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Abstract: Cultural diffusion is one of the core issues among researchers in the field of cultural
geography. This study aimed to examine the spatial diffusion patterns of the Qijia culture (QJC) to
clarify the origin and formation process of Chinese field model-based cultural diffusion patterns
(FM-CDP) and geographic information system (GIS) spatial analysis methods. It used the point data
of Qijia cultural sites without time information and combined them with the relevant records of
Qijia cultural and historical documents, as well as archaeological excavation materials. Starting with
the spatial location information of cultural distribution, it comprehensively analysed the cultural
hearth, regions, diffusion patterns, and diffusion paths. The results indicated the following. (1) The
QJC’s heart is in the southeast of Gansu Province, where the Shizhaocun and Xishanping sites are
distributed. (2) Five different levels of cultural regions were formed, which demonstrated different
diffusion patterns at different regional scales. On a large regional scale, many cultural regions
belong to relocation diffusion patterns. Meanwhile, at the small regional scale (in the Gansu-Qinghai
region), there are two patterns of diffusion: expansion diffusion and relocation diffusion; however,
the expansion diffusion pattern is the main one. (3) Based on the relationship between the QJC,
altitude, and the water system, the culture also has the characteristics of diffusion to low altitude
areas and a pattern of diffusion along water systems. (4) There is a circular structure of the core,
periphery, and fringe regions of the QJC. Finally, (5) the dry and cold climate around 4000a B.P.,
the cultural exchange between Europe and the Asian continent (the introduction of barley, wheat,
livestock and sheep, and copper smelting technology), and the war in the late Neolithic period were
important factors affecting the diffusion of the QJC.
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1. Introduction

Research on the origin of Chinese civilisation has attracted extensive attention since
the 20th century [1]. Since the 21st century, with the launch of the ‘source exploration
project of Chinese civilisation’, the exploration of the origin of Chinese civilisation has
entered a new stage [2]. The Qjjia culture (QJC) was formed in the late Neolithic period,
in 4300-3500a B.P. This is roughly equivalent to the history of the Xia Dynasty. It laid the
tone for Chinese civilisation, and has become the focus of exploring the origin of Chinese
civilisation [3]. The spatial diffusion of the QJC has provided valuable contributions to the
extensive scientific projects of the origin exploration project of Chinese civilisation [1,4].
It is also helpful to explore the development track of prehistoric culture from region to
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continent more clearly. Many studies show that the prehistoric social process, especially the
rise and fall of ancient civilisations, is related to the spatial expansion of ancient culture [5].
For example, in the development of the Chinese civilisation, cultural expansion played a
role in promoting the evolution from Neolithic culture to Bronze Age culture [6]. Therefore,
exploring the spatial diffusion patterns of the QJC can help us understand the origin of
Chinese civilization.

Since the 1980s, owing to the rapid growth of China’s economy, the number of archae-
ological field investigations and excavations has exponentially increased [7]; this work has
given rise to a wealth of data for future generations [8,9]. Regionally, research on the QJC
is limited to certain regions. These include the eastern or north-eastern Tibetan Plateau,
the Loess Plateau, and the Gansu and Qinghai regions [10]. Therefore, the current research
on the QJC is limited to the small area listed above, and there are few studies on the QJC
in the Yellow River Basin and the whole of China. In terms of research content, existing
studies have mainly focused on the classification of the QJC using stages and types [11],
agricultural and economic forms [12], and features of tombs [13]. For example, regarding
the division of stages and types of the QJC, Xie Duanju divides the QJC into the eastern
region (the eastern region of Gansu, including the Jingshui River, Weihe River, and the
upper reaches of the Western Han River), the central region (the central region of Gansu,
including the upper reaches of the Yellow River and its tributaries, the Taohe River basin,
and the Daxia River basin), and the western region (western Gansu province and eastern
Qinghai Province, including the upstream of the Yellow River in Qinghai province and
its tributaries, the HuangShui and Hexi corridor) [11]. Ye Maolin et al. discussed the
agricultural and economic forms of the QJC period based on millets, animal remains, bone
needles, jade and stone tools, and other relics unearthed from the QJC site [12]. As for the
study of tombs, Xie Duanju et al. made a comprehensive preliminary summary of the shape
and structure of the tombs, burial tools, and burial products based on the burial materials
unearthed in the Qijia cultural site [11]. The above research provides rich information for
an in-depth discussion of related QJC issues. However, it only takes the excavated relics
as the main research object from the perspective of history and archaeology, and uses the
qualitative description method to summarize the macro research on related content. The
research content is relatively simple. There is a lack of research using quantitative and
qualitative methods for specific issues of QJC. For example, the cultural hearth of the QJC
has not been adequately researched. There are few relevant historical records, and most
of the available materials are mixed with myths and legends, which have low credibility.
Therefore, Han Jianye and other relevant scholars, based on archaeological excavation data
and the types and forms of unearthed artefacts, believe that the southeast Gansu province,
representing the remains of the seventh period of Shi Zhaocun of Tianshui, is the hearth of
the QJC [14]; however, this study lacks verification based on quantitative methods. Most
studies on the spatial diffusion of the QJC focus on the expansion scope of the QJC. Li
Shuicheng and Dong Guanghui have outlined the spatial scope of QJC in Ganging based
on the existing cultural relics survey results and archaeological survey reports [15]. How
did the QJC spread out from its cultural hearth? At present, there is a lack of research on
the diffusion patterns of the cultural region formed by cultural diffusion.

Geographic information system (GIS) technology was initially applied to archaeologi-
cal research, regional systematic investigation and site planning, prehistoric settlement and
environmental archaeology, and prehistoric cultural sites [16]. For example, Gaffney and
others used GIS to study the territorial boundary, land use, and site selection factors of the
Hvar region [17]. Van Leusen discussed the relationship between the site vision difference
and its functional difference of South Limburg in the south of the Netherlands through clus-
ter analysis [18]. In the application of GIS in heritage protection planning, Nanjing Normal
University first developed the GIS system for archaeological sites in the lower reaches of
the Yangtze River, and discussed the role of GIS in archaeological information management
systems [19]. The application of GIS in settlement and environmental archaeology mainly
focuses on social complexity and population research. For example, Liu Jianguo used
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GIS to study the archaeological and social complexity of settlements in the Linfen basin,
Luoyang basin, Huanhe, Qixing River, and Meiyang River [20]. The application of GIS
spatial analysis in the field of prehistoric culture research mainly focuses on the study of
the spatial distribution and pattern of prehistoric cultural sites. For example, WulLi et al.
compared and analysed the spatial and temporal distribution characteristics of prehistoric
cultures in Zhejiang since the Holocene based on GIS spatial analysis [21]. Dominic Hosner
et al. studied the spatial and temporal distribution pattern of 51,074 archaeological sites
from the Neolithic to the Iron age in China based on GIS spatial analysis [22]. In general,
people pay increasingly more attention to the research on prehistoric culture supported by
GIS. However, few studies have applied GIS spatial analysis and cultural diffusion patterns
to prehistoric culture.

The main purpose of this paper is to assess the diffusion patterns of the QJC in space.
However, the time information of most Qjjia cultural sites is missing. The field model-based
cultural diffusion pattern (FM-CDP) model studies the spatial diffusion mode of the QJC
without the time information, mainly generating the density surface of the distribution
of cultural sites according to the dispersion degree of the QJC sites. By calculating the
density surface, the distance between the QJC sites is skilfully transformed into the mutual
relationship of QJC. To complete the transformation of the QJC from “point” diffusion to
the “surface” of cultural region, we extract the cultural hearth, cultural region, diffusion
patterns, and internal classification structure of the QJC space diffusion, and quantitatively
describe QJC space diffusion [23-26]. Therefore, the FM-CDP model plays an important role
in the analysis of QJC diffusion. It is a method of cultural diffusion based on the field model,
that is, by using the point data of a cultural event, it detects cultural areas at different levels,
automatically identifies their spatial diffusion mode, and calculates the spatial diffusion
relationship between cultural areas. Zhang Haiping [25,26] verified the effectiveness of the
FM-CDP by analysing the spatial diffusion patterns of rural places in China. The results
showed that the FM-CDP can effectively identify the existing cultural diffusion patterns
using the point data of specific cultural characteristics. This method can also be applied to
analyse other cultural diffusion patterns that represent certain cultural phenomena in the
form of point features. Because the QJC site data lack information on time, it is difficult
to study the spatial diffusion of the QJC. Therefore, this article embarks from the space
perspective of geography, with the strong objectivity of archaeological reports and the
basis of historical documents to confirm each other, on the basis of the theory of cultural
geography spatial diffusion, based on the cultural diffusion model (FM-CDP), from the
spatial location information of the distribution of cultural sites, to explore its cultural hearth
and its diffusion patterns. This provides a new idea for the study of prehistoric culture
without time information.

Regional Environments

According to currently known archaeological excavation data and historical docu-
ments, there are more than 3000 sites with QJC characteristics in mainland China. These
sites are mainly distributed in the Yellow River Basin and its tributaries [11]. The distribu-
tion ranges from the eastern foot of the Qinghai-Tibet Plateau in the west to the Guanzhong
Plain in the east [27], and from the Inner Mongolia Plateau in the northwest to the Sichuan
Plateau in the south [28,29]. Regarding the administrative division, it extends west to
Qinghai Province [30,31], east to Henan Province [32], north to Inner Mongolia Alxa [27],
and south to Sichuan Province [33]. However, the core region of its distribution is in Gansu
Province [34].

Qijia culture is mainly distributed in the intersection of the Qinghai-Tibet Alpine
region, the eastern monsoon region, and the arid northwest region (Figure 1). The regional
climate difference is obvious, and the annual average temperature and annual precipitation
are also different. The annual average temperature is as high as 12 °C and as low as
—6 °C [35]. The highest annual precipitation is 800 mm, and the lowest is less than
50 mm. The climate gradually becomes drier from the southeast to the northwest, and
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the vegetation gradually changes from grassland to desert, which is the transition zone
from semi-humid to semi-arid to arid. Climatic conditions and the natural environment are
relatively harsh, with strong sensitivity and instability [36]. Therefore, human activities
in this region are greatly influenced by the natural environment more than other regions
in the same latitude. The main distribution area of the culture is the intersection of the
Qinghai-Tibet plateau, Loess Plateau, and Inner Mongolia Plateau, with complex and
diverse landforms. The lowest altitude is less than 600 m, and the highest is more than
6000 m. The terrain characteristics are obviously different, mainly including mountains,
plateaus, plains, and basins. The region includes the Qilian Mountains, Hexi Corridor,
Loess Plateau, and other topographic areas. Such complex topographic features promote
or hinder the diffusion of the Qijia culture [35]. At lower altitudes, the hydrothermal
conditions are better, the loess accumulation is thicker, and the cultivation conditions are
better. Therefore, most of the QJC is distributed at lower altitudes. The QJC was mainly
distributed in the middle and lower reaches of the Yellow River Basin, including Weishui,
Taohe, Daxia, and Huangshui [36]. Rivers are affected by terrain, and most of their flow
direction is consistent with the direction of mountains and terrain. The sites are generally
located on loess platforms on both sides of rivers, and are close to water sources.
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Figure 1. The major provinces where Qijia cultural sites are distributed, along with their rivers and
topographies. Also depicted are the archaeological site data of Chinese provinces and autonomous
regions published in the Atlas of Chinese Cultural Relics (brown points) series.

2. Materials and Methods
2.1. Sources of Archaeological Information

The first national survey of cultural relics in 1956 left no statistical data; therefore,
the data of the Qijia cultural sites used in this study have been taken from the results of
the second National Survey of Cultural Relics conducted by the State Administration of
Cultural Heritage from 1981 to 1985: the Atlas of Chinese Cultural Relics Gansu Volume, the
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Atlas of Chinese Cultural Relics Qinghai Volume, the Atlas of Chinese Cultural Relics Ningxia
Volume, the Atlas of Chinese Cultural Relics Inner Mongolia Volume, the Atlas of Chinese Cul-
tural Relics Shaanxi Volume, the Atlas of Chinese Cultural Relics Shanxi Volume, the Atlas of
Chinese Cultural Relics Sichuan Volume, the Atlas of Chinese Cultural Relics Henan Volume,
Thirty Years of Cultural Relics and Archaeology, Fifty Years of Archaeology in New China, Sixty
Years of Chinese Archaeology, Archaeological Discoveries and Research in New China, Chinese
Archaeology—Neolithic Age Volume, and an excavation briefing of the relevant sites. Among
them, most of the data were collected from the results of the second national cultural
relics census hosted by the State Administration of Cultural Relics from 1981-1985 [37-44].
According to the published archaeological excavation briefs and historical documents, no
distribution of QJC was found in other Chinese provinces. Therefore, it was not included
in this study’s data collection scope. The Atlas of Chinese Cultural Relics in the provinces
used in this study consists of a site location map and a concise description. The atlas
provides relatively comprehensive coverage of all known sites obtained through rescue,
archaeological excavation, systematic investigation, and accidental discovery. However,
the specific geographical coordinates of each site and the specific activity age data of the
site point in the map set were missing. Therefore, it was impossible to use the conventional
mathematical statistical model such as quantitative analysis based on statistics and be-
havioural geography to study the related culture [45-47]. The DEM data used in this study
primarily came from the GDEMV3 30M resolution digital elevation data jointly released by
NASA and METI on 5 August 2019. The data format is Geo TIFF (signed 16 bits). Users can
download it from the Geospatial data cloud platform of the computer network information
centre of the Chinese Academy of Sciences (http://www.gscloud.cn, accessed on 5 August
2019). In addition, China’s administrative boundaries, rivers, provincial capitals, and other
data were derived from the 1:250,000 topographic element data of the State Bureau of
Geographic Surveying and Mapping Information.

2.2. Data Processing

In this study, the QJC data are represented by QJC sites or sites with Qjjia cultural
elements; however, the scales and areas of these sites are inconsistent. To unify the data
format, points are used in this study to represent the QJC; that is, a point represents a QJC
site (see Figure 2a). Before analysing the diffusion patterns of the QJC, it was necessary to
process the cultural sites” data. First, an Excel table of basic information such as the number,
specific site name, administrative affiliation, longitude, latitude, site area, altitude, and other
basic information of each Qjjia cultural site was developed. Since the specific geographical
coordinates of most sites were unknown, it was necessary to locate the coordinates based
on the site location, administrative division, and text descriptions of geographical locations
within the map. This work, combined with the use of Google Earth to obtain the data
with decimal coordinate values according to the geographical location and administrative
division of the site points in the relevant cultural relics” atlas, facilitated the direct use of the
ArcGIS 10.3 software. After obtaining the corresponding coordinate values, we used the
‘coordinate inverse check’ function in Google Maps to check the sites to ensure the accuracy
of their positioning. Second, the point layer was created using ArcGIS 10.3 based on the
Excel table data. We selected the GCS_ WGS_ 1984 coordinate system, used Add X Y Data
in the file to load the created Excel table, and selected the corresponding longitude and
latitude values in the X and Y drop-down menus. After the point layer was generated, the
output data were the vector point data in the Shapefile format. Finally, in the geographic
coordinate systems (GCS) and projected coordinate systems (PCS), by taking ‘m” as the
unit of site point data, the decimal latitude and longitude data were added. We selected the
WGS_1984 coordinate system in GCS; in order to perform the data calculation, we changed
the data unit to m and selected WGS_1984_UTM_Zone_48N from the PCS. We ensured the
correct coordinate system during data analysis.
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Figure 2. Qijia cultural site and density surface field. (a) Points represent Qijia cultural elements and
(b) Kernel density map of the Qjijia culture.

2.3. FM-CDP Diffusion Model

The FM-CDP model is a quantitative model based on the theory of cultural diffusion.
It explores the mode of cultural space diffusion based on the GIS field model method, and
visually expresses the cultural spatial diffusion model [22-26]. This model was originally
used to investigate the spatial diffusion pattern of the place name cluster. This is because
the data sources of the Qijia cultural site and the place name cluster do not have time
attributes, and merely possess point elements that show the status. However, this type of
prehistoric culture has continuity. Therefore, this model can effectively explore the spatial
diffusion patterns of the QJC. The FM-CDP model is composed of three sub-models: DCR
(detection of cultural region), RDT (recognition for diffusion types of cultural region), and
ISCD (inferring for internal structure of cultural diffusion). The DCR model is mainly used
to identify cultural hearths and detect cultural regions. The RDT method recognises the
diffusion patterns of cultural regions, and the ISCD model infers the internal structure of
cultural diffusion.

The FM-CDP model is a method used by Zhang Haiping et al. that uses the results
of the second national census of place names to solve the problem that some elements
of place names have time attributes, but most of them do not. GIS is used to quantify
the analytical method; the cultural diffusion model is proposed around the question of
“how to use quantitative methods to mine the cultural spatial diffusion patterns of place
names and cultural hearth” [22-26]. Cultural diffusion is regarded as a continuous process
because its boundary is fuzzy. The field model in GIS can efficiently solve the problem
of boundary fuzziness and continuous change in space. As a result, the model, based on
the GIS field model and the use of distribution on the space of a cultural phenomenon or
event of point data, tests the different levels of cultural regions, automatically identifies
the spatial diffusion types of cultures and the spatial diffusion relations between cultural
regions, and effectively determines the cultural diffusion patterns on the basis of point
elements [22-26]. In addition, this common method can be applied to the analysis of other
cultural diffusion patterns that are represented by point elements. This model emphasises
the expansion and relocation diffusions based on the relationship between distance and
neighbours in geospatial space.

The GIS field model is one of the most basic GIS data models [22-26]. The GIS
field model emphasises the continuous features of geographic objects. Based on raster
data, the model can construct a smooth and continuously changing density surface on
the basis of a certain cultural feature point in space, such that high-density regions can
be recognised well and the spatial relationship between these regions can be calculated
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to a certain extent. On the one hand, a field model is better for modelling continuous
phenomena and geographical boundaries with fuzzy borders, such as the analysis of
mountains, temperature, and pollutant diffusion. Therefore, a field model is generally
used to solve these problems. On the other hand, a field model can be converted into a
data structure, such as contour lines, which can reflect hierarchy. The density surface of an
area of cultural phenomena and elements is located in the region with the locally highest
value. We can extract the local maxima of the density surface of cultural phenomena,
such as extracting the peaks of mountains, by using a digital elevation model (DEM),
providing a reference for detecting cultural regions [26]. In identifying cultural region
types, the cultural phenomenon itself exhibits blurred boundaries, but a field model is good
at extracting spatial relationships from continuous surface models, and thus identifying
cultural diffusion types in cultural regions becomes possible. Moreover, a field model
can efficiently extract the diffusion pattern from the characteristics of GIS spatial analysis,
because the density surface constructed by the point features is hierarchical. Obtaining
a high-density cultural region or calculating the type of diffusion in a cultural region is
relatively easy.

3. Results
3.1. Qijia Cultural Hearth and Cultural Regions

The cultural hearth was the place where specific cultural aspects, phenomena, or
systems originated. Based on the FM-CDP cultural diffusion model and the GIS database
of Qijia cultural site points, the points were converted into a density-based grid surface.
The local maximum of the new grid was obtained using the GIS field model, and the
hearth of QJC was obtained according to the difference between the density-based surface
field, Figure 2b, and the local maximum of the new grid. Through the archaeological
excavation data related to the QJC, the literature, and the distribution range of cultural site
clusters [37-44], it was verified that the eastern part of Gansu Province was dictated by
the Shizhaocun and Xishanping sites as the cultural hearth of the QJC [14]. Therefore, this
study took its distribution area as the hearth of the QJC for follow-up analysis.

Through the FM-CDP sub model DCR and the spatial distribution characteristics of the
QJC, several cultural regions were obtained (Figure 3). Based on the kernel density analysis,
the sub model transforms the distance between cultural sites into the interaction relationship
of cultural sites through the density calculation, and completes the transformation of culture
diffusion from “points” to “surfaces” of cultural regions. Figure 3 shows that a continuous
and smooth density surface field was obtained according to the Qijia cultural points with
different weights in the search area. This indicates that the hot spots with a high density
and a certain scale were Qijia cultural areas. According to the scale and size of the cultural
regions, they were divided into five different levels. Level 1 indicates that the distribution
scope and density of the QJC are the largest, and Level 5, the smallest. Based on the
spatial distribution of the cultural regions, several major paths that diffused from the
cultural hearth of the QJC were manually drawn to obtain several main diffusion directions.
These included the Hexi Corridor, Inner Mongolia Plateau, Northwest Sichuan Plateau,
and Guanzhong Basin. The Northwest Sichuan Plateau and Guanzhong region formed a
far-reaching diffusion path.
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Figure 3. Spatial diffusion results of the QJC (cultural regions are divided into five grades based on
scale and size).

3.2. Spatial Diffusion Patterns of QJC

We used the FM-CDP sub-models, RDT and ISCD, to quantitatively identify the
diffusion mode of the QJC and its diffusion patterns at the large regional scale (Figure 4a).
We also used the small regional scale in the Gansu-Qinghai region (Figure 4b). Among them,
the blue cultural region is the result of relocation and diffusion, and the relocation diffusion
pattern is represented by a broken line. The red cultural region is the result of expansion
diffusion, which is represented by a solid line. The results show that the expansion diffusion
pattern at a large regional scale changes into the coexistence of expansion and relocation at
a small regional scale in the Gansu-Qing region. At the small regional scale, the QJC is a
diffusion pattern with expansion as the primary and relocation as the auxiliary pattern. Th
expansion diffusion was the result of diffusion near the cultural hearth, whereas the result
of relocation diffusion was far away from the cultural hearth.
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Figure 4. Patterns of Qijia cultural diffusion (cultural regions indicated by red and blue points,
respectively, belong to expansion and relocation diffusions). (a) Patterns of Qijia cultural diffusion
on a large regional scale and (b) patterns of Qijia cultural diffusion on a small regional scale in the
Gansu—Qinghai region.

Regarding the specific regions, the QJC mainly diffused westward to the Hexi Corridor,
and even to the terraces of the Hehuang (water) River Valley and its tributaries in the eastern
agricultural area of Qinghai on the south-eastern edge of the Tibetan Plateau. It diffused
eastward to the Guanzhong Plain and southward to the Xianshui River, a tributary of the
Yalong River. It also diffused northward to the Hetao area of the Inner Mongolia Plateau.
However, the main diffusion area was in the Yellow River Basin.

Based on the diffusion model, the diffusion path map of the QJC is obtained as shown
in Figure 5. The density of the points representing cultural phenomena varies by cultural
regions; additionally, their distribution ranges are also different. Therefore, as combined
with the density value and distribution range, the cultural region is divided into five
levels. At a large regional level, the cultural region directly or indirectly connected with the
cultural hearth belongs to the expansion diffusion pattern. Conversely, it is the relocation
diffusion pattern. Figure 5 indicates that relocation diffusion occurs mainly in smaller
cultural regions. Observing the diffusion pattern around the cultural hearth, we noted that
several high-level cultural regions formed near the cultural hearth. The closer a region
is to the cultural hearth, that is, the closer it is to the southeast of Gansu province, the
higher its level of Qjjia culture. This indicates that the characteristics of the Qijia cultural
elements are clear: the further away from the cultural hearth—that is, the closer to the
Hexi Corridor Area, Hetao area, Guanzhong Plain, Northwest Sichuan Plateau, and other
areas—a region is, the lower its level of Qijia culture (i.e., there are fewer and less obvious
Qijjia cultural elements).
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Figure 5. The diffusion path map of QJC. (a) The spatial distribution of the cultural hearth, the
distribution of different levels of cultural regions, and the internal structure of cultural diffusion.
(b—d) Local enlarged maps representing the paths of Qijia cultural diffusion in different regions. The
green, blue and red rectangles represent the areas of the (b—d) diagram respectively.

3.3. Characteristics of QJC Diffusion to Low Altitude

Majiayao culture and QJC are both Neolithic cultures with roughly the same spatial
distribution [31,36]. In order to better explore the diffusion characteristics of the QJC,
Majiayao culture is selected for comparative analysis. Due to the influence of natural geo-
graphical factors such as climate, water sources, and topography in the distribution area of
Qijia cultural sites, the QJC has the spatial distribution characteristics of relative dispersion
at a large regional scale and relative concentration on a small regional scale [48]. Compared
with the Majiayao culture, the QJC has an expanded spatial distribution range and obvious
south diffusion characteristics. The centre of gravity retreats to the south of 36°N. In low
altitude areas with dense rivers, the culture significantly increased. Simultaneously, the
QJC has an obvious diffusion trend from the upper reaches of the Yellow River to the
middle and lower reaches of the river.

The relationship between the spatial distribution and altitude of the QJC and the
Majiayao culture was obtained from the ArcGIS 13.0 spatial analysis tool (Figure 6a). By
taking the distribution frequency of cultural sites as the index and considering the selection
of cultural sites at different elevations in the same cultural era, there was a change in the
number of cultural sites of the Majiayao culture and the QJC at an elevation of 2000 m;
therefore, 2000 m was selected as the elevation critical value. As can be seen from the
bar chart in Figure 6, the Majiayao culture accounts for 56.34% of the areas above 2000 m,
showing the characteristics of concentrated distribution at high altitude. The proportion of
QJC and Majiayao culture sites below 2000 m is 74.39% and 43.66%, respectively. It shows
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that the QJC has the characteristics of spreading more to low altitude areas compared to
the Majiayao culture.
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Figure 6. The relationship between the spatial distribution of culture, altitude, and water. (a) Counts
of QJC and Majiayao culture at different elevations and (b) counts of QJC and Majiayao culture at
different distances to rivers.

3.4. ‘Water Diffusion” of QJC

The QJC period involved a low-level stage of social development. The natural environ-
ment had a significant restrictive effect on human production and life. The ancestors of the
Qijia people mainly lived near water to adapt to and make use of their natural environment.
Finally, the water system facilitated cultural diffusion.

The ArcGIS 13.0 spatial analysis tool was used to analyse the buffer zone of the
water system in the distribution area of the QJC and the Majiayao culture at an interval
of 1000 m (Figure 6b). This was where the cultural points with 0 m that were not in the
buffer zone were deleted without statistical analysis to obtain the relationship between the
spatial distribution of the QJC, the Majiayao culture, and the water system. The histogram
indicates that the QJC and the Majiayao culture are mainly distributed within 2000 m
of the river, accounting for 54.5% and 55.8%, respectively. This indicated that both QJC
and prehistoric culture have the characteristics of a concentrated distribution near water.
Within 3000 m of the river buffer zone, the QJC accounts for 66.6% of the total culture, and
the Majiayao culture accounts for 67.8% of the total culture. Compared with the QJC, the
Majiayao culture was concentrated within 3000 m of the river, indicating that, compared
with the Majiayao culture, the cultural diffusion of the QJC could not be separated from
the support of the water system, and the diffusion characteristics along the water system
were obvious.

The QJC takes the cultural hearth as the centre and mainly diffuses to the surrounding
areas along the main stream of the Yellow River and its tributaries. The Yellow River
connected the QJC in the east, west, north, and south regions in a series to form a point
axis structure. It was then extended to the north and south, showing the characteristics of
scattering from the east, west, north, and south.

3.5. Circular Structure of Qijia Culture

The circular structure of the QJC occurred as a result of its spatial diffusion. After
nearly 800 years of continuous diffusion, the QJC diffused along the Yellow River and
its tributaries to the southeast edge of the Tibetan Plateau, northwest Sichuan Plateau,
Inner Mongolia Plateau, Guanzhong Plain, and other regions. This is where it formed a
circular structure (Figure 7). According to the theory of cultural geography, the cultural
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characteristics of the cultural hearth area are the most obvious and typical. With an increase
in the distance from the cultural hearth area, the cultural characteristics gradually weaken,
conforming to the principle of distance attenuation, and finally disappear [49]. Given the
lack of time information of most Qijia cultural sites, the Qijia cultural region has been
detected based on the ArcGIS 13.0 buffer analysis function. After several tests, the results
are the most ideal when the search radius is 260 km, without considering topography and
other factors. Therefore, taking the cultural hearth area of Qijia as the core, 260 km as the
radius parameter, and province as the basic unit to establish the buffer zone, the core area
of the spatial diffusion of the QJC can be obtained. When the radius parameters are 520 km
and 770 km, the sphere and domain regions of culture are formed.
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Figure 7. The circle structure of QJC space diffusion.

The cultural core area is close to the cultural hearth, and the number of cultures ac-
count for 83.0% of the total cultures. According to the theory of cultural geography, the
spatial diffusion and influence of cultural phenomena are consistent with the attenuation
law of spatial distance [50]. The Qijia population was the core of the group with cultural
characteristics and the development of cultural inheritance, as well as an important founda-
tion for cultural diffusion. The closer the spatial distance from the cultural hearth, the more
likely the Qijia group was to accept the culture; in turn, the stronger the popularity of the
culture and the more significant the cultural phenomenon. Therefore, a cultural core region
dominated by an expansion diffusion pattern was formed. The number of QJCs in the
sphere area of culture accounted for 16.7%, which was a common result of expansion and
relocation diffusion. With the increase in spatial distance, the understanding and identity
of the Qijia people in this culture decreased compared with that of the cultural core region.
The popularity of the culture decreased, and the cultural phenomenon became increasingly
unclear. It thus formed a spherical cultural region with less clear Qijia cultural elements.
The marginal area was formed by relocation diffusion, and the number of QJCs in this
area was only 0.3%. This indicated that with the increase in spatial distance, the resistance
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to cultural diffusion gradually increased, and was greatly affected by the culture of the
adjacent regions. This reduced the influence and audience of this culture compared with
other cultures in the same period to form a dominant cultural region with no obvious Qijia
cultural elements.

4. Discussion
4.1. Applicability of FM-CDP Cultural Diffusion Model

Under the external driving force and the internal power of its own survival and
development, cultural diffusion occurs in space [51]. Similarly, as a kind of culture, the
QJC diffused around under the external driving force of the prehistoric environment and
the internal driving force of culture. In the field of cultural diffusion research, there are
four main methods to study cultural diffusion at present: the semiquantitative analysis
method based on maps [52-54], quantitative analysis methods based on statistics [55-57],
quantitative analysis methods based on behaviour geography [58,59], and FM-CDP [22-26].
Semiquantitative analysis methods based on maps distinguish the diffusion of a cultural
phenomenon through observation [60]. Quantitative analysis methods based on statistics
help determine cultural diffusion primarily through observation maps or simple statistical
analyses [61]. Quantitative analysis methods based on behaviour geography mainly apply
to the study of cultural diffusion in time and space [58]. For complex cultural phenomena,
it is difficult to use the first three semiquantitative methods to describe the spatial diffusion
patterns of a culture. In addition, from the perspective of structuralism, the first three
methods lack reliable quantitative analysis models, so their analysis results are not rigorous.
In addition, most quantitative methods based on spatial statistics usually disregard the
paradigm of cultural diffusion in traditional cultural geography; furthermore, a complete
system that illustrates cultural origins, cultural regions, and types of cultural diffusion
and their internal structures is lacking. Methods based on traditional spatial analysis also
exhibit the same defects. The diffusion of the QJC is a long process that took hundreds of
years, and it is not easy for researchers to discover it. Therefore, the absence of relevant
information such as the time of diffusion leads to the absence of long-term sequence data
in the data source. Therefore, it is difficult to infer cultural diffusion using the first three
methods. However, the cultural diffusion pattern analysis method (FM-CDP) based on a
field model in GIS can detect different levels of cultural regions, and identify the diffusion
patterns of these cultural regions.

The QJC is a cultural distribution with space and region as the carrier created by the
ancestors of Qijia through practice in a certain geographical environment. The spatial
diffusion of its culture is a relatively long process that takes hundreds of years to complete.
It is a cultural phenomenon with a significant geographical proximity effect and continu-
ous spatial processes. Cultural diffusion is mainly restricted by traditional geographical
distances, and the boundary of cultural diffusion is ambiguous. Since it is a prehistoric cul-
ture, it is impossible to obtain specific temporal or other information on cultural diffusion.
Therefore, the data are different from the general point data of modern times. Existing time
information on most Qijia cultural sites is missing, and quantitative analysis of QJC based
on time has become a challenge. However, the cultural diffusion model analysis method
using the GIS field model (FM-CDP), based on the powerful spatial analysis function of
GIS, can overcome the shortcomings of QJC, such as the non-computability of a lack of
time information.

4.2. Influencing Factors of Spatial Diffusion of QJC
Based on the above research results, we can further analyse the reasons for the spatial
diffusion of the QJC, which are mainly climatic factors and non-climatic factors.

4.2.1. Climatic Factors of Spatial Diffusion of QJC

The QJC is a late Holocene culture from around 4000a B.P. [62,63]. The temperate
continental climate and temperate monsoon climate zones of the area played an impor-
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tant role in the spatial diffusion of local Holocene culture [64-66]. The reconstruction of
climate history in the late Holocene by relevant scholars, especially from around 4000a B.P.,
provides a favourable foundation for exploring the relationship between QJC and climate
change [8,9].

Combined with related research results on climate change in the Gansu and Qinghai
areas and their surroundings, the climatic factors of the spatial diffusion of the QJC were
systematically analysed. Through the summary of many climatic and environmental proxy
indicators, it was found that during the late Holocene, especially around 4000a B.P., there
were cooler and drier climatic events [67-69] and the climate accordingly cooled and dried.

From the perspective of the core region of the distribution of the QJC, it has been
found that the climate in Gansu was in a state of low temperature and drought during
the QJC period (Figure 8). For example, climate proxies, such as magnetic susceptibility,
organic matter, and pollination of the loess profile in Gansu indicate that the monsoon
was generally strong and humid before 4000a B.P. After 4000a B.P., the monsoon strongly
retreated and the climate rapidly dried [70].
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Figure 8. The study area’s Holocene climate change records. a: Magnetic susceptibility of Dadiwan
section; b: CaCOj3 content in Dadiwan profile; c—e: pollen in Dadiwan (changes in trees and shrubs,
Artemisia, Chenopodiaceae) [71]. During this period, the content of arbour in the pollen of Dadiwan
decreased, the proportion of terrestrial herb pollen increased, and the content of Artemisia pollen
resistant to cold and drought significantly increased. The CaCOj3 content in this profile increased [34].
These observations are similar to others from 4000a B.P. regarding the Holocene temperature change
in China and the high sea precipitation change [72]. The climate characteristics of the temperature
drop and monsoon precipitation fluctuations are the same.

From the perspective of the surrounding area where the QJC spread (Figure 9), Sichuan
has a southern latitude and numerous river systems compared to Gansu. During the QJC
period, the total organic carbon content in the Ruoergai Red plain peat was low, indicating
that the area was warmer and wetter than Gansu during the QJC period [73]. Shaanxi,
located in the Guanzhong region, was significantly affected by the East Asian monsoon.
Compared to Gansu in the same period, the climate was warmer and wetter, and water
was abundant. According to the oxygen isotope records of the Jiuxian cave, there was
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more precipitation in the region during the Qijia period [74,75]. The conditions of animal
husbandry in Inner Mongolia and Ningxia were better. The paleoclimate records of the
Daihai basin show that the precipitation range in Inner Mongolia changed little, which
provided favourable growth conditions for the emergence of large grasslands in central and
southern Inner Mongolia; these met the needs of animal husbandry development [76]. It can
be seen from the oxygen isotope records of the Dunde ice core in the Qilian Mountains that
during the QJC period, the temperature dropped and the vegetation changed significantly,
from the former forest or forest steppe to the steppe environment, and the prehistoric
ancestors adopted the mixed mode of animal husbandry and planting. Henan, located in
the Central Plains, is a semi-humid continental climate zone with abundant precipitation,
and the basin plain can conveniently use the water resources of the Yi-Luo River and other
rivers. Precipitation fluctuation has little influence on regional cultural development. After
the Holocene drying and cooling event at about 4000a B.P, the climate in this region was
still sub-humid. Although the annual precipitation decreased, it was still higher than
the minimum precipitation required for dryland agriculture, thus providing favourable
conditions for the diffusion of the QJC to this region [77-79]. The above shows that when the
climate in the Gansu—-Qinghai region tends to be dry and cool, the vegetation belt moves to
the north and south, which in most cases will drive people with different economic modes
to move from north to south, thus leading to the diffusion of the QJC to the surrounding
areas that are more conducive to survival [80].
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Figure 9. The study area’s Holocene climate change records. f: the 5'80 record from Dunde ice
core [79]; g: the 5180 record from Jiuxian Cave [74,75]; h: the precipitation in Daihai [81]; i: the
precipitation in Qinghai Lake—Darien Sea [82]; j: Ruo’ergai peat [77]; k: Holocene temperature
integration sequence in China [81]; I: high seas precipitation [82].

In addition, the climate changed from relatively warm and wet to cool and dry
around 4000a B.P. In the warm and humid stage, the river was fully replenished, and the
ancestors lived at a moderate distance from the river [75]. After entering the cool and
dry stage, the continuous cool and dry climate led to changes in the industrial structure
during the Qijia period. Millet and primitive millet agriculture that relied on hydrothermal
conditions declined, and animal husbandry increased and became dominant [83,84]. To
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solve the shortage of food resources and maintain stable productivity and life, ancestors
with primitive agriculture as their main mode of production migrated to low altitudes and
river valleys with better hydrothermal conditions [85]. In addition, studies have shown
that water resources were more dependent on rivers [5] due to the low productivity of
prehistoric society and the fact that living near water was the main mode of production
of ancient humans. Therefore, the diffusion patterns of QJC to low altitudes and water
systems were formed.

In conclusion, climate change caused by the change of temperature, precipitation,
and other factors led to a low level of productivity for the ancestors who lived in this
environment. The ability of the people to respond to the changes in the natural envi-
ronment was low. This forced them to lower elevations, with a combination of drainage
and hot conditions, as it was more suitable for the development of farming and animal
husbandry [86].

4.2.2. Non-Climatic Factors of Spatial Diffusion of QJC

The spatial diffusion of the QJC was not only affected by climate change, but also by
cultural exchanges, wars, and other factors in Eurasia, such as the emergence of wheat
crops, livestock and sheep, and bronze smelting technology, to name but a few.

Exchange of Cultures between Europe and Asia

Around 4000a B.P, the introduction of barley and wheat [87,88], sheep [89], and
metallurgical technology from the European continent to China occurred [90,91], along with
the spread of Chinese millet to Europe [92]. The “prehistoric food globalisation” promoted
communication and exchange between cross-continental cultures [93]. This transcontinental
cultural element was introduced into China in the form of the ‘cultural package’ [94]. It
improved the ability of the prehistoric ancestors to adapt to the environment [95]. It also
accelerated the diffusion of the QJC to the surrounding areas to a certain extent in the dry
and cold environments.

War and Chaos

In addition, the warm and humid environment in the early stage of the QJC led
to the continuous expansion of the Qijia population and the gradual prominence of the
contradiction between man and land. This caused existing levels of productivity to fail to
keep up with the pressures of large-scale populations and the continuous war and conflict
between different cultural groups. These factors promoted the diffusion of culture to a
certain extent [96].

For example, the human bones buried in the martyrdom pit found in the Xishanping
site are all men aged 20—40 years [96]. Among the five random burial tombs—M35, M36,
M57, M58, and M62—found in the fourth excavation of the Huang Niangniangtai site
in Wuwei City, there are no fixed burial types. Some have sullied skeletons, separated
heads, incomplete limbs, or no heads, and there are almost no funerary objects [96]. The
phenomenon of martyred human burial was found in the Mogou Qjjia cultural cemetery.
The martyred humans included men and women, both old and young. Although women
and children were the main burials, they did not completely follow the practice of male
superiority, which was the result of the war. Perhaps in the course of the war, most men
on the defeated side were killed and eventually martyred, while women and children
were captured, so women and children accounted for a large proportion of the surviving
captives [97]. The above shows that these people did not die normally, and that the dead
were victims of increasingly frequent tribal conflict or tribe wars [98]. This may reflect that
the diffusion of the QJC was affected by war. In addition, in the QJC period, war was more
common. As a form of war defence, it is generally believed that the city site appeared to
meet the needs of war. Now, the Huanhao settlements of the QJC period have been found.
For example, in the Qjjia cultural site in Qinghai Province, three large moats with a width
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of more than 10 m and a depth of 5-6 m have been found, and Huanhao settlements also
exist in the Shenna site [99,100].

In conclusion, the influence of natural environmental factors such as climate on
cultural diffusion is greater than that of social factors such as cultural exchange and war
(Table 1). During the QJC period, productivity was low, and the prehistoric ancestors could
not well understand and master some natural laws; therefore, they could only change
their way of life, such as using subsistence strategies, according to the climate and other
natural environmental factors, so as to conform to nature. Some researchers believe that
ancient civilizations would have been favoured when the climate deteriorated to the limit
of human endurance. Resource shortage leads to increased social complexity, which leads
to an ecological adjustment of human cultural behaviour [101]. The national migration
during the cooling period may also adjust the social structure, leading to the outbreak of
large-scale wars, and eventually to the diffusion of culture [102].

Table 1. Influencing factors of spatial diffusion of QJC.

Influencing

Factors Time

Region Financial Situation

Climate
Factors B.P.

Around 4000a

Around 4000a B.P, the climatic events of cooling and drying led to low
temperatures and drought in Gansu, the decline of primitive agriculture, and
the shortage of food resources, which forced the Qijia ancestors to migrate to

the surrounding regions with better hydrothermal conditions [62-66].

Gansu Region

Sichuan has a southern latitude and numerous river systems compared to
Gansu. During the QJC period, the area was warmer and wetter than Gansu,
which attracted the diffusion of the QJC to this region [73].

Sichuan Region

Shaanxi was significantly affected by the East Asian monsoon. Compared to
Gansu in the same period, the climate was warmer and wetter, and water
was abundant, which provided favourable conditions for the diffusion of

culture [74,75].

Shaanxi Region

The emergence of large grasslands in south—central Inner Mongolia and
southern Ningxia during the Qijia period met the needs of the Qjjia culture’s
livelihood patterns and stimulated the diffusion of the Qijia culture to the
region [79].

Mongolia and
Ningxia

During the Qijia period, the temperature dropped and the vegetation
changed significantly, from the forest or forest steppe to the steppe
environment, which promoted the development of the livelihood patterns of
semi-farming and semi-grazing [81].

Hexi Corridor
Region

After the Holocene drying and cooling event at about 4000a B.P., the climate
in the region was still sub-humid. Although the annual precipitation
decreased, it was still higher than the minimum precipitation required for
dryland agriculture, thus providing favourable conditions for the diffusion
of the QJC to this region [83-85].

Henan Region

Around 4000a

B.P.

Around 4000a B.P, the introduction of barley and wheat, sheep, and
smelting technology from the European continent to China occurred, along
with the spread of Chinese millet to Europe. The “prehistoric food
globalisation” promoted communication and exchange between
cross-continental cultures [87,88].

Yellow River
Basin

Eurasian
Cultural
Exchange

4000-2000a B.P.

About 4500-4000a B.P., the introduction, domestication, and breeding of
cattle and sheep to northern China accelerated the long-distance diffusion of
culture [89].

Northern
China

Around 4000a B.P,, the transcontinental cultural element was introduced into
Yellow River

4000-3000a B.P.

Basin

China in the form of the cultural package. It improved the ability of the
prehistoric ancestors to adapt to the environment. It also accelerated the
diffusion of the QJC [90-95].
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Table 1. Cont.

Influencing Time Region Financial Situation
Factors
The age of human bones, the proportion of women and children, and the
messy burial styles in the Xishanping, Huangniangniangtai, and Mogou sites
indicate that the warm and humid environment in the early stage of the QJC
War and . led to the continuous exPa.nsion of the Qijia population a.nd the grad.uafl
Chaos 4300-3400a B.P. = Gansu Region  prominence of the contradiction between man and land. This caused existing

levels of productivity to fail to keep up with the pressures of large-scale
populations and the continuous war and conflict between different cultural
groups. These factors promoted the diffusion of culture to a certain extent
[96-100].

5. Conclusions

Based on the data from Qjjia cultural sites with a lack of time information, this study

explored the diffusion patterns of the QJC by using the spatial diffusion model (FM-CDP)
based on the GIS field model and obtained the following conclusions:

)

@

®)

The QJC has different diffusion patterns at different regional scales, and the spatial
diffusion pattern of the QJC has the characteristic trend of near-geographical unit
elements at the same regional scale. This shows that the spatial diffusion patterns of
the QJC vary, not only with different spatial scales, but also with changes in different
geographical units. From the perspective of the regional scale, the diffusion of the
QJC to the Guanzhong basin, northwest Sichuan Plateau, Inner Mongolia Plateau,
and Hexi Corridor was far away from the cultural source; therefore, it was primarily
relocation diffusion. The diffusion of culture in the regions close to the cultural hearth
and southeast Gansu was mainly expansion diffusion. On the small regional scale,
the culture in Gansu and Qinghai provinces not only has the pattern of expansion
diffusion, but also relocation diffusion.

The QJC forms a circular structure in the process of spatial diffusion, and different
diffusion patterns form different cultural circles. Expansion diffusion is the main
diffusion pattern of the core cultural region. The cultural sphere is the common result
of expansion diffusion and relocation diffusion, and the pattern of relocation diffusion
forms the cultural domain. The culture in the southeast of Gansu province is close to
the cultural hearth and is mainly expansion diffusion, thus forming the cultural core
region. Cultural diffusion in central Qinghai, Gansu, and southern Ningxia, which
are far away from the cultural hearth, forms the sphere region. Sichuan, Henan, and
Inner Mongolia, which are far from the cultural hearth, form the domain region of
cultural diffusion.

The spatial diffusion of the QJC is closely related to the climatic and social envi-
ronments of the time. In the late Neolithic period, temperature and precipitation
decreased and the climate tended to be dry and cool. During the same period,
Sichuan, Henan, and Shaanxi had a warmer and more humid climate and sufficient
water resources than Gansu, which was conducive to the survival of the QJC ances-
tors. Meanwhile, central and southern Inner Mongolia, southern Ningxia, and the
Hexi Corridor could meet the needs of the livelihood patterns of semi-farming and
semi-grazing. Cultural exchange across Eurasia, the introduction of copper smelting
technology, and tribal wars may have also promoted the diffusion of QJC. In addition,
the wars between tribes may have been an influencing factor.

This study illustrates the spatial diffusion pattern of the QJC at different regional

scales and its influencing factors. The results of its spatial diffusion pattern reproduce the
spatial diffusion process of the QJC. They also deepen and expand the research dynamics
of prehistoric cultural space and enrich research on the QJC. The result of cultural diffusion
is that culture moves from pluralism to integration, with advanced cultural factors from
various places converging in the same region. Therefore, it is helpful to study the origins
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of Chinese civilisation. The role of climate in cultural diffusion may provide a historical
reference for contemporary man to predict and address future climate change. However,
the diffusion pattern of the prehistoric culture in China and globally, which still lacks time
information, needs further examination.
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