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Abstract: Based on archaeological surveys of Neolithic cultural development and GIS spatial 
analysis, this study reproduced the main characteristics of temporal distribution and settle-
ment selection of the sites from the Neolithic Age in Anhui and identified a relationship be-
tween environmental evolution and human activity. The results show that altitude, slope di-
rection, and slope gradient were consistent among the settlements at different stages of the 
Neolithic Age in Anhui, and the sites were mostly distributed in hilly and plain areas on 
southeast- or south-facing slopes of low gradients close to rivers. We determined that early 
Neolithic Age (9.0–7.0 ka BP) sites were scattered in small numbers and likely had little cul-
tural exchange with communities of other provinces. The environmental characteristics of 
various regions in Anhui indicated that the climate was warm and humid with extensive water 
distribution. The sites of the mid Neolithic Age (7.0–5.0 ka BP) increased rapidly with wide 
distribution. They were mainly distributed in the plain area north of the Huaihe River and the 
southwestern areas of Anhui. In the mid Neolithic Age, the warm and humid climate gradually 
dried, and our ancestors slowly developed cultural exchanges. The largest number of sites 
existed during the late Neolithic Age (5.0–4.0 ka BP), and were distributed throughout the 
province. During this period, the overall climate was relatively dry, but humans could still ob-
tain water and other resources through migration. The relatively benign climate facilitated 
cultural interaction and exchange, which increased during this time, and the Wanjiang culture 
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matured. We also determined that as early civilization evolved, cultures in different regions 
responded differently to environmental changes. In humid subtropical regions, especially in 
low-lying plains and areas beside lakes, rivers, and coastal areas, the relatively dry climate in 
the late period of the middle Holocene, prefaced by a period of high humidity, was conducive 
to the development of human culture. The evidence from the Neolithic settlements in Anhui 
therefore reflects this subtropical man-land relationship between cultural development and 
environmental conditions. 

Keywords: Neolithic; spatial-temporal distribution pattern; man-land relationship; environmental archaeology; 
Anhui, East China 

1  Introduction 

The history of human life can be summarized as developing ways to adapt to the environ-
ment around them (Li et al., 2013; Roberts, 2014; Schirrmacher et al., 2020). Understanding 
how to live successfully within our environment is still among the most pressing challenges 
facing society (Redman et al., 2004; NRC, 2010; IPCC Core Writing Team, 2014). Attempts 
to interpret the relationship between prehistoric humans, our ancestors’ settlements, the de-
velopment of primitive civilization, and the natural environment, can be traced back to the 
1950s (Willey, 1953; Haggett, 1965; Trigger, 1967). These interpretations allow us to use the 
past to further our understanding of the dynamic and complex system of human-nature in-
teraction. It is rooted in classic Chinese philosophy that man is an integral part of nature. 
Therefore, knowing how to preserve the harmony between nature and humans has always 
been an important domain in geographical science (Fu and Pan, 2016; Leng et al., 2017). 
Recently, discussions surrounding the variable patterns of human prehistoric sites and their 
geographic context in China have begun to focus on the relationship between the spa-
tial-temporal distribution of settlement sites and the geographical environment (Liu and 
Feng, 2012; Li et al., 2013; Chen et al., 2015; Wang et al., 2015; Putzer et al., 2016; 
Weiberg et al., 2016; Dutt et al., 2019; Lu et al., 2019). Previous studies have primarily fo-
cused on the Yellow River Basin (Dong et al., 2013; Guo et al., 2013; Wagner et al., 2013; 
Li et al., 2015), a delta area in the lower reaches, and the Jianghan-Dongting Plain, located 
in the middle reaches of the Yangtze River (Chen et al., 2008; Deng et al., 2009; Wu et al., 
2014a, 2014b, 2018; Zhao and Mo, 2020). Consequently, there has been little research on 
the south-north transition belt in the eastern monsoon region of China (e.g. Anhui). Studies 
in Anhui have been conducted only in either the Huaihe River Basin (Huang et al., 2006) or 
the Chaohu Plain (Wu et al., 2010). There is a lack of comprehensive environmental archae-
ologic research on past man-land relationships over a large time scale across Anhui Province. 
During the Neolithic Age, Anhui was the central region where Haidai, Jianghan, Taihu, and 
Zhongyuan cultural circles overlapped (Wu and Liu, 2004; Su, 2009). It connected the cul-
tures in all cardinal directions and was a core area for major cultural exchange and collision 
in the surrounding region. Therefore, the development of Neolithic culture in Anhui has spe-
cial significance in the origin of early Chinese civilization. Regarding the entire develop-
mental process of Neolithic culture, research on the evolution of Neolithic site distribution 
and man-land relationships in Anhui can provide a theoretical basis for research on the de-
velopment, communication processes, and laws of China’s Neolithic culture. In addition, 
this research will help reveal the evolution of cultural exchange during the Anhui Neolithic 
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Age and the rules of man-land interactions in the regional system. 

2  Geographic setting 

Anhui, located in East Asia (29.4°–34.6°N and 114.9°–119.8°E), is a near sea inland prov-
ince of East China. Its prominent rivers belong to three major river systems, the Yangtze, 
Huaihe, and Xin’an rivers. The land is mainly comprised of plains, hills, and low mountains 
(CCCAP, 1999). The major geomorphologic units include the Huaibei Plain, formed by the 
alluviation of the Huaihe River with its tributaries, and the Wanjiang Plain along the lower 
reaches of the Yangtze River, as well as the Jianghuai hills, Mt. Dabie, and mountains in the 
south of Anhui (Li et al., 2010). Across the plains, the average altitude is 20–40 m, with a 
minimum altitude below 10 m. In the Jianghuai hills, the average altitude is 300–1000 m, 
and the Lotus Peak of Mt. Huangshan, the highest point in Anhui, has an altitude of 1864.8 
m. The region’s climate is attributed to the transitional belt between the warm temperate and 
subtropical zones (IGSMAP, 2017). The Qinling Mountains-Huaihe River Line across Anhui 
divides North and South China (Sun, 2013; Wu et al., 2016). The mean annual temperature 

ranges from 14 to 17℃ with distinct seasonal changes. The annual precipitation is ap-

proximately 770–1670 mm, with more rain in the south. Precipitation is largely concentrated 
in June to September, with great annual variations (Li et al., 2010). The province has rich 
and varied biological resources, including a deciduous broadleaved forest in the north of the 
Huaihe River, and a deciduous-evergreen broadleaved mixed forest in the south of the river 
(Zhang et al., 2010). 

3  Materials and methods 

The cultural sequence of Neolithic sites in Anhui was classified into different periods based 
on: (1) the overlying relationship of the Neolithic archaeological site strata, (2) the charac-
teristics of unearthed relics, such as stone tools and pottery (CCCAP, 1998; Zhang, 2004; 
Zhu et al., 2005; Huang et al., 2006; Su, 2008; Wu et al., 2010; Zhang et al, 2010; Sun, 2013; 
Shuo, 2015; Zhu et al., 2015), (3) 14C dates of the archaeological sites (Chorography Com-
piling Commission of Anhui Province, 1998; Wu et al., 2012a, 2012b; Sun, 2013; Zhu et al., 
2013, 2015; SACH, 2014; Wang, 2015), and (4) the Anhui Chorography · Relic and An Atlas 
of Chinese Cultural Relics · Anhui (CCCAP, 1998; State Administration of Cultural Heritage, 
2014). It was then further divided into three periods: the early (9.0–7.0 ka BP), mid (7.0–5.0 
ka BP), and late Neolithic Age (5.0–4.0 ka BP). By combining the archaeological data and 
local chronicles (http://www.ahdfz.gov.cn/) with investigations of over 60 sites and their 
regional landforms, we counted a total of 367 Neolithic sites in Anhui, composed of 12 early, 
87 mid, and 268 late Neolithic sites. Meanwhile, attribute data of the sites were collected, 
including the site name, location, and age, as well as its cultural stage. 

Three essential Neolithic site distribution maps were included in this study: an SRTM 
digital elevation model (DEM) with a resolution of 90 m × 90 m, a topographic map, and a 
drainage map. The dataset was provided by the International Scientific Data Service Plat-
form of Computer Network Information Center, Chinese Academy of Sciences. The posi-
tional data of the Neolithic sites were extracted from An Atlas of Chinese Cultural Rel-
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ics · Anhui (SACH, 2014). All of the Neolithic cultural sites were plotted on a relief map, i.e. 
a Chinese vector electronic map, using MapInfo Professional 7.8 software to create a point 
layer that identified the number, name, archaeological culture, and position of each site. The 
relief map was then transformed into an ArcGIS shapefile format to obtain the layers of cities, 
rivers, reservoirs, lakes, and the basic point layer under a workspace. While in this format, 
the DEM data was added. Furthermore, ArcGIS data extraction tools were utilized to obtain 
the longitude, latitude, and altitude information of the sites and to add the property charts, 
meaning that every layer in the given workspace was edited (e.g. adjusting lines and symbols, 
setting colours and adding map elements, such as a legend, scale and compass) to create 
spatial-temporal distribution maps of the Neolithic cultural sites in different periods (Figures 
1–3). Given that there has been little change in the topography and river systems since the 
Holocene epoch in Anhui (Lu et al., 1992; Chorography Compiling Commission of Anhui 
Province, 1999; Huang et al., 2006; Li et al., 2010; Wu et al., 2010, 2016; Zhang et al., 2010; 
Wang et al., 2012; Sun, 2013), we evaluated the effects of altitude, slope direction, and slope 
gradient on the spatial-temporal distribution patterns of the Neolithic cultural sites in dif-
ferent periods using ArcGIS spatial analysis tools. Furthermore, we examined the impacts of 
regional paleoenvironmental evolution and the development of prehistoric society. Finally, 
we comprehensively discussed the characteristics of man-land relationships based on the 
evolution of site distribution patterns revealed in our research.  

4  Results and analysis 

From the macroscopic comparison of the early, mid, and late Neolithic site distribution in 
Anhui, we found that in the early Neolithic Age, the number of sites was small, and those 
sites were distributed intensively in separate areas. In the mid Neolithic Age, the number of 
sites increased greatly in the centre of the Huaibei Plain and the southwestern Anhui, but 
were distributed scatteredly and increased at a slower rate in other parts of the province. In 
the late Neolithic Age, the number of sites increased rapidly and their distribution ranged 
throughout the whole province of Anhui. We also learned that the early Neolithic sites were 
mainly separate cradles, and on that developed basis, the distribution of the mid and late 
Neolithic sites gradually expanded and extended to the surrounding areas. In addition, the 
sites were mostly distributed in places of lower altitude, such as plain and hilly areas. 

4.1  Altitude distribution 

Table 1 and Figure 1 show that, in the early Neolithic Age, 11 of the 12 sites existed below 
an altitude of 50 m and only 1, the Gouting site, was located above 100 m in south of Anhui. 
This indicates that our ancestors mainly lived in the flat hilly plain areas in this period. In 
the mid Neolithic Age, sites located at altitudes less than 50 m continued to account for a 
large proportion (Table 1 and Figure 2). Though this time had warm and humid climate con-
ditions due to the Holocene Megathermal, people still chose to live at lower altitudes. This 
could be because the widely distributed soil in the northern plain was rich in phosphorus and 
potassium, providing a natural basis for crop growth, and was therefore beneficial to human 
survival and development. The number of late Neolithic sites grew rapidly compared with  
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Figure 1  Distribution of cultural sites in Anhui during the early Neolithic Age (9.0–7.0 ka BP) 

 
the middle Neolithic Age. Those existing below 50 m doubled, but the proportion declined 
(Table 1 and Figure 3). At this time, the climate might have been drier as we identified drops 
in the sea level and river erosion datums. This led humans to move to low altitudes, which 
were close to rivers, to meet their water needs. However, not all the sites were at lower alti-
tudes, which may be due to settlements developing rapidly at that time, and increasing the 
competition between settlements for natural resources. In order to explore new living terri-
tory, some of our ancestors had to move to higher altitudes to obtain new living conditions. 

4.2  Slope direction 

Based on 0–360° azimuth values, slope directions were classified into a flat orientation and 
eight directions: north (0–22.5° and 337.5°–360°), northeast (22.5°–67.5°), east (67.5°– 
112.5°), southeast (112.5°–157.5°), south (157.5°–202.5°), southwest (202.5°–247.5°), west 
(247.5°–292.5°), and northwest (292.5°–337.5°). Slope direction data of the mid and late 
Neolithic Age sites is shown in Figure 4. 
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Figure 2  Distribution of cultural sites in Anhui during the middle Neolithic Age (7.0–5.0 ka BP) 

 
Table 1  Distribution changes of Neolithic sites with altitudes during different periods in Anhui 

Changes of site distribution with different altitudes 
Period 

< 50 m Proportion (%) 50–100 m Proportion (%) > 100 m Proportion (%) 
Total 

Early Neolithic Age 11 91.7 0 0 1 8.3 12 

Mid Neolithic Age 76 87.4 6 6.9 5 5.7 87 

Late Neolithic Age 186 69.4 44 16.4 38 14.2 268 

 

By comparing the slope directions of selected sites between the mid and late Neolithic 
Ages (Figure 4), we were able to observe the following characteristics. In the mid Neolithic 
Age, the slope directions of the sites were focused on the southeast, south, north, and north-
east directions, with the largest number of sites in the southeast direction and the smallest in 
the northwest. Such distribution characteristics are tied to the climatic environment at this 
time in Anhui. This area belonged to a distinct monsoon climate, where southeast wind pre-
vailed in summer and northwest wind prevailed in winter. In order to avoid the cold north-
west winter wind, our ancestors selected sunny locations that were inclined to the south to  
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Figure 3  Distribution of cultural sites in Anhui during the late Neolithic Age (5.0–4.0 ka BP) 
 

receive the cool from the southeast 
wind during the summer. In the late 
Neolithic Age, the number of sites 
inclined to the south was still the 
highest. Meanwhile, sites to the 
northwest and west were also popular, 
whereas the number of sites to the east, 
northeast, and north was the lowest. 
This distribution is, in part, due to the 
rapid increase in sites. In order to ob-
tain more natural resources, ancient 
humans had to choose a location with 
easy access to resources, forgoing the 
pursuit of slope direction. In addition, 
this area likely had a drier climate 

 
 

Figure 4  Distribution changes of the middle and late Neo-
lithic sites with slope directions in Anhui 
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during this period. Since the temperature was slightly higher and the sun was severe, people 
built their settlements in areas that were tilted away from the sun. 

4.3  Slope gradient 

Generally, human settlements were found on flat surfaces. In the mid Neolithic Age, 82.7% 
of the distribution of sites was within less than 2°, while this number was 81% in the late 
Neolithic Age. Meanwhile, the proportion of sites with a slope gradient more than 3° was the 
same (13.8%) in both the mid and late periods (Table 2). This indicates that the ancient peo-
ple chose similar settlements in different periods, preferring to live in areas with small slope 
gradients. A possible reason for this choice was that flat terrain was widely distributed in 
Anhui, and they would not choose to live on mountains with great slope gradients. Instead, 
they chose hilly plain areas within flat terrains that had rich resources. These areas were also 
more conducive to communication and the development of ancient cultures. 

  
Table 2  Distribution changes of the mid and late Neolithic sites with slope gradients in Anhui 

Period Slope gradient (o) 0 0–1 1–2 2–3 3–4 > 4 

Site number 21 40 11 3 3 9 
Mid Neolithic Age 

Proportion (%) 24.1 46.0 12.6 3.5 3.5 10.3 

Site number 48 116 53 14 6 31 
Late Neolithic Age 

Proportion (%) 17.9 43.3 19.8 5.2 2.2 11.6 
 

5  Discussion 

5.1  Characteristics of man-land relationship and cultural exchange 

The relationship between site distribution and altitude, slope direction, and slope gradient at 
all stages of the Neolithic Age in Anhui was generally consistent. Unlike the Yellow River 
Basin and many other regions in the Yangtze River Basin, there was no significant difference 
in the spatial characteristics of sites during different cultural periods. However, the devel-
opment of human settlement sites in the Neolithic Age was not only restricted by natural 
conditions but also affected by regional climatic and environmental evolution factors. Hu-
mans were accustomed to adapting to the changing trend of the environment, and therefore 
made adjustments to achieve the harmonious development of man-land relationship. 

The environmental characteristics of the Neolithic Age in Anhui showed both similarities 
and differences (Table 3). By comparing research results on the environmental evolution of 
typical strata in five regions of Anhui (Xu et al., 1987; The No.1 HEGT and Jin, 1990; Qu et 
al., 1998; Yang et al., 2002; Huang et al., 2006, 2007; Ma et al., 2006; Chen et al., 2009; Wu 
et al., 2010, 2012b, 2015, 2019a, 2019b; Zhang et al., 2010; Xu et al., 2011; Luo et al., 
2015), we found that the climate was warm and humid in the early Neolithic Age. Under 
these conditions, the water level of rivers and lakes rose, and marshes and wetlands were 
widespread. Considering this, the range of human activities was greatly limited and concen-
trated only in the high terrain areas to prevent the threat of natural disasters, such as floods. 
The number of early Neolithic sites in Anhui was small and their concentration in hilly ter-
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races was a response to this environment. Due to the scattered distribution of settlement sites, 
there was no evidence of a large-scale prehistoric cultural exchange (CCCAP, 1998; Sun, 
2013; SACH, 2014). 

 
Table 3  Paleoenvironmental characteristics recorded by the typical strata in Anhui 

Region Stratigraphic profile 
Time range 

(ka BP) 
Environmental characteristic References 

12.0–7.5 Warm cool but a little wetter 

7.5–5.3 Warm and humid Huangkou borehole 
in Xiaoxian 

5.3–4.0 Warm but a little drier 

The No. 1 Hydrogeological 
and Engineering Geological 
Team of Bureau of Geology 
and Mineral of Anhui Province 
and Jin, 1990; Huang et al., 
2006; Wu et al., 2019b 

5.0–4.4 Warm and relatively wet 

Huaibei Plain 

Yuchisi site in 
Mengcheng 4.4–4.0 Tend to be dry 

Ma et al., 2006; Xu et al., 
2011 

>4.5 Relatively wet Along the Huaihe 
River 

Yuhuicun site in 
Bengbu 4.5–4.0 From warm-wet to dry 

Zhang et al., 2010 

9.9–7.7 
Warm and relatively wet, with 
relatively high lake-level 

7.7–6.0 
Relatively warm and wet, with 
stable high lake-level 

6.0–4.9 
Warm and wet, with relatively 
high lake-level 

Chaohu Lake Basin Chaohu borehole 

4.9–2.2 
Relatively warm and dry, with 
low lake-level 

Chen et al., 2009; Wu et al., 
2010, 2012b, 2015, 2019a; 
Luo et al., 2015 

9.0–6.0 Warm and wet 

6.0–5.3 From damp-hot to dry-cool Wuhu borehole 

5.3–4.0 Tend to be drought 

Xu et al., 1987 

10.0–6.3 Wet 

Along the Yangtze 
River 

Longgan borehole 
6.3–4.0 Tend to be relatively dry 

Qu et al., 1998; Yang et al., 
2002 

8.8–7.0 Warm and wet 

7.0–5.0 Tend to be cool and dry 
West Anhui moun-
tainous area 

Tiantangzhai peat 

5.0–4.0 From warm-wet to cold-dry 

Huang et al., 2007 

 

In the mid Neolithic Age, the overall climatic characteristics were inherited from the pre-
vious age. The environmental characteristics revealed by each typical profile showed that 
the climate was wet at first and then gradually became dry. During this period, the sea level 
in eastern China gradually dropped (Zhu et al., 2003, 2016; Wu et al., 2014a), and the liv-
able environment of the entire region improved. Under the relatively dry climate, humans 
steadily began to be active during this period, and the number of settlement sites grew rap-
idly. Some large-scale site groups appeared, including the Lingjiatan Neolithic site group in 
Hanshan County (Wang et al., 2009; Wu et al., 2015). Sites located in low altitude areas in-
creased as well, and the distribution area gradually expanded. The major cultural regions 
were concentrated in the Huaibei Plain, the Chaohu Lake basin, and southwest and southeast 
Anhui. As cultural exchange activities progressively developed, the cultural exchange chan-
nel of the Wanjiang section of the lower Yangtze River began to form and entered the de-
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velopment stage at this time (APICRA, 2004; Sun, 2013; Shuo, 2015). 
In the beginning of the late Neolithic Age, some areas of Anhui still had a relatively wet 

climate, but generally showed the characteristics of drying. Although the climate became dry, 
it had not reached the level of drought. Humans could still easily get water and other re-
sources by moving their settlements. This was the most active period of Neolithic cultural 
development, and the number of sites increased very quickly. Neolithic sites were distributed 
in all regions of Anhui, and many larger scale site groups appeared, including the Yuchisi 
site in Mengcheng County, and the Xuejiagang site in Qianshan County (APICRA, 2004; 
Ma et al., 2006; Xu et al., 2011; Wu et al., 2019b). Different types of Neolithic cultures ex-
changed frequently. Under the combined influence of this environmental background and 
social factors, such as historical economy, the development of the Wanjiang cultural ex-
change channel entered the mature stage (APICRA, 2004; Sun, 2013; Shuo, 2015). As seen 
from the site distribution, the cultural channel lines connected various cultural areas (Figure 5). 
These lines were restricted by the geographical environment, which was mainly reflected in 
the following aspects: (1) The Neolithic culture transmission path in the Huaibei Plain was 
affected less by geological structure and landform, and more by river distribution. Three 
transmission routes of the Longshan culture were distributed along the river to the south. 
The west route (Linquan-Funan-Huoqiu line) mainly relied on Guhe and Runhe rivers to the 
southeast and reached the Jianghuai area. The middle route (Bozhou-Guoyang-Mengcheng 
line) was distributed along the Guohe and Beifeihe rivers, while the east route 
(Suixi-Suzhou-Lingbi-Sixian line) was mainly along the Tuohe River to the south. (2) Cul-
tural communication between the Huaihe River and the Chaohu Lake was greatly affected 
by the geological structure and geomorphology, as well as the river system. The cultural ex-
change between the circle centred on the Lu’an and Chaohu Lake basin relied on the 
Fengle-Hangbu River, and the line of Dingyuan-Feidong was greatly affected by the Haohe 
and Luohe rivers. (3) The southbound route of cultural exchange from the Chaohu Lake ba-
sin to the Wanjiang Plain was not obviously dependent on a river system. This could be due 
to a lack of distinct, consistent human migration as a result of the route being densely cov-
ered with rivers and lakes. The main route of the Liangzhu and Songze cultures entering 
southeast Anhui to the Wanjiang Plain existed along the Langchuan and Guxi rivers. (4) The 
lakes in the southwest of Anhui were dense, and the cultural communication was mainly 
along the Longgan Lake area and the Yangtze River into the channel of the Wanjiang section. 
Cultural communication in the Wanjiang cultural exchange channel was mainly through the 
communication of the Yangtze River. (5) The southern part of Anhui was greatly affected by 
the topography. Most of the sites were located along the Xin’an and Qingyi-Shuiyang rivers. 
Therefore, the intercultural communication relied on these two river systems. At the end of 
the late Neolithic Age, the environmental droughts worsened and the culture changed. 

5.2  Impacts of environmental change on the development of Neolithic culture 

Through a comprehensive analysis of the site distribution features in the early, mid, and late 
Neolithic Age in Anhui, and a combination of environmental evolution characteristics since 
9.0 ka BP, we found that the mid and late Neolithic Age flourished with cultural develop-
ment. The main climatic and environmental condition of this period was a humid climate  
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Figure 5  The Wanjiang channels of cultural exchange during the late Neolithic Age in Anhui 

 
gradually becoming dry. This environmental background had an important impact on the 
development of ancient culture in this region. 

Throughout the history of world civilization, the rise and fall of many early cultures was 
tied to climate change (Herzog, 1998; Cullen et al., 2000; Haug et al., 2003; Roberts, 2014). 
In Chinese civilization, the climate of the early Neolithic Age was warm and humid, and 
cultural development was slow. After the mid Neolithic Age, the climate began to dry and 
human activity gradually intensified (Chu, 1973; Wu and Liu, 2004; Mo et al., 2010; Yang et 
al., 2015). Zhu et al. (2003, 2016) and Wu et al. (2014a, 2014b, 2019c) analysed the spa-
tial-temporal distribution of Neolithic sites and marine foraminifera remains of typical ar-
chaeological strata in the Yangtze River Delta and Ningshao Plain, and inferred that the 
warm and humid climate and high sea level before 7.0 ka BP limited the development of 
human settlements. However, from 7.0 to 4.0 ka BP, the climate gradually became dry and 
the sea level lowered. At this time, Neolithic site continuously appeared and gradually in-
creased, leading to the development of prehistoric civilization. Although cold and dry events 
like ca. 5.5–5.0 ka BP also occurred during this period (Long et al., 2007; Wu et al., 2012a; 
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Zhao et al., 2013), the general trend of Neolithic cultural development did not reverse. 
However, under the influence of the strong cold and dry events around 4.0 ka BP, China’s 
civilization underwent significant changes (Wu and Liu, 2004; Wang et al., 2005; Liu and 
Feng, 2012; Wu et al., 2012a; Yuan and Han, 2013; Wu et al., 2017). Most cultures inherited 
from the Neolithic Age tended to die out, while the Xia Dynasty’s civilization represented by 
the Erlitou Culture in the Central China Plains rose. Wang et al. (2015) analysed the differ-
ences in settlement evolution before and after 4.0 ka BP in Yulin of Shaanxi and Luoyang of 
Henan, and the causes of paleoclimate. They found that after the 4.0 ka BP event in the 
Luoyang area, precipitation was at an annual average of approximately 500 mm. This, com-
bined with favourable water utilization conditions and sustainable agriculture, aided to fur-
ther develop settlements and culture. After this event, the average annual precipitation in 
Yulin area decreased to 350 mm, and the climate transformed into a semi-arid climate. As a 
result, drought-farming could not be sustained and the number of settlements decreased 
sharply, leaving an obvious declining trend for the culture. 

Based on our findings, drought can create or destroy civilizations. In the mid and late 
Neolithic Ages, the environmental conditions that tended to be dry often changed the previ-
ous excessive humidity, which brought convenience to the integration of culture and thus 
drove the development of civilization. However, once the degree of dryness exceeded a cer-
tain threshold, the resources pursued by humans were greatly reduced, and human civiliza-
tion faced new challenges. At that time, the old culture would die out and a new, more ap-
propriate culture would develop. Therefore, in the process of Chinese early civilization, hu-
midity and drought were neither conducive nor a hinderance to the development of culture, 
and different cultures in different regions had different responses to environmental evolution. 
Under the environmental background of north and northwest China, the formation of an arid 
climate led to the decline of Neolithic culture by influencing water availability, social, po-
litical, and economic factors. For example, Yang et al. (2015) documented a threshold event 
ca. 4,200 years ago in the Hunshandake Sandy Lands of Inner Mongolia, northern China, 
which is associated with groundwater capture by the Xilamulun River. This process initiated 
a sudden and irreversible region-wide hydrologic event that exacerbated the desertification 
of the Hunshandake, resulting in the devastation of the Hongshan culture (6.5–3.5 ka BP, 
one of the important origins for Chinese civilization) (Su, 2009; Wang, 2015) and a 
post-Humid Period mass migration of northern China’s Neolithic cultures. As for the 
warm-humid subtropical climate zone, ‘most of them are mountains, arable land under water, 
wet, anaerobic and close to river’, especially flat and low plains of rivers, low-lying land 
along rivers and coastal regions (Lu, 2006; Zhu et al., 2013, 2015; Wang and Wu, 2018). 
Therefore, a relatively dry climate environment was conducive to the development of human 
culture within limitations. The relationship between the cultural development of Neolithic 
settlement sites and the environment in Anhui reflects this man-land relationship. 

6  Conclusions 

The relationship between site distribution and environmental elements (i.e. altitude, slope 
direction, and slope gradient) at all stages of the Neolithic Age in Anhui was generally con-
sistent, and there was no significant difference in the spatial characteristics of site distribu-
tion in different cultural periods. The settlement sites in Anhui were mainly distributed in 
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flat, low-lying plains with an altitude below 50 m, and the slope direction was predomi-
nantly south-southeast. More than 80% of the sites were distributed in areas with a slope 
gradient less than 2°.  

The number of early Neolithic sites in Anhui was small and concentrated in a certain re-
gion, with an overall scattered distribution. At this time, there was no evidence of cultural 
exchanges with other provinces. The environmental characteristics of various regions in the 
province indicated that the climate was warm and humid, and water bodies were widely dis-
tributed. By the mid Neolithic Age, the number of sites had increased rapidly with a wide 
distribution area. The main cultural areas were concentrated in the Huaibei Plain, southwest 
and southeast Anhui, and around the Chaohu Lake line, while the development of other areas 
remained slow and scattered. During this period, the climate began to change from 
warm-wet to warm-dry, and cultural exchange activities gradually developed. In the late 
Neolithic Age, the number and distribution of sites reached their peak. The climate was rela-
tively dry, but humans could still obtain water and other resources by moving their settle-
ments. The suitable climate and environment made communication between different Neo-
lithic cultures very prosperous. The ancient settlements and cultural development increased, 
and the Wanjiang cultural exchange channel developed, entering a mature stage. 

In the early civilization development, cultures in different regions had different responses 
to environmental changes. In subtropical areas with a warm and humid climate, especially 
low-lying river and lake plains, and low-lying areas along rivers and coastal areas, a rela-
tively dry climate environment was conducive to the development of human culture. The 
distribution and evolution of Neolithic sites and the relationship between cultural develop-
ment and the environment in Anhui reflects this man-land relationship. 
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