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B B84% (causal relation)
B DO HEER (causal inference)
B DR A (causal principle)
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David Hume, A Treatise of Human Nature: Begin an Attempt to
Introduce the Experimental Method of Reasoning into Moral
Subjects, http://www.gutenberg.org/files/4705/4705-h.html
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Data-Centric Science

Aki-Hiro Sato, “Applied Data-Centric Social Sciences: Concepts, Data,
Computation, and Theory,” 2014 ( Springer, Tokyo )

. Introduction

* Introduction

. .t!"kéui::);f-;'/cs'
* Framework

Il. Methodology

: * Mathematical Expressions
Applled Data- | * Data in Computers
entric. Oﬂal - lll. Exemplar Studies

U s * Risk Assessment of Extreme Events
* Hotel Booking Data

* Tendency in International Air Travels
* Energy Consumption

IV. Future Work

* Future Research in Applied Data-Centric Social Sciences
ISBN: 978-4-431-54973-4 (Print) 978-4-431-54974-1 (Online)
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Aki-Hiro Sato, Hidefumi Sawai, “Relationship between
socioeconomic flows and social stocks: case study on
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Zipf, G.K. The P,P,/D
hypothesis: on the

E jj :E7__\\) l/ intercity movement of

persons: Am. Sociol.

Rev. 11, 677-686
oM R S ) DBBE F, (1946

o« HFEHMAID A DOX(d)
» Bll75 =D A Axi(d)
. Itjto)EE%ﬁru N

- Cxﬂl (d)XﬂZ (d)rﬂs \O
X (d) AT od[kmldr 55 A
Por Bur B, B DM AR ZR




& [A] )&
. A

CEREED X ZNICEAL TR IEZ R E

logF;, = 3, + B, log x;(d) + 5, log x;(d) + ; log
s RIN_FIE

E(By By o1 )
= > llog F; - 8, - B, log ,(d) - 3, log ; (d) - , log ; |

F’ij #0

(d*néouéb:ézués) — arg m|n E(d’ﬁo’ﬂ1’ﬂ21ﬂ3)

d.fBo. /1P Ps



ENETILOERIFFRAHST

S hETILE

himh

°
imli

RDMZEE

AT 2

ANOQAySa7T—4
2D BEEICET AT —4

S - - = [

c MET—H

JNVTHREEL TH KD

ENETIVDRBEARETAHICREELGDST 4



RJDC RJOC

~

RJFF

RIFE =
RJFS

RIFU-Ap

RIFT

RJFK

ROKT_—

% RJO
RIDT & RJFR \‘
B .77 AR

RIDB
Ay 45
A _ el

RIKN
RIKB
RORY __—35'

S rS sy

<




I ETET B e-Stat

Gl

[

-Stat.

MR O®E XD

Qsmuasbt @2l | @ English | @ XEliA- 86 L7

MFTRZ3EZE I ’ '
— e-stat(d, Bxa)sztwwxz-aammmfm 9/4«#4#1-7. N
SS ST 4. g, '.., I

> %

@ wrt=—semy @) ememscas Ee mameem~s @ FHUINR: @ oyre

FTNCTHREBNET.

@ 6/9(B)FM1:00~5:0008). VAT LFREOI.HY AAOREH TEULBYET, JHEBESHIL L s e

Q metz—s= BT

BR L MEDVERLTOSEE
TREBRRTEET,

PR SIFT

et BR—

CBHABMILES |

— vnt;lcx\'cﬁilb&ﬁ » |
P wmemzcRd ) mmnec@nd PEITIEIE ) I‘!

18P ERC LYRNT — 9% BT — 20 RAL 1D BIES T
"RR3(LTHET. I—FEMIBLTOET, W IF/
7 £ »ESCHOSAMARE BX m #irx
2 AR HIBRY  $-0-F _
» HXBIER O —F 1 220 Ei85%
» BEEEEET 2 207/A0
3 83| BEHEE
4 60 EE
N RSSIZLSHAP{RISES 2 SONAEA
S = 6 53/ fi%

BJLHY A e-Stat  http://www.e-stat.go.jp/



NHRETT —2ZFIHT S

FZEENERETIIE (A LXRER)

FANO (#FaRerRERGHRE)
EHEBE R (RFERETREEE Y X)
BRI (RFARETREEFEE Y R)

¢ 207
¢« 207
¢ 207
¢ 207

N

o

h‘r HY h‘r h‘r

N

N



n E T3 BE 201 2F Lt

- e Z2EH 86
s PREREN 476

D
B

[
YN
v R 5372003
K FIHYARE 5.372093
.- EHHSARRE 0.469923
KEOSAZHRE 0.205842
| ARBIVFOE 2206731
RIS Hxe#TorOr 2.206731
RYT)—FT4ET4 -0.436595
S RBE 2.473598



[

HARDMZH#HERYNT—I (BEW)

S

E LR EE201 2F fZoumt st

SEH ¥ 4.804878
SEYARB 4.804878
EHYSRAZE 0.487389

R ISR 2 FZE 0.191510
AXR¥TrAE 2.090713
He$rorayE 2.090713
RET7V)—3T4ET+ -0.468332
SEHRBE 2.494731



BARIZETHHERT
FIEZEE %Eg£¢ii%%
-/ L T s

aaf -

T HFmEE | BIREZE

Rz B .
i g ERBZE |, [ PHER
i A

pagarank

0.04 H

batwamnnass

0.03 H

75 2055 o & El iR 22

= xmzn | P [ H ]
. M NI T ..“.. .................. n...|.n .............. Y = H ‘H““Nlll”"” “Ih HHHN |nr|” MII" NH Nﬂn || NH”' HN |”“HN ||

Betweenness centrality Page Rank




A B201 0EEB AT IRAYL 1T —4

Area: 377,900km?
Residence area : 180,218km?
The total population in 2010: 128,057,346
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0.15 —
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d [km]
MSE Bo(d) B4(d) B,(d) B5(d)
1.314442 3.001870 0.311012 0.316914 -0.019794
(0.389791)
(std.) 0.493901 0.028937 0.028937 0.086524
(t-val) 6.077873 10.74788 10.95185 -0.228768
(Pr[>1t]]) 0.000000 0.000000 0.000000 0.819152
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adjusted R®

013t
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0 10 20 30 40 50 &0 70 80 90100

d [km]
MSE Bo(d) B,(d) B,(d) B5(d)
3.159087 0.964468 0.328385 0.409132 0.410291
(0.154949)
(std.) 1.207534 0.082066 0.082241 0.215852
(t-val) 0.798709 4.001457 4.974785 1.900798
(Pr[>|t]]) 0.424946 0.000075 0.000001 0.058065
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Aki-Hiro Sato, Hidefumi Sawai , “Risk Assessment for a Global Air
Transport System Using Socioeconomic-Technological-Environmental

2014 _/E|E Esaite)fesre]ze (22%11% )IEpE; é;(;tzh :énlnual Computer Software and Applications
« 3016%E %
* 4,372,945,664 [ / £
* 32,159,566{8 /4
e 54,073#% 1%
« /—KRZE d=54,073/15,331,140=0.3527%

mean in-degree 13.80722
mean out-degree 13.80722
average path length 4.031476
assortativity 0.003953

Average betweenness weighted by seat 36044.5 (seats)
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Jan. 2014 Feb.2014 Mar. 2014 Apr.2014 May. 2014 June 2014
. _— t . _,'/ ?

Sep. 2014 Oct. 2014 Nov. 2014 D‘ec&2014
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R MZEEHER) 12— LT—3

HAR EER FEH BEFE#e 8
Jan. 2014 3,673 117,862 349,054,413
Feb. 2014 3,664 112,622 318,905,914
Mar. 2014 3,683 131,380 357,561,105
Apr. 2014 3,685 113,021 359,074,363
May. 2014 3,670 120,818 374,199,404
Jun. 2014 3,690 130,050 374,011,449
Jul. 2014 3,687 124,173 397,190,537
Aug. 2014 3,690 129,678 398,874,253
Spt. 2014 3,696 124,844 375,040,614
Oct. 2014 3,671 141,577 380,620,602
Nov. 2014 3,661 116,156 350,869,864
Dec. 2014 3,640 115,704 365,761,938
total 3,670 1,477,885 4,401,164,456
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freq

BDRS: EFE
ODOKEZ:TT5A4M

#é.-.f( %U M([depseats]+]..

s

160,745,626



REMEERFE(ERL104)

ORD 879,754 HKG 160,745,626
ATL 850,532 ATL 112,435,142
MUC 707,362 PEK 109,252,996
DFW 661,066 MUC 107,249,376
HKG 656,488 HND 102,231,892
SEA 647,878 LHR 93,816,439
LAX 585,608 DXB 89,882,181
PEK 568,564 SEA 85,930,802
DEN 551,672 ORD 85,304,177

CLT 513,991 LAX 84,473,390
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freg-seats
6
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S 3
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1
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SXM
BET
MCM
Vas
LKE
HNH RUN
KKC
GUM NDJ
L A"{‘
ZNA S
IPC
TKJ EDO
APF CRV
TCT
KSF
NIB CFG
LZR
NEW BIF
SVN
ESS
WRI
CYC BZZ
LAK
NKX

JEK FYV DMA
KXF JSA KXK

2 3 -~ 5 6 7

log10(seats)

SUM([in-degree]+{out-d..
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Carrier

6
5

=

e

s 4

>3

O

@

—

L

© 3

e

O

@)

=3

Air Canada Q%,
Air New Zealand f& '

Wideroe's Flyveselskap A J Emirates

ERA Aviation HOp!. €%
Grant Aviation, Inc. 2% ‘0 China Airlines
Flight Alaska AL 4

3 > - W e 3 2
NatureAire * & 4% =8 Virgin Atlantic Airways
o e ,;“,‘:1‘,‘ o Airasia X
* ¢ a 3

>

Warbelow's Air Ventures Inc.s_ s 7 5.5 9?‘ *+ Biman Bangladesh Airlines

*0e &g

! % # Bl Scoot
Servant Air, Inc. @ , + %, .‘-L X
Ve T e
: .o e ¢ Arke

Alidaunias -+ S :?' By

Everts Air « . “ « v+ ® e Business Air Centre Co
40 Mile Air - £ ey, i
Syit Air pan « Cairo Aviation

.2 wEvelop Airlines S.L.

Tanana Air Service + “Smartlynx Airlines Ltd

Hahn Air

o .
Lydd Air = ° , Air Japan

STP Airways
Trans States Airlines

RAK Airways

Sabaide'e Air.ways Co Ltd

Palau Natidnal Airlines

2 3 4 5 6 1 8
LOG10(Seats)

CEDERBMETTANE

B mESt
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inZ=+t E47104z

fnzZtt 71 nzEZs4t FEFR 8
United Airlines 1,868,789 Delta Air Lines 209,664,779
Delta Air Lines 1,846,443 United Airlines 174,542,283
American Airlines 1,269,321 Southwest Airlines 170,533,380
Southwest Airlines 1,179,597 American Airlines 139,072,254
US Airways 1,118,763 US Airways 109,935,355
China Southern 679,864 China Southern 107,837,110
Airlines Airlines

China Eastern 589,804 Ryanair 100,385,211
Airlines China Eastern 94,176,702
Air Canada 562,856 Airlines

Lufthansa German 540,389 Lufthansa German 86,750,566
Airlines Airlines

Ryanair 531,539 All Nippon Airways 79,643,447




WIECEDERHETTAN

GeneralAcftName

log10(Frequency)

Airbus Industrie A318/319/320/3219

ATR42/ATR72 B
(o %)

Cessna (Light Aircraft)O °

Beechcraft 1900 Airliner Op Oo Boeing 717-200

De Havilland DHC-6 Twin Otter@p 3 &%

Piper (Light Aircraft) o & (¢]
(o)

e
DHuvilld-Bombardier DHC2 Bvr/Tb Bvr 8 % d@ %

, O
Pilatus PC-12 Q @ Antonov An148-100
Beechcraft (Light Aircraft)O GD& ®Boeing 727-200 (Pax)
O =
Agusta A1090 o Antonov An-158
& Boeing (douglas) MD-11 Passenger

. 0
Boeing (Douglas) DC-3 Passenger O @ ©OBoeing (douglas) DC10 Passenger
Antonov Anb26/ 3013200 O g | ockheed L1011 Tristar Passenger

(o}
British Aerospace (Hawker Siddeley) 748

1 2 3 - 5 6 7 8 9
log10(Seats)



GeneralAcftName

EEERETS

Frequency

A2 £ 04

Seats (total)

Airbus Industrie 9,041,065 1,431,208,910
A318/319/320/321

Boeing 737 8,536,235 1,348,944,037
Passenger

Canadair Regional 2,343,452 146,873,444
Jet

Embraer 170/195 1,849,159 171,507,170
ATR42/ATR72 1,309,327 82,479,339
DHvilld-Bombardier 1,275,720 79,578,608
DHC8 Dsh 8

Embraer RJ 1,193,359 58,088,426
135/140/145

Airbus Industrie 831,138 229,760,646
A330

Boeing 777 762,291 248,147,651
Passenger

Cessna (Light 670,483 6,243,622

Aircraft)

GeneralAcftName  Frequency Seats (total)
Airbus Industrie 9,041,065 1,431,208,910
A318/319/320/32

1

Boeing 737 8,536,235 1,348,944,037
Passenger

Boeing 777 762,291 248,147,651
Passenger

Airbus Industrie 831,138 229,760,646
A330

Embraer 170/195 1,849,159 171,507,170
Canadair Regional 2,343,452 146,873,444
Jet

Boeing 767 423,416 100,328,575
Passenger

Boeing 757 485,573 91,700,175
(Passenger)

Boeing (douglas) 565,452 83,160,396
MD-80

ATR42/ATR72 1,309,327 82,479,339
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