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Tab. 1 Information for published temperature reconstruction series by historical documents and natural evidences
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Fig. 1 Temperature reconstructions for China (a) and different regions (b-f)
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Fig. 2 EEMD results of reconstructed temperature series for different regions of China



1288 i B 2E 744

B T, PR S 1 F2 SERFINEERMNAS T ERER
rh I 2 13 gt e %ﬁ% JELTR B Y Tab. 2 Explained variance by IMFs combination
Eﬁiﬁﬁ'ﬂ/)ﬁfﬁfﬁ *ﬁ ﬁﬁ’ﬂjﬂi‘@ [Xﬁ for regional reconstructions
S B e i

RS BB SIRG  ARtame oo mien koo T et
] 5 2R L A L IX —FF Pt IMF1 205 245 113 315 427
5 AR L 40~50 4F IMF2+IMF3 201 286 407 259 38.0

55 00 S S 1 25 AR AR AR bR KR IMF = 4 219 467 297 343 18.7

(IMF = 4) 55k250 2 MR
2 R B e TR ka0 s, HoAr ZR AR ANAR vl 2 A X3 (7R MCA LS B
B /NUKI 2 A B B B 220004 3 s (AP L s IR 2 S IX U 2 {2 7R MCA FITLIA fY
M BORE 220K, LRA S MRS MIRE N S B R E8 MCA JRIEFRE 5 20 tH 204
M, ARIGH MCA TR 2 FE 55 20 HH 20 AT, 1T PG 67 8 5 i MICA (%) P e D i =
A 20 20 1T AR5 S T — S 5 T A5 B A H AR MCA R R R B 5 . PR
1000-1300 4F- 2 [A]E1 A BH I 2 A 0 235 SR AR — 34

SRINT, T ZERE AU B (402, 3 i 22 ) A D PR B TR B8 AR AU AP A X 3 22 540, iR
AN TR AR A AR X6 AN [] Ao o) RUJE T A8 e fy e 1o SRR B R TR A G . 62 o, R P
X IMF 1 () 7 28 B U 11.3%, 3R FHA X 3 5k 32 8 e i X el v i AE Ak
i CREBIDE 1500 4F 2 111D, B IR SCHERIC Sk 22 M8 /R Sty AR fR i W s e gl , - i 1) FH 3
AR R U 75 A ) S5 BN 1) RRE Ry 30 4E1) W AR AR LR A8 Ak 1 o 1o AURS AR . [l
e, FEEFEU BRI L, PEI0. TR R 2 4 X s MCA T LIA B Bl 2=
BIAK, XAATRES X 2 AN X 7 5 I e 4 st FH AR I 4 = 08 1 4 1 3 U1
WS PR R0 o XTI X AR B AR B 8l , AR D7 s SCHkAd o v
JEAREBHO IR AR IR 1.5 CLA L, AR H A 46 5548 ik o A 1 [A] A TR BE AR IR AN A2 0.7 °C,
THEAZES50%LL o ARICHLIX AR AT R AEAESSRUIE I, BIVRR 4l U8 e 8O A H 1) ek FE
Sl E A 8 S IR A, R EL R 22 SRR B R H R v B R, BOIGTEHER . BeAh, AN
SRR R 5 AEHG FEATAE I, AN SCRikic SRR 48 1 RE SR e, (HUKOES . e
SO, WATTRY SN T BEAEAE— AR R 22, RSB TE RSO . A DR B E iR 25
A EES . AR R s RIS . RS 0 WIATTRY S A SRR 5 il
ARV AP IS XA AL 51, T R AR 2 AR IR B AR 5 4% X SCHikic =1
BRI AR — 2 U — ] gerE il 2 MR R R EREE AR E ., H
I, S5 I R[] AR R 8 A AN AT A () RUBE b X B AR A g i o7 REOURREE RIS, 2
S A AN R 28 TR B A QR U BRI A T XA b B e | T B s R B ) ke, 2
ARG T — RS R 24 S ) E (A

4

ARSCARYE I T R R ZA M5 2R AR A AR 48 7 B il o i 45 [ AR
dt. FEAL . 2R AR R DR AR 5 Ak XS TR AR B R A, b T g s SRk A X
BWRBRICE, JRHEGARBE Ik, 0 MCA R R B AR — 24P —
AR R sh R S X k2 5, FEE5E R

(1) MEEBEE, EEEREF, 10-13 20 5255 22 2000 4F Fr e 0 8] &K 1 55
FEH . LL900-1900 4E V-2 iR o 5Lk, 950-1250 4F ] 4 E IR E I B 24003 C, &



7 KRSz A o v 20 A e IR 1) 22 RUBE AR ARRATE B [X 2 S 1289

HJG 1450-1850 4E (/MK IIFE 215 0.5 °C, HiX— IR R B2 2 1300 46015 5
% (G4 1 4F H BRAE 1020-11204F A1 1190-12904F, 4 [E ¥7R 4 20 40 S (Ems = s g
[ 30 424 1080-1110 4F 1 1230-12604F,  HRLEE 5 20 40 5 B2 30 4F (1970-20004F) Y
AR

(2) MCA 18] IR iz B [ A7 e X 22 5, HASIXAEAR R B 4R, AR
BE T TR S 6 AR S T B[R] ROBE i S b s — 2, o, FEE304E R |, 4%
IXIAE 950-1130 4[R]3 B I sh A AHSEA 2D, (HAE 1130-1250 4F )RS I sl g BE AR /N,
AN S, fEMEEAERE |, S4B H 10 2O fiibE B 508, 76 MCA /A
SRR =T, W2 sl ; (ARRPEIC S A e 54 MCA 18] /9 & 47 R IR
AL SEA R AN, 2R A0 T 8 s i Hi DX 7 MICA U 8] 45 St DX A 78 8 1 0 o7 A 2%
S, HIR B A R i [ A v b 5 A P 5 40~504F . FelEad mARR VR |, A&
HBAIZAR A 2 A X el 2 i 7R MCA RIS H B0 A0 /N k3] 2 A4 B BRI S 22 500 4 i 3%, i o
A6 5 R 2 A DX 15 B 2R MCA FLIA BB Bl 22 5N K o SR a4 Rl R A IR
WohBR: AP MCA IRBEREE 5 20 2o/, ZRIbEB MCA TR HE 2 4% 20 T2 w1k,
T P U R 98 S MIC AL 1 05 B 38 D I 20 20 o 3 bt e 2 1) ) D R o i 72
ACAFTE IR 22 AN, 38 55N [ S IR T X A ] s i) R Yk 2 72 A P e 37 0% 3 AS ]
Hx,

S Z 3k (Reference)

[1] IPCC. Summary for Policymakers//Climate Change 2014: Impacts, Adaptation, and Vulnerability. Part A: Global and
Sectoral Aspects. Contribution of Working Group II to the Fifth Assessment Report of the Intergovernmental Panel on
Climate Change. Cambridge, UK and New York, NY, USA: Cambridge University Press, 2014: 1-32.

[2] IPCC. Managing the Risks of Extreme Events and Disasters to Advance Climate Change Adaptation. A Special Report
of Working Groups I and II of the Intergovernmental Panel on Climate Change. Cambridge, UK, and New York, NY,
USA: Cambridge University Press, 2012: 1-582.

[3] Qin Dahe. Climate change science and sustainable development. Progress in Geography, 2014, 33(7): 874-883. [Z& kK
. SRR E 5 NG R & . R4, 2014, 33(7): 874-883.]

[4] Crowley T J, Lowery T S. How warm was the medieval warm period? AMBIO: A Journal of the Human Environment,
2000, 29(1): 51-54.

[ 5] Bradley R S, Hughes M K, Diaz H F. Climate in medieval time. Science, 2003, 302: 404-405.

[ 6] PAGES. Science Plan and Implementation Strategy. IGBP Report No.57. Stockholm: IGBP Secretariat, 2009: 1-67.

[ 7] PAGES. PAGES Restructured. Past Global Changes Magazine, 2014, 22(1): 3.

[ 8] Hughes M K, Diaz H F. Was there a 'medieval warm period', and if so, where and when? Climatic Change, 1994, 26:
109-142.

[9] Diaz H F, Trigo R, Hughes M K, et al. Spatial and temporal characteristics of climate in medieval times revisited.
Bulletin of the American Meteorological Society, 2011, 92(11): 1487-1500.

[10] Steffen W. Preface of Chinese Edition, in Global Change and the Earth System: A Planet Under Pressure. Chen Panqin, Lin
Hai, Ge Quansheng, et al. trans. Beijing: IGBP, 2003: 1-2. [Steffen W. H1 U A 5 /&R SHER R G — BB 12
TITTE. WRPES), Aty F AR, 45 B Atat: FERib e A i R o E 2 522 (IGBP), 2003: 1-2.]

[11] Bradley R S. High Resolution Records of Past Climate from Monsoon Asia: The Last 2000 Years and Beyond:
Recommendations for Research. Bern, Switzerland: IGBP PAGES Workshop Report Series 93-1, 1993: 1-32.

[12] Ge Quansheng, Zheng Jingyun, Hao Zhixin, et al. State-of-the-arts in the study of climate changes over China for the
past 2000 years. Acta Geographica Sinica, 2014, 69(9): 1248-1258. [ 5541k, #5552, M5, 4. 122 2000 4 /<
fEASEIFFE It . b PE~E4R, 2014, 69(9): 1248-1258.]

[13] Ge Q S, Zheng J Y, Hao Z X, et al. Recent advances on reconstruction of climate and extreme events in China for the
past 2000 years. Journal of Geographical Sciences, 2016, 26(7): 827-854.

[14] Ge Quansheng, Liu Jian, Fang Xiuqi, et al. General characteristics of temperature change and centennial warm periods
during the past 2000 years. Acta Geographica Sinica, 2013, 68(5): 579-592. [35 42k, Xk, T 1EF, 45 i3 25 2000 4E¥%
W A8 A B BEACRFAE 5 2 B ). P41, 2013, 68(5): 579-592.]



1290 i B 2E 744

[15] Ge Quansheng, Hua Zhong, Zheng Jingyun, et al. Forcing and impacts of warm periods in the past 2000 years. Chinese
Science Bulletin, 2015, 60(18): 1727-1734. [#5&:Jk, ferh, M5, 45, 325 2000 4F- 4 BR B 19 T2 e BL ) B HoR
Wi, R AR, 2015, 60(18): 1727-1734.]

[16] Ge Q S, Liu H L, Ma X, et al. Characteristics of temperature change in China over the last 2000 years and spatial
patterns of dryness/wetness during cold and warm periods. Advances in Atmospheric Sciences, 2017, 34(8): 941-951.

[17] Ge Q S, Hao Z X, Zheng J Y, et al. Temperature changes over the past 2000 yr in China and comparison with the
Northern Hemisphere. Climate of the Past, 2013, 9(3): 1153-1160.

[18] Wang J L, Yang B, Ljungqvist F C. A millennial summer temperature reconstruction for the eastern Tibetan Plateau
from tree-ring width. Journal of Climate, 2015, 28(13): 5289-5304.

[19] Huang N E, Shen Z, Long S R, et al. The empirical mode decomposition and the Hilbert spectrum for nonlinear and non-
stationary time series analysis. Proceedings of the Royal Society of London A: Mathematical, Physical and Engineering
Sciences, 1998, 454(1971): 903-995.

[20] Huang N E, Wu Z. A review on Hilbert-Huang transform: Method and its applications to geophysical studies. Reviews
of Geophysics, 2008, 46(2): RG2006.

[21] Wu Z, Huang N E, Long S R, et al. On the trend, detrending, and variability of nonlinear and nonstationary time
series. Proceedings of the National Academy of Sciences, 2007, 104(38): 14889-14894.

[22] Ayenu-Prah A'Y, Attoh-Okine N O. Comparative study of Hilbert- Huang transform, Fourier transform and wavelet
transform in pavement profile analysis. Vehicle System Dynamics, 2009, 47(4): 437-456.

[23] Wang Bing, Li Xiaodong. Multi- scale fluctuation of European temperature revealed by EEMD analysis. Acta
Scientiarum Naturalium Universitatis Pekinensis, 2011, 47(4): 627-635. [ £ 5%, 2% 4<. JEF EEMD 2 O RGO IR % 7
N2 RS, AERERESA4 R HARBLAAAR, 2011, 47(4): 627-635.]

[24] Wei Meng, Qiao Fangli. Attribution analysis for the failure of CMIP5 climate models to simulate the recent global
warming hiatus. Science China Earth Sciences, 2016, 46(12): 1675-1688. [#1#, 77} . CMIPS = A5 455 481 Y
1850-2014 4T 2Bkl FEAR L AR B IR /0. PRI RR: HiBERE, 2016, 46(12): 1675-1688.]

[25] Zhao Ke. Research for the time that Su Song picked up Liao envoy and his first visit to Liao, a correction for
chronology of Su Song. The Northern Forum, 1992(4): 58-59. [ 3. Jj A5 A0 i S 15 U L I [a] 25 00E : (ORAARE3)
IEBR—. JETTIE A, 1992(4): 58-59.]

[26] Chen Zibin, Qi Jingzhi. Annotation of Su Song's Ambassador- to- Liao Poetry, a friendly journey of thousands
kilometers. Journal of Chengde Teachers College for Nationalities, 1993(2): 1-38. [ T-H, FFHZ. IRl )i
T ACUFIR AR T AT SR AL R ). AR PRI 2441, 1993(2): 1-38.]

[27] Wan Minwei. Selected Natural Calendars of China. Beijing: Science Press, 1986: 1-39. [FE#00. F [E [ 4k Iy ¥k 4. b
B BReE AL, 1986: 1-39.]

[28] Guo Hao, Li Peng, Tai Xinhe. Research of Liao River. History and Geography of Northeast China, 2012(6): 35-39. [}
1, A8, AR ALK AL TSR AR i, 2012(6): 35-39.]

[29] Wang Shaowu, Wen Xinyu, Luo Yong, et al. Reconstruction of temperature series of China for the last 1000 years.
Chinese Science Bulletin, 2007, 52(8): 958-964. [‘EZA, AT S, ¥ 5, 4¢. I T4E 1 LR PR8I A sr. Rheriiil,
2007, 52(8): 958-964.]

[30] Hao Zhixin, Ge Quansheng, Zheng Jingyun. Temperature variations during the Song and Yuan Dynasties (960~1368 A.
D.) in the eastern part of North West China. Quaternary Sciences, 2009, 29(5): 871-879. [ 8r, &4k, Hm=. Kot
sy 481 v [0 PG AL R AR R v B AR Ak, S DU 4L BIFSR, 2009, 29(5): 871-879.]

[31] Yang B, Qin C, Wang J, et al. A 3,500-year tree-ring record of annual precipitation on the northeastern Tibetan Plateau.
Proceedings of the National Academy of Sciences, 2014, 111(8): 2903-2908.

[32] Shao X, Xu Y, Yin Z Y, et al. Climatic implications of a 3585-year tree-ring width chronology from the northeastern
Qinghai-Tibetan Plateau. Quaternary Science Reviews, 2010, 29(17): 2111-2122.

[33] Ge Quansheng. Climate Change in Chinese Dynasties. Beijing: Science Press, 2011: 665. [ 4=k, o [ Ji sl < fe A8 1k,
Jbmt: BlA A, 2011: 665.]

[34] Man Zhimin. Climate Change Research in Chinese history. Jinan: Shandong Education Press, 2009: 229-235. [{ifi i fif.
o B S AR AR S YR s AR R, 2009: 229-235.]

[35] Man Zhimin. Relationship between geographic northern bounds of orange cultivation in Chinese history and the
climatic changes. Fudan Journal (Social Sciences), 1999, 41(5): 72-77. [ 8. Py st i ARG R L 5t 5 A8k rY
KRB HERAE SR, 1999, 41(5): 72-77.]

[36] Zheng J, Ding L, Hao Z, et al. Extreme cold winter events in southern China during AD 1650-2000. Boreas, 2012, 41: 1-12.

[37] Zhang De'er. A study on the medieval warm period in China. Quaternary Sciences, 1993, 13(1): 7-15. [5§ffE —.. Fe [ “
AR B 1 S A R E IR B DUZEAIFSY, 1993, 13(1): 7-15.]



7 KRSz A o v 20 A e IR 1) 22 RUBE AR ARRATE B [X 2 S 1291

[38] Shiyatov S G. The upper timberline dynamics during the last 1100 years in the Polar-Ural mountains//Oscillations of the
Alpine and Polar Tree Limits in the Holocene. Stuttgart: Gustav Fischer Verlag, 1993: 195-203.

[39] Bradley R S. Past global changes and their significance for the future. Quaternary Science Reviews, 2000, 19: 391-402.

[40] Shiyatov S G, Mazepa V S. Contemporary expansion of Siberian larch into the mountain tundra of the Polar Urals.
Russian Journal of Ecology, 2015, 46(6): 495-502.

[41] Thompson L G, Mosley-Thompson E, Brecher H, et al. Abrupt tropical climate change: Past and present. Proceedings of
the National Academy of Sciences, 2006, 103(28): 10536-10543.

[42] Chen DL, Xu B Q, Yao T D, et al. Assessment of past, present and future environmental changes on the Tibetan Plateau
(in Chinese). China Science Bulletin, 2015, 60: 3025-3035. [, A7, MOEAR, 2. 350 IR A8 LBl o
fliid 25 IAES AR, BRAi R, 2015, 60: 3025-3035.]

[43] Ge Q S, Zheng J Y, Tian Y Y, et al. Coherence of climatic reconstruction from historical documents in China by
different studies. International Journal of Climatology, 2008, 28(8): 1007-1024.

Evidences and regional differences on multi-scales
in Medieval Climate Anomaly over China

ZHENG Jingyun"’, LIU Yang"’>, WU Maowei"’, ZHANG Xuezhen"?, HAO Zhixin"’
(1. Key Laboratory of Land Surface Pattern and Simulation, Institute of Geographic Sciences
and Natural Resources Research, CAS, Beijing 100101, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Medieval Climate Anomaly (MCA, 950-1250 A.D.) was the most recent and lasting
hundreds of years warm period, which has aroused more attention from climate scholars,
because MCA provided similar patterns to research on the impact and adaption of global and
regional warming. In this study, we investigate the characteristics of temperature variation on
inter-decadal to centennial scale during MCA in four regions (including Northeast, Northwest,
Central-east and Tibetan Plateau) in China based on high-resolution temperature reconstructions
longer than 1000 years and related warm- cold records from historical documents. Ensemble
empirical mode decomposition method is used to analyze the cycles and fluctuations of four regional
temperature series. The results show that the longest warm period during the last 2000 years
occurred in the 10th-13th centuries over the whole country, although there existed several cold
decadal intervals in the mid to late 12th century, different starting-ending warming periods and
warming magnitudes in four regions. On quasi-30-year scale, regional temperature variations
were similar during 950-1130 A.D. while their amplitudes became smaller and the phases did
not match well each other in 1130-1250 A.D. On centennial scale, all the four regions began a
warm period in the early 10th century and experienced two cold intervals during MCA.
However, temperature variations of Northwest and Central-east kept in phase each other, but
out phase in Northeast and Tibetan Plateau, where the ending of the warm period was earlier
about 40-50 years than that of Northwest and Central-east. On multi-centennial scale, the mean
temperature difference between MCA and Little Ice Age in Northeast and Central- east is
significant, but did not appear in Northwest and Tibetan Plateau. Compared with the mean
temperature of the 20th century, Central-east had a comparable warming level, Northeast was a
little cooler, and both Northwest and Tibetan Plateau had significantly lower temperatures in
MCA.

Keywords: Medieval Climate Anomaly; temperature; mlulti-scale; regional differences; China



