to the evolution of ttorrelation between stock and ten-year
bond returns and adjust their portfolios in resgotts several factors. As the VIX and the
VDAX represent the market's expectation volatilitiese two indicators should be closely
monitored. The stock-bond correlation tends to legative in periods of high market
uncertainty. Therefore, investors can put their eyonnto bonds and benefits from
diversification when the markets become more Melathmerican and German investors
should also keep an eye on the term spread anddimponents of the crisis indicator
(CRISIS_G). The TED spread, as well as the oilgwishould be controlled in the United

States.

Since the globalization tends to reduce the benefitinvesting abroad, foreign markets are
not considered anymore as a good solution to awtb&l various crisis episodes. In
consequence, when the situation becomes less poospenvestors move their funds from
risky assets to safer assets (flight-to-qualitynameenon). Accordingly, holding a portfolio

with ten-year government bonds could be more @bl than buying foreign equities.
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Finally, past correlations, particularly the firahd the second lags, contained valuable

information regarding the future correlation betwséock and bond returns.
12.3. Limitations

The sample period, the geographic location, thigcdlify to find equivalent indicators and the
data frequency are the four limitations identifiadthis master thesis. This section provides

more information about each of them.
12.3.1.Sample period

The first limitation of this master thesis resideghe time period studied. Covering twenty
years, the empirical research starts in January B@ ends in January 2016. This limited
range does not allow to determine the sign of tbeksbond correlation over longer periods
of time. Being characterized by many crisis episodee sample is nonetheless adequate for

the purpose of this report.
12.3.2.Geographic location

Although Germany constitutes a critical pillar bétEurozone, other countries situated in this
area could react differently to the macroeconomaictdrs and therefore present divergent
results. More generally, the geographical scopisfstudy (the United States and Germany)
does not allow to extrapolate the findings on otimarkets such as the Asian or the South
American ones. The developing countries could alduobit different outputs. Hence, one can
wonder whether the dynamics of the stock-bond tatrom are applicable to all the countries.
Chiang et al. (2014) as well as Acosta-Gonzaled%pGtudies the correlations in various
developed countries and reach the conclusion Heatdlationships tend to follow the same

trend.
12.3.3.Difficulty to find equivalent indicators

In order to compare the different factors affectihg stock-bond correlations in the United
States and Germany, analogous indicators have tiolbel to guarantee the rigor of the
analysis. However, some divergences, includingstiagting dates, can exist between these
various factors. For example, the default spreaxhig available in the United States and the

German Purchasing Managers’ Index (PMI) only star2013.
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12.3.4.Data frequency

The last limitation of this master thesis conceahesfrequency of the data. This research
investigates the impact of the monthly macroecoworisis indicators on the monthly stock-

bond correlation. It could be interesting to tekether the daily, weekly, quarterly and yearly
data provide the same results.
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Appendices

Appendix 1.1: Graph of the correlation between stdcand 10-year bond returns over

time for the United States.
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Appendix 1.2: Graph of the correlation between stdcand 10-year bond returns over
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Appendix 1.3: Descriptive Statistics of the correlaon between stock and 10-year bond
returns in the United States and Germany.

CORRELATION_GERMANY CORRELATION_USA
Mean -0.245636 -0.204036
Median -0.311358 -0.264609
Maximum 0.776898 0.847911
Minimum -0.911588 -0.882134
Std. Dev. 0.383278 0.435656
Skewness 0.532046 0.513412
Kurtosis 2.379308 2.244457
Jarque-Bera 15.23874 16.31982
Probability 0.000491 0.000286
Sum -59.19829 -49.17274
Sum Sq. Dev. 35.25641 4555113
Observations 241 241
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Appendix 2: Graph of the S&P500 index periods of bearish stock marke).

The vaious periods of bearish mar are represented on this grapihe difference betwee
the highest value and the lowest value, expresseder cent, is indicated next to {
corresponding bearish market periSome zooms are proposed below.
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Appendix 3: Detailed calculatiors to determine precisely thédearish market periods in
the United States (CRISIS_RB.

Crisis periods| Starting date Ending date Difference | Difference 2
characteristic: characteristics 1
Periods of Highest Closing Lowest Closing | (lowest (closing value
bearish value value value Value value end — closing
markets highest value start)/
value)/ closing value
highest start
value
July 1998 — | 1190,00$% |1120,67% | 923,32% 1098,67%-) 22 % () 2%
October 1008
March 2000 —| 1552,87$ | 1498,58% | 768,63% 885,763 (-) 51% (-) 41%
October 2002
October 2007 | 1576,09% | 1549,38% | 666,79% 797,87% (-) 58% () 49%
— March 2009
May 2011- 1370, 58% | 1345,20% | 1074,77%| 1253,30%) 22% (-) 7%
October 2011




Column 1:

Column 2:

Column 3:

Column 4:

Column 5:

Column 6:

Column 7:
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Periods during which the SP500 market is bearish.

Highest value measured at the starting date (higladse of the highest valu
Closing value measured at the starting date (ajogitue of the highest valu
Lowest value measured at the encdate (lowest value of the lowest vall
Closing value measured at the ending date (closahge of the lowest value

Difference (in %) between the highest value (coludrand the lowest valt

(column 4).

Difference (in %) between the closing values of skarting ancending dates

(columns 3 and 5

Appendix 4: Graph of the DAX index (periods of bearish stock marke).

The various periods of bearish market are repredeon this graph. The difference betw:
the highest value and the lowest value, expresseder cent, is indicated next to {
corresponding bearish market periSome zooms are proposed below.
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Appendix 5: Detailed calculatiors to determine precisely theébearish market periods in
Germany (CRISIS_B).

Crisis periods Starting date Ending date Difference | Difference
characteristic: characteristics 1 2

Periods of bearish| Highest Closing Lowest | Closing | (lowest (closing

markets value value value Value value- value end —
highest closing
value)/ value start)/
highest closing
value value start

July 1997 — 4459,8€ | 4438,98€ | 3487,24€ 3726,69¢-) 22% (-) 16%

October 1997

July 1998 — 6217,8% | 5873,92€ | 3833,71€ 4671,12€-) 38% (-) 20%

October 1998

March 2000 — 8136,1&€ | 7599,39€ | 2188,75€ 2423,87¢-) 73% (-) 68%

March 2003

July 2007 — March| 8151,5€ | 7584,14€ | 3588,89€ 4084,76€-) 56% (-) 46%

2009

June 2011- 7600,4E€ | 7293,69€ | 4965,80€ 5502,02€¢-) 35% (-) 25%

September 2011

April 2015- 12390,7'€ | 11454,38€ 9314,57€ 9798,11€) 25% (-) 15%

January 2016
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Column 1:  Periods during which the VDAX markebgsarish.

Column 2:  Highest value measured at the startatg thighest value of the highest value).
Column 3:  Closing value measured at the starting (dosing value of the highest value).
Column 4:  Lowest value measured at the ending ((latesst value of the lowest value).
Column 5:  Closing value measured at the ending (@&ising value of the lowest value).

Column 6:  Difference (in %) between the highesuealcolumn 2) and the lowest value

(column 4).

Column 7:  Difference (in %) between the closinguesl of the starting and ending dates

(columns 3 and 5).
Appendix 6: Information about the Gross Domestic Poduct (GDP).

“GDP is the sum of the market values of all finalods and services produced in a country
(that is, domestically) during a specific periodngsthat country’s resources, regardless of

the ownership of the resourceffamarone (2012)).
The formula used to calculate the GDP is the falhaw

GDP=C+G+1+ X —M)

Where C is the personal consumption expendituress Ghe government consumption
expenditures and the gross investment, | is thesgpoivate domestic investment, and (X-M)

is the net export value of goods and services (@gpoinus imports) (Yamarone (2012)).

The gross domestic product is recognized by theaudsts, politicians and policy makers as
the broadest and the most comprehensive indicatolalle of a country’s overall economic
condition. The GDP report is accompanied by infdroma about the corporate profits,
personal income and consumption expenditures, matiocome and inflation. By comparing
the changes in the GDP’s components and subcomisowgh changes that happened in the

past, economists can infer the direction of tharieconomy (Yamarone (2012)).



93

Appendix 7: Graph of the correlation between Amerian and German stock returns.
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Appendix 8: Formula employed to calculate the crossountry correlation between 10-
year bond returns.

correlation (TAmerican bond,t ; YGerman bond ,t)

Tamerican bond, day 1of montht TGerman bond, day 1of montht

B TAmerican bond, day 2 of montht TGerman bond, day 2 of montht
= correlation ( . ; .

Tamerican bond, day 30 of montht YGerman bond, day 30 of montht

where:

Tamerican bond.t - 10-year bond returns at time t (expressed inthopnalculated from the
USGG10YR index.

TGerman bond ¢ - 10-year bond returns at time t (expressedantty), calculated from the

GDBR10 index.



Appendix 9: Graph of the correlation between Amerian and German ten-year

government bond returns.
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Appendix 10: Table with the analogous variables fothe United States and Germany.

I oo o e LA B o e e e e e e
1996 1998 2000 2002 2004 2006 2008 2010 2012 2014
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The United States

Germany

Dummy variable of crisis periods in the
USA: CRISIS G

Dummy variable of crisis periods in
Germany: CRISIS G

Dummy variable of crisis periods in the

Dummy variable of crisis periods in

USA: CRISIS V Germany: CRISIS V
VIX VDAX
Purchasing Managers’ Index IFO

Consumer Confidence

Consumer Sentiment

Consumer Confidence

Industrial Production

Industrial Production

Inflation Rate

Inflation Rate

Short term interest rate

Short term interest rate

FED key interest rate

ECB key interest rate

TED spread

TED spread

Term spread

Term spread

Default risk spread

Non available

Oil price

Gold price

Correlation between German and American stockmetarGlobalization

Correlation between German and American 10-yead beturns = Globalization
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Appendix 11: Evolution of the VIX and the VDAX over the sample period.

70

60 |

50 |

40

30

20

10
LN L L I I L L I O L L I IO L L LI BB |
1996 1998 2000 2002 2004 2006 2008 2010 2012 2014

— VIX —— VDAX

Appendix 12: Evolution of the TED spread over the ample period in the United States

and Germany.
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Appendix 13: Evolution of the Default risk spread @er the sample period in the United

States.
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Appendix 14: Evolution of the TERM spread over thesample period in the United
States and Germany.
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Appendix 15: Evolution of the short term interest rates over the sample period in the

United States and Germany.
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Appendix 16: Evolution of the key interest rates ogr the sample period in the United
States and Europe.
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Appendix 17: Evolution of the inflation over the smple period in the United States and

Germany.
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Appendix 18: Evolution of the PMI and the IFO overthe sample period.
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Appendix 19: Evolution of the Industrial Production over the sample period in the
United States and Germany.
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Appendix 20: Evolution of the Consumer Confidence wer time in the United States and

Germany.
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Appendix 21: Evolution of the Consumer Confidencéndex and the Michigan

Consumer Sentiment Index over time.
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Appendix 22: Evolution of oil prices over the samm period.
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Appendix 23: Evolution of gold prices over the samlg period.
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Appendix 24: Augmented Dickey Fuller Test Statistis.

The ADF Test is performed in EViews

Null hypothesis: VARIABLE has a unit root.

102

Variable t-Statistic Prob.*
CORRELATION USA (-) 5,323335 0,0000
STOCK 10BOND

CORRELATION (-) 5,237144 0,0000
GERMANY STOCK

10BOND

CRISIS G USA -5,045081 0,0000
CRISIS G GERMANY -3,602156 0,0064
CRISIS V USA (-) 7,664934 0,0000
CRISIS V GERMANY (-) 5,238086 0,0000
STOCK STOCK (-) 3,268758 0,0175
BOND BOND (-) 5,467477 0,0000
VIX (-) 4, 847222 0,0001
VDAX (-) 4,625351 0,0002
TED USA (-) 4,257015 0,0007
TED GERM (-) 3,826333 0,0031
DEFAULT (-) 4,580372 0,0068
TERM USA (-) 2, 267360 0,1835
FIRST DIFFERENCE (-) 11,45494 0,0000
TERM GERM (-) 2,839249 0,0544
FIRST DIFFERENCE (-) 15,12322 0,0000
SHORT USA (-) 1,596843 0,4826
FIRST DIFFERENCE (-) 5,250813 0,0000
SHORT GERM (-) 0,742321 0,8326
FIRST DIFFERENCE (-) 10, 63566 0,0000
FED KEY RATE (-) 1,985900 0,2930
FIRST DIFFERENCE (-) 4,142417 0,0010
ECB KEY RATE (-) 1,577734 0,4921
FIRST DIFFERENCE (-) 4,730854 0,0001
INFL USA (-) 10, 35600 0,0000
INFL GERM (-) 2,728288 0,0708
FIRST DIFFERENCE (-) 12,96252 0,0000
PMI (-) 2,945438 0,0418
IFO (-) 3,702242 0,0046
IP USA (-) 2,585730 0,0973
FIRST DIFFERENCE (-) 5,023546 0,0000
IP GERM (-) 1,517607 0,5231
FIRST DIFFERENCE (-) 10,32897 0,0000
CC USA (-) 1,693907 0,4331
FIRST DIFFERENCE (-) 20,25965 0,0000
CC GERM (-) 3,152816 0,0242
CS USA (-) 2,301639 0,1723
FIRST DIFFERENCE (-) 27,60118 0,0000
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OIL (1) 1,775362 0,3922
FIRST DIFFERENCE (-) 20,27237 0,0000
GOLD (-) 0,622878 0,8618
FIRST DIFFERENCE (-) 11,65160 0,0000

-* Mackinnon (1996) one-side p-values.

Appendix 25: Regression outputs: Model 1 for the Uited States.

SB correlation, = a + 1 * SB correlation;_, + [, * SB correlation,_, + 3 * Y + &

Variables a B B2 B3 Adjusted R?

CRISIS_G -0,013758 | 0,350754** | 0,268054** | -0,161673** | 0,440001
(0,6225) (0,0000) (0,0000) (0,0007)

CRISIS_V -0,047492 | 0,395615** | 0,277943** | -0,109973* | 0,422592
(0,0625) (0,0000) (0,0000) (0,0381)

STOCK 0,049355 0,364348** | 0,257870* | -0,273181** | 0,431355

STOCK (0,2936) (0,0000) (0,0000) (0,0050)

BOND BOND | 0,008096 | 0,408694** | 0,271597* |-0,188427* | 0,422089
(0,8518) (0,0000) (0,0000) (0,0430)

VIX 0,092159 0,393475** | 0,281358** | -0,007782** | 0,431186
(0,1299) (0,0000) (0,0000) (0,0052)

TED USA -0,080681* | 0,329058** | 0,202796** | -0,133683* | 0,276431
(0,0146) (0,0000) (0,0034) (0,0126)

DEFAULT 0,010862 0,397978** | 0,270595** | -0,083938 | 0,418054
(0,8407) (0,0000) (0,0000) (0,1164)

TERM USA -0,065079** | 0,415854** | 0,301160** | 0,289833** | 0,438970
(0,0062) (0,0000) (0,0000) (0,0009)

SHORT USA | -0,065848** 0,398832** | 0,290543** | 0,188475 0,418426
(0,0065) (0,0000) (0,0000) (0,1059)

FED KEY -0,121421** | 0,358791* | 0,211965** | 0,183535 0,274503

RATE (0,0001) (0,0000) (0,0023) (0,0962)

INFL -0,070392* | 0,414701* | 0,292778** | 0,025512 0,412193

USA (0,0135) (0,0000) (0,0000) (0,7344)

PMI -0,133273 | 0,415943** | 0,290685** | 0,001290 0,412113
(0,5733) (0,0000) (0,0000) (0,7729)

IP USA -0,066012** | 0,417283** | 0,291290** | 0,003573 0,411932
(0,0086) (0,0000) (0,0000) (0,9170)

CC USA -0,066956** | 0,404060** | 0,298016** | 0,004924 0,416765
(0,0058) (0,0000) (0,0000) (0,1630)

OIL -0,066902** | 0,403851** | 0,301424** | 0,008344* | 0,423594
(0,0055) (0,0000) (0,0000) (0,0300)

GOLD -0,065947** | 0,415227** | 0,301096** | 0,000642 0,417036
(0,0065) (0,0000) (0,0000) (0,1517)

*/** indicate that the parameters is significant586/1%, respectively. The values in parentheses
represent the p-values of the estimates.




Appendix 26: Regression outputs: Model 1 for German
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SB correlation, = a + 1 * SB correlation;_, + [, * SB correlation,_, + 3 * Y + &

Variable a B B2 B3 Adjusted R?
CRISIS_G -0,034306 | 0,365627** | 0,254613** | -0,137243** | 0,449569
(0,1780) (0,0000) (0,0001) (0,0012)

CRISIS_V -0,049711* | 0,402270** | 0,294808** | -0,103003* | 0,439290
(0,0439) (0,0000) (0,0000) (0,0129)

STOCK 0,092607* | 0,327714** | 0,216923** | -0,430959** | 0,482351

STOCK (0,0184) (0,0000) (0,0004) (0,0000)

BOND BOND | -0,025722 | 0,408509** | 0,287662** | -0,126889 | 0,430334
(0,5001) (0,0000) (0,0000) (0,1168)

VDAX 0,055985 0,385308** | 0,290119** | -0,006227** | 0,442622
(0,2815) (0,0000) (0,0000) (0,0059)

TED GERM -0,096162** | 0,407986** | 0,239848** | -0,040078 | 0,326769
(0,0058) (0,0000) (0,0005) (0,3899)

TERM GERM | -0,071836** | 0,420901** | 0,299146** | 0,173481* | 0,433751
(0,0018) (0,0000) (0,0000) (0,0491)

SHORT -0,073598** | 0,421273** | 0,299637** | -0,031561 | 0,424532

GERM (0,0015) (0,0000) (0,0000) (0,7725)

ECB KEY -0,113479** | 0,404318** | 0,248534** | -0,043201 | 0,321811

RATE (0,0001) (0,0000) (0,0004) (0,7381)

INFLATION -0,074193** | 0,422695** | 0,294836** | -0,040639 | 0,427252

GERM (0,0013) (0,0000) (0,0000) (0,2477)

IFO 0,092007 0,416860** | 0,299458** | -0,001624 | 0,425170
(0,7456) (0,0000) (0,0000) (0,5575)

IP GERM -0,075794** | 0,417724** | 0,297545** | 0,009616 0,425590
(0,0011) (0,0000) (0,0000) (0,4729)

CC GERM 0,039951 0,415842** | 0,298267** | -0,001235 | 0,425282
(0,8278) (0,0000) (0,0000) (0,5325)

OIL -0,073858** | 0,415256** | 0,303128** | 0,001634 0,424904
(0,0014) (0,0000) (0,0000) (0,6275)

GOLD -0,072815** | 0,415203** | 0,299926** | -0,000578 | 0,429749
(0,0016) (0,0000) (0,0000) (0,1363)

*I** indicate that the parameters is significant58/1%, respectively. The values in parentheses
represent the p-values of the estimates.
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Appendix 27: Summary of the significant macroeconoie variables in the United States

and Germany (Model 1).

The United States Germany

Variable Impact Variable Impact
CRISIS_G Negative CRISIS_G Negative
CRISIS_V Negative CRISIS_V Negative
TERM USA Positive TERM GERM Positive
OIL Positive STOCK STOCK Negative
STOCK STOCK Negative VDAX Negative
BOND BOND Negative

VIX Negative

TED USA Negative




Appendix 28: Regression outputs: Model 2 with CRIS$_G for the United States.

SB correlation;

= a+ Py * SBcorrelation,_1 + [, * SB correlation ,_, + 3 * MACRO, + B4 * CRISIS_ G,
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+ &
Variable a B B2 Bs Ba Adjusted
RZ

STOCK 0,073057 | 0,315924** | 0,242874** | -0,221567* | -0,142169** 0,450047

STOCK (0,1198) | (0,0000) (0,0001) (0,0223) (0,0030)

BOND BOND | 0,060859 | 0,341865** | 0,246717* | -0,190799* | -0,162496** | 0,448095
(0,1770) | (0,0000) (0,0001) (0,0360) (0,0006)

VIX 0,082658 0,347127* | 0,265060** | -0,005236 -0,162416** 0,448095
(0,1695) | (0,0000) (0,0000) (0,0710) (0,0006)

TED USA -0,044781 | 0,281845** | 0,187073* | -0,098578 -0,136807** | 0,301462
(0,1965) | (0,0001) (0,0061) (0,0674) (0,0047)

DEFAULT -0,036503 | 0,304468** | 0,190290** | -0,037315 -0,140685** 0,289962
(0,5134) | (0,0000) (0,0056) (0,4833) (0,0041)

TERM USA | -0,006272 | 0,340024* | 0,274490** | 0,331442* |-0,184124* | 0,472610
(0,8175) | (0,0000) (0,0000) (0,0001) (0,0001)

SHORT USA | -0,016963 | 0,347551** | 0,268703** | 0,072808 -0,152224** 0,438489
(0,5515) | (0,0000) (0,0000) (0,5452) (0,0024)

FED KEY -0,074061* | 0,307366** | 0,199403** | 0,091930 -0,135905** 0,298234

RATE (0,0301) | (0,0000) (0,0036) (0,4166) (0,0060)

INFLATION | -0,017418 | 0,349154** | 0,268260** | 0,017993 -0,161327** | 0,437752

USA (0,5833) | (0,0000) (0,0000) (0,8068) (0,0007)

PMI 0,372127 | 0,342976** | 0,272960** | -0,007115 -0,197084** 0,442632
(0,1650) | (0,0000) (0,0000) (0,1478) (0,0002)

IP USA -0,008053 | 0,347648** | 0,274452* | -0,020758 -0,167653** | 0,438493
(0,7850) | (0,0000) (0,0000) (0,5443) (0,0006)

CONSUMER | -0,016563 | 0,342448** | 0,273077** | 0,003868 -0,156817** 0,440595

CONFIDENCE | (0,5548) | (0,0000) (0,0000) (0,2648) (0,0011)

USA

OIL -0,015565 | 0,337978** | 0,276937** | 0,008232* -0,160781** 0,449035
(0,5746) | (0,0000) (0,0000) (0,0286) (0,0007)

GOLD -0,014349 | 0,348816** | 0,276591* | 0,000642 -0,161661** | 0,442757
(0,6068) | (0,0000) (0,0000) (0,1428) (0,0007)

*/** indicate that the parameters is significant586/1%, respectively. The values in parentheses
represent the p-values of the estimates.




Appendix 29: Regression outputs: Model 2 with CRISS_G for Germany.

SB correlation;

= a+ By * SBcorrelation,_, + [, * SB correlation ,_, + 3 * MACRO, + B4 * CRISIS_ G,
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+ &
Variable a B B> B3 Ba Adjusted
RZ

STOCK 0,110993** | 0,293093** | 0,187457** | -0,397515** | -0,108742** | 0,495702

STOCK (0,0049) (0,0000) (0,0022) (0,0000) (0,0077)

BOND 0,017068 | 0,354665** | 0,241010** | -0,134092 -0,139175** | 0,453950

BOND (0,6655) (0,0000) (0,0001) (0,0907) (0,0010)

VDAX 0,048606 | 0,352668** | 0,256345** | -0,004336 -0,111307* | 0,455220
(0,3449) (0,0000) (0,0000) (0,0650) (0,0118)

TED -0,077719* | 0,354214** | 0,189649** | 0,002795 -0,136438** | 0,353074

GERM (0,0249) (0,0000) (0,0062) (0,9534) (0,0028)

TERM -0,032002 | 0,368011** | 0,253479** | 0,176871* | -0,138256** | 0,457054

GERM (0,2062) (0,0000) (0,0000) (0,0406) (0,0010)

SHORT -0,033523 | 0,370470** | 0,253628** | -0,055063 -0,138677** | 0,447841

GERM (0,1895) (0,0000) (0,0001) (0,6075) (0,0011)

ECB KEY |-0,076439* | 0,352067** | 0,198412** | -0,068054 -0,135792** | 0,350632

RATE (0,0135) (0,0000) (0,0047) (0,5912) (0,0020)

INFL -0,034838 | 0,370190** | 0,249890** | -0,039152 -0,136679** | 0,449943

GERM (0,1713) (0,0000) (0,0001) (0,2826) (0,0012)

IFO 0,352917 | 0,357684** | 0,249309** | -0,003756 -0,149994** | 0,451533
(0,2192) (0,0000) (0,0001) (0,1761) (0,0005)

IP GERM | -0,035960 | 0,366001** | 0,253762** | 0,005668 -0,135560** | 0,447654
(0,1635) (0,0000) (0,0001) (0,6674) (0,0014)

CC GERM | 0,069520 | 0,363646** | 0,253229** | -0,001129 -0,136832** | 0,448038
(0,6996) (0,0000) (0,0001) (0,5606) (0,0012)

OIL -0,034160 | 0,361873** | 0,258184** | 0,001945 -0,137950** | 0,448038
(0,1805) (0,0000) (0,0000) (0,5557) (0,0011)

GOLD -0,034292 | 0,364139** | 0,255605** | -0,000512 -0,134225** | 0,313136
(0,1774) (0,0000) (0,0000) (0,1782) (0,0015)

*/** indicate that the parameters is significant586/1%, respectively. The values in parentheses
represent the p-values of the estimates.
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Appendix 30: Summary of the significant macroeconoie variables in the United States

and Germany (Model 2 with CRISIS_G).

The United States Germany

Variables Impact Variables Impact
STOCK STOCK Negative STOCK STOCK Negative
BOND BOND Negative TERM GERM Positive
TERM USA Positive

OIL Positive

Appendix 31: Regression outputs: Model 2 with CRIS$_V the United States

SB correlation;
= a+ f1* SBcorrelation,_, + B, * SB correlation _, + B3 * MACRO; + B4+ CRISIS V,

+ &
Variable a B1 B2 B3 B Adjusted
R2

STOCK 0,060037 | 0,347329**| 0,246284** | -0,259990** | -0,099843 | 0,437726

STOCK (0,2024) (0,0000) (0,0001) (0,0073) (0,0569)

BOND BOND | 0,040247 | 0,382544**| 0,251480** | -0,218141* | -0,126595* | 0,433588
(0,3709) (0,0000) (0,0001) (0,0192) (0,0171)

TED USA -0,077923* | 0,322562**| 0,195722** | -0,122978* | -0,046120 | 0,275275
(0,0190) (0,0000) (0,0050) (0,0257) (0,4102)

DEFAULT -0,002805 | 0,387107**| 0,266594** | -0,052378 -0,092279 | 0,422251
(0,9589) (0,0000) (0,0000) (0,3543) (0,1012)

TERMUSA | -0,046175 |0,393025**| 0,285914** | 0,296650** | -0,116313* | 0,448564
(0,0638) (0,0000) (0,0000) (0,0006) (0,0250)

SHORT USA | -0,050570* | 0,386209**| 0,278792** | 0,130634 -0,093115 | 0,423018
(0,0294) (0,0000) (0,0000) (0,2798) (0,0916)

FED KEY -0,111586** | 0,346207**| 0,201563** | 0,147693 -0,074216 | 0,277248

RATE (0,0003) (0,0000) (0,0039) (0,1923) (0,1867)

INFL -0,050245 | 0,394470**| 0,278162** | 0,013342 -0,109227* | 0,420203

USA (0,0925) (0,0000) (0,0000) (0,8586) (0,0405)

PMI 0,090405 | 0,395785**| 0,280125** | -0,002583 -0,121650* | 0,420844
(0,7253) (0,0000) (0,0000) (0,5902) (0,0341)

IP USA -0,046708 | 0,395380**| 0,279186** | -0,003754 0,110574* | 0,420154
(0,0782) (0,0000) (0,0000) (0,9127) (0,0385)

CC USA -0,050331* | 0,387585**| 0,283434** | 0,003751 -0,099990 | 0,422868
(0,0497) (0,0000) (0,0000) (0,2926) (0,0632)

OlL -0,050678* | 0,385648**| 0,287474** | 0,007591* | -0,099004 | 0,429734
(0,0460) (0,0000) (0,0000) (0,0482) (0,0615)

GOLD -0,046759 | 0,391671**| 0,286651** | 0,000741 -0,118658* | 0,426917
(0,0656) (0,0000) (0,0000) (0,0972) (0,0255)

*I** indicate that the parameters is significant58/1%, respectively. The values in parentheses
represent the p-values of the estimates.




Appendix 32: Regression outputs: Model 2 with CRISE_V for Germany.

SB correlation ;
= a+ B4 * SBcorrelation,_, + B, * SB correlation _, + B3 * MACRO; + B, * CRISIS_V,
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+ &
Variable a B B2 B3 Ba Adjusted
RZ

STOCK 0,110888** | 0,315219** | 0,214074** | -0,421569** | -0,093638* | 0,492530

STOCK (0,0053) (0,0000) (0,0004) (0,0000) (0,0176)

BOND -0,001752 0,392632** | 0,282571** | -0,126606 -0,102911* | 0,442901

BOND (0,9641) (0,0000) (0,0000) (0,1135) (0,0127)

TED GERM | -0,085236* | 0,391228** | 0,229413** | -0,023449 -0,103161* | 0,340577
(0,0143) (0,0000) (0,0008) (0,6154) (0,0238)

TERM -0,044690 0,403659** | 0,293301** | 0,202963* | -0,114597** | 0,449659

GERM (0,0683) (0,0000) (0,0000) (0,0207) (0,0057)

SHORT -0,045958 0,411789** | 0,293088** | -0,117212 -0,115676** | 0,439508

GERM (0,0650) (0,0000) (0,0000) (0,2972) (0,0075)

ECB KEY | -0,089100** | 0,384391** | 0,245094** | -0,159621 -0,131045** | 0,343697

RATE (0,0031) (0,0000) (0,0004) (0,2341) (0,0063)

INFL -0,050036* | 0,406801** | 0,289631** | -0,041188 -0,103278* | 0,439912

GERM (0,0424) (0,0000) (0,0000) (0,2626) (0,0127)

IFO 0,508500 0,392675** | 0,291563** | -0,005389 -0,136691** | 0,444622
(0,1026) (0,0000) (0,0000) (0,0725) (0,0027)

IP GERM | -0,051019* | 0,402414** | 0,293945** | 0,003909 -0,100860* | 0,437097
(0,0423) (0,0000) (0,0000) (0,7716) (0,0168)

CC GERM | 0,198390 0,395023** | 0,290517** | -0,002658 -0,117312** | 0,441047
(0,2969) (0,0000) (0,0000) (0,1886) (0,0062)

OIL -0,049952* | 0,401293** | 0,296082** | 0,000627 -0,102053* | 0,436978
(0,0436) (0,0000) (0,0000) (0,8517) (0,0147)

GOLD -0,048961* | 0,399511** | 0,294850** | -0,000563 -0,102065* | 0,442064
(0,0466) (0,0000) (0,0000) (0,1422) (0,0136)

*/** indicate that the parameters is significant586/1%, respectively. The values in parentheses
represent the p-values of the estimates.

Appendix 33: Summary of the significant macroeconoie variables in the United States

and Germany (Model 2 with CRISIS_V).

The United States Germany

Variables Impact Variables Impact
STOCK STOCK Negative STOCK STOCK Negative
BOND BOND Negative TERM GERM Positive
TED USA Negative

TERM USA Positive

OIL Positive




Appendix 34: Regression outputs: Model 3 with CRISS_G the United States

SB correlation;

= a+ fq* SBcorrelation,_{ + [, * SB correlation;_, + 3 * MACRO; + B4 * CRISIS G,

+ Bs * (MACRO; * CRISIS G) + &
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Variable a B1 B2 Bs Ba Bs Adjusted
RZ

STOCK | 0,107681 0,310484** | 0,233874** | -0,308933* | -0,264834* | 0,226969 0,451113

STOCK | (0,0508) | (0,0000) | (0,0002) | (0,0109) | (0.0191) | (0,2290)

BOND 0,070163 0,342091* | 0,246195* | -0,214091 -0,181005* | -0,043729 0,445873

BOND | (0,2324) | (0,0000) | (0,0001) | (0,1023) | (0,0416) | (0.8043)

VIX 0,109522 0,348542* | 0,264036** | -0,006690 -0,174578 0,002113 0,443297
(0,2727) | (0,0000) | (0,0000) | (0,1981) | (0,2014) | (0,7356)

TED 0,054214 0,283247* | 0,176218** | -0,501408* | -0,252598** | 0,427536* 0,311575

USA | (0,3722) | (0,0001) | (0,0094) | (0,0180) | (0,0010) | (0,0490)

DEFAU | 0,197440 0,284972* | 0,172748* -0,303923 -0,413367* | 0,285763 0,294434

LT (0,2323) | (0,0001) | (0,0127) | (0,1015) | (0,0283) | (0,1331)

TERM -0,001774 0,332906** | 0,279074* | 0,529610** | -0,185092** | -0,322382 0,478219

USA | (0,9479) | (0,0000) | (0,00000 | (0,0001) | (0,0001) | (0,0621)

SHORT | -0,017778 0,347457* | 0,268614* | 0,091519 -0,152041** | -0,024314 0,436096

USA | (05550) | (0,00000 | (0,0000) | (0.7161) | (0.0025) | (0.9323)

FED -0,115089** | 0,297652** | 0,176868* | 0,777627** | -0,118412* | -0,799399* | 0,317710

KEY (0,0022) | (0,0000) | (0,0092) | (0,0076) | (0.0159) | (0,0106)

RATE

INFL -0,022864 0,349080** | 0,267173** | 0,044735 0,153715* | -0,044027 0,435547

USA | (05350) | (0,00000 | (0,0000) | (0,7030) | (0,0048) | (0.7696)

PMI 0,270354 0,342608** | 0,274140* | -0,005237 -0,053380 -0,002720 0,440397
(05733) | (0,0000) | (0,0000) | (0.5536) | (0.9247) | (0.7982)

IPUSA | -0,023200 | 0,344994* | 0,275284** | 0,037423 -0,154983** | -0,083106 0,439156
(0,4743) | (0,0000) | (0,0000) | (0,5453) | (0.0019) | (0.2596)

CCUSA | -0,018632 | 0,340217* | 0,275718* | 0,006831 -0,156534** | -0,004901 0,439360
(0,5094) | (0,0000) | (0,0000) | (0,2145) | (0,0011) | (0,4872)

OlIL -0,014866 0,339161* | 0,277362* | 0,005552 -0,160629** | 0,004039 0,447292
(0,5930) | (0,0000) | (0,0000) | (0,3891) | (0,0007) | (0,6092)

GOLD -0,014426 0,349084** | 0,276360* | 0,000691 -0,161401** | -6,72¢™ 0,440376
(0,6059) | (0,0000) | (0,0000) | (0,4199) | (0,0007) | (0,9462)

*I** indicate that the parameters is significant58/1%, respectively. The values in parentheses
represent the p-values of the estimates.




Appendix 35: Regression outputs: Model 3 with CRISS_G for Germany.

SB correlation;

= a+ fq* SBcorrelation,_1 + [, * SB correlation;_, + 3 * MACRO; + B4 * CRISIS_ G,

+ Bs * (MACRO, * CRISIS_G,) + &

111

Variable a b1 B2 B3 Ba Bs Adjusted
RZ

STOCK | 0,108102* | 0,293042** | 0,187334** | -0,390277** | -0,101263 0,015169 | 0,493560

STOCK | (0,0267) (0,0000) (0,0023) (0,0005) (0,2309) (0,9195)

BOND -0,010953 | 0,357630** | 0,233268** | -0,065138 -0,084127 -0,133881 | 0,453346

BOND (0,8306) (0,0000) (0,0002) (0,5630) (0,2714) (0,3900)

VDAX 0,061731 0,352771* | 0,255838** | -0,005016 -0,132109 0,000967 | 0,452966
(0,4749) (0,0000) (0,0000) (0,2430) (0,2647) (0,8497)

TED -0,206498* | 0,337527** | 0,171960* | 0,396910 -0,015147 -0,408936 | 0,3518

GERM (0,0150) (0,0000) (0,0136) (0,0999) (0,8591) (0,0956)

TERM -0,030369 | 0,353752** | 0,259022** | 0,366214* -0,144057** | -0,275595 | 0,459743

GERM (0,2295) (0,0000) (0,0000) (0,0187) (0,0006) (0,1425)

SHORT | -0,030624 | 0,359973** | 0,259916** | -0,446801 -0,140627** | 0,458223 | 0,450752

GERM (0,2307) (0,0000) (0,0000) (0,1153) (0,0009) (0,1358)

KEY -0,075934* | 0,350368** | 0,199333* | -0,127881 -0,135770** | 0,082938 | 0,347626
(0,0145) (0,0000) (0,0046) (0,5229) (0,0020) (0,7678)

INFL -0,034794 | 0,369459** | 0,250425** | -0,034544 -0,136803** | -0,009594 | 0,447624

GERM (0,1728) (0,0000) (0,0001) (0,4952) (0,0013) (0,8956)

IFO 0,939087* | 0,347221** | 0,245744** | -0,009437* | -1,068732 0,008907 | 0,454901
(0,0474) (0,0000) (0,0001) (0,0397) (0,0709) (0,1192)

IP GERM | -0,041680 | 0,364607** | 0,250956** | 0,024490 -0,132052** | -0,028996 | 0,447893
(0,1142) (0,0000) (0,0001) (0,2722) (0,0020) (0,2951)

cC 0,444382 | 0,354087** | 0,246613** | -0,005208 -0,817477* | 0,007271 | 0,453803

GERM (0,1001) (0,0000) (0,0001) (0,0753) (0,0270) (0,0634)

OIL -0,034220 | 0,360658** | 0,257342** | 0,003664 -0,138575** | -0,002566 | 0,445988
(0,1805) (0,0000) (0,0000) (0,5237) (0,0011) (0,7145)

GOLD -0,033983 | 0,364000** | 0,258258** | -0,001253 -0,135894** | 0,001124 | 0,453770
(0,1804) (0,0000) (0,0000) (0,0547) (0,0013) (0,1611)

*/** indicate that the parameters is significant586/1%, respectively. The values in parentheses
represent the p-values of the estimates.




Appendix 36: Regression outputs: Model 3 with cris_V for the United States.

SB correlation;

= a+ Py * SBcorrelation,_1 + B, * SB correlation;_, + 3 * MACRO, + B4 * CRISIS V,

+ B5 * (MACRO; * CRISIS V) + &
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Variable a B B2 B3 Ba Bs Adjusted
RZ

STOCK | 0,073447 | 0,345231* | 0,243556** | -0,290838** | -0,159195 | 0,106124 | 0,436021

STOCK | (0,1684) (0,0000) (0,0001) (0,0099) (0,1914) (0,5889)

BOND 0,052770 | 0,379797* | 0,251174** | -0,248416* | -0,167039 | 0,096455 | 0,431756

BOND (0,3073) (0,0000) (0,0001) (0,0261) (0,0869) (0,6206)

TED USA | -0,024114 | 0,275698* | 0,192610* | -0,331259** | 0,171970* | 0,285486* | 0,292205
(0,5427) (0,0002) (0,0052) (0,0014) (0,0250) (0,0173)

DEFAUL | 0,299251* | 0,327330* | 0,233179** | -0,400009** | -0,555906** | 0,437787** | 0,447781

T (0,0039) (0,0000) (0,0002) (0,0006) (0,0002) (0,0007)

TERM -0,046177 | 0,392979* | 0,285993* | 0,292888** | -0,116423* | 0,008924 | 0,446204

USA (0,0644) (0,0000) (0,0000) (0,0098) (0,0253) (0,9590)

SHORT | -0,054861* | 0,378486** | 0,282949** | 0,393785* | -0,123592* | -0,510307* | 0,431878

USA (0,0381) (0,0000) (0,0000) (0,0221) (0,0292) (0,0321)

FED KEY | -0,116962** | 0,345664** | 0,190144** | 0,345985* | -0,098004 | -0,376488 | 0,284040

RATE (0,0002) (0,0000) (0,0064) (0,0341) (0,0898) (0,0914)

INFL -0,058679 | 0,393639* | 0,279112* | 0,056303 | -0,092837 | -0,109012 | 0,418991

USA (0,0682) (0,0000) (0,0000) (0,5581) (0,1096) (0,4751)

PMI -0,250905 | 0,394127** [ 0,282575* | 0,003828 | 0,599617 | 0,014242 | 0,423833
(0,4665) (0,0000) (0,0000) (0,5524) (0,2205) (0,1381)

IPUSA | -0,050903 | 0,322969* | 0,278679** | 0,018421 | -0,108701* | -0,039790 | 0,418527
(0,0644) (0,0000) (0,0000) (0,7181) (0,0425) (0,5575)

CCUSA | -0,052975* | 0,391472* | 0,283403** | 0,008530 | -0,113066* | -0,012577 | 0,427803
(0,0384) (0,0000) (0,0000) (0,0584) (0,0369) (0,0837)

OolL -0,050395* | 0,385272** | 0,283403* | 0,006619 | -0,097535 | 0,002931 | 0,427607
(0,0478) (0,0000) (0,0000) (0,1586) (0,0667) (0,7181)

GOLD -0,046621 | 0,390953* | 0,288408* | 0,000584 | -0,122548* | 0,000470 | 0,425073
(0,0669) (0,0000) (0,0000) (0,2844) (0,0227) (0,6180)

*/** indicate that the parameters is significant586/1%, respectively. The values in parentheses
represent the p-values of the estimates.




Appendix 37: Regression outputs: Model 3 with cris_V for Germany.
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SB correlation, = a + B; * SB correlation,_; + [, * SB correlation;_, + B3 * MACRO; +
Bs* CRISIS V;+ Bs* (MACRO; * CRISIS V) + &

Variable a B Ba B3 Ba Bs Adjusted
R2

STOCK 0,119414* | 0,314417* | 0,215967** | -0,439339** | -0,124275 | 0,059670 | 0,490690

STOCK (0,0085) (0,0000) (0,0004) (0,0000) (0,1557) (0,6946)

BOND -0,032606 | 0,399081* | 0,282203** | -0,049354 | 0,010960 -0,262517 | 0,446121

BOND (0,4557) (0,0000) (0,0000) (0,6002) (0,8971) (0,1258)

TED -0,096955* | 0,392559** | 0,231545** | 0,008956 -0,075088 | -0,059715 | 0,338594

GERM (0,0141) (0,0000) (0,0007) (0,8971) (0,2372) (0,5260)

TERM -0,045231 | 0,405785* | 0,291439** | 0,179773 -0,114594** | 0,042693 | 0,447441

GERM (0,0667) (0,0000) (0,0000) (0,1622) (0,0058) (0,8051)

SHORT -0,048836 | 0,420533* | 0,287397** | 0,073336 -0,119920** | -0,274068 | 0,440134

GERM (0,0511) (0,0000) (0,0000) (0,7187) (0,0057) (0,2625)

ECB KEY | -0,091885** | 0,390728** | 0,237428* | -0,021099 | -0,140112** | -0,247147 | 0,343206

RATE (0,0025) (0,0000) (0,0006) (0,9165) (0,0043) (0,3571)

INFL. -0,050185* | 0,402675* | 0,292315* | -0,004189 | -0,105285* | -0,173584 | 0,446553

GERM (0,0406) (0,0000) (0,0000) (0,9189) (0,0106) (0,0522)

IFO 0,663080 0,387707* | 0,286874** | -0,006894 | -0,506029 | 0,003661 | 0,443031
(0,1077) (0,0000) (0,0000) (0,0839) (0,4319) (0,5651)

IP GERM | -0,050763* | 0,402739* | 0,293328* | 0,002810 -0,100801* | 0,002582 | 0,434703
(0,0450) (0,0000) (0,0000) (0,8748) (0,0171) (0,9249)

cC 0,426383 0,382437* | 0,276600** | -0,005137* | -0,719878 | 0,006570 | 0,444058

GERM (0,0798) (0,0000) (0,0000) (0,0492) (0,0749) (0,1334)

OIL -0,049724* | 0,401144** | 0,295158** | -0,000294 | -0,100958* | 0,002579 | 0,434893
(0,0450) (0,0000) (0,0000) (0,9441) (0,0163) (0,7123)

GOLD -0,048077 | 0,395808** | 0,298837** | -0,000900 | -0,105151* | 0,000813 | 0,442291
(0,0508) (0,0000) (0,0000) (0,0730) (0,0112) (0,2963)

*/** indicate that the parameters is significant586/1%, respectively. The values in parentheses
represent the p-values of the estimates.
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Appendix 38: Example of “Correlogram of the residuals and C-statistic” (Model 2 with

crisis_G: the United States)

Correlogram of Residuals

Date: 06/289M16 Time: 21:59
Sample: 19896M01 2016M01
Included observations: 239

Cl-statistic probabilities adjusted for 2 dynamic regressaors
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-0.011
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-0.047
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-0.026
-0.090
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0103
0.044
0.020
-0.091
0.028
0120
0.085
0.029
-0.052
0127
-0.058
-0.023
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0.041

01619
21047
2.8745
5.6600
5.8594
5.8608
76272
8.1538
12.852
13.732
13.760
14.186
20,739
20.955
21.523
21.524
22.553

0.687
0.249
0.411
0.226
0.320
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0.367
0.419
0.1649
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0.247
0.289
0.078
0.103
0.121
0.159
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Appendix 39: Example of “Correlogram of squared residual$ (Model 2 with crisis_G:

the United States)

Correlogram of Residuals Squared

Diate: 06/29M6 Time: 22:.06
Sample: 1996M01 2016M01
Included observations: 2349
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0.050
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0.040
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-0.012
0.012
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-0.135
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-0.060
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0.8848
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1.5348
40273
45296
5.8967
6.2224
8.5432
8.5570
8.5600
8.5702
10.656
10.660
14.807
15.080
15.605
15.697

0.458
0642
0828
0.820
0.545
0.605
0.552
0622
0.480
0.575
0662
0739
0.640
0.713
0.465
0.519
0.552
0614
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Appendix 40: Results of the Engle’s ARCH tests.

ARCH test model 1: The United States

Variable R2 Prob2
CRISIS G 1,842856 0,6057
CRISIS_V 1,248269 0,7415

STOCK STOCK 0,518335 0,9148
BOND BOND 1,791334 0,6168
VIX 1,078537 0,7823

TED USA 0,732010 0,8657
DEFAULT 2,500524 0,4752
TERM USA 0,766168 0,8575

SHORT USA 3,671598 0,2992
FED KEY RATE 2,836867 0,4175
INFLATION USA 2,659048 0,4472

PMI 2,820937 0,4201
IP USA 2,896735 0,4078
CONSUMER 5,007947 0,1712
CONFIDENCE USA
OIL 2,761424 0,4299
GOLD 2,479921 0,4789
ARCH test model 1: Germany
Variable R2 Prob2
CRISIS G 5,780927 0,1228
CRISIS V 7,143993 0,0674
STOCK STOCK 3,036456 0,3860
BOND BOND 4,176620 0,2430
VDAX 6,386697 0,0942
TED GERM 4,144808 0,2462
TERM GERM 1,925524 0,5880
SHORT GERM 3,311390 0,3461
ECB KEY RATE 2,476469 0,4796
INFLATION GERM 3,206043 0,3609
IFO 3,037045 0,2833
IP GERM 4,233177 0,2374
CONSUMER 3,432231 0,3297
CONFIDENCE GERM
OIL 3,366322 0,3385
GOLD 3,216976 0,3594




ARCH test model 2 with CRISIS_G: the United States

Variable R2 Prob2
STOCK STOCK 0,429772 0,9340
BOND BOND 0,947256 0,8140
VIX 0,904275 0,8244
TED USA 0,400032 0,9402
DEFAULT 1,104606 0,7760
TERM USA 1,391041 0,7076
SHORT USA 2,143829 0,5431
FED KEY RATE 1,474004 0,6883
INFLATION USA 1,744916 0,6270
PMI 2,244812 0,5232
IP USA 1,758277 0,6241
CONSUMER 2,990548 0,3931
CONFIDENCE USA
OIL 1,706026 0,6356
GOLD 1,624167 0,6539
ARCH test model 2 with CRISIS_G: Germany
Variable R2 Prob2
STOCK STOCK 3,355502 0,3400
BOND BOND 6,925120 0,0743
VDAX 5,276156 0,0715
TED GERM 5,209890 0,1571
TERM GERM 4,231173 0,2376
SHORT GERM 5,664979 0,1291
ECB KEY RATE 5,192973 0,1582
INFLATION GERM 5,589126 0,1334
IFO 5,027123 0,1698
IP GERM 6,487754 0,0901
CONSUMER 5,933458 0,1149
CONFIDENCE GERM
OIL 5,893229 0,1169
GOLD 5,608744 0,1323
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ARCH test model 2 with CRISIS_V: the United States

Variable R? Prob2
STOCK STOCK 0,115651 0,9899
BOND BOND 0,405375 0,9391
TED USA 0,631770 0,8891
DEFAULT 1,201520 0,7526
TERM USA 0,880053 0,8302
SHORT USA 1,697035 0,6376
FED KEY RATE 2,298447 0,5128
INFLATION USA 1,182776 0,7571
PMI 1,236411 0,7443
IP USA 1,228216 0,7462
CONSUMER 2,362583 0,5006
CONFIDENCE USA
OIL 1,376729 0,7110
GOLD 1,134205 0,7688
ARCH test model 2 with CRISIS_V: Germany
Variable R2 Prob2
STOCK STOCK 4,899480 0,1793
BOND BOND 4,012562 0,1345
TED GERM 7,144988 0,0674
TERM GERM 5,362719 0,1471
SHORT GERM 7,401888 0,0601
ECB KEY RATE 5,230476 0,1557
INFLATION GERM 6,798966 0,0786
IFO 7,028299 0,0710
IP GERM 7,478219 0,0581
CONSUMER 0,509363 0,4754
CONFIDENCE GERM
OIL 7,118793 0,0682
GOLD 6,949650 0,0735
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ARCH test model 3 with CRISIS_G: the United States

Variable R2 Prob2
STOCK STOCK 0,759577 0,8591
BOND BOND 1,004246 0,8002
VIX 0,912284 0,8225
TED USA 0,770685 0,8565
DEFAULT 1,208131 0,7511
TERM USA 0,822993 0,8440
SHORT USA 2,247778 0,5226
FED KEY RATE 1,055734 0,7878
INFLATION USA 1,614617 0,6561
PMI 2,117900 0,5483
IP USA 2,278464 0,5167
CONSUMER 2,499791 0,4753
CONFIDENCE USA

OIL 1,626605 0,6534
GOLD 1,647032 0,6488

ARCH test model 3 with CRISIS_G: Germany

Variable R2 Prob2
STOCK STOCK 3,309244 0,3464
BOND BOND 7,180523 0,0664
VDAX 5,418913 0,0666
TED GERM 3,270410 0,3518
TERM GERM 4,062195 0,2548
SHORT GERM 6,397377 0,0938
ECB KEY RATE 5,049846 0,1682
INFLATION GERM 5,608595 0,1323
IFO 4,401079 0,2213
IP GERM 7,168132 0,0667
CONSUMER 6,184198 0,1030
CONFIDENCE GERM

OIL 5,546650 0,1359
GOLD 6,479637 0,0905
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ARCH test model 3 with CRISIS_V: the United States

Variable R2 Prob2
STOCK STOCK 0,173538 0,9817
BOND BOND 0,520386 0,9144
TED USA 1,751668 0,6255
DEFAULT 1,245370 0,7421
TERM USA 0,884389 0,8292
SHORT USA 0,951240 0,8130
FED KEY RATE 1,239763 0,7435
INFLATION USA 0,987992 0,8042
PMI 0,897118 0,8261
IP USA 1,308464 0,7271
CONSUMER 0,863872 0,8341
CONFIDENCE USA
OIL 1,305754 0,7278
GOLD 0,977051 0,8068
ARCH test model 3 with CRISIS_V: Germany
Variable R2 Prob2
STOCK STOCK 5,317825 0,1499
BOND BOND 7,299499 0,0629
TED GERM 6,639428 0,0843
TERM GERM 5,237894 0,1552
SHORT GERM 6,740937 0,0806
ECB KEY RATE 4,743856 0,1915
INFLATION GERM 6,624338 0,0849
IFO 7,022092 0,0712
IP GERM 7,300920 0,0629
CONSUMER 4,586620 0,1009
CONFIDENCE GERM
OIL 7,151787 0,0672
GOLD 7,296008 0,0630
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Appendix 41: Quality of the models.

Model 1: the United States

Variable Adjusted R? AIC SC
CRISIS_G 0,440001 0,586240 0,644424
CRISIS_V 0,422592 0,616855 0,675039
STOCK STOCK 0,431355 0,601562 0,659746
BOND BOND 0,422089 0,617725 0,675908
VIX 0,431186 0,601859 0,660042
TED USA 0,276431 0,538803 0,603865
DEFAULT 0,418054 0,624683 0,682866
TERM USA 0,438970 0,588079 0,646263
SHORT USA 0,418426 0,624044 0,682227
FED KEY 0,274503 0,534147 0,599432
INTEREST RATE

INFLATION USA 0,412113 0,634704 0,69288
PMI 0,412113 0,634840 0,693024
IP USA 0,411932 0,635149 0,693332
CONSUMER 0,416765 0,626896 0,685079
CONFIDENCE USA

OIL 0,423594 0,615118 0,673301
GOLD 0,417036 0,626432 0,684615
Model 1: Germany

Variable Adjusted R2 AIC SC
CRISIS_G 0,449569 0,312530 0,370713
CRISIS_V 0,439290 0,331032 0,389216
STOCK STOCK 0,482351 0,251127 0,309311
BOND BOND 0,430334 0,346878 0,405062
VDAX 0,442622 0,325073 0,383256
TED GERMANY 0,326769 0,297903 0,362964
TERM GERMANY | 0,433751 0,340863 0,399047
SHORT GERMANY | 0,424532 0,357013 0,415197
ECB KEY 0,321811 0,303626 0,368911
INTEREST RATE

INFLATION 0,427252 0,352275 0,410458
GERMANY

IFO 0,425170 0,355903 0,414086
IP GERMANY 0,425590 0,355173 0,413356
CONSUMER 0,425282 0,355708 0,413892
CONFIDENCE

GERMANY

OIL 0,424904 0,356365 0,414549
GOLD 0,429749 0,347905 0,406089




Model 2 with CRISIS_G: the United States

Variable Adjusted R? AIC SC

STOCK STOCK 0,450047 0,572242 0,644972
BOND BOND 0,448095 0,575785 0,648515
VIX 0,445404 0,580649 0,653379

TED USA 0,289962 0,519402 0,600176
DEFAULT 0,265875 0,548017 0,612636

TERM USA 0,472610 0,530349 0,603078
SHORT USA 0,438489 0,593041 0,665770
FED KEY 0,298234 0,505705 0,587311

INTEREST RATE

INFLATION USA 0,437752 0,594353 0,667082

PMI 0,442632 0,585635 0,658365

IP USA 0,438493 0,593034 0,665763
CONSUMER 0,440595 0,589283 0,662012

CONFIDENCE USA

OIL 0,449035 0,574080 0,646810

GOLD 0,442757 0,585410 0,658140
Model 2 with CRISIS_G: Germany

Variable Adjusted R? AIC SC

STOCK STOCK 0,495702 0,229099 0,301828
BOND BOND 0,453950 0,308643 0,381372
VDAX 0,455220 0,306315 0,379044

TED GERMANY 0,353074 0,262837 0,344164
TERM GERMANY | 0,457054 0,302943 0,375672
SHORT GERMANY | 0,447841 0,319768 0,392497
ECB KEY 0,350632 0,265014 0,346620

INTEREST RATE

INFLATION 0,449943 0,315954 0,388683

GERMANY

IFO 0,419229 0,313060 0,385790
IP GERMANY 0,447654 0,320107 0,392837
CONSUMER 0,448018 0,319448 0,392177

CONFIDENCE

GERMANY

OIL 0,448038 0,319411 0,392141
GOLD 0,451491 0,313136 0,385866




Model 2 with crisis_V: the United States

Variable Adjusted R? AIC SC

STOCK STOCK 0,437726 0,594399 0,667129
BOND BOND 0,433588 0,601731 0,674461

TED USA 0,275275 0,545191 0,626517
DEFAULT 0,422251 0,621549 0,694278

TERM USA 0,448564 0,574935 0,647665
SHORT USA 0,423018 0,620220 0,692949
FED KEY 0,277248 0,535171 0,616777

INTEREST RATE

INFLATION USA 0,420203 0,625088 0,697817

PMI 0,420844 0,623982 0,696711

IP USA 0,420154 0,625172 0,697901
CONSUMER 0,422868 0,620480 0,693210

CONFIDENCE USA

OIL 0,429734 0,608513 0,681242

GOLD 0,426917 0,613439 0,686169

Model 2 with CRISIS_V: Germany

Variable Adjusted R? AIC SC

STOCK STOCK 0,492530 0,235370 0,308099
BOND BOND 0,442901 0,328676 0,401405
TED GERMANY 0,340677 0,281971 0,363297
TERM GERMANY | 0,449659 0,316471 0,389201
SHORT GERMANY | 0,439508 0,334747 0,407477
ECB KEY 0,343697 0,275638 0,357244

INTEREST RATE

INFLATION 0,439912 0,334027 0,406756

GERMANY

IFO 0,444622 0,325582 0,398311
IP GERMANY 0,437097 0,339040 0,411769
CONSUMER 0,441047 0,331999 0,404728

CONFIDENCE

GERMANY

OIL 0,436978 0,339251 0,411980

GOLD 0,442064 0,330177 0,402906




Model 3 with CRISIS_G: the United States

Variable Adjusted R? AIC SC

STOCK STOCK 0,451113 0,574388 0,661663
BOND BOND 0,445873 0,583889 0,671165
VIX 0,443297 0,588527 0,675802

TED USA 0,311575 0,498570 0,596162
DEFAULT 0,294434 0,517805 0,614733

TERM USA 0,478219 0,523744 0,611019
SHORT USA 0,436096 0,601378 0,688653
FED KEY 0,317710 0,482349 0,580276

INTEREST RATE

INFLATION USA 0,435547 0,601378 0,718537

PMI 0,4400397 0,593722 0,710168
IP USA 0,439156 0,595937 0,719335
CONSUMER 0,439360 0,595574 0,703253

CONFIDENCE USA

OIL 0,447292 0,581324 0,703596

GOLD 0,440376 0,593759 0,708013
Model 3 with CRISIS_G: Germany

Variable Adjusted R? AIC SC

STOCK STOCK 0,493560 0,237423 0,324698
BOND BOND 0,453346 0,313833 0,401108
VDAX 0,452966 0,314529 0,401804

TED GERMANY 0,358886 0,258578 0,356170
TERM GERMANY | 0,459743 0,302063 0,389338
SHORT GERMANY | 0,450752 0,318567 0,405843
ECB KEY 0,347626 0,274423 0,372350

INTEREST RATE

INFLATION 0,447624 0,324248 0,411523
GERMANY

IFO 0,454901 0,258578 0,356170
IP GERMANY 0,447893 0,323761 0,411036
CONSUMER 0,453803 0,312998 0,400273
CONFIDENCE

GERMANY

OIL 0,445988 0,327204 0,414479
GOLD 0,453770 0,313058 0,400333




Model 3 with CRISIS_V: the United States

Variable Adjusted R? AIC SC

STOCK STOCK 0,436021 0,601511 0,688787
BOND BOND 0,431756 0,609045 0,696321
TED USA 0,292205 0,526319 0,623910
DEFAULT 0,447781 0,580440 0,667715

TERM USA 0,446204 0,583292 0,670567
SHORT USA 0,431878 0,608830 0,696105
FED KEY 0,284040 0,530519 0,628446

INTEREST RATE

INFLATION USA 0,418991 0,631262 0,718537

PMI 0,423833 0,622893 0,710168

IP USA 0,418527 0,632060 0,719335
CONSUMER 0,427803 0,615978 0,703253

CONFIDENCE USA

OIL 0,427607 0,616321 0,703596

GOLD 0,425073 0,620738 0,708013
Model 3 with CRISIS_V: Germany

Variable Adjusted R? AIC SC

STOCK STOCK 0,490690 0,243075 0,330350
BOND BOND 0,446121 0,326965 0,414240
TED GERMANY 0,338594 0,289739 0,387331
TERM GERMANY | 0,447441 0,324578 0,411853
SHORT GERMANY | 0,440134 0,337716 0,424991
ECB KEY 0,343206 0,281175 0,379102

INTEREST RATE

INFLATION 0,446553 0,326185 0,413460

GERMANY

IFO 0,443031 0,332527 0,419802
IP GERMANY 0,434703 0,347370 0,434645
CONSUMER 0,444058 0,330681 0,417956

CONFIDENCE

GERMANY

OIL 0,434893 0,347034 0,434309

GOLD 0,442291 0,333855 0,421130




