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Abstract

:

The demand structure of resources for new economy is different from the traditional one in that its development may significantly change China’s economic location map and spatial pattern. Based on 343 administrative units of prefecture-level cities in China, this research constructs the measurement index system of terrestrial surface natural resources under the orientation of the new economic demands; this research mainly analyses the spatial distribution characteristics and geographical mechanism of natural resources by means of the spatial autocorrelation and spatial similarity calculation methods. The results show that: (1) The structure and endowment of natural resources under the orientation of the new economic demands need to be reexamined. The significance of a good environment and ecological resources has been highlighted. The coupling of resource elements better reveals the availability of natural resources. (2) The natural resources decrease from southeast to northwest, showing a pattern of “abundant in the south and east and scarce in the north and west”. Natural resources have a significant positive correlation in spatial distribution with two types of agglomeration: high-high agglomeration and low-low agglomeration, showing the local agglomeration feature of “high in the south and low in the north”. (3) Natural factors such as temperature, precipitation and altitude affect the spatial distribution of natural resources, with the temperature being the most significant. This indicates that the original natural environment and its role are the geographical mechanism for the formation and distribution of natural resources. The results could provide a reference for the development and the optimization of China’s new economy.
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1. Introduction


The earth has entered the Anthropocene [1], and both the “Future Earth” plan (2014–2023) and “Change Our World: Sustainable development agenda: 2030” intend to address global environmental changes and promote global sustainable development [2,3,4]. A key challenge for human beings is the balance between development and sustainable use of natural resources [5]. The study on the relationship between the earth and human beings requires multidisciplinary cooperation to develop a coupling model of human-Earth systems. The results can provide suggestions for scientific and effective policies and measures to benefit present and future generations [6]. From the perspective of the social-ecological system [7], foreign scholars mainly focus on sustainable development research under the influence of human activities. These studies include the theoretical basis of sustainable development [8], research means and methodology research [9], research field transformation [10] and other basic research, which focus on the coupling of natural resource elements [11,12], the relationship between natural resources and sustainable development [13] and the relationship between environment, energy and sustainable development, etc. [14,15].



Thanks to the comprehensive survey of natural resources to serve the country’s strategic needs, China has been establishing a relatively systematic theoretical basis and research method system of resource science. The research consists of geography, ecology, resource science, environmental science and other disciplines, which focus on: ① Research on single elements of natural resources, such as resource carrying capacity [16], resource evaluation [17,18], human-water relationship, etc. [19,20]. ② Research on the coupling of resource elements, such as the effects from the exploitation of water and land resources on agricultural carbon emissions [21] and the spatial variation of water-energy nexus [22]. ③ The sustainable utilization of natural resources [23], the relationship between natural resources and economic growth [24], natural resource accounting and management [25,26], natural resource administration, etc. [27]. China has entered a new stage of high-quality development [28,29], and the new economy has become a new driving force for high-quality development [30]. The development and utilization of natural resources is an important source of economic development [31]. The new economy supported by information technology has a resource demand structure different from the traditional economy [32,33]. Regional external connection is an important channel to obtain external elements, which can weaken the restriction of local elements on regional development and promote the introduction of new products, new technologies and new industries irrelevant to the existing industrial base [34]. Relevant international academic research has noticed the changes in the resource demand structure caused by the development of the new economy [35,36]. The new economy originated from the analysis of changes in the US economic structure, and information technology is considered to be a key element to promote economic growth [37,38]. Economists believe that “information technology, the internet, ultra-high-tech companies and globalization had created a completely new type of economy” [39]. However, so far, there is no clear definition of the new economy [40,41].



To sum up, there are abundant researches on natural resources in China, but the demand-oriented natural resource structure and its spatial analysis based on the new economic development need to be deepened. Chinese mainland is vast in territory with high surface heterogeneity. The new economic development will probably lead to significant changes in China’s economic location map. The research scheme was constructed from three parts: ① This study selects available land resources, available water resources, available environmental resources, and available ecological resources to construct a comprehensive measurement index system of natural resources in the Chinese terrestrial surface from the perspective of the new economy. ② Through the coupling of resource elements to interpret the natural resource endowment. ③ According to the quantitative and spatial relationship between the endowment of natural resources and the natural environment, analyze the geographical mechanism of the spatial distribution of natural resources.



The innovation of this study has two aspects. Firstly, in the new economic form, the comprehensive measurement of resource endowment needs to be reexamined. The study will measure the comprehensive integration of natural resource endowment through the nonlinear coupling of natural resource elements. This is an attempt and exploration on the theory and method of the comprehensive integration of natural resources. Secondly, as for the research methods of geographic mechanism, the common methods are the econometric model and geographic detector.



The study attempts to innovate the research methods of geographical mechanism. According to the spatial similarity model, the spatial double-line similarity model is constructed. This method is used to reveal the spatial relationship between natural resources and natural environment, so as to analyze the geographical mechanism of the spatial distribution of natural resources. The results provide decision-making basis for optimizing the layout of new economic development and promoting high-quality development.




2. Research Ideas and Methods


2.1. Research Ideas


In the study, a comprehensive index system of natural resources is established to analyze the structure of natural resources and interpret the endowment of natural resources with the coupling of resource elements. Based on these, the study further analyzes the spatial distribution characteristics and geographical mechanism of natural resources in the Chinese terrestrial surface. Furthermore, this study reveals the geographical mechanism of the spatial distribution of natural resources in the Chinese terrestrial surface, from the quantitative and spatial relationship between natural resources endowment and the natural environment.



(1) The structure of natural resources is analyzed using the comprehensive index system. Natural resources play an essential role in economic development, and it affects the spatial distribution of economic development through the regional differences of resource structure [42]. Natural resources mainly affect the layout of economic development through location conditions. Different economic forms have different demands for the location conditions of natural resources, which shows the change in relative importance of different elements of natural resources. Due to human economic activities on the earth, water and land resources determine the layout of economic development. With the rapid development of transportation and communication technology and the echelon evolution of industrial economic form, the importance of energy and mineral resources to industrial layout tends to decline. However, due to the innovative characteristics of the new economy and the preference of high-tech talents for living environment, the importance of environment resources and ecological resources to industrial layout tends to rise. Based on the selected available land resources, available water resources, available environmental resources, and available ecological resources, we established a comprehensive measurement index system of natural resources in the Chinese terrestrial surface from the perspective of the new economy. The connotation and characterization methods of relevant indexes are listed in Table 1.



Based on the comprehensive index system of natural resources in the Chinese terrestrial surface of the demand orientation of the new economy, this study develops a method for calculating the endowment degree of natural resources: ① Available land resources in this study refer to agricultural land and construction land. By calculating the relationship between the proportion of available land resources in a region and the proportion of available land resources, the endowment degree of available land resources in a certain area can be measured. ② Available water resources refer to the amount of water available in a certain area under given natural conditions. The total amount of water resources is selected to represent the available water resources, and the endowment degree of available water resources in a certain area is measured by calculating the proportional relationship between the regional average water resources and the national average water resources. ③ Considering the typicality of indexes and the availability of data, atmospheric environmental resources are used to characterize the available environmental resources. This is measured by AQI (Air Quality Index). The larger the value, the higher the degree of air pollution. Based on AQI, the calculation formula of the endowment degree of available environmental resources is constructed: X21 = (Upper limit value of good air quality grade—The actual AQI value of the region)/Upper limit value of good air quality grade = (100—The actual AQI value of the region)/100. ④ Ecological land has an important ecosystem service function, which is the source of ecological value. Based on the classification method of ecological land from Long et al. [43], the classification of ecological land is determined, which is used to characterize the available ecological resources. By calculating the relationship between the proportion of regional ecological land and the proportion of national ecological land, we can measure the endowment degree of available ecological resources in certain areas.



(2) The endowment of natural resources is interpreted by the coupling of resource elements. Resource endowment is the basic way for natural resources to influence economic distribution [42,44]. However, due to the different characteristics of natural resource elements, the comprehensive measurement of resource endowment needs to be reexamined. In the traditional economic form, most of the elements of natural resources, which are part of the location conditions, are not completely alternative. The comprehensive integration of resource endowment can be measured by the weighted sum of the elements of natural resources. In the new economic form, most of the elements of natural resources are completely non-alternative, and it has a “short board effect” on economic development and industrial layout [45]. It is necessary to measure the comprehensive integration of natural resource endowment through the nonlinear coupling of natural resource elements. The geographical system is a complex nonlinear system, and the natural resource elements constructed as a geographical environment should have a nonlinear correlation [46]. Therefore, the abundance of natural resources is used to represent the endowment of natural resources:


   X 1  =  x  11   ×  x  12    



(1)






   X 2  =  x  21   ×  x  22    



(2)






  X =  X 1   X 2  =      x  11   ×  x  12     ×    x  21   ×  x  22      



(3)




where: X1 is water and land resources, which stands for the endowment degree of water and land resources in a certain region, and is measured through the nonlinear coupling of available land resources and available water resources. X2 is ecological environment resources, which stands for the endowment degree of ecological environment resources in a certain region, and is measured through the nonlinear coupling of available environmental resources and available ecological resources. X is natural resources, which stands for the endowment degree of natural resources in a certain region, and is measured through the nonlinear coupling of water and land resources and ecological environment resources (Table 1). Based on this, spatial autocorrelation and spatial similarity calculation model are used to analyze the spatial distribution characteristics and geographical mechanism of natural resources in the Chinese terrestrial surface.




2.2. Research Method


2.2.1. The Spatial Autocorrelation Model


The spatial autocorrelation model is used to analyze the spatial distribution characteristics of natural resources in the Chinese terrestrial surface. Taking prefecture-level cities as the smallest spatial unit, China is divided into 343 administrative units (excluding Hong Kong, Macao and Taiwan) [47]. The global spatial autocorrelation method is used to test whether there is a spatial autocorrelation of natural resources in the Chinese terrestrial surface. The local spatial autocorrelation method is used to test the local spatial agglomeration degree of natural resources in the Chinese terrestrial surface. The global spatial autocorrelation is measured by the Moran index or Geary coefficient. Moran’s I is chosen in this study, and can be calculated from:


  I =     ∑  i = 1  n     ∑  j = 1  n    w  i j      x i  −  x ¯       x j  −  x ¯           s 2    ∑  i = 1  n     ∑  j = 1  n    w  i j          



(4)




where: Moran’s I is in the range of [–1, 1]; xi and xj are the endowment degree of natural resources of area i and j, respectively;   x ¯   means the average abundance of natural resources; n is the 343 units; wij is the spatial weight; S2 is the variance of the attribute value. For Moran’s I, it’s necessary to test whether there is spatial autocorrelation of natural resources in the Chinese terrestrial surface through standardized statistic Z.



Local Moran’s I is used to explore the local spatial correlation of natural resources. The local Moran’s I is calculated:


   I i  =      x i  −  x ¯       s 2      ∑  j = 1      w  i j        x j  −  x ¯     



(5)




where: Ii represents the local Moran index. When local Moran’s I > 0 and pass the significance test, it indicates that there are high-high concentration and low-low concentration. When local Moran’s I < 0 and pass the significance test, it indicates that there are high-low concentration and low-high concentration.




2.2.2. The Line Group Similarity Model


The line group similarity model is used to analyze the spatial differentiation mechanism of natural resources in the Chinese terrestrial surface. Referring to the related research results, the spatial double- line similarity can be calculated from two aspects: the double-line spatial relation and the double-line geometry [48]. The spatial relation can be calculated based on the direction relation similarity. The formula is as follows:


  S I M   ¯  d i r = cos    θ 1  −  θ 2     



(6)




where: θ1 and θ2 are the average direction angle of the two lines, respectively, which can be calculated with the angle from the starting-point and the ending-point of the line. If the angle of the two straight lines is 90 degrees, the direction relation similarity of them is 0; and if it is 0 degrees or 180 degrees, the direction relation similarity is 1. The calculation formula of geometric similarity is as follows:


  S I M   ¯  n u o = 1 −     n u  o 1  − n u  o 2     /  max   n u  o 1  , n u  o 2       



(7)




where: nuo1 and nuo2 are the tortuosities of the two lines, respectively. The calculation formula of tortuosity is nuo = L/S. L is the actual length of the line, and S is the length of the straight line. When calculating the spatial similarity, the weights of the spatial relationship and geometric shape of the two lines are both 0.5. The spatial double-line similarity model is constructed:


  S I M = 0.5 × S I M   ¯  d i r + 0.5 × S I M   ¯  n u o  



(8)




where: SIM is the spatial similarity, in the range of 0 to 1. Large SIM means high similarity.



The essence of natural resources is the function spillover of the physical geographic system. In the physical geography system, geology, geomorphology, meteorology and climate are considered as the primary geography elements, which are more decisive to the system structure and function [49,50]. Based on this, the isolines with eigenvalues and the optimal analog isolines such as X1, X2 and X are selected for similarity analysis. The isolines with eigenvalues include average altitude (representing geological landform), annual precipitation and the average temperature in January (representing meteorological climate). The higher the similarity, the more significant the effect of the former on the latter will be.






3. Data Sources


Data include attribute data and spatial data. (1) Attribute data. The data of available land resources and ecological land usage in 2016 come from the second national land survey and the annual national land change survey data on the land survey results-sharing application service platform of the Ministry of Natural Resources of the People’ Republic of China (http://tddc.mnr.gov.cn/ to Login, accessed on 16 September 2019). The total amount of water resources in 2016 is from the provincial Statistical Yearbook in 2017 and the water resources bulletin in 2016. AQI of 2016 is from Ministry of Ecology and Environment of the People’ Republic of China (http://www.mee.gov.cn/, accessed on 5 May 2019). Part of the missing data is from the official website of the local environmental protection department. The annual precipitation and January average temperature data of 2016 are from the China Meteorological Data Service Centre (http://data.cma.cn/, accessed on 23 September 2019). (2) Spatial data. The administrative map and boundary of the research area are taken from the National Geomatics Center of China with the scale of 1:4,000,000; and the DEM (digital elevation model) is downloaded for free from the websites: “Geospatial Data Cloud” (http://www.gscloud.cn/, accessed on 4 April 2018), its spatial resolution is 30 × 30 m.




4. Results


4.1. Spatial Pattern of Terrestrial Surface Natural Resources in China


4.1.1. Geographical Distribution Characteristics of Natural Resources


Based on the ArcGIS 10.2, the natural breakpoint method is used to visualize the seven indexes, and the endowment degree of various natural resources is divided into five levels: higher value, high value, middle value, low value and lower value. It represents abundant, relatively abundant, general, relatively scarce and scarce, respectively (Figure 1). In this study, the spatial distribution characteristics of the seven indexes will be described from nine regions of terrestrial surface, namely Northeast China, North China, Southeast China, South China, the Inner Mongolia region, the LongShanJin region (Gansu, Shaanxi and Shanxi), Southwest China, Northwest China and the Qinghai-Tibet region [51].



(1) The spatial distribution of the available land resources in China is unbalanced, showing the geographical distribution pattern of “more in the east and less in the west” (Figure 1a). Among them, the most abundant land resources are mainly distributed in the east of Northeast China, the southern and central part of North China, the eastern and southern part of Southeast China, the central part of South China, the southern and central part of the LongShanJin region, and the northern periphery of Southwest China, Linzhi City of Tibet Autonomous Region, Xining City and Haidong City of Qinghai Province. Northwest China is the scarcest.



(2) The available water resources decrease from south to north, showing a feature of “more in the south and east, less in the north and west” (Figure 1b). The higher-value areas of available water resources are concentrated in the east and southwest of Southeast China and the east of South China. The sporadic distribution areas mainly include Fangchenggang City of Guangxi Zhuang Autonomous Region, Haikou City, Danzhou City and Sanya City of Hainan Province, Zhangjiajie City of Hunan Province, Lhasa City of Tibet Autonomous Region and Nujiang of the Lisu Autonomous Prefecture of Yunnan Province, indicating that these areas are the most abundant in available water resources. The regions with scarcest available water resources are distributed in the Inner Mongolia region, the LongShanJin region, Northwest China, the west of Northeast China, the north of the Qinghai-Tibet region and a small part of North China.



(3) The available environmental resources show a pattern of “more in the north and south, but less in the middle region” (Figure 1c). Regions having the most abundant available environmental resources are located in northern and southern China. The north includes the west of Northeast China, the north of the Inner Mongolia region, Altay Prefecture and Tacheng Prefecture of Xinjiang Uygur Autonomous Region, and the south includes the southeast of Southeast China, the east, central, and south of South China, the south of Southwest China, the southeast of the Qinghai-Tibet region, Yushu Tibetan Autonomous Prefecture of Qinghai Province and the Ngari Prefecture of Tibet Autonomous Region. The areas with the least available environmental resources are distributed in North China (except for parts of southeast and parts of the Bohai Rim), the southwest of Northwest China and the southeast of the LongShanJin region.



(4) The regions with higher-value, high-value and medium-value of available ecological resources are distributed in an inverted “T” shape, and regions with the low-value and lower-value are mainly distributed on the east and west sides of the inverted “T” shape (Figure 1d). Among them, the areas with the most abundant ecological resources are mainly distributed in the east and west of Northeast China, the north and middle of the Inner Mongolia region, the southeast of Southeast China and the peripheral areas of Southwest China, as well as Anyang City and Pingdingshan City of Henan Province, Yan’an City and Shangluo City of Shaanxi Province, Qingyang City of Gansu Province, Linzhi City of the Tibet Autonomous Region, Nujiang of the Lisu Autonomous Prefecture of Yunnan Province, Zhanjiang City of Guangdong Province, Wuzhou City, Qinzhou City and Beihai City of Guangxi Zhuang Autonomous Region. The regions with the least available ecological resources are distributed in Northwest China (except the northwest), the north of the Qinghai-Tibet region, a small part of the southwest of the Inner Mongolia region and a small part of North China, Southeast China and South China. It is worth noting that Chengdu City of Sichuan Province is the only region with the least available ecological resources in Southwest China.



(5) Water and land resources show a distribution pattern of “more in the south and less in the north, more in the east and less in the west” (Figure 1e). The north of China mainly includes regions with lower-value, low-value and medium-value. The resource endowment degree of most regions is lower-value, indicating that the water and land resources in the north are scarcest. The south of China mainly includes higher-value, high-value and medium-value regions, indicating that the water and land resources in the south are better than those in the north, and the southeast coastal areas are especially abundant in water and land resources.



(6) The distribution pattern of ecological environment resources is consistent with the available ecological resources. Regions with higher-value, high-value and medium-value are distributed in an inverted “T” shape, and low-value and lower-value areas are mainly distributed on the east and west sides of the inverted “T” shape. There are differences in the distribution range of different regions (Figure 1f). It is also worth noting that Chengdu City of Sichuan Province is the only region with the scarcest ecological environment resources in Southwest China.



(7) Natural resources decrease from south to north, showing the distribution characteristics of “more in the south and east and less in the north and west” (Figure 1g). The north of China mainly includes three types of areas: lower-value, low-value and medium-value areas. Most areas are lower-value areas, indicating that most areas in northern China lack natural resources. The south of China mainly includes three types of higher-value, high-value and medium-value areas, indicating that southern China has more natural resource than northern China, and the southeast coastal region has the most abundant natural resources. The comparison indicates that the distribution of available water resources, water and land resources and natural resources are consistent. According to the “short board effect” theory, it can be known that the available water resources have a “short board effect” on the endowment of water and land resources and the endowment of natural resources. In the new economic form, most of the natural resource elements are “completely non- alternative.” It can be seen that the effect of available water resources on economic development and industrial layout has a “short-board effect”. Under the orientation of the new economic demands, we must fully consider the impact of the endowment of available water resources on the development of the new economy and the optimization of its layout, especially in the process of economic development to strengthen the sustainable use and comprehensive management of available water resources.




4.1.2. Spatial Agglomeration Characteristics of Natural Resources


To further analyze the spatial relevance of various natural resources, ArcGIS 10.2 was used for global autocorrelation analysis. The results show that Moran’s I values are greater than zero and pass the significance test (p = 0.01), which indicates that there is a significant positive correlation between natural resources in the Chinese terrestrial surface. Furthermore, the local spatial autocorrelation method is used to reveal the local agglomeration characteristics of the seven indexes of natural resources in the Chinese terrestrial surface (Figure 2).



(1) The available land resources are “high in the southeast and low in the northwest” (Figure 2a). Areas of the high-high agglomeration are in the southwest of North China, the north of Southwest China, the southeast and northwest of Southeast China, indicating that these areas and the surrounding areas have a high abundance of available land resources. Areas of low-low agglomeration are in Northwest China (except Altay Prefecture, Karamay City, Tacheng Prefecture, Bortala Mongol Autonomous Prefecture, Ili Kazak Autonomous Prefecture, Bayan nur), the north of the Qinghai-Tibet region, the southwest of the Inner-Mongolia region and the northwest and northeast of the LongShanJin region, which indicates low abundance of available land resources in these regions and surrounding areas. It is worth noting that Xining City and Haidong City are in high-low agglomeration areas, indicating that the two areas have a high abundance of available land resources, while the surrounding areas have a low abundance. It is found that areas of high-high agglomeration are relatively scattered, and the distribution range is small, which forms a number of areas with high-value. The areas of low-low agglomeration are distributed in a large range, forming low-value areas with Northwest China as the core.



(2) The available water resources are “high in the South and low in the north” (Figure 2b). Areas of high-high agglomeration are in Southeast China (except northwest and northeast), South China (except Nanning City, Chongzuo City and Baise City), Zhangjiajie City, Huaihua City and Xiangxi Tujia and Miao Autonomous Prefecture. Areas of low-low agglomeration are in the Inner Mongolia region, the LongShanJin region, North China (except the South and Anyang City of Henan Province), central and south of Northeast China, the east of Northwest China, the northeast of the Qinghai-Tibet region and Longnan City of Gansu Province. It is found that the distribution range of areas of high-high agglomeration is smaller than that of the areas of low-low agglomeration. The high-high agglomeration areas form high-value areas with “southeast -South China” as the core, and the low-low agglomeration areas form low-value areas with “Inner Mongolia–LongShanJin region” as the core.



(3) The available environmental resources are characterized by “high in the north and south, low in the middle region” (Figure 2c). Areas of high-high agglomeration are in the south of Southeast China, South China (except Guangzhou City and Foshan City), the south of Southwest China, southeast of the Qinghai-Tibet region, west and north of Northeast China. Areas of low-low agglomeration are in most parts of North China, eastern and southern parts of the LongShanJin region, Xinyang City and Nanyang City of Henan Province, Xiangyang City of Hubei Province and the southwest of Northwest China. It is found that areas of high-high agglomeration form two high-value areas in the north and south, and areas of low-low agglomeration form two low-value areas in the east and west of China. At the same time, it is worth noting that the Ngari Area and Shennongjia Forestry Distric are in the high-low agglomeration areas, which indicates that the two areas have a high abundance of available environmental resources, while the surrounding areas have a low abundance.



(4) The available ecological resources show the local agglomeration characteristics of “high in the north and south, and low in middle region” (Figure 2d). Areas of high-high agglomeration are scattered with an obvious north-south difference. Most of them are located in Southwest China and are distributed in the peripheral areas of Southwest China. In addition, Linzhi City of Tibet Autonomous Region, adjacent to Southwest China, is also a high-high agglomeration area. In the east of Northeast China, a small area of high-high agglomeration areas has been formed, including Yanbian Korean Autonomous Prefecture of Jilin Province and Mudanjiang City of Heilongjiang Province. Areas of low-low agglomeration vary from the east to the west, and the west is concentrated and distributed in a large range, mainly including most of Northwest China (except the northwest, the east and Wuwei City), Haixi Mongolian and Tibetan Autonomous Prefecture, Haibei Tibetan Autonomous Prefecture, Yinchuan City and Shizuishan City of Ningxia Hui Autonomous Region. The east of China is relatively scattered, most of which are located in North China. The other two low-low agglomeration areas are in the northeast of Southeast China and Central of South China. It is worth noting that Anyang City is a high-low agglomeration area, indicating that the available ecological resources are abundant in Anyang City, while the abundance of surrounding areas is low. Chengdu City of Sichuan Province is a low-high area, indicating that the available ecological resources abundance of Chengdu is low, while the surrounding areas are high.



(5) The spatial distribution of water and land resources is characterized by “high in the South and low in the north” (Figure 2e). Areas of high-high agglomeration are in Southeast China (except the northern marginal areas), South China (except Nanning City, Chongzuo City and Baise City of Guangxi Zhuang Autonomous Region), Enshi Tujia and Miao Autonomous Prefecture of Hubei Province, Zhangjiajie City, Huaihua City and Xiangxi Tujia and Miao Autonomous Prefecture of Hunan Province. Areas of low-low agglomeration are distributed in the Inner-Mongolia region, the LongShanJin region, North China (except southeast and Anyang City of Henan), the east and middle of Northwest China, middle of Northeast, northeast of the Qinghai-Tibet region and Longnan City of Gansu Province. By comparison, the distribution range of areas of high-high agglomeration is smaller than that of areas of low-low agglomeration. The areas of high-high agglomeration form high-value areas with “Southeast China-South China” as the core. The areas of low-low agglomeration form low-value areas with the core of “Inner Mongolia-LongShanJin region”. It is worth noting that the local agglomeration of water and land resources is consistent with that of available water resources.



(6) The spatial distribution of ecological environment resources is characterized by “high in the north and south, low in the middle region” (Figure 2f). There are two high-value areas within the areas of high-high agglomeration. The south of China includes the south of Southeast China, the west and south of South China, the south of Southwest China and the southeast of the Qinghai-Tibet region. The north is mainly the north of Northeast China. Areas of low-low agglomeration include two low-value areas in the east and west of China. The east of China includes North China (except northeast, Yantai City and Weihai City of Shandong Province, Huainan City of Anhui Province), Southeast of the LongShanJin region, northeast of Southeast China and Nanyang City of Henan Province. The west of China includes Northwest China (except northwest and southeast), Yinchuan City and Shizuishan City of Ningxia Hui Autonomous Region, and Haibei Tibetan Autonomous Prefecture of Qinghai Province. It is worth noting that Ali Prefecture of Tibet Autonomous Region is a high-low agglomeration area, which indicates that the abundance of eco-environmental resources in this region is high, while that in the surrounding areas is low. Chengdu City is a low-high agglomeration area, which indicates that the abundance of ecological environment resources in this area is low, while the surrounding areas is high.



(7) The spatial agglomeration characteristics of natural resources are “high in the south and low in the north” (Figure 2g). Areas of high-high agglomeration are distributed in Southeast China (except the northern marginal areas), South China (except Dongguan City and Foshan City of Guangdong Province, Nanning City, Chongzuo City and Baise City of Guangxi Zhuang Autonomous Region), Qiandongnan Miao and Dong Autonomous Prefecture of Guizhou Province, Zhangjiajie City, Xiangxi Tujia and Miao Autonomous Prefecture and Huaihua City of Hunan Province. Areas of low-low agglomeration are distributed in the Inner-Mongolia region, the LongShanJin region, North China (except the southeast), the east of Northwest China, the central and south of Northeast China, the northeast of the Qinghai-Tibet region, Longnan City of Gansu Province and Nanyang City of Henan Province. It is found that the distribution range for areas of high-high agglomeration is smaller than that for areas of low-low agglomeration. The areas of high-high agglomeration form high-value areas with “Southeast China-South China” as the core. The areas of low-low agglomeration form low-value areas with “Inner Mongolia-LongShanJin region” as the core.





4.2. Geographical Mechanism of the Spatial Distribution of Natural Resources


4.2.1. Quantitative Relationship between the Endowment of Natural Resources and the Natural Environment


Taking X1 (endowment degree of water and land resources), X2 (endowment degree of ecological environment resources) and X (endowment degree of natural resources) as dependent variables, and taking the average temperature in January, annual precipitation and average altitude as independent variables, to conduct the regression analysis (The results all pass the 0.01 significance test), and then explain the extent of the effect of natural environment elements on X1, X2, and X. The results are as follows: ① Among the natural environment elements such as temperature, precipitation, and altitude, the correlation coefficients between annual precipitation and the endowment of water and land resources, the endowment of ecological environment resources and the endowment of natural resources, are the largest, which are 0.911, 0.325 and 0.875, respectively. It shows that precipitation has the most significant effect on the endowment of water and land resources, the endowment of ecological environment resources, and the endowment of natural resources. At the same time, among X1, X2 and X, the endowment of water and land resources, natural resource endowment, and the endowment of ecological environment resource in descending order were affected by precipitation. ② The correlation coefficient shows that the annual precipitation has the greatest impact on the endowment of water and land resources, ecological environment resources and natural resources, followed by the average temperature, and the average altitude is the last. ③ The correlation coefficients of natural resource endowment with annual precipitation, average temperature in January and average altitude are 0.875, 0.683 and 0.220, respectively, indicating that the endowment of natural resources is most significantly affected by precipitation, followed by temperature, and altitude has the least effect.




4.2.2. The Spatial Relationship between Natural Resource Endowment and Natural Environment


Based on the spatial double-line similarity calculation model, the spatial similarity between the isolines of average altitude, annual precipitation and average temperature in January and the optimal analog isolines of X1 (endowment degree of water and land resources), X2 (endowment degree of ecological environment resources) and X (endowment degree of natural resources) can be calculated. The spatial similarity indicates the spatial relationship between natural resource endowment and natural environment elements.



(1) The eigenvalue isolines of natural environment elements and the optimal analog isolines of X1, X2 and X are extracted. The Kriging interpolation method is used to present the spatial distribution of elevation, annual precipitation and average temperature in January in the Chinese terrestrial surface. Based on this, the contour lines of 1500 m and 500 m, 800 mm isoprecipitation line, and the January 0 °C isotherm are extracted. According to the regression analysis results of natural environment elements and X1, X2 and X, we can calculate the dependent variables using the datas of average altitude, annual precipitation, and January average temperature. Analog isolines are extracted at fixed intervals respectively. The interval between the 1500 m and 500 m contour lines is 10, the interval of the 800 mm isoprecipitation lines is 5, and the interval of the 0 °C isotherms in January is 0.05 (Figure 3).



We can see from Figure 3 that the corresponding choices of the optimal analog isolines of X1, X2 and X are: (1) The 1500 m contours lines are, respectively, −200, 150 and 90 (Figure 3a1–a3); (2) The 500 m contour lines are, respectively, 70, 50 and −30 (Figure 3b1–b3); (3) The 800 mm isoprecipitation lines are, respectively, 275, 140 and 160 (Figure 3c1–c3); (4) January 0 °C isotherms are −0.1, 0.45, and −0.05 (Figure 3d1–d3).



(2) The spatial similarity analysis between the eigenvalue isolines of natural environment elements and the optimal analog isolines of X1, X2 and X. Based on Figure 3, the eigenvalue isolines of natural environment elements and the optimal analog isolines of X1, X2 and X are extracted (Figure 4). According to Figure 4, the spatial similarity of 1500 m contour line, 500 m contour line, 800 mm isoprecipitation line and January 0 °C isotherm with the optimal analog isolines of X1, X2 and X is calculated by using the spatial double-line similarity model, from which the spatial relationship between the natural resource endowment and natural environment is analyzed.



The analysis of spatial similarity between the eigenvalue isolines of natural environment elements and the optimal analog isolines of X1, X2 and X (Table 2), indicates that: ① Natural environment elements such as temperature, precipitation and altitude have significant effects on the spatial distribution of the endowment of water and land resources, the endowment of ecological environment resources, and the endowment of natural resources. Among them, precipitation has the most significant effect on the endowment of water and land resources, with a spatial similarity of 0.9992, followed by the endowment of ecological environment resources and natural resources. The effect of precipitation on the spatial distribution of the endowment of water and land resources and endowment of ecological environment resources is higher than that of temperature and altitude. ② Comparing X1, X2 and X, it is found that the optimal analog isolines of X1 has the highest spatial similarity with the 1500 m contour line, the 800 mm isoprecipitation line and the January 0 °C isotherm, which are 0.9799, 0.9992 and 0.9964, respectively. In general, natural environment elements such as temperature, precipitation, and altitude have the most significant effects on the spatial distribution of water and land resource endowment. The influence of temperature and altitude on the spatial distribution of natural resource endowment is stronger than that of the ecological environment resource endowment. However, the effect of precipitation on the endowment of ecological environment resources is significantly higher than that of natural resource endowment. Significant difference is found among that the influence of natural environment elements such as temperature, precipitation and altitude on the spatial distribution of the water and land resources, the ecological environment resources and the natural resources. ③ The spatial similarities between the optimal analog isolines of the natural resource endowment degree and the 1500 m contour line, 500 m contour line, 800 mm isoprecipitation line and January 0 °C isotherm are 0.9753, 0.9878, 0.9922 and 0.9951, respectively, indicating a higher effect from temperature on the spatial distribution of natural resource endowment, followed by precipitation and altitude.



A comprehensive analysis of the quantitative and spatial relationship between the endowment of natural resources and the natural environment, shows that natural environment elements such as temperature, precipitation, and altitude have an important impact on the spatial distribution of natural resources, with temperature the most significant, indicating that the primary natural environment and its function drive the formation and distribution of natural resources.






5. Conclusions and Discussion


5.1. Conclusions


This study comprehensively analyzes the spatial distribution features and geographic mechanisms of natural resources on the terrestrial surface of China. From this information, the structure and endowment of natural resources under the orientation of the new economic demands need to be re-examined. The importance of resources such as environment and ecology is highlighted. The coupling of resource elements can reveal the availability of natural resources. The main conclusions are as follows:



(1) Natural resources show significantly spatial variation in the Chinese terrestrial surface. ① The available land resources show a distribution pattern of “more in the east and less in the west”. The available water resources decrease from south to north, showing a distribution pattern of “more in the south and east, but less in the north and west”. The distribution feature of available environment resources is “more in the north and south, less in the middle region”. The higher-value, high-value and medium-value areas of the available ecological resources are distributed in an inverted “T” shape, and the lower-value and low-value areas are mainly distributed on the east and west sides of the inverted “T” shape. ② The water and land resources decrease from south to north, showing the distribution feature of “more in the south and east, but less in the north and west”. The distribution of ecological environment resources is consistent with the distribution of available ecological resources, the higher value, high value and median value areas are distributed in an inverted “T” shape, and the lower value and low value areas are mainly distributed on the east and west sides of the inverted “T” shape. ③ Natural resources decrease from south to north, showing the distribution pattern of “more in the south and east, but less in the north and west”. The comparison indicates that the distribution of available water resources, water and land resources and natural resources are consistent. According to the “short board effect” theory, it can be known that the available water resources have a “short board effect” on the endowment of water and land resources and the endowment of natural resources.



(2) The spatial agglomeration characteristics of natural resources in the Chinese terrestrial surface are obvious. The spatial agglomeration characteristics of available land resources are “high in the southeast and low in the northwest”. The spatial agglomeration characteristics of available water resources are “high in the south and low in the north”. The spatial agglomeration characteristics of available environment resources are “high in the north and south, low in the middle region”. The spatial agglomeration characteristics of available ecological resources are “high in the north and south, low in the middle region”. The spatial agglomeration characteristics of water and land resources are “high in the South and low in the north”. The spatial agglomeration characteristics of ecological environment resources are “high in the north and south, low in the middle region”. There are two agglomeration types of natural resources in the Chinese terrestrial surface: the high-high agglomeration and the low-low agglomeration, showing the agglomeration features of “high in the south and low in the north”. It is worth noting that available water resources, water and land resources and natural resources show consistent local agglomeration.



(3) Natural environment elements such as temperature, precipitation, and altitude have an important impact on the spatial distribution of natural resources, indicating that the primary natural environment and its function drive the formation and distribution of natural resources. ① From the perspective of the quantitative relationship between natural resource endowment and natural environment, the correlation coefficients of the natural resource endowment degree with annual precipitation, average temperature in January and average altitude are 0.875, 0.683 and 0.220, respectively. This indicates that the endowment degree of natural resources is most significantly affected by precipitation, followed by temperature, and altitude has the least effect on it. ② From the perspective of the spatial relationship between natural resource endowment and natural environment, the spatial similarity between the optimal analog isolines of the natural resource endowment degree and the 1500 m contour line, 500 m contour line, 800 mm isoprecipitation line, and January 0 °C isotherm are 0.9753, 0.9878, 0.9922 and 0.9951, respectively. It shows that temperature has the most significant impact on the spatial distribution of natural resource endowment, followed by precipitation and altitude.



Based on the research results, some policy suggestions for the high-quality development of China’s new economy and the rational protection and utilization of natural resources are put forward. The available water resources are the decisive factor of natural resource endowment and the most rigid constraint factor of economic and social development. With the continuous improvement of China’s urbanization level, the problem of urban water pollution and shortage is growing intensely. Regional sustainable development and the layout of new economic development will certainly be affected by this trend. For example, in measures of response, creating water-saving cities is a new decision and measure to solve the systematic problems of water security, water environment and water ecology. This measure is also an important way to realize water resources protection, water security, water environment optimization and water ecology improvement. China should insist on the principle of determining the development of cities, land use, population and industry based on water resources and take the road of green and sustainable high-quality development. Reasonable protection and utilization of natural resources is an important guarantee for the high-quality development of the new economy. It is the guarantee for the high-quality development of the new economy and the sustainable utilization of natural resources to realize the harmonious relationship between the new economy and the natural resources. A scientific understanding of the spatial variation of natural resources from the perspective of the new economy is significant for optimizing the spatial development pattern of land and promoting the high-quality of economic development.




5.2. Discussion


(1) Natural resources are still an important factor in the development of the new economy. With the evolution of the industrial structure and the development of transportation and communication technologies, although dependence of the new economy on natural resources is constantly weakening, water and land resources, as the basis for carrying human activities, still play a key role in contemporary development. In the economic development and layout guided by the new economic demands, ecological environment resources have become an important factor for high-quality economic development and ecological civilization construction. The endowment degree of regional resource is directly related to economic, social and ecological benefits, especially the well-being of the people. This study shows that available natural resources are the foundation of the layout of economic development. Water and land resources, ecological environment resources and natural resources are coupled through natural resource elements, and the natural resource endowment is distributed unevenly in space and have significant local spatial agglomeration features. The new economic form will inevitably change the country’s demand structure for natural resources, thereby renewing the local economic location, which may reconstruct the country’s location map. The results of this study are intended to provide a data basis for drawing a geographical map suitable for the development of the new economy.



(2) The primary natural environment and its function drive the formation and distribution of natural resources. This study selects available land resources, available water resources, available environmental resources and available ecological resources to construct a comprehensive measurement index system, aiming to analyze the resource structure, and interpret the natural resource endowment with the coupling of resource elements, and reveal the spatial distribution features of natural resources accordingly. The average altitude (characterizing geology and landforms), annual precipitation, and January average temperature (characterizing meteorological climate) and X1, X2, X are selected to analyze the quantitative and spatial relationships, also revealing the geographical mechanism of the formation and distribution of natural resources. In terms of spatial relationships, constructing a spatial double-line similarity model based on the spatial line group target similarity model to calculate the spatial similarity between the eigenvalue isolines of natural environment elements and the optimal analog isolines of X1, X2 and X. Higher similarity means that the former has a more significant effect on the latter, and vice versa. Based on the results of quantitative and spatial relationship analysis, this study shows that the primary natural environment and its function are the geographic mechanisms of the formation and distribution of natural resources. The measurement method of resource endowment and the theoretical conception of geographic mechanism in this study, can provide a useful reference for the deepening study of natural resources, and the study of the geographic mechanism of other geographic elements.



(3) The impact of humanistic resources on the development layout of the new economy cannot be ignored. Theoretically, the resource elements that affect the development of the new economy include natural resources and humanistic resources. Although the dependence of the new economic development layout on natural resources has been gradually weakening, natural resources, as the basic condition of human economic activities, are still the key elements of the new economic development layout and its optimization. Humanistic resources include labor, capital, information, technology and tourism. These humanistic resources are important production and living elements in the development of the new economy, and can promote the transformation and upgrading of traditional industries and the spatial layout and optimization of emerging industries. At present, the academic circles have abundant research results on natural resources, but researches on the structure of humanistic resources based on the demand of the new economy, endowment measurement and spatial analysis are seldom involved. This study only discusses the possible impact of natural resources on the development of the new economy in China. In the follow-up study, based on the development of the new economy, we will try to build a comprehensive index system and measurement model for humanistic resources, analyze the structure and endowment of humanistic resources, and provide further decision-making references for the development of the new economy and its layout optimization.
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Figure 1. Geographical distribution of the seven indexes of natural resources in the Chinese terrestrial surface: (a) Available land resources, (b) Available water resources, (c) Available environmental resources, (d) Available ecological resources, (e) Water and land resources, (f) Ecological environment resources, (g) Natural resources. 
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Figure 2. Local agglomeration features of the seven indexes of natural resources in the Chinese terrestrial surface: (a) Available land resources, (b) Available water resources, (c) Available environmental resources, (d) Available ecological resources, (e) Water and land resources, (f) Ecological environment resources, (g) Natural resources. 
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Figure 3. The isoline maps of characteristic value and analog value of natural environment elements: (a1–a3) are the analog isoline for altitude of water and land resources, ecological environment resources and to natural resources; (b1–b3) are the analog isoline for altitude of water and land resources, ecological environment resources and natural resources; (c1–c3) are the analog isoline for precipitation of water and land resources, ecological environment resources and natural resources; (d1–d3) are the analog isoline for temperature of water and land resources, ecological environment resources and natural resources; 1500 m contour line, 500 m contour line, 800 mm isoprecipitation line and 0 °C isothermal line are shown in (a1–a3), (b1–b3), (c1–c3) and (d1–d3) respectively). 
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Figure 4. Spatial distribution of optimal analog isoline and characteristic value isoline of natural environment elements. (a): 1500 m contour line and its optimal analog isolines, (b): 500 m contour line and its optimal analog isolines, (c): 800 mm isoprecipitation line and its optimal analog isolines, (d): 0 °C isothermal line and its optimal analog isolines. The optimal analog isoline also include three types: X1 (water and land resources), X2 (ecological environment resources) and X (natural resource). 
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Table 1. The comprehensive index system of terrestrial surface natural resources in China under the orientation of the new economic demands.






Table 1. The comprehensive index system of terrestrial surface natural resources in China under the orientation of the new economic demands.





	
The Index

	
Index Name

	
Index Meaning






	
X

	
X1

	
X11

	
Available land resources

	
The endowment degree of available land resources in a certain region




	
X12

	
Available water resources

	
The endowment degree of available water resources in a certain region




	
X2

	
X21

	
Available environmental resources

	
The endowment degree of available environmental resources in a certain region




	
X22

	
Available ecological resources

	
The endowment degree of available ecological resources in a certain region








Annotations: X1 is water and land resources, which stands for the endowment degree of water and land resources in a certain region. X2 is ecological environment resources, which stands for the endowment degree of ecological environment resources in a certain region. X is natural resources, which stands for the endowment degree of natural resources in a certain region.
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Table 2. Spatial similarity of optimal analog isoline and characteristic value isoline of elements of natural environment.






Table 2. Spatial similarity of optimal analog isoline and characteristic value isoline of elements of natural environment.





	Indexes
	1500 m Contour Line
	Similarity
	500 m Contour Line
	Similarity
	800 m Isoprecipitation Line
	Similarity
	January 0 °C Isotherm
	Similarity





	X1
	−200
	0.9799
	70
	0.9434
	275
	0.9992
	−0.1
	0.9964



	X2
	150
	0.9045
	50
	0.9822
	140
	0.9975
	0.45
	0.9780



	X
	90
	0.9753
	−30
	0.9878
	160
	0.9922
	−0.05
	0.9951
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