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We consider structural change of a world trade-�ow network for di�erent commodities from 1995 to 2013. A
minimum spanning tree is generated from the trade �ow data, and we investigate the hierarchical organization of
the tree by changing the hub node. Only a few countries are the hub nodes for many of the commodities. We
observed the structural transitions, from a chain-like tree (many countries are hub nodes) to a bi-starlike tree (only
two countries are hub nodes). In the bi-starlike tree, China and Germany are the only two hub nodes.
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1. Introduction

The concept of complex networks has been applied
to socio-technical networks [1�4], the world-trade net-
work [5, 6], world commodity markets [7, 8], and stock
markets [9�11]. The economic activities of countries are
projected onto the world trade in commodities. Cha et
al. observed the disparity and patterns of world-trade
networks [5]. The redistribution of wealth was observed
in backbone networks of world trade [6]. Industrialized
countries like the USA, Germany, Japan, and those in Eu-
rope trade many commodities with other countries in the
world. Nobi et al. reported the dynamics of the consumer
group and the response of commodity markets by using
principal component analysis [7]. Nobi and Lee observed
the �nancial states of world �nancial and commodities
markets around the sovereign debt crisis [8]. Systemic
risk and the transitions of �nancial networks were re-
ported for complex networks of the stock market [9�11].

Trading networks are heavily connected, complex net-
works. Therefore, it is hard to see the relations be-
tween countries and the positions of each country in the
networks. The properties of a scale-free network were
observed in the world trade web (WTW) or interna-
tional trade networks (ITNs) [12�19]. Serrano and Bo-
guna reported that the world trade web displays scale-
free and small-world properties [12]. Li et al. observed
scale-free degree distribution and small-world properties
in the world trade web [13]. Duan introduced a mod-
i�ed betweenness centrality to measure the trade �ow
in world-trade networks [14]. Garlaschelli and Lo�redo
reported that the power law distribution of the gross
domestic product can be identi�ed with �tness deter-
mining the topology of the WTW [15, 16]. Squartini
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et al. showed that the degree sequence is the most in-
formative of the binary properties in ITNs [17]. Kan-
tar et al. reported on the hierarchical structure of
Turkey's foreign trade and on clustering of countries in
trade [18]. Shutters and Muneepeerakul observed two
distinct classes in the agricultural-trade network based
on triadic frequencies [19].
The structural properties of world commodity net-

works were observed for all world commodities [20�
23]. Higalgo et al. observed the network relations be-
tween products in world commodity markets [20]. They
found that the more in�uential products are located in
the core of the network. The heterogeneity and com-
munity structure of complex networks were reported
for commodity-speci�c international trade [21, 22].
The trade network for crude oil showed small-world
and �at-world properties [23].
In this work, we extracted a minimal spanning tree

(MST) from a time series of the world commodity market.
We observed changes in the hub node of the MST for the
commodity market. This article is organized as follows.
In Sect. 2, we introduce the data set we analyzed. In
Sect. 3, we give the analyzed results of the MST. We
o�er concluding remarks in Sect. 4.

2. Data set

We analyzed international trade data provided by the
United Nations Commodity Trade Statistics Database
(UN Comtrade) [24]. The data for eight types of com-
modities according to Standard International Trade Clas-
si�cation Rev 2 (SITC 2) were analyzed for N = 170
countries from 1995 to 2013. The commodities are clas-
si�ed as follows: (1) food and live animals chie�y for food,
(2) beverages and tobacco, (3) crude materials (inedible),
except fuels, (4) mineral fuels, lubricants, and related ma-
terials, (5) animal and vegetable oils, fats, and waxes,
(6) chemicals and related products, (7) manufactured
goods chie�y classi�ed by material, and (8) machinery
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and transport equipment. We also analyzed trade data
for all commodities. In the Comtrade data set, the quan-
tities of imports and exports between two countries are
recorded for each commodity in each year. The trading
values of commodities between two countries are repre-
sented by the interacting strength, mij(t), in a year, t,
where one country, i, exports a commodity to another
country, j. Then, mji(t) is the quantity of imports from
j to i. Therefore, we de�ne the link strength between two
nodes by the average of the exports and imports between
the two countries. We extracted a minimal spanning tree
and observed a change of the hub node in the market. By
using the link strength, we applied Kruskal's algorithm
to extract the minimal spanning tree [25]. The MST is
a tree structure with N − 1 links without loops in the
network. In the MST, the links are ordered according
to the highest weights. It is possible to generate some
networks by considering exports only or imports only. In
this work, we focus on total trade between two countries.

3. Results

The minimal spanning tree was generated from a data
set of international trading quantities. We extracted the
minimal spanning tree by using Kruskal's algorithm [25].
From the MST, we can observe the change in the world
trading properties from 1995 to 2013. The MST has a
total number of nodes, N = 170, and links, L = 169,
which are the most dominant trading links among the
countries.
In Fig. 1, we represent the MST in the year 1995 for

manufactured goods classi�ed chie�y by material. The
MST has the structure of a long, connected chain with
local hubs. We de�ne the hub node as the node with the
highest degree in the MST. For example, node number 59
in Fig. 1 is Germany, which is a super-hub in the MST.
The second hub is node number 80 (Japan). China (node
number 33) is located outside the boundary for the year
1993. From the structure of the MST, we expect to see
the local trading block around the local hub. Therefore,
the MST has an elongated tree structure.
The structure of the MST in 2013 changed to a bi-

starlike structure with two super-hubs in the center of
the tree, as shown in Fig. 2. The super-hub node is
China (number 33) in the MST. The main trading links
of the countries for manufactured goods classi�ed chie�y
by material are connected to China directly or indirectly.
The second hub is Germany (number 59) connecting Eu-
ropean countries in the MST. When we monitored the
hub node in the MST, we observed a change in status in
the MST for all commodities from Germany to China in
2004. Before 2004, Germany is the hub node, but not a
super-hub. There are many hubs, such as France, Japan,
South Korea, and the USA. China is located on the pe-
riphery of the MSTs. However, since 2004, China has
become a super-hub in the MSTs for all commodities, as
shown in Fig. 2. Many countries are connected to China.
This indicates that China takes the position of a world
factory.

Fig. 1. Typical structures of the minimal spanning tree
observed in the trading networks. A chain-like tree is
seen for 1995 of manufactured goods classi�ed chie�y
by material, where the hub is node Germany (59) at
the boundary of the tree, and node number 80 is Japan.

Fig. 2. Change in the minimal spanning tree is ob-
served for trading networks. The bi-starlike tree is seen
for manufactured goods classi�ed chie�y by material in
2013, where the hub is China (node number 33) and the
second hub is Germany (59).
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The hub nodes in sectors of commodities are shown
in Fig. 3. Di�erent countries occupy the hub node in
each category of commodities. In manufactured goods,
the hub node changed from Germany to China in the
year 2000. For many commodities, the structure of the
networks changed heavily when China took its position
as a world factory. In beverages and tobacco, France is
the hub node in all analyzed years except 2012. In the
chemical sector, the hub node changed from France and
Germany to China in the year 2006. In machinery equip-
ment, before 2006, Germany and Japan were hub nodes.
However, after 2006, China became the hub node in ma-
chinery equipment. In mineral fuels, China has taken the
hub node position since 2006. Before 2006, Australia and
France were hub nodes. Only a few countries are the hub
node in the MST of the world commodity market.

Fig. 3. The hub nodes for commodity sectors are pre-
sented over time. Di�erent countries occupy the hub
node in each category of the commodities. China takes
the position of super-hub in the MST.

4. Conclusions

We consider a minimal spanning tree extracted from
trading values of world commodities for all commodities
and eight classi�ed commodities. The trading networks
are heavily connected, complex networks. We observed
transitions in the trading networks. We observed struc-
tural transitions of the MST from a chain-like tree to a
bi-starlike tree. In the bi-starlike tree, China and Ger-
many are the only two hub nodes. In the industrial sec-
tors of world trade, China took the hub node position in
the trading networks for almost all commodities except
beverages and tobacco around the year 2000. If we mon-
itor the MST of world trade networks, we can identify
the most in�uential connections between two countries
and the changes in trading patterns. In this work, we
considered total trade between two countries. In future
work, we will consider export or import networks.
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