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Fig. 1 (a) Schematic diagram of temperature variation since AD 900", (b) Proxy-based NH temperature reconstructions
for the past 1300 years from different publications before 2007 (see Tab. 1 for information of illustrated series); (c) The
multi-decadal time scale uncertainty ranges and overlap of reconstructed NH temperature series for the past 1300 years™.



5 1] B 4525 2000 FEVA IR AE AL B FEANERIE 5 F BRI 581

H— SR A St i i e 48, (HEESE 4 1 2 25 2000 4535 B B AR PRt sl s . 45
FE Lamb 4845 T 20 122 80 4RI 7 se HH A AR AL 9 iR, P12 T Bk
ZST6 900 4F LI IR E AR R B (K 10)70, 4551 E0 . AJoar Lk, Spedeme,
FREE THEAE, AR NTna e b I moeys, WWENEUE M sh G-6that . 7THaFHE
githzcmiitl . otthat i A 10 20 pip i gEYS , LA BEN R BT [T 08), B % 10 20 LS P
Mg, 11-13 HEatifing, 14 et IRz S 9E%, 15-19 20 9€v%, 20t 20 X A
%5 TR IRE B 5 FE VR IR B 22 [R] (AL 25 5% KRBk 1~2 °C.

Lamb i 42 H4 3“0 BE 7 (Medieval Warm Period/Epoch, Medieval Climatic
Optimum, Little Climatic Optimum) F1 “/IN/K3”  (Litter lce Age) S5 ARTERG A B 4 R EEH
WREB L. H8 T P2 A RR S IR IR I BE A 200~300 4F, {HL7E 545 b s 3R A B[R] A [
(AL FNEYH 2 H BLAE L IC 950-1200 4E (1], HoAy 1 X W) ] G 4 BLAE L JC 1150-1300 £ [1]) 5
NI FRRZ2 I A 2 8 15-19 b 28, Horpb iR J€V 1 I By 1550-1700 4509, 5 2R 2234111
W HOK; Lamb 5 5E 198 JCHT 120 -2 00 4 120 FP 3 iR IR 8 M =R i 288 1 (2 41t 22 R -10
MO ETH) 2R “ZHBEH”  (Roman Warm Period) Fi1 “EEESHFAA I (Dark Ages
Cold Period)**,

2 2020 90 AFAXUR AL BRIRE AL A A U i 5 Hh it 20 S A 4 i

21 EFHKEETUEREZRAREENERER

20120 Q0 AR LUE . FEHIJE7E Bradley 55 Jones™ Py Yk 4R L 4 B B U AP ERE (LA
o, HFRZORIEFIEER) B T A0 1400 4E LR IRE AT . A e i E 4
B (RRRIRALEBR) WAL TARR P4, S K TAR R (RRARILFEK) %
AT B GE A E, R SR T 2K T AR R ARk (RRADE L BK) TR R AL Y 5]
(FE1, K1), IPCCE MU R “EAL” M IXLEFFINHATLA AL, 4l
T 2 1300 4F LIS AL BRIELE AL A (T8 8 A B 1) Aas e 8l 2 4R
ARG S HE R (Overlap, 4878 A5 i m BB L[5 5)". 4551 (K1) B b
BRI BETE 23 J0 700-950 48] DL /NI JEE 1) Z2 4R AU 8 o £ BEFIE s 950 ARl Mg, =
1100 4R LU i BEAE B sl gl B, 2 17 28R B4y s to/a PRk s h 22
18 el 7t, H2 20 ey Bt Bt Hirh 950-1100 4R ] UfRA N, 1450-1900 4F-Hx

F1 IPCCHE MR ES AN S KT ETEIFKEETHFFE N (5] BLHEK[16])
Tab. 1 Brief of millennial proxy—based NH temperature change series cited in IPCC AR4""

e PAREE B gl EEXIEHE AR PRI G SCHRAC
= % M H M L 0
1 JBBI®S  100-1991 HZ 2090°N[Hib TI.C d 4 0O O 22
2 MBHIO® 1000-1980 4  O-GUN BHFmE Y TI.C B B 4 4 ;7
3 ECS02 831192 4E 20:90'N [t T A 4 O O paos
4 B20M 11993 % 2090'N i T 4 O O O oo
5  MJD03 200180 F  O-DON KRN TDILS 4 4 0O 0O npg
6  MSH2005 1-1979 o O-ON AN TSLlL.MM, < 4 4 A 7
7  DWJD06 713195 4 20:90'N ffih T m 4 O O pg
8 HCA2006 5581960 4  2090°N ki T 4d 4 O 0O

e LOARFREERAL T= Wk, S= I7uass, C= J, D= ik iak, lo= UKils, 1s= W2, Le= WRAWIR, Su=
T, Me= HFULRL, Mp = ZWRELGdEbS: 2. R : H= M, M= gl L= K46, O= i
v, O = masivb (onea varyfew) , M = A (limited) , W = /¥ (mocerate) %,



582 oA 4R 68 4

WIEYy, 204 (ReiilEde)n JLH4F) AR FE R v] RE 2L A L ) 25 1300 4 AT fr i

SR, X BE T8 T4 78 B V8RR AR AL ok B RN 8 shilg FE IR AS— 20, Rl e et By
LREFRRBE, NEIbATUE L 78 IPCCH MU R4S FHAE ek 8 4 (dLrh 7
UM N FEA R E ) K@ THREAR TS (21 F, UM EE#EN 245
ekt 2 T4 B AR L F 41 (MBH1999, MJ2003) 811k 25 2000 45 5 25 i B 28 1k 7 41|
(B2000)"** "4 i 7 . 20 {28 PART A6 28R 10 e R AR IR 0.4 °C A4 ; JBB1998P ]
HCA2006™4 J37 41 20 40 LAHT AR IR F RS R —28, (HH {47 0.7 °C. HAAMRYE “ X2k
FrifEfL”  (regional curve standardization) f B4 #4564 AT 5 18 74 1 HE A ECS2002%* A1
DWJ2006% ¥ 45741, H: 20 20 2 A AR AR IR A4 38 1 °C LA b e4h, MSH2005%7 /%41
PR T8 Z 28R TERE, AdE 7 4 v 2 s DX A 48 17 51 e e s At (<80 4F) it &2
AR LR TR A S K I SO DR AR 2 R RS TR AR R R AR
BLAIRAT (>80 4F) T EEARAk, SR R U 40 & BB R B gtk 2 2000 A48 2 Bkl B AR
b, WCH: 20 tHE 20 22 i) e R R AR R 3K 1.0 °C DA E.

[, X 13 20 AT e A B AN HL S FE R R (AL T, AN [R) 3 41 ) %) 22 5t oA B
5o 0 Mann 25 55 21 MBH1999 F1 MJ2003 [5:513 ,, 2Bkt e AR R a2 “il
MEERAF” X, BURT 900 4EHFEEZ618 I, He/ 1004F (20 tH4) Bk FTF, 20 tH 20 iEmg Jyid
ETHEE, FrRlE e F AR N 2 g7 (£ 950-1250 ) R ANBH &2 ;
JBB1998, B2000. DWJ2006 F1 HCA2006 J7+ 41|t /%, 20 20 5 e A B s Hmiy Al ik BE oy
MRE ;s {H MSH2005 [7 41418 7R . 950-1100 4F 55 20 T 20 AR e AR B 2S 0L, S (i) I 0 ) ik B
52020 5 8 (1961-19904F) JLAAH Y ; ECS2002 L@/ : 270 10004615 5 20 22 J5
HH Bk R R R A — 3
2.2 XPHHEREHAR EE SN

AT S R B B BB AE IR AR RIZE, Rl e i 2 B e B (] | I R S
D7 THI Y DX 25 AR OB 2220 PR AR 1994 AR AT 2 de th s RS — 2B IR (andk R
PUVEmE AR X T A gl 4E 7 S rh [ A5) A et 20 9 18] AT BB AEAE LE 20 40 B g 1 SR B
Bt, HIFARREUEA 2B A2 — A “eBRiE” BRI, FE 2 MBH1999 F
MJ2003 J341) i 7 H 20 i B AN KA R FER R IO B S 5, Mann 855 28 U2
A PR 5 Nk XA ARIEM, H Soon SR 18 4k k. Bk R IX
R 41 K 139 25 Bk (IX) 4, 435l 2 T 800-1300 4E Hh A 75 1% 42 50 4F LA A HH
S BRI 2N T 1300-1900 4E H oA 75 344 50 4E LA B s 45 SRR L. 7E18 54K
PpREl R XN E A, A 15 45 /R8I0 800-1300 4E [a) £ B W R4, 10 5841 R
JG 1300-1900 4F [ A BB 2 . 78 139 451 5 (IX) ¥4, A 122 4% i /s /At 800-1300 4
(B BB, 109 4% 2 /R 2376 1300-1900 4 [a] 4 BH 2 ¥ 1, 4351l 15 87.8% /% 78.4% ., [H]Hf
FER AT 20 20 1 f B 50 402 75 A 10 5 DI IR B2 (1) 50 4R, 18 45 4Bk . farkal K IX g R
RS A 7488 Mg, 139 5550 (IX) J3alHd 1A 16 5 Bon Mg . Rtfbf A
e “HHEBRIAT 5 O/NKET SRR AN, EOREEIAK 20 4 IR B R A O
b e

3 I SAEHTEFA RN HYAL ekt 2 2000 45 E B

3.1 FEMILFEKEBEETZTHET

FEN\PCC A5 PUIR AL A R AT Je, XA 20 E 04T T db 2 BRad 25 2000 43 & &
#(F2)., HemESEETHEML, XM AR T MR A F, RS T
SOCHK . THCA S VG A R I IA U A o 2 A RE Y . ORI T Va A



5 1] B 4525 2000 FEVA IR AE AL B FEANERIE 5 F BRI 583
F2 2008 FEkRFENILERTETERETHFIEGN

Tab. 2 Brief of new millennial proxy—based NH temperature change series from different publications since 2008
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Fig. 2 New millennial proxy-based NH temperature change series from different publications since 2008
Tab. 2 for information of illustrated series. Thin line: annual (or decadal) temperature anomaly (°C) with referee to mean of
1851-1950. Yellow shades: uncertainty ranges at 95% confidence level. Bold line: 100-year adjacent averaging smooth.
Dash line: mean of the series for all time. (h) The synthesis of the centennial warm/cold periods revealed by all illustrated
series except for M09f and M09s. Pink: all series show warm; Dot red: more than half but not all series show warm; Gray:
half of all series show warm but the other half show cold; Dot blue: more than half but not all series show cold; Blue: all
series show cold. Dash arrow: The approximate duration of Roman Warm, Dark Age Cold, Medieval Warm Period and
Litter Ice Age identified by Lamb®.



5 1 B 45 d 25 2000 A8 IR AE AL B FEANERIE 5 F BRI 585

BE sl RN PN E ST LAE 1 RIRDF 51 T8 7R 0 A R A R I B A —
. K MOOF F1 M09s J¥ 1) 5 MO8eiv J7 41| 1 B a7 v — 3K, (IR IESE 246 T i RACH
Bekb, HE 5 5 M08eiv Jo I I 22 51, (HHH A 100 4, il 2(h) 25 H Bk MO9f il
MO9s J- 51 b HiAth 6 4~ 7 41 i /s 10 1 4F RV IR I B2 4 51 . Wbl L, Z280U% 51145
IRSTG1-2T0 AR 0% , 271-840 ¥R BRAH ] . (H B (WYS, 841-1290 41z, 1291~19104F
FEV, 19114 D5 Bk iR mE , Horb e 7 81348 7 985-1140 4F-F1 1945 4 L) J5 S sk
%, 1440-1880 - MkFES . X UL MR M BL B 40 5 % THIR ] . BEmEIHAC I . pith 22 B8
W /NI A K 20 tHE2E 3G BRSO R 5 (R B B Z 5 E] 5 Lamb xSRI B A e —
Z5, XA RES E AR IR M BOAEAE X 38 22 S5 R b~ BRI A8 Ak 5 48 TR o A7 A — 2 AN E
PER X

S5ELME, E 255750 X055 W45 7 ot 20 B ]S G B R g . R R BR
MO08cps JF 44k, HAthAS a4 R . it 20 01 IB) A e R 1 4F AN 304F (BRIG) (1R AR
JE¥ 5 20 40 SO IR IR a0 5 (R 4); KU 2R g E T e 2 /0 20 4
FH24 . MO8cps J¥-41 B B R 20 T2 J5 i IR W A B o T w2 i B 0, (X mT B R 2202
KX — 51 (F2.45 M08eiv., MO9S Al M09s — /™ F41) 1850 4 L) Je 425 FH WL Bk Y 5 43
MR EREmME FOAER AR A TR E R AT, 35 #4004
(T 250, DT AR I (R 2 D4 AN vA 23 AR BE) Wsiv)N,  HH IR AR fb Fn i AR f 1
AR H SRR 20%~50%", FEHL 5 2 /AT 3T, Lj10 R4 s 2 g1
[) g % 17 A 1 i R 30 4F (1) T D i 58 341 5 20 T 20 K Sz g 118 el e e i AR — 38 i Hofth 2
F 371 0 7 25 e 0 ) ) L R R i 20 2041

4 vh[E % 2000 4 A4 32 2 b S Bk 5 [F)

4.1 BETHEELERNTMH

20 et piike , AT B AE iR A A v D s SCHERIIESE b 1 g sk i R e AR Ak, FFF
1972 4 T A 2 5000 AL E AR AL ARG R, 20 22 70 LUE , A 2%
FIH s T A E AR ER AT 2 2000 45 AR B R RS ARt poEE
A AT SR A ARUE PR A T TP E A (Rei R ARl ARAEAEES . PUAL A
e RS H) ) 2 2000 AR BE AR AR [R) ES A RCA F R T AR R A T 4 I B Y 2 2000
AR AR AT T VR R AR AL F B RAE R X 2 7T

F4 2008 FEEHBERETHFIERNRERENERES 20 L RERENITLL
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Fig. 3 Temperature change series in China for the past 2000 years.

(a) Northeast. (b) Central east®. (c) Southeast®™. (d) Northwest. (e) Tibetan Plateau. (f) Whole China. Black line: decadal
temperature anomaly (°C, with referee to mean of 1851-1950). Blue line: 100-year adjacent averaging smooth. Dash line:
mean of the series for all periods. Contour shades in plate (a) and (e): uncertainty ranges and overlap revealed by the
envelope analysis for all proxy-based temperature change series from different publications. (d) Orange line: temperature
change series derived from the tree-ring width chronology for the trees lived around upper tree-line in the central (solid
line)® and western (dot dash line)®™ of Qilian Mountains. (f) Yellow shades: uncertainty ranges at 95% confidence level,
Red bar: decadal mean temperature anomaly for whole China derived from instrumental observations™. Pink bar: the
centennial warm/cold periods revealed by temperature change series for whole China. (g) The synthesis of the centennial

warm/cold periods revealed by NH temperature series shown in Fig. 2.
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Tab. 6 Comparison on the warmth of centennial warm periods before the 20th century and the 20th
century revealed by regional temperature change series in China
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General characteristics of temperature change and centennial
warm periods during the past 2000 years
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Abstract: The characteristics of warm/cold fluctuation for Northern Hemisphere (NH) and
China during the past 2000 years were analyzed using the proxy-based temperature change
series published recently. The duration of centennial warm periods before the 20th century
and the difference between the warmth of the 20th century and the centennial warm periods
that occurred prior to the 20th century were also investigated. The conclusions are
summarized as follows: (1) Most of proxy-based NH temperature series show that the warm
climate occurred in the periods of AD 1-270, 841-1290 and 1911-2000. In general, it was
cool with multi-decadal temperature fluctuations from 271 to 840, and cold from 1291 to
1910. These centennial periods of warm/cold fluctuation over NH are corresponding to the
Roman Warm Period (the 1st century BC to the mid-4th century AD), Dark Age Cold Period
(the end of 4th century to the early of 10th century AD), Medieval Warm Period (the
mid-10th century to the end of 13th century AD), Little Ice Age (the 15th to 19th century)
and Warming Period in the 20th century illustrated by Lamb respectively. But they have
different durations between the NH centennial warm/cold periods and those Warm/Cold
Periods identified by Lamb. (2) The duration and amplitude of regional centennial phases of
warm/cold fluctuation are different in China, but the timing of centennial periods of warm/
cold over whole China, i.e. warm in AD 1-200, 551-760, 941-1300, 1901-2000 and cold in
the others, which are consistent with that observed in NH approximately. (3) Most of
proxy-based NH temperature change series show that the warmth in Medieval Warm Period is
at least comparable to that during the Warming Period in the 20th century. The warmest
100-year and 30-year (i.e., warm peak duration) for whole China occurred in the periods of
941-1300 during the past 2000 years, which are slightly higher than in the 20th century
respectively. Moreover, the temperature anomalies in the warmest 100-year and 30-year for
whole China that occurred in the periods of 571-760 and 1-200 are comparable to and a little
lower in the 20th century respectively.
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