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The spatial distribution pattern of the economic development among counties is an important external representation of a balanced and sustainable regional development in China. With the rapid development of globalization and localization, spatial pattern of economic growth is increasingly obvious. The mechanisms of regional economic growth in China are also gradually gaining attention. However, there is still a lack of research at the province and county levels. As a result, based on the per capita GDP of each county in Hubei province from 2005 to 2020 as the research index, the spatial autocorrelation and the spatial variation function are used to analyze the spatial pattern evolution and the county economy mechanism in Hubei province. The results show that 1) there is a remarkable phenomenon of county-level economic spatial agglomeration in Hubei province. The urban area of Wuhan and its surrounding counties are high–high (HH-type) county agglomeration areas. The low–low (LL-type) counties are mainly distributed in the western parts of Hubei province and scattered in the northeastern and southern parts of Hubei province; 2) the county economy of Hubei province presents a spatial distribution pattern of “high in the east and low in the west.” The hot areas of the county economy are primarily located in the urban area of Wuhan and its surrounding areas. In the process of development, the hot spot areas tend to shift to Yichang, Jingmen, and Xiangyang. The cold spot areas are located on the edges of the western, northeastern, and southeastern areas of Hubei province; 3) the spatial continuity and self-organization of the county economic development are strengthened. The structural differentiation trend caused by spatial autocorrelation is also strengthened. The county economy is relatively balanced from the southeast to the northwest, and the spatial difference in economic development in other directions is increasing; and 4) the spatial evolution of county economic development in Hubei province is the result of the comprehensive effects of historical and cultural background, economic development, traffic location, and policy system, and the A-shaped point-axis structure is a reliable spatial structure for regional development in Hubei province.
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INTRODUCTION
The unbalanced distribution of economic activities and economic phenomena is a persistent problem for both developed and developing nations (Candelaria et al., 2009), which exhibits spatial and temporal patterns in geography. The spatial process and pattern make a difference to broad social, economic, and political processes (Massey, 1985). The objective existence of regional economic differences is determined by the local development path, economic structure, spatial linkages, and local resource endowments among different regions. China’s economic prosperity over the past 40 years has made its crowded cities and metropolises rich, but rest of the countries, especially the counties with a predominantly agricultural and rural economy, has remained relatively poor (He et al., 2019), more intensifying inequalities are mainly demonstrated across prefectures and counties. Different regional economic spatial patterns are formed because of this objective existence (Jin et al., 2007; Li and Li, 2018). Hence, a need to focus on “enhancing the county-level economy” was proposed in 2002 and was emphasized in the “National territorial planning framework (2016–2030),” approved by Premier Li, which aims to extend urban development beyond urban areas and promote the development of county economy. As the most basic administrative unit and industrial undertaking carrier of China’s economic development, the county is the basis of the construction of the regional economy, instead of the economic zone, province, city, etc. This specific pattern could be regarded as an important reference factor to promote a balanced and sustainable regional development and formulate the macro-control policy of the government (Ward, 2016). However, the ways in which regional economic differences is spatially formulated and connected at the county scale remains unknown. The research on the county spatial differences and its economic development mechanism is of great significance for understanding the regional economic pattern and its evolution and has become a major strategic problem that China’s economic macro-control is committed to solving (Xu et al., 2005; Jin and Lu, 2009; Zhao and Dong, 2012).
The literature on regional economic differences is popular with terms related to geography, such as region, spatiality, locality, district, and neighborhood effect. Scholars have found that regional economic difference is sensitive to geographical clustering and agglomeration, as corroborated in many empirical analyses at regional, provincial, and city levels (Liao and Wei, 2012; Wei and Kim, 2002), and that changing trajectories and fortunes of leading or lagging regions often have a huge impact on regional inequality (Yu and Wei, 2003; Ye and Wei, 2005). Regional differences have become a burning issue in the development of the social economy and have attracted tremendous concern and scholarly attention (Li and Qiao, 2001; Xu et al., 2005). From the perspective of space, regional economic differences are spatially represented by the economic spatial structure of the region in a certain period of time. Most of the studies conducted internationally have focused on the theoretical level and have provided the basis for a classical theoretical system (Czako et al., 2014). Perroux (1950)proposed the theory of the regional growth pole in 1955, which is regarded as a great theoretical contribution to the study of regional development from the perspective of economics, and Friedman (1966) proposed the “core-periphery” structure based on the simulation of urban system formation and development to explain the evolution of regional economic spatial structure. New economic geography places increasing return to scale and agglomeration at the center of regional development (Fujita et al., 1999). Initial studies by foreign scholars have suggested that the regional differences in economic development were ultimately reflected in the problem of social polarization between rich and poor populations, so early scholars used the Gini coefficient to measure polarization (Atkinson, 1970). Esteban et al. (2007) measured the average annual Esteban–Ray polarization index of five OECD countries (Canada, Germany, Sweden, the United Kingdom, and the United States) from 1970 to 2000. Fedorov (2002) calculated and decomposed Russia’s Esteban–Ray’s and Kanbur–Zhang’s polarization indexes of income inequality and consumption expenditure differences from 1990 to 1999. Ezcurra et al. (2006) used the Gini coefficient, Theil index, coefficient of variation, and Esteban–Ray polarization index to quantitatively analyze the overall differences and polarization level of the per capita income distribution dynamics in Europe from 1977 to 1999. Gasparini et al. (2006) found that the economic development of Latin American countries showed a highly polarized trend, while that of Caribbean countries was relatively flat (except Mexico, Nicaragua, and Peru). Zhang and Kanbur carried out a series of studies on regional economic differences and polarization, respectively, in China (Zhang and Kanbur, 2001, 2005; Kanbur and Zhang, 2005). Wan and Zhou. (2005) showed that since the 1980s, the differences in per capita net income among farmers in different regions, within regions, within provinces and cities, and even among farmers in the same township have been increasing.
At present, the research on regional economy in China mainly embodies the following aspects. ① The research object has changed from the differences between the east and the west (Lu et al., 1999; Wu D. Y., 2001; Lu and Xu, 2005), between the north and the south (Wu D. T., 2001), between urban and rural areas (Xu and Liu, 2012) to the differences between provinces (Zhang et al., 2010; Xiong et al., 2011; Fang et al., 2013a; Tian and Zhao, 2013), and between economic zones and urban agglomerations (Ma et al., 2007; Sun et al., 2009; Hu and Zhang, 2010; Sun et al., 2013). ② The research scale has changed from the macro-level province (city, autonomous region) (Chen and Zhu, 2012) to the micro prefecture-level city and county and has begun to focus on mechanism analysis (Ke and Lu, 2011; Ke et al., 2013a; Wang and Gao, 2014). ③ Research methods have been integrated, including the traditional standard deviation (Wu and Ding, 2011), coefficient of variation (Xu et al., 2015), Gini coefficient (Cai et al., 2011), Theil coefficient (Zhong and Lu, 2010; Zhou and Zhang, 2011), and other introduced mathematical analysis methods such as GIS (Feng et al., 2015), ESDA (Fang et al., 2013b), wavelet analysis (Xu et al., 2005), and other methods to explore the spatial dependence and heterogeneity of the county economy. ④ There has been a shift from an emphasis on quantity to a focus on quality, and the factors and structure of the county have also become an important issue. Rozelle et al. (2002) have examined how rural China is successful in participating in the sequence of economic activities that will lead to modernization and emphasize the significance of the state of China’s county economy. This issue has also been favored by some scholars (Ke et al., 2013b; Zhu and Wu, 2015), mainly focusing on research on land (Li and Fang, 2014), industry (Chen et al., 2016), urbanization (Liu and Yang, 2012), transportation (Liu and Zeng, 2011), ecology (Li et al., 2014), etc.
Regional economic difference is multi-scale in nature, and spatial agglomeration is an essential feature of geographical space. The significance of the spatial perspective has motivated a new round of methodological advances. With increasing amount of data and fast developing analytical methodologies, our understanding of regional economic differences (inequality) and spatial pattern is increasing drastically. This is particularly true when scholars started to apply spatial analytical approaches to understand the issue since the spatial distribution of economy is essentially a geographical problem (Dou et al., 2016; Ortega et al., 2018). World Development Report 2009 highlights the importance of economic geography in regional economic development (World Bank, 2009). Affected by various socioeconomic contexts, regional economic differences demonstrate many spatial features such as spatial heterogeneity (S. He, Fang, et al., 2017), spatial dependence (Anselin, 2013), spatial agglomeration (F. H. Liao and Wei, 2015), spatial mobility (Rey, 2016), spatial hierarchy, and spatial causation (Wei, 2015). Therein, spatial heterogeneity and spatial dependence are the two fundamental issues in social sciences (Goodchild, 2009). Regional economic differences are heterogeneous in both space and time. The effect of spatial dependence is also significant to understand structural instability in regional sciences. Geographical space or regions are heterogenous in nature, while a traditional inequality index measures the spread of the income distribution and fails to distinguish between convergence to the global mean and clustering around local means (Esteban and Ray, 1994). Declining overall inequality can mask rising polarization, with related concepts of geographical concentration, club convergence, and poverty trap. The development of GIS and spatial analysis has provided powerful tools to uncover the significant impact of spatial association and spatial heterogeneity on regional economic differences. Moreover, geographers also tend to pay less attention on rural economic differences, including inequality across counties and villages. Analyzing spatial association/heterogeneity and mechanisms of county-level can better explain the evolution trend of regional economy and deepen the understanding of regional inequality.
A spatial view is crucial for regional economic differences analysis, particularly in the case of the county-level China (Zhang and Dang, 2016). The relationships between regional inequality and its geospatial dimensions have been examined by a number of studies (Rey and Le Gallo, 2009; Liao and Wei, 2015). These studies investigate spatial distributional dynamics of regional economic differences, which conclude that space does matter in shaping uneven regional development. Spatial dependence, scale, and hierarchy are all significant for better understanding the complexity of China’s regional economic differences. For example, Rey (2015) suggests that the role of spatial context does influence the distributional dynamics of regional inequality by comparing the case of Mexico and the United States. Wei (2015) found that mechanism of regional economic differences in China is mainly demonstrated in terms of first nature (physical geography) and second nature (agglomeration). Although these studies have investigated the county-level inequality, most of them mainly focus on an individual coastal province in China, and no formal consensus has been reached to date and a geospatial analysis on the county-level economic differences in central China is lacking. Meanwhile, the new-type urbanization is required to realize regionalization and optimize spatial patterns of regional development in China. Hence, a spatially explicit view of development dynamics in the county-level central China requires further research, how the intra-county spatial inequality has evolved over time and whether these development strategies of regions became effective remains unknown.
In the new era, the implementation of rural revitalization and the development and study of the county economy play an important role in promoting the overall planning of urban and rural areas, coordinating regions, and accelerating the development of the national economy. Hubei is one of the most developed areas in China, making it an important component of development strategies of the “Yangtze River economic zone” and “Triangle of central China.” In 2020, the county population and total economic volume were 36.7536 million and 2,554.772 billion yuan, accounting for 59 and 60% of the province, respectively. With the rapid development of economy, the level of urbanization in Hubei has been continuously improved. Meanwhile, the spatial difference of county economic development in Hubei province is apparent. In the plain area along the Yangtze River in eastern Hubei with Wuhan as the core, large amounts of land resources are developed for industrial, commercial, residential, and infrastructure purposes. Conversely, the land development is restricted or forbidden in most counties of the middle and western Hubei. So there is an obvious regional gradient of economic growth from the eastern to the central and to the western Hubei, which is extremely similar to that of China. As such, Hubei province can be considered a miniature of economic development in China. In addition, Hubei province is one of the first regions to implement the reform of the financial system of the province directly governing county. This region could be regarded as a typical case for research. Moreover, the previous research works on the county economic differences in Hubei province only focused on the absolute spatial differences of the regional economy in different time sections, and there were few quantitative studies on the randomness, correlation, and structural factors affecting the spatial differences within the region, which failed to better reveal the spatial evolution process and mechanism of economic growth differences in Hubei province. Therefore, this study attempts to make contributions in the following aspects. First of all, a spatiotemporal analysis of county economy in Hubei province is conducted to examine their dynamic changes. Second, this study combines spatial heterogeneity and spatial dependence with spatial variability functions to analyze the formation mechanisms causing county-level economic differences. Finally, the results can offer novel thoughts for drafting future political strategies for regional development and rural revitalization.
2 MATERIALS AND METHODS
2.1 Study area and data source
Hubei province is located in the middle reaches of the Yangtze River, covering an area of 185,900 km2, with a high terrain in the west and low terrain in the east (Figure 1). At the end of 2020, the total population was 57.75 million, with a GDP of 4,344.34 billion yuan, ranking eighth in China. The highest per capita GDP was that of Huangpi District (87,988 yuan), and the lowest was that of Hefeng County (14,583 yuan), with a difference of six times. This indicates that there is a large imbalance between county economies in Hubei province.
[image: Figure 1]FIGURE 1 | Location of the study area.
In this article, we chose the years 2005–2020 as the study period. During 2005 to 2020, the urbanization of Hubei province was developing rapidly, and the gap between urban and rural areas was more remarkable. For better revealing the change characteristics of county-level economy, we selected the year of 2005, 2010, 2015, and 2020 as the study time point to present their spatial–temporal changes. Then a county of Hubei province is taken as the research unit, and the per capita GDP of the county is used as the research indicator to reflect the level of economic development of the county; based on the integrity, scientificity, and availability of the data, some municipal jurisdictions are subjected to the merge application, and a total of 91 county units are obtained from 10 prefecture-level urban areas, 17 municipal districts, 24 county-level cities, and 40 counties. For the changed administrative division unit (such as the establishment of Suixian county in Zengdu District in 2009, and the transformation of Yunxian County to Yunyang District in 2014), the corresponding processing is performed in ArcGIS. The data used in this article were obtained from the China Statistical Year Book for Regional Economy, Hubei Statistical Year Book, and the China County Statistical Yearbook from 2006 to 2021.
2.2 Research method
2.2.1 Measurement method of county economic differences

1) Standard deviation and coefficient of variation: the absolute difference in per capita GDP of counties in Hubei province is calculated with the standard deviation, and the formula is [image: image]. The coefficient of variation represents the relative degree of change in geographical data, which can measure the degree of differences between regions. Therefore, the coefficient of variation is used to measure the relative difference in per capita GDP of counties in Hubei province. The formula is [image: image].
2) Gini coefficient and skewness coefficient: the Gini coefficient is the most commonly used index to measure the degree of regional imbalance. The geographical concentration of economic development is actually a kind of regional imbalance. The formula is as follows:
[image: image]
The value range of the Gini coefficient is [0, 1]. The more uniform the geographical distribution of county economic development is, the smaller the Gini coefficient of location is; the higher the concentration of county economic development is, the greater the Gini coefficient of location is.
The skewness coefficient measures the asymmetric distribution of geographic data distribution and describes the skewness centered on the average value. The formula is [image: image]. A value of the skewness coefficient greater than zero indicates that the economic differences of each county are distributed in a right state; a value of the skewness coefficient less than zero indicates that the economic differences of each county are distributed in a left state.
In the aforementioned measurement methods, [image: image] is the per capita GDP of the [image: image] -th county, [image: image] is the per capita GDP of the [image: image] -th county, [image: image] is the average per capita GDP of all counties, [image: image] is the number of counties, and [image: image] is the average value of county [image: image].
2.2.2 Exploratory spatial data analysis
The exploratory spatial data analysis is a combination of statistical principles and graphical charts to study the non-randomness or spatial autocorrelation of spatial information and reveal the spatial pattern of regional economic development, including global autocorrelation and local autocorrelation.
1) Global autocorrelation: global autocorrelation is used to describe the spatial distribution characteristics of object attributes in the whole region. It is measured by the global index [image: image] and the calculation formula for this index is as follows:
[image: image]
where [image: image]; [image: image] are the spatial weights; [image: image] is the total number of counties; [image: image] and [image: image] are the average per capita GDP of counties [image: image] and [image: image], respectively; and [image: image] is the mean of the average per capita GDP of all counties. [image: image] varies between -1 and 1. If [image: image] > 0 and passes the significance test, it indicates that there is a positive correlation in the spatial distribution of county economy. If [image: image] < 0 and passes the significance test, it indicates that there is a negative correlation in the spatial distribution of county economy. If [image: image] is close to 0, it indicates a random pattern or absence of spatial autocorrelation.
2) Local autocorrelation: local autocorrelation is used to analyze the degree of association among each spatial element attribute and its adjacent spatial element attribute, which is measured by the index [image: image] and the local [image: image] statistic. The calculation formula of [image: image] is as follows:
[image: image]
When [image: image]> 0 and passes the significance test, the counties with high per capita GDP in Hubei province are adjacent to each other (this type of cluster was recorded as HH-type), or the counties with low per capita GDP are adjacent to each other (this type of cluster was recorded as LL-type); when [image: image] < 0 and passes the significance test, the counties with high per capita GDP are adjacent to the counties with low per capita GDP (this type of cluster was recorded as HL-type), or the counties with low per capita GDP are adjacent to the counties with high per capita GDP (this type of cluster was recorded as LH-type).
The Local [image: image] statistics can further detect the local spatial dependence and determine the location of high value or low-value elements clustering in space, and the calculation formula for this statistic is as follows:
[image: image]
Standardized [image: image] [image: image] [image: image] and [image: image] represent mathematical expectations and variation coefficients, and [image: image] represents spatial weights. A significant positive [image: image] value indicates that counties with high per capita GDP tend to gather and form hot spots, while a significant negative [image: image] value indicates that counties with low per capita GDP tend to gather and form cold spots.
2.2.3 Spatial variogram
A spatial variogram is a basic means to describe the randomness and structure of regionalized variables (Liu et al., 2009). Let [image: image] be the value of system attribute [image: image] at the spatial position [image: image], and [image: image] be a regionalized random variable. [image: image] is the space separation distance of two sample points, and [image: image] and [image: image] are the observation values of regionalized variable [image: image] at space position [image: image] and [image: image], respectively; (x = 1,2,..., [image: image]), thus, the spatial variogram can be expressed as:
[image: image]
where [image: image] is the total number of sample point pairs when the separation distance is [image: image]. For different space separation distance [image: image], the corresponding [image: image] value can be calculated. When the [image: image] value becomes larger, the spatial autocorrelation tends to weaken. Taking [image: image] as the abscissa and [image: image] as the ordinate, the spatial variation function graph can be drawn to represent the spatial variation characteristics of the regionalized variable [image: image] (Figure 2).
[image: Figure 2]FIGURE 2 | Model variogram.
With the increase in [image: image], when the variogram [image: image] reaches a relatively stable constant from a non-zero value, the constant is the sill value [image: image], and [image: image] is the structural variance; when [image: image] = 0 and [image: image] = [image: image], the value represents the nugget value, which represents the discontinuous variation in the regionalized variable when it is smaller than the observation scale. [image: image] is the range of variation, that is, the interval distance when the variogram [image: image] reaches the sill value. After the range [image: image]≥ x, the spatial correlation of regionalized variables disappears. The fourth parameter of the variogram is the fractal dimension, which is used to express the characteristics of the variogram. It is determined by the relationship between the variogram [image: image] and the interval distance [image: image].
[image: image]
The fractal dimension [image: image] is the slope in the linear regression equation of double logarithm. Its size represents the curvature of the variogram. It can be used as a measure of random variation. The intensity of spatial autocorrelation between different variables is compared. The closer its value is to 2, the more balanced the spatial distribution among variables is. The variogram is theoretically unknown and can be fitted by calculation. Commonly used fitting models include the linear model, exponential model, spherical model, Gaussian model, and power function model.
3 RESULTS
3.1 Temporal characteristics of county economic differences
The change trend of county economic differences in Hubei province from 2005 to 2020 is shown in Figure 3. Among them, the standard deviation continued to expand from 0.420 in 2005 to 3.075 in 2020, which reflected the absolute difference in county economic development in Hubei province have been on the rise trend. Based on the change trend of the coefficient of variation and the Gini coefficient, the relative difference in county economic development in Hubei province have been decreased generally during the study period. Meanwhile, 2010 was an important node of relative difference change. From 2005 to 2010, the Gini coefficient and coefficient of variation increased from 0.323 to 0.627 and from 0.365 to 0.793, respectively, and the relative difference in economic development among counties in Hubei province has expanded. After 2010, the relative difference in the county economy shrank steadily, and the Gini coefficient and coefficient of variation shrank to 0.329 and 0.615 in 2020. The main reason is that after 2010, with the implementation of the rise of central China, the Belt and Two Circles (the Yangtze River Economic Belt, Wuhan Metropolitan Area, and Western Hubei Eco-cultural Tourism Circle) and the construction of provincial sub-central cities, these development strategies and policies have effectively promoted the coordination of regional development in the province and continuously reduced the relative difference of county economy. Regarding the skewness coefficient, its value is greater than zero and declines in fluctuations, indicating that the economic differences among the counties in Hubei province present a right-skewed distribution, and the number of counties greater than the average GDP per capita of the province gradually increased, further indicating that the relative difference in economic development between the two countries has been shrinking.
[image: Figure 3]FIGURE 3 | Changes of county economic differences in Hubei province from 2005 to 2020.
3.2 Spatial characteristics of county economic differences
Figure 4 depicts the spatiotemporal patterns of county economy in Hubei province from 2005 to 2020. Although county economy has gained significant increase since 2000s, the spatial pattern was imbalanced and spatial agglomeration of county economy could be observed during this time period. Overall, the group of rich counties in red tended to cluster in Wuhan, Yichang, and Xiangyang, which explained the strong positive association between geographic agglomeration and economic growth documented by some scholars (Van Oort, et al., 2012). As the economic core area and growth pole of Hubei province, Wuhan was very stable; Yichang and Xiangyang were gradually taking shape as the growth poles of southwest and northwest Hubei. These three regions attracted the agglomeration of economic activities in metropolitan regions. Indicated by endogenous growth theory, the localized spillover effect would bring economic activities concentrating in neighboring rural counties because of low transport cost and easy access to innovation technologies. The group of poor counties in blue tended to cluster in mountainous areas of northwest, southwest, and northeast Hubei. Spatial agglomeration of these poor counties largely increases regional poverty because of their lack of growth poles and little mobility of capital and labor. These spatially clustered poor areas were mainly located in ecology fragile regions, such as mountainous areas, hilly areas, and restrictive/prohibited development areas.
[image: Figure 4]FIGURE 4 | Spatial patterns of county economy in Hubei province from 2005 to 2020. (blue denotes the poor counties; gray denotes the less-developed counties; yellow denotes the well-developed counties; orange denotes the more-developed counties; and red denotes the rich counties).
In addition, the urban constellation theory indicates that the strategic design of sustainable regional development cannot ignore the differences between urban and rural areas, but should take the city (county) as the “star” of regional development, and connect many urban stars by the transportation axis to form a ring-shaped belt called the “City Constellation System” (Lewis, 1996). Figure 5A shows a night light map of cities (counties) in Hubei province in 2020 (http://59.175.109.173:8888/app/login.html, accessed on 21 December 2020), where the brightness of night lights can reflect the level of regional economic development and the scale of city stars. It can be seen that the brightest “first-class star” is Wuhan, and the second-brightest “second-class stars” include cities such as Xiangyang, Yichang, Ezhou, Shiyan, and Jingzhou. Among these bright cities, there were also bright lines along highways and railways. Connecting these bright cities along the bright lines constituted the “urban constellation system” of Hubei province: the ring-shaped belt connects almost all cities in Hubei, with dense cities and towns and intensive economic activities, and the central area surrounded by the ring-shaped belt is the Jianghan Plain. Therefore, with Wuhan as the vertex, an axis connects Yichang and Enshi to the southwest hinterland of Hubei, and an axis connects Xiangyang and Shiyan to the northwest hinterland of Hubei, forming an “A-shaped point-axis” spatial structure (Figure 5B). “A-shaped point-axis” covers 65 counties in Hubei province, not only connecting the three gradient regions of east, middle, and west of Hubei province but also taking into account the synchronous advancement of southwest and northwest Hubei, which is conducive to the coordinated development of Hubei province.
[image: Figure 5]FIGURE 5 | Fitting figure of city lights map and A-shaped point-axis structure in Hubei. (A) City Lights Map, (B) A-shaped Point-axis Structure.
3.3 Spatial connection of the county economy
3.1.1 Global spatial characteristics
The global Moran’s I was computed to capture the overall tendency of geographical concentration of county economic development in Hubei (Figure 6). We can see that the global Moran’s I fluctuated slightly but maintained a gradual rising trend, increased from 0.318 in 2005 to 0.444 in 2020 and all are significant at the 0.05 level. On the one hand, this result implied that the spatial distribution of county economy in Hubei is not random but showed a significant spatial agglomeration, that is, counties with high (or low) level tend to be adjacent to each other, and this agglomeration trend continues to strengthen over time. On the other hand, the increasing clustering of county economy possibly implied that the localized regional inequality across counties was decreasing. The reason is that the spatial pattern of county economic development in Hubei province is that developed areas are concentrated in eastern Hubei and relatively underdeveloped areas are concentrated in western Hubei. The reduction of the internal spatial difference between eastern and western Hubei makes the overall spatial difference of the county continuously narrow. This conclusion is that for the county-level spatial scale, it is the reduction of the spatial difference between counties (cities and districts) in the average sense, which is not contradictory to the expansion of the spatial difference on other scales. The localized spatial spillovers through rich counties pulling neighboring poor counties do make effective, resulting in the agglomeration extent of rich or well-developed counties being increased. Meanwhile, the localized clustering of poor counties tends to decrease by some poor counties getting rid of poverty. Combining coefficient of variation and Gini coefficient, they have been decreased from 2005 to 2020 despite one slight increase from 2005 to 2010. It indicated that the regional economic difference in Hubei province showed a decreasing trend at the county-level. With the economic transformation and development of Hubei and the implementation of the national targeted poverty alleviation strategy and eco-compensation mechanism, in the long run, the localized regional inequality across counties tends to be narrowing.
[image: Figure 6]FIGURE 6 | Global Moran’s I of county level GDP per capita in Hubei, 2005–2020.
3.3.2 Local spatial characteristics
To further analyze the spatial agglomeration characteristic of economic development across counties, we draw their distribution maps with 2005, 2010, 2015, and 2020 as time nodes. Specifically, high–high (HH) means the counties with high per capita GDP are surrounded by other counties with high value, low–low (LL) means the counties with low per capita GDP are surrounded by other counties with low value; low–high (LH) indicates that the counties with low per capita GDP are surrounded by other counties with high value. High–low (HL) shows that the counties with high per capita GDP are surrounded by other counties with a low value.
Results in Figure 7 showed that most counties were distributed in HH and LL. This implied that county economy had a positive spatial correlation. 1) Spatial clustering patterns observed in Wuhan were dominated by HH; HH is continuously strengthened in this region and it did not undergo any apparent changes from 2005 to 2020. Wuhan, as a primary and provincial capital city, is better able to access various forms than ordinary counties in Hubei; its economic development has been more rapid, and industrial development has more diversification than those observed in the other areas. To support socioeconomic development, such cities must exert their influence to agglomerate various production factors and direct policy-making. HH in Yichang city and its surrounding counties was also strengthened except the year of 2010. Yichang showed inherent advantages based on a collection of production factors due to their status, the “Bottom-up” urbanization has strengthened linkages between local counties. In addition, infrastructure is developing rapidly to form a complete and competitive transportation network, which has benefitted regional spatial integration and coordinated development. 2) LL patterns were observed in southwest, northwest, and northeast Hubei, this is likely related to natural features in the west and east Hubei, which is characterized by mountainous terrain and large spatial distances between counties. 3) The LH pattern only fall in Yuan’n County in 2005, whereas the regions transform into Nanzhang County and Caidian District; the HL pattern was distributed in Shishou City in 2005 and Shiyan City in 2010, but not in other years. Shiyan City is the central city in the hinterland of northwest Hubei, with automobile and tourism as the leading industries. It has the geographical advantage of connecting Hubei, Shaanxi, and Henan provinces and the policy advantage of the water source of the mid-route south-to-north water diversion project, which exhibited HL.
[image: Figure 7]FIGURE 7 | Local indicators of spatial association (LISA) of county economy in Hubei province.
3.3.3 Hot spots characteristics
This article used Getis-ord GI* in ArcGIS to identify the location of the high-value (hot spots) and low-value (cold spots) spatial clustering of counties in Hubei province. We divided the spatial agglomeration of economic development in 2005–2020 into four categories by the natural breakpoint method: hot spot area, sub-hot spot area, sub-cold spot area, and cold spot area. As illustrated in Figure 8, the spatial pattern of county economy in Hubei province is relatively stable, showing an obvious circle structure: Wuhan and its neighboring counties were hot spots, which form “hot spots, sub-hot spots, sub-cold spots, and cold spots” from outward to the edge of the province. Specifically, Wuhan and its neighboring such as Huanggang, Xiaogan, and Ezhou were always hot spots of the county economy from 2005 to 2020, and the economic development level of these counties was similar and higher than that of surrounding counties. By 2020, the number of the hot spots increased to 14. In the meantime, the hot spots moved to the southwest, adding Yichang, Zhijiang, Yuan’an, and Dangyang, which became a new core area of county economic development. The cold spots were mainly distributed in the western, northeastern, and southeastern of Hubei. From 2005 to 2020, the edge of western Hubei extended from Yunxi, Zhushan, and Zhuxi in the north to Xianfeng and Laifeng, forming a stable continuous strip covering 13 counties. In 2005, Guangshui, Anlu, Dawu, Xiaochang, Macheng, Luotian, and Yingshan in the northeastern of Hubei were cold spots. After 2005, the area presented strip-like distribution, increasing Hongan, Qichun, Wuxue, and Huangmei. In the southeastern of Hubei, Gongan, Jiangling, Shishou, Jianli, Chongyang, and Tongshan have been cold spots.
[image: Figure 8]FIGURE 8 | Distribution of county economy hot spots with different confidence levels from 2000 to 2016.
The sub-hot spots and sub-cold spots changed significantly, showing the characteristics of mutual transformation among counties. In 2005, there were three sub-hot spots: one was the surrounding areas of Wuhan in eastern of Hubei, which was composed of six counties; the next was the central areas, which was composed of eight counties, including Yichang and Zhongxiang, to the west of the hot spots; and the third was Danjiangkou and Xiangyang in northwestern of Hubei. In 2010, Xinzhou withdrew from the sub-hot spots, adding Yangxin, and the number of central sub-hot spots increased to 10. However, the sub-hot spots in the northwest moved northward, increasing to five counties. In 2015, the sub-hot spots in the northwest disappeared, leaving only two regions in eastern and central of Hubei. In 2020, the sub-hot spots expanded again, from Danjiangkou and Laohekou to Yichu and Songzi and other 14 counties southward, covering most of the central counties. The sub-hot spots in eastern of Hubei were basically stable.
Based on the aforementioned analysis, the hot spots analysis demonstrated that the county economic development in Hubei is becoming more closely related in space, and the relationship between county economic development in neighboring areas has mutual influence and infiltration. Overall, the county economy of Hubei presents a spatial distribution pattern of “low in the west, high in the east” and “dual core structure.” In terms of the change of years, the hot spots tend to move to Jingzhou–Xiangyang–Yichang urban agglomeration, demonstrating that the central and western Hubei economic circle will gradually become the growth pole of county economy, reflecting the trend of the gradual narrowing of county economic differences in Hubei province.
3.4 Mechanism of spatial pattern evolution of the county economy
“Pattern–process–mechanism” is the basic paradigm of geographical research on geographical phenomena and laws (Fu, 2014). The spatial variation function is used to investigate the internal mechanism of the spatial pattern evolution of the county economy in Hubei province. In 2005, 2010, 2015, and 2020, with the GDP per capita as the research data, the sampling step is set as 40 km (the size of the step multiplied by the number of steps is approximately 0.5 times the maximum distance between sample points), and the experimental variogram is calculated (that is, the experimental variogram is fitted from the effective spatial samples). For the sample data, the sphere model, Gaussian model, exponential model, linear model, and other models are used for fitting. Finally, the model with the highest fitting degree is selected, and the fractal dimension on different sides of each year is calculated, and then Kriging interpolation is carried out. The results are as follows:
1) It can be seen from the changes in the sill value, nugget value, and nugget coefficient that the spatial differences in county economic development in Hubei increased, the sill value increased from 0.242 in 2005 to 0.428 in 2020, and the nugget value increased from 0.058 in 2005 to 0.082 in 2020. However, the nugget coefficient showed a declining trend, from 0.239 in 2005 to 0.191 in 2020, which showed that in the spatial pattern evolution of the county economy in Hubei, the spatial differentiation of the economy caused by random factors such as data variation was decreasing, while the structural differentiation of the economic spatial pattern caused by spatial autocorrelation was increasing, and the significant spatial agglomeration exists in county economy (Table 1). Meanwhile, the parameters of the range were increasing, indicating that the scope of the spatial effect of the county economy in Hubei province was gradually expanding.
2) From the variance fitting chart, we can see that the per capita GDP of 4 years decreased first and then increased under the given step length, showing that the scope of the spatial correlation effect caused by the structural spatial gradient of county economic development in Hubei province is expanding, and the economic development tends to spread to the hot spots. According to the fitting equation of the spatial variation function selected by the least square method, the fitting effect of the spherical model and the Gauss model was better. The development of the county economy in Hubei province had different structural characteristics in different periods. The decision coefficient of model fit first decreased and then increased, indicating that the randomness of county economic development is obvious, but with the passage of time, the spatial self-organization of county economic development is strengthened, and the spatial differentiation of the economy is obvious.
TABLE 1 | Parameters of the variogram model on the spatial pattern of county economy in Hubei province.
[image: Table 1]The spatial differentiation of regional economy originates from the spatial heterogeneity or heterogeneity of factors affecting economic activities. Krugman. (1991) pointed out that an accidental event in history may lead to spatial self-organization behavior because this accidental event will inevitably bring about changes in certain factor endowments, and the heterogeneous space generated by such changes in factor endowments is suitable for the development of certain industries. This spatial self-organization promotes the economic growth and development of the region and become hot spots. There are structural characteristics in the development of county economy in Hubei province. Economic elements are linked together in a certain form of organization or combination and interact with each other to produce spatial correlation. This spatial correlation and self-organization structure dynamic system act on the regional economic system and promote the evolution and development of the regional economic system. With the continuous improvement of the level of social and economic development, the form of regional economic spatial organization has gradually evolved from low-level to high-level, and the pattern of regional economic spatial differentiation has shown the law of evolution and replacement from low-level equilibrium to high-level equilibrium or network. In addition, the institutional change within the country or region is an important mechanism that affects the spatial differentiation of regional economy. The marketization process in various regions of Hubei province has an asymmetric impact on the regional spatial pattern, forming a differentiated economic spatial gradient.
3) According to the fractal dimension of the spatial variation function (Table 2), the fractal dimension of all directions first increased and then decreased and increasingly deviated from the ideal value 2, and the determination coefficient first decreased and then increased, indicating that the difference in county economic development in Hubei province decreased before 2010 and gradually increased after 2010, and the spatial differentiation scale is also rising. In addition, the decrease in the degree of homogeneity in all directions showed more of the spatial difference at the macro and meso scale in Hubei province, and the spatial difference at the micro scale became less obvious. Observing the fractal dimension of each direction, aside from the fractal dimension of the southeast to northwest direction increased the fractal dimension of other directions decreased, which showed that the county economic development of Hubei province was relatively balanced in the southeast to northwest direction, and the spatial difference in economic development in other directions is increasing. The main reason is that after 2010, with the rapid social and economic development of Hubei province, the construction of Wuhan metropolitan area, Western Hubei eco-cultural tourism circle, and Hanjiang ecological economic belt has been proposed successively. The absolute difference in the total amount of county economy is expanding, which shows that the fractal dimensions in all directions are decreasing. With the opening of Wuhan–Xiangyang–Shiyan high-speed railway and the development of economy around the axis, the economic spatial difference from southeast to northwest is relatively balanced, and the economic development is of good homogeneity.
4) The kriging interpolation 3D fitting chart was depicted based on per capita GDP of each county in Hubei province. By observing the graph (Figure 9), we can see that there is a certain regularity in the development pattern of the county economy in Hubei province, and the distribution pattern has structural characteristics. The 4 years showed obvious correlation in all directions. There were obvious multi peak slope structures in the 4 years, among which the slope in 2010 was relatively steep, and the slope in the other 3 years was relatively gentle. Over time, the number of peaks tends to be stable, and the height gradually increased. The spatial structure of slope was consistent with the spatial structure of urban and economic development of “One Main and Two Deputy (One is Wuhan, the provincial central city; two are Yichang and Xiangyang, the provincial sub-central cities)” in Hubei Province, and the vast county periphery presents a plain structure. The results showed that the county economic pattern of Hubei province was relatively stable, and the peak value was mainly concentrated in three regions: the east, including Wuhan City and its surrounding counties; the northwest, including Xiangyang, Jingmen, and Shiyan; and the southwest, including Yichang city and its surrounding counties. The peak growth rate of Yichang city and its surrounding counties in the southwest was relatively high. In general, the spatial structural difference in county economic development in Hubei province is very significant.
TABLE 2 | Fractal of variogram on spatial pattern of county economy in Hubei province.
[image: Table 2][image: Figure 9]FIGURE 9 | Evolvement of variogram on spatial pattern of county economy in Hubei province (left: covariance fitting chart and right: kriging interpolation 3D fitting chart).
4 DISCUSSION
4.1 Driving forces of economic spatial pattern evolution
The driving factors of county economy development refer to the internal and external factors and their mutual relations that promote the occurrence and development of county economy. The county economic system is a complex and open regional system. Its formation, development, and evolution involve a variety of influencing factors, and different influencing factors have different modes of action. This article uses statistical analysis methods to analyze the spatial pattern and mechanism of county economy in Hubei province. In terms of driving factors, this article mainly starts from systematic theory, combined with the aforementioned empirical research, and finds that the driving forces of county economy evolution is mainly the result of four important factors: historical and cultural background, economic development, traffic location, and policy system, which together form a relatively complete driving system (Figure 10).
[image: Figure 10]FIGURE 10 | Driving forces of the spatial evolution of the county economy in Hubei province.
Historical and cultural background is a basic driving force. The evolution of spatial pattern of economic development has its inherent historical basis. Since the economic reform starting in 1978, the regional economic pattern of Hubei is centered on Wuhan, the hot spots are mainly distributed stably in Wuhan and its neighboring counties. With the approval of the State Council, Wuhan also implements separate plans and is endowed with provincial economic management authority. The starting point of development of eastern Hubei represented by Wuhan is obviously higher than that of central and western Hubei, which makes eastern Hubei rely on good material foundation and achieve rapid economic development, while central and western Hubei develop relatively slow due to their own basic problems. A cold spot for economic development has been formed for a long time.
Economic development is a core driving force. Economic development is the most important factor affecting the evolution of economic pattern in Hubei. The advantages and disadvantages of the economic level will lead to the difference of development order and degree, as well as the difference of other economic growth factors. The higher the level of regional economic development is, the more employment opportunities can be provided and the more population can be accommodated, thus promoting the expansion of production space and living space and the continuous evolution of the urban and rural settlement system. Selecting urbanization level indicators to represent economic development and by analyzing the correlation between per capita GDP and urbanization level in each county, it is found that there is a significant correlation between the two at the level of 5%, and the overall trend is increasing year by year (Figure 11). The changes of population scale and structure directly promote the transformation of county economy and the reconstruction of settlement space and directly affect the different spatial changes of county (district) area, town area, and village land, thus promoting the continuous evolution of the county economic spatial pattern. In addition, under market economy conditions, the industries in the southeast coastal areas are transferred to the central and western regions, and Hubei is at the node of transfer. Guided by the concept of unbalanced development, in accordance with the principle of combining the regional tilt with industrial tilt, regional production specialization with comprehensive development, together with “opening up and developing the Hubei Yangtze River Economic Belt.” The economic pattern extends to northwest and southwest Hubei, forming the “big triangle” regional economic layout of Wuhan–Huangshi, Yichang–Jingzhou, and Xiangyang–Shiyan.
[image: Figure 11]FIGURE 11 | Correlation coefficient between per capita GDP and the urbanization level in Hubei province, 2005–2020.
Traffic location is a catalytic force. The transportation network constitutes an important channel for the flow of elements and resource exchange between counties, and it is also an important guarantee for the external connection of urban–rural integration. A developed transportation network means more convenient logistics, flow of people, and more development opportunities. The land rent difference in the county area is gradually changed to be determined by the transportation location. As a result, the county area usually expands along the two sides of the transportation line or around the transportation hub. The transportation network and its convenience have an important catalytic effect on the county settlement system and spatial evolution. The eastern Hubei represented by Wuhan is located in the Jianghan Plain, with a dense transportation network and frequent flow of various elements, making it always the core driving area of economic development. Except for Xiangyang and Yichang in central and western Hubei, the traffic conditions are relatively backward, the location is not good, and the economic development is in the cold spot.
Policy system is an external control force. Regional development positively relates to effective local state initiatives and favorable local conditions. The macro policy of the national and provincial governments is a special instrumental “resource,” which itself contains a specific right of preemption, especially the direct input of the government shows the orientation of its administrative behavior. It reflects the decision maker’s intention or goal of regional economic development, that is, balanced or unbalanced regional development. The spatiotemporal pattern evolution of economy is related closely to a series of Hubei regional development policies. From 2005 to 2015, Hubei province put forward the development strategy of “Wuhan metropolitan area” and “One Main and Two Deputy,” the spatial agglomeration trend is relatively stable. Although there is a switch between hot spots and cold spots in the economy, the switch has an obvious “trajectory.” The eastern Hubei region, represented by Wuhan, is attributable to their incomparable policy privileges and superior socioeconomic development advantages to other regions, thus their economic development reached the top level. Yichang and Xiangyang took special advantage of their optimal physical conditions, location, and socioeconomic factors, becoming the key areas of industrial construction in Hubei. In 2015, the GDP of two cities was 164.732 billion yuan and 163.830 billion yuan, respectively, accounting for 10.8% of the GDP of Hubei province, respectively, which is the intermediate bridge to promote the regional cascade development. Together with the adoption of trickle-down growth strategy by the government, the county economic differences in Hubei province have eased; From 2015 to 2020, under the guidance of the concept of balancing urban and rural development, Hubei province put forward the construction of the Yangtze River Economic Belt and the Han River ecological economic belt, as well as the construction of Jingzhou “waist-strengthening project,” which have significant spatial spillover effects. The hot spots and sub-hot spots of economic growth move to the central Hubei and concentrated in contiguous distribution, further narrowing the county economic differences in Hubei province.
4.2 Optimization of the economy spatial pattern guided by the “point-axis” development model
The point-axis theory is an extension of the growth pole theory. It not only attaches importance to the role of “point” of growth pole but also emphasizes the role of “axis” to drive regional economic growth. With the formation of growth poles in different regions, the diffusion of multiple growth poles will form the aggregation of elements facing each other between growth poles, thus generating relatively dense element flow on the “axis” between growth poles, forming a relatively developed axis in the region relative to the growth poles. This axis is generally developed along the trunk lines of traffic, once it is formed, it is more favorable to develop the development potential of areas along the trunk lines of traffic. The axis area with its location advantage, adsorption enterprises, and economic sectors form secondary development advantage, which will eventually become a wider growth zone.
This article shows that the “point-axis” development model may be an effective form of economic spatial organization in Hubei province in the future. The spatial continuity and self-organization of the county economic development are strengthened. The aforementioned analysis showed that Hubei province has formed Wuhan, Yichang, and Xiangyang three economic growth points. Several economic growth points and key development axes can be identified in eastern, central, southwest, and northwest Hubei, so as to gradually spread and develop, and promote coordinated regional development in an all-round way. Specifically, east Hubei to southwest Hubei can form a southern horizontal development axis along the Yangtze River, Hu-Han-Rong expressway, and Hu-Han-Rong expressway and national highway 318, the area has a high density of towns and cities with close links to transportation and industry. The northern horizontal development axis from eastern Hubei to northwest Hubei can be formed along Han-Shi Expressway, Handan–XiangYu railway, and 316 national road. The central and southern part of Hubei province is centered on Jingmen and Jingzhou, with the Jianghan Plain as its vast hinterland and highway 318 as its core development axis. In addition, Xiangyang and Shiyan are the centers in the northwest of Hubei, which can take the Handan line and the Han River as the development axis. The southwest of Hubei province is sparsely populated, with uneven distribution of traffic lines and traffic jams. We should take Yichang as the center and the Yangtze River as the development axis, expand westward along the Qingjiang River and speed up traffic construction.
The A-shaped point-axis structure is a reliable transportation framework for regional development in Hubei province. It also has a significant spatial effect surface, which is conducive to giving full play to the role of central cities at all levels and realizing the optimal spatial combination between the production layout and linear infrastructure. It is beneficial to realize the specialization and cooperation between regions and urban and rural areas, and form an organic regional economic network, so as to make the region get the best development.
4.3 Limitations of the study
This article only takes per capita GDP as the measurement index, which cannot fully reflect the comprehensive economic strength of the county, and it only takes the county as the research unit, rather than smaller scales, such as township economic differences. In addition, the economic development has the spatial spillover effect, and the county economy will also be affected by the surrounding areas. Therefore, in future research, we can use the multi index evaluation system of economic differences, extend the research time range, try to explore the spatial differentiation of regional economic differences on a smaller scale, and further explore the effect intensity and regional differences in the influencing factors of economic development in Hubei province and its different regions.
5 CONCLUSION AND POLICY IMPLICATIONS
Taking Hubei province as an example and based on spatial autocorrelation and a spatial variogram, this article revealed the spatial pattern evolution and mechanism of the county economy in Hubei province. The conclusions are as follows:
1) The absolute economic differences among the counties in Hubei province expanded from 2005 to 2020, the relative differences tended to narrow, and the number of counties larger than the average per capita GDP of the province gradually increased. On the whole, this reflects the trend of narrowing economic differences among counties. There has been significant spatial agglomeration in the development of the county economy, and the degree of agglomeration has increased. From the perspective of local spatial autocorrelation analysis, HH-type counties are mainly concentrated in the Wuhan urban area and surrounding areas, LL-type counties are mainly distributed in most counties in western Hubei, and the types are scattered in northeastern and south Hubei. The distribution of HL- and LH-type in counties is very small, and there is no obvious law.
2) The county economy in Hubei province presents a circular structure as a whole. From the Wuhan urban area to the edge of the province, a hot area, sub-hot area, sub-cold area, and cold area have successively formed. The Yichang urban area and its surrounding counties form another hot area of economic development in the province, and the sub-hot counties in the middle of the province have increased. The cold area concentrates in the edge counties of western, northeastern, and southeastern of Hubei. During the study period, the sub-hot area and the sub-cold area changed greatly, and they transformed each other.
3) The spatial self-organization and spatial autocorrelation of the county economic pattern in Hubei province have strengthened; the structural differentiation trend caused by the spatial autocorrelation has also strengthened, and the economic spatial differentiation is obvious. The southeast to northwest direction has the largest quantile, the county economy is relatively balanced in the southeast to northwest direction, and the spatial differences in other directions have increased. In addition, having multiple peaks is a feature of the evolution of spatial patterns of the county economy. Over time, the number of peaks has tended to be stable.
4) Our results have significant policy implications for county economic development in Hubei province. Through a spatiotemporal perspective, we find that spatial agglomeration is obvious, which indicates regional inequality will be continued. Therefore, we proposed some suggested countermeasures in this article. ① Build the economic development axis of “Wuhan–Yichang–Xiangyang” in central Hubei. On the axis of economic development, the first is to support Wuhan to speed up the construction of a national central city, optimize and adjust the administrative divisions in a timely manner, incorporate the corresponding surrounding cities (counties) into the territory of Wuhan, and expand the “waist circumference” of Wuhan; the second is to lead the construction of the “Xiang–Shi–Sui” urban belt and promote regional cooperation in the Han River basin; the third is to lead the construction of the “Yi–Jing–Jing” urban agglomeration and promote the ecological and economic cooperation of the Three Gorges, and forming an “A-shaped point-axis” spatial structure of economic development. ② The local county-level government in the western region should take more measures to adjust the industrial structure and improve farmers’ income such as enhancing infrastructure, developing ecological tourism, and selling agricultural products through e-commerce. Enhancing regional cooperation and coordinated development across counties is helpful to reinforce the spatial spillover effect between counties and then narrow the localized regional inequality.
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