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Periodic climate change and human adaptation
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Abstract: Since ancient times, climate change, especially periodic oscillation, has profoundly
affected the transformation and development of human society. Periodic climate change left its
imprints in the origins and migration of humans in the Paleolithic Age, the evolution of culture
and civilization in the Neolithic Age, the rise and fall of dynasties in historical periods, the socio-
economic turmoils in the era of industrialization, and all other anthropological issues. On the
basis of new evidence and progresses in paleoclimatology, paleoanthropology, and environmental
archaeology in recent years, this paper examines climatic characteristics at various development
stages and key nodes of human society from the perspective of periodic climate change. Using
typical study cases, it introduces and analyzes the complex interaction between periodic climate

change and human activities at different temporal and spatial scales in the Paleolithic, Neolithic
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and historical periods, involving the link of periodic climate change to human evolution and
migration during the Paleolithic Age, the association of periodic climate change with cultural
succession as well as the origin and development of agriculture during the Neolithic Age,
complex relationship between periodic climate change and human activities since the historical
period, and new viewpoints on the mechanisms of periodic climate change and human social
adaptability; it also discusses the similarities and differences between natural and social sciences
in understanding the mechanisms underlying the relationship of climate change to human
activities, and expounds a new paradigm to study of the relationship between climate change and
human activities under the background of interdisciplinary research.

This new research paradigm involves progresses and breakthroughs in theories, methods,
technologies, and applications of climate change and social-cultural development. The following
aspects thus must be considered in future studies: 1) transforming the traditional and scattered
evidence of qualitative description into continuous temporal-spatial sequences of quantitative
parameters (e,g., rate of change, speed, amplitude, threshold) and, and taking into account the
multi-source, multi-scale, high-dimensional and complex spatio-temporal dependence of data; 2)
merging the case study into the statistical test of big data, and distinguishing the climate-culture
phenomena and nodes associated with periodic changes and event superpositions at different
time scales through statistical methods such as Bayesian probability and probability inference;
3) carrying out systematical studies on the representative signs of cultures and their quantitative
methods in different scenes of history and prehistoric periods, and establishing linear-nonlinear
relationships models among human activities, cultural changes, and variations of temperature,
precipitation and ecological environment; and 4) having a clear understanding that the studies of
paleoclimate changes are providing evidence of multi-layered interaction for the study of earth
system science together with the studies of archaeological culture instead of just serving for

interpreting past human activities.

Keywords: climate change; periodically; human activities; cultural succession; Interdisciplinarity;

human-environment interaction
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FHR SR A) ROEE CREARRR - M) SRR R EZ AL ®, fERFERA R E b, A
A5 N é@%%%ﬁfﬂ%%ﬁﬁ@ﬁoEE&%&%@A%%%%M@%%%,ﬁ
Jﬁ%?[]fﬁiiéiﬂﬁrjﬁflﬂfﬂﬁi A 50 N N RA &GN R R .

ALk, ARARRE. OEE. SCHRE. e kESERER
R R MITETE, AP I B 3 SRR AU ) B AR E . P [ A 55 AR 4 2 B R 3R 1k )
AU HAR RS K B SRR A B e E . SO E R S RIRE S R E K
AR ) Y B 2 RS HE RN TR R RGN, B X
N HSC RALHI B A -

BETERA I RG], WA 7L LRE, FHGE S s soe gdEg
BAAEE) U $R/br, HEHE T AR S SO IS RS R BRI 7T Y @it
WR LRI XTI, B T ANSIE B - R AE NI TR T 1 P2 A
FUUEHE ki, KB N3 AT7TH: 1D AR ERAFS NS E B RO R, FlangtK.
TR HE. KIS NS s A R E R BT 2) A SRR S A
KA G IR R, FIUHA AT - F PRI (A REE 0 SR, T REXHAOT A
NS, s, T &SN R R EERE T B2 3) AR &%t
AAERA RIS MEIE N (social resilience) , ¥ M 21128 1l 2% SCA S S A% A4 50 B i i1
R P AN B T 5 12,

Horp, AR S N RGBSR TT, BT AU T B A — e R R AT
HEM, ENHRETEAZHEME, EREGEATEA . M, MimE S
etk 22 19 o AR SO EIRRYE E 22 J I SR AR 5 NSRRI R R R, R
sElT AR [ R A O AR, RFIH . Bfads DL B BRLICK, A2
FEIE N RME FE AT S AR A R O R TR . R TRk B TS KRB T O]
(1, DA ERIF B A8 Bt B AR B Rt R R 1), DR 2 A [R] i 1) RUBE J 391
AR A5 N RGBS AH ELAE AR AT BE AL .

2 1A I PR SRR 5 A5 S)

BENBAEACLLR, KZIMEEA 65 Ma JFaG, MUBRAURIHEN TAZA IR, TR EEEH
TEE, RIREH T 3 ANARBEWS S, Al NPT K. SR (D Ak 2
A RFHA VKUK Bk P70 7" B A2 (Hominina, AMERE, R H ) HvER
AEELLAT AR RS PRI 18], KB A AR R A UK 1 AR A DK R IR 8 (R4
7-5 Ma) PN H AL NGE AR, RALEWA UKELE, fERLIES 2 Ma fT 5k
tHEIE/)IIiﬁEA]]Zﬂﬂ? HA,

fE BRI, AW KT ANIRR S IR R R B 2 0 1D F
ISR A S NG 2 SRR 5 AR .

2.1 |HASENR: BSMESIEREAESEARREL
NG LR, Sefa BT 2 AE A, WEHIMIEE A (Toumai, #i4
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7-6 Ma) | =N HSRIEHEM, BIZFEFTy (48 BRI R R AR T R BB
HALNFIAR N BisAE ¥, I I SRR A R AT B AN D BEE R R, R
ol B REAR T B 20 B IR B RAR T B, BIME CBRIE R AU AR A FE A0 L By
Btk Apqp B8, R 8L AR R o, — S RN EE R R HIL. 4K
Y8, 5 AT S A B A A

Potts 47 J& DI L AR T, R R AE RPN AR EBEE S 5 Ma DLk SRE
T R ARET 5B N SIS (High climate variability, HI~H32) F1 31 M fa 5
L g 8 AN EAR M SRR K (192 ka) , HOBREIZ 408 H2. HO.
H14, H17. H18. H19, H30 A1 H31™, #f 7 8ox, FHIAFEE R R HIL. 4K,
P B TE) 55X 8 A vy 0 2R S A Ik 2 B I T (8] s AR . N, H14 B (L4984 1.9-
1.7Ma) , B LN (Homo erectus) {EAEPHIL, MiAEY K, EHIEN; H2 #] (LS
358-50ka) , N (Homo sapiens sapiens) {EZAIAEHIN, FHPudy 2 Kow kpt B,

TR 22 R HE #8705, 00 o AP v AR B0 391 A T e S 3 N S i 7 T 5 1 O i 0
FANAAE WA B g PR B R s AR 8 7 3, B DRI N AR, i ) T A AL
SEIRI IR R AR A, 75 B AT AL I IO SR R AT SR B AR 4k 70 A0 TR AR B s A L
Ak, WSR2 ERBIIE (O 2 A0 8 22 R I, O FoR, B ZEAR R, WTRUE S
16 JE M T AU B A 5, R N O B P 2T R [ SN A

B e TrT VSl XA R 1 B DY 22 B - W A R SR A S SR AN T N E
TEBIIEAT, A3 A AL A AR SR AR S i NS B 2 T TR RIS BB AR R B0,

bEE AR, NS SEEETIE 58 7 ARATT RN S AR R 7y, AR e T
—RMPEL, §ORERE . SRR, EEEH RN S, A AT AR P AR S ST
FEEEN), NEWAGIS.
2.2 |RASENK: BMESETHEHTALTRE

FRA2) 2 Ma LUK, HIBRAEBHTAZ A S R, SUEBWE T T 30 2 k0K - [a]vK
W Rl R AR AR B EE L R 2-3°C 1R, B DS Ay (MPR, mid-
Pleistocene revolution, #7900 ka BP) LLJi5, Z#TAZR] 8-10°C LA Bk S A5AR4L A
HRAET M 40 ka [7] 100 ka = HIMEEAR P50, FEIXANMR], AKRZUGE AR, Fi4h
TR, ARIEBMERE. J7m. 31 DGR 5 R SR %, — BRI

— RIS AR, RIS T AR ZUGE AR P B A
R WP AE TR E A PD B, ZE IR AT kR, R IAIVKIHATBE v ARR
TR S AT P2 (o B SRR A6 4, i, st MIS 15-13 (MIS, marine isotope
stages; JRMFEEFINL R 15-13 BB, 600-500 kaBP i Ji5 ) B B2 A6 1 2R84 5L R A8 2RI UK 3,
eIV X IR, 5 B2 R T 75 I 1) BRI b [X RS A% 1 DL S N 8% 2 UE R 48 7 (1Y)
NP s 1] —E) B, SRR AR A N SSE BBk A IR B R T AL

WA AN, AURFER W R ALAE NS A SN E 2 . Timmermann £51A 04
TEFER IR IRUKII N Z UGE AR . Ml LAt 2% 125 ka S 5PN 56, &7
TRNY B, BRI RS L], fEEE4 106-29 ka TR, MR NZKEZ 4 K
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REES R Hi A0 5 7 B 3EW (106-94 kaBP. 89-73 kaBP. 59-47 kaBP I 45-29 kaBP) ; i H.
TERRGE R Z AT, ARYPHERIE SZ ik K i [ K, 487 T A TR RO S A e N4k id
T pth R 4% 7 S B IR Eh 1

AR R AN SE A B PR S AS JR 2 AN R, AETER R IR VK (LGM, Last Glacial
Maximum, 22-18 kaBP) , BRI T [% 120-130 m, ) 32 8 R A A FTRE T E 1
NEHGTRE B, R o WAL E, BT RERm T AT T . R B AEEREA K
W VS ot AN N Bl KA 1) R B 0 - MR RSP SE#%  JRLIE U9 58 7 (8 A 361l - b
I - BRI K FE RS S AT eIk 2 X0 75 B 88 2 3R B 2% 1 (AR HE 22 56

3 Braasid AU LA S SO

RV IR e F i m R b, AR SR 7 WS RE . (EWYIML R R AL
SRV REAT, RUE A R A R A Bh B AR R RO e 2 MR %2, (B
FAVE SRR 5300 8% ST ST - AV YR 0 R FRIEYE A FT =B BN F 5
3.1 FAaSNA: BRESERELSXES

A R A A R SCAC T SO R IR RSB, — R R O TE AN 4 U ]
RN A SOV e 2N, FER NS R RIS AR
FHEZINN, FERINBIBTAL IR ) P20 SRR, R £ 1 E R B SO
W SCHTRIR I IRENHLE] R AR U SRR S S A S E SR A i, 2
TR REVERS EE,  BIX BA HER R BRI & PR SRS GRIZ. BRKEED
53 (NEEE) BTG

3.1 BT

M 2 AR BB ] PN A0 28 o AR A S FT R R AT B, WP 4R R A g
ARAELIN ] RUBE J S 1 <A AR AN 5 SCATEE 5 (1) R BIOK & - Hinsch BCFARYE = - Al - ik
KAMZERIR T EH AR - DL, 4 a0 LR YR, 78S A5 AR 40 T A A% 2 55
MBI ARG, AR S T8 W R B AR I AR, R T AR SR SO
s 5B G, EREY, PTEASFER, RkG—, EXER, £, &I
iR, WREER, 2REREL, BRSHE, ZFcihhomss .

EERTAGIR T BRI, B R I XA s DA AU AR T 5 IR A B SO Ok SR AT
EL o #T, 7 10 kaBP DISRAFAEZ) 500-800 a [ ASLE 1, (B MREA M, X T4k
TR R RS o AR “ WS B A s DLSR AR ) T BRI B 4 2-4°C THEL, AR S (E R 1
AR F TR ME FE BIE 3-6 FE, WX PSR AR AL T BRI K # Sk A B AR A0 AE 200-300 a H[A]
Re % 50 R IR R A PR B S R R 0 8, S RSy R S R B 43 2 300-500 km; [ A5 7E
KZJ7E 2.8 kaBP. 4.2 kaBP. 5.5 kaBP. 6.9 kaBP. 8.2 kaBP {iJ5 <5 LG E IR, A
TR PE R JF A, sz Ay R P T AR E A, ZR I 3 7 I R
Stk AR R R BRI, N R A B SR N T AR AR A A A B
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FEH R SCAIX, BRI A A AR A SR SCA I SE . G — PERI Ak 304k
KFZ, ZILH 2000 a 754 1 FHIMEARA, RiE EERZPEXHE S RERBE, RE
W RIS S RS RSB A BT R T 3 ARRIRIR I, 2SR
s B Y AR R R A AR R A, R SR DL R e R R, “op
AR ELAE FHSCAGRE” BYa i B NI BRI R Hia % Ul AR H ainag, B
SCH CHEBATE N ERER S AT BB T -

TEA63E KB , Munoz S8R 72 T 38 55 410 ) 21 52 47 15 JE WEJH 1) 500 52 AN 25 1 b s (RE
fi1%5 1887 173 14 kaBP LUK C $diE . 63 NTITHIAERY 0 3 25 SR A ST I EdE o W7 &3
7£ 11.6 kaBP. 8.2 kaBP. 5.4 kaBP A1 3.0 kaBP J1 V-t 5 SCAL I 5 (O a),  #BIA I R A AE
AR POE AL R

TEERFEZE X, [FIREAFAE TR R R PR S S SO 08 R - Rawat 6 R4 &
hR e b U4 JE 2351 (Bednikund lake) JURICSRII S0 HER SR T A, Ha7m H ED Ptk
BSFEIMA SR (5.2-3.3 kaBP) FIRRFESCHE (3.4-2.4 kaBP) (138 % 15 8 Wk B 5 28 AR AL A 06,
FEEPREZE R R K IE ItATe], SCRAE N, IR0, B R 2 R 5 S of o 2 SCRA ) e 3

FIREEFTAER I, AR X 0 RE A A SRR S SR B AR R DI R, H
SEIXFNER R LA [F] DX 35k 2 ] A2 A e X6 B2 1Y), ] R B0 e O R RTS8k 2 e SRAS A 1
L PR AR E LSRRGS - S ARIE R E AR AR, SRR IR T AR AR
5 NKTESN R RSB PTE.

3.1.2 EEFITHMT

I, R B A E R AL /N e I A SUZ TR I e sk, BRI T Akt Dk
HERF 2 SR IAERR - SRR R SRS, B EE 4 9260 a LRIEIAE R A&
AT, BN & SR B IR SR AR JE S & E U R EM A5 — o 2
JE PR AL BB R R 3E 1 500 a JEHA, AEZ AN BB AR EA —FE, 500 a
SAEFW, SN A EriRRIE (7-5 kaBP) SRAR LA P,

I, R sl C RS R s B ik Y, E T B moR AR HE SR
EAGH TN DA IE S, B AT R IR R E AR IR AL 627 4N stk C
WAEEHE, EHERR R ZE R S AL A T S i NG S AR 2 Ja, b b@id Ry
R B3 AT Hm A 3, 9D agt ik () 8RR — 3k AN [F A O SRAE R 2= 15, ) i A
T ITERA KA #7484 (Hilbert-Huang Transform) ", 3K73 7 8-2 kaBP H ] je e A
FIGBBRFE C MER B MG IS R AR S IR S . TR R, A
HIE B R A AL R RE R AT 35 102 500 a 15 A 1] 7,

Gt K6 o BT R W, AERE S MR AR AL UC R S N RIS SRR L
500 a AWM RSB AR . A0 B I IR / T 5 N RIE S8 / 55, LS SCAb I
BRI R R C (B 1D o HiE, AR IS E A5 500 a S5 B,
TERIEHLIX ST AN SCAL BRI R (OB S, RS, 2ol sefh, AN Sk,
BERIETEXH, EFR)ELEXWH , RAEa i (6.5-5.0 kaBP) HBLHFI4, LT
W (B 7R 4E 3 7 500 a BN RE IR P




4 34 BRI IR S A SE R « 737
2Ll A A v [ 7 s B AR

3000 4000 5000 6000 7000 8000

HH A Sz —, Hif TR E S ‘T
RALEB K, HAAS TR A/\AA/\ "
ST A CETAIE TS IR 8 5 /\ﬂvl
Hp 4 A B 2 XU SR AR IR IR, 4 QVﬂW NN BN |x
i 5 2 R AR IX et — 25 [ P T b v
B, TR T ZIX 500 a IR hm | =
SR, MELATE — A Ak " ERETE | W 4%
AR R, AR R T e e o
FIRISELI AL R RIS B B au M
TAk, LR A I T ok
BUT%. 3]s kaBPRIJE, hAH B N
TSI H 504 [ 1 T 500  JE @wA L [\A/A
PR, IR RS T O 98v7evy4v3v2v1
LA SR L. DR R R
500 a JA I 1R AL 15 KBS 2031 R I
B AR S ¥ - 7 PR3 RO AT W TPIX LalBR)
LA, 1 ?Ejl:ﬂﬂﬁtlZé_%ﬂ_{f?\ilﬁfﬂ’l‘i’—zxﬂ%ﬁ}\%ﬁ%
SNBSS E L
PO BT EE B R R R Fig.1 Synchronous changes of Holocene 500 year

HIRFFE, IEFEZE I ME 0T B R4S periodic climate ?d hlzrlr)lan;;ct)ivities in Northeast
PRI, WITR LIRS (L 2 .
AT OTRR, 8 AN [F] X 45
AN [ B 1) ROFE F A A B I AN SCAL AR A 1 iy AR RIMEL Y G 2R, A A AR FH R ER
PEIERE, R4 a KA L E AT )N R
3.2 AEFABMSESE NS RIERMA R

R R 1) R BE R A S AR B, 2 A R AR R & P, IR KA RGP 4
HWUEAEPR. 22K, W5 RAMPRAS H B 780 R I DR VKA - UK 5 4 R
(SRR, &N T T4ERUE M H (Heinrich) 8 #11EF#4FF1 D-O (D-O: Dansgaard-
Oeschger) #% J& 1 V7, ik 9 /& HO H Al & K -YD 24 3 4F (YD: Younger Dryas
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BRA A KRB RO X LR B (M) 2 el g N B AR ST L+ e 46
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WE R AL R TR, G FEMRBIEMELR AR, 22F TIKARRB O,
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Fig.2 Possible mechanism of climate cycle superposition driving the origin of agriculture in East Asia'>'*”>"*!
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BENHHE LG, AKORAF AL B S 00 J S U3 A, ANASRT 7 A 4 I 300 S A A e v
BrreE T, 1 H T S O A BRI R S A T E R e 0,

4 Py ek BT AR S NSRS 3R R R s

X SRS 5 SR RN T, J3 SRR 2 g g P B T B AAREE L A
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4.1.1 KIFSIE - XT T RAIXS LR

VL2 R ER S P LS E MG, R, KR EREL . K — g wA R 58 K [
HH G, 2806 KIS T 5. Vg EdeE N EERMAEN T L 4 kaBP K H
4 YRAEJE EAYEAZ A/ (2000 BC. 800 BC. 400 AD K 1600 AD /= 47) §4Hi | BRIHNAS [E]Hi [X
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AL EAF T A A 7=, 35 B BRSO K TR YLSE, SR 7 5 s i a8k i RO KT 48

FEVUIF,, 3000- 2000 BC {28 ¥4 [RIREFZMA T by Hh g - 76 S X R PR S5 4% Joy B SCAL AR TE
ZHERAFRIR L, Jb4 35 BT X — AN EEM 5 Tk, SFERATERLUUILE
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and natural systems, Edited by Lance H. Gunderson and C.S. Holling 2002. Permission Island Press[23]) ., K, Q and o Explanation: r stage
(growth) , the connectivity and stability of the system increase in r stage, and begin to accumulate natural resources and social capital; K-stage
(accumulation), the resources gathered in stage K are increasingly fixed by the system, and the control force becomes increasingly stronger
with the increase of the connection degree of the system; Q stage (reorganization) with the over connection and rigid control in K state, the
resilience of the system decreases and the accumulation becomes very weak, under insignificant interference, it will lead to great crisis and
transformation of the system; a stage (update) system is reorganized, and the process is highly uncertain, it is possible to repeat the previous

cycle or enter a new and different cycle.
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