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A network is combination of nodes with edges for connectivity in—between. The definition of
building blocks of network changes according to field of research, under consideration data and
research resolve, as theory of networks is not limited to particular field but applicable across the
board. The use of network analysis is increasing in economics and finance, with focus on structure
and possibility of contagion. Advanced analytical measures and visualization techniques unlocked the
new prospects to understand the social, economic, financial and bilateral relations among different
institutions, communities, regions and countries. This dissertation is combination of studies focusing
on Eurozone and EU’ s (European Union) investment, trade and banking networks to understand their
structure, resilience and transformations during the last decade.

Theoretical background required for network representation, analysis and visualization process
is pooled in chapter 2. We explore the properties of bilateral matrix and simulation process required
to simulate external shocks to find contagion within banking network. The chapter also includes the
mathematical foundation of centrality measures and conceptual basis of visualization techniques used

in subsequent chapters



Topology of different financial networks depends on connectivity patterns and resultant
characteristics. Chapter 3 is devoted to explain the technical issues that can arise due to use of
identical analytical centrality measures for different types of network, such as trade, investment,
banking, capital markets etc. Use of identical analytical measures may change the consequential
perception of a particular financial network or may not be able to explain its dynamics in a better way.
We analyzed two types of networks - trade and investment — with respect to their local (node level)
centrality measure, such as degree, closeness, betweeness, modularity and eigenvector centrality.
The similar centrality measures were used to identify their suitability for both networks. EU’s trade
and Eurozone investment networks for 2007 and 2011 were used. Main findings explain the efficiency
of Individualistic centrality measures for partial and complete networks. As different types of
measures were used to analyze both networks, we observed that centrality measures can explain less
dense and incomplete graphs or networks in much better way. As most of the centrality measures in
partial networks such as investment network in our case show the actual position of a node in broad
hierarchy. Analysis for multiple years revealed the change, rather improvement or demotion in node’s
position. While similar centrality measures are not sufficient for complete graphs, EU’ s trade network
in our case. Trade networks are usually complete and the analytical measures at node level are
unable to depict the change within network. The only appropriate measure for complete networks is
the weighted degrees distribution. For both networks it shows the level of disproportion among nodes,
as few large nodes have huge in and out flows while rest of the networks shares small portion of
liquidity and other flows.

In chapter 4 we discuss the transformation process of actual networks. The network
transformation or evaluation process can enhance our understanding about structure or systemic
features of particular micro and macro level systems. The chapter is inspired by Kalyagin et al.,(2014),
they discussed network’s structural uncertainty for different markets with respect to centrality
measures. They used different types of arbitrary network structures to understand the resultant
changes in centralities in case of crisis situation. We extended the idea of structural uncertainty for
real world financial networks by using similar rather enhanced aggregate level centrality measures.
Besides structural uncertainties, tracking the changes within network over certain time span is
relatively new concept. This chapter explains the transformations within networks due to external
events or due to changes in internal circumstances. The tracking process is not same for all sorts of
networks but network analytics can explain it in a much better way compared to simple statistical
analysis. Three different networks were used to understand the transformation process for several
types of networks mainly partial, complete, small, mid—level, having higher level of liquidity and the
ones with fewer strong connections. The actual trade, investment and banking networks of EU and
Eurozone were used for different time periods to understand the evolutionary process.

The changes within network can reciprocate the policy shifts and variations at micro and macro



levels. Increase or decrease in edges of existing nodes and aggregate centrality measures explained
the deviations of liquidity, investment flows and suitable destinations. The transformation process of
investment network showed the increase in total density of network with every passing year. Total
density explains the increasing volumes and residuals for every node of that particular network. For
trade network the phenomena remained the same. There was increase in density due to enhanced
volumes. The trade network experienced the dips in total trade due to issues with global economy
and reduction in cumulative demand after Global Financial Crisis (GFC). The observed investment
and trade networks are gaining more resilience and strength with every passing year. The same
networks represented weak connectivity patterns and aggregate centrality measures initially. GFC
impacted the whole investment network and every node was exposed to liquidity crunch due to lower
volume of flows for few years. The network resorted to domestic connections by increasing the local
connectivity level to provide liquidity cushions.

There is a shift in investment behavior of EU investors, as there are more inflow towards
domestic and central capital markets such as Germany, France and Luxemburg. EU countries are
attracting more investment due to monetary union status and relaxed laws for cross border
investment within. Global financial crisis impacted the trade flows of trade network after impacting
the investment networks with respect to shock span. This explains the slower and stronger impact on
world’ s trade and relevant networks. Total volumes of trade remained depressed for prolonged time
period due to multiple crises at international and domestic fronts. GFC at global level and Eurozone
debt crisis at local level impacted the domestic trade flows of connected nodes. The observed banking
network shows stronger impact of GFC. The capital levels are decreased significantly as is the
connectivity among aggregate banking network. There are few nodes that remained untouched with
respect to total value they had, but inflows of every node were reduces by big margins. There is a
change in connectivity patterns of aggregate banking networks. There are new connections
established by central and major nodes to help the ailing economies. The nodes facing severe
reduction of inflows also opted to reduce or even terminate their outflows. The cumulative network
represent higher clustering coefficient for weaker nodes due changes in their connectivity and flow
configurations.

We extended our analytical approach to evaluate the characteristics of individual nodes to
establish the relationship between portfolio investment flows and economic indicators in Chapter 5.
The concept of this chapter is influenced by Joseph & Chen (2014b), they used composite centrality
framework to understand the relationship between economy and network statistics of OECD
(Organization for Economic Cooperation and Development) countries. Our findings explain that being
incomplete graph, investment network’s connectivity patterns are different for every node. Some
nodes have central position with higher connectivity levels compared to others. We divided the

countries into different groups or tiers based on the resultant centrality and analytical measures. The



classification of countries into different groups explains the differences in connectivity patterns for
nodes. We divided the nodes into three tires based on their closeness centrality. The general
conclusion confirmed our assumptions about central nodes. More central a country is, or more
prominent position it has within investment network, there more relationships or correlations with
economic indicators it holds. It can also have implications for countries with less connectivity to
improve their network position and capture more economic benefits. The countries must strive to
connect with all nodes to fully capitalize the opportunities for market efficiency and improvements on
economic front. European Union is an example, the case for other investment networks and individual
countries to establish strong linkages to increase the connectivity patterns.

In chapter 6 we explore the possibility of contagion with Eurozone’s aggregate bilateral
banking network. Most empirical studies are based on partial information on bilateral exposures
between banks, due to data limitations. A common feature among most of the previous studies is that
they focus on interbank network of one country only, to measure the strength and
interconnectedness. Our focus was on interbank network of European Union instead of single country.
Although data limitations remained same, but new approach enhance the understanding of financial
network of whole region to study the contagion and systemic risk. The issue of systematic risk or
contagion is highlighted by GFC and it’s after effects. It can worsen things for already weak financial
network, besides posing default threat to different nodes.

The pre and post crisis networks are different in terms of their bilateral obligations and capital
structures. Pre—crisis network nodes had higher level of interconnectedness and are more dependent
on bilateral obligations. Besides higher level of exposures, their capital buffers are not that large. On
the other hand post—crisis network had smaller volume of bilateral obligations, and higher level of
capital and reserves. All nodes are interconnected to other nodes within network. Level of
interconnectedness can be determined by analyzing the volume of bilateral obligations. Higher level
of interconnectedness for small nodes can be hazardous, while for large nodes, appears to increase
their overall strength.

Contagion plays an important role in transferring default risk. If large node faces difficult
conditions, as a result different other nodes would face problems afterwards because of their bilateral
obligations. While this phenomenon would not be effective if small nodes are in trouble after
idiosyncratic shock. Different intensities of shocks show the resilience level of network. It appears
that banking systems were not prepared for even small shocks during pre—crisis period, with few
exceptions of large nodes. We witnessed that they faced lots of trouble and consumed taxpayer’s
money as bailouts. Post—crisis network seems stronger and resilient, as they accumulated capital and
reduced bilateral obligations.

Clearing scenarios for network’s bilateral obligations indicated that banking systems can

sustain shocks, if bankruptcy system is efficient and cost effective. As there is a trend of lower



default probabilities for long term scenarios compared to short term scenarios. An efficient, reliable
and cost effective bankruptcy system can save the country’s resources, and bailouts can be reduced
or even eliminated.
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