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Jianghan plain, the locale of China’s Great ==

Flood four thousand years ago
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Abstract

The Yellow River Plain (YRP), being regarded as the cradle of Chinese civilization, is traditionally thought to be

the locale of the Great Flood, a hazardous flood (or floods) tamed by Yu who started China’s first “dynasty”, Xia,
in~2000 BC. However, by integrating published archaeological data, we propose that the Great Flood in fact
impacted the Jianghan Plain (JHP) along the middle course of the Yangtze River. The arguments include: (1)

around the era of the Great Flood, the most civilized and populated society in East Asia, named the Jianghan society,
was located around the JHP (at that time, the habitation on the YRP remained limited); (2) the Jianghan society lived
on river resources (shipping and rice growing) and was thus subject to flood risks (but not for the people inhabiting
the YRP); (3) the people in the Jianghan society were experienced in dredging moats/ditches for shipping and irri-
gation; (4) unlike the floods on the YRP that were characterized by dynamic sedimentation and channel avulsion,
those on the JHP typically occurred with slow-moving water manageable to ancient people; (5) the JHP has been
associated with lake/wetland systems serving as detention basins during floods. Here, the recorded method for con-
trolling the Great Flood, dredging channels to divert flood water to a “sea’, was feasible. Known speleothem paleo-
rainfall data from multiple sites show that the climate of the JHP had been wet since the middle Holocene (earlier
than the era of the Great Flood) and significantly turned dry after ~ 1850 BC (~ 150 years later than the Great Flood).
Thus, the unigueness of the Great Flood was likely to reflect an increase in land use on the JHP with the expansion
of the Jianghan society, and the success in taming this flood was mainly due to the efforts of the society, not by luck.

Key points
1. Floods on the Jianghan Plain were predictable and manageable in ancient times.

2. The most populated society in East Asia was located around the Jianghan Plain.
3. The people in the Jianghan society were experienced in dredging moats/ditches.
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Fig. 1 Timeline of Chinese history (~4000-0 BC) used in this study, based on both historiographical and archaeological perspectives. Name
of archaeological culture in Italic; age range constrained by published radiocarbon dates (calibrated). The Panlongcheng culture and Shang
Kingdom referred to Gorodetskaya (2013, 2016a); the locale of the Xia Kingdom according to this study

1 Introduction
According to historical legends, there were lengthy floods
(collectively called the “Great Flood”) that caused signifi-
cant hazards in ancient China. The taming of this flood
by Yu earned him a cultural hero to establish the Xia
kingdom (~2000-1700 BC). Being influential, the Xia
kingdom is traditionally regarded as the first “dynasty” in
Chinese history (Fig. 1). Yu’s achievement, along with the
prestige he earned, was unprecedented, setting a mile-
stone in the growth of the agriculture civilization in East
Asia.

Unlike many myths of “catastrophic floods” in other
ancient civilizations, the accounts of the Great Flood did

not mention any divine power or “creator” to mandate
the flood but emphasized the method and the effort of
the society in containing it. For example, Yu was depicted
as a person (the successful one, though) among those in
charge of the flood-control works. He was said to lead
people to dredge channels to guide flood water to a
“sea” (known as a place with an immense area of water).
Also, during his 13-year flood-control career, Yu passed
by home three times but never went in Sima (2014)
[~90BC]). All these humanistic descriptions suggest the
historicity of the floods, although the image of Yu, like
other sages in ancient China, has been somewhat deified
by descendants.
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Accepting the truth of the Great Flood, many research-
ers have assigned its age. Based on the occurrence of an
astronomical event recorded in historical texts as a sign
(the clustering of five planets which can be seen through
the naked eye), the starting time of the Xia Kingdom was
determined at 1953 BC (Pankenier 1995; Zhang 2002).
This age is close to the 2000-1968 BC age inferred from
Bamboo Annals (Liu 2001; Zhang 2013), a historical doc-
ument unearthed from a noble tomb of ~300 BC, and is
not far from the 2070 BC age proposed by the govern-
ment-sponsored Xia Shang Zhou Chronology Project
(Expert Group of the Xia Shang Zhou Chronology Pro-
ject 2000).

Great debates, however, exist concerning the locale of
the Great Flood and the Xia Kingdom. This locale has
three potential candidates: the Yellow River in the north,
the Yangtze River in the south, the largest two rivers in
China, and the relatively minor Huai River in the mid-
dle (Fig. 2). All these three river catchments have places
named after Yu and claimed to be his hometown (Du
1992). Putting aside these toponymic views which can-
not be used as direct evidence for historicity (Yang 1984),
most scholars believe the Great Flood originated from
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the Yellow River [e.g., (An 1979; Zou 1980a; Ma 1982;
Qian 1982; Jing 1984; Shen 1994; Zhou 1994; Pei 1996;
Liang and Lei 2000); Xu 2003; Gu and Tong 2005; Ma
2008; Yang 2010; Chen et al. 2012; Sun 2015, 2018)].

We recognize that the belief of the Yellow River being
the locale of the Great Flood is mainly based on the ide-
ology regarding the river as the cradle of China’s civili-
zation [e.g., (Ho 1969; Rapp and Jing 2011; Chen et al.
2012; Wang et al. 2019)]. The Yellow River catchment,
especially the Yellow River Plain (YRP) in its lower part
(Fig. 2), has been the political center of China since the
Yinshang period (~1380-1046 BC) (Fig. 1). After the
Qin dynasty (~221-207 BC), the first united empire in
China, the perception of Great China has been estab-
lished. Thinking themselves to be the successors of Yu
(and other sages before Yu), people would unconsciously
believe that their living places were inherited from the
Xia’s territory. This orthodoxy inevitably led to prejudice
in translating historical legends, which happened even in
Shiji, the most popular ancient Chinese historiography
compiled in~90 BC (Liang 1981, Gorodetskaya 2016b).
Except these ideological thoughts, there is no evidence
for the YRP as the locale of the Great Flood (and the Xia

-------
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Fig. 2 Topographic map of central/eastern China showing the locations of the Yellow and Yangtze rivers. Annual 750 mm isohyet dotted.
Abbreviation for plains: CDP=Chengdu Plain; HRP =Huai River Plain; JHP = Jianghan Plain; THP =Taihu Plain; YRP =Yellow River Plain. White squares
are sites of limestone caves yielding speleothem paleo-rainfall records: HH=Heshang; JX =Jiuxian; SB=Sanbao; WY =Wuya; XL =Xianglong. Red
triangle in the JHP: ZQ =Zhonggjiao archaeological site. Yellow circle in the upper Yellow catchment: Jishixia breached landslide dam
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Kingdom). It was not until recently that Wu et al. (2016),
by finding an ~ 1920 BC outburst flood from the Jishixia
along the upstream course of the Yellow (for location see
Fig. 2), claimed that the Yellow-river origin of the Great
Flood was finally attested. We however consider this
inference to be unreasonable (see discussion later).

An additional issue about the Great Flood is whether
or not ancient people four thousand years ago were really
capable of containing this natural disaster. It has been
known that the climate in the monsoonal East Asian
turned dry after the middle Holocene Climate Opti-
mum e.g., (Wang et al. 2005). This global drying suit-
ably explains the lack of flood threats in the Xia period
(e.g., Dalfes et al. 1997, Peiser 1998), which led Wu and
Ge (2005) to suggest that the success of Yu in taming the
Great Flood was achieved mainly by luck.

In this article, we reviewed and integrated known phys-
iographical, historical, and particularly, archaeological
data around the Yellow, Huai, and Yangtze rivers to clar-
ify the locale of the Great Flood and the Xia Kingdom.
We maintain that the archaeological data, which provide
first-hand evidence for the development and living styles
of ancient people, are more objective than subsequently
composed historical texts that may have been biased by
social/political ambiances. We consider that the locale of
the Great Flood should meet the following four criteria:
(1) it was subject to the flooding that was manageable to
ancient people; (2) it was occupied by people living on
river resources; (3) the people suffering from the flood
were relatively civilized and populated so that they could
be mobilized, with sufficient skills, for flood manage-
ment; (4) the culture of the people remained influential
after the flood (even though their descendants were con-
quered by other people), so that the accounts of the flood
could be handed down to generations. Additionally, in
order to understand the potential influence of climate on
the Great Flood, we reviewed the published high-resolu-
tion speleothem 8'0 records around the middle courses
of both the Yellow and Yangtze rivers. In fact, through
this study, we not only located the Great Flood, providing
perspectives to support its historicity, but also examined
its significance in the context of the social development
and paleoclimate conditions.

2 Physiographic setting

Both the Yellow River and the Yangtze River originate
from the Qinghai-Tibetan Plateau in western China.
After draining this>4000 m-high terrain, the Yellow
turns north and then east, flowing through multiple wide
floodplains in sediment-filled basins in the Inner Mongo-
lia Plateau (Fig. 2). Downstream, the Yellow heads to the
south and cuts deeply into the Loess Plateau. Two major
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tributaries join the Yellow here, the Fen from the east and
the Wei from the west (Fig. 2). After leaving the conflu-
ence with the Wei, the Yellow turns east, flows through
the mountains bordering the Loess Plateau, and enters
the YRP, an alluvial plain constructed by the Yellow. The
YRP covers areas west and north of the Shandong Hill
(Fig. 2). It has an apex of ~ 100 m in elevation. From here,
the Yellow with a mean gradient of 1.2 x 10~* and mainly
of braided types trends to the northeast, flowing along
the northern border of the Shandong Hill before empty-
ing into the sea (Fig. 2).

After leaving the high mountains around the Tibetan
Plateau, the Yangtze River enters the Sichuan Basin
(Fig. 2). This basin is floored mainly by hills, and only its
western margin has an alluvial plain (the Chengdu Plain)
constructed by the Ming River (a tributary of the Yang-
tze) (Fig. 2). Passing through the outlet of the Sichuan
Basin (the Three Gorges), the Yangtze reaches the Jiang-
han Plain (JHP) where the Han River, the Yangtze’s long-
est tributary, joins the system from the north (Fig. 2).
From here to the sea, the Yangtze flows amid multiple
hills and plains including the Taihu Plain near the river
mouth (Fig. 2). This middle-lower course of the Yang-
tze, with meandrous channels, has a mean gradient of
2.1 x 107, significantly gentler than the lower Yellow
flowing through the YRP. Also, unlike the alluvial YRP,
the plains along the middle-lower Yangtze are associated
with plentiful lakes and wetlands serving as detention
basins during floods. One of such lakes of great size, the
Dongting Lake, is located south of the JHP (Fig. 2).

The Huai River originates from the hills between the
Yellow and the Yangtze rivers (Fig. 2). The Huai River
Plain (HRP) associated with the Huai River connects
northward to the YRP and is separated from the Yang-
tze system on the south by hills generally<200 m in
elevation.

The lower halves of the Yellow and the Yangtze catch-
ments (and the entire Huai catchment), including the
southeastern part of the Loess Plateau and the entire
Sichuan Basin, are influenced by Monsoon. The rainfall
is mainly brought by the East Asia Summer Monsoon
and generally decreases to the north/northwest, with the
annual 750 mm isohyet located between the Yellow and
the Huai rivers (Fig. 2). As a result of this precipitation
pattern, rice has been the staple crop over the Yangtze
catchment, and dry crops (currently wheat) dominate the
Yellow, with the transition around the Huai. Also, with
generally low flow discharge and high sediment load, the
Yellow river channels are typically shallow, highly mobile,
and thus not boatable. In contrast, the Yangtze and its
tributaries have long been important transport routes in
the history of China.
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3 Historical floods

Both the Yellow and the Yangtze rivers are well known for
their hazardous floods; however, the floods from these
two rivers show different characteristics. In the upper
Yellow River, due to high evaporation rates (in semi-arid
climate zone) and the buffering of multiple wide flood-
plains, the floods have never exceeded the course cross-
ing the Inner Mongolia Plateau (Shi et al. 1990). Only
summer storms or early-spring ice melting over the
Loess Plateau could generate floods that impacted the
YRP. These floods generally carried enormous silty sedi-
ments onto the YRP, causing deposition and repeated
channel avulsion e.g., (Chien 1961; Liu and Jiyang 1989;
Kidder et al. 2012; Dang et al. 2018).

According to historical accounts, people built embank-
ments along the downstream course of the Yellow River
no earlier than ~ 340 BC (in the East Zhou period) (Zou
1980b; Tan 1987). Since then, floods that hit the societies
have constantly been reported (Chen et al. 2012; Kidder
et al. 2012). For example, Shiji documented that Emperor
Wu (156—87 BC), one of the most powerful emperors in
China’s history, sent several tens of thousands of troops
to contain the Yellow River but ended up in failure. In
that time and afterward, building/repairing embank-
ments has been a routine work to prevent the YRP from
flooding (Chen et al. 2012). Sediment deposition in the
artificially confined channels, however, increased the
potential for avulsion by elevating the riverbeds to lev-
els even higher than the surrounding floodplains. In the
eleventh century AD (in the North Song dynasty), the
Yellow River burst its banks almost every year (Chen
et al. 2012). This avulsion-prone nature was also used for
military purposes. For example, in 1128 AD, in order to
stop the advancing Jurchen army, Song troops broke the
levees, which eventually led to the diversion of the Yellow
River to occupy the Huai River in the southeast (Lamour-
oux 1998, (Zhang 2009). It was not until another avulsion
event in 1855 AD that the Yellow shifted its course back
to the current position.

Unlike the Yellow, storms or sustained rains brought by
summer monsoon over any parts of the Yangtze’s catch-
ment could generate floods downstream (e.g., E and Huo
2016). As a result, flood frequency was higher along the
Yangtze than that along the Yellow, at least in the past
100 years (Chen and Wang 2002). Different from the
floods on the YRP, those generated on the gentle, low-
lying plains along the middle- lower course of the Yang-
tze carried relatively small amounts of sediment and were
characterized by lengthy and widespread coverages of
overbank water (e.g., (Gong et al. 2001; Yin and Li 2001;
Cheng et al. 2018). The JHP, the first plain the Yangtze
meets after flowing for 4000 km in mountains, is consid-
ered the most vulnerable region to such flooding (Zhao
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2000; Chen et al. 2001; Chen and Wang 2002; Ministry of
Water Resources et al. 2005).

According to historical texts, the JHP and its surround-
ing areas were inhabited by the people of Chu as early
as~1100 BC. The Chu, which had a broad territory, a
large population, and an influential culture, was a power-
ful state in both the West Zhou and East Zhou periods
before being conquered by the Qin Empire in 224 BC
(Fig. 1). The Chu people owned China’s most complete
mythological histories for their origins, from the crea-
tion of the world with the birth of humanity to the divine
power to rescue people from wild lands. The plots of
these myths commonly contain endless rainfall and over-
flow (due to the breaking of the “sky”), implying the fre-
quent occurrence of catastrophic floods around the JHP.
It is noted that in the period of the Chu state, the south-
ern half of the present JHP was occupied by the Yunmeng
Lake (Tan 1980). This ancient lake progressively shrank
and eventually evolved into numerous small lakes, ponds,
and wetlands no later than ~ 400 AD.

The written records of the Yangtze floods can be traced
back to 185 BC (Ministry of Water Resources et al.
2005). From ~1000 to 1840 AD, floods were reported
every 3-5 years on average (Ministry of Water Resources
et al. 2005; Yu et al. 2009). Like the measures for man-
aging the YRP floods, embankments were built to allevi-
ate the Yangtze flood threat. The known earliest artificial
levee was constructed around 350 AD, and by the twelfth
century AD, a levee system took shape along the course
of the Yangtze running through the JHP (Yang 1999;
Chen 1990). The levee building continued and today
a>250 km-long embankment system, including the
Great Jingjiang Levee, has been completed to protect the
JHP (Li et al. 2007). This levee-building measure, how-
ever, does not appear to have succeeded, as the flood
frequency remained high or even increased in the last
50 years (Yin and Li 2001; Li et al. 2007), perhaps due to
an increase in farmland reclamation from the lakes (espe-
cially the Dongting) that were used to detain flood water
(Yu et al. 2009).

4 Archaeological data

Archaeological excavations, supplemented by radio-
carbon dates back to 8000 BC in age, have revealed the
development of Neolithic cultures in the Yellow, Huai
and Yangtze river catchments. The review of this study
focused on cities and major settlements (Appendix
Table 2 and references therein), as their emergence as
worship, economic, and political centers reflected an
advanced assemblage and labor division of societies. The
“city” defined here is an assemblage of settlements sur-
rounded by distinct walls and/or moats (the large assem-
blage of settlements with neither walls nor moats is
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b Pingliangtai; moat boundary following Cao (2019)

referred to as “major settlement”). The city walls are all
made up of earth, generally 3-5 m high, 10-40 m wide,
and the moats are 10-60 m wide. Some of these artifi-
cial structures in the Huai and Yangtze catchments have
been well preserved and can be recognized by analyzing
Google Earth satellite imagines (Figs. 3, 4, 5). The group-
ing of closely spaced cities/major settlements and their
surrounding minor settlements with the same cultural
characteristics defines a society, whose area is believed to
positively correlate to its population (Guo and Gorodets-
kaya 2021).

4.1 Yellow and Huai river catchments

The earliest city known in the Yellow and Huai river
catchments is Xishan, found near the apex of the YRP
(Fig. 6b). Constrained by as many as 33 radiocarbon dates
in and off the culture layer, this city was most likely built
around 3000 BC and lasted for only one or two hundred
years (Sino-US Liangcheng Area United Archaeological

Fig. 3 Examples of ancient cities in the upper HRP (left, Google Earth satellite image; right, interpretation). For location see Fig. 6d. a Guchengzhai.
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Team 1997; Yang 1997a). In~2700 BC or later, some
large settlements arose in the upper part of the HRP
(two cities), the lower part of the HRP (one city and two
major settlements), and the coastal area fringing the
southeastern part of the Shandong Hill (4 cities) (Fig. 6c).
After ~ 2350 BC, cities/major settlements bloomed in 4
places (Fig. 6d): (1) the valleys in the upper Huai River
catchment (one major settlement and 4 cities), (2) the
hills in the lower Fen River catchment (two major settle-
ments); (3) the western margin of the YRP (4 cities); (4)
the YRP bordering the northern part of the Shandong
Hill (two groups, each having 8 and 4 cities respectively).
In these places, three of the 4 cities in the upper Huai
River catchment and the four cities in the northernmost
bounding the Shandong Hill have been shown to last for
less than a few hundred years (Yuan et al. 2000a; The
Institute of Archaeology Chinese Academy of Social Sci-
ences 2010; Wang and Wang 2010) (Appendix Table 2).
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The clustering of the above-mentioned cities/major
settlements (excluding the earliest and short-lived Xis-
han city) defines a total of 7 societies (Figs. 6d and 7).
The spatially largest society, with a maximum area
of ~12,000 km?, is located in the upper Huai River catch-
ment (Fig. 7). This society owns the regionally largest
city, Xinzhai, which has a moat-defined area of 70 ha
(1 ha=10,000 m?) and a duration of ~400 years (2100—
1750 BC) (Liu et al. 2005). It is noted that the society in
the upper Huai River catchment (the Xinzhai society)
and the society on the western margin of the YRP show
different cultural characteristics, though they are only
60 km apart, suggesting that the Yellow River acted as a
topographic barrier against the cultural communication
among ancient people.

According to Zhao (2011) and Wang et al. (2019), mil-
let became the staple food of the people in the Yellow
River catchment since ~4000 BC. Later, influenced by the
culture from the Yangtze (see below), rice was added to

the diet of the people, such as those occupying the Xis-
han city (Wang et al. 2019) (Fig. 6b). After~3100 BC,
while millet remained dominated in the Yellow River
catchment, a mixture of rice and millet farming pre-
vailed in the upper Huai River catchment and along the
coast bounding the southeastern Shandong Hill (Jing
and Wang 2006; Gorodetskaya 2013) (Fig. 6¢, d). Millet
is a kind of dry crop. Thus, very few irrigation ditches
or other water conservancy facilities including embank-
ments have been found in the>1100 BC archaeological
sites around the Yellow River and its tributaries (Li 2014).
This limited reliance on river resources is also reflected
by the style of moats/ditches surrounding the cities which
are generally narrow (<30 m wide) and do not connect
to boatable rivers (Figs. 3 and 7). Yet some of the socie-
ties must have faced flood risks, as Mengzhuang city (for
location see Fig. 6d) on the western margin of the YRP
was thus perished (Yuan 2000), (Yuan et al. 2000a).



Guo et al. Terrestrial, Atmospheric and Oceanic Sciences (2023) 34:14

Page 8 of 26

Worship
platform

Y%,

Fig. 5 Shijiahe, the largest city in East Asia 4000 years ago. For location see Fig. 6. a Google Earth satellite image. b Interpretation, modified
from Guo and Gorodetskaya (2021). Note the sequence of city-wall building from | to Il periods. ¢ A view to moat and city wall; standing on the city

wall (the red dot in b) looking to the north/northwest

Taosi settlement (dated 2350-1850 BC) in the Fen
River catchment (Fig. 6d), with palaces, noble tombs,
and other valuable artifacts unearthed, has been consid-
ered an important social/political center in ancient China
(Yan and He 2005; (Xie 2007). This settlement, however,
was destroyed by war and the society rapidly declined
afterward (He 2015).

There are two sites in the Huai River catchment that
may be related to Yu (Fig. 6d): Wangchengang city (dated
2170-2100 BC) in the Xinzhai society (An and Li 1992;
Fang 2006a; Fang and Liu 2006; Liu 2019), and Yuhuicun

settlement (dated 2300-2200 BC) adjacent to the lower
HRP (Wang et al. 2013). Wangchengang is located near
a place with the same name as the capital of Yu (and thus
regarded as Yu’s capital) (An 1979; Jing 1984; Pei 1996;
Ma 2008). Yuhuicun is named semantically as “Yu’s meet-
ing with people” This naming may be considered to coin-
cide with a historically recorded ceremony in which Yu
assembled feudal leaders for his successful control of the
Great Flood. This perspective, along with the revealing
of some relics of ritual structures in the settlement, led
to the inference that Yuhuicun was the place where Yu’s
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For map location see Fig. 2. CH=Chenghe; CTS =Chengtoushan; GCZ = Guchengzhai; MZ = Mengzhuang; PLT = Pingliangtai; SJH=Shijiahe;
TJH=Taojiahu; TS=Taosi; WCG=Wangchengang; XS = Xishan; XZ = Xinzhai; YHC =Yuhuicun; ZML=Zoumaling. Cities with abbreviations in boxes
have moat-defined areas > 70 ha. LYP =Liyang Plain. Other notes as in Fig. 2. For raw data see Appendix

ceremony was held (Wang 2012), (He 2014), (Shang and
Wang 2016).

4.2 Yangtze River catchment

The earliest Neolithic settlements of the Yangtze catch-
ment, dated 8000-5800 BC (Jiang 2007), Guo (2010),
(Gorodetskaya and Guo 2014), (Wu et al. 2017a), were
found in the Liyang Plain drained by the Li, a tributary
of the Yangtze entering the Dongting Lake (Fig. 6a). The
progressive growth of the society led to the rise of Cheng-
toushan, the first city in East Asian (Fig. 6a) (Hunan Pro-
vincial Institute of Cultural Relics and Archaeology 2007;
Guo 2010; Guo and Gorodetskaya 2021). The culture
continuously developed and spread out across the trunk
Yangtze. By 3000 BC, a total of 19 cities had existed in/
around the Liyang Plain and along the northern margin
of the JHP (Fig. 6b). Near the Yangtze river mouth, multi-
ple settlements collectively named the Songtze-Liangzhu

were built on the Taihu Plain since 3600 BC. These set-
tlements were however small. They were abandoned and
the culture rapidly declined by 2300 BC (Zhejiang Pro-
vincial Institute of Cultural Relics and Archaeology 2005;
Qin 2019). Around and after this time, as many as 8 cit-
ies emerged in the Chengdu Plain of the Sichuan Basin
(Appendix Table 2).

The cities in/around the Liyang Plain and the JHP
were closely spaced and had similar cultural characteris-
tics (Fig. 6). Grouping these cities and their surrounding
minor settlements with similar cultural characteristics
defined a society covering an area of 65,000—100,000
km?, the largest in East China (Fig. 7). This society (the
Jianghan society hereafter) contained the three spatially
largest cities in the region: Shijiahe (180 ha in its hey-
day) (Fig. 5), Taojiahu (72 ha) (Fig. 4a), and Chenghe
(70 ha), all located near the northern margin of the JHP
(Fig. 7). The cities in the Jianghan society were generally
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larger than those in the Yellow/Huai river catchments
(Fig. 8) and had longer durations of occupation (Appen-
dix Table 2). They continuously developed, with repeated
repair or rebuilding, before being succeeded by the

101 I Yellow/Huai (n = 26)
7 Middle Yangtze (n =22)
8 o
6 .
44
2 n
O T T . T 1

<A 10 -20

Number of city

>20-50 550100 ,400-200
Area of city (ha)

Fig. 8 Histogram comparing the sizes of the cities (4200-1700 BC,
in their heydays) in the Yellow/Huai river catchments and around the
middle course of the Yangtze River (in the Jianghan society). City
boundary is defined by inner parts of moats. For raw data see
Appendix Table 2

people of the Panlongcheng culture of the Shang King-
dom which was subsequently conquered by the Yinshang
Empire from the Yellow River catchment (Fig. 1) (Goro-
detskaya 2013, 2016a; Wu et al. 2017a).

The civilization in the Yangtze River catchment was
closely aligned with rice cultivation that started in the
Liyang Plain as early as 7000 BC (Pei 1998, 2004; Goro-
detskaya and Guo 2014), spread to the Taihu Plain around
5000 BC, and influenced the societies of the YRP by 3300
BC (Gorodetskaya 2013). In the following one thousand
years, this rice culture entered the Sichuan Basin (Jiang
2015; Huang et al. 2017), extended to the HRP, and
reached the periphery of the Shandong Hill (Jing and
Wang 2006; Jing et al. 2017) (Fig. 6¢, d). Not surprisingly,
water conservancy facilities such as irrigation ditches
and water storage pits were widely found in the <3000
BC archaeological sites around the Yangtze River from
the Taihu Plain to the Chengdu Plain e.g., (Zhuang et al.
2014; Wang and Liu 2015; Guo and Gorodetskaya 2016;
Huang et al. 2017). In addition to these facilities, fish
bones and net pendants were also commonly unearthed,
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suggesting the prevalence of fishing along the Yangtze
River and its tributaries (Gorodetskaya and Guo 2019).

It is noted that moat/channel systems unearthed in/
around the cities/settlements in the Yangtze River catch-
ment were generally larger and more complicated than
their counterparts in the Yellow/Huai river catchments
(Pei 2004; Guo 2010; Guo and Gorodetskaya 2021). For
example, there were many channels entering or cross-
ing cities of the Yangtze (Figs. 4 and 5), with gates built
by city walls probably used to control water levels. Some
cities even had double or multiple moats connected by
channels (Figs. 4b and 5) which were further extended
to ditch systems over the surrounding settlements, or
to river/lake systems that appear to have been boatable
(Fig. 7). These channels are inferred as dredged for the
purpose of shipping (Guo and Gorodetskaya 2021).

5 Paleo-rainfall records
We reviewed high-resolution speleothem 8'%0 records
from 5 limestone caves (for cave locations see Fig. 2): the
Wauya (Tan et al. 2018a) on the southwestern margin of
the Loess Plateau,the Xianglong (Tan et al. 2018b) and
Jiuxian (Cai et al. 2010) in the upper Han River catch-
ment, the Sanbao (Dong et al. 2010) and Heshang (Hu
et al. 2008) near the Three Gorges (Fig. 9a—e). All these
data reveal an overall decrease in precipitation (i.e.,
increase in 8'®0 value) since the middle Holocene (due to
the weakening of the Eastern Asian Summer Monsoon),
consistent with other speleothem records elsewhere in
the monsoonal China e.g., (Wang et al. 2005). However,
the observed long-term drying trend is superimposed by
centennial-to-decadal-scale fluctuations of rainfall with
patterns varying from cave to cave (Fig. 9a—e), which sug-
gests the local variations in precipitation and/or in sensi-
tivity of the records to rainfall events (i.e., not all rainfall
events could be recorded by the growth of speleothem).
The records from the Sanbao cave are the least fluctu-
ated (Fig. 9d). In contrast, the data from the Xianglong
and Jiuxian caves show the highest amplitudes of oscil-
lation (Fig. 9b, ¢). By picking up the peaks of these oscil-
lations (minimum &'®O values), many potential rainfall
events (or their clusters) before and around the era of
the Great Flood may be identified. For example, a 2046
BC rainfall event shown in the Wuya record (Fig. 9a)
was used by Tan et al. (2018a) to support the historicity
of the Great Flood. Rainfall events close to this 2046 BC
age, ~ 2050 BP and ~ 2020 BC, are also shown in the Xian-
glong and Heshang caves respectively (Fig. 9b, €). Nota-
bly, the rainfall events revealed in the Xianglong, Jiuxian,
and Heshang caves consistently show a decrease in mag-
nitude/frequency after ~ 1850 BC, which corresponds to
an acceleration of climate drying recorded in the Sanbao
cave (Fig. 9b—e).
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Fig. 9 Paleo-rainfall records reviewed in this study. a—e Summaries
of speleothem &30 records from limestone caves: aWuya (Tan et al.
2018a), b Xianglong (Tan et al. 2018b), ¢ Jiuxian (Cai et al. 2010), d
Sanbao (Dong et al. 2010), e Heshang (Hu et al. 2008). Only major
peaks (suggesting relatively wet conditions) and troughs (suggesting
relatively dry conditions) are picked. Dotted lines are data trends. f
Magnetic signals from a stalagmite in the Heshang cave (Zhu et al.
2017), with age ranges of paleo-floods at the Zhonggjiao site (Wu
etal. 2017a, b) and along the upper Han River valley (Zhang et al.
2013). The age range of the beginning of the Xia Kingdom (2000—
1950 BC) based on Zhang (2002, 2013)

There are more studies on the ancient rainfall/flood
events around the JHP. The magnetic signals from a sta-
lagmite in the Heshang cave recording the influx of soils
from groundwater suggest an increase in rainfall events
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during 2550-1950 BC (Fig. 9f) (Zhu et al. 2017). At
the Zhonggqiao archaeological site in the JHP (for loca-
tion see Fig. 2), muddy overbank slack-water deposits
were identified and dated to be 2850-2650, 2530-2420,
and 2220-1900 BC by radiocarbon methods (Wu et al.
2017a). Similar deposits, resulting from floods larger
than any modern ones, were found along the upper Han
River valley (Zhang et al. 2013). One of them was dated
2250-2050 BC by optically stimulated luminescence
(OSL) methods (Fig. 9f). All these lines of evidence sug-
gest a relatively wet period before and around the era of
the Great Flood, consistent with the speleothem records.

It is worth noting that the above-documented wet
condition in central China is contradictory to the coeval
regional dryness (centered around 2250 BC) associated
with the weakening of the Eastern Asian Summer Mon-
soon e.g., (Mayewski et al. 2004; Walker et al. 2019). This
dryness is supported by the data from the Wuya cave
(showing a rapid decline of precipitation since ~ 3000 BC,
Fig. 9a) and by lacustrine deposits in both the Loess Pla-
teau (Zhao et al. 2010; Chen et al. 2015) and the Inner
Mongolia Plateau (Goldsmith et al. 2017) in northern
China. Tan et al. (2018b) has attributed the “abnormal”
wet climate condition in central/southern China to an
atypical movement of the Westerly jet that remained rel-
atively strong despite the weakening of the Eastern Asian
Summer Monsoon. As a result, rain belts were able to
stay in central/southern China (and caused heavy rains
there) during the ~ 2250 BC climate drying.

6 Discussion

6.1 The problems of Yellow River as the locale of the Great
Flood

Despite being deeply rooted in the society, the belief that

the Great Flood was originated from the Yellow River

is not supported by any data or perspectives (Table 1).
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Perhaps the biggest issue in this belief which has long
puzzled archaeologists is the failure to find large, persis-
tent cities/settlements suggestive of the territory of the
Xia kingdom around the YRP. In fact, most of the YRP
remained scarcely inhabited (not even occupied by small
settlements) by 1700 BC (Fig. 6d). Although as many as
16 cities arose after 2350 BC, they were relatively small,
short-lived, and located only on the margins of the plain
(Fig. 6d). We believe this limited human occupation
reflected the active flooding/alluviation of the plain that
made it unsuitable for habitation. Ancient people would
have settled down on the parts of the plain that had been
inactive for some generations. However, once they did,
they put themselves at risk, as the unpredictable nature
of the floods caused by powerful channel avulsion could
result in fatal disasters, as shown by the destruction of
Mengzhuang city. From this point of view, even if there
are some undiscovered ancient settlements now buried
in the YRP, as suggested by Kidder et al. (2012), they are
unlikely to have been large.

Taosi settlement (2350-1850 BC) in the Fen River
catchment, as an important social/political center in
northern China (Fig. 6d), might be considered a candi-
date for Yu’s hometown. However, the Taosi society was
relatively small in area and declined rapidly, inconsistent
with the image of the Xia Kingdom. Also, Taosi settle-
ment was built on a hill, and its residents, having millet as
staple food, did not live on river resources (and thus had
no urgent need for flood control). Moreover, the region
where the settlement was located appeared to undergo
droughts around the era of Yu (Zhao et al. 2010), (Chen
et al. 2015), a climate condition not favoring the occur-
rence of the Great Flood.

Wu et al. (2016) linked the ~ 1920 BC Jishixia outburst
flood occurring along the upper Yellow River to the ori-
gin of the Great Flood. The uncertainties of this remote

Table 1 Comparison of flood characteristics and ancient human activities on the Yellow River Plain (YRP) and the Jianghan Plain (JHP)

YRP

JHP

Flood characteristics (general)
Topographic setting

Nature Channel avulsion induced by high rates of sedimenta-
tion
Spatial predictability Unpredictable

Human activities (before 1700 BC)

Social development
on the margin of the plain

Reliance on river resources

Capability of dredging channel  (no evidence)

Alluvial fan (plain); steeper than the JHP

Only small, short-lived cities/settlements developed

Weak (having millet as staple food; no shipping)

*Lowland associated with plentiful lakes/ponds and wet-
lands

*Lengthy and widespread coverages of overbank water

*Predictable (lower-lying areas are more likely to be
flooded)

*Having developed into the Jianghan society, the most
civilized and populated society in East Asia

*Strong (rice growing, fishing, and shipping)
*Great (being able to dig large-scale moat/ditch systems)

*Characteristics consistent with the historically documented Great Flood
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outburst flood regarding its age and influences on the
upper Yellow have been addressed by Han (2017) and
Wu et al. (2017b). Here, we provide two additional per-
spectives to question the relation of this flood to the
Great Flood. First, it is unlikely that the Jishixia flood,
after being transmitted through multiple wide plains in
the semi-arid Inner Mongolia Plateau (Fig. 2), remained
significant as it reached the YRP (in contrast to the JHP
which is the first plain the Yangtze meets after flowing
out of mountains). Second, the catastrophic Jishixia flood
is different from what historical texts recorded about the
nature/impact of the Great Flood which lasted for at least
two generations. Note that even nowadays, engineer-
ing measures to prevent or alleviate natural hazards are
designed mainly for relatively frequent but small-magni-
tude events, not for rare, unpredictable catastrophes. An
implication here is that the significance of the flood (or
floods) faced by Yu could mainly reside in its (or their)
high frequency, long duration, or critical location (i.e.,
near the habitation area), it (or they) may not be cor-
related with any specific high-magnitude rainfall/flood
events recorded by stratigraphic or geomorphic evidence.

Becoming the social/political center, the YRP has been
known by its notorious flood hazards since~340 BC.
We believe this increase in flood hazard mainly reflected
the increase in land use on the YRP associated with the
population growth. Before dam construction in modern
times, building embankment has been the only solution
for the floods on the YRP. This method, however, differs
from the dredging method depicted in historical texts to
contain the Great Flood. The flood control on the YRP
has barely succeeded. Given that even the troops of the
powerful Emperor Wu were defeated, it is unlikely that
the people in the era of Yu, ~ 1800 years earlier than the
Emperor Wu, could have been capable of taming the Yel-
low River.

6.2 Jianghan plain as the locale of the Great Flood

In contrast to the lack of the support to the Yellow-river
origin of the Great Flood, all kinds of evidence indicate
the JHP as the locale of the Great Flood and the Jiang-
han society, the social/political center of the Xia King-
dom (Table 1). The Jianghan society, having the largest
area with the greatest number of cities (including the
three largest ones), is likely to have been the most pop-
ulated society in East Asia in the era of Yu (Fig. 7). We
suspect that one of the largest cities in this society (e.g.,
Shijiahe; Figs. 5 and 7) was the hometown of Yu which
he bypassed three times during his 13-year flood-con-
trol career. The culture of the Jianghan society was orig-
inated and transmitted from the Liyang Plain, a place
known by the earliest development of the Neolithic
culture in East Asia (including the first settlement,
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rice cultivation, and city building) (Fig. 6). Although
the culture of the Jianghan society underwent rise
and fall (Wu et al. 2017b), it continuously evolved into
(and succeeded by) the cultures of the Panlongcheng
(Shang), Yinshang Empire, and the Chu state in chrono-
logical order (Fig. 1). All these regimes were influential,
helping spread the account of the Great Flood and the
deeds of Yu to descendants. In short, it is the scale and
cultural continuity of the Jianghan society that make it
more likely to have been the social/political center of
the Xia Kingdom than other societies on the HRP and
along the Yangtze River (Figs. 1, 6, and 7).

The people in the Jianghan society, like others resid-
ing around the Yangtze River and its tributaries, lived
on river resources such as rice growing, fishing, and
shipping. As for the shipping, note that the southern
part of the JHP had once been occupied by the Yun-
meng Lake which remained large in the period of the
Chu state. We believe that by the era of Yu, this ancient
lake had already existed and served as a route for ship-
ping, like the modern Dongting Lake (Figs. 6 and 7).
Shipping facilitated transport and helped unite peo-
ple, which explains the reason why the Yangtze River,
unlike the Yellow, has never acted as a barrier against
the spread of cultures. Also, through digging large-
scale moat/ditch systems (and maintaining them), the
people in the Jianghan society showed their capability
in dredging channels, well fitting the method used to
regulate the Great Flood.

Modern and historical accounts, along with the topo-
graphic backgrounds, have shown that unlike the YRP
floods that are typically associated with dynamic sedi-
mentation and channel avulsion, the floods on the JHP
have the following three characteristics. First, parts of
the floods, especially where they inundated the margins
of the JHP with stagnant or slow-moving water, are not
powerful and thus could be controlled (or adaptable)
by ancient people. An example of such mild flooding
is shown at the Zhongqiao archaeological site. Unlike
Mengzhuang city on the YRP that was destroyed by
flooding, the Zhongqiao site only underwent minor
deposition of muddy sediments during the three dated
flood events and was reoccupied by people afterward
(Wu et al. 2017a). Second, the floods on the JHP could
be spatially predictable (Yu et al. 2009) (i.e., lower-lying
areas were more likely to be inundated). This charac-
teristic could rouse people’s awareness of flood risk
and flood management in advance. Third, the floods
on the JHP could be alleviated once the flood water
can be diverted to the lake/wetland systems in/around
the plain. This concept (implemented by the “returning
farmland to lakes” policy) has been recently applied to
regulate the floods along the entire middle-lower course
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of the Yangtze River (Xing et al. 2022). The above three
characteristics well fit the scenarios of the Great Flood
depicted by historical texts. We propose that the Great
Flood was a series of relatively mild floods taking place
on the northern margin of the JHP where the popula-
tion was the densest. Here, people dug channels and
successfully divert the flood water to a “sea” which we
believe was the Yunmeng Lake.

6.3 The significance of the Great Flood

Why is the Great Flood so significant that its accounts
deserve to go down in history? Our proposition that
the flood impacted the Jianghan society, the then larg-
est and most populated/civilized society, has provided
an answer. The occurrence of the Great Flood required
a suitable climate condition, which is supported by the
paleo-rainfall data showing that around the era of the
Great Flood, the areas surrounding the JHP were char-
acterized by relatively wet climate. However, notice
that under the long-term climatic drying since the mid-
dle Holocene (Fig. 9), the Great Flood did not occur
when the climate was the wettest, and there were peri-
ods before (e.g., around 2350, 2850, and 3250 BC) that
appeared to be wetter or characterized by greater or
more frequent rainfall events (Fig. 9). Apparently, cli-
mate was not the only factor rendering the uniqueness
of the Great Flood.

We propose that the timing and the impact of the
Great Flood were strongly related to the expansion of
the Jianghan society, a situation similar to the flooding
on the YRP which has been known only after large-scale
occupation on the plain. Imaging that after developing
for more than one thousand years, the Jianghan society
may have encountered population pressure and gradually
expanded its territory toward the southern parts of the
JHP, which was likely promoted by the shrinkage of the
Yunmeng Lake (Guo 2005). People would be attracted
by the lands newly exposed, but after moving in, they
unavoidably faced flood threats. A key perspective here
is that the impact of the Great Flood, to a great extent,
could reflect the contemporary increase in land use on
the JHP. In other words, the account of the Great Flood
was not simply an episode of a powerful flood (or floods)
but a history documenting the struggle of an influential
agriculture society in ancient East Asia with fluctuating
physiographical environments. This society survived and
continuously developed afterward, with its epic flood-
control achievement living on in history.

The establishment of the Xia Kingdom after the Great
Flood has demonstrated the political significance of this
natural disaster. Since then, devastating floods in the
history of China have never been treated as crucially as
the Great Flood. We believe this reflects the continuous
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increase in the social and economic diversity (and thus
the resilience to natural hazards) of the Xia Kingdom and
its successors. Also, notice the progressive increase in
occupation on the JHP after the era of the Great Flood.
It is possible that by ~400 AD, associated with the com-
plete dry-up of the Yunmeng Lake, human habitation has
approached major river channels such as the Han and the
trunk Yangtze. This increase in land use must have signif-
icantly decreased the capacity of the JHP to contain flood
water, which explains the reason why channel diversion
has no longer been a primary method to regulate floods.

Finally, was the control of the Great Flood achieved by
luck, as suggested by Wu and Ge (2005)? In fact, by vir-
tue of the high-resolution speleothem records and their
detailed chronologies (by the U-Th dating methods), we
have found a significant decrease in precipitation (along
with a decrease in the magnitude/frequency of rainfall
events) after the Great Flood (Fig. 9). This climate drying,
however, started at ~ 1850 BC, at least one hundred years
after Yu. In other words, the flood-control work managed
by Yu was effective for at least some generations, during
which rainfall conditions (or flood magnitudes/frequen-
cies) did not significantly change. We thus argue that
even though the general lack of flood threats throughout
the Xia Kingdom could be attributed to climate drying
(e.g., Dalfes et al. 1997, Peiser 1998), it was the wisdom
of Yu, and the efforts of the entire society, that tamed the
Great Flood.

7 Conclusions

Although the Yellow River Plain (YRP) of the Yellow
River is traditionally thought to be the locale of the Great
Flood, the following observations suggest that this flood
in fact occurred on the Jianghan Plain (JHP) along the
middle course of the Yangtze River and that the society
around the JHP at that time (named the Jianghan society)
was the social/political center of the Xia Kingdom:

(1) The Jianghan society was the most civilized and
populated society in East Asia around the era of the
Great Flood (at that time, the habitation on the YRP
remained limited).

(2) The Jianghan society strongly lived on river
resources (shipping, fishing, and rice cultivation)
and thus was subject to flood risks (in contrast,
the Yellow River was not boatable, and the people
inhabiting the YRP had millet as staple food).

(3) The people in the Jianghan society were experi-
enced in dredging channels for shipping and irriga-
tion.

(4) Floods on the JHP, typically occurring with stagnant
or slow-moving water, were predictable and man-
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ageable to ancient people (in contrast to the floods
on the YRP that were characterized by dynamic
sedimentation and channel avulsion).

(5) The JHP has been associated with lake/wetland
systems serving as detention basins during floods.
Here, the historical documented method for con-
trolling the Great Flood, dredging channels to
divert flood water to a “sea’, was practicable.

Paleo-rainfall records show that the climate of the JHP
had been wet since the middle Holocene (earlier than
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the era of the Great Flood) and significantly turned dry
after ~ 1850 BC (at least one hundred years later than
the Great Flood). Given this, we propose (1) the unique-
ness of the Great Flood, to a great extent, reflected the
contemporary increase in land use on the JHP, and (2)
the success in controlling the Great Flood was due to the
efforts of the society, not by luck.

Appendix
See Figs. 10, 11 and Table 2.
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Fig. 10 Locations of the cities and major settlements reviewed in this study (around the Yellow River and the middle-lower course of the Yangtze
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