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ABSTRACT

Reoccurring financial and macroeconomic disasters consequences of which lead to greate
financial costs and hinder a healthy market functioning imtleer | d 6 s e c o re paidy , [
a special attention to in terms of understanding their naturéhanehys to hedge theme base

our empirical study on long term datacluding 42 countriesfor GDP, consumption, real
exchange rates, net import, long tegavernment bond yield, stock price indices and inflaton.
The countries are organizedtiree main groups: Global, OECD and #OBCD and then split

in six groups on the basis of continents divisiBinst, we reveal the essential data chactericstics
using descriptive statistics analysis. Thenith the help of correlation analysis we detect
statistically significant relationships between the variables for each country catddgery.
purpose is to establish the interaction process between macroeconomiaanuigfifactors.
Further, we perform the logistic regression analygit binary codes for both dependeartd
independent variablga order to establish the best predictor mod€le purpose is to discover
whether annual growths in some variable woedd to increase/decreaser@al pc GDPWe
document thathte best prediction ability is revealbgi consumptioron GDP, thoughfor some
country categories other best predictors are detethaxbe include stock price indices, inflation,
long term geernment bond yield, net import and real exchange rates for various categories.
Potential future research involves data modification in termsatiecting data of higher
frequency,constructing missing datgaps,and forming binary variables for logistiegression

analysis on the basis whproved crisis thresholds.

Key words: Extreme values, disastergurtosis, &ewness, standard deviationgrrelation,
probability distributionsheavy tailsjogistic regression.



1 INTRODUCTION AND MOTIVATION

"The greatest danger in times of turbulence
is not theturbulence; it is to act with
yesterdayds
Peter Drucker

Theinterest to extreme evertigpic has grown fast within the past years, which is caused by
extreme eventieavingtheir undesirable and most times destructive printsasiceconomic life.
Economic and financial disasters affect the global economy drastically which involves increasing
number of people affected and financial costs rising. Thereforee#sentiato undergand the

causes of extremes and search for the ways to forecast them and hinder their occurrence.

Today, economic, natural and technological disasters, civil emergencies, disease epidemic:
yield an increasing conceaboutt he wor | d dhe diedyal disoiplines involved in
studying extreme events on different scientific levels and from different perspectives, includes
both social and exact sciences. Thusersific and societal interes@re converging in the field
of extreme eventstudy. Thediversity of participating disciplines evidences that extreme events
are not an insulated phenomena, but actually must be understood and addressed in terms

various interactions.

The purpose of this paper is to study extreme events and disasteessio¢k market and
economy. This goal will be gradually achieved using various approdobistheoretical and

empirical.

In Chapter2 we dwell upon the related research on the topic, providing evidence of studies
made in the field of extreme events and macroeconomic elisaptoving the importance of the
subject concernedhapter3 contains the theoretical part about mafinancial factors included
into our empirical analysisChapter4 bears the theoretical character and involves the basic
concepts of the Extreme Value Theo@hapter5 includes the description of datamsple

construction, containingxplanation of the calculatiofisr each set of variables.

The empirical analysisvill be performedusing three timeline periods: the full perig®00
2011), the 190@7 period,and the 198-2011 periodlhe datasetcompiled from different data
sources, embrace®t only the recent ghlml economic and financial crises, but also such great

disasters as WWI, German hyperinflatidine Great Depressipand WWII.



The empirical ealization of the purpose set in the paper will be achieved by implementing
certain statistical procedures teetcompiled macrfinancial data set. These procedures will first
involve a set of descriptive statistics analysis with the help of which webtdinthe results of
kurtosis, skewness and standard deviation in orddistmver the essential charactacs of the
data These will further be used to determine the best fitted distributions for the data samples.
The results of the descriptive statistics analysis are fouGthapters.

Second, we will performarrelation analysig orderto reveal the relationships between pairs
of macrofinancial factorsand to establish the existence either positive or negative
correlations between several pairs of variablEse outcome of theocrelation analysis is

presented itChapterb.

Third, we will attempt to detect the mechanism of extreme events prediction with the help of
logistic regression by assigning codes 1 and 0 to both dependent and independent variables ¢
the ground of their negative or positive annual performance. The perfornodnogistic
regression is to tell us whether growth sateone variable could be predicted by growth rates in

the othersThe results of the logistic regression are foun@hapter6 of our paper.

Finally, we will discuss the results of our empiricadlgsis in order to summarize aadsess
the achieved results ams$timateif they are according to thédory and our expectations. The
discussion of the results is presente@hapter 7

In conclusion(Chapter 8we finalize our thoughts on the perfordnempirical analysis and
point out approaches to improve it in further research.

Appendies attached to the paper serve as a docameptoof and visual aidor the

performed empirical analysis.



2 RELATED RESEARCH

The topic of extreme and rare events has emerged in scientific research for about a decac
ago.Extreme eventstudies provideggrowing evidence that extreme eveatsl disasterbave a
tendency to reoccur. Economists do not converge about the naturgerhexndare events,

what drives themhow to predict and how tieedgethem.

Tal eb (2007) for exampl e, i n hi s book n
| mprobabl ed describes extreme and unpredict
Taleb uses the terminology ofiafmlyl dekhavwamo
adage bewares of (Choletiem200aptdeTalsb alscasnggdsts thedidea that

rare events are always unexpected and generally caused by panics.

Dungey and Tambakis (200b)n t heir book f#Aldentifying 1|1
describe the international transmission of financial crises. Dungey and Tambakis point out
different mechanisms through which the crises are transmitted internatiortage are both

financial andoolitical.

Barro and Ursua (2009 the paperi On t he Si ze Distri buti on
state that a key determinant of the equity premium in the rare disaster setting is the size
distribution of macroeconomi disasters, which are measured by proportionate decrease in
consumption per capita and GDP per <capi,ta.
Barro and Ursta (2011) attempt to explain apsieing puzzles with the help of rare
macroeconomic gdasters approach. Barand Ursla state that the ranacroeconomidlisasters
perspective provides an important link between macroeconomics and finance. Moreover, Barrc
and Urstua mean that it helps to explain an array of -ps®#ntg puzzles, including ¢ high

equity premium.

Farhi and Gabaix (2008) therpaper fA Rar e Di sasters and EXx
of exchange rates, which serves to combine the explanation on the possibility of rare economi
disasters and an st view on the exchange ralde authors mean that each country is exposed
to disaster risk accordinto a measneverting processFarhi and Gabaix point that risky
countries control high risk premia fas their risk premi um
ap p r e c(Fahi amd Gabaix, 2011, p.1).



Chollete (2007) n t h eThewNaturé& andi Causes of Extreme EventsAfplication to
Subprime Market Spillovees bui | ds a taxonomy of extreme:

probabilities of extremes and dauants that the latter are rather frequent and persistent.

Chollete and Jaffe@012)i n t he research paper AFinanci i
Event so develop a framework that explains

taking precations against extreme events, even when those events are exogenously determined

Reinhart and Rogoff (2009) in the book AT
Follyo provide the quantitative helopedithesp of
called BCDI index, which stands for banking, currency, default, and inflation crises, and can take
values from O to 5, and BCDI index +, where the plus sign stands for stock market crash.
Reinhart and Rogoff state that financial crises antteme events reoccur in history, and

therefore are important to be studied.

As we can see from the previous research overview, the outcomes and consequences
extreme and rare events are unpredictable and at most extent undesirable. The topic of extren
events is relatively new and hasnodot Ipapersn e X
dateback to the mid 20@®.slt has plenty of undiscovered areas which ought to be considered
when answering the questions about the nature ofergets; how to predict them and handle

the consequences once they have occurred.



3 CHOICE OF MACRO -FINANCIAL FACTORS

For our empricapart of the thesisye have selected severctiars which we believe are ain
importance eachn analyzingeconomic and fiancial disasters performanda this chapterwe

present these factors theoretically arglain the reasons of their importance for our empirical study.

3.1 GDP

In economic theory the Gross Domestic Product (GDP) is considered to bef dhe
primary indcators whichprovides a gauge of the overall health of a country's economy. Gross
Domestic Product measures the market value of all final goods and services produced within
country during a specified period (month, quarter, or year). Thus, GDP measuresou nt r
total productivity(Steigum 2006) Hence, having a low level GDP number for a long period of
time is not good for a countrybés economy,
negative. Besides GDP, there are many other factors thatictate recession, but many
economists track the GDP number very closely for that re@dins, 2010)

GDP function looks as follows:
000 6 O O & O
Equation 3.1 Gross Domestic @duct function (from Steigum 2006).

whereC denotes private consumptionj gross investments in real capité,; government
consumptionX i export of goods and serviced;i import of goods and servicgSteigum E.,
2006)

The GDP is often used as an indicatotdi e st andard of | iving of
GDPis particularlyuseful when comparing one country to another as it provides with the
information about the relative performance of the countries. A drop in the GDP signals a decline
in economy. Anncrease in the GDP on the other hand indicates national economic growth. As
such, economists use the GDP in monitoring economic growth in particular countries during

specific period¢Steigum 2006)

Despite the importance of the GDP as an indicatocohemic growth, there yet exist several
shortcomings with GDP as an economic tool. First, services performed in households by the
residents themselves such as cooking, cleaning, and child care go unrecorded in GDP statistics
they do not take place in ganized markets. Second, GDP ignores transactions from

underground, illegal economic activities. Nevertheless, GDP still remains a good measure of the

10



val ue of out put pea coadnuccneyd a mmd aa (MoBdche ppGRs we
Based orthe described aboveeasonswe haveincluded GDP into our empirical analysias a

significant factorfor our extreme events study
3.2  Consumption

AConsumption i s t he pradiceon; andthe iaterast opthe poducere
ought to beattended topnly so far as it may be necessary poomoting that of the consumer.
The maxim is so sekvidentthat it would be absurd to attempt to prove it. Buthe mercantile
system, the interest of the consumeallimost constantly sacrificed to that of thegucer; and it
seems to consider production, and not consumption, astimate end and object of all industry
and ¢ o m8nath t9640p. 35)

Why consumption is an important macroeconomic variable?

Consumption is the value @oods and services bght byhouseholdsn a particulartime
period Consumption accounts for the largest part of aggregate demand. There are many factor
that have an important impact on how mpeople are willing and able to spend. Since changes
in consumer spending have an important effect on direction of the economiheycksit is

crucial to understand these fact@iRsley and College2006)

Consumption is normallyhe largestGDP componenttherefore, it has an immediate impact
on GDP(Steigum 2006) Figure 3.1 belowserves as graphical representation of trsgatement

showingthe swings in consumption relative to those in GDP.

GDP

15

Figure 3.1 Quarter-on-quarter annualized growth rates of real GDP and consumptiémom Chinn,
2008).
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http://www.businessdictionary.com/definition/time-period.html
http://www.businessdictionary.com/definition/time-period.html
http://www.economicswebinstitute.org/glossary/gdp.htm

Mathematical formula of e consumption functiorwas developed byeconomist John
Maynard KeynesThe formula shows relationship between consumer spending and different
factors that determine. iThese factors include income (current, life time average or permanent),
wealth, expectations about future income or wediltierestrate (nominal) and the availability of
the credit, changes in employment and unem

mayalso influence the consumpti¢@ubtg 2004)
Theconsumption function has the following form:
6 O Y @& n & phdo 18
Equation 3.2 The Keynesian consumption function (from Steigum E., 2006).

where:C is a ®nsumer spendingis the atonomous consumptiodis marginal propensity
to consumeshowing how much the consumption will increase with the one unit increase in real

disposable incomehanges @ Y is a eal disposable incon{&teigum 2006)

The consumption function predicts that the link between incoraekshand consumption is
strong,especiallyin the case ofinpredictablencome shocks. Hence, consumption may fallras a
immediate consequence of aecline in income induced by job loses reduced hours or

productivity, and negative returns framsset¢Dornbusclet al, 2011)

In otherwords, changes in consumption are a good indicator of recessions or prosperity time.
For these reasons vavechose to include consumption into our empirical analysis as another

significant factorfor our extreme eventstudy.

12
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3.3  Netimport

Beforeshortly describing net i mport we want
the flow of goods through the various sectors of the economy:

Yz Yu < I
FR -h FH -h FF
v A
Y
C
F o "~ L
Factor market Goods market
G T X Im
Y
NT Rest of ti
Household |=®| Government est of the >
world
¥ Sc ¥ s
Sy I
e Financial markets

Figure 3.2 Circular flow modeli circulation of money(from Jochumzen, 2010)

whereY stands for nationahcome;NT i net tax;C T consumption,Sy T private sectors
savings;G 1 government expenditur&s i government savings i the total value of all exports
to the rest of the worldm i the total value of all imports from the rest of the wo8dj restof
the world savings| i investmentsfr i firms acquiring raw material€sy 1 firms producing
semimanufactured good§r 1 firms producing finished good¥i i the total value of all goods
going fromFg to Fy and Yy is the total value of all goods going froy to Fr (Jochumzen
2010, pp. 2&29).

13
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Figure 3.3 Export/import function. Left: export/incomei national income relatioships; Right:
export/importi relative price relationship (fromGubta, 2004)

Export/Impat relationships with national income and relative prices are presented in the
Figure3.3. The import and export curves are fiorear in general but for convenience have been
drawn as linearThe left part of Figure.3 shows the relationship between oasl income and
export/import. The export curve (marked as QX) is vertical as the exports are independent of the
home income. The distance marked as OQ is positively governed by the level of the world
income. The import function is given as the curve AMdaiven relative price. The equilibrium
position is in the intersection point P. From the graph one can see that when imports are less the
OQ the area between the export and import curves represents net export marked as NX. N
import which is indicatecby the area above point P between the export and import curves
(marked as NM) occurs when the imports exc
grows, the world income remaining the same, the trade deficit goes up, and vice versa. Thus, th
relatv € home prosperity is harmful fr om(Gublge Vi
2004, pp. 139.40)

The right part of Figure8.3 shows the role of the relative price in the export and export
functions for given values of other determinantgasitively sloped import curve MM is due to
the fact that imports vary directly with income and the negatively sloped export line XX is due to
the inverse relationship between the relative price and exports. The intersections point R is
consistent with zer trade balance. Thereforene will expecimore trade deficit with the higher
relative price(Gubta, 2004)

AThe conventional empirical relationship ¢

prices and a variety of activity variables, such asnme@nd expenditure, as the explanatory

14



variables. Traditional studies assume that imports depend upon the price of imports in domesti
currency, the price of domestically producsabstitutes, as well as incontiee demand for
imports correlates negativelyi t h r el ati ve prices (as defin
(Metwally, 2004, p. 61)

A certain proportion of an increase in national income will be spent on purchases of imports;
as suggested by theory on the marginal propensity. Therdfegeshorfall caused by the
spending exceeding domestic supply results in higher imports (all else equal) leading to &
positive net imports and negative net exports. Income changes and the pace of domesti
economis are expected to be one of the important factofisiencing the value of imports. In
theory the relationship between economic activity and real imports is positively correlated. Also
movements in the real effective exchange rate are positively correlated with the growth in real
imports. The fall of theeal effective exchange rate is reflected in the higher cost for imports

which leads to a decline in the volume deman@mhers, 2000)

In governing purpose some restrictions or sanctions (tariffs, quotas etc.) can be placed ol
import or export. Tariffdaxes on imports are one of the methods of adjusting current account
deficit. However such international organizations like World Trade Organization and
International Monetary Fund partly prevent free use of tariffs (for adjustment of trade balance)
(Dornbuschet al., 2011) It is worth mentioningt h a t Ot ari ff i's super
consi dgG@uata, i2@04, . 137)Iit means that under tariffgovernment collects tax
revenues while under quota firms or persons who can manage to gralothegin from the
trade restrictiongGubta, 2004)

For our analysis we have chosen net import as one of the variablesahtite most interest

for us to study in the contegf extreme events occurrence.

3.4 Inflation

AThe prices of lugtwate dver timea) lout whenmpncesclesge tbo much and
too quickly, the ef f(Mabotney,20ldA)n s hock an econo

Prices in some markets (e.g., the price of calculator) can decrease even in times of inflation
and prices in some markets (elyealth care) even in times of deflation can rise. Thergtbee
determinant of exterib which an economy experiencing inflation or deflation is not the change
in individual prices but the upward or downward movement in the average prices of all goods

andservices combined (price levéBaunderandGilliard, 2000)

15



As the price level increases during inflatidhe value of money is decreasing. The main
causes are the rise in demand for many and fall in money supply. As the value of money rise
during ddlation the price level decreasing. The main causes for deflation are opposite for those

for inflation (i.e. fall in the demand for money and increase in money supply).

There is no common definition of inflation among the economists. From time to tirag=diff

economists have given different definitio@d@gainand Khanna2006) Some of the definitions are

cited below.

fAccording toPaul Enzingi | nf | ati on i s a state of dise:
purchasing power tends to cause oristheeffédfct an i ncrease 1 n the pt
Prof. Turvey in the article, ASome Aspect
has given a scientific definition of i nfl a

from competition in attempig to maintain total real expenditure or total real output at a level
whi ch has become nawdiKltaanb2006, pi26@) ossi bl e o

There are many different measures of inflation, but the most common index known and

broadly used is the consummaice index (CPI{Kaplan, 2002)

CPl is a price index of a particular market basket called theb@sKet. All the goods and
services consumed in a country such as food, gas, medicine, transportation, house rent etc., &
included in the CRbasket. Tk composition of the basket is determined by the value of what is
consumed in the countiiy the larger the value of total consumption of a good or service, the
larger the weight in the bask@bchumzen, 2010)

Other most important, but not used in our gragpneasurement of inflation are the producer
price index (PPI) that meassrehe average price level of goods sold by producers to
wholesalers, and the wholesale price index that measures the average price levels of goods sc

by wholesalers to retaile(Kaplan, 2002)

There are several origins of inflation and economists sometimes distinguish between-demand

pull inflation and cospush inflation.

When the aggregate demand lve economy increases faster thle aggregate supply at the
full employment leel, the average prices of gao@nd services are pulled wplemandpull
inflation (SaunderaindGilliard, 2000)

Wage increase enforced by unions and profit increases by employers caymeshaatlation
(Totonchi, 2011) A costpush inflation is a redt of supplyside shocks when looking on a

16



macroeconomic scale. The economic effect of the OPEC oil embargoes during the early and lat
1970s was a surge in the price of oil and other petroleum pro#agan 2002)

Many distortions in the economy V& been caused by inflations. When the economy is
experiencing rapid growth in GDP Ait can cée
one another for i nc(Paeaga,hi20lp)Inyrdes o safely enaintam rthie e r
economy mosteconomists agree that 235, 5% GDP gr owt h per year |\
effects(Barnes, 2010)

The growth in GDP over time causes inflation, and inflation brings hyperinflation. In the
world of increasing inflation people will spend more money kmaythat it will be less valuable
in the future(Panagar, 2012)Nidely known is lgperinflation in Germany 1922 3 t hat fh
roots in the Treaty of Versailles, where the victorious allied nations imposed impossible war
Ampar ati ono pay macedvwth fimancialdebtsrbayand its economic capacity to
generate the required amount of payment, the German government started printing money t
meet its obligations. A major cause of inflation is printing money in large quantities, which can
leadtoa i nfl at i(Kaplanf2p02s pi r al 0o

One of the causes of increase in risk amount potential trade partners are uncertainties abo
future prices, interest rates and exchange rates that in turn caused by inflation. One of the ma
problems with inflatiorand stock isthatconapn y 6 s r et ur n s(Panag&20b2g o v e

AThe CPI is one of the most i mportant and
best known measure for determining cost of living chawggsh, as history shows, can be
detrimental if they are large and rapid. The CPI is used to adjust wages, retirement benefits, ta:
brackets and other important economic indicators. It can tell investors some things about wha
may happen in the financial markets, which share both direct alirean relationships with

c o n s ume (Maborneyc201d)d hereforeCPI has been dsen in our empirical analysis.
3.5  Stock prices

AThe word stock in North American usage mi
is typically issued in the form afhares, and a share of ownership concisely defines what stock
i s(Pewelesand Bradley, 1998, p. 3)A firm can raise the financing it needs to pay for its
i nvest ments by selling shares or equity, r
price) is high,company raises a lot of money by selling relatively few shares. Corporations are
more willing to sell equity to finance investment when the stock market is high. Thetefore

17



best time for investment -thepryodinvésbmen poidougthe s t «
connection between the stock marashaeistepicei nv

of a clam on the capital in the compaiyornbuscret al, 2011)

AThe only thing certain ab o prédicttwhaeis goingpto k
happen i n (Tafoe 2005 p. uyDedor Bryan Taylor (2005) has analyzed the
historical returns on the stocks, bonds and bills. And number of interesting conclusideszha
made by him. For examplegh inflations usally caused by political and economic disorders
fdestroyedo the firmds stock value, | eadi n
their volatility. Therefore changes in government policies might have angtranpact on

investment returnélaylor, 2005)

As stated in the book AMacroeconomic Theol
Michael Wickensunder st andi ng what macroeconomic ri
the average returns on the portfolios employed in financearels is of a challenge tooth

finance and macroeconomi@4/ickens, 2008)

It is therefore of a big interest for us to use a financial variable such as stock price index in
order to investigate the relationship with the chosen macroecon@mables witin our data

set.
3.6 Long-term government bond yield

ABond is a security issued by a borrower
payments to the hol @BaeZetal.pOO8@2).speci fic peri

Bonds are considered to be the mogtortant financial assets competing with stocks. Bonds
provide fixed payments over time. Unlilsdocks, a maximum value of the cash flows from
bonds is set by the contract. Bond returns do not vary with the profitability of the firm, except for
default caes(Siegel, 2008)

A government bond is a security which is issued by a national government and denominatec
i n the count r y 0 sGovdrmmardss usually barow to enake yup defiek.
government bond which is issued by a national government andndnated in a foreign
currency is called a sovereign bond. Usuatiyhappendor countries with unstable economies
which denominate its bonds in a currency of a country which has a stable economy. Governmer
bonds are believed to be risk free. This barexplained by the fact that the issuer has a power to
raise taxes or devaluate the currency to redeem bonds at maturity. Hireaigtement of
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government bonds doesnoét t hough sec(@Baodieett he
al., 2008; Skgel 2008)

According toSmirlock (1986)who examined the response of the lelegm bond market to
inflation announcements, there exsists a significant positive connection efelomgates to

unpredicted price increases.

The bond yield is simply percentage return from the bond that a holder expects to receive
within a specified period of timeCurrent bond yield measures only the cash income obtained
from the bond as a percentage of bondds pr

losses perspective. The yield to matunitgasures the total rate of retBodie et al. 2009)

As mentioned above, according to Siegel (2008), banel®elievedo be the most important
financial assets competing with stocks addition, government bonds are considerered to be risk
free. However, there are some examples in history when a government has defaulted on its
domestic currency delfDungey and Tambakis, 2005)he Ruble crisis irRussia (1998and
onrgoing sovereig debt crisis in the European Unican serve as examples of the statement

above.

Therefore,government bond vyield factor iscluded into our empirical analysis as it will be
interesting toobservethe behaviorand interactiorof government bondsvith other variables
under the performance of extreme economic and finadisasters

3.7  Exchange rates

One unit of currency in terms of another currency is defined as the exchange rate. Exchang
rate systems vary depending on country. The most important chisstacdeof the exchange rate
system are to what degree the country is trying to control the exchan@#&odtemzen, 2010)

When the exchange rate is determined solely by supply and demand in a free market withou
intervention of the government or the trah bank a country may have a completely flexible
exchange rate. By pegging the exchange rate to another currency or to an average of sevel
currenciesthe country implements a completely fixed exchange rate p@layhumzen, 2010)

The practice whenxehange rates neither freely float in response to supply and demand at all
timesnorarefixedls|a been cal | ed (SaundemaradGiliagde 20005 Itlcan dé nd
exchange rate between the countries if they are in a monetary union where aiés@inatre the
same currency. The largest monetary union is the European Monetary Union (EMU). The
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EMUGS currency euro i s f 1| exhoshtha arafixed torthe euroo t |
(Jochumzen, 2010)

Until 19305 most currencies were peggedthe price of gold. After the World War Il most
of the worldds countries signed the Brettol
system was fixed to the US dollar. Since thecalted Bretton Woods system collapse in the
1970, exchange rasehave been more or less flebe (Jochumzeret al, 2000)

There are several theories of exchange rate determination, the brief review of which is

provided below.

Purchasing power parity (PPP) theory constructs linkage between the exchange rate an
pricesof goods in two economies and called th
rate parity theory examines the determination of exchange rates in financial markets. The
monetary model that forecast how price level and exchange rate changeemdritdtions in
money supply, foreign interest rate and income level is known as the simple monetary model
The MundellFleming model is the extension of a closed N3 model.

This model has two most i mport anty moretarg c a s
policy independence and a fixed exchange rate regimen aan be achieved si
devaluation may lead to further devaluation if fiscal discipline, inflation and the balance of
payments are not well managed, because &délingbu b bl e may KKanampario d u
andZhao, 2006, p. 55)

The Dornbusch model Ashows that once a re
to equilibrium either through a flexible exchange rate or change of prices. The difference
between the two is maly that in the latter, adjustment may consume more time and be less risky
than in the former. If prices are relatively flexible and inflation can be controlled in a moderate
range, a fixed c¢han KanamoaandZhao, 8096, ppe558). dlo sthgles | r &
theory described above contains all the factors that maadimthe foreign exchange rates
(KanamoriandZhao, 2006)

Lookingatt he results of the analysis done by
di f f ewe eam seé thahecameto the conclusion that inflation and exchange rate crises in
the majority of episodes acrosso unt r i es At r (ReirhartandRogoff , 2009) Ah a n ¢
significant effect on the flow aheworld trade and on the domestic economy of a counigpim
impactchanges in exchange rai&aunderand Gilliard 2000) In our thesiswe are interested

in studying the effect which real exchangterean impose on other analyaetiables.
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4 EXTREME VALUE THEORY

Extreme value theor(EVT) is afield of statisticswhich deals with the extremgeviations
from the medianof a probability distributonThe t heory enabl es the
tails to be estimated from a given data sampMéT calculatesvaR (which is another name for
the quantile of a distributiony taking into account the fétiled shape of the cumulative
distribution function for a random variable. The theasgesses the probability of events which
are more extreme than any observed lef@VT has a broad spectrum of applications in
finance, engeneering, geology and other scieasei isa practical tool for quantifying and
modeling risk (Hull, 2010Ho andLeg, 2004)

The Extreme Value distribution is often used to model the smalidstgest value of among
a set of independent, identically distited random values. Extremalue distribution isalso
used to model extreme or rare events, such as floods, snowfalls, temperature fluctuations, mark

crashes, large fluctuations irosk process and exchange rafedl and Lewicki, 2007)

The class of extreme value distributiamainly involves three types (families) ofx¢reme
value distributionglescribed beloWKotz andNadarajah, 2000)

The extreme value distribution of type (Gumbeltype distribution) has the probability

density function:

~

VIO ® QwnQ
Equation4.1 Gumbeltype distribution {rom Kotz and Nadarajah, 2000)

The extreme value distribution of type 2 (Fréetygte distribution) has the probability ity
function:

mh ® ‘h
T v on Y d)i .
V0 0 oo — K o ‘8

Equation4.2 Fréchettype distribution from Kotz and Nadarajah, 2000)

where, U are the mean and standard deviations, respectively. The paranieticates

heaviness of the tails. The biggethe heavier the taildotz, Nadarajah2000)
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The extreme value distribution of type 3 (Weibiytbe distribution) has the probability
density function:

Equation 4.3 Weibull-type distributionfrom (Kotz and Nadarajah, 2000)

wherep, 0 (>0) and (>0) are parameters. The corresponding distributionsX)f gre also

called extreme value distributio(isotz and Nadarajal2000, pp. 3).

The first two types of distributions Gumbel and Fréchet relate to the Largest Extreme Value,

while Weibulktype digribution relates to the Smallest Extreme Value.
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5 SAMPLE CONSTRUCTION

Our empirical analysis involves the combination of macroeconomic and financial variables.
The macroeconomic variables includeal per capitaGross Domestic Product (GD#t), per
capita consumer expenditufewe r ef erpodt)o, iltnfdsati@n (we USE
inflation), Net Import (NI), and Foreign Exchange Rate (FX). The financial variables include
Stock Price Index (Stock PI) and Long Term Government Bond Yielor€aiation LT GVNT

BondYield is used when referring to Long Term Government Bond Yield).

Our analysis study focuses on 42 countries. THEseountries are first split into three main

categories: Global (all 42 countries), OECD countries (25 countmesh@+OECD countries

(17 countries) which are listed Appendix 1 Table iIn columrsii G| o,b adi @ECDO - an d
OECDO, respectivel y. The c¢| OELiDfoibasedt anahe i |
information sourced fromww.oecd.orgThe countries are further subcategorized on the ground
of continents divisionThe North Americé3 countries)The South Amerig@ countries), Europe

(16 countries), Asia (12 countries), Africa (2 countries), Oceania (2 courAppgndix 1 Table

2. The goal for this susategorization is to study if there should occur significant differences in

results compared to those we get in the three main categories.
5.1 GDP and Consumption

For our analysis we use growth ratesesl per capiba GDPandpc C We use indexes gicC
and GDP, setting the values of both variables to 100 for each country in 28Q&r Barro and
Ursua (2011)As a sourceof pc GDP andC indiceswe use Pr of essorsdRobe

which is publicly available on his website.

When assemblingur unique annual data sete have chosen 19@8 a start yeaand 2011 as
an end year for GDP pc, and 2010 as an end year for C pc. For further references concernir
start and end dates, skable 5.1.

BarroUr suads macroeconomi ¢c dat &ontairec GlgPoaadC a s
indices for the period of 1962009. Thetwo missing years of 20101 for pc GDP indexare

calculated using Doctodr Mathew Shaneds dat a

! http://rbarro.com/
2 http://www.ers.usda.gov/
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Variables
LT
Stock
. GVNT Net
GDP C CPI :Twrtlj‘;i Bpnd Import FX
Yield
years| years| years years years years years
Global 1900 1900 1900 1951 1951 1956 1971
-2011 | -2010 2011 2011 2011 -2011 | -2011
OECD 1900 1900 19006 1951k 1951k 1956 1971
-2011 | -2010 2011 2011 2011 -2011 | -2011
non 1900 1900 1900 1974 1958 1958 1971
OECD -2011 | -2010 2011 2011 2011 -2011 | -2011
g North 1900 1900 19006 195% 1952 1956 1971
S| America | -2011 | -2010 2011 2011 2011 -2011 | -2011
> South 1900 1900 1900 1983 1996 1965 1971
g America | -2011 | -2010 2011 2011 2011 -2011 | -2011
Africa 1900 1900 19006 1974 1958 1958 1971
-2011 | -2010 2011 2011 2011 -2011 | -2011
Asia 1900 1900 1900 1958 1968 1958 1971
-2011 | -2010 2011 2011 2011 -2011 | -2011
Europe 1900 1900 19006 1958 1951 1958 1971
-2011 | -2010 2011 2011 2011 -2011 | -2011
Oceania 1900 1900 19006 1973 1971 1958 1971
-2011 | -2010 2011 2011 2011 -2011 | -2011

Table5.1 Starting dates for GDP, Consumption, CPI, Stock PI, Net Import, LT GVNT Bond Yield,
FX.
Note: The time spandor our analysisare determined by the availability dhe data.

The following formula issnployed to computec GDP index for 20142011 years:
. 5 61 1 @O @ip I T o) i@ EBI Oi d BOHO O
000t QO R T

00K MPQ OV EAQ DO

Equation5.1 GDP indexcomputation

Calculations of annual change in pc GDP are done by computing the difference betweer
future year (FY) minus previous year (PYhe same calculations are done for each of the
following samples: OECD and nddECD, The North America,The South Anerica, Europe,

Asia, Africa, and Oceania.

Pc GDP avg forGlobal country category42 countries) are then computedtbking average
of the annual chang@he same approach is implemented to calcutatésDP avg for the
samples ofOECD (25 countries) andonOECD (17 countries), and separgtdbr the six
continentsThe North America(3 countries),The South Americg7 countries), Europe (16

countries), Asia (12 countries), Afri¢a countries), Oceania (2 countries).
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In order to compute the missimpg C index for 2010, we use personal consumption data for
the 41 countries for the time period of 26@®11 from Datastream and from World Bank for
Greece for 2010. Data on population for 2@E0 are procured froddoct or Mat hew
data sourceThe year2011for C pcis omitted from our data set due to unavailability of

population data for 2011.

Further, we employ the following approach to compa€ indices for 2010:

1) In oreder to get pc Cevdivide personal consumptiéor each of the 42 selected
countries for 20092010 by the population in these countries for 22020.

2) Further, we take C pc for 2010 obtained in 1) multiply it with C pc index for 2009
from BarroU r s watasetanddivide it by C pc for 2009 obtained in 1).

We leave certain space ferrors when calculatingc C indices for 2010, yet we believe that
they are very inconsiderable and @arC indices for 2010 are approximately very close to those

computed by Barro and Ursua for 192009.

Calculations of annual change in pc C are dopedmputing the difference betweé@rture
year (FY)andprevious year (PY)The same calculations are done for ezmimtry included into

our analysis.

Pc C avg for Global country category42 countries) are then computed taking average of
the annuathangedhe same approach is implemented to calcyjat€ avg for the samples of
OECD (25 countries) and néddECD (17 countries), and separately for the six contin€hés
North Americ43 countries),The South Amerid@ countries), Europe (16 countried)sia (12

countries), Africa (2 countries), Oceania (2 countries).
5.2 Net Import

We use OECD websité as asourceto obtain annual data omports and export3Ve have
procureddata for the period of 195%011. The values are in U.S dollai$ie Net Import (NI)
calculationsare performed by subtractinthe value of exportfrom the value ofimports in a

country.

This calcuation is further applied forll the countries included into the analysis. The
following countries are excluded from the analysis duen@availability of data on exports and
imports: Argentina, Colombia, Egypt, Malaysia, Peru, Philippines, Singapore, Sri Lanka,
Taiwan, Uruguay, and Venezuela.

® http://www.oecd.org/
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Annual growthsare then computed by dividing the difference in values betw#enfuture
year andhe previous year byhe previous year value®r each countrylin order to compute NI
avg for all the samples of GlobaDECD and norOECD, The North America, The South

America, Europe, Asia, Africa, Oceania, tade the average of the abted annuafjrowths
5.3 Inflation

The main source foannualdataon inflation (CPI) from 19002010 for all 42 countriess
ProfessorCar me n M. Ratai sourcd, whioh & publicly available on hevebsite The
missing data for 2011 are obtained frdno ct o r Mat hew Sehfarnhe @ d ¢
countriesData on inflation for Russia are procurfegin OECD website.

Calculations ofannual changein inflation ratefor all countriesare made by computing the
difference betweerfuture year and previougear The CPI avg for all data categories is

calculated using the same procedure as for GDP avg, C avg, and.NI avg
5.4 Real exchange rate

We useDoctorMathew Shan@s dat a on r éeoxdmpilearamaahdataetonat e
foreign exchange rad€FX). As a start yeadue to data availabilityyve have chosen 1971 and

2011 as an end year. The foreign exchange rates are in local currencies to USD.

Calculations of annual change rater@al exchange rat®r all countriesare made byaking
the alreadycomputed by Doctor Shane annual percentage growth rates and dividing them by
100.

The FX avg for all data categories is calculated using the same procedure as for the previou

variables.
5.5  Stock price index

Datastream is used as a source for annual dastock price indices for the period of 1950
2011. Start dates vary for different country categories (due to data availability), which is

presented in Table 5.1.

We first compile the data on stock price indi¢Stock Pl)for all the countries included into

our empirical analysis.

* http://www.carmenreinhart.com/
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Further, annual change rate of stock price indfoesach countrys computed by dividing
the difference in values betwedine future year andhe previous year bythe previous year

values.

Calculations for Stock Price Index algy Global country categorgre then done biaking
average of the annual change rdtks.same approach is implemented to calculate Sbekg
for all thecountry categorieaccording to the mentioned above classification.

5.6 Long Term Government BondYield

Datastream is used as a source for annual data on Long Term Government Bond Yield (LT
GVNT Bond Yield) for the period of 1952011. Start dates vary for different country categories
(due to data availability), which is presented in Table 5.1.

Furthe, annual changen Long Term Government Bond Yiefdr each countrys computed

by takingthe difference betwedhefuture yearandthe previous year

Calculations forLT GVNT Bond Yield avg for Global country category are then done by
taking average of the annual changes.The same approach is implemented to ¢AICBMMT

Bond Yield avg for all the country categories according to the mentioned above classification.

The dumbility of long term government bonds varies for different countries in our data

samples ranging from 3 to 20 years.

27



6 METHODOLOGY AND EMPIRICAL RESULTS

This chapter explains the methodologkich will be appliedto our macrefinancial data set,
seeking for the evidence of extreme events and disasters performance andf ttwg

prediction.

6.1  Descriptive statistics

6.1.1Variance

When estimating the risk, we are interested in checking for the likelihood of deviatoms fr
our expectations. Variance is the arithmetic mean of the squared deviations from th# imean.
a measure of variability which is calculated by squaring the standard deviBtienzariance
helps to answer the question of where the variability conees, fand if something important has
happened. The variance measures how far a set of numbers is spread out from the mean (t
expected valugLind et al.,2006; Newbolcet al.,2010)

The formulas for population and sample variance are slightly different. We are more

interested in sample variance as it is applied to our empirical analysis.

e wen Be, @ of
WWi Qoos—ea—SQp—

Equation6.1 Sample variance formal(from Lind et al., 20®).

whereX is the value of each observation in the samgiis the mean of the samplejs the

number of observations in the sample.

6.1.2 Standard deviation

Standard deviation is the square root of the varidbh@hows the dispersion from the mean.
A low standard deviation shows that the data lie close to its mean, while a highdstdandsion
indicates that the values are spaagy on dargedistancefrom the meanStandard deviation is
important in finance as it measures the volatility of investmin oher words, it issed as a tool
of quantifying the risk. According to Markovitz, investors should base their decmnbyien the
excpected returns and standard deviati@tsarpeet al.,1999 Bodieet al 2008)
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Equation 6.2 Sample standard deviation formula (frokind et al., 2006)

6.1.3 Correlation

The numerical way of describing the linear relationship between two variables is correlation.
The correlation cefficient gives both the direction and the strength of the linear relationship

between corresponding variab{@ewboldet al, 2010)

The correlation coefficient is computed in the following way:

6 ¢ 6w

”

Equation 6.3 A population correlation coefficient (fromNewbold et al., 2010).

whereCov(x,y)is a covariance andy, y are the population standard deviations of the two

variables.

The correlation coefficient is always in the rangelofo 1. When the correlatioroefficient
equals zero, there is no linear relationship between two variables but not necessarily lack o
relationship. A positive linear relationship is indicated by the positiveelation coefficient and
vice versa. The closer the coefficient-tb(1), the closer the data points are to an irgirgp
(decreasing) straight lindewbold et al.,2010).

6.1.4 Skewness

Skewness is a statistical measure of asymmetry. There are four shapes that are common
observed: symmetric, positively skewed, negatively skbwand bimodal. If a set of
observations is symmetric, there is a single peak, and the mean and the median are equal and 1
values are spread evenly around the mean and the median. Skewness is said to be zero for 1
normal distribution(Lind et al,2006.

If a set of values is positively skewed or skewed to the right, there is a single peak, and the
mass of the distribution is concentrated on the left of the distribution and therefore the right tail
is longer than the left one. In this case the medarger than the median. It can also be called a

right-skewed or rightailed distribution. Rightkewed distribution is greater than zero. Positive

29



skewness as well signifies relatively few high values in the data set. Positively skewed
distributions are mre commor{Lind et al.,2006; Bodieet al.,2009)

If a set of values is negatively skewed or skewed to the right, there is one peak, and the ma:s
of the distribution is concentrated on the right of the distribution and therefore the left tail is
longer than the right one. In a negatively skewed distribution the mean is smaller than the
median. It is also referred to as lekewed or leftailed distribution. Negative skewness

signifies relatively few low values in the data for these categ(iried etal.,2006)

A bimodal distribution has two or more peaks. It happens when the values come from two
populationgLind et al.2006)

The following formula is used to calculate skewness:

. £ ® of

YQQU ¢ Q - -
p € ¢ l
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€

Equation 6.4 The equation for Skewness (froBTATGRAPHICS Centurion XVI User Manual,
20009).

wheredfis the meansis the standard deviation;is the sample size anglis a set of data.

Skewness uses the ratio of the averaged cubed deviations from the meaubethstandard
deviation to measure any asymmetry of a distribution. Cubing deviations maintain their signs, sc
when the distribution is skewed to the right, then the extreme positive values will dominate,
resulting in a positive measure of skew. Followihig logic, if the distribution is skewed to the
left, the cubed extreme negative value will dominate, resulting in a negative skew. When the
distribution is rightskewed, then the standard deviation overestimates the risk as the extreme
positive deviatios from expectation increase the estimate of volatility. By the same logic, when
distribution is negatively skewed, the standdeviation will undeestimate the risk(Bodie et
al., 2009.

6.1.5Kurtosis

The concept of kurtosis is introduced in almost everykbon statistics. Kurtosis as well as
skewness is often used to measure-mamr mal i t y . Though it 6s
measuring nomormality, scientists do not converge in opinion on the matter of kurtosis. The
fundamental issue of disagreement isatvaxactly kurtosis measures. Statistics books usually
use the term kurtosis to determine the peakedness of a data distribution. Kurtosis measure

whether the sample data distribution is sharp or flat relative to a normal distribution. Sometimes
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kurtosiss referred to as fia measure of the deg
Markus(Joanes anGill, 1998;Bodie et al, 2008)

The following formula is used to calculate kurtosis:

EE p ® o gt p
€ p& ¢t o© i € C¢& O

Equation 6.5 The equation for kurtosis (fromSTATGRAPHICS Centurion XVI User Manual,
2009)

wheredfis the meansis thesamplestandard deviatiom is the sample size anglis a set of

sampledata

There exist different approaches to compute excess kurtosis. Some statistical software us
formulas which compute a normal distribution to have kurtosis equals 3. Further, deviations are
considered from this number. If excess kurtosis is greater thare3)thi t 6s a case

excess kurtosi s. | f itdéds | ess than 3, t hen

Our statistical software uses an approach, where a value close to zero woespaw to
normal distribution(i.e. 3 being substractedSTATGRAPHICS Centurion XVI Statistical
Procedures, 2009)

Normal distribution has a kurtosis which equals zero (mesokurtic kurtbsskess kurtosis
is greater than zero, then we have a case of positive excessskwibicth is called leptokurtic.
Leptokurtic kurtosis is characterized by a sharper, higher peak compared to normal distributions
This results from the fact thédte datasaremore concentrated around its mewaich causes fat
tails on both sides. Fat taitsin indicate whether there are a lot of values and events that stray
widely from the average, displaying higher or lower values than expected. In other words,
kurtosis describes how distribution is spread in around the center and at endpoints of a be
curve. Fat tails are often looked at as an unexpected result and therefore are undesirable |
finance as they bear the notion of additional risk and volafiigyns 2010)

When the distribution has fat tails, there is more probability mass in thentmlptedicted by
the normal distribution. This results from the fact that there is less probability mass near the
center of the distribution. Even though the symmetry of the distribution can be preserved
compared to the normal distribution, standard denatvill underestimate the likelihood of
extreme events, both large losses and large gains. Information about kurtosis is used by investo
to make volatility assessments. In the marketd#éed distributions can have a behavioral origin
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suchasinvestors excessi ve pessimism or opt (Bodiestm c.
al., 2009.

If excess kurtosis is less than zero, then we deal with the case of negative excess kurtos
called platykurtic. Platykurtic kurtosis is characterized by flatteder peak as a result dhe
data being less concentrated around its mdés leads to thin tails on both sides of the
distribution.(Kerns 2010)

Figure6.1belowis a graphical presentation of the three types of excess kurtosis.

Leptokurtic (thin)
Mesokurtic
Platykurtic (flat)

Figure 6.1 Excess kurtosis( fronExcess kurtosis, 2012)

6.1.6 Descriptive statistics results

The results of the descriptive statistics are displayégppendix 3 Table for the full period,
in Appendix 3 Table 2for GDP, C and CPI for the period of 1983, and inAppendix 3 Table
3 for 19482011 period. The reason for splitting the full period for GDP, C andrCtwo sub
periods is that thee factors have the longest analyzed time period, and our goal is to see if this
division should have any impact on the resudfter splitting the data samples into teuab
periods where the first one includes WWII and the seamais post WWII. We should also
note that 19224 years are excluded from the empirical analysis for CPfav@lobal OECD
and Europecountry categories the first period (190@7). Our aim in doing so is to study if
there are other realizations of disasters except for German hyperinflation, which achieved
tremendous values during these years, which has influenced the results ull theribd
drastically. Yet, these years are represented in the full period analysis. The beginning and en
dates for all factors includedto the full period of our empirical analysis are presemetiable
5.1.
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The results of the descriptive statisticelude information on average, median, variance,
standard deviation, skewness, and kurtgsppendix3).

We base our study on annual changes as mentioned in the chapter concerning the samg
construction. When dwelling upon the results of standard ti@vidor pc GDP avg andpc C
avg, we can state that the standard deviations are the high@s$iefSouth America, Asia, and
nonOECD among all country categories in the full san{glppendix 3 Table L This reflects
mainly the realization of the subprimmortgage crisis disaster (2008), the savings and loan crisis
(1983:1990), WWI and WWII disasters.

ltds also worth not i npgC avhimathosescountry daegaties dre v i
higher than for GDP avg, which is obviously due to WWII conseqgas as then consumption
decreases more. The realizations of these disasters are also reflected by the outliers in the norn
probability plots (Appendix 7. The outliers as well indicate high kurtosis and-téaled

distributions®

We can observe cases of positive excess kurtospef@DP avgor all country categories in
the ful period, except for Oceania0,194). Positive excess kurtosis for pc C avg occurs for all
country categories in the full sample period, with the highgséess kurtosis values for Europe
(144957, Asia(12.6392), and norOECD(8.7433 (Appendix 3 Table 1

Excess kurtosis shows that there are a lot of values and events that stray widely from the
average. This is most likely reflecting the mentionedierairh the chapter disasters that occurred
in the countries included into these country categories, namely the subprime mortgage crisi
disaster (2008), the savings and loan crisis (4B880), WWI and WWII disasters.

When comparing the kurtosis results fc GDP and C avgn the two sukperiods 190817
and 19482011 with the full period, we should note that positive excess kurtosis for pc C avg in
the 19482011 period occurs in the same country categories as for the full period, beteith
higher valus. SeeAppendix 3 Tabled-3.

As for pc GDP avg positive excess kurtosis the secondub-periodis displayed in the same
country categories as in the full period, though OHCR.7542, The North America(5.4020),
and Europg120571) get higher values for excess kurtosighe former.We should also note
that excess kurtosis values for pc GDP and C avg are higher in general for t#20194&eriod

than for the 190@7 period, resulting in fatter tails in distributions. The same whten also

We dwell wupon distribution results in the chapter @
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involves standard deviations. Thspecifically concerns Europél.0674, Asia (1.7059, and
OECD(0.991) (Appendix 3 Tables 2,)3

The higher excess kurtosis values in the seconepstibd may be explained as a result of
greater annual changes in pc GDP and C indexes, whahsignala greater impact of the
disasters occurred in the second-pebiod (1948011) than in the first @ (190047).

In 190047 period the highest excess kurtosis for pc C avg occurs in GlobaDBEGD, and
Asia country categories, which reflectsich disasters realizationas The Great Depression
(192940), WWI and WWII. The outliers in the normatobability plots, confirming the above
mentioned disasters for both peripdee presented iAppendix 8 and 9or 190047 and 1948
2011, respectively.

Excess kurtosis is positive f@PI1 avgfor all country categories in all 3 periodgppendix 3.
The hidhest values occur in the full period sample for Gloa#5), OECD (555), Europe
(555), andThe South America534721). The high values for the first three country categories
are explained by German hyperinflation disaster.

Positive excess kurtosier CPl avg is observed to be higher for the 194D period in
general as compared to the 194®8L1 period, though it has higher valuesTbe South America
and norOECD in the latter period. This is consistent with the disagerf®@rmancealisplayed
by the yearsoutliers in the normal probability plof&ppendicesd,9). The dominant disasters
involve WWI, WWII, The Great Depression and the beginning of German hyperinflation for the
first subperiod and Asian Financial Crisis (1997), Venezuelan Bankingi si s (1994
Wednesdayo (1992), Finnisperiorisis (1990) in

Standard deviationfor CPI avgare the highest forhe South Americand norROECD for
the 19482011 period as the main disasters occurrethim South Americduringthis time span.
We alsocan observe high, yet somewhat lower, values, for the same country categories in the
full period. In the 190847 period the highest values happerbe for Europ€48. 3564, OECD
(31.8729 and Asia(37. 5432 (Appendix 3 Tableg, 3). We refer to the same disasteetated to
the excess kurtosias mentioned alve.

When analyzing the results 8tock Pl avgwe should note that the highest values of positive
excess kurtosis occur for Eurofiz 6488, OECD (1. 7323, andThe North America(2,0382
(Appendix 3 Table 1L This results in fatter tails what can also be sadristograms and normal
probability plots for those country categor{@ppendix 7.
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Yet, we need to admit that thebtaineddistributions are not as féiled as we could
anticipatefor Stock Pl avg. This could come as a consequence of the data frequency for Stock P
as we use annual data on Stock Pl and the &
the extreme values. We may suppose the resudtddambe more accurate and could retrieve
better disasters performance if we used monthly data, which could be a subject for future
research and data modification.

The highest valuesf standard deviationfor Stock Pl avgappear to be foiThe South
America (0. 4878, nonOECD (0. 3129, and Asia (0. 2927 country categories. The
numerically distant from the rest of the data observations occur in 2008 during the subprime
mortgage crisis n USA, that has affected counties worldwide,-208furingsavings and loan
crisisi n USA, stock market crash @ABl ack Monda

Europe and USA, East Asian financial crisis of 1997.

LT GVNT Bond Yield avgesults show positive excess kurtosis for all country categories
except forThe South America(-0. 0226, with the highest value for Asiél. 9526and nor
OECD (1.7407 and the lowest for Oceani®.1379. The highest standard deviatiealues
occur for Africa(1. 4520 and norROECD (1. 3132) (Appendix 3 Table )L

The results may provide the proof of the fact that even though government bonds are
considered to be risk free and secure, there also occur examples of a governmenvrdéfault
domestic currency del§Siegel, 2008) Such examples are Russian financial crisis (1998) and
European sovereign debt crisis (2010). The outlaid years observations are displayed in th

normal probability plot¢Appendix 3.

The kurtosis results fddl avgreveal high positive excess kurtosis with tighest values for
nonOECD (53.6023), The South Americg46. 9328), Asia (43. 3032), Global (33408) and
Oceara (30.7419) country categorie3 he results of standamkviationtake the highest values
for The South Americg42. 8773, nonOECD (13. 3644, and Oceani#8. 0419 (Appendix 3
Table J.

It is also worth noting that we can observe a tendency of rather high values for positive exces
kurtosis for all country categosewhich signals fatter tails in distribution. This tendency may
suggest an idea that net import is rather sensitive and volatile to fluctuanioims market anch

economy.

The empirical analysis dfX avg shows positive excess kurtosis for all country categories
with the exception of Global-1. 0075, OECD (-0. 5633 and norOECD (-0. 7144. The
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highest kurtosis values occur for Oceaftid. 9505 and The North Americg4. 6372 , while
the highest starad deviation values afeund in Oceanid0. 1612, Africa (0. 1273 andThe
South America(0. 1225 (Appendix 3 Table 1 The denoted by years observations, which
spread away distantly from the rest of the data, are displayed in the normal prolpdddisity

(Appendix 7.

The results of skewnesthe same as the results of kurtosis, also confirm that the assumption

of the data coming from normal distribution is violated.

The skewness results f&tock Pl avgndicate righttailed distributions (positivekewness)
for all country categoriesexcept for Oceania where it is lakewed (negative skewness)
(-0.0672) For the former country categories the positive skewness shows that the mass of the
distribution is concentrated on the left of the histognatile for the latter country categotry it is
concentrated on the right side of the histogradims.highest positive skewness value is foe Th
South America (0.8562). Ségpendix 3 Table 1.

The results fot T GVNT Bond YieldvgandFX avgreveal positiveskewness for all country
categories with the highest value for Asia (0.97fi8)the former variable, and for Oceania
(2.4467) for the latter variablerespectively FX avg for Oceania also has the highest excess
kurtosis (11.9505) among all country caiggs.The same concerns LT GVNT Bond Yield avg
for Asia, where excess kurtosis is 1.9536eAppendix 3 Table 1.

The skewness results fdbil avgdetect posive skewness for all country categories, with the
exception of Africa and Asia. The highest skess values occurs for n@ECD (7.3077),
which also has the highest excess kurtosis value (53.68@Bendix 3 Table )L

The results foiICPI avgshow negative skewness for all country categories except for Asia
(3.4782) in the full period, while the digtutions are mostly righskewed in the 196087 period
with the highest value for Europ®.178§ and predominantly leftkewed in the 1948011
period with the highest value for The South Ameri&3827 (Appendix 3 Tables-B).

The skewness results f@DP avgreveal that the distributions are mgsequally split
between rightailed and lefttailed in the full periodvith the highest positive value of 1.4124 for
Asia and the highest negative value-08581 for Europe. In th&90047 period the dominant
pattern of negative skewness is revealed with the the highest valu@@43 for Asiawhile in
the 19482011 periodhe distributions are again mostly equally split between sgbtved and
left-skewed with the highest valuef - 2.4851for OECD for the lefiskewed distribution and the
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highest positive value of 1.5258r nonOECD for the rightskewed distribution{Appendix 3
Tables 13).

The results of skewness analysis ravgdetectright-skewed distributions for all cotry
categories except for né€DECD and Europe in the full period. The highest positive value
(1.8813) occurs for ne@ECD. In the first suiperiod the dominant skewness is negative, with
the exception of AfricaThe highest negative valuel (0021)occurdor Asia. In contrast, in the
second sulperiod the dominant skewness is positive with the highest value of 2.8982 for Asia.
SeeAppendix 3 Tables-B.

6.2 Distributions

6.2.1 Normal probability distribution theory

The normal distribution is considered to be thesmaonportant and commonly used
distribution pattern in statistics as it occurs in many natural phenomena and has some convenie
propertiegWeisstein E.W.)A normal distributions a continuous distribution thet symmetric
and has a bell shape with a single pé8kyder andNicholson, 2008) Data with unknown
distributions are often assumed to be normal. This can be a dangerous assumption, but it can be
good approximation due to some reasons. First, normaibdison is drawn from the central
limit theorem. This theorem states that the mean of any set of random variates with any
distribution having a finite mean and variance is distributed approximately normally. This
approximation gives a very wide applicati Second, the normal distribution can be easily
detected analytically, which means the results coming from this distribution can be obtained in &
clear form(Weisstein E.W.)

Figure 6.2 presents a typical normal distribution curiormal distributios can estimate

probabilities over a continuous interval of data samples.
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Figure 6.2 Generic Normal Distribution curvgfrom Bora et al, 2006).

wherdriguree is the mean, which ithelocation of the peaE,Zis variance and is standard
deviation which measures the spiek of the sample from the mean. Thesast be paicularly
specified when talking about distributiddifferent values of,” 2 and’ yield different density
curves and hence different distributions. a normal distribution data are assumed to be at the
mean and less likely to spread farther away from the nigendistribution withe = 0 and(l? =

1 is called the standard normal distributighNewbold et al., 201dThe probability density

function for a normally distributed random variable X is
FX) =——= Q T foral B ® P
Equation 6.6 The probability density function for a normally distributed random variable (from
Newboldet al, 2010)

Awh eand ? are any numbers suchthab * D andmt | b, and where e and

and physigal7t®h8&é¢ aan ¢ ,(Neavbold®t.all201D,5 224D

6.2.2 Normal ptobability plot: theory

In order to judge whether or not a sample of our data cormesdmormal distribution we use
the normal probability plot. In case if dadge not rormally distributed we examintie way in
which the datadeviate from the normal reference line helpingtosietermine the type of

departure from normality.

In Statgraphics the plag constructed inhe following manner:
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fiThe data are sorted from smallest to largest and the order statistics are determined. B
definition, the jth order statistic is theth smallest observation in the sample, denotedjy x

Then the data are plotted at the pos#ion

. QO ™y
w h —
€ T U
Equation 6.7 Normal probability plot construction(from STATGRAPHICS Centurion XVI
Statistical Procedures, 2009

where v ™(u) indicates the inverse standarmdormal distribution evaluated at.0
(STATGRAPHICS Centurion XVI Statistical Procedures, 2009)

The deviation of the values from the reference line is an indicaifoa not normal
distribution.(STATGRAPHICS Centurion XVI Statistical Procedures, 2009)

The normal probability plot procedure is used in our analysis in order to deterndr&haw
if any of our data deviatérom the reference line indicating any longer tail than a normal

distribution.

6.2.3 Anderson-Darling Test

The AndersofDarling test is a statistal test for normality which was developed in 1952
Theodore Anderson and Donald Darling.is designed to detect from which probability
distribution comes a given data sample. The test can also be used to assess how well the d:
sample fits variousistributions. The value of Andersdbarling statistic is smaller the better the
distribution fits the data. The Anders@arling test rejects the hypothesis of normality in the
data sample when thevalue is less or equal 0.05. If the normality test faif®en wecan
conclude that the datadadt f it t he nor mal di stribution
when the normality hypothesis is not rejected, allows us to state that there is no significant

deviation from normality foun@icNeese 2011)

The AndersorDarling statistic is given by the following formula:

50 ag cop 1fod 1ip "O®

Equation 6.8 AndersonDarling statistic equation (from McNees€011)
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wheren is sample sizel-(X) is cumulative distribution function for the specified distribution
andi is thei™ sample when the datare sorted in ascending ordefThe AndersonDarling
statisticis often referred to a&* (McNeese 2011)

6.2.4 Kolmogorov-Smirnov Test

The KolmogorovSmirnov (KS) Test is one of the most wddhown tests for normality. KS
test is a means of testing whether a set of observations are from a completely specifiec
distribution. It is widely used in most statistical software packages. There are certain advantage
of Kolmogorow+Smirnov test: it can be used with small sample sizes and it appears to be a more
powerful test for any sample sigslliefors, 1967; Drezner et al.2008)

For a given mean and variance , the cumulative normal distribution atis! —— The

KS statistics is given by

L7 ru"r d) ‘ ™ X K
0 "Y' h, a wo- | H -
€ " " €

Equation 6.9 KolmogorosSmirnov statistic equation (frondrezner et al., 2008
The traditional KS statistics is simply K&fis) wheree =tjand, = s. (Drezneret al, 2008)

KS test has also an application as a Goodog&sst test (GoF). GoF tests are based on either
of two distribution elements: the cumulative distribution function (CDF) or the probability
density function (PDF). KS GoF test uses Capproach and therefore belongs to the class of
Adi st anRomeyt2@3)t s o

The implementation of KS GoF test consists of several steps. First, the assumed (theoretica
distribution is to be established (usuallyormal distribution). Secondly, the siiibution
parameters such as mean and variance are to be estimated. Thirdly, the null distributior
hypothesis (k) is set, with several elements that must be jointly true, and the alternative
hypothesis (k), which is opposite to the null hypothesis amfjates the assumed distribution
and its parameters. Then the assumed distribution is tested, @cefe¢cted if any of the several
elements in the null hypothesis are not supported by the data. If the assumed distribution i
correct, then it closely fldws the empirical distribution. The logic of KS GoF test is that if the
maximum departure between the theoretical CDF and the empirical one is small, then the
theoretical distribution is most likely the correct one. If the difference is large, therstiraeas
distribution is not the implied distribution for this data sanfflemeu, 2003)
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We use KS test as GoF test for our data samples.

6.2.5 Probability distributions results

As mentionedn the chapter about normal probability theatgta with unknowilistributions

are believed to be normal, thouglisitvery seldom in practice that data are normally distributed.

Our empirical analysis reveals that the analyzed variables in our data samples occur to b
distributed withh four main probabity distributions. These areogistic distibution, Laplace
distribution, largest extremeaiueandsmallest extremealtue distributios® Although these are
the most frequent probability distributions observed in our analysis, yet some cases of norma

distributioncan also be observed.

The logistic distribution is a continuous probability distribution. Its distribution function is the
logistic function. It resembles the normal distribution in shape but more peaked and as a resul

has heavier tailKareema2011)

The logistic distribution has the following function:

o E’)B Q p Q Qi b o H 1
Equation6.10 Logistic distribution functionfrom Hill and Lewicki, 2007)

wherea is the location parameter (meah)js the scale parameter ards the base of the
natur al l ogar it hm, e(KiloandeLéwickp@®7)c al | ed Eul er 6 s

The Laplace distribution on the other hand is a double exponential distribution. It is the
distribution of differences between two independent random variables with idexjzaientl
distributions(Weisstein 2012)

Laplace distribution has a density function:

06 CTﬁ'Q% TSHO: hootb o Hh b O ML 1 b
Equation 6.11 Laplace distribution functionf(lom Abramowitz and Stegunl972)
where Uis the mean2 bis variance e is a physical constant, e = 2.7182%ramowitz and

Stegun 1972, p. 930)

® The theoretical description of extreme valistributionsis presenteih t he chapter HAExtr eme
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Compared to normal distribution, the Laplace distribution has an unusual, symmetric curve
shape with a sharp peak and tails that are longer than the tailaayfmal distribution. The
Laplace distribution is rather popular when modeling financial variables, for example, stock
price changes, currency exaige rate, interest rate because they are characterized tadkedat
and high peake(Kotz et al, 2007)

In order to investigate howur data samples are spread relative to normal probability curve,
we perform KolmogorosBmirnov test for normality. dther, we use Andersebarling test to
check for the best fitted distribution among alternative probability distributions in each category
and for each variable, and then Kolmogefmirnov test to check for goodnesfsfit. Hence, in
each histogram themre two curve$ one for normal distributionnprmal distribution curve is
red colored when there is an alternative distribyteord blue colored if it is the onlynetrue) ,
and the other one is for the best fitted alternative distribution (blue colored). The results of the
best fitted distributions are presented in histograms, which follow attached Appleedicesr-
9.

When describing the results of the distributiong, @an note that there can be observed a
certain consistency in distributions for certain variables. For example, we can spe GiaP
avgis either logistically or Laplace distributed for both the full period and for -430feriod.
Yet, we can witnesshe results of largest extreme value distribution for Asia andQ®BGD,
smallest extreme value distribution fbiine North American the 19482011 period, and smallest
extreme value distribution for OECD for the 190D period. The most outliers depictedthe
normal probability plots iMAppendices7-9 are spread within the periods of 262010 and
19201941.

The years of 2002010 involve a number of extreme events such as stock market downturn
of 2002, which started in USA and spread across EuropeAsiagd Chinese stock bubble of
2007, Icelandic financial crisis of 200&ubprime mortgage crisf 2008, Europeasovereign
debt crisisof 2009.The years of 1920941 include Tie Great Depression and World War II.
These disasters are reflectbg years outliersin the normal probability plots for allhe

categories.

The results of the analysis of the best fitted distributiorpfo€ avgalso shows that the most
frequent distribution for all country categories is the logistic distributiath the exception of
Asia and norOECD in the full period. Té latter two show the Laplace distribution, which

indicates sharper peaks and longer tails. Again, in the-2048 period we witness two cases of
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largest extreme value distribution for pc C avg for Asia and@BRD, and two cases of
smallest extreme vadudistribution for Europe and OEC@ppendices/-9). The most outliers
for pc C avg depicted in the normal probability plpAppendices’-9) concern the same years

and same disasters in all the categories as for pc GDP avg.

The resultdor CPI avgindicate that the Laplace distribution is dominant for the full period.
Yet, there is observed a case of normal distribution in the data sample for Europe, which mos
evidently comes as a result of tremendously large vdhastive in 1923 and negative 1923)

in the data sample as a consequendgarsfman hyperinflation in 19224.

With 192324 removed from the from the analysis in the first-pakiod, Laplace distribution
comes as the best fitted distribution. The same result is achieved in thel gectd. See

Appendices/-9 for the results for three periods.

The distribution analysis fdstock Plshows largest extreme value distribution Tore South
America, Asia and Africa, which comes as a result of high positive values in 1991, 1972 and
198Q respectivelyfor these country categorieShe outcome is displayed in the normal
probability plots(Appendix 3. Apart from largest extreme value distribution, we also observe
logistic distribution forThe North America, Europe, and OECD, and normal distribution for

Global and Oceania avg.

The observations, which are numerically distant from the rest of the data, occur in 2008
during Subprime mortgage crisis n USA, that has affected counties worldwide9Q380ing
savings and loan crisisn USA, stock market crash #fABI ac

crisis (1994), and East Asian financial crisis of 1997.

The analysis ofLT GVNT Bond Yield avgeveals several types of distributions. These are
Laplace distribution for Global, OECD, n@ECD, logistic distribution folrhe North America,
Africa, and Asia country categories. We can also observe a case of nastriaution forThe

South Americand largest extreme value distribution for Oceania.

The results in the latter category could be explained by insufficient data on LT GVNT Bond
Yield, which prevents us from retrieving extreme changeke data samplesThe results in the
former category come from high posaredepicted v a

by the outliers in normal probability plots for LT GVNT Bond Yidgpendix 7.

When analyzing distributions fdfet Import avgwe can obsee/the Laplace distributioas
the best fitted distributiom all country categories. The outcome is graphically verified by the

histograms inAppendix 7. The histograms display thahe data sampledor all country
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categories are Laplace distributed, whatgnalslonger, fatter tails and higi peaks. The high
peaks result from the higher values in 1974 (Brazil), 1989 (Oceania), 1960 (Finland), 1987
(France). The lowest value comes from 1969 (Japan) and 1988 (New Zealand), which can als
be seen in normal probability plois Appendix 7.These gars reflect the realization of such

di sasters as World Oil Shock (1973), Banki
(1987), U.S Recession (194970).

The most frequent probability distribution f62X avg is the Largest Extreme Value. It is
detecéd in data samples fdrhe North America,The South America, Asia, and ngdDECD
country categories. The extreme values can be observed in19997during Debt and the
Global Economic Crisis, 1998 the Ruble Crisis in Russia, 199FastAsian Financial Crisis.

These years arswell displayed as the outliers in the normal probability plo#ppendix 7.

Apart from the largest extreme value distributiove can also state cases of the logistic
distribution in the data samples for Europe, Oceania, and Global. We also note a case of th
Laplace distribution for Africa and normal distribution for OECD. The latter may be explained

by t he fis mo attofthighvgluesas  resuleof dveraging

6.2.6 Correlation results

We have performed the correlation analysis for each country category and for all three date
sampe periods: full period, 19087 period, and 1948011 period. The resultant correlation
matrixes for each category are depicted in the Appendix 4 Table 1, Table 2, Table 3
respectively. In order to give a visual presentation of the relationshghangesamongthe
analyzed macrdinancial variablesgraphs of annual changes are also inaudethe Appendix
6. In the correlation matrix, & specially highlighted in red thevalues of those variables that
have a statistical significant estimated correlatioesthe pvalue lower than 0.05. In our
analysis description we neglect those catieh coefficients that have-yalues above the

statistically significant level.

The highest positive correlation coefficient of 0.9285 with thvalpe of 0.0000 is for the pair
pc GDP avg and pc C avg in the country category Global which indicatesrding $ihear
relationship between GDP and consumption. We can observe the constant paite@GDéf avg
and pc C avdpaving astrong positive correlation in all data samples, in each country category in

all periods which is consistent with the macroecomotheory since consumption is the largest
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constituent of GDP by definitigrand fluctuations in C have an immediate effect on Gefer
to Appendix 6).

In the full period sample CRivgis negtively correlated with both pDP and C avg within
The SouthAmericacategory. In correlation matrix, theexists the deviance from the negative
correlation pattern. We observe the statistically significant a positive correlation av@wRith
pc GDP andC avg whichis only present in the period 1980¥ (he first subperiod) in non
OECD andThe North America country categorie&lso, CPl avgpositively correlates witipc C

avgfor Oceaniaboth inthefull period sample and in the first syleriod sample.

The correlation matrix also shows the existence of statlly significant estimated negative
correlation of the real exchange rate with pleeC avg(correlation coefficient is0.5441, pvalue
is 0.0003 in the Global category). The estimated negative correlation is consistent with the fac
that while there 9 an appreciation of real exchange rate there is increase in consumption

(Jonssop.

The mentioned above positive relationship between consumption and GDP can suggest th
fact that GDP should also be negatively correlated with the real exchange rate. This negativel
correlation is reflected in the results in the Appendix 4 and Appendiixtbe second superiod
(19482011) we observe that correlation coefficients are not statistically significant (with the p
value more than 0.05) in the country categories such as Africa, Europe and Oceania. Also re:

exchange rate is negatively correlatedy with the consumption in the OECD category.

In the full sample and in the second sériods the long term government bond yield has a
positive correlation coefficient with the CPI (Global and Europentgucategories which
confirms previous researh f i ndi ngs of MfAépositive respon
pri ce i (8Bubham 2089¢epp.d23).

The statistically significant negative correlation of long term government bond yield with the
stock price index shown in our correlation matfor Global, OECD and Europe country
categories can be, probably, an empirically proof of the simplified framework for stock yield
bond yield relationships presented in the European Central Bank Working Paper Series no.51
giving that the decline in bongleld, i.e. interest rates, leads to higher stock priEesre and
Giot, 2005)

LT GVNT Bond Yield avg ispositively correlated with théll avg (Global andThe South
America). Refer to the graphs presented in Appendix 6 and corretatitrix in the Appendix 4.

As an explanation of thisfacdthi nadés active purchase of US
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the demand for Chinads ex p o rytldsHow.gNet ingort falsh e
(China exports more than imports) amide bond yields are decreasirifjhe Relationship
Between the Dollar and the Bond Market, 2009)

The «istence of statistically significant negative correlation Ndf avg with FX avg is
observed in the country categories such as Asia and Eurbgemay byexplained by the fact
that tie importing country benefits from the low real exchange rate (strong domestic currency) as
the imported goods are cheaper to b{ithe Relationship Between the Dollar and the Bond
Market, 2009)

In the full data sample periatie only country category that has the statistically significant
negative correlation of CRivg with GDP,pc C avgandStock Pl avgs the categoryhe South

America.

Negative correlation oFX avg with Stock Pl avgexists onlyin Europe country categgr
Also, this is the only country category in the full data sample period which has the statistically
significant positive correlation of stock prices wtbGDP andC avg

In the seond sukperiod country categories a@he North America and Europe have the
highest number of pairs of variables thawve either positive or negatiggatistically significant

correlations at the 95% confidence level. Fbe North America the pairs of values are:

GDP avg & C avg (positive calation);

GDP avg & LT GVNT Bond Yield avg (positive correlation);
GDP avg & FX avg (negative correlation);

C avg & FX avg (negative correlation);

CPl avg & Net Import avg (negative correlation);

CPIl avg & FX avg (positive correlation);

LT GVNT Bond Yieldavg & FX avg (negative correlation).

=4 =2 A A4 A -4 -4

For Europe:

GDP avg and C avg (positive correlation);

GDP avg and Stock Pl avg (positive correlation);

C avg and Stock Pl avg (positive correlation);

CPlavg and LT GVNT Bond Yield avg (positive correlation);
Stock Plavg and LT GVNT Bond Yield avg (negative correlation);

= =4 =4 4 -4

Stock Pl avg and FX avg (negative correlation);
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1 Net Import avg and FX avg (negative correlation).
The availability of data could impact the number of statistically significant correlation
estimatesThe North America and Europe categories have the least amount of missing data in all
analyzed variables.

6.3  Logistic regression

6.3.1 Theory and assumptions

Any data analysis aimed to describe the relationship between a response (dependent) variab
and one or morexplanatory (independent) variables uses the regression methods. In our papel
we use the logistic regression model. The main difference of a logistic regression model from the
well-known and widely used linear regression model is that the outcome vanalolgistic
regression is binary or dichotomoggshe outcome variable chnsi
(Hosmerand Lemeshow, 2000)Predictor variables in the logistic regression may bleeeit
guantitative or categoric@TATGRAPHICS Centurion XVI Stattical Procedures, 20Q9)

As other types of regressionsgistic regression also has assumptions that one has to pay
attention to. There is not necessary to have a linear relationship between dependent variable al
predictors. The reason for this is thagistic regression applies a nbnear log transformation
to the predicted odds ratio. Also, it is not necessary for independent variables (predictors) to b
mul tivariate nor mal as wel |l as the resiydual
di stributed. The predictors dondt have to

handle ordinal and nominal data as predictéssumptions of Logistic Regression)

However logistic regression has somey assumptionghat still apply and they presented
below.

1. It was mentioned already in this chapter that the dependent variable in the logistic
regression has to be binary (dichotomous). Setting the dependent variable as a binary causes t
loss of a lot of iformation. This procedure makes the test poorer compared to ordinal regression.

2. The probability of the event occurring in the logistic regression is set to P(Y=1).
Therefore, it is necessary that the dependent variable is coded properly with the fattondev

representing the desired outcome.
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3. In the fitted model neither over fitting nor under fitting should occur. Therefore, the best
approach is to ensure that the model is fitted correctly is stepwise method for logistic regressior
estimation.

4. It is requred that the residuals are independent. The model itself should have little or no
multicollinearity (the predictors should be independent from each other). However, there is an
option to include interaction effects of categorical variable in the analydign the model.

5. Logistic regression assumes linearity of log odds and predictors. Otherwise, the strengtt
of the relationship will be underestimated and the relationship will be rejected easily (being not
significant). In order to avoid this problem thategorization of the predictors or discriminant
analysis can be performed.

6. The last assumption is in order to perform logistic regression large sample sizes are
required as maximum likelihood estimates are less powerful that ordinary least squares

(Assumptions of Logistic Regression)

The procedure in Statgraphics fits a logistic regression model using maximum likelihood
estimation and performs analysis of deviance. To test the significance of the model coefficients

the likeihood ratio tests are performed.

The logistic model which relates the probability of occurrence P of the outcome counted by Y
(dependent variabldp the independent variables X takes the following form with the left hand
side being referred to as the lbgansformation:

0 ®

||m Agp 1 & 1 & E 1T ®

Equation 6.12 Logit transformation in the logistic modelffom STATGRAPHICS Centurion XVI
Statistical Procedures, 2009).

whereb is a regression coefficient.

The maximum likelihood estimation evaluates the coefficients in the regression model with
standard errors and estimated odds rations. The odds ratio represents the percentage increast

the odds of an outcome for each unit increasé amd is calculateérom the model coefficients
bj by exp ).

Analysis of deviance that is performed by Statgraphics decomposes the deviance of the dat
into an explained componentfi Model 06, and an uinfieRepsliad unaeldo .c o
deviance compares the likedibd function for a model to the largest value that the likelihood

function could achieve, in a manner such that a perfect model would have a deviance equal t
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zero. In the table of deviance analysis there are three lines: mtigeteduction in the deviae

due to the predictor variables{b,b,, éby|bo), equal to the difference between the other two
components; residudl the deviance remaining after the model has been fit; total (¢othg
deviance containing only a constant tera$,) . T h e d dievatuel thdt is less than 0.05
indicates that the model is useful for predicting the probability of the studied oussoinleas
significantly reduced tvale tesiehwethen thereas a signifieant i R «
lack-of-fit. Therefore a small pvalue (less than 0.05) will indicate thabetter model might be
possible and that significant Wlance remains in the residuaglSTATGRAPHICS Centurion

XVI Statistical Procedures, 2009)

As in multiple regression, in the logistic regression there is a statistics that is similar to R
squared statistids percentage of deviance that is explained by the model that ranges from 0% to
100% and calculated by

_IPAcBA@n
_Im

Equation 6.13 Percentage of deviancegrom (STATGRAPHICS Centurion XVI Statistical
Procedures, 2009)

To assess the significance of the variables in the model the standard feature of the logisti

regression in Statgraphics isadli the likelihood ratio testHosmerandLemeshow, 2000)

In order to get an effective means to screen variables and to fit a number of logistic regressiol

simultaneouslya stepwise procedureperformedHosmerand Lemeshoyw2000)

A backward Stepveie procedure in Statgraphics begins with including all variables in the
model. The stepwise procedure is based on algorithm that removes from the model the leas
statistically significant variable with they@mlue more than 0.05. The stepwise procedungssto

when all remaining variables haverplue less than 0.05.

6.3.2 Empirical results

In our analysis the dependent variable pc GDg (&) in the logistic regression model is
considered to be related to six pdiagyeplavgd e nt
Stock Pl avgLT GVNT Bond Yield avg NI avg, andFX avg This approach has been applied
to all analyzed country and continent categories.

| t was menti oned above t hat t he out come

predictors maybeither continuous or binary values. We decided that both dependent variable Y
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and independent variables X&6s are set as bi
Therefore all variables are coded with a value of one to indicate the negativual growth rate

in our data sample or zero to indicate that there is a positive annual growth rate in our dat:
sample. When assigning codes one and zero
events (once the values of annual growths are tlean zero) rather than on immensely high
Apositivedo extreme events ( onc ermudnegreatethdnu e s
zero). The reasoning of our <choice is that
economics and have inediate effecbna | | economic areas, wherea

may also have negative influence on economy, yatthe long run.

After having performed the logistic regression analysis in the statistical software
i St at g rwe ghouldcnetéhat allthe requirementfor the logistic regression cited above

aremet, with the exception of assumption 5. The obtained reatdtsliscussed below.

First, we estimate the model for the country catedalgbal.

The relationship between pc GDP avg ahdndependent variables is described by the

equation of the fitted model:

Qounodpnwg ®»XEH#AOC
P Qunopprnwe X XH#AOC

Equation 6.14Fitted logistic regression model for country category Global

OO0 L "Q

The results show thahere is a statistically significapbsitiverelationship between the pc C
avg and pc GDP avg at the 95.0% confidence level becausevtieepfor the modak less than
0.05Appendix 5 Table 2. In addition, thevalue for the residual is greater thaw5, indicating
that the obtained model is the best possible model for this data at the 95.0%.

The regression explains about 56.6 % of the deviance in GDP avg.

The significance of the coefficients is determined by running the Likelihood Ratio Test with
the help of backward stepwise procedure.

In the first step of the procedure LT GVNT Bond Yield avg is removed becausevtiaep
equals 1.0, which is greater than the maximum statistically significaaliye of 0.05 to consider
the vari abdemdemsedelgni fi can

50



In the second steghe model is estimated using the five independent variables, with LT
GVNT Bond Yield avg removed. Stock Pl avg is removed in the second run asvétheeps
0.276351.

In the third step the model is estimated ushmg four independent variables, with LT GVNT
Bond Yield avg and Stock Pl Global avg removied.avg is removed in the third run due to the
p-value of 0.221033.

In the fourth stepa three factor model is estimated, with LT GVNT Bond Yield avg, Stock Pl
avg and FX avg removed. In the fourth run CPI avg is removed because of the higtee pf
0.248156.

In the final stepa two factor model is estimated, with LT GVNT Bond Yield avg, Stock PI
avg, FX avg, and CPI avg removed. In the final run of the aisdi} avg is removed from the
model due to the higheryalue = 0.234503 resulting in a model with only one variablg |pft
C avg (sed&quation 6.14nd Appendix 5 Table 3).

According to the final model selected, tlog oddsof pc GDP avg is positively related fuc
C avg as estimate for binapc C avgis greater tha zero (20.177). The odds of a negative
annual changan consumption to lead to the negatarenual change in GDP is 5.7&hgs greater
than the odds of positive annual chage in consumption causing the positarenual change in
pc GDP avg (see Appendix 5 Table 1).

Secondye estimate the model for the country categ@BCD.

The relationship betweepc GDP avgand 6 independent variables is described by the
equaton of the fitted model:

QoNpX ot ep@opP&AOGC
P QoNnpg ot op@opP&AOC

Equation 6.15Fitted logistic regression model for country category OECD

"00W L Q

The results show that there is a statistically significant relationshigebatFX and GDP at
the 95.0% confidence level because theajue for the modak less than 0.0Bppendix 5 Table
2. In addition, the yvalue for the residual is 0.9988, indicating that the obtained model is the best

possible model for this data at the @ confidence level.

The regression explains about 20.6581 % of the deviance in GDP.
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The significance of the coefficients is determined by running the Likelihood Ration Test with

the help of backward stepwise procedure.
Step 1pc C avg is removed witthe pvalue=0.544699.
Step 2: NI avg is removed as thegue=0.123707.
Step 3: Stock Pl avg is excluded with theglue= 0.0895237.
Step 4: CPIl avg is removed due to theatue=0.282638.
Step 5: LT GVNT Bond Yield avg is excluded because of thalpe= 0.0906315.
The final result of stepwise procedure is presentéthumtion 6.1%mnd Appendix 5 Table 3.

According to the final model selected, tlog oddsof GDP is negatively related to Fa¢gas
estimate for FXavgis less tharzero €15.8315). The odds of megative annal change in FX
leading to the positiveannual change in GDP is 1.3318Bimes grear than the odds of a
positiveannual change in FX causing the negatiwaual change in GDP avg (refer to Appendix
5 Table 1).

Third, we estimate the model for the country categayOECD.
The relationship between GDP avg and 6 independent variables is described by the equatio
of the fitted model:

Qounod @x ovd v warpA OC

COwL Qp Qownod X ouvd v WA OC

Equation 6.16Fitted logistic regression model for country category rRQECD.

The results show that there is a statistically significant relationship bejpee@rand GDP
avg at the 95.0% confidence level because thalpe for the model is 0.0000. &aldition, the p
value for the residual is 0.9991, indicating that the obtained model is the best possible model fo
this data at the 95.0% (Appendix 5 Table 2).

The regression explains about 59.5738 % of the deviance in GDP.

The significance of the coefients is determined by running the Likelihood Ration Test with

the help of backward stepwise procedure.
Stepl: LT GVNT Bond Yield is removed because thajue equals 0.898774

Step2: Stock Pl is excluded as theglue is 0.76457.
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Step 3 CPI is removetle to the pralue=0.59139.

Step 4: NI is excluded because of the highajue=0.354932.

Step 5: FX is removed due to they@lue=0.169807.

The result of stepwise procedure is shdvguation 6.1&nd Appendix 5 Table 3

According to the final model selectetthe log oddsof GDP avg is positively related fuc C
avg as estimate for binagyc C avg is 5.15906. The odds of a negaawvamual change in
consumption leading to the negataenual change in GDP is 174n&s greater than the odds of
a positive annual change inpc C avg causing the positivennual change impc GDP avg
(Appendix 5 Table 1).

Fourth, we estimate the model for the country categdrgNorth America
The relationship betwegoc GDP avgfor The North America and 6 independent variables is

described by the equation of the fitted model:

I3 D TN nQ - _
OO0 wVv —p vy

Equation 6.17Fitted logistic regression model for country categoriie North America

wherg P® WX VALVGBY GL QP EBX X¥O 0 OLQC WOTZY
0 "V Y0 ¢ £QUAVAQ 0 T YF POOM L "Q

The results show that there is a statistically significant relatiorespp C avg, CPI avg, LT
GVNT Bond Yield avg, FX avgvith pc GDP avg at the 95.0% confidence level because-the p
value for the mdel is 0.0000. In addition, the-v@lue for the residual is greater than 0.05,
indicating that the obtained model is the best possible model for this data at the 95.0% (
Appendix 5 Table 2).

The regression explains about 86.4939 % of the deviance in GPP av

The significance of the coefficients is determined by running the Likelihood Ration Test with

the help of backward stepwise procedure.
Stepl:NI avg is excluded because of the highgue=0.997545.

Step 2: Stock Pl avg is removed due to the higialpe= 0.207665.
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In the final model with four predictorghe highest gvalue in theconventionakange of 0.05
belongs to CPI avg (0.0229). Sequation 6.1&nd Appendix 5 Table 3.

According to the final model selected, tlbg oddsof pc GDPavgis positively related to two
predictors whose estimates are greater than zero and negatively reltétedwo predictors
whose estimated values dess than zero. The odds of a negaamaual change in C avg and
LT GVNT Bond Yield avgleading to the egativeannual change in GDP are respectively
3.32991E22 and 1.26332E12n8s greater than the odds of a positwmual changenithose
predictors causing the positianual change ipc GDP avg. The odds of aegativeannual
change inFX avg leading tadhe positiveannual change ipc GDP avg is 4.90712f5 times
greater than the odds of a positaenud change in FX avg causing tinegative annual change
in GDP avg. The same logic applies to interpretation of odds ratio for CPI avg. See Appendix 5
Tabe 1.

Fifth, we estimate the model for the country catedgdrg South America
The relationship betweepc GDP avg and 6 independent variables is described by the

equation of the fitted model:

QONoBDOOCco @ o #AOC

OO Qoo e oc oMo CEADC

Equation6.18Fitted logistic regression model for country categorie South America

The results show that there is a statistically $iggnmt relationship between g€ and GDP
avg at the 95.0% confidence level because thalpe for the model is 0.0000 (Appendix 5
Table 2). In addition, the-palue for the residual is greater than 0.05, indicating that the obtained

model is the best possible model for this data.
The regression gains about 100 % of the deviance in GDP.

The significance of the coefficients is determined by running the Likelihood Ration Test with

the help of backward stepwise procedure.
Stepl: FXavgs removed because thevplue equals 1.0.
Step2: Nlavgis exduded as thepalue is 1.0.
Step 3 LT GVNT Bond Yieldivgs removed due to theyalue=1.0.

Step 4: Stock Pavgs excluded because of the higlvgdue=1.0.
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Step 5: CPhvgis removed due to theyalue=1.0.
The result of stepwise procedure is showEquation 6.18nd Appendix 5 Table 3.

The log oddsof GDP is positively related to C as estimate for binary C is greater than zero
(61.1325). See Appendix 5 Table 1.

Sixth,we estimate the model for the country categiinca.
The relationship betweepc GDP avg and 6 independent variables is described by the

equation of the fitted model:

"00 @ v "Qm
Equation 6.19Fitted logistic regression model for country category Africa
wherd G® PCTUPP X PoEndL Qo e wibd MO Qo p TZw
0 QAN € 0OQ o& @ ¢ WOWHL "Q

The results show that there is a statistically sicemt relationship of p€ avg CPlavg NI
avg, FX avg withpc GDP avgat the 95.0% @nfidence level because thesalue for the model is
0.0007 (Appendix 5 Table 2). In addition, thevgdue for the residual is greater than 0.05,

indicating that the obtained model is the best possible model for this data at the 95.0%.
The regression exples about 50.1999 % of the deviance in GDP.

The significance of the coefficients is determined by running the Likelihood Ration Test with

the help of backward stepwise procedure.
Stepl: Stock Pavgis removed because thevplue equals 0.966854.
Step2:.LT GVNT Bond Yieldavgis excluded as the-yalue is 0.567077.

In the inal model with four predictorsghe highest gvalue in the allowed range of 0.05
belongs to CPI (0.0281). The model is presentdtgumation 6.1%nd Appendix 5 Table 3.

According to the final model selected, tligy oddsof GDP is positively related to all four
predictors with the estimate values greater than zero presented in (Appendix 5 Table 1). Th
higher odds ratio belongs to C (482.215), indicating pica€ avgis the bestpositively related
predictor to the dependent variable GDP.
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Seventhye estimate the model for the country categisia
The relationship betweepc GDP avg and 6 independent variables is described by the

equation of the fitted model:

QONoBOOco @ o #AOC
P QuNo®eeco® o #AOC

"O0 W (R

Equation 6.20Fitted logistic regression model for country category Asia

The results show that there is a statistically significant relationship bepes€rand GDP
avgat the 95.0% confidence level because tivalpe for the model is 0.0001(Appendix 5 Table
2). In addition, the jvalue for the residual is greater than 0.05, indicating that the obtained

model is the best possible model for this data.
The regression exgins about 100 % of the deviance in GDP.

The significance of the coefficients is determined by running the Likelihood Ration Test with

the help of backward stepwise procedure.
Stepl: FXavgis removed because thevplue equals 1.0.
Step2: Nlavgis excluded as the-palue is 1.0.
Step 3 LT GVNT Bond Yieldvgis removed due to theyalue=1.0.
Step 4: Stock Pdvgis excluded because of the higlvgdue=1.0.
Step 5: CPhvgis removed due to theyalue=1.0.
The result of stepwise procedure is shawEquation 6.2Gand Appendix 5 Table 3.

The log oddsof GDP is positively related to C as estimate for C is greater than zero
(61.1325). See Appendix 5 Table 1

Eighth we estimate the model for the country catedeuyope
The relationship betweepc GDP avg and 6 independent variables is described by the

equation of the fitted model:

Qonodixpep@Perd#tAOC o ww A PIAOQC

COwUL Qp Qounodix pop @Prd#AOC o ww A)D PIAOQ

Equation 6.21Fitted logistic regression modiéor country category Europe
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The results show that there is a statisticalgngicant relationship of p€ avgand Nlavg
with pc GDP avg at the 95.0% confidence level because thalpe for the model is 0.0001
(Appendix 5 Table 2). In addition, thevalue for the residual is 1.0, indicating that the obtained

model is the best possible model for this data .
The regression explains abo@. 752 % of the deviance in GDP.

The significance of the coefficients is determined by running the Likelihood Ration Test with

the help of backward stepwise procedure.
Stepl: FXavgis removed because thevplue equals 0.477163.
Step2: LT GVNT Bond Yieldivgis excluded as the-yalue is 0.390431.
Step 3 Stock Pavgis removed due to theyalue=0.383318.
Step 4: CPhvgis excluded because of the higivgdue=0.293223.
The final model is presented irquation 6.22and Appendix STable 3.

According to the final model selected, tlog oddsof GDP is positively related tpc C avg
and NI avg as the estimates for C and NI are greater than zero (19.8835 and,32.299
respectively). The odds of a negataenial change in C leading the negativeannual change
in GDP is 4.31796E8 times greater than the odds positiveannual chage in consumption
causing the positiveannual change in GDP. The same logic applies to NI with odds ratio equals
1.06486E14. See Appendix 5 Table 1

Ninth, we estimate the model for the country categocgania.
The relationship betweepc GDP avg and 6 independent variables is described by the
equation of the fitted model:

I3y 3 Fer N nQ - _
OO0 wVv —p Qo

Equation 6.22Fitted logistic regression model for country category Oceania
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The results show that there is a statistically $icgmt relationshipof pc C avg CPl avg
Stock Plavg LT GVNT Bond Yield avg with pc GDP avg at the 95.0% confidence level
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because the-palue for the modelks 0.0000 (Appendix 5 Table 2n addition, the pralue for
the residual is 1.0, indicating thitie obtained model is the best possible model for this data.

The regression explains about 99.9996 % of the deviance in GDP.

The significance of the coefficients is determined by running the Likelihood Ration Test with

the help of backward stepwise prdaoee.
Step 1: Nlavgis removed due to theyalue=1.0
Step 2: FXavgis excluded with thepalue = 0.999151.

According to the final model selected, thoy oddsof GDP is positively related to two
predictors whose estimates are greater than zero amadivedg related to two predictors whose
estimated values are less than zero. The ofldsnegativeannual change ipc Cavgand LT
GVNT Bond Yield avg leading to the negativannual change in GDP are respectively
3.31649E33 and 7.20149E9nes greater thmthe odds of a positivannual changenithose
predictors causing theositive annual change pt GDP avg (Appendix 5 Table 3). The odds of
a negativeannu& change in CPI avg leading to the positaenual change ipc GDP avg is
1.63378E10 times grear than the odds of a positive annual change CPI avg causing the
negativeannual change ipc GDPavg. The same logic applies to interpretation of odds ratio for

Stock Plavg.See Appendix 5 Table 1
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7 DISCUSSIONOF RESULTS

The purpose of our thesis wasstody extreme events in the stock market and economy. With
the help of certain statistical procedures applied to our massavefuly compiled macre
financial data sample, we have made an attempt to retrievealeationof extreme eventand

to determine a model of their predictiosing a set of seven selected matimancial factors.

First, we have performed descriptive statistics analysis to discover the essential characteristic
of the data. Thelescriptive statistics includezhalyss of distributions, kurtosis, skewness, and
standard deviationThese were further used to determine the best fitted distributidres.
outcome of the descriptive statistics analysis is representéblies, histograms and normal
probability plots attackd in Appendi@s 3,7-9. Correlation analysis performance was to reveal
the relaibnships between pairs of maeinancial factorsAppendix4 contains the results ohe
correlation analysisFurther, wehave attempted to detect the mechanism of extr&awents
prediction with the help of logistic regression. In order to do so, we have performed logistic
regression @alysis to study if growth rat@ one variable could be predicted by growth rates in

the others. The results are founddippendix5.

Based on the results of the descriptive statistics analysis, we have come to the following

conclusions.

The results of skewness and kurtagisnmarized in the tald&ummary Statisticor all three
periods Appendix 3 Tables 13 indicate some significanbon-normality in the data, which
violates the assumption that thealabme from normal distributiorThe best fitted distribution
for each data sampla each country categowasdetectedafter performing Anderson Darling
test and Kolmogoramirnov test for goodness-fit (Appendices/-9).

After having performed these tests, we can statediivatlata samples occur to be distributed
within the four main probability distributions: logistdistribution, Laplace distribution, largest

extreme value and smallest extreme value distributions.

Though these are the most frequent probability distributions ineoyoirical analysis, we
have also encountered some cases of normal distributioreidata samples. It specifically
involves the data samples for Stock PI avg for Global and Oceania, LT GVNT Bond Yield avg
for The South America, CPI avg for Europe, and FX avg for OECD in the full period.

As for normal distribution for Stock Pl avg, wesame that his could appear as a

consequence of the data frequency for Stock Pl. We use annual data on Stock Pl and tr
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averaged values, which coul d have lylhgldand o i
extremely lowvalues. We maysuppose the redsl would have been more accurate and we
would have been able to retrieve better disasters performance if weséaddnonthly data on
Stock PL.The same logic can be applied to the explanation of normal distribution result for FX
avg for OECD. Even thouglsuggesting @ ideathat the monthly data could provide more
accurate results, we have chosen to use annual data on Stock Pl in our empirical analysis in ord

to preserve the consistency in data frequency with other variables.

The results of normal distribution faT GVNT Bond Yield avg forThe South America
could be explained by insufficiemumber of observations fd&tT GVNT Bond Yield, which
prevents us from extracting extreme chanigethe datafor this variable We suggesthat this

could be a subject for future data modification.

The positive excess kurtosis results fdr GVNT Bond Yield avgmay provide the proof of
the fact that even though government bonds are considered to be risldfratharsecure, there
have occurred someexamples of a government defaah its domestic currency defBiege]
2008) Such examples are Russian financial crisis (1998) and European sovereign debt crisi
(2010).

The observed case of normal distribution for @R¢ in the data sampléor Europe most
evidentlyhas comes a result of tremendously large values in the data sdorplP| avgas a
consequence oBerman hyperinflation in 19234. Therefore, we have excluded these years
from the empirical analysis in the second period ideorto see if there would appear a
significant difference in results. After doing so, we got Laplace distribution as the best fitted
distribution for this data sample, and more examples of disasters realization were extracted fror

thedataon CPI avg in tle first period.

The results of kurtosis for NI avgavereveaéd considerably high values of positive excess
kurtosis for allcountry categories, which has léal heavy tails in distribution (Laplace). The
results may suggest an idea that net import is rather sensitive and volatile to fluctoiatibas

market andn economy.

On the basis of the correlation analysis, we have discovered that there exist®iga str
statistically significant noizero correlation at the 95% confidence level between pc GDP and
C avg variables. This relationship can be observed in the data samples for all country categorie

in both full period and two superiods (Appendix 4 Tables 1-3). The strong relationship
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between those two variables is consistent with the macroeconomic theory consumption being

one of the biggest GDP constituents.

An interesting finding in our correlation analysis relates to the relationship between CPI avg
and pc C avg, and between CPI avg and pc GDP avg. According to macroeconomic theory, CP
is inversely correlated with both GDP and C. The results of our empirical analysis have revealec
the negative correlation between CPI avg and pc @iaf CPI avg andpc C avg in the full
period. The only statistically significant negative correlatias occurredthough only for The

South Americacountry categoryAppendix 4 Table 1.

However, the correlation matrix for the first speriod (190047) shows that neG®ECD and
The North Americacountry categories have statistically significant positive correlaifoGPI
avgwith pc GDPavg CPI avg and C avfAppendix4 Table 3. The fird subperiod involves
such disasters as WWTrhe Great Depression and WWII. Unfortunately, not every country had

kept data on inflation during this period, and data on inflation often do not exist before WWII

As per our data set, there are gapthainflation data for some countries which were affected
the most during WWII, such as Russia. We may connect the result of positive correlation with
the consequences of theentioned abovedisasters occurred during this period when
consumption tends to decreamore than GDP during war times, and spending on military goods
increasegBarro and Ursua, 2011) It may also be connected with some particular political
tendencier consumer sentimein the mentioned above country categories. Yet, we are not
able to state specifically why it led to the positive relationship between those two pairs of

variables.

In our correlation matrix wecould as well detect an interesting case of the statistically
significant negatively correlatgd0.3383 real exchange rate is with CPI afay OECD country
categoryin both the full period and the second syieriod yet, it is statistically significant
positively correlated(0.3738 in The North Americafor the sane periods(Appendix 4 Table
1,3). The negative correlation in OECD may result from that fact that certain countries included
into this country category are Euro Zone, which means that the real exchange rates wer
calculated in their national currencies to USD before 2000 and in Euro Do dft8&r 2000.
Therefore, we canot state tohRXtavgwitheCPlavwsul t

absolutelyrobust

Also, we haveobserve a case of statistically significant negative correlatbreal exchange
rate with pc C for Global, OECDnonOECD, The North America,The South America, and

Asia country categorie\ppendix 4Tables 1,3 According to Jgnssonhé estimated negative
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correlation is consistent with the fact that while there is an appreciation of real exchange rate
there isanincrease in consumptiqdonsson

The result of statistically significant positive correlatiohLT GVNT Bond Yield avgwith
CPI avgobtained from our data analysis for Glokal252) and Europe(0.3625 country
categoriesn boththefull period and tle 19482011 period Appendix4 Tables 1, B may bean
empirical proof ofS mi r | cese&rédnding who had discovere@ significant positive
response of longerm rateso unpredicted price increases, i.e that thera tonsistencyvith

either ncreases in expected inflation potential of a tighter monetary poli¢gmirlock, 1986).

The statistically significant negative correlation of LT GVNT Bond Yield avg with Stock Pl
avg for Global(-0.3085, OECD(-0.3699 and Europg-0.3532 country categories both full
period and the 1948011 period(Appendix 4 Tables 1, Bcould, probably, be an empirical
proof of the previous research thits ubst i t uti on ef fect bet wee
strongly shaped by the relationship ofthe vi dend yield to the bon:i
decrease in bond yield leads to higher stock p(ioesre and Gigt2005)

We havealso observé a case of statistically significant negative correlatdiNI avg and
FX avg for Asia (-0.4259 and Europ€-0.3407 country categoriefAppendix4 Tables 1, B It
is worth noting that such statistically significant correlation exists not in Global country
category, but in the country category which includes exporting countries, for example &hina,
it is one of the largest exporters of goods. €fme, the exporting countrigenefit from a high
real exchange rate (weak domestic currency), if opposite, it can lead to the reduction in export a
the prices of their goods in the country they expmwill be high, leading to less import in those
countrieg(The Relationship Between the Dollar and the Bond Market, 2009)

After having performed the backward stepwise logistic regression analysis for all country
categories, weouldobserve a consistent pattern of pc C avg predicting pc GDBrawgh rate
As the pvalues for the models are less than 0.05, hence, thesesefté for predicting the
probability of the studied outcome. In addition, thegtue for the residual is considerably
greater than 0.05, which indicates that the obtained model is the best possible model for the da
at 95.0 % confidence level. The pc @gaestimate is greater than zero and ltge oddsof pc
GDP avg is positively related foc C avg. This is true for all cotny categories, except for
OECD (Appendix 5 Tables-B).
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The most number of predictors fitted in the regression models are obgethedfollowing
country categorie$he North Americéd predictors), Africa (4 predictors), Oceania (4
predictors). The percentage of deviance in pc GDP avg explained by the models for the
mentioned above country categories are 86.49 %, 50.2 % and 99.89pHctivelyAppendix 5
Table 3. For instance, for Africa at a negative value of NI avg the predicted odds for nemative
GDP avg are ¥'L 45.3724, meaning it is 45 times more likely to get a negative respopse of
GDP avg caused by negative value ofaMgthan a positive response jp¢ GDP avg caused by

a positive value of Navg
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8 CONCLUSION

In our thesis, we have employed several statistical approacheserto studythe occurrence
of extreme eventand todetermine a model of their predictiomith the application tahe
uniquely constructed macfmancial data setOur empirical analysis was conducted using the
data which embraces not only the recent global economic and financial crises, but also such gre
disasters as WWI, German hyperinflatidime Great Depressipand WWII.

We have performed our empirical analysis using three timeline periods: the full period (1900
2011), the 190@7 period for GDP, C and CPI variables, and the 183BL period for th same

variables.

The existence of either positive or negative correlations between several pairs of variables
specificallyin such country categories as Europe die North America irthe second sub
period may confirm the interdependence between nemonomic and financial factors in our
extreme events study. For instance, the previous research discov&njirinyck (1986)hationg
term ratesespond with a positive significante unpredicted price increasissconfirmed by our
finding of positive stistically significant correlationf CPIl avgwith LT GVNT Bond Yield avg
for Europe. Though, in some cases it is rather difficult to observe the interdependence betwee
the factors as sometimes it should involve a study of @ogstry or internationdinkages to
arrive to more robust conclusions abdbe impact size of economic and financial disasters. It

namely concerns one of our analyzed factdist Import.

The previous research Bfungey and Tambakis (200Bjnpirically confirms that there finds
place transmission of financial crises through different mecharbstirfinancial and political

on both crosgountry andnternationalevels.

Our logistic regression analysis has revealed poorer prediction efficiency thauldehave
expected forsomecountry categories, specifically Global. We can assume that the reason for
such performance might be the process of constructing binary data. Therefore, we may sugge
that the logistic regression can be improbgdestablising more accuratéhresholds for micro
financial crises; further, variables may get codes of 1 and O assigm the ground of the
established thresholds resulta order to minimize the underestimated relationship between
predictors and log oddst would be useful to perform either discriminant aysaé or
categorization of thendependent variables.

Yet, there has been detected the consistent pattern of good prediction ability off@ avg

GDP avg, which is consistent with the macroeconomic theory agssdis¢ earlier. This is true
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for all country categories, with the exception of OECD, where the best predictor &/dg-X
Apart from this pattern, in some models we habéainedthe results with four best predictors.
These ar@he North Americd4 predictos), Africa (4 predictors), Oceania (4 predictors). Along
with C avg, thebestpredictors include CPI avg, LT GVNT Bond Yield avg, Stock Pl avg, FX
rate avg, and NI avg.

The results of kurtosis and skewness have revealed some significanomaatlity in he
data, which indicates that the data do not come from normal distribution. Even though, the bes
fitted distributions for our data samples are logistic, Laplace, largest extreme value and smalles
extreme value distributions, yet, in our empirical analybere have occurreseveral cases of
nor mal di stribution, which wasnodot consi ster
Namely, it concerns Stock PI, FX rate and CPIl. This may be explained by the following

arguments:

1. We used annual datan @ll seven variables to preserve frequency consistency in all data
samples. For a more accurate analysisvould be more advisable to use data of a higher
frequency, for examp monthly, specifically for Stock Athis would probablyjhave provided us
with more robust results.

2. When constructing data samples, the aver
out 0 ofdxtfemalythigh and low values feome country categories, which hindered from
detecting more precisend robusresults.

3. As we have discussed i n t hoeall conrdripsthadrkepfi Di
records on inflation before WWII, thereforéete are some gaps of missing data for @RIur
data sampleWe may assume that the fact of some data ngsswuld have affected the
robustness osomeresults. Hence, this part of the analysis can offer a certain challenge for
further research constructing the missing val&gh techniques as interpolation or imputation

can beapplied.

As such, our macrtinancial data set may be modified, and accompanied by more advanced
statistical tools, may be used for further research as it has a great potential for further
experimental work in order to obtain a more thorough understanding and knowledge of extreme

evens in economics.

As we mentioned in our research overview conclusion, the topic of extreme events has area
which require more thorough investigation, which ought to be taken into consideration when

studying the nature, occurrence and impact of extremeaedevents on socioeconomic life.

65



Reinhart and Rogoff (2009¢onfirm the importance of finding answers to these questions

because extreme and rare events have a tendency to reoccur

In connection with the importance of finding answers, receiving nestigns and starting a
new quest, we would Ilike to concl id@deaoar fw
yesterday, live for today, hope for tomorrow. The most important thing is not to stop

qguestioningo.
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APPENDIX 1 SAMPLE DATA CONSTRUCTION

Global OECD countries non-OECD
Argentina Australia Argentina
Australia Austria Brazil
Austria Belgium China
Belgium Canada Colombia
Brazil Chile Egypt
Canada Denmark India
Chile Finland Indonesia
China France Malaysia
Colombia Germany Peru
Denmark Greece Philippines
Egypt Iceland Russia
Finland Italy South Africa
France Japan Singapore
Germany Korea Sri Lanka
Greece Mexico Taiwan
Iceland The Netherlands Uruguay
India Norway Venezuela
Indonesia New Zealand
Italy Portugal
Japan Spain
Korea Sweden
Malaysia Switzerland
Mexico Turkey
The Netherlands United Kingdom
Norway United States
New Zealand
Peru
Philippines
Portugal
Russia
South Africa
Singapore
Spain
Sri Lanka
Sweden
Switzerland
Taiwan
Turkey
United Kingdom
Uruguay
United States
Venezuela

Table 1 Country categories.

Note: The division into OECD and notOECD is based on the information fromvww.0ecdorg.
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http://www.oecd.org/

South

North

Europe Asia America America Africa Oceania
Austria China Argentina Canada Egypt Australia
Belgium India Brazil Mexico South Africa New Zealand
Denmark Indonesia Chile United States
Finland Japan Colombia
France Korea Peru
Germany Malaysia Uruguay
Greece Philippines Venezuela
Iceland Russia
Italy Singapore
The Netherlands Sri Lanka
Norway Turkey
Portugal Taiwan
Spain
Sweden
Switzerland

United Kingdom

Table 2Continents categories.

Note: Division by continetsis based on information from http://www.worldatlas.com
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http://www.worldatlas.com/

GDP & Net Import CPI EX StockPrices | LT Gvnt Bond

Consumption Data Index Yield
Argentina - Argentina Argentina Argentina -
Australia Australia Australia Australia Australia Australia
Austria Austria Austria Austria - Austria
Belgium Belgium Belgium Belgium Belgium Belgium
Brazil Brazil Brazil Brazil Brazil -
Canada Canada Canada Canada Canada Canada
Chile Chile Chile Chile Chile Chile
China China China China China -
Colombia - Colombia Colombia Colombia -
Denmark Denmark Denmark Denmark Denmark Denmark
Egypt - Egypt Egypt - -
Finland Finland Finland Finland Finland Finland
France France France France France France
Germany Germany Germany Germany Germany Germany
Greece Greece Greece Greece Greece Greece
Iceland Iceland Iceland Iceland Iceland Iceland
India India India India India India
Indonesia Indonesia Indonesia Indonesia Indonesia -
ltaly Italy ltaly Italy Italy ltaly
Japan Japan Japan Japan Japan Japan
Korea Korea Korea Korea Korea Korea
Mexico Mexico Mexico Mexico Mexico Mexico
Malaysia - Malaysia Malaysia Malaysia Malaysia
Netherlands Netherlands |Netherlands |Netherlands |Netherlands Netherlands
New Zealand |New Zealand |New Zealand [New Zealand |New Zealand |New Zealand
Norway Norway Norway Norway Norway Norway
Peru - Peru Peru - -
Philippines - Philippines Philippines Philippines Philippines
Portugal Portugal Portugal Portugal Portugal Portugal
Russia Russia Russia Russia - -
South Africa South Africa  [South Africa  |South Africa  [South Africa  [South Africa
Singapore - Singapore Singapore - Singapore
Spain Spain Spain Spain Spain Spain
Sri Lanka - Sri Lanka Sri Lanka Sri Lanka -
Sweden Sweden Sweden Sweden Sweden Sweden
Switzerland Switzerland Switzerland  [Switzerland  |Switzerland Switzerland
Taiwan - Taiwan Taiwan Taiwan Taiwan
Turkey Turkey Turkey Turkey Turkey -
United Kingdom [United KingdonlUnited KingdonUnited KingdonUnited KingdomUnited Kingdom
Uruguay - Uruguay Uruguay - -
United States  |United States |United States [United States [United States |United States
Venezuela - Venezuela Venezuela - -

Table 3 Data availability by country.
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APPENDIX 2 EXTREME EVENTS OVERVIEW

Date Event Location Comments
1907 B a n k Banié of 1907 USA A U.S. economic recession with bank failures
19141918 World War |
19181924 German Hyperinflation Germany
19291940 Great Depression USA Worldwide economic depression
19391941 World War I
19691970 Recession USA Increased deficits resulted in inflation rising.
1973 Oil Crisis Middle East
19731975 Secondary banking crisis | UK
1980s1990s | Savingsand loan crisis USA
External Bank Debt Crisis
All countries in Latin America are affected with th
1982 Mexico exception of Chile, Colombia and Costa Rica.
Black Monday (stock
1987 market crash) China Spread to West Europe and USA
19932000 Japandst DeqJapan Share and property price bubble
1990s Finnish banking crisis Finland
1990s Swedish banking crisis Sweden
Withdrawal of GBP from the European Exchangg
1992 Black Wednesday UK Rate Mechanism
1994 Venezuelan banking crisig Venezuela
1994 Mexican Peso Crisis Mexico Most affected countries are Argentina and Brazil.
Debt and the Global
19971999 Economic Crisis
Global stock market crash caused by an econom
crisis in Asia. Most affected countries are Indone
South Korea, Philippine§outhEast Asiaand
1997 EastAsian Financial Crisi§ Thailand Japan
1998 Ruble crisis Russia
19981999 Ecuador banking crisis Ecuador
19992002 Argentine economicrégsis | Argentina
Table Table of extreme events (from http://antiworldnews.wordpress.com

http://news.bbc.co.uk/2/hi/business/6958091.5tm
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Date Event Location Comments
Economic effects arising
from the September 11 The September 1attackscaused global stock
2001 attacks USA markets to drop sharply
Downturnin stock prices during 2002 stock
exchangescrosstie United StatesCanada, Asia,
2002 Stock market downturn USA andEurope
2002 Uruguay banking crisis Uruguay
2007 Chinese stock bubble China
2008 Icelandic financial crisis | Iceland
2008 Subprime mortgage crisis| USA
European sovereign debt Most affected countries are Greece, Ireland, Spa
2009 Onward | crisis Europe and Portugal

Table 1 Continued.
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APPENDIX 3 DESCRIPTIVE STATISTICS

Sum_mgry : , Standard Excess
Statistics Count | Average | Median | Variance L Skewness i
. deviation kurtosis
(Full period)
GDP avg
Global 112 0,8722 0,7695 | 1,1608 1,0774 0,6641 2,0859
OECD 112 0,8081 0,7102 | 0,9683 0,9840 -0,9445 4,5950
nonOECD 112 0,9655 0,7297 | 2,4728 1,5725 1,6612 4,5363
N.America 112 0,7864 0,8263 | 1,6170 1,2716 -0,8220 2,7012
S.America 112 0,9433 0,8709 | 3,8552 1,9634 0,0678 1,3712
Africa 112 0,7675 0,7123 | 2,1180 1,4553 0,2194 1,8438
Asia 112 0,9920 0,6187 | 2,6381 1,6242 1,4124 4,8823
Europe 112 0,7921 0,7343 | 1,1338 1,0648 -0,9581 4,1977
Oceania 112 0,7598 0,8655 | 1,5680 1,2522 -0,0076 -0,1941
Consumptionavg
Global 111 0,8119 0,7040 | 0,9282 0,9634 0,2794 1,1822
OECD 111 0,7387 0,6446 | 0,8601 0,9274 -0,3170 0,1594
nonOECD 111 0,9123 0,7199 | 2,6691 1,6337 1,8813 8,7433
N.America 111 0,8184 0,7411 | 1,7527 1,3239 0,8031 5,7452
S.America 111 0,8859 0,9837 | 4,2477 2,0610 0,0382 1,0211
Africa 111 0,7197 0,5979 | 2,8718 1,6946 0,9381 3,4778
Asia 111 0,9366 0,7107 | 3,1196 1,7662 1,8213 12,6392
Europe 111 0,6789 0,6665 | 1,6333 1,2780 -2,5511 14,4957
Oceania 111 0,7719 0,8767 | 2,7441 1,6565 0,5545 3,0230
CPl avg
Global 112 0,1448 0,5457 | 5,8833E17 | 7,6703E8 | -2,743E7 55,5
OECD 112 -0,1318 | -0,0836 | 1,2886E18 | 1,1352E9 | -2,8059E7 | 55,5
nonOECD 112 0,7682 0,9186 | 7463,0 86,3887 -4,3330 51,6369
N.America 112 0,0218 0,0825 | 29,274 5,4105 -1,7477 10,5704
S.America 112 0,1180 0,7640 | 38341,6 195,81 -4,4293 53,4721
Africa 112 0,0886 0,1575 | 60,8778 7,8024 -1,7424 14,4771
Asia 112 1,3674 -0,0814 | 776,335 27,8628 3,4782 25,5318
Europe 112 -0,2056 | 0,0070 | 3,1462E18 | 1,7737E9 | -2,83616E7 | 55,5
Oceania 112 0,0018 0,0185 | 11,1491 3,3390 -0,3152 1,9484
Stock Pl avg

Global 61 0,1206 0,1056 | 0,0333 0,1827 0,0238 0,2267
OECD 61 0,1124 0,0974 | 0,0326 0,1806 0,2748 1,7322
nonOECD 38 0,1813 0,1773 | 0,0979 0,3129 0,0932 -1,0790
N.America 61 0,1182 0,1227 | 0,0530 0,2304 0,7022 2,0382
S.America 29 0,3141 0,3539 | 0,2380 0,4878 0,8562 1,0632
Africa 38 0,1139 0,0800 | 0,0776 0,2785 0,5180 -0,2952
Asia 54 0,1569 0,0953 | 0,0856 0,2927 0,7724 0,5960
Europe 54 0,1048 0,0864 | 0,0364 0,1910 0,6010 2,6488
Oceania 39 0,0829 0,0948 | 0,0713 0,2671 -0,0672 -0,5220

Table 1 Descriptive Statistic for full period sample data.

Note iCount 06 column in tables of Summary Stati s

each data sample. The results are presented for each of the seven variables in each country category
included into the empirical analysis.
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Sum_mgry : , Standard Excess
Statistics Count | Average | Median | Variance L Skewness i
. deviation kurtosis
(Full period)
LT GVNT Bond Yield avg
Global 61 -0,0074 | -0,0240 | 0,5068 0,7119 0,2458 1,3175
OECD 61 -0,0085 | -0,023 | 0,5376 0,7332 0,2278 0,8877
nonOECD 54 0,0771 0 1,7243 1,3131 0,5078 1,7407
N.America 60 -0,0125 | -0,0025 | 0,6960 0,8342 0,1361 1,2182
S.America 16 -0,2131 | -0,185 | 0,2549 0,5049 0,2770 -0,0226
Africa 54 0,0688 0,055 2,1084 1,4520 0,2955 0,5288
Asia 44 -0,2109 | -0,2110 | 0,5087 0,7132 0,9703 1,9526
Europe 61 -0,0003 | -0,02 0,6964 0,8345 0,3297 0,8708
Oceania 41 -0,0971 | -0,37 1,7890 1,3375 0,5079 0,1374
NI avg
Global 57 0,5212 -0,0043 | 9,0890 3,0148 5,4034 33,2408
OECD 56 0,3237 0,0246 | 3,1448 1,7733 3,7030 17,1914
nonOECD 54 1,6223 -0,0333 | 178,608 13,3644 7,3077 53,6023
N.America 56 0,1189 0,0162 | 0,9718 0,9858 2,6659 10,3615
S.America 47 6,0717 -0,0451 | 1838,46 42,8773 6,8484 46,9328
Africa 53 -0,7862 | -0,06 15,1593 3,8935 -5,4381 34,0824
Asia 54 -0,1657 | -0,0270 | 1,6775 1,2952 -6,2445 43,3032
Europe 54 0,56021 | 0,0750 | 6,3044 2,5108 4,8407 25,8228
Oceania 54 0,08740 | -0,1420 | 64,6721 8,0419 4,6364 30,7419
FX Rate avg

Global 41 0,0034 0,0116 | 0,0037 0,0613 0,1903 -1,0075
OECD 41 -0,0016 | -0,0029 | 0,0049 0,0706 0,0314 -0,5633
nonOECD 41 0,0109 -0,0028 | 0,0047 0,0691 0,4363 -0,7144
N.America 41 0,0058 -0,0093 | 0,0032 0,0569 1,8762 4,6372
S.America 41 0,0123 -0,0214 | 0,0150 0,1225 1,5887 2,3718
Africa 41 0,0100 -0,0059 | 0,0162 0,1273 0,8568 2,726
Asia 41 0,0091 0,0025 | 0,0038 0,0622 1,1201 3,0190
Europe 41 -0,0061 | -0,0142 | 0,0080 0,0896 0,0959 0,0252
Oceania 41 0,0048 0,0144 | 0,0260 0,1612 2,4467 11,9505

Table 1 Continued.
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Sum_mgry : , Standard Excess
Statistics Count | Average | Median | Variance deviation Skewness Kurtosis
(19001947)
GDP avg
Global 48 0,2089 0,2696 | 0,3299 0,5744 -0,1946 0,4665
OECD 48 0,1890 0,3124 | 0,2852 0,5340 -0,9860 1,1587
nonOECD 48 0,2357 0,3588 | 0,8030 0,8961 -0,4780 1,2458
N.America 48 0,3146 0,2532 | 0,9751 0,9874 0,0255 0,6402
S.America 48 0,5051 0,5514 | 1,3850 1,1769 -0,9570 3,12231
Africa 48 0,1432 0,0645 | 1,7705 1,3306 -0,3017 3,0074
Asia 48 0,0601 0,1228 | 0,7798 0,8830 -1,8043 8,2975
Europe 48 0,1530 0,2070 | 0,4202 0,6482 -0,199 2,3227
Oceania 48 0,3744 0,3596 | 1,4063 1,1858 0,3991 0,9493
Consumptionavg
Global 48 0,1839 0,2916 | 0,5016 0,7082 -0,1878 4,3642
OECD 48 0,1755 0,2565 | 0,4144 0,6437 -0,1779 1,0221
nonOECD 48 0,1825 0,3256 | 1,2305 1,1092 -0,3883 7,2888
N.America 48 0,2867 0,2033 | 0,7842 0,8855 -0,0242 1,1233
S.America 48 0,4476 0,7345 | 1,8879 1,3740 -0,5469 0,5304
Africa 48 0,0768 -0,2171 | 2,4714 1,5720 0,5375 2,0799
Asia 48 -0,0017 | 0,0870 | 1,5558 1,2473 -1,0021 13,7085
Europe 48 0,1460 0,2183 | 0,6785 0,8237 -0,2170 1,9913
Oceania 48 0,2780 0,2234 | 2,2451 1,4983 -0,2492 1,5906
CPl avg
Global 46 4.2906 1.4556 | 481.226 21.9369 5.4735 34.479
OECD 46 4.7201 0.3093 | 1015.88 31.8729 5.6967 36.3475
nonOECD 48 3,2291 2,0792 | 179,405 13,3942 3,00985 16,1781
N.America 48 0,2746 0,7749 | 23,2209 4,8188 -1,5040 5,5262
S.America 48 0,4704 0,8017 | 50,5919 7,1128 -0,5098 2,7213
Africa 48 0,0915 0,3361 | 133,606 11,5588 -1,2942 6,0509
Asia 48 6,2522 0,5381 | 1409,49 37,5432 3,2229 15,9446
Europe 46 7.04586 | 0.4537 | 2338.34 48.3564 6.1786 40.7128
Oceania 48 0,0012 -0,0454 | 16,6487 4,0802 -0,4227 0,9394

Table 2Descriptive Statistic fodl 9001947 period

Note: 192324 years are excluded from the CPI analysis for the first qudriod (19001947) because of
German hyperinflation. The removal concerns Global, OECD, and Europe country categories as
Germany is included inall three country categories. 1923924 years are included in the fulperiod
analysis.
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Sum_mgry : , Standard Excess
Statistics Count | Average | Median | Variance deviation Skewness Kurtosis
(19482011)
GDP avg
Global 64 1,3697 1,2314 | 1,2123 1,1010 0,1866 2,9528
OECD 64 1,2724 1,4015 | 0,98241 0,9911 -2,4851 12,7542
nonOECD 64 1,5129 1,0962 | 3,0476 1,7457 1,5252 2,8032
N.America 64 1,1403 1,33 1,8247 1,3508 -1,5976 5,4020
S.America 64 1,2719 1,4516 | 5,5032 2,3459 -0,1627 0,4275
Africa 64 1,2357 1,1464 | 1,8913 1,3752 0,6257 1,2026
Asia 64 1,6909 1,2108 | 2,9084 1,7054 1,4899 3,6446
Europe 64 1,2715 1,4133 | 1,1395 1,0674 -2,4724 12,0571
Oceania 64 1,0489 1,0990 | 1,5155 1,2310 -0,3231 -0,2004
Consumptionavg
Global 63 1,2904 1,2353 | 0,7286 0,8536 0,3900 1,5364
OECD 63 1,1679 1,3258 | 0,7791 0,8826 -1,2319 2,8488
nonOECD 63 1,4684 1,0738 | 3,0761 1,7539 2,2426 7,8820
N.America 63 1,2234 1,2678 | 2,1295 1,4593 0,5543 6,0475
S.America 63 1,2199 1,3520 | 5,8431 2,4172 -0,1704 0,4390
Africa 63 1,2096 1,1321 | 2,6578 1,6303 1,4851 5,0240
Asia 63 1,6516 1,1991 | 3,1541 1,7759 2,8982 14,8679
Europe 63 1,0849 1,2412 | 1,9962 1,4128 -3,9365 22,1526
Oceania 63 1,1482 1,2512 | 2,8340 1,6834 0,9445 3,4885
CPI

Global 64 -0,6824 | 0,2298 | 1988,01 44,5872 -3,3377 29,5302
OECD 64 -0,3603 | -0,3433 | 13,6283 3,6916 1,4671 6,9752
nonOECD 64 -1,0775 | 0,7905 | 13007,2 114,049 -3,3179 29,6916
N.America 64 -0,1678 | -0,0460 | 34,1692 5,8454 -1,8213 12,1897
S.America 64 -0,1461 | 0,6762 | 67516,3 259,839 -3,3827 30,3235
Africa 64 0,0865 0,1575 | 7,5868 2,7544 -0,2009 0,7666
Asia 64 -2,2961 | -0,5708 | 284,486 16,8667 -0,8740 13,1081
Europe 64 -0,2710 | -0,0786 | 6,7349 2,5951 -0,4427 4,6133
Oceania 64 0,0022 0,0521 | 7,22317 2,6876 0,0124 2,97

Table 3Descriptive Statistic fothe 19482011 periodfor GDP, Consumption and CPI

Note The data for pc C ends in 2010 for the second sdyiod. Stock price index, long term

government bond, net import and real exchange data are already present in the full period descriptive

statistics as the data for those variables are available fromsseond sukperiod.
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APPENDIX 4 CORRELATION MATRIX

Correlation the full period

Global
GDP avg |C avg CPlavg |Stock Pl |LT GVNT Bond|Net Import |FX avg
avg Yield avg avg
GDP avg 1 0.9285 -0.0171 |0.0596 0.1304 -0.0281 -0.5217
p-value 0.0000 0.8578 0.6480 0.3164 0.8371 0.0005
C avg 0.9285 1 -0.0235 |0.1498 0.0578 -0.0031 -0.5441
p-value 0.0000 0.8064 0.2532 0.6611 0.9822 0.0003
CPl avg -0.0171 |-0.0235 1 -0.0124 |0.2521 0.1084 0.0306
p-value 0.8578 0.8064 0.9247 0.0500 0.4264 0.8493
StockPI avg 0.0596 0.1498 -0.0124 1 -0.3085 -0.2187 -0.1964
p-value 0.6480 0.2532 0.9247 0.0156 0.1054 0.2183
LT GVNT Bond 0.1304 0.0578 0.2521 -0.3085 0.3488 -0.1283
Yield avg 1
p-value 0.3164 0.6611 0.0500 0.0156 0.0084 0.4241
Net Import avg -0.0281 |-0.0031 |0.1084 -0.2187 |0.3488 1 -0.1282
p-value 0.8371 0.9822 0.4264 0.1054 0.0084 0.4244
FX avg -0.5217 |-0.5441 |0.0306 -0.1964 |-0.1283 -0.1282 1
p-value 0.0005 0.0003 0.8493 0.2183 0.4241 0.4244
OECD
GDP avg |C avg CPlavg |Stock Pl |LT GVNT Bond|Net Import |FX avg
avg Yield avg avg

GDP avg 1 0.8057 -0.0050 0.1085 0.1451 0.0914 -0.2627
p-value 0.0000 0.9579 0.4054 0.2645 0.5027 0.0971
C avg 0.8057 1 -0.0314 |0.2473 0.0520 0.1340 -0.3173
p-value 0.0000 0.7439 0.0568 0.6932 0.3294 0.0460
CPl avg -0.0050 |-0.0314 1 0.1206 0.1416 -0.0880 -0.3383
p-value 0.9579 0.7439 0.3544 0.2763 0.5189 0.0305
Stock Pl avg 0.1085 0.2473 0.1206 1 -0.3699 -0.0179 -0.2577
p-value 0.4054 0.0568 0.3544 0.0033 0.8956 0.1038
LT GVNT Bond 0.1451 0.0520 0.1416 -0.3699 0.1589 -0.0907
Yield avg 1
p-value 0.2645 0.6932 0.2763 0.0033 0.2422 0.5728
Net Import avg 0.0914 0.1340 -0.0880 |[-0.0179 |0.1589 1 -0.2117
p-value 0.5027 0.3294 0.5189 0.8956 0.2422 0.1838
FX avg -0.2627 |-0.3173 |-0.3383 |-0.2577 |-0.0907 -0.2117 1
p-value 0.0971 0.0460 0.0305 0.1038

Table 1 Correlation matrix for the full data period
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Correlation the full period

non-OECD
GDP avg |C avg CPlavg |Stock Pl |LT GVNT Bond|Net Import |FX avg
avg Yield avg avg
GDP avg 1 0.8944 -0.0433 |0.1228 -0.1239 0.0080 -0.7083
p-value 0.0000 0.6500 0.4625 0.3722 0.9542 0.0000
C avg 0.8944 1 -0.0818 |0.1913 -0.0759 0.0512 -0.6588
p-value 0.0000 0.3932 0.2568 0.5889 0.7158 0.0000
CPl avg -0.0433 |-0.0818 1 -0.1153 |-0.0445 0.0035 0.0928
p-value 0.6500 0.3932 0.4907 0.7495 0.9801 0.5640
Stock Pl avg 0.1228 0.1913 -0.1153 1 0.1664 -0.1335 -0.2238
p-value 0.4625 0.2568 0.4907 0.3180 0.4243 0.1767
LT GVNT Bond Yiel [-0.1239 |-0.0759 |-0.0445 |0.1664 0.1463 0.0342
avg 1
p-value 0.3722 0.5889 0.7495 0.3180 0.2912 0.8320
Net Import avg 0.0080 0.0512 0.0035 -0.1335 |0.1463 1 -0.1723
p-value 0.9542 0.7158 0.9801 0.4243 0.2912 0.2815
FX avg -0.7083 |-0.6588 |0.0928 -0.2238 |0.0342 -0.1723 1
p-value 0.0000 0.0000 0.5640 0.1767 0.8320 0.2815
North America
GDP avg |C avg CPlavg |Stock Pl |LT GVNT Bond|Net Import |FX avg
avg Yield avg avg

GDP avg 1 0.7688 -0.0239 |-0.1399 |0.3618 0.2088 -0.5376
p-value 0.0000 0.8023 0.2823 0.0045 0.1224 0.0003
C avg 0.7688 1 -0.0821 |-0.0353 |0.1873 0.2129 -0.6007
p-value 0.0000 0.3918 0.7890 0.1555 0.1187 0.0000
CPl avg -0.0239 |-0.0821 1 -0.0790 |0.0030 -0.4656 0.3738
p-value 0.8023 0.3918 0.5449 0.9820 0.0003 0.0161
Stock Pl avg -0.1399 [-0.0353 |-0.0790 1 -0.2206 0.0188 -0.1829
p-value 0.2823 0.7890 0.5449 0.0903 0.8905 0.2523
LT GVNT Bond 0.3618 0.1873 0.0030 -0.2206 -0.0339 -0.3109
Yield avg 1
p-value 0.0045 0.1555 0.9820 0.0903 0.8041 0.0479
Net Import avg 0.2088 0.2129 -0.4656 |0.0188 -0.0339 1 -0.2159
p-value 0.1224 0.1187 0.0003 0.8905 0.8041 0.1752
FX avg -0.5376 |-0.6007 |0.3738 -0.1829 |-0.3109 -0.2159 1
p-value 0.0003 0.0000 0.0161 0.2523 0.0479 0.1752

Table 1 Continued.
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Correlation the full period

South America

GDP avg |C avg CPlavg |Stock Pl |LT GVNT Bond|Net Import |FX avg
avg Yield avg avg
GDP avg 1 0.9073 -0.2045 |-0.0063 |0.3978 0.0791 -0.6447
p-value 0.0000 0.0305 0.9740 0.1270 0.5970 0.0000
C avg 0.9073 1 -0.2549 |0.1133 0.4110 0.0138 -0.6627
p-value 0.0000 0.0069 0.5658 0.1280 0.9273 0.0000
CPl avg -0.2045 |-0.2549 1 -0.5334 |-0.3003 -0.0188 0.1815
p-value 0.0305 0.0069 0.0029 0.2584 0.9003 0.2560
Stock Pl avg -0.0063 |0.1133 -0.5334 1 -0.2208 -0.2219 -0.0481
p-value 0.9740 0.5658 0.0029 0.4112 0.2472 0.8042
LT GVNT Bond 0.3978 0.4110 -0.3003 |-0.2208 0.7307 -0.4869
Yield avg 1
p-value 0.1270 0.1280 0.2584 0.4112 0.0013 0.0558
Net Import avg 0.0791 0.0138 -0.0188 |-0.2219 |0.7307 1 0.0215
p-value 0.5970 0.9273 0.9003 0.2472 0.0013 0.8940
FX avg -0.6447 |-0.6627 |0.1815 -0.0481 |-0.4869 0.0215 1
p-value 0.0000 0.0000 0.2560 0.8042 0.0558 0.8940
Africa
GDP avg |C avg CPlavg |Stock Pl |LT GVNT Bond|Net Import |FX avg
avg Yield avg avg

GDP avg 1 0.7589 -0.0467 |0.1513 0.0641 0.0545 -0.1843
p-value 0.0000 0.6251 0.3646 0.6449 0.6983 0.2487
C avg 0.7589 1 0.0624 0.3788 0.1297 -0.0073 -0.0971
p-value 0.0000 0.5150 0.0208 0.3547 0.9587 0.5512
CPl avg -0.0467 |0.0624 1 0.3187 -0.0672 0.0086 -0.1274
p-value 0.6251 0.5150 0.0512 0.6294 0.9512 0.4272
Stock Pl avg 0.1513 0.3788 0.3187 1 0.0513 -0.0056 -0.2158
p-value 0.3646 0.0208 0.0512 0.7597 0.9737 0.1933
LT GVNT Bond 0.0641 0.1297 -0.0672 |0.0513 0.0674 0.0252
Yield avg 1
p-value 0.6449 0.3547 0.6294 0.7597 0.6314 0.8757
Net Import avg 0.0545 -0.0073 |0.0086 -0.0056 |0.0674 1 -0.0769
p-value 0.6983 0.9587 0.9512 0.9737 0.6314 0.6373
FX avg -0.1843 |-0.0971 |-0.1274 |-0.2158 |0.0252 -0.0769 1
p-value 0.2487 0.5512 0.4272 0.1933 0.8757 0.6373

Table 1 Continued.
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Correlation the full period

Asia
GDP avg |C avg CPlavg |Stock Pl |LT GVNT Bond|Net Import |FX avg
avg Yield avg avg
GDP avg 1 0.8597 -0.1197 |0.0850 -0.0472 0.0796 -0.6452
p-value 0.0000 0.2087 0.5413 0.7611 0.5672 0.0000
C avg 0.8597 1 -0.0124 |0.0709 -0.0372 0.0934 -0.5689
p-value 0.0000 0.8971 0.6137 0.8130 0.5057 0.0001
CPl avg -0.1197 |-0.0124 1 0.0320 0.1065 0.0127 0.0628
p-value 0.2087 0.8971 0.8184 0.4914 0.9272 0.6967
Stock Pl avg 0.0850 0.0709 0.0320 1 -0.1643 -0.1851 -0.1566
p-value 0.5413 0.6137 0.8184 0.2866 0.1803 0.3283
LT GVNT Bond -0.0472 |-0.0372 |0.1065 -0.1643 0.0704 0.0776
Yield avg 1
p-value 0.7611 0.8130 0.4914 0.2866 0.6499 0.6296
Net Import avg 0.0796 0.0934 0.0127 -0.1851 |0.0704 1 -0.4259
p-value 0.5672 0.5057 0.9272 0.1803 0.6499 0.0055
FX avg -0.6452 |-0.5689 |0.0628 -0.1566 |0.0776 -0.4259 1
p-value 0.0000 0.0001 0.6967 0.3283 0.6296 0.0055
Europe
GDP avg |C avg CPlavg |Stock Pl |LT GVNT Bond|Net Import |FX avg
avg Yield avg avg

GDP avg 1 0.6327 -0.0288 |0.2691 0.1820 0.1003 -0.1930
p-value 0.0000 0.7630 0.0491 0.1605 0.4703 0.2267
C avg 0.6327 1 -0.0514 |0.2770 0.0299 0.1069 -0.2345
p-value 0.0000 0.5918 0.0446 0.8203 0.4460 0.1453
CPl avg -0.0288 |-0.0514 1 -0.2313 |0.3625 0.0870 -0.0746
p-value 0.7630 0.5918 0.0924 0.0041 0.5314 0.6429
Stock Pl avg 0.2691 0.2770 -0.2313 1 -0.3532 0.0303 -0.3262
p-value 0.0491 0.0446 0.0924 0.0088 0.8278 0.0374
LT GVNT Bond 0.1820 0.0299 0.3625 -0.3532 0.1588 -0.0717
Yield avg 1
p-value 0.1605 0.8203 0.0041 0.0088 0.2513 0.6559
Net Import avg 0.1003 0.1069 0.0870 0.0303 0.1588 1 -0.3407
p-value 0.4703 0.4460 0.5314 0.8278 0.2513 0.0293
FX avg -0.1930 |[-0.2345 |-0.0746 |-0.3262 |-0.0717 -0.3407 1
p-value 0.2267 0.1453 0.6429 0.0374 0.6559 0.0293

Table 1 Continued.
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Correlation the full period

Oceania
GDP avg |C avg CPlavg |Stock Pl |LT GVNT Bond|Net Import |FX avg
avg Yield avg avg

GDP avg 1 0.6447 0.0441 0.0080 0.2663 0.1073 -0.0845
p-value 0.0000 0.6446 0.9616 0.0924 0.4398 0.5995
C avg 0.6447 1 0.2244 0.0768 0.2232 0.0562 -0.2313
p-value 0.0000 0.0179 0.6468 0.1662 0.6896 0.1510
CPl avg 0.0441 0.2244 1 -0.2617 |0.2397 0.0674 -0.1115
p-value 0.6446 0.0179 0.1075 0.1312 0.6281 0.4877
Stock Pl avg 0.0080 0.0768 -0.2617 1 0.0814 -0.1497 -0.0553
p-value 0.9616 0.6468 0.1075 0.6221 0.3632 0.7379
LT GVNT Bond 0.2663 0.2232 0.2397 0.0814 0.0411 -0.0594
Yield avg 1
p-value 0.0924 0.1662 0.1312 0.6221 0.7987 0.7122
Net Import avg 0.1073 0.0562 0.0674 -0.1497 |0.0411 1 0.0418
p-value 0.4398 0.6896 0.6281 0.3632 0.7987 0.7955
FX avg -0.0845 |[-0.2313 |-0.1115 |-0.0553 |-0.0594 0.0418 1
p-value 0.5995 0.1510 0.4877 0.7379 0.7122 0.7955

Table 1 Continued.
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Correlation 1900-1947 period
Global

GDP avg C avg CPI avg
GDP avg 1 0.8369 0.1378
p-value 0.0000 0.3610
C avg 0.8369 1 0.1067
p-value 0.0000 0.4805
CPl avg 0.1378 0.1067 1
p-value 0.3610 0.4805

OECD

GDP avg C avg CPI avg
GDP avg 1 0.6582 -0.0026
p-value 0.0000 0.9865
C avg 0.6582 1 -0.0298
p-value 0.0000 0.8442
CPl avg -0.0026 -0.0298 1
p-value 0.9865 0.8442

non-OECD

GDP avg C avg CPI avg
GDP avg 1 0.6698 0.2883
p-value 0.0000 0.0469
C avg 0.6698 1 0.4349
p-value 0.0000 0.0020
CPl avg 0.2883 0.4349 1
p-value 0.0469 0.0020

North America

GDP avg C avg CPI avg
GDP avg 1 0.5401 0.3476
p-value 0.0001 0.0155
C avg 0.5401 1 0.3023
p-value 0.0001 0.0368
CPl avg 0.3476 0.3023 1
p-value 0.0155 0.0368

Table 2 Correlation matrix for the first sulperiod (19001947)
Note 192324 years are excluded from the CPI analysis for the first qudriod because of German

hyperinflation. The removal applies to Global, OECD, and Europe country categories as Germany is
included in three country categories.
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South America

GDP avg C avg CPIl avg
GDP avg 1 0.7557 0.0056
p-value 0.0000 0.9697
C avg 0.7557 1 -0.0650
p-value 0.0000 0.6609
CPI avg 0.0056 -0.0650 1
p-value 0.9697 0.6609

Africa

GDP avg C avg CPl avg
GDP avg 1 0.6513 -0.1148
p-value 0.0000 0.4373
C avg 0.6513 1 0.0812
p-value 0.0000 0.5830
CPl avg -0.1148 0.0812 1
p-value 0.4373 0.5830

Asia

GDP avg C avg CPIl avg
GDP avg 1 0.5166 -0.1186
p-value 0.0002 0.4221
C avg 0.5166 1 0.2121
p-value 0.0002 0.1478
CPI avg -0.1186 0.2121 1
p-value 0.4221 0.1478

Europe

GDP avg C avg CPI avg
GDP avg 1 0.6592 0.1513
p-value 0.0000 0.3156
C avg 0.6592 1 0.1826
p-value 0.0000 0.2244
CPI avg 0.1513 0.1826 1
p-value 0.3156 0.2244

Oceania

GDP avg C avg CPIl avg
GDP avg 1 0.5272 0.1490
p-value 0.0001 0.3122
C avg 0.5272 1 0.3648
p-value 0.0001 0.0108
CPI avg 0.1490 0.3648 1
p-value 0.3122 0.0108

Table 2 Continued.
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Correlation 1948-2011

Global
GDP avg |[Cavg CPl avg Stock Plavg [LT GVNT Bond Yield [NetImport avg [FX avg
avg
GDP avg 1 0.9426 0.0375 0.0596 0.1304 -0.0281 -0.5217
p-value 0.0000 0.7688 0.6480 0.3164 0.8371 0.0005
C avg 0.9426 1 -0.0561 0.1498 0.0578 -0.0031 -0.5441
p-value 0.0000 0.6621 0.2532 0.6611 0.9822 0.0003
CPl avg 0.0375 -0.0561 1 -0.0124 0.2521 0.1084 0.0306
p-value 0.7688 0.6621 0.9247 0.0500 0.4264 0.8493
Stock Pl avg 0.0596 0.1498 -0.0124 1 -0.3085 -0.2187 -0.1964
p-value 0.6480 0.2532 0.9247 0.0156 0.1054 0.2183
LT GVNT Bond Yield [0.1304 0.0578 0.2521 -0.3085 0.3488 -0.1283
avg 1
p-value 0.3164 0.6611 0.0500 0.0156 0.0084 0.4241
Net Import avg -0.0281 -0.0031 0.1084 -0.2187 0.3488 1 -0.1282
p-value 0.8371 0.9822 0.4264 0.1054 0.0084 0.4244
FX avg -0.5217 -0.5441 0.0306 -0.1964 -0.1283 -0.1282 1
p-value 0.0005 0.0003 0.8493 0.2183 0.4241 0.4244
OECD
GDP avg |[Cavg CPl avg Stock Plavg |LT GVNT Bond Yield |Net Import avg |FX avg
avg
GDP avg 1 0.7545 0.2298 0.1085 0.1451 0.0914 -0.2627
p-value 0.0000 0.0678 0.4054 0.2645 0.5027 0.0971
C avg 0.7545 1 0.1836 0.2473 0.0520 0.1340 -0.3173
p-value 0.0000 0.1498 0.0568 0.6932 0.3294 0.0460
CPl avg 0.2298 0.1836 1 0.1206 0.1416 -0.0880 -0.3383
p-value 0.0678 0.1498 0.3544 0.2763 0.5189 0.0305
Stock Pl avg 0.1085 0.2473 0.1206 1 -0.3699 -0.0179 -0.2577
p-value 0.4054 0.0568 0.3544 0.0033 0.8956 0.1038
LT GVNT Bond Yield [0.1451 0.0520 0.1416 -0.3699 0.1589 -0.0907
avg 1
p-value 0.2645 0.6932 0.2763 0.0033 0.2422 0.5728
Net Import avg 0.0914 0.1340 -0.0880 -0.0179 0.1589 1 -0.2117
p-value 0.5027 0.3294 0.5189 0.8956 0.2422 0.1838
FX avg -0.2627 -0.3173 -0.3383 -0.2577 -0.0907 -0.2117 1
p-value 0.0971 0.0460 0.0305 0.1038 0.5728 0.1838
non-OECD
GDPavg [Cavg CPlavg Stock Plavg |LT GVNT Bond Yield |Net Importavg (FX avg
avg
GDPavg 1 0.9298 -0.0531 0.1228 -0.1239 0.0080 -0.7083
p-value 0.0000 0.6772 0.4625 0.3722 0.9542 0.0000
Cavg 0.9298 1 -0.1142 0.1913 -0.0759 0.0512 -0.6588
p-value 0.0000 0.3727 0.2568 0.5889 0.7158 0.0000
CPlavg -0.0531 -0.1142 1 -0.1153 -0.0445 0.0035 0.0928
p-value 0.6772 0.3727 0.4907 0.7495 0.9801 0.5640
Stock Plavg 0.1228 0.1913 -0.1153 1 0.1664 -0.1335 -0.2238
p-value 0.4625 0.2568 0.4907 0.3180 0.4243 0.1767
LT GVNT Bond Yield (-0.1239 -0.0759 -0.0445 0.1664 0.1463 0.0342
avg 1
p-value 0.3722 0.5889 0.7495 0.3180 0.2912 0.8320

Table 3 Correlation matrix for the second sygeriod (19482011).
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Correlation 1948-2011

non-OECD
GDPavg ([Cavg CPlavg Stock Plavg (LT GVNT Bond Yield |Net Importavg [FX avg
avg
Net Importavg 0.0080 0.0512 0.0035 -0.1335 0.1463 1 -0.1723
p-value 0.9542 0.7158 0.9801 0.4243 0.2912 0.2815
FX avg -0.7083 -0.6588 0.0928 -0.2238 0.0342 -0.1723 1
p-value 0.0000 0.0000 0.5640 0.1767 0.8320 0.2815
North America
GDPavg ([Cavg CPlavg Stock Pavg (LT GVNT Bond Yield |Net Importavg [FX avg
avg
GDPavg 1 0.8096 -0.1729 -0.1399 0.3618 0.2088 -0.5376
p-value 0.0000 0.1720 0.2823 0.0045 0.1224 0.0003
Cavg 0.8096 1 -0.2138 -0.0353 0.1873 0.2129 -0.6007
p-value 0.0000 0.0924 0.7890 0.1555 0.1187 0.0000
CPlavg -0.1729 -0.2138 1 -0.0790 0.0030 -0.4656 0.3738
p-value 0.1720 0.0924 0.5449 0.9820 0.0003 0.0161
Stock Plavg -0.1399 -0.0353 -0.0790 1 -0.2206 0.0188 -0.1829
p-value 0.2823 0.7890 0.5449 0.0903 0.8905 0.2523
LT GVNT Bond Yield [0.3618 0.1873 0.0030 -0.2206 -0.0339 -0.3109
avg 1
p-value 0.0045 0.1555 0.9820 0.0903 0.8041 0.0479
Net Importavg 0.2088 0.2129 -0.4656 0.0188 -0.0339 1 -0.2159
p-value 0.1224 0.1187 0.0003 0.8905 0.8041 0.1752
FX avg -0.5376 -0.6007 0.3738 -0.1829 -0.3109 -0.2159 1
p-value 0.0003 0.0000 0.0161 0.2523 0.0479 0.1752
South America
GDPavg Cavg CPlavg Stock Plavg (LT GVNT Bond Yield |Net Importavg [FX avg
avg
GDPavg 1 0.9376 -0.2270 -0.0063 0.3978 0.0791 -0.6447
p-value 0.0000 0.0712 0.9740 0.1270 0.5970 0.0000
Cavg 0.9376 1 -0.2884 0.1133 0.4110 0.0138 -0.6627
p-value 0.0000 0.0219 0.5658 0.1280 0.9273 0.0000
CPlavg -0.2270 -0.2884 1 -0.5334 -0.3003 -0.0188 0.1815
p-value 0.0712 0.0219 0.0029 0.2584 0.9003 0.2560
Stock Plavg -0.0063 0.1133 -0.5334 1 -0.2208 -0.2219 -0.0481
p-value 0.9740 0.5658 0.0029 0.4112 0.2472 0.8042
LT GVNT Bond Yield [0.3978 0.4110 -0.3003 -0.2208 0.7307 -0.4869
avg 1
p-value 0.1270 0.1280 0.2584 0.4112 0.0013 0.0558
Net Importavg 0.0791 0.0138 -0.0188 -0.2219 0.7307 1 0.0215
p-value 0.5970 0.9273 0.9003 0.2472 0.0013 0.8940
FX avg -0.6447 -0.6627 0.1815 -0.0481 -0.4869 0.0215 1
p-value 0.0000 0.0000 0.2560 0.8042 0.0558 0.8940

Table 3 Continued.
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Correlation 1948-2011

Africa
GDPavg |[Cavg CPl avg Stock Plavg [LT GVNT Bond Yield [Net Import avg [FX avg
avg
GDP avg 1 0.7777 0.1018 0.1513 0.0641 0.0545 -0.1843
p-value 0.0000 0.4235 0.3646 0.6449 0.6983 0.2487
C avg 0.7777 1 0.0752 0.3788 0.1297 -0.0073 -0.0971
p-value 0.0000 0.5582 0.0208 0.3547 0.9587 0.5512
CPl avg 0.1018 0.0752 1 0.3187 -0.0672 0.0086 -0.1274
p-value 0.4235 0.5582 0.0512 0.6294 0.9512 0.4272
Stock Pl avg 0.1513 0.3788 0.3187 1 0.0513 -0.0056 -0.2158
p-value 0.3646 0.0208 0.0512 0.7597 0.9737 0.1933
LT GVNT Bond Yield [0.0641 0.1297 -0.0672 0.0513 0.0674 0.0252
avg 1
p-value 0.6449 0.3547 0.6294 0.7597 0.6314 0.8757
Net Import avg 0.0545 -0.0073 0.0086 -0.0056 0.0674 1 -0.0769
p-value 0.6983 0.9587 0.9512 0.9737 0.6314 0.6373
FX avg -0.1843 -0.0971 -0.1274 -0.2158 0.0252 -0.0769 1
p-value 0.2487 0.5512 0.4272 0.1933 0.8757 0.6373
Asia
GDP avg |[Cavg CPl avg Stock Plavg |LT GVNT Bond Yield |Net Import avg |FX avg
avg
GDP avg 1 0.9108 -0.0188 0.0850 -0.0472 0.0796 -0.6452
p-value 0.0000 0.8826 0.5413 0.7611 0.5672 0.0000
C avg 0.9108 1 -0.0789 0.0709 -0.0372 0.0934 -0.5689
p-value 0.0000 0.5390 0.6137 0.8130 0.5057 0.0001
CPl avg -0.0188 -0.0789 1 0.0320 0.1065 0.0127 0.0628
p-value 0.8826 0.5390 0.8184 0.4914 0.9272 0.6967
Stock Pl avg 0.0850 0.0709 0.0320 1 -0.1643 -0.1851 -0.1566
p-value 0.5413 0.6137 0.8184 0.2866 0.1803 0.3283
LT GVNT Bond Yield (-0.0472 -0.0372 0.1065 -0.1643 0.0704 0.0776
avg 1
p-value 0.7611 0.8130 0.4914 0.2866 0.6499 0.6296
Net Import avg 0.0796 0.0934 0.0127 -0.1851 0.0704 1 -0.4259
p-value 0.5672 0.5057 0.9272 0.1803 0.6499 0.0055
FX avg -0.6452 -0.5689 0.0628 -0.1566 0.0776 -0.4259 1
p-value 0.0000 0.0001 0.6967 0.3283 0.6296 0.0055
Europe
GDP avg |Cavg CPl avg Stock Plavg |LT GVNT Bond Yield |Net Import avg |FX avg
avg
GDP avg 1 0.5293 0.1811 0.2691 0.1820 0.1003 -0.1930
p-value 0.0000 0.1521 0.0491 0.1605 0.4703 0.2267
C avg 0.5293 1 0.0336 0.2770 0.0299 0.1069 -0.2345
p-value 0.0000 0.7939 0.0446 0.8203 0.4460 0.1453
CPl avg 0.1811 0.0336 1 -0.2313 0.3625 0.0870 -0.0746
p-value 0.1521 0.7939 0.0924 0.0041 0.5314 0.6429
Stock Pl avg 0.2691 0.2770 -0.2313 1 -0.3532 0.0303 -0.3262
p-value 0.0491 0.0446 0.0924 0.0088 0.8278 0.0374

Table 3 Continued.
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Correlation 1948-2011

Europe
GDP avg |[Cavg CPl avg Stock Plavg [LT GVNT Bond Yield [Net Import avg [FX avg
avg
LT GVNT Bond Yield [0.1820 0.0299 0.3625 -0.3532 0.1588 -0.0717
avg 1
p-value 0.1605 0.8203 0.0041 0.0088 0.2513 0.6559
Net Import avg 0.1003 0.1069 0.0870 0.0303 0.1588 1 -0.3407
p-value 0.4703 0.4460 0.5314 0.8278 0.2513 0.0293
FX avg -0.1930 -0.2345 -0.0746 -0.3262 -0.0717 -0.3407 1
p-value 0.2267 0.1453 0.6429 0.0374 0.6559 0.0293
Oceania
GDP avg |Cavg CPl avg Stock Plavg |LT GVNT Bond Yield |Net Import avg |FX avg
avg

GDP avg 1 0.6767 -0.0645 0.0080 0.2663 0.1073 -0.0845
p-value 0.0000 0.6124 0.9616 0.0924 0.4398 0.5995
C avg 0.6767 1 0.1154 0.0768 0.2232 0.0562 -0.2313
p-value 0.0000 0.3677 0.6468 0.1662 0.6896 0.1510
CPl avg -0.0645 0.1154 1 -0.2617 0.2397 0.0674 -0.1115
p-value 0.6124 0.3677 0.1075 0.1312 0.6281 0.4877
Stock Pl avg 0.0080 0.0768 -0.2617 1 0.0814 -0.1497 -0.0553
p-value 0.9616 0.6468 0.1075 0.6221 0.3632 0.7379
LT GVNT Bond Yield |0.2663 0.2232 0.2397 0.0814 0.0411 -0.0594
avg 1
p-value 0.0924 0.1662 0.1312 0.6221 0.7987 0.7122
Net Import avg 0.1073 0.0562 0.0674 -0.1497 0.0411 1 0.0418
p-value 0.4398 0.6896 0.6281 0.3632 0.7987 0.7955
FX avg -0.0845 -0.2313 -0.1115 -0.0553 -0.0594 0.0418 1
p-value 0.5995 0.1510 0.4877 0.7379 0.7122 0.7955

Table 3 Continued.
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APPENDIX 5 LOGISTIC REGRESSION

. Standard Estimated

Country Category Parameter(s) Estimate Error Odds Ratio
Global GDP avg (dependentriable -3.6109 1.0134

C avg 20.177 223.61 5.7912E8
OECD GDP avg (dependentriable -1.7346 0.6262

FX avg -15.8315 70.7138 1.3318E7
nonOECD GDPavg (dependentariable -3.3673 1.0171

Cavg 5.1591 1.4836 174.0
North America GDPavg (dependentariablg -16.397 110.453

Cavg 51.8598 149.309 3.3299E22

CPlavg -13.0772 96.393 2.0925E6

LT GVNT Bond Yieldavg 27.8648 104.349 1.2633E12

FX avg -32.9481 81.4628 4.9071E15
South America GDPavg (dependentariable -30.5662 95.3467

Cavg 61.1325 184.638 3.54407E26
Africa GDP avg (dependent variable) -9.5825 3.7137

C avg 6.1784 2.3640 482.215

CPI avg 3.2069 1.7567 24.7035

Net Import avg 3.8149 1.8993 45.3724

FX avg 3.3629 1.6785 28.874
Asia GDP avg (dependentriable -30.5662 51.2992

C avg 61.1325 229.417 3.5441E26
Europe GDP avg (dependentriable -35.0716 72.1692

C avg 19.8835 144.34 4.318E8

Net Import avg 32.299 72.1756 1.0649E14
Oceania GDP avg (dependentriable -41.9743 96.5326

C avg 77.1842 116.997 3.3165E33

CPIl avg -22.535 102.228 1.6338E10

Stock Pl avg -45.8975 111.433 1.1667E20

LT GVNT Bond Yield avg 22.6976 102.872 7.2015E9

Table 1Estimated regression models (maximum likelihood) for all countigtegories
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Country Category Source Deviance Df P-Value

Global Model 12.0621 1 0.0005
Residual 9.2486 38 1.0000
Total (corr.) 21.3108 39

Percentage of deviance explained by modeb£0%

OECD Model 4.4023 1 0.0359
Residual 16.9084 38 0.9988
Total (corr.) 21.3108 39

Percentage of deviance explained by mod20£66%

nonOECD Model 21.383 1 0.0000
Residual 14.5103 35 0.9991
Total (corr.) 35.8933 36

Percentage of deviance explained by mod&®57%

North America Model 34.6254 4 0.0000
Residual 5.4067 35 1.0000
Total (corr.) 40.0322 39

Percentage of deviance explained by modeb49%

South America Model 17.3975 1 0.0000
Residual 1.5920E12 13 1.0000
Total (corr.) 17.3975 14

Percentage of deviance explained by mode06%

Africa Model 19.3941 4 0.0007
Residual 19.2396 32 0.9632
Total (corr.) 38.6337 36

Percentage of deviance explained by mode0:20%

Asia Model 15.8812 1 0.0001
Residual 4.2454E12 38 1.0000
Total (corr.) 15.8812 39

Percentage of deviance explained by mode06%

Europe Model 18.4002 2 0.0001
Residual 7.6064 37 1.0000
Total (corr.) 26.0066 39

Percentage of deviance explained by modeéd75%

Oceania Model 36.3065 4 0.0000
Residual 0.0001 33 1.0000
Total (corr.) 36.3066 37

Percentage of deviance explained by mod@9:99%

Table 2Analysis of Deviance for all country categories
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Country Category Predictor(s) Df P-Value
Global C avg 1 0.0005
OECD |[FX avg 11 10.0359
nonOECD IC avg 11 10.0000
North America Cavg 1 0.0000

CPlavg 1 0.0229
LT GVNT Bond Yieldavg 1 0.0079
FX avg 1 0.0021
South America [Cavg 11 10.0000
Africa C avg 1 0.0001
CPl avg 1 0.0281
Net Import avg 1 0.0087
FX avg 1 0.0152
Asia |C avg 11 [0.0001
Europe C avg 1 0.0004
Net Import avg 1 0.0042
Oceania C avg 1 0.0000
CPl avg 1 0.0339
Stock Pl avg 1 0.0025
LT GVNT Bond Yield avg 1 0.0339

Table 3Likelihood Ratio Tests for all country categories
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APPENDIX 6 ANNUAL CHANGES IN ANALYZED MACRO -FINANCIAL VARIABLES
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APPENDIX 7 HISTOGRAMS AND NORMAL PROBABILITY PLOTS FOR FULL PERIOD
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Hisipgram for CPl Global avg
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Histogram for Stock PlGlobal avg
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