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Abstract: This study aims to examine complex foreign direct investment (FDI) inflows and outflows between
OECD member countries. Foreign direct investment (FDI) covers activities of a nonlocal company in a foreign
country. Foreign direct investments inward and outward flows between OECD countries will be investigated. The
main difference between foreign direct investment and other portfolio investments is the degree of control on
decision making and production processes (Aktepe, 2004). The literature, generally, focus on factors affecting
FDI. Yet, we could not encountered any study dedicated to determine the FDI links between countries. This study
aims to fill this gap in the literature. Foreign direct investment links between countries are identified through
using Minimum Spanning Tree (MST) and Complex Networks approaches. MST approach determines the
patterns presenting international foreign direct investments flows. According to the results of the MST, United
States is the dominant country for the FDI inward and outward flows.
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1. Introduction
Foreign direct investment (FDI) covers activities of a nonlocal company in a foreign country. A foreign
company can invest into a foreign country through different ways as (a) greenfield investment, (b) opening a
subsidiary/branch, (c) equity investment (d) buying at least 10% shares of stocks on a stock market (Hazine
Müsteşarlığı 2006). The main difference between foreign direct investment and other portfolio investments is the
degree of control on decision making and production processes (Aktepe, 2004). Although flow of FDI between
countries is not as easy as portfolio investments, the amount of FDI has been increasing recently. The literature,
generally, focus on factors affecting FDI. Yet, we could not encountered any study dedicated to determine the
FDI links between countries. This study aims to fill this gap in the literature.
An international company is likely to make FDI if foreign market structure provides opportunity to achieve
the company’s long term goals. Generally, foreign markets are evaluated based on market size, political stability,
civil order, duties and subsidies (Aktepe 2004). FDI should be regarded as a two way trade. The countries that
attracts the most of the world total FDI are the ones that make the most of the world total FDI. Figure 1 shows
the FDI inward flows in 2015. According to Figure 1, in 2015, USA, China, Ireland and Hongkong are the
highest ranked countries. Turkey is the 17th country with $17 billion FDI. Figure 2 shows the FDI outward
flows in 2015. Accordingly, USA, China, Ireland and Holland are the highest ranked countries. Turkey is the last
with $5 billion FDI.
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Fig. 1: Fdi Inward Flows

Fig. 2: FDI Outward Flows

To understand the patterns of the FDI flows (inward and outward), we have to apply some criteria to extract
the connected networks. In this study we applied the minimum spanning tree to extract the FDI connections. We
generated the FDI inward and outward network for each year from 1986 to 2013. We applied the Kruskal’s
algorithm to extract the minimum spanning tree from connected FDI.
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2. Literature
The literature on FDI widely focused on factors affecting flow of FDI among countries. Some of the factors
that are examined are bilateral trade volume (Liu et. al.., 2001), GDP (Hsiao and Hsiao, 2006), market size,
country risk, gold reserves, share of industry in GDP (Bevan and Estrin, 2000), exchange rate, diplomatic
relations, bilateral trade, and distance (Pan, 2003).
Approaches like Minimum Spanning Tree and Complex Network Structure have been adopted to examine
stock exchanges (Mantegna, 1999; Miccichè et. al., 2003; Bonanno, 2004; Eom et. al., 2009; Eryiğit and Eryiğit,
2009), to solve assignment problems (Held and Karp, 1970), and analyze international trade (Kantar et. al., 2011;
Geng et. al., 2014).
In this study, global network structures of FDI inward flows and FDI outward flows are analyzed using
Minimum Spanning Tree and Complex Network Structure approaches. The study examines complex network of
FDI among countries for the period of 1986 and 2013.

3. Methodology and Analysis
3.1. Data
The data for FDI inward flows and FDI outward flows are gathered OECD database. The data are used as a
single currency (USD) and from reporting country. Outward flows represent transactions that increase the
investment that investors in the reporting economy have in enterprises in a foreign economy, such as through
purchases of equity or reinvestment of earnings, less any transactions that decrease the investment that investors
in the reporting economy have in enterprises in a foreign economy, such as sales of equity or borrowing by the
resident investor from the foreign enterprise. Inward flows represent transactions that increase the investment
that foreign investors have in enterprises resident in the reporting economy less transactions that decrease the
investment of foreign investors in resident enterprises (OECD, 2017).

3.2. Methodogy and Analysis
We generated the minimum spanning tree (MST) from densely connected Foreign Direct Investment (FDI)
inward and outward flows data. We set the strength of the link between countries as
where we
calculate the
.
denotes the money flowing as FDI into the country i from
corresponds to the money flowing as FDI from country j to the country
country j at the year t. Similarly,
i at the year t.
defined as link strenght between the country i and the country j. The large
means that
FDI flows between two countries heavly and they interact strongly by the FDI relationship. If the
(taht’s there is a FDI flow between two countries) we set the adjacency matrix
at each year t. In the
FDI connected network, the node degree is defined as
. The node degree is equal to the number of
FDI partners at the year (Maeng, et al., 2012). The node strength is defined as
. The node strenght is
a measure of the weighted connectivity. After the calculation of the
, we extract the MST by using
Kruskal’s algorithm. The network of the FDI outward between countries is in figure 3 (at year 1990 and 2013).
In MST there are N nodes and N-1 links. After using MST to the foreign direct investment outward flow, the
network can be seen as in figure 4 for the outward FDI.
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Fıg. 3: Outward FDI flows and networks between countries

From the MST we can identify the foreign direct investment links among the countries. Also, we can see the
FDI zones among those OECD countries. Figure 4 show us that at year 1990, United States is the dominant
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country. If we cut the connection of this country with its connecting countries, we can see the secondary FDIoutward hubs are the United Kingdom. But at year 2013, Luxembourg is the dominant country and the
secondary hub countries are Belgium, United Kingdom and United States.

Fig. 4: Minimum Spanning Tree of the FDI-outward network

Similar with FDI outward flow, when we apply MST to the foreign direct investment inward flows, figure.5
shows us that at year 1990, the main hub country is United States, and the second hub country is United
Kingdom. But at year 2013, according to the FDI inward flows, the dominant countries are Luxembourg and the
United States.

Fıg. 5: Minimum Spanning Tree of the FDI-inward network
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4. Conclusion
We revied the complex network and minimum spanning tree of the foreign direct investment outward and
inward flows networks among the OECD member countries. In the MST, Luxembourg (at year 2013) and
United States (at year 1990) are the dominant hub node for the FDI outward, but United States is a dominant hub
node for the FDI inwward in year 1990 and year 2013.
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