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Abstract

Using historical documents as substitute data, the homogenization method is used to reconstruct
extreme drought/flood events of Zhejiang Province over the past millennium. On this basis, the re-
lationship between extreme drought/flood events and ocean-atmosphere activities is explored. The
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result shows that the probability of extreme drought events is highest in the first half of the 12th
century, and the probability of extreme flood events is highest in the first half of the 16th century.
The results indicate that probability of extreme drought events will rise in dry period of Jiangnan
area. What's more, the Summer monsoon of East Asia is stronger, and the probability of extreme
drought/flood events is higher in the Medieval Warm Period and Modern warm period. The proba-
bility of extreme drought/flood events are low in the Little Ice Age. The probability of extreme flood
events will exist ascension in extreme warm phase of PDO and ENSO developing years, and this may
be because the PDO can affect East Asian summer monsoon and El Nino events.
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WAL T h B AR MU, RIGARE, MEAmeE, M50, 2BEsr, dbs Rifg. o5 8aE, mf
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FERVRHE, DU B . b Xt 5 b AR (152 28 KU R R 59 A s AR K I Xtz — o BRltk, T
TN, GEZRERE. MH, WL EE, HEARREF RO G, Mo EEGRAR
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AT NI S B V8 AR A A 72 R BRI 43 A = A7 T . TR B @, Mok eE bikad
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2. AREFZE
2.1. BuBHER

FIF RGN RGEREB A gn ookl 383 g S SCHR 0 3k A 25 7 7 S e ST AR o R S A AR R
Bl BERILAEKAE = F g (hE = TSR0 FEE) (CUFRIFR CREY YNET], ZFEHERRE 8 ER
S AMEEERILRREE, AMUEHEK. By WL SRR, BRADE. R FER. VTSN E. 5
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I RBEA T4, 55 2% FELERR 5T I BN BERMARE 20T 5 A4 1 . R o [ b 07 s B b g id #oar
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1000~1469. AD 1470~1949. AD 1950~2000 % EHRA 273704 37.82%, 71.32%H1 100%, i SR 51l # iy
S A bR AE10].
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rh [ 28 B X P 4520 X (JG HERTD R X)) A 25 1500 45 THRAR LB [12]. 15 st i 39158 2 U 35 4 131
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[15].
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Table 1. Drought and flood evaluation criteria during the study period
# 1. IRMERARFFRFIEFE

AD 1000~1469 AD 1470~1949

A RFEE S, “AK” KW
BRI EEAR” 5 ARPRAL S A1 S
CRKGIAR” 5 AHRIRR. RS
B, A HEM”

AR TRRERAE SRS “SEATH, HEJL
R7 5 AMRIRK . FHtis « LUK BARE
Z” ; xR —-AWE KW A”

1%

g AR R MRS I, “AK” . KT ERS
7 SR . H R SIS ARG R

3 é& «%‘&iﬁ” . “j_\‘%ﬂ‘” “E’E‘” . “Eﬁzﬁ” . «ﬁ” . “j_\‘ﬁ” . “Ejﬁ\zﬁi/g” . “%j_\‘%‘a”
BARREERES, R NEEE, ARREENESET, KR OFRRKA

2% BAMRRBEEREE, K"

4
AR ey, WS <, £T
ARSI, “AR” o AR TRk A S MRS KR, W .
g DRSO, ZRUC . CHNL. KWL WITRET s AR RO AR
B R BRI, RS 5, RUAKE” . BEGHTR AAEL A, &
REfr, MiRG2” 5
=31° N
-130° N
-129° N
-128° N

119° E 120° E 121° E 122° E

Figure 1. Schematic diagram of observation sites in Zhejiang Province
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Table 2. Chronology of extreme drought and flood events in Zhejiang over the past 1000 years

Fz 2. 10K 1000 FEH IR S EHER
RAMER WA T R E 0
1000 1005 1012 1017 1019 1051 1075 1077 1097 1101 1102 1109 1135 1136
1137 1139 1140 1148 1149 1154 1170 1175 1180 1187 1193 1194 1202 1204
1205 1208 1215 1240 1300 1307 1329 1333 1336 1434 1438 1441 1448 1457
10% 1506 1508 1523 1526 1532 1544 1545 1583 1588 1589 1593 1598 1605 1632
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Figure 2. Variations in extreme drought and flood years per 50 years in Zhejiang over the past 1000 years
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Figure 3. Centennial variations in extreme drought and flood years in Zhejiang over the past 1000 years
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it 1000 M T 54 = MHAE M, 2552 AD 1100~1250, #:4: 150 4£; AD 1500~1700, #4200
sy AD 1900 FFEER 4, ©F 100 . 54, fEBAZ KIAZ I AFIEL) 200~250 AR /b . 1)
sk AR A PIANIUR 1, 252 AD 1100~1250, 3t 150 4F; AD 1400~1599, HF82IT 200 4, Hor,
15, 16 20 s hyidd 25 T AR W T AR i b 87 ¢ 55 5 MR FRT B 1T, 3 Hh AR o vt 395 S 31 UK, R AR Rk 2]
15.5%, P15 6.45 FERAH — KW EE R . 16 QM 17 LN 2 T4Eh i T R A B 5L 1 1, 76
200 4[]t H B T R 9 28 Ik, RAEMERIAE] 14%, ¥ 7 R A — R T 2.

Fodr, RAEMERLE 10% R0 T 590 IR 2 IR BOR 12 thed Bafnt, st 4 10 il +
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DRI, WiV AR 572 5 5 35 o oK R A BRAR B 1M tH SR8, E IR R YU BBl A o (HEASHERR 21 tHad b B
TR F A s & B AT Rt .
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P f 19 200 4F P, WA T S F A — 3L I 48 IR, KAMESR SIA 24%; AR RITIE 1) 700 424, R
RAT 47 W, RAEBR TN 6.7%. (B{EFERNRE, WL R ke =5 (20 A i 1 i 30 Py 3%
A 0 RG22 B, ST A 24 MR T R SRS 0 B o ZE VT R T 200 AR Y, MR ikes 3 B 41 0K,
KRN 20.5%. HH, 7E AD 1070~1209 (1) 140 &30 21 ke %, KAEMRILT] 15%.

MRS, Mo T 535 TR AR BT IR RIOR &, T AR a3t 35 355 VR 8 A ] (1 26 58 0
FEONST I, RIRR st b 355 SR 7 A PR R 30 PN B8 55 R AR, T i S ) D R B X TR
4. ¥Wig

WL X AR SR 2R KUK, 7K AR A 15 LR 52 25 IR 38 RS2 A o AWV X B 30 4F M 52 57 5+
PEAE AL 5 [ A B 25 R 53T EL G (W36 3). 7E A 0 RR IR BARER I, i 2 X BRI ARk, Wom T 5
55 vk By A ) ISR — O AR Ak, BRI, MR R A IR s Rz, B
RS, A 5 ) PR . TN 14 D= 19 DR/, XGRS, 1500 42
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Table 3. Comparison of extreme drought/flood occurrence probability and monsoon intensity during the Ming-Qing little ice
age
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fiF [7] 2 X R 55 ity T 5K AR et it 57 R AR
1330~1389 55 i ik
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1810~1919 G ik =
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Figure 4. (a) The §'%0 isotope record of the stalagmite from Wanxiang Cave, the thick black line represents
the 30-year moving average; (b) Number of extreme flood events per 30 years in Zhejiang; (c) Number of
extreme drought events per 30 years in Zhejiang
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Figure 5. (a) Winter half-year temperature anomaly sequence per 30 years in eastern China; (b) Number of
extreme flood events per 30 years in Zhejiang; (c) Number of extreme drought events per 30 years in Zhejiang
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