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Abstract

:

As a part of cultural landscapes, toponyms with abundant cultural connotations and a long history are valuable cultural heritage assets. Choronyms not only reflect natural and social phenomena but also help with relevant management and naming work. In order to explore the historical development sequence of choronymic cultural landscape evolution, we analyze the spatial–temporal pattern evolution, spatial–temporal variation, spatial association, and semantic evolution of choronymic cultural landscapes since the Qin dynasty. We adopt the sequent snapshot model and an event-based state amendment model to establish a spatio-temporal database. That can provide decision supports and theoretical reference for the sustainable development of toponymic landscapes. Results indicate the following: (1) Spatial distribution of toponym density has been different since the Qin dynasty. The cores of toponym density spread from the middle-lower reaches of the Yellow River to Yangtze Plain, Chengdu Plain, Pearl River Delta Plain. (2) Spatial distribution of choronyms is agglomerative since the Qin dynasty and uneven at national and provincial scales since the Yuan dynasty. Temporal distribution of toponyms at different levels is centralized. (3) Spatial agglomeration phenomena of toponyms are positively clustered in nine periods. The Ming dynasty presents the largest degree of spatial aggregation. (4) Words relevant to blessings, orientation, and hydrological features have high proportions in the top 20 words. (5) Spatial distribution of county-level choronyms named over the last 1000 years and “Millennium Ancient Counties” are unbalanced at national and provincial scales.
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1. Introduction


Cultural landscapes are a variety of human activity forms relevant to natural landscapes [1]. They include tangible and intangible forms. The former are human creations similar to language, music, the legal system, and so on, they do not necessarily have a solid tangible form. Moreover, Cosgrove and Jackson considered the “landscape” as a cultural concept for an interdisciplinary re-visioning, this vision of cultural geography focused on geography’s visual cultural politics [2]. Toponyms (or place names) are the preservations and marks of regional cultures on the surface level, they can directly reveal space distribution of languages and ethnic origins. Toponyms are the names given to particular places by people, and defined as names for natural or artificial geographic features [3]. The words, pronunciation and cultural connotation of toponyms can be regarded as the intangible cultural landscapes, while the landscapes presented by toponyms entities can be regarded as the tangible ones. Toponyms are important carriers of culture, they are products of people’s understanding for environment and tools for social communication. Toponyms are constantly evolving with the changes of natural and humanistic environment [4]. As a part of linguistic cultural landscapes, toponymic cultures include toponymic words ‘culture and entities’ culture. The former belongs to the intangible form and the field of pragmatics, while the latter is the foundation of formation and existence of the former and belongs to the tangible form. Besides, we can learn the knowledge of history, evolution, and culture of a region from toponyms. Toponyms become the witness of harmonious coexistence and sustainable development in the long-term production and living process. While with the development of social economy, a large number of toponyms with cultural and historical meanings disappeared. Hence, the United Nations held the ninth United Nations conference on the standardization of toponyms, and the panel classified toponyms as intangible cultural heritages in 2008 [5]. Toponyms are generally used to identify, mark, and locate sites and are interpretations by local residents from the naming time [6], the “toponymic landscape” denotes cluster features of toponyms formed by consistency factors in some regions [7], the “toponymic culture heritage” refers to the cultural connotation of toponyms with outstandingly universal value [8]. Toponyms belong to the category of linguistics, including minority languages toponyms, such as the Manchu language and Zhuang language, especially the UNESCO has identified the Manchu language in Northeast China as being endangered [9]. In this paper, toponyms reflecting minority languages, with a long history, rich cultural connotation, and great significance could be recognized as toponymic cultural heritages. Moreover, toponymic landscapes can not only reflect the features of past and present natural environments but also record information such as significant political changes, the vicissitude of a country, ethnic migration, religious beliefs, and military events [10,11]. Choronyms are a part of toponymic landscapes. They not only describe natural and social phenomena but also help with the relevant management and naming work. Choronyms are commonly the names of administrative divisions that have certain boundaries, which are directly derived from the administrative divisions. An administrative division system is a complex system and changes frequently. It is one of the basic elements of choronyms and reflects the position of a choronym in the regime of a particular time–space system [7], such as the rank and affiliation of choronyms (the latter can roughly represent the location of choronyms). With the changes in dynasties, administrative divisions at different levels and their corresponding toponyms have constantly changed. Moreover, choronyms are usually based on geographical entities, cultural properties, or desires of the governors.



Although scholars have studied the features of toponymic landscapes, few have paid attention to the spatio-temporal evolution of toponymic landscapes at a large scale, and little research has involved visualizing maps to clarify these evolutions intuitively and accurately. China has a long history and a large number of toponymic cultural heritages, and these heritages record the history of China’s civilization, contain a unique value, and the way of thinking. They are precious cultural resources with an important inheritance value. However, with the rapid development of urbanization and industrialization, a large number of toponyms, especially choronyms containing important historical and cultural values, are disappearing and facing serious damages. These toponymic cultural heritage assets are in urgent need of rescue and protection. Consequently, it is necessary to explore the laws of choronymic cultural landscape evolution (including the spatial-temporal evolution and semantic evolution) for protecting toponymic cultural heritages and providing decision support for the sustainable development of toponymic landscapes.



Studies concerning China’s toponyms at the primary stage emerged alongside academic works on ancient geography [11]. Subsequent studies concerning toponyms had been sustaining. Especially, many published works interpreted toponyms from the multidisciplinary fields of historiography, linguistics, culturology, and geography after the 1st Toponyms Census of China in the 1980s [11,12,13,14,15,16,17,18]. China established the Committee of Experts on the Protection of toponymic cultural heritages and launched the project of protecting toponymic cultural heritages since 2004. In the 21st century, toponymic research in contemporary time has tended to focus on quantitative analyses. Such as, the method of GIS is widely utilized in toponymic studies, and geo-visualization techniques play a significant part in the quantification and visualization research of toponyms. Generally, toponymic research has focused on using toponyms to interpret land use changes, reconstruct historical land use, and analyze traditional practices [6,19,20], on constructing a database of historical and contemporary toponyms based on a genealogy GIS [21], on using toponyms to reveal climate changes [22], on analyzing the spatial distribution features of toponyms based on GIS, containing rural toponyms, dialectic toponyms, and ethnic minority language toponyms [23,24,25,26], on utilizing GIS technology to analyze toponymic landscapes [7,27,28,29]. As a kind of “living heritages”, toponyms storing data of local cultures and languages can act as a proxy for past situations and supply insight into the heritages of a certain region [6,23,30,31,32,33,34].




2. Data and Methods


2.1. Data Sources and Preparation


The earliest administrative division unit is “County” that approximately appeared in the 7th Century BC. A “Prefecture” (Jun) was an administrative unit that dominated some “Counties” (Xian), which dated back to the spring and autumn period (770–476 BC) [28]. The prefecture-county system was implemented nationwide during the Qin dynasty (221–207 BC), and “Counties” had a wide distribution in ancient China [35]. The Qin dynasty was the first dynasty in which China’s administrative system was formally established [36], so this paper considers the choronyms in China, at the county level or higher since the Qin dynasty until 2010 AD. The historical toponym data were obtained from The Historical Atlas of China [37]. The territories of China in historical periods are also in line with this atlas. The atlas consists of eight volumes, 20 map series, and nearly 70,000 toponyms, which is the most complete atlas of China’s historical administrative districts over the last 100 years. It also represents the best historical map compilation of China in the past 100 years. Toponyms in this atlas can reflect the natural and social/economic landscapes in the historical period of China. For example, in the North China Plain, there were some toponyms named “Qiu” (hill) and “Fu” (mound) in the Qin dynasty. These toponyms could reflect topographical features at the corresponding time. Since the Tang dynasty, there were a lot of toponyms named “Zhen” (town), “Ji” (market), and “Shi” (market) in the central plains. These toponyms could indicate the rising of small commercial cities. We vectorized the paper version of the atlas, and other data from the Dictionary of Chinese Historical Toponyms [38], The New Century Chinese City View [39], The Changes of Administrative Divisions in Chinese History [40], the Encyclopedic Dictionary of Ancient and Modern Chinese Geographical Names [41], and China’s Toponyms Anecdotes Dictionary [42] were sorted. The data of administrative divisions of China at a scale of 1:1,000,000 in 2010 AD were acquired from the National Catalogue Service For Geographic Information. Table 1 shows the time frames and map scales since the Qin dynasty. Digital Elevation Model (DEM) data at a resolution of 30 m were obtained from the Resource and Environment Data Cloud Platform.




2.2. Research Methods


2.2.1. Spatial-Temporal Database of Choronym Evolution


A toponym has both a specific geographical location and a specific time of existence. That is, all choronyms have a space–time coordinate. In this study, we took China’s space scope as the space coordinate, and China’s history since the Qin dynasty as the time coordinate (Figure 1). Generally, time information is demonstrated in two modes: Event and state [43]. A geographic entity in its lifespan has different states and events. An event is defined as a process that is transformed from one state to another. Considering the availability of historical data, we analyzed the spatial–temporal evolution pattern of choronyms since the Qin dynasty by building a database based on a sequent snapshot model (Figure 1). In this study, the changes in choronyms were displayed in maps based on evolution events, and compromising the ideas of the ground state correction model and spatial–temporal model based on events, we adopted an event-based state amendment model to realize the continuous evolution of choronyms. D1 and D2 denote the evolution events of choronyms in two adjacent dynasties, and t0 and t1 represent the evolution event in a dynasty (Figure 1). The evolution of choronyms is divided into seven types in this paper (Table 2).




2.2.2. The Kernel Density Estimation Method


The method of kernel density estimation (KDE) utilizes a moving unit (equal to a window) to estimate the density of a point. It is defined as x1, x2, where xn is independent, identically distributed samples are extracted from an object distribution density function f, and f(x) is the value estimated at a given point x. Researchers generally use the method of Rosenblatt–Parzen kernel estimation [44]:


f(x)=1nh∑i=1n{k[d(x,xi)h]}.



(1)







In Equation (1), n represents the number of toponyms in the range scale, k(·) is the kernel density function of toponyms, h is the distance threshold, and d(x, xi) is the Euclidean distance between estimated point x and sample xi. The KDE method utilizes the distance attenuation bandwidth to denote an object’s spatial influence domain, which is appropriate to situations that consider the influence of regions [45]. Therefore, we utilized this method to study toponym density changes of China’s choronyms since the Qin dynasty.




2.2.3. Spatial-Temporal Variation Indicators


(1) Nearest Neighbor Analysis



The nearest neighbor analysis (NNA) can be used to determine the spatial distribution of point elements. Generally, the spatial distribution types of point elements can be divided into three types: Uniform, random, and condensed. The NNA is widely used in the study of regional space structure. Stephen L.J. Smith pointed out that the NNA could be used to describe the spatial distribution of point elements accurately and objectively [46].


ANN=r1¯/rE¯=2r1¯/nA=2r1¯D.



(2)







In Equation (2), ANN is the nearest neighbor analysis index, r1¯ is the mean of the values of r1 (r1 is the distance between the nearest point), rE¯ is the theoretical value of the nearest distance, A denotes the area of the study region, n is the number of the nodes, and D is the point density. The spatial distribution is stochastic when the value of ANN is 1, and is homogeneous when the value is greater than 1, is agglomerate when the value is less than 1.



(2) The Coefficient of Variation



The coefficient of variation (CV) is selected to measure the spatial variation of choronyms with various types. It is a standardized measure of dispersion of a probability distribution of frequency distribution [47]. CV is defined as the ratio of the standard deviation (SD) to the mean (Equations (3) and (4)) [48], and we considered that the CV was more suitable for analyzing the spatial–temporal variation than the SD because the SD must always be understood in the context of the mean of the data, which varied between different levels of choronyms in this study. In contrast, the CV is independent of the mean in which the measurement is made [47]. Therefore, the CV was selected to measure the spatial–temporal variation of choronyms.


SD=1n∑i=1n(Xi−X¯)2,



(3)






CV=SDX¯,



(4)




where CV denotes the coefficient of variation, SD is the standard deviation, n represents the number of high-level administrative regionalizations, Xi is the number of choronyms of the ith high-level administrative regionalization (i = 1, 2, …, n.), and X¯ is the mean of the number of choronyms in high-level administrative regionalizations. The higher the CV value is, the greater the spatial variation in the number of choronyms is.



(3) The Geography Concentrate Index



The geography concentrate index is an important indicator to measure the degree of concentration [48]. In this study, the geography concentrate index was used to measure the spatial distribution of choronyms, county level or higher, during the 14 periods since the Qin dynasty.


G=100×∑i=1n(XiT)2.



(5)







In Equation (5), G is the geography concentrate index, Xi is the number of choronyms, county level, or higher, in the ith high-level administrative regionalization in one period, T is the total number of choronyms, and n is the number of high-level administrative regionalizations. The value range of G is [0,100]. The lower the value is, the more dispersed the spatial distribution is; the higher the value is, the more concentrated the distribution is. Similarly, we also utilized G to measure the temporal distribution of choronyms, county level or higher, since the Qin dynasty.



(4) The Gini Coefficient



The Gini coefficient can be utilized to study the spatial distribution features of discrete regions [49]. Province-level administrative regions are the highest administrative regions in China, The “Province” is evolved from the “Xingsheng”, which dates back to the Yuan dynasty. Therefore, we used the Gini coefficient to further measure the spatial-temporal distribution of choronyms, county level or higher, in province-level administrative regionalizations since the Yuan dynasty.


H=−∑PilogPi,



(6)






Hm=logN,



(7)






Gini=HHm,



(8)






C=1−Gini.



(9)







In Equations (6)–(9), Gini represents the Gini coefficient, Pi is the proportion of choronyms, county level or higher, of the ith province-level administrative regionalization in the total, N is the number of province-level administrative regionalizations, and C is the distribution homogeneity. The value range of Gini is [0,1]. The lower the value is, the more dispersed the spatial-temporal distribution; the higher the value is, the more concentrated the distribution is.



(5) The Unbalanced Index



The unbalanced index can denote the degree of equilibrium (or completeness) of the distribution of subjects in different levels or regions. This paper utilized the unbalanced index to measure the degree of distribution equilibrium of choronyms, county level, or higher, in province-level administrative regionalizations since the Yuan dynasty. The unbalanced index can be obtained using the formula for calculating the concentration index in a Lorentz curve [50]:


S=∑i=1nYi – 50(n + 1)100n − 50(n + 1).



(10)







In Equation (10), S denotes the unbalanced index, Yi represents the cumulative percentage of the number of choronyms of the ith province-level administrative regionalization in the total, where the percentages are sorted from large to small, and n is the number of province-level administrative regionalizations. The value range of S is [0,1]. The lower the value is, the more dispersed the spatial–temporal distribution; the larger the value is, the more concentrated the distribution is. For example, while S = 0, the choronyms are evenly distributed in all province-level administrative regionalizations; when S = 1, the choronyms are all concentrated in one province-level administrative regionalization.




2.2.4. The Spatial Association Indicator


Spatial association statistics are applied to measure and analyze the degree of associations among divisions in a geographic space. The spatial association analysis needs geographical relationships in high-level administrative regionalizations to be modeled, and a matrix of spatial weighting is used to conceptualize the spatial relationships and show how strong the influence is between regions. We utilized a spatial weighting matrix, which took the contiguity into consideration. If two spatial entities have a common border of non-zero length, they are considered contiguous, and a value of 1 is assigned; otherwise, a value of 0 assigned. This method is fit to describe the spatial relationship of high-level administrative regionalizations in this study. Moran’s I is one of the principal global indicators of association. It estimates the overall level of spatial association for a dataset [51]. In this paper, we used the global Moran’s I to analyze the global spatial association of choronyms in high-level administrative regionalizations since the Qin dynasty.


Global Moran’s I=n∑i=1n∑j=1nwij∑i=1n∑j=1nwij(Xi−X¯)(Xj−X¯)∑i=1n(Xi−X¯)2.



(11)







In Equation (11), the global Moran’s I refers to the spatial association indicator, n is the number of high-level administrative regionalizations, Xi and Xj respectively refer to the number of choronyms in the ith and jth high-level administrative regionalizations (i, j= 1, 2, …, n; i ≠ j), X¯. is the average value, and Wij is the matrix of spatial weights. The value of Global Moran’s I is between −1 and +1; if it is positive, a positive association is indicated, and similar values are clustered in a geographic space, and there is an opposite result if the value of Global Moran’s I is negative. Theoretically, if the value is close to 0, a stochastic spatial pattern is indicated.




2.2.5. Geo-Informatic Tupu


In order to explore the spatio-temporal evolution features of China’s choronymic cultural landscapes qualitatively and quantitatively, we introduced the concept of geo-informatic Tupu. It is a group of tables, maps, curves, and graphs arranged by indicators of gradient rules or organized laws, it uses the mathematical model, GIS, and Remote Sensing (RS) methods to display spatio-temporal dynamic changes [52,53,54,55,56,57,58]. In this paper, we utilized the generated maps and adopted an event-based state amendment model to establish the spatio-temporal database based on The Historical Atlas of China [37], The New Century Chinese City View [39], and China’s Toponyms Anecdotes Dictionary [42], and subsequently selected various indicators of spatial–temporal variation and spatial association to derive a series of spatio–temporal composite maps according to time sequence (Figure 1). The spatio–temporal evolution Tupu of choronyms densities of China since the Qin was generated by the KDE method [59], and extracted the naming time information of county-level choronyms in 2010 AD by relying on the expert knowledge from the Dictionary of Chinese Historical Toponyms [38], The New Century Chinese City View [39], Encyclopedic Dictionary of Ancient and Modern Chinese Geographical Names [41], and China’s Toponyms Anecdotes Dictionary [42]. In order to analyze the spatio-temporal evolution characteristics of different levels choronyms, we set the weights of toponyms by applying the method of Expert Scoring. This paper divided choronyms into the high, prefecture, and county levels. Considering the political influence in different dynasties, capitals in different periods were also classified into a separate category for the weight scoring. For example, the weight of capital of the Sui dynasty was 0.6, of the prefecture level was 0.3, of the county level was 0.1; the weight of capital of the Tang dynasty was 0.4, of the high level was 0.3, of the prefecture level was 0.2, and of the county level was 0.1.






3. Results


As the embryonic forms of administrative units, “Counties” primordially appeared in the spring and autumn period of Chu, Qin, and other states in ancient China. According to the available data, “Counties” were mainly set up in the frontier areas of vassal states at the beginning of the spring and autumn period, because “Counties” still retained an original clan structure at that time. Strictly speaking, they were not administrative units. “Counties” were truly institutionalized after the establishment of the Qin dynasty in 221 BC, then the prefecture–county system was implemented nationwide [60]. Therefore, this paper considers the choronyms at the county level or higher in China since the Qin dynasty until 2010 AD.



As products of people recognizing and reconstructing the natural environment, choronyms are not only parts of linguistic cultural landscapes, but also indicators of natural landscape changes and social landscape changes. For example, Qidong City in Jiangsu Province was once a sea area and was named in 1989 for the meaning of developing the eastern coastal area, it preliminarily emerged as a shoal made by the sands; Hekou District in Shandong Province was also once a sea area and was named in 1984 for locating at the estuary of the Yellow River, and people initially settled there since the Qing dynasty [42]. Furthermore, generally, the density of toponyms can reflect the level of population density and economic development [59]. In order to explore the evolution venation of choronymic cultural landscapes, we analyzed the spatial–temporal pattern evolution, spatial–temporal variation, spatial association, and semantic evolution of choronymic cultural landscapes since the Qin dynasty.



3.1. Spatial–Temporal Pattern Evolution of Choronymic Cultural Landscape Entities


We calculated the toponym density by using Equation (1) and the ArcGIS software platform to intuitively demonstrate changes in the density evolution of choronyms since the Qin dynasty (Figure 2).



The birth of the state in China is generally considered to have occurred during the Xia dynasty (about the 21st century BC), the following Shang and Chou dynasties implemented the enfeoffment system, which is the first kind of administrative regions. “County” is the earliest administrative division unit, which approximately appeared in the 7th century BC and was widespread by China’s Warring States Period; “Prefecture” appeared later than “County”, it dated to the spring and autumn period [35].



Table 3 and Figure 2 indicate that the number of choronyms and the spatial distribution of toponym density had all been different since the Qin dynasty, especially the number of toponyms was increasing since the Yuan dynasty, mainly because the county-level choronyms account for the vast majority of the total, and new counties were roughly being separated from old ones over time. Hence, the People’s Republic of China (PRC) period had the most toponyms. Furthermore, regions with high toponym density were generally located in plain areas. Figure 2 also displays that regions that had high toponyms density mostly had high population density and economic level. Furthermore, the cores of toponym density gradually spread from the region of the middle-lower reaches of the Yellow River to the Yangtze Plain, the Chengdu Plain, the Pearl River Delta Plain, and so forth. This is partly because ancient China moved the economic center from the north to the south during the Song. The increasing prosperity and development of the maritime silk road led to a rapid economic development in the southern part of China during the Song and Yuan, and the cores of toponym density did not change much after the Ming and Qing because the Qing used the same choronym system as that of the Ming. However, the number of toponyms was decreased in the Song and Yuan and the reasons were complicated, which might be related to the historical administrative division system and demographic/economic factors.




3.2. Spatial–Temporal Variation of Choronymic Cultural Landscape Entities


As shown in Figure 2, the spatial–temporal distribution of toponyms density was unbalanced since the Qin dynasty. In order to describe the disequilibrium degree of spatial–temporal distribution of toponyms quantitatively, we analyzed the spatial and temporal variations of choronyms by using the indicators of the ANN, CV, G, Gini, and S. The ANN was calculated by Equation (2); CV by Equations (3) and (4); G by Equation (5); Gini by Equations (6)–(9); S by Equation (10). We specifically analyzed the spatial variation from two perspectives: The whole country and the province-level administrative regionalizations.



3.2.1. Spatial Variation of Choronym Entities


We analyzed the spatial variation of choronyms at county level or higher, in the whole country since the Qin by utilizing ANN, and CV (Figure 3). Moreover, in Figure 2, the spatial distribution of toponyms density roughly presents two parts bounded by the “Hu Line”: East is dense, while west is sparse, so we made a further analysis on spatial statistics of choronyms on the two parts of the “Hu Line” (Figure 4). As shown in Figure 3, the results demonstrated a negative correlation between ANN and CV, and approximately show a mirror image distribution on the two sides of the straight line with a value of 0.53. The values of the ANN were all less than 1, and the value range was 0.39–0.67. The values of the CV were also less than 1, and the value range was 0.42–0.72, indicating that the spatial distribution of choronyms was agglomerative since the Qin dynasty. The Tang dynasty showed the highest unevenness, while the period of the ROC had the lowest unevenness.



The “Hu Line” was put forward by Prof. Hu in 1935 and was utilized to roughly describe a geographical line of China’s population quantitatively. The “Hu Line” divides China into two parts: Southeast and Northwest. In the 1930s, the Southeast only occupied 36% of the land area but accounted for 96% of the population, while the Northwest occupied 64% of the land but just 4% of the population [61]; in the 1980s–1990s, the southeast occupied 43% of the land area but accounted for 94% of the population while the northwest occupied 57% of the land but just 6% of the population [62]. The “Hu Line” can not only reflect the spatial distribution heterogeneity of China’s population but also reveal the relationship of humans and the environment. Prof. Hu pointed out that the spatial distribution of terrain, rainfall, and population had a close relationship [62]. As shown in Figure 4, the percentages of choronyms in the southeast of “Hu Line” were all more than 65% and, since the Western Han, were over 80%. Taking the period of the PRC as an example, the Northwest only occupied 15% of choronyms. The “Hu Line” can not only reflect a spatial coupling relationship between China’s population and physiographical environments [63] but also reflect a spatial coupling relationship between China’s choronyms and population, physiographical environments.



Furthermore, because the provincial system was originated from the Yuan dynasty, we analyzed the spatial variations of choronyms, the county level, or higher, in the province-level administrative regionalizations since the Yuan dynasty by utilizing the indicators of the G, Gini, and S (Table 4). As shown in Table 4, the G values were all more than 20, the Gini values were all less than 1, the S values were between 0.20 and 0.39, and the change trends of these three indicators were consistent. This indicates that choronyms, the county level, or higher, were unevenly distributed among province-level administrative regionalizations since the Yuan dynasty. Relatively, the Yuan dynasty was the most concentrated, and the PRC was the least. In order to verify the spatial variations of choronyms in each province-level administrative regionalization, we calculated the ANNs of 31 province-level districts in 2010 respectively (Table 5).



As shown in Table 5, the results indicate that the ANNs in different provincial administrative regions were different; that is, the spatial distribution of choronyms in different province-level administrative regions was different. Furthermore, the ANNs of Hainan, Beijing, Shanghai, Tianjin, Guizhou, Chongqing, Shanxi, and Jiangxi were greater than 1, which illustrates that the spatial distribution of choronyms in these regions is relatively homogeneous compared to other regions in China. The ANNs of Xinjiang, Gansu, Heilongjiang, Guangdong, Liaoning, Ningxia, Qinghai, and so on are less than 1, which illustrates that the spatial distribution of choronyms in these regions is relatively agglomerate compared to others.




3.2.2. Temporal Variation of Choronym Entities


As shown in Table 6, the values of G were all more than 27, Gini values were less than 1, S values were between 0.16 and 0.57, and the change trends of these three indicators were consistent. Results indicate that the temporal distribution of choronyms at high, prefecture, and county levels was centralized since the Qin dynasty. The high-level temporal distribution was the most concentrated, followed by the prefecture-level and the county-level. Furthermore, we used the Lorentz curve (Figure 5) to verify the imbalance and concentration degree of temporal distribution of choronyms at different levels since the Qin dynasty. The results of these three indicators and the Lorentz curve also verified that it is feasible to use them to describe temporal distribution characteristics of toponyms.





3.3. Spatial Association of Choronymic Cultural Landscape Entities


The Moran’s I was calculated by Equation (11). As shown in Figure 3, the values of the Moran’s I of the Qin, Western Jin, Northern and Southern Dynasties, Tang, Northern Song, Southern Song, Yuan, Ming, and Qing dynasties were positive and significant at the 0.01 or 0.05 level, indicating that the spatial agglomeration phenomena of choronyms were positively clustered over the regions in these periods. By contrast, Moran’s I of the Western Han, Eastern Han, Sui, ROC, and PRC periods were negative and significant at the 0.01 or 0.05 level, indicating that the spatial agglomeration phenomena of choronyms were negatively clustered over the regions. Moreover, the Ming dynasty presents the highest degree of spatial aggregation, followed by that of the Northern Song, and the third highest was that of the Yuan dynasty. The aggregation extents of the Qin, Sui, Tang, and Qing dynasties were comparatively low.




3.4. Semantic Evolution of Choronymic Cultural Landscapes Entities


3.4.1. Toponymic Words’ Cultural Characteristics


As shown in Table 7, among the top 20 words of choronyms at the county level or higher since the Qin, the words of “Yang” (the south of mountain or north of river), “Cheng①” (city), “Shan” (mountain), “An” (peace or safety), “Ping”(peace, safety or flat terrain), “Ning” (peace or safety), “Jiang” (river), and “Nan” (south) had high frequencies. “Shan” had the highest frequency in 2010. This demonstrates that people were more inclined to use the words relevant to the landscapes of mountain and river, orientation and blessings to name the administrative districts throughout history. Professor Shi Nianhai also stated that the naming of administrative units focused on geographic factors and toponyms named after natural landscapes such as mountains and rivers were universal and stable [64].



Based on some research achievements [7,42,59,64], we divided the top 20 words of choronyms into eight categories according to the words’ meaning. That is, relevant to mountains, hydrological features, terrain, orientation, blessings, ancient relics, surnames, and minority languages. As demonstrated in Figure 6, the words relevant to blessings, orientation and hydrological features had high proportions in the top 20 words. That indicates a preference for naming a choronym. We could infer that natural and man-made disasters were common in China’s history from these toponyms, and people prayed for a peaceful life by naming toponyms relevant to blessings; toponyms relevant to orientation highlight the function of indicating spatial positions; toponyms relevant to hydrological features show that the corresponding districts had significant rivers, lakes, or other hydrological features. Besides, the toponyms relevant to minority languages began to accumulate since the Qing dynasty, such as, Manchu and Mongolian languages (“Yi”, “Er”), and these toponyms were mainly located in the north and northeast of China. They were related to the governors of Qing dynasty and activity scopes of ethnic minorities. The cultural characteristics express through these ways of naming toponyms were also special toponymic cultural landscapes.



Furthermore, toponymic words can reflect the types of toponymic landscapes. For example, “Shan”, “Yang”, “Jiang”, and “Nan” toponyms belong to the natural landscape toponyms, while “Cheng” and “An” toponyms belong to the humanistic landscape toponyms. As shown in Table 7, the toponymic words indicating natural landscapes (“Yang” and “Shan”) had the largest number in 10 dynasties. Moreover, as displayed in Figure 7, the spatial distribution of “Shan”, “Cheng”, “Yang”, “Jiang”, “An”, and “Nan” toponyms could indicate that toponyms in the eastern part of the “Hu Line” were relatively concentrated, “Cheng” and “Jiang” toponyms showed more obvious spatial agglomeration, the “Cheng” toponyms were mainly distributed in the North China Plain, and the “Jiang” toponyms were mainly distributed in the Yangtze River Basin, the Pearl River Basin, and the Sanjiang Plain. The “Cheng” toponyms were mainly named for historical sites, so these toponyms were mainly distributed in the plain area, which had a long development history. Moreover, the naming pattern of rivers in China generally follows the law whereby “rivers in the south were named as ‘Jiang’, and in the north were named as ‘He’ “. Rivers in the northeast are mainly named ‘Jiang’ [65], so the “Jiang” toponyms show the same law.




3.4.2. Millennium Ancient Counties (An Important Part of Toponymic Cultural Heritages)


County-level administrative districts are the most stable and basic administrative regions in China’s history and have played a key role in the management of the country. From the statistics of the Dictionary of Chinese Historical Toponyms [38] and The New Century Chinese City View [39], less than 3% of county-level administrative regions still use their names from the Qin and Han dynasties. Figure 8 shows that there were 826 county-level choronyms named over the last 1000 years in China, of which 220 were more than 2000 years old. Furthermore, as shown in Figure 8, nearly 98% of county-level choronyms named over the last 1000 years were located in the eastern part of the “Hu Line”, with a concentrated distribution in the plain areas, such as the North China Plain, the Guanzhong Plain, the Yangtze Plain, the Chengdu Plain, etc. The agricultural development played a vital role in ancient China, and the plain areas had relatively superior natural conditions and were suitable for agriculture and human habitation, so these regions had a larger number of choronyms named over the last 1000 years and had a larger proportion of toponyms more than 2000 years old. Furthermore, as shown in Figure 9, Hebei Province had the largest proportion of toponyms named over the last 1000 years. The second largest was the Henan Province, and the third largest was the Shandong Province. Moreover, the toponyms more than 2000 years old were also mainly distributed in these three provinces (Figure 8).



“Millennium Ancient Counties” are a key part of protecting China’s toponymic cultural heritages; that is, 100 ancient counties with a long history and with rich toponym cultural connotations will be selected to carry out key protection and publicity work at home and abroad with respect to the 826 county-level choronyms named over the last 1000 years. As shown in Figure 9, the percentages of county-level choronyms named over the last 1000 years and those were identified as the “Millennium Ancient Counties” showed a positive correlation. Generally, the more county-level choronyms named over the last 1000 years that a province have, the more toponyms are identified as the “Millennium Ancient Counties”. However, the identification of a “Millennium Ancient County” is insufficient. As Figure 8 indicates, there were only 81 county-level choronyms identified as “Millennium Ancient Counties” by the Ministry of Civil Affairs by the end of 2017, and almost all “Millennium Ancient Counties” were located in the eastern part of the “Hu Line”. The provinces of Hebei, Shandong, and Henan accounted for nearly half of the total. Furthermore, the provinces of Anhui and Guangxi had more than 30 toponyms named more than 1000 years ago but had no “Millennium Ancient Counties” (Figure 9).






4. Discussion


4.1. Influencing Factors of Spatial–Temporal Distribution of Choronymic Cultural Landscapes


The distribution of choronyms is influenced by both natural and human/social factors. The choronyms are created by humans, so they are generally more intensive where more people lived. In addition, the spatial distribution of choronyms is closely related to elevation. We made statistics of the spatial distribution of choronyms in the three steps of China’s terrain in 2010 and found that about 6% of choronyms were located in the first step (the average altitude was >4000 m), 34% were located in the second step (the average altitude was 1000–2000 m), and 60% were located in the third step (most elevations are below 500 m). That is, the higher the regional elevation is, the lower the density of the choronyms is, mainly because the high elevation restricts human activities. While the influencing factors of temporal distribution of choronyms are complex at different time scales, (for example, political factors can affect the grade and quantity of choronyms in different dynasties), population migrations and natural disasters also can cause changes in choronyms, which may have a delayed effect.




4.2. Differences and Stability of Choronymic Cultural Landscapes Spatial Agglomeration Between the Two Sides of the “Hu Line”


The “Hu Line” can reflect a spatial coupling relationship between choronyms and the physiographical environment. This paper examined the differentiation and changes in the choronym distribution on the two sides of the “Hu Line”. The “Hu Line” revealed the same characteristic of the choronyms distribution since the Qin dynasty: East is dense, while west is sparse. Moreover, nearly 98% of county-level choronyms named over the last 1000 years were located in the eastern part of the “Hu Line”, with a concentrated distribution in the plain areas. This is because the Northwest region has a dry climate and a sparse population, while the Southeast region has more plain areas, more rainfall, more population, and more choronyms. Moreover, the percentage of choronyms in the eastern part of the “Hu Line” in the Qin dynasty was the lowest for the territory scope, while the percentages of dynasties from Western Han to Ming were all more than 88% and less than 94%, and all percentages of dynasties since Qing were all less than 86%. This indicates that the government have enhanced the management and improved the development of the western part since the Qing dynasty. Even though the proportion of choronyms on both sides of the “Hu Line” has been changing since the Qin dynasty, it is basically stable for a long period; that is, the eastern part has a higher density of choronyms compared to the western part.




4.3. Proposals for the Sustainable Development of Choronymic Cultural Landscapes and the Protection of Toponymic Cultural Heritages


The longer the toponyms are created, the deeper the historical accumulation of toponyms will be. China has a rich culture of toponyms, and the ancient county-level choronyms are important toponymic cultural heritages. According to our study, there were 826 county-level choronyms named over the last 1000 years in China, of which 220 were older than 2000 years. There were approximately 60 counties still using names of the Qin and Han dynasties as of 2002. However, there were only 81 county-level choronyms identified as “Millennium Ancient Counties” by the end of 2017, and the spatial distribution of these toponyms was not balanced at a national scale or provincial scale. Almost all “Millennium Ancient Counties” were located in the eastern part of the “Hu Line”. Some provinces had more county-level choronyms named over the last 1000 years, but had no “Millennium Ancient Counties”, as were the Anhui and Guangxi Provinces. Therefore, future identification of “Millennium Ancient Counties” should consider the regions that have abundant toponymic cultures, and focus on bridging the gap between the two sides of the “Hu Line”.



In view of the advantage of geo-informatic Tupu in analyzing and expressing the spatio-temporal changes, it is suitable to the study of spatio-temporal evolution characteristics of choronymic cultural landscapes and extracting toponymic cultural heritages in this paper. The protection of toponymic cultural heritages should adhere to the requirements of preferential rescue, dominant protection, focusing on inheritance, and rational utilization; combining comprehensive protection with key protection; combining conservation research with conservation practice. Studying the formation and classification of local toponym landscape is of great significance for protecting toponymic cultural heritages and inheriting the context of toponyms. In this paper, we preliminarily extracted the toponymic cultural heritages by identifying semantic evolution features (the high-frequency words and naming time of toponyms). The results show that the identification of “Millennium Ancient Counties” was insufficient and unbalanced, so the future study could sort out significant naming and evolution events of toponyms by using geo-informatic Tupu, it could provide reference suggestions for the development and protection of the existing toponymic cultural heritages, and provide decision support for the scientific selection of potential heritages.





5. Conclusions


As linguistic fossils, toponyms have a mark function for the changes in the natural environment and social environments of different historical periods. Choronyms are an integral part of cultural landscapes and an important tool for state administration. Further research on choronymic cultural landscapes can reveal natural and sociocultural phenomena and can be used for managing and naming places. This research on the laws of choronymic cultural landscape evolution is significant for the protection of toponym cultural resources and cultural heritages, and it can provide decision support for the sustainable development of toponymic landscapes and promote the construction of a local economy. “Millennium Ancient Counties” especially have a profound cultural accumulation and broad social identity; however, historical events, such as separation, amalgamation, revocation, and renaming, have changed the landscapes of toponyms in old administrative districts, and some local governments have changed ancient toponyms artificially in order to develop the regional economy to, for example, improve the tourism industry. Even some county-level choronyms have been changed repeatedly, which has caused great inconvenience to administration management and social cognition and has destroyed toponym cultures.



Based on the data of choronyms of China since the Qin dynasty, at the county level or higher, we analyzed the spatial–temporal pattern evolution, the spatial–temporal variation, the spatial association, and the semantic evolution of choronymic cultural landscapes by adopting the sequent snapshot model and event-based state amendment model to establish a spatio-temporal database and by utilizing various indicators of spatial–temporal variation and association. Conclusions are summarized as follows.



	(1)

	
The number of choronyms and spatial distribution of toponym density were all different since the Qin dynasty. The regions with high toponym density were generally located in plain areas. The cores of toponym density gradually spread from the middle–lower reaches of the Yellow River to the Yangtze Plain, the Chengdu Plain, and the Pearl River Delta Plain.




	(2)

	
The spatial distribution of choronyms was agglomerative since the Qin dynasty. The Tang dynasty had the highest unevenness, while the period of the ROC had the lowest unevenness. The spatial distribution especially was uneven at the national scale and provincial scale since the Yuan dynasty. The choronyms were unevenly distributed among province-level administrative regionalizations since the Yuan dynasty. Relatively, the Yuan dynasty was the most concentrated, and the PRC was the least. Moreover, the temporal distribution of choronyms at high, prefecture, and county levels was centralized. The high level was the most concentrated, followed by the prefecture level and county level.




	(3)

	
The spatial agglomeration phenomena of choronyms were positively clustered over the regions in the Qin, Western Jin, Northern and Southern Dynasties, Tang, Northern Song, Southern Song, Yuan, Ming, and Qing. By contrast, the spatial agglomerations of the choronyms were negatively clustered over the regions in the periods of the Western Han, Eastern Han, Sui, ROC, and PRC. Furthermore, the Ming presents the highest degree of spatial aggregation, followed by the Northern Song and Yuan dynasties, while the aggregation extents of the Qin, Sui, Tang, and Qing dynasties were comparatively low.




	(4)

	
Among the top 20 words of choronyms since the Qin, the “Yang”, “Cheng”, “Shan”, “An”, “Ping”, “Ning”, “Jiang”, and “Nan” had high frequencies, and the words relevant to blessings, orientation and hydrological features had high proportions in the top 20 words.




	(5)

	
There were 826 county-level choronyms with a naming time from over 1000 years ago in China, and there were approximately 60 counties still using the names of the Qin and Han dynasties until 2002. However, only 81 county-level choronyms were identified as “Millennium Ancient Counties” by the Ministry of Civil Affairs by the end of 2017, and the spatial distribution of the county-level choronyms named over the last 1000 years and “Millennium Ancient Counties” were all unbalanced at the national scale and provincial scale.







This study explored the laws of choronymic cultural landscapes evolution since the Qin dynasty and sorted out the distribution characteristics of the important parts of toponymic cultural heritages (county-level choronyms named over the last 1000 years and the toponyms identified as “Millennium Ancient Counties”), which can not only help protect China’s toponymic cultural heritages but also provide theoretical and practical guidance for rationally optimizing administrative divisions and toponym management. However, this paper only analyzed the influencing factors of the spatio-temporal distribution of choronyms preliminarily due to a limitation of data. Further study is required, for example, analysis can be focused on the relationships between choronyms and natural, human/social factors at a large scale.
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Figure 1. The flow chart of the methodology employed in this study. 
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Figure 2. Spatio–temporal evolution of choronymic cultural landscape entities density since the Qin dynasty. 
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Figure 3. Spatial statistics of choronyms since the Qin dynasty. Notes: The choronyms in Figure 3 consist of choronyms, the county level, or higher. The small letters of a, b, c, …, n respectively refer to the 14 periods since the Qin dynasty. That is, a: Qin, b: Western Han, c: Eastern Han, d: Western Jin, e: Northern and Southern Dynasties, f: Sui, g: Tang, h: Northern Song, i: Southern Song, j: Yuan, k: Ming, l: Qing, m: ROC, and n: PRC. * indicates the value is significant at the 0.05 level. ** indicates the value is significant at the 0.01 level. 
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Figure 4. The percentage of choronyms in the southeast part of the “Hu Line”. Notes: The small letters of a, b, c, …, n in Figure 4 respectively refer to the 14 periods since the Qin dynasty. That is, a: Qin, b: Western Han, c: Eastern Han, d: Western Jin, e: Northern and Southern Dynasties, f: Sui, g: Tang, h: Northern Song, i: Southern Song, j: Yuan, k: Ming, l: Qing, m: ROC, and n: PRC. 
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Figure 5. Lorentz curves of the numbers of choronyms since the Qin dynasty. (a) High-level choronyms; (b) prefecture-level choronyms; and (c) county-level choronyms. Note: In this paper, the Lorentz curves were adjusted according to the order of the periods. The small letters of a, b, c, …, n in Figure 4 respectively refer to the 14 periods since the Qin dynasty. That is, a: Qin, b: Western Han, c: Eastern Han, d: Western Jin, e: Northern and Southern Dynasties, f: Sui, g: Tang, h: Northern Song, i: Southern Song, j: Yuan, k: Ming, l: Qing, m: ROC, and n: PRC. 
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Figure 6. Naming types of choronyms at the county level or higher since the Qin dynasty (the top 20 words). Note: The small letters of a, b, c, …, n in Figure 6 respectively refer to the 14 periods since the Qin dynasty. 
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Figure 7. Spatial distribution of words of choronyms at the county level or higher in 2010 (“Shan”, “Cheng”, “Yang”, “Jiang”, “An”, and “Nan” toponyms). 
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Figure 8. Distribution map of the county-level choronyms named over the last 1000 years. Note: The statistics of the naming time were calculated by the end of 2018. 
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Figure 9. The percentage of the county-level choronyms named over the last 1000 years. 
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Table 1. The time frames and map scales since the Qin dynasty.
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	Period
	Year
	Scale





	Qin
	The late Qin dynasty
	1:21,000,000



	Western Han
	7 BC
	1:21,000,000



	Eastern Han
	140 AD
	1:21,000,000



	Western Jin
	281 AD
	1:21,000,000



	Northern and Southern Dynasties
	497 AD
	1:21,000,000



	Sui
	612 AD
	1:21,000,000



	Tang
	741 AD
	1:21,000,000



	Northern Song
	1111 AD
	1:21,000,000



	Southern Song
	1208 AD
	1:21,000,000



	Yuan
	1330 AD
	1:21,000,000



	Ming
	1582 AD
	1:21,000,000



	Qing
	1820 AD
	1:21,000,000



	ROC
	1925 AD
	1:21,000,000



	PRC
	2010 AD
	1:1,000,000
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Table 2. Evolution types of choronyms.
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	Type ID
	1
	2
	3
	4
	5
	6
	7





	Type Name
	Name
	Rename
	Cancel
	Position migration
	Boundary change
	Gradec hange
	Membership change
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Table 3. Statistics of choronyms number since the Qin dynasty.
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	Period
	High-Level Choronyms
	Prefecture-Level Choronyms
	County-Level Choronyms
	Total





	Qin
	
	48
	1000
	1048



	Western Han
	
	103
	1587
	1690



	Eastern Han
	13
	102
	1180
	1295



	Western Jin
	21
	176
	1232
	1429



	Northern and Southern Dynasties
	253
	403
	1562
	2218



	Sui
	
	194
	1271
	1465



	Tang
	15