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Dynamical networks of government debt as a percentage of GDP; quarterly, 2000–2014.
Cophenetic correlation to analyse persistency of hierarchical trees during the financial crisis.
High synchronicity and connectivity and low number of communities at the time of the crisis.
Less diversification and more centralized network arrangements.
New network organization after the financial crisis arranged by public debt levels.
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abstract
In this paper we analyse the evolving network structure of the quarterly public debt-to-GDP
ratio from 2000 to 2014. By applying tools and concepts coming from complex systems we
study the effects of the global financial crisis over public debt network connections and
communities. Two main results arise from this analysis: firstly, countries public debts tend
to synchronize their evolution, increasing global connectivity in the network and dramatically decreasing the number of communities. Secondly, a disruption in previous structure
is observed at the time of the shock, emerging a more centralized and less diversify network topological organization which might be more prone to suffer contagion effects. This
last fact is evidenced by an increasing tendency in countries of similar level of public debt
to be connected between them, which we have quantified by the network assortativity.
© 2015 Elsevier B.V. All rights reserved.

1. Introduction
The bursting of the US housing bubble triggered the bankruptcy, or the need to be rescued, of large and well reputed banks
and insurance companies in many developed countries. Especially since the collapse and bankruptcy of Lehman Brothers on
September 2008, credit flows dried up, lender confidence dropped with investors repatriating funds to domestic markets
and world economies dipped into recession because of international and domestic aggregate demand plummeted [1,2],
Regardless of policy action, especially in the US, had treated to contain the symptoms of the financial turmoil, the crisis
spillovered from ‘‘Wall Street to Main Street’’ [3]. At the beginning of the financial crisis however the focus was on the actions
of Central banks to address the financial shock and expansionary measures to reactivate the economies, while there was little
concern about public debts. In late 2009, it was clear that the scale and length of the recession increased the perspectives
of banking losses on bad loans and also had a negative impact on sovereign debts values [4]. Additionally, some countries
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reported larger-than-expected increases in fiscal deficits, Ireland and Spain for instance. After October 2009, the new Greek
government recognized larger fiscal deficit for previous years than those previously announced and a new budget deficit
forecast for 2009. This combination of facts definitely moved the focus of the crisis to European sovereign debts from 2010
onwards [5].2
Since the beginning of the financial crisis the euro area as a whole elevated its public debt ratio from 67.4% in the first
quarter of 2008 to 93.9% of their Gross Domestic Product (GDP) in the first quarter of 2014. In the same period, Greece went
from 107.9 to 174.1%. Most striking, Ireland increased this ratio from 27.5 to 123.7%3 in this short period of time. Other
countries such as Italy, Belgium, Spain or France have observed high and increasing levels of public debts-to-GDP ratios as
the crisis was going on. On the other side, Finland, Germany or Austria experienced softer deterioration on their public debt
positions while other European countries such as Norway experienced a reduction in its public debt from almost 43% during
2008 to 29% at the end of the period. However, from the beginning of 2000 till the end of 2007 debt-to-GDP ratios were
more stable and slightly decreasing in most countries of Europe (see Fig. 1). As Lane [5] claims European countries have
quite different debt histories.
Recently, a few papers have focused on the European debt crisis by analysing the dynamics of daily government bond
yields (e.g., Refs. [17–19]) and the network topology of the public debt itself [20].
Dias [19,18] uses maximum spanning trees to analyse the topological properties of government bond rates’ markets in
different periods including the European debt crisis. In their paper, Kantar et al. [20] investigate hierarchical and topological structures by using the minimum spanning tree (MST) approach in public debt as a percentage of the gross domestic
product from 2000 to 2011. These papers have shown that European countries have formed different clusters regarding the
dynamics of their public debts during the global and financial current crisis. The most and the less affected countries form
groups during the sovereign crisis but they do not do so before with respect to government bond yields [20,19,17]. Especially
the group of the most affected countries (the so called PIGS—Portugal, Ireland, Greece and Spain) get closer in their government bond yields dynamics. Additionally, these groups have moved away from each other as the crisis moves on [18,19].
These results suggest different network dynamics related to government debt position as crises events affect the economies
involved in the system. All of these works are in line with recent advances in the econophysics field in which tools and
concepts from complex systems have been applied to different economic issues. For instance: finance ([21–24], among hundreds of studies), economic growth dynamics [25,26], commodity prices [27,28], interest rates (e.g., Refs. [19,18]), trade (e.g.,
Refs. [29,30]) and exchange rates (e.g., Refs. [31,32]).
Within the above framework we construct a network of public debt-to-GDP quarterly ratios from 2000 to 2014, belonging
to 29 European countries. We study networks dynamics by means of sliding windows forward in time. We extend previous
works on this issue (e.g., Refs. [20,19,17]) by analysing the temporal stability of the debt-to-GDP network.
As the financial and European debt crisis is included in our sample, this paper contributes to understand the dynamics of
the public debt evolving network in times of crisis. Three conclusions arise from this analysis. Firstly, we observe during
the crisis that countries’ public debts tend to synchronize their changes, increasing global synchronization and hence
dramatically decreasing the number of communities in the network. Secondly, as a result, a disruption in the previous
structure is observed at the time of the financial crisis, giving rise to a homogenization in the member’s co-movements,
producing in this way a network topological organization highly susceptible to spread the effects of the crisis among the
countries. Finally, at the onset of the financial crisis the new network arrangement that appears seems to be directly related
to the debt-to-GDP level itself which clearly puts into difficulties for controlling the public debt dynamic.
Next section presents the dataset and numerical methods employed in the analysis. Section 3 presents the main results
and, finally, Section 4 summarizes and discusses previous results. At the end of the paper, a supplementary section have
been included providing methodological details, additional figures and a summary of findings (see Appendix A).
2. Methodology
2.1. Data
The dataset, borrowed from the Eurostat statistics database (http://ec.europa.eu/eurostat), consists of quarterly public
debt as percentage of country GDP, encompassing the period 2000 (Q1) to 2014 (Q1). We have included 29 European
countries; 28 members of the European Union at the beginning of 2014 and Norway. Croatia was the last country joining the
European Union on the first of July 2013. However, at the beginning of entire period, Q1 of 2000, only fifteen were members
of the European Union. Eighteen countries shared the Euro at the beginning of 2014, including Latvia which joined the first
of January 2014 (Lithuania joined the Euro on January 2015). At the time of launching the Euro in 1999 just eleven countries
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