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Abstract: Human settlement numbers have significantly changed before and after ~4000 cal. y BP in
the upper and middle Qin River reaches, but the external and internal factors driving this change

check for

5 remain unclear. In this study, we examine changing spatial and temporal patterns of the Longshan
updates

and Erlitou settlements in relation to extreme flooding at ~4000 cal. y BP and a variety of subsistence
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strategies during the Longshan and Erlitou periods. The results indicate that settlement number,
settlement distribution, and subsistence strategies exhibited obvious shifts between the Longshan

i and Erlitou periods, and the episode at ~4000 cal. y BP was an extreme-flood-rich interval within and
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around the Qin River Basin. During the Longshan and Erlitou periods, millet-based agriculture dom-
inated local subsistence strategy, and ancient people would prefer to reside in the areas suitable for
farming, causing the valley plains in the upper and middle Qin River reaches to contain most Long-
shan and Erlitou settlements. However, the frequent occurrence of extreme floods at ~4000 cal. y BP,
in conjunction with intergroup conflicts due to a large amount of population immigration during the
late Longshan period, is likely to have jointly decreased the settlement number and shrunk the spatial
range of human settlement distribution. Subsequently, with the end of the extreme-flood-rich episode
and the increasing proportion of higher-water-requirement foxtail millet in cropping structures of
human subsistence strategy, more Erlitou settlements were distributed in the wetter valley plains of

the middle Qin River reaches.
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1. Introduction

The characteristics of past human activities are closely related to the environment
around them. Relationships between past human activities and environmental variations
are important issues and have been studied worldwide over the past three decades [1-10].
Abrupt climatic change events and associated dramatic environmental changes have been
suggested as important factors behind the rise and fall of prehistoric and historic cul-
tures [11-17]. The Holocene has witnessed several major abrupt climatic change events.
The change that occurred at approximately 4000 cal. y BP (within a broad range from
~4200 to ~3800 cal. y BP) has been identified as a dramatic worldwide cooling and dry-
ing event (i.e., the 4.2 or 4.0 ka event) in a variety of natural archives [18-22]. The col-
40/). lapse of several agriculture-based ancient civilizations across the globe, such as ancient
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Egypt [23,24], ancient India [25,26], and Mesopotamia [27,28], has been attributed to severe
droughts induced by this event. However, human—environment interactions are much
more complex [5,9,29,30]. Subsistence strategy and its variability have likely also affected
the evolution of ancient cultures [14,31-33].

The archaeological culture of China also experienced remarkable changes at
~4000 cal. y BP; the contemporaneous abrupt climatic event was proposed to have played
an important role in the demise of Neolithic cultures in China [34,35]. Specifically, the
drying and cooling induced by the event occurring at ~4000 cal. y BP was widely accepted
as the trigger of cultural collapses on the monsoon fringe of northern China [36-38], while
this drying and cooling change in climate might be insufficient to collapse the cultures
in the presently humid and warm parts of China [34,39]. The dramatic environmental
variations (i.e., abnormal or extreme floods) associated with this event have been widely
found in the middle and lower reaches of the Yangtze River and Yellow River, and their
relations with local cultural transformation have been intensively discussed [40-49]. It is
noteworthy that when other contemporaneous Neolithic cultures declined across China at
~4000 cal. y BP, only the archaeological culture in the Central Plains witnessed the most
marked sociopolitical transformation and successfully evolved into the more advanced
state-level culture, the Erlitou culture [50,51]. Consequently, possible impacts of the abrupt
climatic event occurring at ~4000 cal. y BP, especially associated environmental changes
(i.e., extreme floods) on the crucial cultural evolution in the Central Plains, have attracted
wide academic attention [40,45-49,52-54].

The Qin River Basin is located in the north part of the Central Plains (Figure 1a), and
local archaeological cultures during the Longshan (from ~4400 to ~4000 cal. y BP) and
Erlitou (from ~3900 to ~3500 cal. y BP) periods had been obviously influenced by those in
the southern Shanxi and northern Henan regions [55-57]. In comparison with the previous
Longshan period, the number of local human settlements had clearly decreased during
the Erlitou period [58-60]. Moreover, extreme floods associated with the abrupt climatic
change event occurring at ~4000 cal. y BP were also widely found within and around the
Qin River Basin (Figure 1a). However, the spatiotemporal pattern of the cultural evolution
before and after ~4000 cal. y BP and its relationship to extreme flood and subsistence
strategy variety has been rarely studied in the Qin River Basin.

In this study, we first selected the upper and middle Qin River reaches to analyze the
changes in human settlement distribution patterns during the Longshan and Erlitou periods.
Then, we reviewed the geological evidence of extreme floods occurring at ~4000 cal. y BP
within and around the Qin River Basin, and collected archaeobotanical data with floatation
results in the surrounding areas. Finally, the spatiotemporal variation in human settlements
between the Longshan and Erlitou periods and its relationship to extreme flood and variety
of subsistence strategies was examined.

2. Study Area

The Qin River Basin, situated in the eastern part of the Loess Plateau (Figure 1a),
is a major tributary of the Yellow River, with a drainage area of ~1.35 x 10* km? and
length of ~485 km [61]. Topographically, the Qin River Basin inclines from north to south,
with elevation dropping from ~2500 m above sea level (asl) to ~100 m asl (Figure 1c).
Climatologically, the Qin River Basin is strongly affected by the East Asian Monsoon
system, with more than 70% of the total precipitation occurring during summer. The mean
annual precipitation ranges from 550 mm to 750 mm and presents a decreasing trend from
south to north; the mean annual temperature ranges from 9 °C to 14 °C [61]. The river is
divided into upper, middle, and lower sections at Zhangfeng and Wulongkou (Figure 1c).
Moreover, there are four landscape types in the Qin River Basin; from north to south, they
are as follows: stony mountain region, earth—rock hilly region, valley region, and alluvial
plain region, with stony mountain region and earth-rock region mainly distributing in the
upper reaches, valley region in the middle reaches, and alluvial plain region in the lower
reaches (Figure 1c).
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Table 1. Records of extreme floods occurring at ~4000 cal. y BP within and around the Qin River
Basin (see Figure 1 for their locations).

Dating Sample Dating Dating Data Dating Data Time

. . L1
Region No. Site Proxies Method No. Materials (y BP) (cal. y BP) (cal. y BP) References

1 Q02010-1 FS 14C Q02010-1 Bulk 3846 + 120 4253 + 162 4250 [62]
Qin River 2 Q02017-1 FS 14C Q02017-1 Bulk 3910 £ 150 4335 £+ 195 4340 [62]
Basin 3 Q02020-1 FS 14C Q02020-1 Bulk 3587 + 210 3886 + 268 3890 [62]
4 Q02026 FS 14C Q02026 Bulk 3686 + 130 4000 + 160 4000 [62]

PJCK-1 - - 4370 £ 530
5 PJCK SWD OSL PJCK-2 B B 4300 + 660 4400-4300 [63]

OSL-3 - - 3910 + 580
6 FHXC SWD OSL OSL-2 - - 4020 =+ 450 4200-3900 [64]

OSL-1 - - 4190 + 580
CHZ-2 - - 4290 £+ 175 -
7 CHZ SWD osL Chizs : : 1170 = 130 4200-4000 [65]

YGZ-3 - - 4010 £ 240
8 YGZ SWD OSL YGZ-4 - - 4030 =+ 260 4200-4000 [66]

. YGZ-5 - - 4190 £ 100

Ailfaf}f:g;ea H78 Charcoal 3570 4 35 3949 + 46
River Basin 9  Zhoujiazhuang FS AMS C E?g gﬁg;igg} ggég i gg 53993;) f14137 4400-4000 [45]

H87 Charcoal 3960 =+ 80 4409 + 116
Archaeological late -
10 Xijincheng FS - - Longshan 4200-4000 [45]

culture .
period
Archaeological late
11 Mengzhuang FS - - - Longshan 4200-4000 [67]
culture .
period

12 Erlitou FS OsL Eg _' _' iggi i gg 4000-3800 [45]

TXC-2 - - 4030 =+ 400
13 TXC SWD OSL TXC-3 B ~ 4080 + 450 4000-3800 [49]

1 FS—flood sediments; SWD—slackwater deposits.

Table 2. The counted results of plant remains from selected archaeological sites around the study
area (see Figure 1 for their locations).

No. Name Period Foxtail Millet Broomcorn Millet Rice Wheat Soybean References

1 Xijing Longshan 100 18 0 0 0 [68]

Zhoujiazhuangl Longshan 61 9 0 0 0 [68]
2 Zhoujiazhuang?2 Longshan 9135 772 142 0 0 [69]
3 Jiajiabao Longshan 66 11 0 0 0 [68]
4 Shangyukou Longshan 44 5 2 0 0 [68]
5 Hucun Longshan 166 20 2 1 0 [68]
6 Zhangjiazhuang Longshan 337 13 0 0 0 [68]
7 Chengjiazhuang Longshan 99 22 1 0 0 [68]
8 Nanbaishi Longshan 105 10 0 0 0 [68]
9 Shuinan Longshan 131 50 0 4 0 [68]
10 Taosi Longshan 9160 606 30 13 0 [70]
11 Xijincheng Longshan 740 5 82 1 8 [71]
12 Shangcun Longshan 243 83 0 0 0 [72]
13 Dalaidian Longshan 3341 216 1 2 44 [73]
14 Gouxi I Erlitou 148 3 0 0 0 [68]
15 Beiyang Erlitou 3408 178 0 0 0 [68]
16 Jiajiabao Erlitou 522 32 7 0 3 [68]
17 Xinzhuang Erlitou 783 47 0 0 0 [68]
18 Daze I Erlitou 517 21 0 0 0 [68]
19 Guojiazhuang Erlitou 639 42 0 0 0 [68]
20 Yueyabao I Erlitou 26 2 0 0 0 [68]
21 Zhangdeng Erlitou 2342 154 0 10 1 [74]
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Figure 1. Study area. The labeled sites are extreme flood records that occurred at ~4000 cal. y BP
within and around the Qin River Basin (purple circles, no. 1-13), and selected archaeobotanical
records during Longshan (green triangles, no. 1-13) and Erlitou (red boxes, no. 14-21) periods around
the Qin River Basin. Detailed information on the records of the extreme floods and archaeobotanical
results are given in Tables 1 and 2, respectively. (a) A large-scale geographic context of the Qin River
Basin. (b) Map showing the locations of serval selected archaeobotanical records. (c) Topographical
background of the Qin River Basin, and the locations of Zhangfeng and Wulongkou, which divide
the Qin River into upper, middle, and lower sections.

Due to its proximity to the core area of the Central Plains, archaeological discoveries
in the Qin River Basin have suggested that local archaeological cultures had been dra-
matically affected by the archaeological cultures from the southern Shanxi and northern
Henan regions during the Longshan and Erlitou periods [55-57]. Although no record of
subsistence strategy was collected from the Qin River Basin (Table 2), the close similarities
of ceramic assemblages clearly indicate that much communication has existed among these
archaeological cultural regions [55-58]. It thus can be inferred that the subsistence strategies
in the Qin River Basin would have been very similar to the southern Shanxi and northern
Henan regions.

Owing to easy channel migration in low reaches of the river [61], the lower reaches of
the Qin River are not included in this study in order to eliminate uncertainty on the impact
analysis of extreme floods occurring at ~4000 cal. y BP. In addition, it should be mentioned
that although the Dan River is the biggest tributary of the Qin River, due to its location
joining the Qin River at the lower floodplain (Figure 1c), this tributary is also not included
in this study. Finally, only the upper and middle reaches of the Qin River are included in
the present study (Figure 1c).

3. Materials and Methods

The primary archaeological data in this paper are from the fascicle of the Chinese
Cultural Relics Atlas in Shanxi Province [58]. Moreover, some data are also taken from
relevant archaeological survey or excavation reports [55,75]. The data from the Chinese
Cultural Relics Atlas in Shanxi Province were compiled based on the administrative unit of
county in a unified format and map projection, and we digitized the data using ArcGIS
software and positioned the locations (i.e., longitudes and latitudes) of the digitized sites.
For the archaeological data from relevant archaeological survey or excavation reports, the
locations were determined on Google Earth based on their textual description (including
location and attributes). Then, all human settlements were plotted on the relief map
obtained from the Shuttle Radar Topography Mission (SRTM4.1) digital elevation model
(DEM) (http:/ /www.gscloud.cn/, accessed on 20 May 2022) with a spatial resolution of
30 x 30 m. First, the spatial analysis tools of ArcGIS were used to map the temporal and
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spatial distribution between the Longshan and Erlitou periods, and calculate the statistical
results of human settlements at different elevations and slopes. Furthermore, buffer analysis
was also used to discuss the distance between human settlements and the rivers.

Second, to explore the relationship of human settlement distribution pattern changes
between the Longshan and Erlitou periods to extreme floods and the variety of subsistence
strategies, the records of extreme flood occurring at ~4000 cal. y BP (Figure 1a; Table 1)
and archaeobotanical data (Figure 1a,b; Table 2) during the Longshan and Erlitou periods
within and around the Qin River Basin were collected. Here, it should be mentioned that
our selections of the extreme floods were based on the following criteria: the strata unit
representing the extreme floods must be well-dated by absolute dating methods or well-
constrained by archaeological cultures (Table 1). Finally, human settlement distribution
pattern changes and their relation to extreme floods and subsistence strategy variety
were examined.

4. Results
4.1. Spatial Distribution Characteristics of Human Settlement
4.1.1. Spatial Distribution Variation in Human Settlement

Figure 2 illustrates the spatial distribution of human settlements in the upper and
middle Qin River reaches between the Longshan and Erlitou periods. Regarding the
number of human settlements, it is clear that there were many more Longshan settlements
than Erlitou settlements, exhibiting significant change in the number of human settlements
before and after ~4000 cal. y BP. During the Longshan period, human settlements were
relatively ubiquitously spread across the study area, but the number of human settlements
was smaller in the middle reaches than in the upper reaches of the Qin River (Figure 2a),
while during the Erlitou period, although the total number of human settlements was
relatively small, the number was seemingly larger in the middle reaches than in the upper
reaches (Figure 2b).
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Figure 2. Human settlement distributions of the Longshan period (a) and the Erlitou period (b) in
the upper and middle Qin River reaches.
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4.1.2. Elevation, Slope, and the Distance from the Closest Rivers of Human Settlement

To further explore the spatial distribution characteristics of human settlements during
the Longshan and Erlitou periods, the associated factors of elevation, slope, and the distance
from the closest river of these settlements were analyzed. Figure 2 and Table 3 show that
most human settlements (77.78%) were distributed at elevations between 800-1200 m asl
during the Longshan period, with relatively smaller proportion distributing at elevations
lower than 800 m asl and higher than 1200 m asl. During the Erlitou period, there was
a higher proportion (84.62%) of human settlements distributing at elevations between
600-1000 m asl, especially in the elevation range of 600-800 m asl, accounting for 61.54%,
likely suggesting that, in comparison with the previous Longshan period, the distribution
elevation of human settlement had decreased during the Erlitou period (Figure 2).

Table 3. The elevation distribution of human settlements in the upper and middle Qin River reaches
between the Longshan and Erlitou periods.

Longshan Period Erlitou Period
Elevation (m asl)
Number Proportion Number Proportion

<600 3 4.76% 0 0.00%
600-800 6 9.52% 8 61.54%
800-1000 25 39.68% 3 23.08%
1000-1200 24 38.10% 2 15.38%
1200-1400 4 6.35% 0 0.00%
>1400 1 1.59% 0 0.00%

Because slope gradient directly influences human choice of where to live and the
suitability of the area around each human settlement for agricultural development, the
slope data were extracted using ArcGIS 10.0 software from the DEM of the Qin River Basin
(Figure 1c). The results of human settlement slope in this study were first classified into five
levels based on slope gradient (Figure 3; Table 4), and then the slope was divided into three
grades: an excellent grade (0-6°), a good grade (6-15°), and a poor grade (>15°). The results
show that the Longshan and Erlitou sites were found to be concentrated within the 2-6° and
6-15° ranges, with 39 and 11 sites, respectively, accounting for 61.90% and 84.61% of the
total number of human settlements (Table 4). However, compared to the Longshan period,
the proportion of the human settlements on the excellent and good grades significantly
increased during the Erlitou period from a previous 73.02% to 92.31% (Table 4).

Table 4. Statistical results of human settlements on different slopes in the upper and middle Qin
River reaches between the Longshan and Erlitou periods.

Longshan Period Erlitou Period
Slope (°)
Number Proportion Number Proportion
0-2 7 11.11% 1 7.69%
2-6 14 22.22% 6 46.15%
6-15 25 39.68% 5 38.46%
15-25 13 20.63% 1 7.69%
>25 4 6.35% 0 0.00%
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Figure 3. The slope distribution of human settlements during the Longshan period (a) and the
Erlitou period (b).

Generally, people lived close to rivers for the convenience of fetching water. However,
people might not choose to live in areas too close to rivers because they are prone to
flooding. Because the upper and middle reaches of the Qin River are mountainous and hilly
regions with large valley slope, the river courses have had few changes since the Holocene
epoch [61]. Thus, the buffer zone of rivers was analyzed using ArcGIS 10.0 software within
a 1.5 km range at intervals of 500 m. The results show a close relationship between the
human settlement distribution and the distance to the river during the Longshan and
Erlitou periods (Figure 4; Table 5). Both Longshan and Erlitou sites were mainly distributed
in a range of 1000 m beyond water courses, accounting for 92.06% and 84.62%, respectively.

Table 5. Statistical results of the distance between human settlements and rivers during the Longshan
and Erlitou periods.

Distance from Longshan Period Erlitou Period
River (m) Number Proportion Number Proportion
0-500 41 65.08% 9 69.23%
500-1000 17 26.98% 2 15.38%
1000-1500 4 6.35% 1 7.69%
>1500 1 1.59% 1 7.69%
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Figure 4. Distances between human settlement and river course in the upper and middle Qin River
reaches during the Longshan period (a) and the Erlitou period (b).

4.2. Extreme Floods Occurring at ~4000 cal. y BP within and around the Qin River Basin

Many studies have reported extreme flood occurrences at ~4000 cal. y BP within
and around the Qin River Basin [45,49,62-67]. However, several reported extreme-flood-
indicating strata were not well constrained in their chronologies [76]. To explore the
relationship between human settlement distribution and extreme floods, reliable chronolo-
gies of extreme flood occurring at ~4000 cal. y BP should be examined. As aforementioned,
we purposely targeted the reported extreme floods that must be well dated by absolute
dating methods or well constrained by archaeological cultures within and around the
Qin River Basin, and thirteen records that contain evidence of extreme floods dated at
~4000 cal. y BP were selected (Table 1).

Table 1 and Figure 1a obviously show that the episode at ~4000 cal. y BP (with a
relatively broad range from 4300 to 3800 cal. y BP) was an episode of frequent extreme
flooding within and around the Qin River Basin. Except for five selected sites located in the
low-lying floodplain area (no. 4, 8, 10, 12, and 13 in Figure 1a), the remaining eight selected
sites are situated in highlands or in the transitional zone between highlands and lowlands
(Figure 1a). In particular, four sites (no. 14 in Figure 1a) were distributed in the middle
and lower Qin River reaches. Consequently, the episode at ~4000 cal. y BP was indeed an
extremely flood-rich episode in the Qin River Basin.

4.3. Subsistence Strategy and Its Varieties around the Qin River Basin

To uncover the subsistence strategies in the upper and middle Qin River reaches, the
archaeobotanical data from the southern Shanxi and northern Henan regions were used in
this study (Figure 1a) due to these regions exhibiting much communication on archaeologi-
cal cultures during the Longshan and Erlitou periods [55-58]. The selected archaeobotanical
data include 13 records during the Longshan period and 8 records during the Erlitou period
(Table 2), and the percentages of their counts are summarized in Figure 5. During the
Longshan and Erlitou periods, although there were five main types of crops around the Qin
River Basin, namely, foxtail millet (Setaria italica), broomcorn millet (Panicum miliaceum), rice
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(Oryza sativa), wheat (Triticum aestivum), and soybean (Glycine max), foxtail and broomcorn
millets were the two mainly cultivated crops (Table 2, Figure 5). Isotopic data from human
bone remains in southern Shanxi and northern Henan regions also suggest that humans pri-
marily relied on millet-based agriculture during the Longshan and Erlitou periods [77-80].
However, obvious differences in cropping structures existed between the Longshan and
Erlitou periods. Specifically, during the Longshan period, the average proportions of foxtail
millet and broomcorn millet were 86.52% and 11.87%, respectively. The average proportion
of foxtail (broomcorn) millet had increased (decreased) to 94.52% (5.21%) during the Erlitou
period, clearly suggesting the further improvement of the dominant role of foxtail millet in
cropping structures of human subsistence strategy (Figure 5).
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Figure 5. Abundance ratio of corps from the flotation results around the Qin River Basin during the
Longshan and Erlitou periods.

5. Discussion
5.1. Relationship between Human Settlement Distribution and Subsistence Strategy

Archaeobotanical studies over the past two decades have revealed that sedentary
agriculture dominated the subsistence strategy between ~6000 and ~5000 cal. y BP in the
Central Plains and the surrounding areas, and agriculture occupied a more prominent
position in local human subsistence strategy during the following Longshan and Erlitou
periods [81,82]. This is consistent with the selected archaeobotanical results around the
Qin River Basin (Figure 5). Consequently, during the Longshan and Erlitou periods,
local ancient people would have preferred to reside in the areas suitable for farming. As
aforementioned, the terrain in the study area inclines from north to south, with elevation
dropping from ~2500 m asl to ~200 m asl (Figure 2), and only the valleys of the Qin River
are relatively wide, flat, and conducive to the growth of crops [61]. As a result, most human
settlements of the Longshan and Erlitou periods in the study area were located close to
rivers (Figure 3), with settlement slopes concentrating within the 0-15° range (Table 4). In
other words, these human settlements were concentrated in the valley plains. However,
it should be noted that, in comparison with the Longshan period, the average proportion
of foxtail (broomcorn) millet increased (decreased) from a previous 86.52% (11.87%) to
94.52% (5.21%) during the Erlitou period (Figure 5). Related studies found that foxtail
millet requires higher soil fertility and water requirements, as well as a longer growing
period than broomcorn millet [83,84]. As a result, the proportion of broomcorn millet in
contemporaneous cropping structures was higher in areas north of the study area [85,86].
In the study area, mean annual precipitation presents a decreasing trend from south to
north [61], and the middle Qin River reaches are mainly composed of valley plains with a
lower slope gradient (Figure 3). Thus, the middle reaches of the Qin River are more suitable
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for foxtail millet cultivation than the upper reaches, likely causing more human settlements
to be distributed in the middle reaches during the Erlitou period (Figure 2).

5.2. Relationship between Human Settlement Distribution and Extreme Floods at ~4000 cal. y BP

The collected geological evidence in this study unquestionably indicates that the
episode at ~4000 cal. y BP was indeed an extreme-flood-rich episode within and around
the Qin River Basin (Figure 1a; Table 1). This flood-rich episode at ~4000 cal. y BP in the
study area is relatively well corroborated by the statistically summed flood occurrence
frequency with a bin of 400 years in the Yellow River Basin [76]. Although the cause of
frequent extreme flooding occurrence at ~4000 cal. y BP in the Yellow River Basin remains
unclear, most studies thought it was associated with the abrupt climatic change event
occurring at ~4000 cal. y BP [40-49,65-67]. As stated earlier, the distances of most human
settlements and river courses were less than 1000 m during both the Longshan and Erlitou
periods (Table 5), suggesting that human settlements in the upper and middle Qin River
reaches were extremely vulnerable to floods. Thus, frequent extreme flooding occurrences
at ~4000 cal. y BP would inevitably influence the people dwelling near the river. As a
result, between the Longshan and Erlitou periods, both the number and spatial distribution
patterns of human settlements presented significant changes (Figure 2). Obvious changes
in spatial distribution patterns of human settlements between the Longshan and Erlitou
periods most likely were local human responses to the extreme-flood-rich episode at
~4000 cal. y BP.

5.3. Possible Impact of Human Cultural Factors on Human Settlement Pattern Variation

Archaeological surveys and excavations of past decades have demonstrated that remark-
able sociopolitical variations existed during the transitional stage (i.e., at ~4000 cal. y BP)
from the Longshan period to the following Erlitou period in China [50,51,87,88]. In this
context, a large population likely migrated from the area north of the study area and trig-
gered intergroup conflict during the late Longshan period [89-93]. Through the contrast
of unearthed ceramic assemblages, archaeologists in China have speculated that a large
population had migrated from the northern Shanxi and Shaanxi regions to southern Shanxi
and northern Henan regions and then likely caused conflict with local groups [90,91]. This
speculation is supported by the evidence of violence observed at the Taosi site (no. 10 in
Figure 1a, green triangle) [92] and sudden increase in the number of weapons and walled sites
around the study area during the late Longshan period [51,91-94]. Consequently, extensive
human immigration and subsequent intergroup conflict could possibly also cause settlement
number decreases and the obvious spatial pattern variation in human settlements between
the Longshan and Erlitou periods in the upper and middle Qin reaches.

6. Conclusions

By comparing the spatiotemporal changes in human settlement, a variety of subsistence
strategies during the Longshan and Erlitou periods, and extreme floods at ~4000 cal. y BP in
the upper and middle Qin River reaches, the following conclusions can be drawn.

(1) Human settlement distribution patterns between the Longshan (from ~4400 to
~4000 cal. y BP) and Erlitou (from ~3800 to ~3500 cal. y BP) periods were significantly
different. The Longshan settlements were ubiquitously spread across the study area, while
the Erlitou settlements were concentrated in the valley plains of the middle Qin River
reaches, and the number of human settlements decreased significantly during the Erlitou
period.

(2) The collected geological evidence containing well-age-constrained extreme flooding
unquestionably indicates that the episode at ~4000 cal. y BP was an extreme-flood-rich
episode within and around the Qin River Basin.

(3) Foxtail and broomcorn millets were the two mainly cultivated crops during the
Longshan and Erlitou periods in the study area. However, there were distinct differences
in the cropping structures of human subsistence strategy, presenting a higher (lower)
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proportion of foxtail (broomcorn) millet during the Erlitou period than during the Longshan
period.

(4) Both extreme floods at ~4000 cal. y BP and the variety of subsistence strategies
influenced human settlement distribution patterns in the upper and middle Qin River
reaches. Millet-based agriculture dominated local subsistence strategy during the Long-
shan and Erlitou periods; thus, the valley plains suitable for agricultural cultivation hosted
most Longshan and Erlitou settlements. However, frequent extreme floods and intergroup
conflicts due to a large amount of human immigration at ~4000 cal. y BP that occurred
within and around the Qin River Basin are likely to have jointly caused significant set-
tlement number reduction and spatial range shrinking of settlement distribution. After
~4000 cal. y BP, owing to increasing proportion of higher-water-requirement foxtail mil-
let in cropping structures of human subsistence strategy, more Erlitou settlements were
distributed in the wetter middle Qin River reaches.
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