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Abstract. Our society has been computerised and globalised due to emergence and spread of 
information and communications technology (ICT). This enables us to investigate our own 
socio-economic systems based on large amounts of data on human activities. In this article, 
methods of treating complexity arising from a vast amount of data, and linking data from 
diơerent sources, are discussed. Furthermore, several examples are given of studies into the 
applications of econoinformatics to  the Japanese stock exchange, foreign exchange markets, 
GRPHVWLF� KRWHO� ERRNLQJ� GDWD� DQG� LQWHUQDWLRQDO� ÀLJKW� ERRNLQJ� GDWD� DUH� VKRZQ�� ,W� LV� WKH� PDLQ�
message that spatio-temporal information is a key element to synthesise data from diơerent 
data sources. 
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Econoinformatics meets Data-Centric Social Sciences 

1.  Introduction 

Recently people feel data in various ¿elds due to developments in information and communications 
technology (ICT). This circumstance enables us to collect, store, and analyse data on our 
socioeconomic environment in order to interpret our society and to pursue evidence-based 
management. One can collect and accumulate large amounts of socio-economic data on human 
activities, and analyse and visualise them. Vast amounts of data collected from socio-economic 
V\VWHPV�KDYH�PDGH�QHZ�W\SHV�RI�FRPPHUFLDO�VHUYLFHV�DQG�UHVHDUFK�¿HOGV�HPHUJLQJ��$FFRUGLQJ to M.F. 
Goodchild (Goodchild, 2007), every human is able to act as an intelligent sensor, and in that sense, the 
earth’s surface is currently occupied by more than seven billion sensors. 

We can extract information from an amount of data, construct knowledge from lots of information, 
DQG� KRSHIXOO\� HVWDEOLVK� ZLVGRP� IURP� VHYHUDO� SLHFHV� RI� NQRZOHGJH�� 6SHFL¿FDOO\� researchers in the 
¿HOGV� RI� VRFLRORJ\�� HFRQRPLFV�� LQIRUPDWLFV� DQG� SK\VLFV� DUH� IRFXVLQJ� RQ� WKHVH frontiers and have 
launched data-centric social sciences in order to understand the complexity of socio-economic systems 
(EU FuturICT, 2012). 

However, since our society which is the sum total of both internal and external states of 
individuals is several orders of magnitude more complicated than each individual, it seems diƥcult to 
image how we could manage to capture the real totality of its states with the cooperation of many 
agencies. The nature of this problem is referred to and recognised as“complexity”, which is a new 
UHVHDUFK� ¿HOG� LQWR� NQRZOHGJH on groups of people, organisations, communities, and the economy 
actually behave in the real world. 

Information theory describes the number of possible states of a system as its “complexity”. 
Complexity may be estimated with Shannon information entropy or thermodynamic entropy. For 
example, researchers have used a methodology to characterise the structure of networks with 
information-theoretic entropy (Dehmer, 2011; Wilhelm, 2007). According to a study by Dehmer and 
Mowshowitz (Dehmer, 2011), the concept RI�JUDSK�HQWURS\�ZDV�¿UVW�SURSRVHG�LQ�WKH�����V�WR�PHDVXUH�
structural complexity. Rashevsky (Rashevsky, ����), Trucco (Trucco, ����), and Mowshowitz 
(0RZVKRZLW]������) ZHUH�WKH�¿UVW�UHVHDUFKHUV�WR�GH¿QH�DQG�LQYHVWLJDWH the entropy of graphs. Several 
graph invariants, such as the number of vertices, vertex degree sequence, and extended degree 
sequence, have been used in the construction of entropy-based measures. Wilhelm and Hollunder 
FRQVLGHUHG�WKH�QRUPDOLVHG�ZHLJKW�RI�WKH�ÀX[�EHWZHHQ�WZR nodes as the probability of a symbol in the 
transmitter signal that corresponds to the sum of all LQÀX[HV�WR�Hƫuxes from a given node (Wilhelm, 
2007). Sato also considered information-theoretic measures for a bipartite graph, and inferred 
economic situations using the network entropy of relative frequencies among group populations (Sato, 
2010). Bianconi looks at the entropy measure of network ensembles under several constraints 
(Bianconi, ����; Anand, ����). 

According to Heinz von Foerster (Foerster, ����), complexity is not a property which observed 
systems possess rather, it is to be perceived by observing systems. He asks us about it through the 
following question: Are the states of order and disorder states of aơairs that have been discovered, or 
are their states of aơairs that are invented? If states of order and disorder are discovered, then 
complexity is a property of the observed systems. If invented then it pertains to the observing systems. 
)RHUVWHU¶V� GH¿QLWLRQ� RI� FRPSOH[LW\� SURSRVHV� WKDW� WKH� UHODWLYH� GHJUHH� RI� order and disorder is 
determined by the degrees of freedom of both an observed system and an observing system. One of the 
PRVW�VLJQL¿FDQW�UHDVRQV�WKDW�ZH�UHFRJQLVH�FRPSOH[LW\�LQ�REVHUYHG�V\VWHPV LV�EHFDXVH�RI�WKH�¿QLWHQHVV�
of periods when and abilities with which we are able to observe the systems, and the limitations of our 
memory and a priori knowledge of them that lead to our bounded rationality, or nescience. 

From the data-centric perspective, complexity is referred to as a ratio of an amount of data to 
human cognitive capacity. How many megabytes of memory the human brain has? Von Neumann 
proposed that human memory is estimated as 100 exabits from all the neural impulses conducted in the 
brain during a lifetime (von Neumann, ����). Another method is to estimate the total number of 
synapses, and then presume that each synapse can hold a few bits. Estimates of the number of 
synapses have been made in the range from 1013 to 1015, with corresponding estimates of memory 
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capacity. Landauer investigated how much people remember at Bell Communications Research 
(Landauer, ����). The remarkable result of this work was that human beings remembered very nearly 
two bits per second under all the experimental conditions (visual, verbal, and musical). Therefore, the 
35-yHDU�DFFXPXODWLRQ�RI�KXPDQ�EHLQJV¶�PHPRU\�HVWLPDWHV�RI�����WR�����JLJDELWV if the loss of memory 
are assumed. 

If the amount of data is greater than this estimates of memory, then all the data cannot be 
memorised by each human being. Therefore, the amounts of data may determine the complexity in the 
VHQVH� RI� WKH� GDWD� DFFHVVLELOLW\�� 7KLV� PD\� SURYLGH� D� NLQG� RI� GH¿QLWLRQ� RI� ELJ-data in data- centric 
science. 

Clearly, we also need to carefully consider methods of collecting, storing, handling, and analysing 
a vast amount of data in computer systems. 

In this article, I present exemplar studies of observation and data analysis with a large amount of 
data in several socio-economic systems. I would like to call such studies “econoinformatics”. 
Econoinformatics needs powerful computer systems to visualise and quantify the behaviour of human 
beings, adapt to their changing environments, and evolve over time. 

Furthermore, we should mention the problem of data linkage in data-centric studies. Data linkage 
is referred to as a method of linking data from diơerent sources with the same elements. If we can 
synthesise data from diơHUHQW� VRXUFHV�� ZH� PD\� ¿QG� QHZ� LQVLJKWV� IURP� Whe synthesised data. The 
FRPSUHKHQVLYH�VWXG\�LV�IXUWKHU�XVHIXO�WR�REWDLQ�QHZ�¿QGLQJV�RQ�RXU�HQYLURQPHQt. 

The literature review on data-centric social sciences is provided in section 2 of this article. In 
section 3 exemplar studies on econoinformatics are shown. The Japanese stock exchange, the foreign 
H[FKDQJH�PDUNHW��KRWHO�ERRNLQJ�GDWD��DQG�ÀLJKW�ERRNLQJ�data are analysed. In section ���D�PHWKRG�RI�
synthesising data from diơerent sources, and a method of econoinformatics are discussed. Section 5 is 
devoted to conclusions. 

 
2.  Literature review 

5HFHQWO\��VHYHUDO�UHVHDUFKHUV�LQ�D�ZLGH�VSHFWUXP�RI�¿HOGV�KDYH�paid a remarkable amount of attention 
to massive amounts of comprehensive data. For example, search engines of web services need massive 
data about hyperlink connections among web pages, and electronic commerce systems need to cover 
information of various kinds of products. Due to the development of ICT, the Advanced Information 
Society has already emerged globally and it has gradually made our world smaller and smaller. The 
term “information explosion” has been coined to describe this situation and has been realised 
(Kitsuragawa, 2007a; Kitsuragawa, 2007b; Korth�������. This term refers to a situation in which the 
total amount of information created by individuals exceeds the individuals’ information processing 
capability. 

Studies with vast amounts of socio-HFRQRPLF�GDWD�KDYH�VHYHUDO�EUDQFKHV��+HUH��¿YH�NLQGV of recent 
VWXGLHV� �¿QDQFLDO�PDUNHW�GDWD��GHPRJUDSKLF� GDWD�� WUDƥF�ÀRZ�GDWD��326�GDWD�� DQG e-commerce data) 
DUH�VXUYH\HG�IRU�WKH�SXUSRVH�RI�¿QGLQJ�ZD\V�RI�FRSLQJ�ZLWK�WKH�FRPSOH[LW\�RI human societies. 

A ODUJH�DPRXQW�RI�GDWD�RQ�¿QDQFLDO�PDUNHWV�LV�DYDLODEOH�EHFDXVH�WKH�HOHFWURQLF�PDWFKLQJ systems of 
¿QDQFLDO� PDUNHWV� DUH� VSUHDGLQJ� DOO� RYHU� WKH� ZRUOG� GXH� WR� WKH� GHYHORSPHQW� RI� ,&7� Contemporary 
trading is done through electronic platforms, and settlement operations are done through electronic 
clearing systems. Financial market data can be collected through a direct application programming 
interface (API) or through the historical data centres of data providers. Applications of statistical 
PHFKDQLFV� WR�¿QDQFH��by means of statistical physics, agent-based modelling, and network analysis, 
have progressed during the last decade (Takayasu, 2002; Mantegna, 2000; Sornette; 2003; Sato, 2008). 

The launch of the E-Stat database by the Japanese government (National Statistics Center; 2012) 
provides us with new technological means for a data-based understanding of our country. In principle, 
everyone can understand the state of our country from demographic data. Furthermore, real-time 
demographic data are also available since the technologies to collect human activities via personal 
mobile phones have been established (González, 2008). In the near future, we will be able to visualise 
real-time demographics, both comprehensively and circumstantially. 
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Recently, several car navigation companies have launched autonomous sensory navigation services 
in Japan. As a result, these companies can collect real-time car traƥc data via each car navigation 
WHUPLQDO�� %\� FROOHFWLQJ� GDWD� IURP�PDQ\� FDUV�� RQH� FDQ� ¿QG� URDGV� DQG� SRLQWV� ZKHUH traƥc jams are 
occurring. Without constructing new infrastructure to collect traƥc states, real-time traƥc data can be 
accumulated due to the development of Integrated Transport Systems (ITS). Based on such data, 
comprehensive analyses of traƥF�ÀRZV�FDQ�EH�FRQGXcted in order to cope with traƥc jams (Antoniou, 
2006). Recent developments in traƥc measurement technologies have been driving the theoretical 
development of traƥc control and modelling (ed Helbing, 2007). 

POS is an abbreviation for “point-of-sales”, and all department stores and supermarkets have 
introduced this kind of system in order to ring up purchases at cash registers. As a result, retail sales 
can be managed in real-time, and data-centric operations can be done. On the basis of these massive 
amounts of data, new marketing methods have been developed. The statistical properties of 
expenditure in a single shopping trip show a power-law distribution (Mizuno, 2008). A comprehensive 
analysis of retail sales is one of the most promising directions to be followed in order to bridge the gap 
between microeconomics and macroeconomics. 

Web-based commerce systems enable us to purchase everything, from books to electronic 
equipment, via websites. The details of consumers and goods can be stored on the data-base engine of 
each website. If we can use such data, then we may, in principle, capture real-time demand and supply 
of all items which are traded via websites. Analysing massive amounts of data on items which are sold 
via web commerce systems is expected to open a window to new economic theory and service 
engineering (Lambiotte, 2005; Deschâtres, 2005). Data on hotel booking opportunities (Sato, 2012b), 
LQWHUQDWLRQDO� ÀLJKW� ERRNLQJ� RSSRUWXQLWLHV� (Sato, 2012a), and price comparison sites (Mizuno, 2010) 
has also been studied. 

The property that these studies seem to have in common is their ability to overcome the complexity 
in socio-economic systems, by using massive amounts of data and vast computations. Copious 
amounts of data on human activities are collected by means of ICT, and vast amounts of computation 
for such data are conducted for the purposes of searching, matching, visualising, and extracting. 
 
3.  Exemplar studies on econoinformatics 

Large-scale data on socioeconomic systems may make it possible to understand our society from a 
holistic point of view. To do so, we need to discuss the possibilities of comprehensive analysis and 
data linkage. In this section, four types of exemplar studies on socio-economic systems are shown. 
These examples include studies on the Japanese stock exchange, the foreign exchange market, hotel 
bookings and flight bookings through e-commerce platforms. In order to archive a comprehensive 
point of view, both the Japanese and international economic situations are measured. 
 
3.1. Japanese stock exchange 

During the last two decades, it is said that the main problem faced by Japan is a low productivity 
growth rate. Despite these circumstances, the Japanese economy recovered eventually, with the aid of 
WKH� JOREDO� JURZWK� IURP� ���� WR� ������ +RZHYHU�� WKH� ODWHVW� JOREDO� ¿QDQFLDO� FULVLV strongly aơected 
many countries, including Japan, after the midquarter of 2008. At that time, we observed that Japanese 
VWRFN�SULFHV�GURSSHG�VKDUSO\�GXH�WR�¿QDQFLDO�WXUPRLO�RI�����-����� Furthermore, huge earthquakes hit 
Japan on 11 March 2011, and the Japanese economy suơered from a large number of societal  losses. 

So far, we have explained Japanese aơairs from explanatory narrative. The question remains, 
however, as to how we can describe our macroeconomics situations in a more quantitative fashion. 

0DFURHFRQRPLF�VLWXDWLRQV�VWURQJO\� LQÀXHQFH�PRQH\�ÀRZV�DW�DOO� OHYHOV�RI�VRFLHW\��6WRFNV�DW each 
sector are traded by investors and traders every minute through the stock exchange market. Moreover, 
stock priceV�DUH�VR�VHQVLWLYH�WR�PRQH\�ÀRZV��WKDW�VWRFN�SULFHV�LQ�DOO�VHFWRUV�UHÀHFW demand-supply gaps 
of the money by economic actors. Therefore, they are expected to be useful for detecting changes in 
macroeconomic situations. 
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In this study, we hope to provide somH� LQVLJKWV�RQ� WKH�SUREOHP�RI� WKH�TXDQWL¿FDWLRQ�RI Japanese 
macroeconomic situations, through a comprehensive analysis of stock prices traded in the Tokyo 
6WRFN� ([FKDQJH�� ,Q� WKH� FRQWH[W� RI� HFRQRPLFV� DQG� ¿QDQFH�� WKHUH� DUH� YDULRXV� PHWKRGV available for 
segmenWLQJ� KLJKO\� QRQVWDWLRQDU\� ¿QDQFLDO� WLPH� VHULHV� LQWR� VWDWLRQDU\� VHJPHQWV� called regimes or 
trends. Following the pioneering works of Goldfeld and Quandt (Goldfeld�� �����, there is an 
enormous body of literature on detecting structural breaks or change points separating stationary 
VHJPHQWV�� 5HFHQWO\�� D� UHFXUVLYH� HQWURSLF� VFKHPH� WR� VHJPHQW� ¿QDQFLDO� WLPH� VHULHV� ZDV proposed 
(Cheong, 2012). 

In this study, a recursive segmentation procedure is applied to an analysis of security prices of 
������-DSDQHVH�¿UPV�OLVWHG�RQ�WKH�¿UVW�VHFWLRQ�RI�WKH�7RN\R�6WRFN�([FKDQJH��7KH�QXPEHU�RI segments 
in quintiles in terms of variance is computed in order to detect change points of money Àows of the 
Japanese security market. 

Let Oi,t and Ei,t be daily opening and closing prices of i-th stock (i = 1, . . . , M) at day t (t = 1, . . . , 
N). M and N are denoted as the total number of stock and the observation length. The daily log-return 
(opening to closing) time series xi,t (i = 1, . . . , M; t = 1, . . . , n) is computed as  xi,t = log Ei,t í�ORJ�Oi,t 
and n = N í��� 

According to the seminal work by Mantegna and Stanley (Mantegna, 2000), the log-return time 
series of stock prices are modelled by Lévy distributions. Superstatistics suggested that a mixture of 
Gaussian GLVWULEXWLRQV�ZLWK�Ȥ2-distributions in terms of variance gives a Lévy distribution. Therefore, 
we assume that each segment is sampled from a Gaussian distribution with diơerent mean and 
variance. It is assumed that the log-return time series in segment mi follows a stationary Gaussian 
distribution with mean µi,mi and variance ı2i,mi. 

7R� ¿QG� WKH� XQNQRZQ� VHJPHQW� ERXQGDULHV� t i,mi. separating segment mi and mi + 1, the recursive 
segmentation scheme (Cheong, 2012; Huang�� ����� is employed. In this segmentation scheme, the 
likelihood of the total time series is compared with the likelihood of the two segmented time series. 

Suppose that there are n observations xs (s = 1, . . . , n). Let g([�����ı) be a Gaussian distribution: 
 

 
Assuming that the observations xs should be segmented at t, and that the observations on the 
left hand side are sampled from g(x; µL��ı2L), and that those on the right hand side are from 
g(x; µR��ı2R���ZH�GH¿QH�OLNHOLKRRG�IXQFWLRQV� 

 
)XUWKHUPRUH��ZH�GH¿QH�WKH�ORJDULWKPLF�GLơerence between L and L2(t) as, 

 
,QVHUWLQJ�(T������LQWR�(T�������ZH�KDYH� 

 
In general, if a random variable A is given and its distribution admits a probability density function f, 

then the expected value of A (if exists) can be calculated as 
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where f(a) is a probability density function of A. This implies that the arithmetic mean of m random 
variables ai (i = 1, . . . , m) is approximated as 

 
for a suƥciently large value of m. 

By using this approximation, for m observations xs (s = 1, . . . , m), we obtain 

 
 

DQG�ǻ�t) is rewritten as, 

 
ǻ(t) can be used as an indicator to separate the observations into two parts. An adequate way to 

separate the observations is that a segmentation is conducted at t ZKHUH�ǻ�t) takes the maximum value. 
Namely, an adequate segmentation should be done at, 

                                                        )(maxarg* tt
t

'                                                                    (10) 

 
,I� PD[� ǻ�t�� LV� OHVV� WKDQ� D� WKUHVKROG� YDOXH� ǻc, then the segmentation should be terminated. The 

hierarchical segmentation procedure is also applied to the time series. After segmentation, we also 
apply this procedure to  each segment recursively. In order to stop the segmentation procedure, we 
DVVXPH� WKH�PLQLPXP�YDOXH�ǻc. If PD[�ǻ�t�� LV� OHVV� WKDQ�ǻc, then we do not apply the segmentation 
procedure any more. This is used as the stopping condition of the recursive segmentation procedure. 
������ FRPSDQLHV� OLVWHG� RQ� WKH� ¿UVW� VHFWLRQ� RI� 7RN\R� 6WRFN� ([FKDQJH� DUH� VHOHFWHG� IRU� HPSLULFal 

DQDO\VLV��7KH�GXUDWLRQ� LV���-DQXDU\�������WR����-DQXDU\��������7KHVH�FRPSDQLHV�PDLQWDLQ during the 
REVHUYDWLRQ�SHULRG��7KH� UHFXUVLYH� VHJPHQWDWLRQ�SURFHGXUH�ZDV�DSSOLHG� WR������ security prices. The 
segmentation analysis of daily log-return time series for ending prices was conducted. Throughout the 
investigation ǻc LV�¿[HG�DV�����)LJure 1 shows the number of starting GDWHV�RI�VHJPHQWV�IRU�������ORJ-
return time series. The number of segments increase at June 2001, $SULO� ������ )HEUXDU\� ������ DQG�
2007 to 20���� 7KHVH� VHHP� WR� FRUUHVSRQG� WR� UHJLPHV� RU� FKDQJH points in the Japanese economy. 
6SHFL¿FDOO\��GXULQJ�WKH�ODVW�JOREDO�¿QDQFLDO�FULVLV�WKH�QXPEHU�RI segments tends to increase (about 260 
segments can be found at this period). Furthermore, after 11 March, 2011, the Great East Japan 
Earthquake, the number of segments steeply increased ODUJHU�WKDQ�GXULQJ�WKH�ODVW�JOREDO�¿QDQFLDO�FULVLV� 
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Figure 1��7KH�QXPEHU�RI�VWDUWLQJ�GDWHV�RI�VHJPHQWV�IRU������� 

         log-UHWXUQ�WLPH�VHULHV�GXULQJ��th January 2000 to 30th January 2012. 
 

The number of segments belonging to the same quintile of variances is counted. Compute order 
statistics of variance { ıi,(1) ����������ıi,(mi) } in all the segments of stock i. Next, each segment of stock i 
is labelled k  �^�������������� }, depending on variance which belongs to the quintile. The number of 
segments which have the same labels is counted on each day. Figure 2 shows the number of segments 
EHORQJLQJ� WR� HDFK� TXLQWLOH� RQ� HYHU\� GD\�� 7KH� QXPEHU� RI� ¿UVW quintile segments shows stability of 
economic aơDLUV��DQG�WKH�QXPEHU�RI�¿IWK�TXLQWLOH�VHJPHQWV indicates instability of economic aơairs. It 
is found that from 2003 to 2007, the Japanese economy was in a stable regime. From the end of 2007 
an unstable regime was observed. 6SHFL¿FDOO\� during September 2008, when we experienced the 
/HKPDQ� VKRFN�� WKH� QXPEHU� RI� ¿IWK� TXLQWLOH regimes steeply increased. This implies that the money 
ÀRZV�RI�WKH�-DSDQHVH�HFRQRP\�EHFDPH XQVWDEOH�MXVW�DIWHU�WKH�/HKPDQ�VKRFN��)URP�0DUFK�������WKH�
mone\�ÀRZ�HYHQWXDOO\�UHFRYHUHG� and the number of unstable regimes decreased while the number of 
stable segments eventually increased. From 11 March to 10 April, 2011 the number of unstable 
regimes steeply increased due to the Great East Japan Earthquake. However, the number of stable 
regimes rapidly increased thereafter, and Japanese macroeconomic aơairs have been eventually 
recovered. 
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Figure 2. 7KH�QXPEHU�RI�VHJPHQWV�LQ�HDFK�TXLQWLOH�IRU������� 
log-UHWXUQ�WLPH�VHULHV�EHWZHHQ��th January 2000 to 30th January 2012. 

 
3.2. Foreign exchange market 

7KH�IRUHLJQ�H[FKDQJH�PDUNHW�LV�WKH�ODUJHVW�¿QDQFLDO�PDUNHW�LQ�WKH�ZRUOG��7KH�IRUHLJQ�H[FKDQJH market 
is organised by international banks and funds through brokerage platforms. Since the currency 
H[FKDQJH�VWURQJO\�UHÀHFWs and is related to international economies, we can predict global economic 
conditions from the foreign exchange market. 

The analysis is conducted using high-resolution data (ICAP EBS Data Mine Level 1.0) collected 
using the ICAP EBS platform. The data includes currency pairs, quotation prices, and transaction 
prices with a one-second resolution. In the exchangeable currency pairs, consisting RI����FXUUHQFLHV�
DQG����SUHFLRXV�PHWDOV�����NLQGV�RI�FXUUHQF\�SDLUV�DUH�LQFOXGHG�GXULQJ�WKH�SHULRG from June 2008 to 
June 2012. There are about 520 million records in the observation period. Figure 3 shows 
exchangeable currency pairs. USD and EUR have a lot of links to other currencies. AUD, CNH, CHF, 
-3<��DQG�*%3�KDYH�¿YH�WR�HLJKW�OLQNV��2WKHUV�KDYH�RQO\�RQH�RU�WZR�OLQks to major currencies. 
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Figure 3. Network representation of currencies and currency pairs. Nodes represent currencies, and 
links between two nodes represent currency pairs included in the data set. 

 
Suppose that RQH�FDQ�REVHUYH�TXRWDWLRQV�WUDQVDFWLRQV�Dbout the i-th currency, and the j-th currency 

and count the arrival of quotations or occurrence of transactions for each currency pair on a brokerage 
V\VWHP�ZLWK� DQ� LQWHUYDO� RI�ǻ�!� ����7KLV� DFWLYLW\� LV� GH¿QHG� DV� WKH� QXPEHU RI� TXRWDWLRQV�WUDQVDFWLRQV�
which market participants enter into the electronic brokerage system SHU�ǻ��:H�GH¿QH fij(t; S) as the 
quotation activities between the i-th currency and j-th currency (i, j = 1, 2, . . . , N) in [tǻ���t ����ǻ@��t  
1, 2, . . . , T) on the S-th observation period. In this DQDO\VLV��ZH�DGRSW�WKH�GH¿QLWLRQ�WKDW�WKH�DFWLYLWLHV�
should be counted in symmetrical manner fij(t; S) = fji(t; S) and satisfy no self-dealing condition fii(t; S) 
= 0. Then, the density of quotations between the i-th currency and j-th currency can be estimated as, 

 
Obviously, it has probabilistic properties, such that,  Aij (S)= 1, Aij (S) = 0, and 
����Aij(S�����. 

Under the assumption that the attention of market participants to the exchangeable currency pairs 
can be estimated as the centrality of currency pairs, Aij(S) can be empirically estimated by using 
TXRWDWLRQ�WUDQVDFWLRQ� IUHTXHQFLHV� FDOFXODWHG� IURP� KLJK-resolution data without knowledge of the 
network structure of market participants. Moreover, relative occurrence rates of the i-th currency on 
the S-WK�REVHUYDWLRQ�SHULRG�DUH�GH¿QHG�DV� 
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where it also has probabilistic properties, such that,  and ����Ki(S�� �� ��� 6LQFH both 
Aij(S) and Ki(S�� PD\� EH� UHJDUGHG� DV� ¿QJHUSULQWV� UHSUHVHQWLQJ� WKH� PDUNHW� VWDWHV� RQ� WKH observation 
period S, their shape may describe market states at S. To capture the diơerence of shapes between S1 
and S2, Jensen-Shannon divergence (Lin������� is employed. 

 
where HA(Aij) and HK(Ki��DUH��UHVSHFWLYHO\��GHQRWHG�DV�WKH�6KDQQRQ�HQWURSLHV�GH¿QHG�DV� 

 
)URP�WKHVH�GH¿QLWLRQV��ZH�FDQ�FRQ¿UP�WKDW�WKH\�KDYH�WKH�IROORZLQJ�SURSHUWLHV� 

 
The similarity of market states between two observation periods is computed for each week. The 

Jensen-Shannon divergence is employed in order to compute similarities since it has resistance 
characteristic for zero probabilities. This means that the Shannon entropy does QRW�GLYHUJH�WR�LQ¿QLW\�
because of 0 log 0 = 0, which is proven in Appendix A. 

FigureV���DQG���VKRZ�VLPLODULWLHV�FDOFXODWHG�IURP�Aij (S) of quotations (a), Ki (S) of quotations (b) 
and similarities obtained from Aij (S) of transactions (a), and Ki (S) of transactions (b), respectively. 

)URP�WKHVH�¿JXUHV��WKHUH�DUH�UHJLPHV�ZKHUH�VKDUHV�are equivalent. Macroeconomic situations may 
correspond to these regimes. For example, there are three regimes for the period from January 2008 to 
-XQH� ����� DV� VKRZQ� LQ� figure ��� 7KHVH� UHJLPHV� DUH� UHODWHG� WR� WKH� ODVW� JOREDO ¿nancial crisis. 
Furthermore, we FDQ�FRQ¿UP� WKH�(XUR� VKRFN�ZKLFK�KDSSHQHG�0DUFK� WR�0D\ 2010. We can capture 
both the past and present circumstances of the international economy from the high-resolution data, 
and may predict or infer the future aơair. It is also found that there is an extUHPH�UHJLPH�LQ����WR����
March, 2011. This event was observed with the sudden increase of JPY in relation to other currencies 
�VSHFL¿FDOO\�86'�DQG�(85���7KLV�FKDRV�ZDV triggered by the devastation caused by the Great East 
Earthquake of Japan and the subsequent tsunami. 
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Figure 4. The similarities of market states between observation periods computed from activities 
of currency pairs (a) and of currencies (b) computed from quotations for the period from June 
2007 to June 2012. The black pixel represents a similar relation, and the white pixel represents a 
dissimilar relation. 
 

 
Figure 5. The similarities of market states between observation periods computed from 
activities of currency pairs (a) and of currencies (b) computed from transactions for the period 
from June 2007 to June 2012. The black pixel represents a similar relation, and the white pixel 
represents a dissimilar relation. 

 
3.3.  Domestic hotel booking data 

Recent technological developments enable us to purchase various kinds of items and services via e-
commerce systems. The emergence of Internet applications has had an unprecedented impact on our 
ability to purchase goods and services. From the data available about items and services on e-
commerce platforms, we may expect that utilities of agents in socio-economic systems are directly 
estimated. 

It is found that it is becoming more popular to make reservations of hotels via the Internet. When 
ZH�XVH�D�KRWHO�ERRNLQJ�VLWH��ZH�QRWLFH�WKDW�ZH�VRPHWLPHV�¿QG�SUHIHUDEOH room opportunities. In other 
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words, hotel vacancies seem to be random. We further know that both the date and place of stay are 
important factors to determine the availability of room opportunities. Hence, room availability 
depends on the calendar (weekdays, weekends, and holidays) and regions. 

This availability of hotel rooms may indicate future migration trends of travellers. Therefore, it is 
worth considering the accumulation of comprehensive data of hotel availability in order to detect inter-
migration within countries. 

Here, we give a brief explanation of a method for collecting data on hotel availability. In this study, 
we used a web API in order to collect the data from a Japanese hotel booking site named Jalan. The 
data is provided by the Jalan web service (Jalan Web service, 2012). Jalan is one of the most popular 
hotel reservation services in Japan. The API is an interface code set designed for the purpose of 
simplifying the development of application programs. 

The Jalan web service provides interfaces for both hotel managers and customers. The mechanism 
of Jalan is as follows: Hotel managers can enter information on room vacancies at their hotels via an 
web interface. The consumers can book rooms from available opportunities via the Jalan web site. 
Third parties can even built their web services with Jalan data by using the web API. 

We collected all available opportunities which appeared on Jalan web regarding one-night room 
vacancies for two adults. The data were sampled from the Jalan web service daily. The data on room 
opportunities collected through the Jalan web API are stored as comma separated YDOXH��FVY��¿OHV� 

,Q� WKH�GDWD� VHW�� WKHUH�H[LVW�RYHU��������� URRP�RSSRUWXQLWLHV�DW�RYHU��������KRWHOV�� ,Q� table 1, we 
show contents included in the data set. Each plan contains sampled date, stay date, regional sequential 
QXPEHU�� KRWHO� LGHQWL¿FDWLRQ� QXPEHU�� KRWHO� QDPH�� SRVWDO� DGGUHVV�� 85/� RI� WKH� KRWHO website, 
geographical position, plan name, and rate. 

Since the data contains regional information, it is possible for us to analyse regional dependence of 
hotel rates. Throughout the investigation, we regard the number of recorded opportunities (plan) as a 
proxy variable of the number of available room stocks. 

 
Table 1. The data format of room opportunities. 

 

 
 

For this analysis, we useG� WKH�GDWD� IRU� WKH�SHULRG� IURP����'HFHPEHU������� WR���0D\������� The 
GDWD�LV�PLVVLQJ�IURP����WR����0DUFK�������EHFDXVH�WKH�ZHE�VHUYLFH�ZDV�QRW�DYDLODEOH due to the Great 
East Earthquake. Figure 6 shows an example of distributions and representative rates. An example of 
rates distributions under the condition that two adults can stay at the hotel for one night  on 5 January 
2010. This data have been sampled on ��-DQXDU\��������7KH�\HOORZ�WR�EODFN�¿OOHG�VTXDUHV�UHSUHVHQW�
hotel plans costing ranging from 50,000 to JPY ������-3<�SHU�QLJKW��7KH�UHG�¿OOHG�VTXDUHV�UHSUHVHQW�
hotel plans costing over 50,000 JPY per night. We found that there was a strong dependence of 
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YDFDQFLHV�RQ�SODFHV��6SHFL¿FDOO\��ZH�¿QG that many hotels are located around several centralised cities 
such as Tokyo, Osaka, Nagoya, Fukuoka, and so on. 

 

 
 

Figure 6. The regional dependence of room prices of Japanese available on 5 January, 
������DV�RI���-DQXDU\�������. 
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      Figure 7. The number of room plans for one-night stay by two adults  

                            during the period between ���'HFHPEHU�������WR���0D\������� 
 

The number of one-night, twin-VKDUH� URRP� SODQV� ZDV� FRXQWHG� IURP� WKH� UHFRUGHG� FVY� ¿OHV 
throughout the whole sampled period. Figure 7 shows the daily number of room opportunities with 
diơerent durations D��ZKLFK�LV�GH¿QHG�DV�D�GLơerence between stay date and booking date. From this 
graph, we found three facts: 
����7KH�QXPEHU�RI�URRP�RSSRUWXQLWLHV�ÀXFWXDWHV�ZHHNO\� 
(2) There is a strong dependence of the number of available opportunities on the Japanese calendar. 

Namely, Saturdays and holidays drove reservation activities of consumers. For example, during 
WKH�1HZ�<HDU�KROLGD\V� �DURXQG������-�����DQG�KROLGD\V� LQ� WKH�VSULQJ VHDVRQ��DURXQG�������� WKH�
time series of the numbers show big drops. 

����7KH�QXPEHU�HYHQWXDOO\�LQFUHDVHV�DV�WKH�GDWH�RI�VWD\�UHDFKHV��6SHFL¿FDOO\��LW�LV�REVHUYHG that the 
number of opportunities drastically decreases two days before the date of stay. 

Furthermore, figure 8 shows dependence of average rates all over the Japan on calendar dates with 
diơerent durations. During the New Year holidays in 2010, the average rates rapidly decreased. 
Meanwhile, on the spring holidays in 2010, the average rates rapidly increased. This diơerence seems 
to arise from the diơerence of consumers’ motivation structure and preference on price levels between 
these holiday seasons. 

)LJXUH���VKRZV�VFDWWHU�SORWV�EHWZHHQ�WKH�GDLO\�QXPEHU�RI�URRP�RSSRUWXQLWLHV�DQG�DYHUDJH of room 
rates. The high-demand dates exhibit larger variations of the average rate than low-demand dates. The 
preferable price level of consumers has a high variability on high-demand dates. 
 
3.4. Impact of natural disasters (Great East Japan Earthquake on 11 March, 2011) 

Since people are also products of nature, the physical eơects of the natural environment on our society 
DUH�UHPDUNDEOH��6SHFL¿FDOO\��QDWXUDO�GLVDVWHUV�RIWHQ�DơHFW�RXU�VRFLHWLHV�VLJQL¿FDQWO\� 
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Figure 8. Average prices for one-night, twin-share room plans throughout  
Japan for the period IURP����'HFHPEHU�������WR���0D\������� 

 

 
Figure 9. Scatter plots between the daily number of room opportunities and  
mean room rates DFURVV�-DSDQ�IRU�WKH�SHULRG�IURP����'HFHPEHU�������WR���� 
June, 2011. 

 
Therefore, we need to understand the subsequent impact of natural disasters on human behaviour, 

from both economical and social perspectives. 
7KH�*UHDW�(DVW�-DSDQ�(DUWKTXDNH�KLW�DW�������RQ����0DUFK�������LQ�-DSDQHVH�ORFDO WLPH��������LQ�

UTC). Within 20 minutes, huge tsunamis had devastated cities along Japan’s northeastern coastline. In 
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addition to wide-spread physical destruction, social infrastructures also suơered extensive damaged. 
Consequently, we should understand its subsequent impact on our socio-economic activities. 

In order to estimate both economic and social damages in three Tohoku prefectures (Iwate, Miyagi, 
and Fukushima), we focus on the number of available hotels in each district before and after the Great 
East Japan Earthquakes and Tsunami. We selected 21 districts in three prefectures, as shown in Table 
2 and two periods, one before and one after the disaster. The data on accommodation in this area cover 
about 31% of the potential accommodation. Therefore, we have to estimate the states that were not 
sampled from these sampled booking data. 

If we assume that the accommodations in the data are sampled from uncensored data in a 
homogeneous way, then the relative frequency of the available accommodation from censored data 
can approximate the true value, computed from uncensored data. The data on accommodations in this 
area cover about 31% of the potential accommodation. Therefore, we have to estimate the uncensored 
states from these censored booking data. 

In order to conduct a qualitative study, let xi(t, s) (i = 1, . . . , K; t = 1, . . . , T) be the number of 
available hotels in district i at day t in period s. Then a relative frequency at district i can be calculated 
as, 

 
/HW�XV�FRQVLGHU�D�UDWLR�RI�WKH�UHODWLYH�IUHTXHQFLHV�DIWHU�DQG�EHIRUH�D�VSHFL¿F�HYHQW� 

 
where pi(a) and pi(b) represent the relative frequencies after and before the event, respectively. 
Obviously, Eq. (��) can be rewritten as: 

 
by using ni(s) and N(s), which are the number of available hotels at district i within the period s and 
the total number during that period. Since N(a��N(b) is independent of i, qi(a|b) should be proportional 
to a ratio of the number of hotels after and before the event.  

Table 2 shows qi(a|b), where the term b represents May 2010 (before the disaster), and the term a 
May 2011 (after the disaster), respectively. Since the value of qi(a|b) is related to damage to hotels in 
the district i, qi(a|b) < 1 implies that available hotels decreased after the earthquake at i relative to the 
total number of hotels. Similarly qi(a|b��!���PHDQV�WKDW�WKH\�PDLQWDLQHG�DW i. 

We may assume that the decrease of qi(a|b) at district i results from both a decrease of supply and 
an increase of demand. The decrease of supply is caused in this case by the physical destructions of 
infrastructure. The increase of demand comes from behaviour of individuals like refugees, workers, 
volunteers, and civic groups. 

The regional dependence of supply can be estimated from the number of destroyed houses in each 
district. To do so, we calculate the numbers of both completely-destroyed and partially-destroyed 
houses at each district from the data downloaded from a website of the National Research Institute for 
Earth Science and Disaster Prevention (NIED, 2012). The numbers are calculated by summing the 
number of destroyed houses in the towns or cities included in each district. Table 3 shows the numbers 
of destroyed houses. In this histogram, it is shown that damaged houses were concentrated in the 
maritime areas of these prefectures. 
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Table 2. The ratio of the number of available hotels during the period from 1st to 31st May 2011 to 
that during the period from 1st to 31st May 2010 (after and before the Great East Japan Earthquake), 
the number of both completely destroyed houses and partially destroyed hRXVHV��DV� FRQ¿UPHG�DW� WKH�
HQG�RI�6HSWHPEHU������DQG�WKH�QXPEHU�RI�HYDFXHHV��DV�FRQ¿UPHG�DW 1st May 2011. 
 

 
Table 3. The number of evacuees of the Great East Japan Earthquake at three prefectures (Iwate, 
Miyagi, and Fukushima). The data were oƥcially announced by the Japanese Cabinet Oƥce on 3rd 
June 2011. 

 
 

:H�FDQ�FRQ¿UP�WKDW�KRXVH�GDPDJH�ZDV�VHULRXV�LQ�6DQULNXNDLJDQ��6HQGDL��0DWVXVKLPD� Shiogama, 
Ishinomaki, Kesennuma, Soma, Koriyama, Iwaki, and Futaba. The greatest number of completely-
destroyed hoXVHV�LV��������LQ�,VKLQRPDNL�DQG�.HVHQQXPD��7KH�VHFRQG�LV������� in Sendai. The third 
LV� ������� LQ�6DQULNXNDLJDQ�� 7KH� JUHDWHVW� QXPEHU� RI� SDUWLDOO\-destroyed houses is 37,522 in Sendai. 
7KH�VHFRQG�LV��������LQ�,ZDNL�DQG�)XWDED��7KH�WKLUG�LV��������LQ Koriyama. 

In fact, in places where the ratio qi(a|b) is greater than 1, the number of destroyed houses is not 
VLJQL¿FDQW�� DV� VKRZQ� LQ� ILJXUH� ��� :H� FRQ¿UPHG� WKDW� WKH� UDWLR� qi(a|b) may measure the degree of 
damage to economic activity in the travel industry. +RZHYHU�� LW� LV� QRW� FRQ¿UPHG� WKDW there was 
VLJQL¿FDQW�SK\VLFDO�GDPDJH�WR�KRXVHV�LQ�2XVKX��+LUDL]XPL�� ,FKLQRVHNL��)XNXVKLPD��DQG Nihonmatsu, 
even having a ratio less than 1. It may be thought that hotels in Oushu, Hiraizumi, and Ichinoseki were 
used by workers and evacuated victims of the disaster. Decreases of available hotels in Fukushima and 
Nihonmatsu may be related to accidents in Fukushima Daiich nuclear power plant. The number of 
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victims evacuated from the disaster in each prefecture, according to an oƥcial announcement by the 
Japanese Cabinet Oƥce on 3 June 2011, is shown in Table 3. In the case of Fukushima prefecture, 
�������SHRSOH�ZHUH�HYDFXDWHG�WR�KRWHOV�DW�WKDW�WLPH� 
 
�����,QWHUQDWLRQDO�ÀLJKW�ERRNLQJ�GDWD 

AB-ROAD (AB-ROAD Web service, 2012) is a -DSDQHVH�,QWHUQHW�WUDYHO�ERRNLQJ�VLWH��$ERXW��������
ÀLJKWV� DUH� DYDLODEOH on this site every day. This booking site serves as a web API for both travel 
agencies and FXVWRPHUV��2Q�WKH�RQH�KDQG��WUDYHO�DJHQFLHV�FDQ�UHJLVWHU�WKHLU�ÀLJKW�RSSRUWXQLWLHV�RQ�WKH�
site YLD� WKH� ,QWHUQHW��2Q�WKH�RWKHU�KDQG��FRQVXPHUV�FDQ�VHDUFK�IRU�DQG�ERRN�ÀLJKWV� WKDW� WKH\�ZDQW to 
SXUFKDVH�IURP�DOO�WKH�UHJLVWHUHG�ÀLJKWV�YLD�WKH�ZHEVLWH��7KLUG�SDUWLHV�FDQ�HYHQ�EXLOG�ZHE services with 
the data provided by the web API. 

I collected inforPDWLRQ� UHJDUGLQJ� DYDLODEOH�ÀLJKW� WLFNHWV� XVLQJ� WKH�$%-ROAD web service every 
day and stored it as comma-VHSDUDWHG��&69��¿OHV��7KLV�GDWD�VHW�FRQWDLQV�WKH�ÀLJKW�WLFNHWV that a person 
ZRXOG�EH�DEOH� WR�XVH� WR�GHSDUW� IURP�RQH�RI� WKH� DLUSRUWV� LQ� -DSDQ��(DFK�ÀLJKt also contains the date 
when the data was sampled, departure date, departure airport, arrival airport, type of class (economy, 
EXVLQHVV�� DQG�¿UVW classes), name of air carrier, and price (the fuel surcharge and tax are excluded). 
The data period is from 2��-XO\�������WR����'HFHPEHU��������)RU� WHFKQLFDO reasons, data on several 
dates were missing (8 November, 2010; 10 April, 2011; IURP����WR����$SULO� 2011).  

:H�XVH�GDWD�RI�RSSRUWXQLWLHV�ZKHUH�ÀLJKWV�ZRXOG�GHSDUW�IURP�VRPH�DLUSRUWV�LQ�-DSDQ���ZHHNV later. 
The supply-demand situation of air travels may be related to the number of opportunities. The price of 
ÀLJKW�WLFNHWV�EHWZHHQ�GHSDUWXUH�DQG�DUULYDO�DLUSRUWV�LV�DOVR�GHSHQGHQW�RQ�WKHLU distance. Fundamentally, 
I investigates current situations of internationaO� DLU� ÀLJKWV� GHSDUWLQJ from Japanese airports. In the 
GDWDVHW�� WKHUH� H[LVW� DERXW� ������� NLQGV� RI� ÀLJKW� RSSRUWXQLWLHV� IRU about 78 airline companies1 every 
day. 
 
  

 
 
 

1 The included airline companies are listed as follows: Jetstar Asia Airways (3K), Cebu Air (5J), Jeju Air (7C), 
*LOO�$LUZD\V���&���-HW�$LUZD\V���:���$PHULFDQ�$LUOLQH��$$���$LU�&DQDGD��$&���0DQGDULQ�$LUOLQHV��$(���$LU 
France (AF), Air India (AI), Aeromexico (AM), Finnair (AY), Alitalia (AZ), British Airways (BA), Eva Air 

�%5���$LU�%XVDQ��%;���$LU�&KLQD��&$���&KLQD�$LUOLQHV��&,���&RQWLQHQWDO�$LUOLQHV��&2���&DWKD\�3DFL¿F�$LUZD\V 

(CX), China Southern Airlines (CZ), Delta Air Lines (DL), Emirates (EK), Etihad Airways (EY), Shanghai 
Airlines (FM), Garuda Indonesia (GA), Hawaiian Airlines (HA), Hong Kong Airlines (HX), Uzbekistan Airways 

(HY), Business Air (II), Iran Air (IR), Air Inter (IT), Japan Airlines (JL), JALways (JO), Jetstar Airways (JQ), 
Korean Air (KE), KLM-Royal Dutch Airlines (KL), Kenya Airways (KQ), Lufthansa German Airlines (LH), 
Crossair (LX), Air Madagascar (MD), Xiamen Airlines (MF), Malaysia Airline System Berhad (MH), SilkAir 

(MI), EgyptAir (MS), China Eastern Airlines (MU), All Nippon Airways (NH), Northwest Airlines (NW), Air 

Macau (NX), Air New Zealand (NZ), MIAT Mongolian Airlines (OM), Austrian Airlines (OS), Asiana Airlines 

(OZ), Pakistan International Airlines (PK), Philippine Airlines (PR), Air Niugini (PX), Qantas Airways (QF), 
Qatar Airways (QR), Cargolux (S1), South African Airways (SA), Air Caledonie International (SB), Shandong 

$LUOLQHV��6&���6FDQGLQDYLDQ�$LUOLQHV��6.���%UXVVHOV�$LUOLQHV��61���6LQJDSRUH�$LUOLQHV��64���$HURÀRW��68���7KDL 
Airways (TG), Turkish Airlines (TK), Air Tahiti Nui (TN), United Airlines (UA), Air Lanka (UL), Transaero 

Airlines (UN), Hong Kong Express Airways (UO), Vietnam Airlines (VN), Virgin Atlantic (VS), Vladivostok 
Air (XF), Arcus Air (ZE) and Shenzhen Air (ZH). 
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Figure 10. 7KH�GDLO\�QXPEHU�RI�ÀLJKW�RSSRUWXQLWLHV�IURP� 
���-XO\�������WR�13 December, 2011. A green curve represents 
the number of flight opportunities at D=28, and a red curve at D=7. 

 
7KH�WRWDO�QXPEHU�RI�DYDLODEOH�ÀLJKWV�IURP�D�FLW\�LQ�-DSDQ�WR�D�FLW\�LQ�D�IRUHLJQ�FRXQWU\�ZDV totalled 

from the data throughout the entire sampled period. Figure 10 shows the total number of available 
ÀLJKWV�SHU�GD\ at D=28 and 7. From observing this data, we made three observations: 
����7KHUH� H[LVWV�ZHHNO\� VHDVRQDOLW\� IRU� WKH� WRWDO�QXPEHU�RI�DYDLODEOH�ÀLJKW� WLFNHWV��7KH�GHPDQG of 

ÀLJKW�WLFNHWV�LV�higher on Sundays and Mondays than on other days. 
���� 7KH� QXPEHU� RI� ÀLJKW� WLFNHWV� VWURQJO\� GHSHQGV� RQ� WKH� -DSDQHVH� FDOHQGDU�� 1DPHO\�� VXPPHU 

KROLGD\V�LQÀXHQFH�WKH�UHVHUYDWLRQ�DFWLYLWLHV�RI�FRQVXPHUV��)RU�H[DPSOH��GXULQJ�WKH�*ROGHQ Week 
holidays (from 1 to 5 May, 2011) and the holidays in the spring season (around 20 March, 2011), 
total availability shows steep decreases. 

���� 6LQFH� VHYHUDO� DLUOLQH� FRPSDQLHV� XSGDWH� WKHLU� ÀLJKW� VFKHGXOH� HYHU\� $SULO� DQG� 2FWREHU�� WLFNHW 
availability drastically drops at that time. 

Recently, the airport network has been examined by several researchers (Guimerà�� ������Guida, 
2007; Bagler, 2008). According to the study by Guimerà and Amaral (Guimerà�������, the world-wide 
airport network has small-world properties. The degree and betweenness centrality distributions for 
the number of connections at each airport exhibit power-law decay. In fact, the most connected cities 
(largest degree) are typically not the most central cities (largest betweenness centrality). Airports with 
high betweenness tend to play a more important role in keeping networks connected than those with 
high degree, because a passenger can travel from a departure airport to a destination with a short path. 
The geodesic distance between departure and arrival airports may give a good approximation of the 
DFWXDO�ÀLJKW�GLVWDQFH�RI passengers. 

The geodesic distance is measured by using 9LQFHQW\¶V� IRUPXODH�� /HW� ĳs�� Ȝs�� ĳf DQG� Ȝf be the 
JHRJUDSKLFDO� ODWLWXGH� DQG� ORQJLWXGH� RI� WZR� SRLQWV�� UHVSHFWLYHO\�� DQG� ǻȜ�  � Ȝs í� Ȝf . Under the 
assumption that the earth is a sphere, the distance D is given by, 

 
where r represents the earth’s radius (r  � ������� >NP@���We shall analyse geodesic dependence of 
ticket prices based on the data. Figure 11 shows the relation between the price of economy-FODVV�ÀLJKW�
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tickets and the geodesic distance from the departure airport to the destination. The distance of each 
ÀLJKW� WLFNHW� LV� FRPSXWHG� IURP� WKH� JHRJUDSKLFDO� ODWLWXGH� DQG longitude of the departure and arrival 
airports using Equation (1). Figure 11 represents the UHODWLRQVKLS� RQ� ��$XJXVW�� ����� �KLJK� GHPDQG�
season) and on 16 October, 2010 (low demand season). Short-GLVWDQFH�FRUUHVSRQGV�WR�ÀLJKWV�WR�$VLDQ�
cities (1,000 km to 3,000 km), middle-distance to cities in Europe and North America (8,000 km to 
10,000 km), and long-distance to cities in South America (15,000 km to 20,000 km). During high 
demand season, it is found that YDULRXV� NLQGV� RI� ÀLJKWV� DSSHDU� IRU� ERWK� VKRUW-distance and long-
GLVWDQFH�ÀLJKWV��EXW��GXULQJ�ORZ demand season, there are few long-GLVWDQFH�ÀLJKWV� 

 
4.  Discussion 

It was shown from looking at these exemplar studies that there are two kinds of axes with which to 
best represent our society. The studies of the Japanese stock exchange market and the foreign 
exchange market show that diơerent stocks or currencies are quoted or traded concurrently, and that 
they are mutually related. Namely, time is one of important key factors to link data observed in 
diơHUHQW� SODFHV�� ,QYHVWLJDWLRQ� RI� ERWK� WKH� KRWHO� DQG� LQWHUQDWLRQDO� ÀLJKWV� VKRZHG that geographical 
information is also a key factor to link data from diơerent layers. 

Since events in the world happen in massively concurrent, time and locations are the most 
important elements to link results obtained from diơerent data sources. Furthermore, we may 
synthesise data from diơerent data sources with a time and location, and construct a large-scale 
database. 

I also want to emphasis that these studies are of econoinformatics. Econoinformatics includes 
several research topics such as mathematical concepts, algorithms, computer systems, databases, 
modelling, and so forth. Mathematical concepts may help us to develop automated algorithms to 
extract knowledge on socio-economic systems. The algorithm and computation systems help us to 
collect, store and analyse large amounts of data. It is also crucial to construct synthesised data sets 
from uncensored data obtained from diơerent data sources. Furthermore, mathematical models will 
become a guide for us to understand observed systems connection physical mechanisms with 
observations. 

Figure 12 shows a conceptual illustration of a research platform for data-centric science. This 
consists of data FUDZOHUV�� FOXVWHU� FRPSXWHUV��GDWDEDVH� VHUYHUV��PDQDJHPHQW� VHUYHUV��¿OH� VHUYHUV�� DQG�
consoles. The data crawlers collect socio-economic data from e-commerce platforms in the internet. 
The GDWD� LV�VWRUHG� LQ� WKH�¿OH�VHUYHUV��$IWHU�YHULI\LQJ� WKH�GDWD�� WKH�GDWD� LV�V\QWKHVLVHG� LQ� WKH database 
servers. To construct the synthesised database, the data is stored with the time anG�RU� ORFDWLRQV��7KH�
management servers handle this procedure of collecting, verifying, and storing data automatically. In 
the cluster computers, the socio-economic data is computed and analysed. Researchers use this system 
from the consoles. 
 
5.  Conclusion 

Complexity is determined by the relative degrees of freedoms of observing systems and of observed 
systems. To manage the complexity of our socioeconomic systems, I introduced data-centric 
approaches. I showed several exemplar studies on socio-economic systems such as the Japanese stock 
exchange, foreign exchange market, domestic hotel bookings, and international flight bookings. 

Econoinformatics can be established from data-centric studies based on large amounts of data on 
socio-economic systems. Such data can be obtained from our society. To overcome the complexity of 
socio-economic data, we need to develop mathematical concepts, algorithms, rich computer systems, 
and synthesised databases. To construct synthesised data on socio-economic systems, spatial-temporal 
axes should be employed. Various kinds of data collected from diơerent paths may be synthesised 
with time and locations. Rich synthesised databases representing aspects of our society may help us to 
obtain deeper insights into our own socio-economic systems. 
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Figure 11. Relationship between the price of economy-FODVV�ÀLJKWV�DQG 
JHRGHVLF�GLVWDQFH�RQ�� August, 2010 (a) and on 16 October, 2010 (b). 
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Figure 12. A conceptual illustration of the research platform. 
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Appendix A.   Proof of 0 log 0 
 
Let us consider 

 

Putting  x = eíz one has 

 
 
By using the Taylor expansion of   

 
one obtains 

 

 

Therefore, we get 
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