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Figure 3. Quantitative changes in the number of archaeological sites (numbers in italic) across the analysed provinces and regions along with
the cultural and chronological sequences. For the numbered culture names see Figure 2 caption. Black triangles indicate representative time
slices chosen for mapping (Figure 4).
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20) Kohler, Timothy A. - Buckland, Philip 1. - Kintigh, K. W. - Bocinsky, R. K. - Brin, A. - Gillreath-Brown, A, -
Ludéscher, B. - McPhillips, T. M. - Opitz, R, - Terstriep. J., “Paleodata for and from archaeology.”, PAGES
Magazine 26: 2, 2018, pp. 68~09.
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Ao o] QA AT 4= Q=2 11 Ayl (CIF 6y oA ZRIT 4= Qltk(P4). ok&e] 9 4=

21) Science Advances= ScienceA|o\A 2015 A7kt AR 2 @ ZalMA Tt Adolc), wkst AWk W% chfu, ALS
st} AR SR AR Hssi,

22) Leipe, C. - Long, T. - Sergusheva, E. A, - Wagner, M. - Tarasov, P. E., “Discontinuous spread of millet agriculture
in eastern Asia and prehistoric population dynamics.”, Science Advances 5: 9, 2019,
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ThEo] Aot Al7NE TR ZEkS Aelith(P4), 4= Al 2 sifElo] AA| Qe sfEake Ux|E)
Al w2k A5sb] Sl = A9 aarsk gloleuo] (9 AollA 47ieh A3 w= HIolE)E o8l &
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olal, t yopr} A Afe] 7Hksle] Ui BR= AsiEE AA AEHAL, FYeH ok T S5
G oS Boh 4 AL AT Aolehs AHS AP,
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1304 BN | Khanka-Ussuri plain (2883) archipelago
| BN | Korean peninsula (3736) (1044)
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1005 T2 713 6,00085H ARolL, N2E2 =8 UEHHN 0| Zik= OxCal Ol2ts BHASHEA

CloJE 2M8 ADEQMZ {8t AMO|Cy, AA FC= =29 FIt X220 ZIH=0] UCE
(B4 : =5 A49] Figure 2.)

23) o]z WF(Bayesian model) 7 BHEHO] AR BHEA AR 2HE APl WAS UEhlle Hol= o] 2(Bayes
theorem)& 7IREO.R 3 710 R, o] A= HlolHE Hye Flf A K FEshs v ARRIE 5 22 420f a5
Al HlojElE TR olgstH A A]719] 0} E3t T g5 HER BEE ARkee] SR HolE ()7 9L
ke A& 7PRE f Aol o WA HeA] etk ofu AuiAe SER EHoH HuZ (1Y 6)HH 7
Zro® Ve Erk

24) U= 34 HFP(Kernel Density Estimate)> AA| W7} 712131 Q= 22491 548 wjopshy] 9fgt wlole). ofe]
Hlolele 574 W] Aol =i, w54 dol8E ol 8s) 7FR 11 W] 54, o7|Me shedae} el 54
& FoharAt sz Woltt. o] SHERE} oWt MeFE I QeAE 4] §l8) e Y BFE 2= Alolu, 1
% ofE 7199k(Kernel function)& ol88k= o] HUEFYKDE)O[T) A4 Aol b= f214] 20 BES QA 5
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BOM)2] AR AHR] A7) 11a1sk Apag o] &l QI 712t A i 7o) IAIE sjdos dntsiet
5 QJEAS WS}, =R MF AF(Ortman et al, 2014)9]] 7|Z8) 7FdS Al T1of Fask glolee}
1 FehE WA Zoslzt, ofu] 71 Aol Eggt Bl vissaHA| diolHE 285 4= ol7el 7hedt
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oA ARFsk=], o] I 7S dFsh] FET Fis BAeE] Qi A siEe] gk At AbR
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o] A= Eelsto A Wels 248 2797 (Superlinear scaling)9] 542 w2 e FAR
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25) Ortman, Scott G, - Cabaniss, Andrew HF - Sturm, Jennie O, - Bettencourt, Luis MA, “Settlement scaling and
increasing returns in an ancient society.”, Science Advances 1: 1, 2015,

26) A8 AALF (Superlinear scaling)o]gt x, y=0] logi SAE+= T1|Zo|A 7127|7} 1.0(=linear) oA}l 1 &
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27) Guedes, Jade d’Alpoim - Bocinsky, R. Kyle, “Climate change stimulated agricultural innovation and exchange
across Asia.”, Science Advances 4: 10, 2018,

28) A71% YIEA(Global Historical Climatology Network : GHCN)&= wl=k 47| SAlE oA 2|l 7|2, 7g,
719 ElolEHo] A% 15,000707F He 17 W49 HlolEE st ARt 71 edld 715S 1701958 3
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Fig. 3. Calibrated radiocarbon ranges for each site in our database (x axis) and the probability of each of these sites being in the niche during that same phase
of occupation (y axis). An interactive version of this figure that labels each of the cross-plots and enables zooming is available as data file 52.

(O3 8) (RYEHRH) X, 71, &, 22|, HiZ, 2o 4 23X K9S S5uC= Hilet I, JI=2E2 Al

(2 6000RE] HM7IX| H=E BPZ EH)E LEHHY, M2F2 g J20| 0= FEo(25)dEX X|
PE 7ML Y=0| 7HSHEA| HEZ LEHH 20| 2t H2 H= M EX0| LHE FHXE o0/t
o 71242 YAHEEANUZ BEE FAEXQ| A Hel, M242 e X919 &4t "0l 0] 1
IO & & U= A2 WAH(RF)0l= TS TES MHicls e EACE A2, 0|F Ali0] 52
HA 22 FEXNOM 6 5= M EX0] UHREAM 0|0 5= ZiZto| EX X197t 25 ROKe XS
DES BEEY 4 AT (B X20IM AT S0 KENSI O D22 MRS SHShE AMY HUHA YE
H X97F =0 8 XG0IA 0 20| MBET M2 dE 20| LOUEZ HEWH X|9|, = 4E 250]
SOIEL. JZ0| QEFO2 URE(A0| SESE) T29| MZE SEMZF)0| R0kl A2 lg »
UCL) (FA =1 A6S] Figure 3.)
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Aol MolRt AR O R B BA Q4L s sh2sh] 91 AAet nisd RS BE
of Yo mOlUY'S Eich. oY AFESL A/ IEe] WHOR ik Agdoldolet sl 73k
£ od Weeltd), ZRIRoR ANE RYS AU 1 g ANE Bl A0 Tesslo] ol
s 2 Fels glo] Helrt,

o] AEOlHS QAT0] BEI AL o oy Aeualul T AfEo] otk oju] IusleA

YA} 7N HE ABM(Agent-Based Models) 0|2k B 9to] 2= -g5al k.30 o= &2 31
sk Wk Anks BEo|& A ARl 7F g kalo] o gieR] sletsh=t] f-851A S8 9=
HZolck, ABM 343t 9] A QIite] Eat Aoahg- Aostal TR sleie] ARl S5

we} o}dl sjele HolA| HARE ¥, 1 Aubt 3usha F7o] 2 SolubAut HRE feloR Y
T % A ofns fEdt,
ol Aol AL WA ol WS F9ol gol BEy], Tustolt MY Yrhe Teln
o

) Bad (49| Falo] Pob FE o7t B4 mgo] Hrk, ¢ Gl RES 17 gom £,

HAe] Geie AR ub ol 4 gl WA YHEo] HAS YHE §, FMIOR ASeold S 4
Akl e 4= olck 1%, 54 shelo] AA| e At 33eka FA% HatskaAl Aol A

30) 7k Agenu(@IAp2} WAL WS vlz] AT, HA SHe Mg T 5 Ak 1) A 55l W
SRS} 0 o] of @A WSRAIZ A% BT 4= gleh. e AU ABMY| B8 ARl vlebrs A ol
Shetl ewol ok 1arstelA]l ABMo] o9 *P‘lﬂhﬂ Hejd ohg 25 g A
Romanowska, 1za - Stefani Crabtree - Benjamin Davies + Kathryn Harris 2019 “Agent-based Modeling for Archaeologists.
A step-by-step guide for using agent-based modeling in archaeological research (Part I of III).” Advances in
Archaeological Practice 7, 2019, p. 178.
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31) CoMSES network(https://www.comses.net/) 2= PR |HHEEH(ABM) A4A2F AFYEZ} 2F 42 Algolct, o]
o= ofe] AtAlEe] AHAe] Gt ATE = AlEdlold e Fol &2 TR (EAY: 2020.02.12,).

- 208 -



dlole] A jze) - aid) o] B ARS 3 BE- 19

(A7) "gF=o] FT 715 Hsle] digh A =Zete] AAA FoHdi3)

FA) 7Parole] JvE(Khmer)sd AlRe) 4w G5 (Ankor)7 42Kt o] §its ofdf 7Pdo] Lhel
Qg o] At 1% shiel /1% Wake Qs el AAl] ¥uE ORI gleh JEEt 134] A4
Fho] EAGHET) OF 1,000e] Dt 4] AL Sue 03}, A, AN, A4 FOoR AdE fE
wo] Qlolrh o] S Qliekz 6000 W et F2E S0} el EIAOR Hlold 4 Y
% 0% Motk 20| WS FAL YT ol o B 4 lmete] L4 o, T2 )
Ohite] A BAS URREeS Q5 of e S uA o) Swo] s el 48 o
& 7R A, 15to] AE S )
ol ARl HOR Holil ek, A1
AT S Gl WA I R0 ARG 9
WA AR, of majo] AAE B B 4
A G 2RI TIoke WA A4 gEiEe) 42g 2
o183t T AES wetow fiel Lol v 54 4XSRIC I F 9 BE mye] g 42
AAS G Thaet 0] 45 APsiel ABeloldst 1 A9k Sllgeh(1d 9) Ha). B of
S A Aol Bl ol wiet 28] Z7KS Ageken] el $4vt A v S5 A
9| Bk A & 5 UeS AFAOR Mk

q

the st 57 E3F o] AlEdold 2apt A AR v A5 QU Adrehal S-S vielal vk

&
1ok
&
a
L
i
i}
N
2,
>
O
ol
o,
rir
Lo

(O3 9) YT 29| =2 HEIY AZ201M AUE LIEfH X|&=,
Qin2 29| &4 HEE UEE g2
n=3,000 ¥ U= o 2t S2(AEM)It 2 240 Of
L MEOIR| MO BESCH HOMO| NHAS 0]
A5t 50, 1 K0l E47 Lol JKsH0| it
(&4 : =5 A79] Figure 5.)

32) Penny, Dan - Zachreson, Cameron - Fletcher, Roland - Lau, David - Lizier, Joseph T. - Fischer, Nicholas * Evans,
Damian - Pottier, Christophe - Prokopenko, Mikhail, “The demise of Angkor: Systemic vulnerability of urban
infrastructure to climatic variations,”, Science advances 4: 10, 2018,

33) A2 A= (Khmer Empire) OA71HE 15A1717HA] §l&eatoluf Wil EAg oz, dx) HTiote] dfrt €
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34) Frachetti, Michael D,, C. - Smith, Evan - Traub, Cynthia M. - Williams, Tim, “Nomadic ecology shaped the highland
geography of Asia’s Silk Roads.”, Nature 543: 7644, 2017, p. 193,
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38) Haak, Wolfgang, et al., op. cit., 2015, p. 207.
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39) Pereltsvaig, Asya - Lewis, Martin, 7he Indo-European Controversy: Facts and Fallacies in Historical Linguistics,
Cambridge University Press, 2015, pp. 39~52.

- 213 -



24

A3, 40)

[¢]

(AL) |, FH obAlole] ATgH

20194 “Atoldy o AR o] =22 T St} B AdfeliFtet], ol dHA9)EL B

b
B

L

o

o

-

S
il

Ao49] ol thako R 3 Qitolet. o]loli 5239] Fafobrlolet dobAlol o urkele] DNAS ol
shedl, et efAlo} ol2jol= FoJoAlolet Q] Tastel YAl o)) o] ofusigiA o 2

A

Ancestry Clines Before and After the Advent of Farming

We model ancient individuals as derived from seven source populations (each a different color).

@ Inthe rorth, four of these source  EARLY HO
populations graded into each other

to form the North Eurasian Early

Holocene Cline. I the south, three

of them formed the South Eurasian

Early Holocene Cline, from which

farming emerged at multiple sites.
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Y

450082

(2) Following the advent of farming, @
these two Early Holocene clines CAUCASUS
mixed to form five later ones. CLINE
Yamnaya ancestry formed along
the Caucasus Cline and spread

widely. (See Panel B)
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B
The Impact of Yamnaya Steppe Pastoralists

Yamnaya-derived ancestry correlates strongly with the distribution of Late Indo-European languages.

@ n earlysplit of Yamnaya—east to the Alta
Mountains, west to Europe—plausibly explains
the early branching of the Tocharian language o
from all other Late Indo-European languages.
Locationof the
initial formation of
Yammnaya ancestry
isuncertan,

Alineage deriving from the westward spread
of the Yamnaya was plausibly the source of
many Indo-European languages in western

and southern Europe.
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@ Prother lineage deriving from the westward spread

of the Yamnaya mixed with European farmers and is

likely responsible for the shared linguistic innovations

between Balto-Slavic in Europe (spread by the Ancestral
beria foasrienis 60 and o | SRS South Indians

B e Yamnaya Present distribution of Corded Ware complex) and Indo-Iranian languages Fouth Indiar
Other ancestry Indo-European languages in South Asia (spread to Kazakhstan with only a small
i —> Flow of Yamnaya-derived ancestry Earasinstegps amount of mixture with local groups before spreading
8 oy Allarrows are approsimat. into South Asia with substantial mixture).
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I Abstract |

Data History Science: The Gateway to the Big Questions of the Ancient Worlds

Ghim, Gwanglim*

In today’s scientific world, history subjects have been studied in various methods over history,
and also meaningful researches have been published. This paper shows that reliable historical
data and rigorous data analysis are fundamental to the background of such research, Data Science
makes critical points to the studies. Various articles about historical and archaeological topics
published in the science journals are reviewed to examine how data science can be powerful
utilities in history, This paper explains the ‘data-based simulations’ methodology that allows them
to observe changes over time by changing situations in the past, and it can be useful in the
studies of ancient civilizations. In large-scale global research projects, where interdisciplinary
coworking is essential, data science is a key feature not only as a method but also as
communication, For this purpose, the term “Data History Science,” a blending of history and data

science, is newly proposed.

[Key Words] History, Data Science, Data History Science, Databases, Data Analysis, Archaeology,

Complex systems, Simulations, Ancient Studies, Interdisciplinary Studies, Digital Humanities
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