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Holocene extreme flood events in the Yangtze River Basin: Research progress and implications

XU Runzhe, YU Shiyong, ZHOU Liang, GONG Liwei, SHEN Zhixiong
School of Geography, Geomatics and Planning, Jiangsu Normal University, Xuzhou 221116, China

Abstract: With global warming and the intensification of human activities, the frequency and magnitude of large river flood events are
increasing in recent years. To reveal the regularity of flood occurrence and its driving mechanism is a hot issue in the study of paleoflood
hydrology and global change. As one of the regions with the most severe flood disasters in China, the Yangtze River Basin has shown rapid and
abnormal changes in flood activities in recent years. Short modern measurement records can no longer meet the needs of future flood disaster
risk prediction, and it is urgent to reveal the relationship between flood events and climate change in the Yangtze River Basin in the past through
various long-term records. By summarizing the geological and historical records of various extreme flood events, the frequent periods of
extreme flood events since the Holocene were determined and compared with key regional climate proxies. However, to accurately predict the
future evolution trend of flood events in the Yangtze River Basin, it is necessary to strengthen continuously the comprehensive research of
various proxy records, to further explore the coupling relationship of flood occurrence mechanisms to climate changes and human activities, and
to strengthen research on numerical simulation. This study provided a scientific basis and decision support for future flood disaster prevention,
urban and rural planning optimization layout, and rational resource development and utilization in the Yangtze River Basin.

Key words: paleoflood events; sedimentary record; global warming; human activities; the Yangtze River
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Fig.1 Study sites of extreme events in the Yangtze River Basin
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Table 1 Site and proxy of research profiles of extreme flood events in Yangtze River Basin

P B T A G Hb B i 2 SCHRR IR
1 HrLE ik 30.34°N. 108.45°E Ak EHE [12]
2 EXUSu:i8 30.03°N. 107.86°E Ak HE [13]
3 FAR7N) 30.68°N. 103.88°E Ak HE [14]
4 Svbistht 30.68°N. 104.00°E Ak HE [15]

i
5 T igtht 30.89°N. 103.92°E Ak HE [16]
6 L& $Eupogiin 31.27°N. 109.77°E Ak HE [17]
7 DURIRs Ak 29.00°N. 105.84°E SCAbBEhE [18]
8 (I CAmbu#eld 29.20°N. 108.75°E Ak [19]
9 iiipati} 32.87°N. 110.62°E SRS [20]

10 hEl 32.84°N. 110.46°E SRS [21]
11 JFE SR 32.85°N. 110.39°E SRS [22]
12 KK 32.86°N. 110.39°E SRS [23]
13 2S5 0H 32.82°N. 110.77°E ERAAN) [24]
14 ZF M 32.83°N. 110.43°E SRS [25]
15 VAL 32.82°N. 110.54°E SRS [22]
16 BB S 32.82°N. 110.58°E A AR [26]
17 HIYR 32.83°N. 110.98°E HARHIH [27]
18 LIS 32.82°N. 110.68°E H SR [24]
19 TP 32.84°N. 110.74°E H SR [28]
20 TR 33.19°N. 107.69°E B R 3 T [29]
21 K 33.00°N. 106.33°E B R 3 T [30]
22 . RER 30.39°N. 114.47°E H SR [31]
23 o ERXET 32.82°N. 110.16°E HARHIH [32]
24 % M 32.78°N. 109.35°E H SR [33]
25 [ SRl 33.46°N. 110.51°E =SR] [34]
26 e 32.89°N. 109.53°E ERI] [35]
27 S A 30.20°N. 105.30°E SRS [36]
28 WM 32.76°N. 109.33°E HARHIE [37]
29 &K 33.19°N. 107.67°E B R 3 T [38]
30 =5 30.46°N. 113.04°E P73 [39]
31 AL ik 30.18°N. 112.34°E SRS [40]
32 JHIHI T 30.32°N. 113.78°E SRS [41]
33 I 30.64°N. 114.34°E SRS [42]
34 SK10 30.60°N. 114.31°E ERAAN) [43]
35 ZK 145 30.66°N. 114.44°E i AR T [44-45]

36 Btk 30.31°N. 11227°E Ak [46]
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37 JHOO1 30.52°N. 114.39°E SR/ 0] [47]
38 YL HH 30.30°N. 112.12°E SR/ 0] [48]
39 i ¥R 29.86°N. 115.33°E H AR T [49]
40 - 29.80°N. 112.75°E SR/ 0] [50]
41 RNl 29.85°N. 112.57°E E SR T [51]
) 130 29.05°N. 115.83°E AR T [52]
43 BT 29.10°N. 116.00°E AR E T [52]
44 g i 29.80°N. 116.35°E SR/ 0] [52]
45 T K 29.10°N. 116.01°E SR/ 0] [52]
46 HRI VBRI 32.14°N. 118.70°E SR/ 0] [53]
47 TR 32.16°N. 119.02°E AR E T [54]
48 T 32.13°N. 119.09°E ] [54]
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Fig.2 Field location of paleoflood sediment and flood reconstruction method

a: The schematic diagram of paleoflood SWD!*Lb: Schematic diagram of three methods for determining flood level*”

(Modified according to references [65-66]).
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Table 2 Comparison of macroscopic characteristics of slack water deposits in the Yangtze River Basin and overbank
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Fig.5 The relationship between speleothems and flood deposits

Modified from reference [77].
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Fig.6 Flood frequency in the upper, middle, and lower reaches of the Yangtze River main stream

Modified from reference [103].
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Fig.7 The Holocene flood records in the Yangtze River Basin and their comparison with climatic and human activity records

a: IRM q_quy in stalagmite HS4, Heshang Cave!'""), b: changes of solar radiation in the northern hemisphere during summer since 10000 cal.aBP!"”), ¢: changes
in temperature over the past 10,000 years as reconstructed by Huang et al.'"?', d: changes of ENSO recorded in El Junco silt since 10000 cal. aBP!'*, e: the §'°0
data recorded by stalagmites in Qunf Cave, Oman, indicate changes in the southwest monsoon'??), f: the §'*0 recorded by stalagmites in Sanbao Cave,
Shennongjia area, Hubei Province indicates the change of East Asian monsoon'*",g: the change of population density in Jianghan Plain area since 10000 cal.
aBP is obtained by HYDE3.0 database '**! }h: changes of cropland cultivation ratio in Jianghan Plain since 10000 cal. aBP""*! (The six shadows in the figure
correspond from left to right to LIA- Little Ice Age, MCA-Medieval Climate Anomaly, DACP-Dark Age Cold Period, RWP-Roman Warm Period, 4.2ka cold

event, and 8.2ka cold event respectively).
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