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Abstract: Exploring the influence range of early cities is significant for understanding the mechanisms
behind ancient settlement systems and human-environment interactions. Due to a lack of effective
research methods, the evolution processes and impact mechanisms of the influence ranges of prehis-
toric cities are still ambiguous. In this study, we chose the Songshan Mountain region for research,
which witnessed the origin and development of Chinese civilization. Using GIS spatial analyses
such as the ‘average nearest neighbor’ and ‘Thiessen polygon’, we explored the spatial-temporal
distributions and influence ranges of Neolithic-Bronze Age cities in the region. The roles of human
culture and the natural environment in the process were also investigated. The results indicated
that the spatial distributions of early cities were random during the Yangshao (7000–5000 BP) and
Longshan (5000–4000 BP) cultures. During the Erlitou culture (3800–3500 BP) and Shang Dynasty
(3600–3046 BP), the spatial distributions changed into dispersed models. During the Zhou Dynasty
(3046–2256 BP), the spatial distribution model was random again. Correspondingly, the influence
range of early cities during the Erlitou culture is the largest, followed by those of the Longshan
culture, Yangshao culture, Shang Dynasty, and Zhou Dynasty. This is different from the conventional
view that the ancient city’s influence range continuously expands as time advances. Both the natural
environment and human culture are believed to impact this evolutional process. Specifically, the
Holocene climate variation and the consequent cyclic river downcutting and silting affect the city
site selection and thus the spatial-temporal distribution and influence range of early cities. The
enfeoffment system occurring during the Erlitou culture should also have played a vital role in this
evolution. In general, the natural environment is more important for the spatial distribution and
influence range of early cities during Yangshao, Longshan, and Erlitou cultures, while human culture
represented by the enfeoffment system plays a dominant role during Shang and Zhou Dynasties
when the natural environment is relatively stable.

Keywords: ancient city; influence ranges; Neolithic-Bronze Age; Songshan Mountain region; GIS
spatial analysis

1. Introduction

The city is a relatively high-class and large-population settlement form in human
society, and it always affects surrounding lower-level settlements, such as villages and
towns, through input, output, and the exchange between material flow, energy flow, and
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information flow [1–3]. Therefore, the city is associated with an influence range where its
social and economic activities can cover [2]. This influence range of cities also represents
their status and roles in the human settlement system and has been the research focus of
several relevant disciplines, such as geography, sociology, and anthropology.

Embryonic cities can date back to prehistoric times in China. Some large settlements
not only gathered large numbers of populations but also built some large projects such as
large moat systems or city walls that required the integration of labor from neighboring
settlements at that time [4]. These early cities also can affect the surrounding subordinate
settlements and present a certain influence range. The influence range of early cities was
constantly changing. In general, the changes are considered to follow a linear evolution
model that the influence range continued to grow with time. However, this hypothesis has
been lacking the support of specific research cases. Meanwhile, understanding the spatial-
temporal evolution of this range and the mechanisms responsible for this evolution is
vital for investigating the operation law of early human society, elucidating the interaction
between early humans and the natural environment, and clarifying the process of early
city origin. However, it is still ambiguous due to data insufficiency and a lack of effective
methods [5,6]. The application of advanced technology to systematically and scientifically
organize, comb, and analyze these limited data of prehistoric cities is considered the
currently most practical approach to potentially solving this problem.

At present, spatial information techniques, represented by remote sensing (RS), global
positioning systems (GPS), geographic information systems (GIS), virtual reality (VR), and
three-dimensional (3D) visualization, are developing rapidly. These techniques are favored
by their power in acquiring, analyzing, and displaying spatial information. Their advan-
tages for finding useful information in archaeological and historic data are becoming more
and more obvious. Therefore, they have been widely applied to unknown historic site de-
tection, settlement pattern analysis, and virtual presentation of archaeological results [7–11].
By combining RS, GIS, and GPS approaches, Luo et al. found many suspected sites along
the Guazhou-Shazhou section of the ancient Silk Road [12]. Lu et al. identified numerous
large-scale linear heritages of ancient humans in the eastern Henan plain from early remote
sensing images [13]. Garcia investigated the Palaeolithic site location preferences in the
Western Cantabrian of the northern Iberian Peninsula using a GIS approach [14]. Li et al.
studied the scale level of the Neolithic-Bronze Age settlements in the Qinghai and Gansu
Provinces with the GIS spatial analysis [15]. A similar study was performed on the area
surrounding Songshan Mountain by Lu et al. [16]. With the GIS technology, several studies
are implemented to investigate the spatial-temporal distributions of early settlements in
the east coast area of China, the Guanting Basin of the northeastern Qinghai-Tibet plateau,
the upper-stream valley of the Yellow River, and the area around Songshan Mountain,
respectively [17–20]. Using the Thiessen polygon analysis, Wu et al. analyzed the spatial
evolution of the Neolithic site in the Huaibei plain, Anhui Province, China [21]. Fang et al.
studied the spatiotemporal pattern of prehistoric settlements in Linfen Basin [22]. Although
numerous similar studies have been reported, research on the influence range of early cities
using spatial information technology is still rare. Scientific and effective technical methods
for this area are also lacking. Nonetheless, the spatial information technology, in particular
the GIS technique with powerful spatial analysis functionality, clearly brings opportunities
to rationally exploit the limited data of early cities.

With the GIS spatial analysis techniques such as the average nearest neighbor and
Thiessen polygons, this research investigated the distribution patterns and influence ranges
of Neolithic-Bronze Age cites in a core area of the Chinese civilization origin (namely the
Songshan Mountain region). The influence range evolution of the early cities was reviewed
according to the five periods of civilization, including the Yangshao culture (7000–5000 BP),
Longshan culture (5000–4000 BP), Erlitou culture (3800–3500 BP), Shang Dynasty (3600–
3046 BP), and Zhou Dynasty (3046–2256 BP). Its relationship with natural environment and
human society was also discussed. The results are of great significance for understanding
the influence range of early cities and its impact mechanism, while the adopted technique
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and methodology can also provide methodological references for analogous studies in
other regions.

2. Regional Setting

The Songshan Mountain region covers Zhengzhou, Luoyang, Xuchang, and Pingding-
shan cities and their adjacent places with Songshan Mountain as the center (Figure 1). This
area belongs to the warm temperate continental monsoon climate with an annual average
temperature of around 14 ◦C and annual precipitation of about 640 mm [23,24]. The region
lies in the transition zone between the Loess Plateau and North China Plain [25]. The
terrain is generally high in the west and low in the east, with an altitude of 1500–50 m.
There are many rivers in the region that belong to two river systems of the Yellow River
and Huaihe River, respectively. The Yellow River passes through the northern part of the
area and receives many tributaries from the west, such as the Yi River and Luo River. The
Jialu River in the east and the Ying River, Beiru River, and Shahe River in the south all
belong to the Huaihe River basin. Besides these major rivers, some smaller rivers (e.g., the
Shuangji River and the Suoxu River) also play vital roles in the development of the regional
early culture [26,27].

Figure 1. (a) The location of Songshan Mountain region. (b) The Neolithic-Bronze cities in Songshan
Mountain region.

As early as hundreds of thousands of years ago in the Paleolithic Age, humans lived
in the Songshan Mountain region [28]. During the Neolithic Age, the regional culture
presented a strong momentum of growth. In the Lijiagou site of Xinmi City, Henan
Province, the early Neolithic accumulation of 10,500–8600 BP was discovered [29]. After
the Lijiagou culture, the middle-late Neolithic Peiligang culture (9000–7000 BP), Yangshao
culture (7000–5000 BP), and Longshan culture (5000–4000 BP) emerged in the region [30].
During the Bronze Age, the Erlitou Culture (3800–3500 BP), Shang Dynasty (3600–3046 BP),
and Zhou Dynasty (3046–2256 BP) successively developed [31].

The Songshan Mountain region is also a place where ancient cities are of the earliest
occurrences, highest temporal continuity, most diversified types, largest quantity, and great-
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est distribution density. The regional embryonic cities are moat-surrounded settlements
which can be traced back to the Peiligang culture during 9000–7000 BP [32]. In the late
Yangshao period around 5000 BP, the city-wall settlement occurred in the region. The
Xishan site in Zhengzhou City was found with the rammed-earth city wall constructed
during 5000–5300 BP [33]. It is the oldest city ever discovered in the Yellow River basin so
far. The area has the long-term presence of the Neolithic-Bronze Age cities, which were
never interrupted since their emergence [34]. Therefore, a complete evolution process
of early cities exists in the study area including moat settlements, city-wall settlements,
central settlements and complex capital-town systems. There are over 100 city sites of the
Neolithic-Bronze Age, with a distribution density of 0.003 city sites/km2. Such a large
quantity and a high distribution density of prehistoric cities are very rare even in the world.
Hence, the area is ideal for studying the influence range and its evolution mechanism of
early cities.

3. Materials and Methods
3.1. Research Strategy

The Shang and Zhou Dynasties implemented a system of enfeoffment, in which lands
of the country are allocated to members of the royal family, meritorious statesmen, or
descendants of ancient emperors [35]. For these enfeoffed feudal princes, the top priority
was to build a city as soon as they reach their feuds [36]. Hence, the distance between
cities can, to some extent, reflect the influence range of each city. Research indicates the
formation of such a system of enfeoffment experiences a prolonged evolution process that
can be dated back to the Xia Dynasty, represented by the Erlitou culture. Although it is
unclear whether or not the feudal system was already present during the Neolithic Age, the
spatial distribution pattern of cities is no doubt an important factor for the influence range.

Based on the theories above, we first digitalized the Neolithic-Bronze Age cities in
the study area as points. Secondly, the average nearest neighbor (ANN) analysis was
performed to identify the distribution pattern of early cities and the boundaries of influence
ranges of city groups in different periods. Thirdly, using the Thiessen polygon analysis,
the influence range of each ancient city was analyzed. Fourthly, city influence ranges were
characterized based on the analysis of polygon features, accompanied by investigations
into the evolution features. At last, the evolution mechanisms of the influence ranges of
Neolithic-Bronze Age cities were discussed from perspectives of natural environments and
human cultures.

3.2. Data Basis

The evolution of Neolithic-Bronze Age cities in the study area has roughly experienced
a process of moat settlement, city-wall settlement, regional central settlement, and complex
capital-city system (Figure 2) [37]. With three sources, the data for these four types of
settlements are carefully combed and systematically organized. The first source is Atlas
of Chinese Cultural Relics: Henan Volume [38], in which the Henan ancient city maps
pertinent to the cities of the study area were fully collected and reorganized. The second
source is the latest data from archaeological investigation and excavation [39], in which
ancient cities related to this study have also been sorted out one by one. The third source
is the latest research results [40,41], from which the content of relevant ancient cities was
extracted. The collected ancient cities were mainly formed during five periods, namely,
the Yangshao periods (7.0–5.0 ka BP), Longshan Periods (5.0–4.0 ka BP), Erlitou periods
(3.8–3.5 ka BP), Shang periods (3.6–3.0 ka BP), and Zhou periods (3.0–2.2 ka BP) (Table 1).
Due to a solid foundation of archaeological research in the studied region, these archaeolog-
ical data, although perhaps incomplete, can reflect the overall characteristics of the changes
in the number of early cities. Then these cities were assigned with spatial attributes based
on the geographic coordinates and placed on a standard topographic map.
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Figure 2. The images of some early cities in the Songshan region. (a) The triple moat system of the
Shuanghuaishu site which is considered a regional central settlement of the late Yangshao period
(5300–5000 BP) [42]; (b) the regional earliest city walls in the Xishan site [43]. The image is from ESRI.
(c) Most city walls of the Guchengzhai site of the late Longshan culture (4000 BP) are still standing on
the ground. (d) There are triple city walls in the Zhengzhou Shang City which is the capital of early
Shang Dynasty (3600–3300 BP) [44]. The existing city walls are marked in green. (e) The Jingxiang city
is a feudal state of Zheng State which is also a feudal princedom of East Zhou Dynasty (770–256 BC).
The image is from MAP WORLD.

Table 1. Neolithic-Bronze cities.

Periods Age (ka BP) Type Quantity

Yangshao 7.0–5.0 Moat settlement, city wall settlement 16

Longshan 5.0–4.0 City wall settlement, regional central settlement 18

Erlitou 3.8–3.5 City wall settlement, regional central settlement, capital settlement 10

Shang 3.6–3.0 City wall settlement, complex capital-city system 11

Zhou 3.0–2.2 City wall settlement, complex capital-city system 53

3.3. Average Nearest Neighbor Analysis

The Neolithic-Bronze Age cities in the study area vary from period to period in
both quantities and morphological characteristics of spatial distribution. During some
periods, early cities are concentrated in a certain zone, while during other periods, they are
commonly distributed across the whole study area. Consequently, we need to identify the
distribution pattern of early city groups of each period and at first.

While implementing the average nearest neighbor analysis (ANN), the distribution
pattern of ancient cities within an area is identified. The workflow of the ANN analysis is
detailed below:

Firstly, the distance between the centroids of each geographic feature and its nearest
neighbor geographic feature is computed. Then, the average distance for all of these nearest
neighbors is calculated. If the calculated average distance is smaller than the average
distance of the assumed random distribution, the spatial distribution pattern of analyzed
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geographic features will be identified as the centralization mode. On the contrary, the
spatial distribution pattern of geographic features is considered to be in a dispersed mode
if the computed average distance exceeds that of the assumed random distribution [45].

The ANN ratio is calculated below:

ANN =
DO

DE

where DO is the average distance between the centroids of a specific feature and its nearest
neighbor feature:

DO =
∑n

i=1 di

n

DE is the average feature spacing for the random distribution:

DE =
0.5√

n
A

where di represents the distance between the feature i and its nearest neighbor feature; n is
the number of features in the area; A is the envelope area of all features.

ANN larger than 1 suggests the dispersed distribution, while ANN below 1 indicates
the centralization distribution.

The spatial analyst toolbox of ArcGIS software has a built-in ANN analysis function
that performs automatic ANN analysis of point features.

3.4. Thiessen Polygon Analysis

The Thiessen polygon method is invented by A.H. Thiessen, a climatologist of the
Netherlands. The Thiessen polygon consists of a set of connected polygons with no overlap,
formed by the perpendicular bisector of any two adjacent points [46]. Thiessen polygons
are constructed via the following workflow:

Providing that there is a set of discrete points (Xi, Yj) (i = 1, 2, 3, . . . , k; j = 1, 2, 3, . . . ,
k; k is the total quantity of points) across the planar area B, and B was demarcated into k
polygons adjoining each other by a set of straight segments in a way that:

(1) Within each polygon, there is one and merely one discrete point;
(2) In the B area, for any point (x1, y1) lying inside the polygon containing the discrete

point (xi, yi), the following inequation always holds, when i 6= j:√
(x1 − xi)

2
+
(
y1 − yj

)2
<
√(

x1 − xj
)2

+ (y1 − yi)
2

(3) In the B area, for any point (x1, y1) on the common edge of two polygons containing
the discrete point (xi, yi), the following equation holds:√

(x1 − xi)
2
+
(
y1 − yj

)2
=
√(

x1 − xj
)2

+ (y1 − yi)
2

The resultant polygons are called Thiessen polygons.
Thiessen polygons are characterized by the fact that any position within the polygon

is the closest to the sample point of this polygon and farthest to the sample point of the
adjacent polygon; each polygon contains one and only one sample point. Due to their
spatial bisecting nature, they can be used to solve the problems such as the closest point
and minimum closed circle. It is highly applicable to research on the influence range of
early cities.

Most GIS software has built-in functionality of the Thiessen polygon analysis. In this
research, ArcGIS of ESRI (Version 9.3.1) was used.
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3.5. Calculation of the Cost-Weighted Distance

Considering the effect of topography, we use the cost-weighted distance for Thiessen
polygon analysis. We choose elevation, slope, topographic relief and river types as the
evaluation factors according to the related research of adjacent areas with similar natural
conditions [22]. Combined with regional characteristics and existing research results [22], we
also assign categorical values and weights to each factor (Table 2). Then a cost raster map was
produced by assigning the value of a weighted sum of all factors to each raster in the region
(Figure 3). As opposed to the Euclidean distance, the cost-weighted distance of each ancient
city was recorded in the cost distance matrix consisting of a series of valuable grids.

Table 2. Cost values and weights of factors.

Factors Categories Cost Values Weights

Elevation

<200 m 1

0.47

200–600 m 2

600–1000 m 5

1000–1500 m 10

>1500 m 20

Slope

0−5◦ 1

0.33
5−15◦ 5

15−35◦ 10

>35◦ 20

Topographic relief

<20 m 1

0.14

20–75 m 2

75–200 m 5

200–600 m 10

>600 m 20

River types

Main stream 1

0.06First tributary 5

Second tributary 20

Figure 3. Cost raster map.
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4. Results
4.1. Spatial-Temporal Distribution Characteristics of Neolithic-Bronze Age Cities

The ANN analysis (Figure 4 and Table 3) indicates that the expected average distance
between the Yangshao culture cities in the study area is 13.625 km; the measured average
distance is 16.016 m; the nearest neighbor ratio is 1.175; the p-value is 0.179; the z-score is
1.343. These suggest random distribution.

Figure 4. Results of ANN analysis. (a) Yangshao Culture. Given the z-score of 1.34, the pattern does
not appear to be statistically significantly different from a random distribution; (b) Longshan Culture.
Given the z-score of 0.25, the pattern does not appear to be statistically significantly different from a
random distribution; (c) Erlitou Culture. Given the z-score of 3.18, there is a less than 1% likelihood
that this dispersed pattern could be a result of randomness; (d) Shang Dynasty. Given the z-score of
4.19, there is a less than 1% likelihood that this dispersed pattern could be a result of randomness;
(e) Zhou Dynasty. Given the z-score of −0.88, the pattern does not appear to be statistically signifi-
cantly different from a random distribution.

Table 3. Results of average nearest neighbor analysis.

Periods Measured Average
Distance (km)

Expected Average
Distance (km)

Nearest Neighbor
Ratio Z-Score p-Value Area (km2)

Yangshao 16.02 13.63 1.18 1.34 0.17932 11,881

Longshan 19.16 18.55 1.03 0.25 0.80108 22,020

Erlitou 23.86 15.64 1.53 3.19 0.00146 9778

Shang 17.69 10.65 1.66 4.19 0.00003 4992

Zhou 10.68 11.41 0.94 −0.88 0.37689 27,585
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The regional Longshan culture cities have an expected average distance of 18.549 km,
a measured average distance of 19.159 km, the nearest neighbor ratio of 1.033, a p-value of
0.801, and a z-score of 0.252. These also imply random spatial distribution.

The Erlitou culture cities have an expected average distance of 15.635 km, a measured
average distance of 23.858 km, the nearest neighbor ratio of 1.526, a p-value of 0.001, and a
z-score of 3.182, which demonstrate the dispersed spatial distribution.

City sites of the Shang Dynasty have an expected average distance of 10.652 km, a
measured average distance of 17.690 km, the nearest neighbor ratio of 1.661, a p-value of
0.000028, and a z-score of 4.192, which demonstrate the dispersed spatial distribution.

The city sites of the Zhou Dynasty have an expected average distance of 11.407 km, a
measured average distance of 10.683 km, the nearest neighbor ratio of 0.937, a p-value of
0.377, and a z-score of −0.884, which demonstrate the random spatial distribution.

4.2. Morphological Characteristics of Constructed Thiessen Polygons for Early Cities

According to the measured average distance (Table 3), the regional influence range of
the city site group of each period in the Neolithic-Bronze Age was demarcated. Specifically,
based on the outermost city in each period and the corresponding measured average
distance of city sites, the enclosing rectangle was drawn and used as the boundary for the
Thiessen polygon analysis.

As indicated in Figure 5, the influence area of Yangshao Culture city sites is 28,865 km2,
composed of 16 polygons with an average area of 1804 km2. For the Longshan culture city
sites, the influence area is 44,958 km2, consisting of 18 polygons with an average area of
2810 km2. the influence area of Erlitou cities is 29,838 km2, including 10 polygons, with
an average area of 2984 km2. The influence area of Shang Dynasty cities is 14,776 km2,
composed of 11 polygons, with an average of 1343 km2. At last, the influence area of Zhou
Dynasty cities is 45,711 km2, consisting of 53 polygons, with an average of 914 km2.

Figure 5. Thiessen analysis for regional early cities. The green dots are the locations of ancient cities
at different times. The blue lines are rivers. (a) Yangshao periods; (b) Longshan periods; (c) Erlitou
periods; (d) Shang dynasty; (e) Zhou dynasty.
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4.3. Influence Range Evolution of Neolithic-Bronze Age Cities

As indicated in Table 4, the Zhou Dynasty and Longshan culture are associated with
the widest city distribution, which nearly involves 20% of the whole study area. The second
is found in the Yangshan and Erlitou cultures, which cover 10% of the total study area. The
smallest city influence range is that of the Shang Dynasty cities, covering about 5% of the
total study area. The influence range of a single city is mainly represented by the minimum
and average areas. These two also indexes characterize the influence range evolution of
cities within the same area. The influence ranges from small to large are successively those
of the Zhou Dynasty, Shang Dynasty, Yangshao culture, Longshan culture, and Erlitou
culture, which deviates from the conventional view that the city influence range constantly
expands with time.

Table 4. Thiessen polygon analysis results.

Periods Maximum Area
(km2)

Minimum Area
(km2)

Average Area
(km2)

Total Area
(km2)

Yangshao 6031 82 1804 28,865

Longshan 9054 347 2810 44,958

Erlitou 10,624 1100 2984 29,838

Shang 3657 83 1343 14,776

Zhou 4451 47 914 45,711

5. Discussion
5.1. Social Changes Suggested by the Evolution of Influence Ranges of Early Cities

The spatial distribution pattern and influence range of early cities are, to some ex-
tent, the manifestation of the social organization structure and its variation. The spatial
distributions of cities of the Yangshao and Longshan cultures are both random, which
reflects the randomness of city site selection, thereby indicating the loosened connection
and equal social status among cities. For the city sites of the Erlitou culture and Shang
Dynasty, the spatial distributions are dispersed, which may result from the relatively small
number of principalities granted by the Xia and Shang Dynasty central authorities during
the initial implementation of this feudal system. When it comes to the Zhou Dynasty, most
regional cities are built during the Spring and Autumn and the Warring States Periods
(770–256 BC, the Eastern Zhou Dynasty), and only four cities are built during the Western
Zhou Dynasty (1046–771 BC) [47]. The spatial distribution of the Zhou Dynasty cities
changes back to a random type, which may result from two facts. Firstly, some relatively
powerful principalities also started to implement the feudal system, as the governance of
the central authority declined, resulting in the considerable growth of the city quantity
and the random selection of city locations. Secondly, numerous new cities were built by
principalities for national defense, as wars among principalities were fairly frequent during
the Warring States Period (770–476 BC). This also contributed to the higher randomness of
the city’s spatial location at that time.

The influence range of early cities during different periods increases in the order of
Zhou Dynasty, Shang Dynasty, Yangshao culture, Longshan culture, and Erlitou culture. As
stated above, this deviates from the conventional view that the city’s influence range should
constantly expand with time. Furthermore, the spatial distributions of city groups in each
period may present geometrical characteristics inconsistent with those of the corresponding
influence range. The city groups of the Yangshao, Longshan, and Eerlitou cultures and
Shang Dynasty are rather concentrated with narrow distribution ranges. On the contrary,
the Zhou Dynasty city groups spread all over the study area, with a rather large distribution
range. It is clear that due to a large number of principalities under the extensive enforcement
of the feudal system, the city of the Zhou Dynasty is commonly associated with a small
influence range. Moreover, the distribution range of the Shang Dynasty city group is limited



Remote Sens. 2022, 14, 5631 11 of 14

and so is the city influence range at that time. For Yangshao and Longshan cultures, cities
are relatively fewer and less connected, and accordingly, the influence range of each city
is relatively large. Finally, for the Erlitou culture, the governance of the capital city-level
settlement in the study area is considerably strengthened and the central authority appears
to have thorough planning on city development. Meanwhile, the city’s quantity is relatively
small. These two factors endow the Erlitou culture with the largest city influence range
during the Neolithic-Bronze Age.

5.2. Interaction between the Early City Evolution and Natural Environment

The Holocene environment of the study area has experienced the following process
(Figure 6). During the Early Holocene (10,000–8000 BP), with the ceasing of the last glacial
period, the regional climate changed from arid and cold to humid and warm [45–48].
Consequently, the long-lasting river silting since the Pleistocene was ended by a large-scale
river incision at 10,000 BP, followed by silting again at 9000 BP [49]. During the Middle
Holocene (8000–4000 BP), the regional climate was warm and humid for a rather long time.
Nevertheless, two monsoon events occurred around the late Yangshao period (5300 BP) and
late Longshan period (4200 BP), respectively, resulting in an arid and cool climate which
was accompanied by the long-term river silting and sudden river downcutting at 4000 BP.
During the late Holocene (4000 BP–present), the regional climate changed toward arid and
cold, with considerable declines in both temperature and rainfall. During the Eastern Zhou
Dynasty, river downcutting since 4000 BP ceased, followed by a prolonged silting process.
As indicated by the C14 record in Figure 5 [50], the intensity of human activities in the
study area grows in a fluctuating manner and peaks during the Xia-Shang Dynasties.

Figure 6. The Holocene climate change, fluvial landform evolution and the SPD of radiocarbon
dates in Central China. (a) Holocene temperature reconstruction in the location (141.8◦E, 36◦N) [48];
(b) Holocene precipitation reconstruction from Gonghai Lake [51]; (c) δ18O record of stalagmite from
the southeastern Fergana Valley [52]; (d) δ18O record of stalagmite from Sanbao Cave [53]; (e) the
regional fluvial landform evolution [49]; (f) the SPD of radiocarbon dates indicated that there was a
cultural trough during 5.0–4.5 ka BP in Central China [50].
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The evolution of early cities in the study area interacts with the natural environment.
During the Yangshao culture, precipitation was high, accompanied by prevalent river silting.
Under such circumstances, the climate was warm and humid and the river level was relatively
high. Therefore, the Yangshao people tended to develop their settlements on the loess hills
and tablelands, with constructed moats for water drainage. Consequently, moat-surrounded
settlements constituted the prototypes of early cities. Nevertheless, since these early cities
were mostly located on loess hills and tablelands, they had smaller influence ranges. During
the Longshan culture, the regional temperature and precipitation declined, and people started
to exploit the lower geomorphic units, thereby resulting in wider distribution and larger
influence ranges of early cities. After the river downcutting event at 4000 BP, the river
channel in the plain area began to be fixed and the river flooding was gradually mitigated.
Consequently, people developed cities in the broad plain area and the city influence range
became larger than that of the Longshan culture. During the Shang and Zhou Dynasties,
the zones suitable for city development increased in the context of constantly decreasing
temperature and rainfall and prolonged river downcutting. At this time, people could select
locations for city construction across the broad area according to their preferences. In general,
the distribution and influence range of cities of the Xia-Shang period are primarily influenced
by human culture and secondarily impacted by the natural environment.

6. Conclusions

Using the GIS spatial analysis and including the average nearest neighbor and Thiessen
polygon analyses, we investigated the spatial-temporal distribution and influence range
of Neolithic-Bronze Age cities in the Songshan Mountain surrounding area, followed by
explorations of the roles of human culture and natural environment in the evolution of
these cities. The following conclusions were drawn:

(1) Spatial distributions of early cities in the study area are random during the Yangshao
and Longshan cultures, dispersed during the Erlitou culture and Shang Dynasty, and
again random during the Zhou Dynasty.

(2) Influence ranges of early cities are the largest during the Erlitou culture, followed by
those of the Longshan culture, Yangshao Culture, and Shang Dynasty. This fact is dif-
ferent from the conventional view that the city’s influence range should continuously
expand with time.

(3) The Holocene climate variation and the consequent cyclic river downcutting and
silting affect the city site selection and thus the spatial-temporal distribution and
influence range of early cities. The enfeoffment system occurring during the Erlitou
culture also plays a key role.

(4) In general, the natural environment is more important for the spatial distribution and
influence range of early cities during Yangshao and Erlitou cultures, while human
culture plays a dominant role during Xia and Shang Dynasties when the natural
environment is relatively stable.
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