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Abstract. The relevance is determined by the need to investigate the 2010 eurozone sovereign debt crisis and the
factors that led to it. These factors range from a combination of international trade imbalances, the impact of the
global crisis from 2007 to 2012, the failure of European governments' bailout approaches that created barriers for
bondholders in both banking and the private sector, and high-risk lending policies and loans, forced by unregulated
credit requirements between 2002 and 2008 and fiscal policy choices related to government revenues and
expenditures. The aim of the study is to model data to identify a set of primary risk factors and identify economic
variables and their impact on both the local economy of Greece and the financial markets associated with it. As
a result of the study, a set of primary risk factors and their impact on the local economy of Greece, the domestic
financial market based on external sources, was identified to validate the analysis. Methods of statistical analysis
and macroeconomic modeling of data were used for this purpose. Generalised models of autoregressive conditional
heteroskedasticity based on data provided by the World Bank Data Portal have become a method of modeling. As
a result, the autoregressive conditioned heteroskedastic (ARCH) and the generalised autoregressive conditioned
heteroskedastic (GARCH) models, built and trained on the data of 2006-2009, were obtained, predicting volatility
from 2010. It was found that the model of the autoregressive integrated moving average is not suitable for the task
because there was no noticeable autocorrelation. It was found that volatility has a tendency to fade. This observation
coincides with reality. Systemic risk indicators, mainly used to forecast national risk, are usually based on insider
data from rating agencies or financial institutions. This article provides results close to the composite indicator of
systemic stress provided by the European Central Bank (ECB) using the ARCH and GARCH models on publicly
available data. Practical significance refers to the principle of model formation, which allows creating risk indicators
based on publicly available state financial data
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The Problem Statement

Despite much effort and decades to build a strong Single  of their financial systems. This led to a constant sovereign
Financial Market, some member states of the area didnt  debt arising from the need to refinance government debts.
have proper crisis resolutions and mechanisms at the time ~ The sovereign debt crisis threatened the Euro Area and
of the Global Financial Crisis of 2008. There was a threat of ~ European Union in general to near facing a new reces-
widespread bank failures in EU countries and near collapse  sion [1-3]. Credit agencies' ratings and indexes are black
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boxes, based on insider data unavailable to most investors.
The paper identifies and analyses the effects of (interest
rates, market concentration, and monetary supply or com-
modities prices) and their effect on both the economy and
traditional approaches to portfolio risk management.

Analysis of Recent Research and Publications

As the crisis faded off, the interest in its analysis of Greece
economy slowly went down. The last major macroeconomic
research was done by the Business Insider journal to rate
Greece recovery rate [4]. The main studied publication in this
paper was European Central Bank report on Greece [5]. It
provides analysis of Greece fall and recovery and uses SSSI
to measure risk. A more academical source used was a series
of Kenton, W papers based on usage of GARCH models in
macroeconomics. Systemic risk indicators, primarily used
for forecasting statewide risk, are usually built on insider
data of rating agencies or financial institutions. In this paper
we obtain results close to Systemic Stress Indicator pro-
vided by European Central Bank (ECB) using ARCH and
GARCH models on public data [6]. The unresolved part
of a common ‘black box’ problem is GARCH modeling.

Setting the Objectives

The objective is to model the boiling state of the Greek local
financial market before the peak of the Sovereign Debt Crisis
of Eurozone in 2009, modeling the insights of foreign inves-
tors and credit rating organisations. We will identify a set of
primary risk factors and their effect on both the local economy
and the markets involved to validate the analysis done.

Results and Discussion

The Euro Area also called Eurozone is a monetary union
of 19 of the 27 European Union (EU) member states which
have adopted the euro as their common currency and sole
legal tender. European Union has initially been established
in 1993 with the aim of achieving economic integration via
stimulating members economic growth, encouraging indus-
trial specialisation and enhancing supplemental gains from
international trade. The Euro Area has been expanding from
time to time and other members of European Union have
been integrated by agreeing to adopt Euro as their currency.

The paper provides extended traditional data modeling
workflow used in both research and industry. Data has been
selected, sourced and modelled to provide insights fed into
the analysis. Analysis is driven by analytic graphs, explor-
atory analysis, and has been discussed to validate statistical
and macroeconomic models (Autoregressive Conditional
Heteroskedasticity (ARCH) and Generalised Autoregressive
Conditional Heteroskedasticity (GARCH)) chosen and ap-
plied from a set of provided techniques [7-10].

This paper will use both statistical analysis and macro-
economic data modeling techniques to identify a set of pri-
mary risk factors or economic variables and their effect on
both the local economy of Greece and the markets involved.

The selected method of modeling is Generalised autore-
gressive conditional heteroskedasticity models. The rese-
arch is based on the data provided by World Bank Data
Portal. Experiment — building and fitting ARCH and GARCH
models. Subject — Greek government bond triple A with
1-year yield maturity and SSSI. The authors decided to
build a model around variance. The point is to study spread,
which can be used to indicate panic and turbulence in the
finance market. Those swings are typical for Sovereign Debt
Crisis (as stated by the EU commission report studies). The
authors will forecast possible variance based on data, obser-
vable before the crisis peak. This allows to predict data with
the same conditions as experts during the crisis.

The ARCH/GARCH models are suitable because the
authors are expecting the data to be a trendless white noise.
As the data is turbulent in the presence of the crisis, there
should be no significant trends in volatility and no shared
variance. The authors have not used the ARIMA (autore-
gressive integrated moving average) model because of the
decision to focus on shocks and deviations of the series and
not on the forecast itself. This paper uses ARCH/GARCH
time series model to analyse data. ARCH stands for Auto-
regressive Conditional Heteroskedasticity (ARCH) and it
is a time-series analysis tool for securities markets with the
principle that periods of low volatility are often followed by
periods of high volatility. Meaning that the variance of the
error term describing these markets would vary depending
on the variance of previous periods. If the change in variance
can be correlated over time, then it can be modeled using
an autoregressive process, such as ARCH.

On the other hand, GARCH process is often pre-
ferred by financial modeling professionals because it pro-
vides a more real-world context than other ARCH and
other models when trying to predict the prices and rates
of financial instruments [11; 12]. It is an extension of the
ARCH model that incorporates a moving average com-
ponent together with the autoregressive component. Spe-
cifically, the model includes lag variance terms (e.g., the
observations if modeling the white noise residual errors of
another process), together with lag residual errors from a
mean process [13]. The introduction of a moving average
component allows the model to both model the conditional
change in variance over time and changes in the time-de-
pendent variance.

The authors selected SSSI as an external risk mea-
surement to show high-risk exposure. The indicator is based
on the work of D. Holl4, M. Kremer, and M.Lo Duca [14].
This paper plots “CISS - a composite indicator of systemic
stress in the financial system” on the graph to view changes
over the years from 2008 in the Euro Area (Fig. 1) [15]. The
budget to Gross Domestic Product (GDP) spending was
selected as it is, partially, a cause of the Sovereign Debt Crisis.
The authors fetched Greece and overall Eurozone data to
visually show how drastic were the changes in spending of
Greece compared to overall situation (Fig. 2).

Scientific Bulletin of Mukachevo State University. Series "Economics’, 7(1), 184-190 185




Generalised Autoregressive Conditional Heteroskedasticity Modeling of One-Year Maturity Government Bonds...

Sovereign Systemic stress indicator

a

m /K/M Wﬂ

\ WWK\W\

2008 2010 2012

2014 2016 2018 ‘

2020
Date
Figure 1. Sovereign Systemic Stress indicator

180 A
160 |
140
120 |
100

] —G

80 | reece
1 -~ Euro area
2008 2010 2012 2014 2016 2018
Date

Figure 2. Spending to GDP ratio

To show how the crisis affected financial markets, we
selected Euro area bonds with 1-year maturity. The authors
intentionally selected grouped eurozone bonds dynamics
without specifying the emitting country (Greece, for exam-
ple) to show how wide the crisis was. The data is Euro area
(changing composition) — Government bond, nominal, all
issuers whose rating is triple A - Svensson model - con-
tinuous compounding - yield error minimisation - Yield
curve spot rate, 1-year maturity — Euro, provided by ECB.

Government bond triple a
N

The paper uses European Central Bank “Yield curve
spot rate, 1-year maturity - Government bond, nominal, all
issuers whose rating is triple A - Euro area (changing com-
position)” as cited in the code section in the appendix. Based
on the work of D. Holl6, M. Kremer, and M. Lo Duca [14],
this paper plots CISS (a composite indicator of systemic
stress) in the financial system on the graph to view changes
over the years from 2008 in the Euro Area [first graph], and
shows government bond interest in the area (Fig. 3).
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Figure 3. Government bond triple A
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First, the range from 2006-04-01 (the first data ob-
servations) to 2009-02-01 is selected - before the peak of
the crisis. It is essential to build models on data obtained
before the crisis started to cool down. Then, it is necessary
to check autocorrelation function (ACF) to see, does the
obtained data contain trends or is it a random noise. The
authors are taking squares of data returns and building
ACF graphs. The ACF of the series below shows that the
series looks to be white noise. So, it is possible to try to

fit ARCH/GARCH. Additionally, the authors used Value at
risk (VAR) method to display risk exposure in the given en-
vironment. The calculation is listed in appendix, and here are
the results: Parametric VAR is -0.081 and Historical VAR is
-0.072; Simulated VAR is -0.0782096667041426 (NB: here,
the VAR is negative as it is the money lost) (Figs. 4-5).

As it is seen, the Auto Regressive Integrated Moving
Average model is not suitable here, as here is no notable
autocorrelation (Figs. 6-7).
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Figure 4. Bond yields autocorrelation
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Figure 5. Debt to GDP rate of Greece autocorrelation
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Figure 6. Debt to GDP rate in the selected range
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Figure 7. Government yields in the selected range

Now it's time to fit ARCH and GARCH models. The 100 days for the bond yields and 50 years for the government
model build and fit part is listed in the code appendix. Then  spending (Fig. 8).
it is possible to forecast the next 100 ticks of data. This is

Mean Model

coef std err t P>l 95.0% Contf. Int.

mu 0.0531 1.487e-02  3.569 3.581e-04 [2.392e-02,8.220e-02]

Volatility Model

coef stderr t P>t 95.0% Conf Int.

omega 0.0156 4.932¢-03 3.155 1.606e-03 [5.892¢-03,2.523e-02]
alpha[1] 0.0879 1.140e-02 7.710 1.260e-14 [6.554¢-02, 0.110]

beta[1]  0.9014 1.183e-02 76.163 0.000 [ 0.878, 0.925]

Figure 8. Short listing of GARCH model summary

As it is seen, the coefficients alpha, omega and mu  crisis is about to peak and descend. Before settling down,
have a small std, so it is possible to proceed with it. Let's  the volatility of bond yields swings a lot. This shows a high
analyse ARCH and GARCH outputs. The volatility seems  level of uncertainty in the boiling market (Figs. 9-10).
to fade out. This observation coincides with reality, as the
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Figure 9. ARCH and GARCH models output for bonds yields
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Figure 10. ARCH and GARCH models output for spending to GDP ratio

Conclusions

A similar pattern can be observed with spending volatility
prediction. It is uncertain what Greece's actions might be
right away, but in the end, they should pick a rate and set-
tle down. Both of these observations, based on models, are
close to the real historical state of the market. This informa-
tion explains the state of the market before the peak - high
uncertainty and high volatility of government bond yields
adding to uncertainty, relatively low VAR shows that even
with observed volatility, the risks of default are still relatively
high - approx. 8%. This adds to the panic and explains the
high yields of the bonds.

The authors have modelled the boiling state of the
Greek local financial market before the peak of the Sovereign
Debt Crisis of Eurozone in 2009, obtaining the insights of
foreign investors and credit rating organisations. Obtained
results explain the state of the market before the peak -
high uncertainty and high volatility of government bond
yields. The obtained forecast is relatively close to the one
provided by ISSS and based solely on publicly available
data. Generalised autoregressive conditional heteroskedas-
ticity modeling is a general and effective tool, that can be
used in risk forecasting of macroeconomic stress.
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Y3arasbHeHe MoAenioBaHHA aBToperpeciutHol YMOBHOI
rerepocKkefacTUYHOCTI OAHOPIYHUX AepXXaBHUX obnirauin Mpeuir
nig Yac Kpu3u cyBepeHHoro 6opry €spo3onmn y 2010 poui
Jlyka MapisitHoBnY bapuwuny’, [liyaoHHa [lyceHrymykiza?

"MixxHapogHUI yHiBepcUTeT (iHaHCIB
03056, npocn. lNepemoru, 37, M. Kuis, YkpaiHa
2YHiBepcuteT YoprigkBaHT
LA 70170, npocn. CenHT-Hapnbs, 201, m. Hosuii OpneaH, CLLA

AHoTaLjifl. AKTya/IbHICTD MOJIsIiTae y HeOOXIJHOCTI ZOCTIANTI KPU3Y CyBepeHHuX 60priB eBpo3onu 2010 poky Ta
YMHHUKIB, AKi 1 copyarawm. Li ¢paxropyu BapilorTbes Bifj IO€HAHHA MDKHAPOLHOI TOProBeIbHOL YCIIPONIOPLI],
BIUIMBY I7106abHOL Kpuau 3 2007 1o 2012 pix, HeBaui MifX0AiB PATYBa/JIbHIUX 3aXO0/iB €BPOINENICHKUX YPAMIB, AKi
CTBOPIOBAJIV II€PEIIOHM /I BJIACHUKIB 00J1iraniit BogHo4yac 3 6aHKiBCHKOI rajTysi Ta IpMBAaTHOTO CEKTOPY, MO THKA
KPeIUTYBaHHA Ta MO3MKM 3 BUCOKMM PiBHEM PU3MKY, 10 NPUMYIIYBaaUCsA HEPEry/lIbOBAHMMU BMMOTaMU [0
KpeauTiB y mepiox 3 2002 o 2008 pik Ta Bubip ¢ickanpHOI MOMITUKY, OB I3aHNUIT 3 JOXOAMY Ta BUTPAaTaMI YPSIAY.
MeTor0 JOCTI/KeHHSI € MOJIe/IIOBaHH JaHVX [/Is BUSBICHHSA HA0OPY NEPBYHHUX YMHHUKIB PUSYKY Ta BI3HAYCHHS
€KOHOMIYHMX 3MiHHUX i IXHbOTO BIUIMBY 5K Ha MiCLieBy eKOHOMIKy Ipenii, Tak i Ha ¢piHaHCOBI pUHKY, 110 OB sA3aH1
3 Helo. YHaCIiIOK JOCTiIKeHHs 0Y/I0 BM3HAYeHO Ha0ip IepBMHHMX YMHHUKIB PU3MKY Ta iXHiil BIUIMB Ha MicreBy
exoHOMiKy Ipemnii, BHyTpilHiil (iHaHCOBUIT PMHOK Ha OCHOBi CTOPOHHIX MXepes, I Balifalil mpoBeeHOro
aHasi3y. JI7s 11boro BUKOPUCTOBYBa/INCA METOAM CTAaTMCTMYHOTO aHasli3y Ta MAaKpPOEKOHOMIYHOTO MOJENIOBAHHA
TaHMX. MeTomoM MOJENIOBaHHA CTanM y3araJbHEHi MOJE/i aBTOPErpeciiiHOl YMOBHOI IeTepOCKeNaCTUIHOCTI,
o 6a3yrThCs Ha HaHUX, HagaHux Ilopramom maHux CBiToBOro 6aHKy. YHACTiZOK OTpPMMAHOro moOymoBaHi Ta
HaTpeHOBaHi Ha faHux 2006-2009 pokiB aBTOperpecHBHO YMOBHY rerepockegactuuny (APYT) Ta ysaraibHeHO
aBTOpErpecHBHO YMOBHY retepockenactiyny (YAPYT) moperti, o IporHO3y0Th BOTATWIbHICTD Big 2010 poky.
BusBneHo, 1110 MOJie/ib aBTOPerpecUBHOI iHTEIrPOBaHOI KOB3HOI cepeJHbOI He MiXOAUTD /IS TOCTaBJIeHol 3aauli,
OCKiZIbKM He Oy/I0 IOMiTHOI aBTOKOpeAnil. BusABieHo, 10 BOMATUIBHICTD Ma€ CXWIBHICTb HO 3racaHH:. Lle
CIIOCTEPeXKEeHHsI 30iraeTbest 3 peanbHiCTIO. [IOKasHMKM CUCTEMHOTO PU3MKY, 110 B OCHOBHOMY BUKOPVCTOBYIOTHCS
IS IPOTHO3YBAaHHS 3aTa/IbHOJEP)KaBHOTO PU3NUKY, 3a3BUUall OyAYIOTbCA Ha iHCAlIePChKVUX HaHUX PENTUHTOBUX
areHTCcTB 260 (iHAHCOBMX yCTaHOB. Y Lill CTaTTi OTPUMAaHO pe3ynbTaTy, 6/u3bKi o CHCTEeMHOrO IOKa3HMKa
HaIpyTy, HaJJAHOrO €BpONelicbKuM LieHTpanbHuM O6aHkoM (ELIB), Bukopucrosytoun mozeni APYT ta YVAPYT Ha
3araJIbHOJOCTYIHMX JaHuX. [IpakTiuHe 3HaYeHHA Ma€ NPUHLUMI GOPMyBaHHA MOJEII, 110 J03BOJIAE CTBOPIOBATU
[IOKa3HMKM PU3KKY Ha OCHOBI IyO/IiYHMX Hep>KaBHMX PiHAHCOBMX JaHUX

KntouoBi cnoBa: ekoHOMiKa, €auHMIT GiHAHCOBUI PUHOK, MAKPOEKOHOMIUHI MOJeI, IiHY Ha TOBApH, IOKa3HMKA
PpUBKKY
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