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Abstract

:

The integrated development of the three industries is the focal point and breakthrough point for the realization of industrial poverty alleviation in the deeply impoverished areas. This paper, taking 169 poverty-stricken counties in deeply impoverished areas as the research object, calculated the level of three industrial integration development in deeply impoverished areas from 2013 to 2016. Based on this, the spatial statistical analysis method was used to explore the spatial and temporal differentiation characteristics of the three industrial integration development levels in deeply impoverished areas. The results show that the level of integrated development of the three industries in the deeply impoverished areas of China is generally low, and there is great room for improvement. There are significant spatial correlation and spatial heterogeneity, and the phenomenon of bipolar agglomeration is more and more obvious. This study can provide a theoretical basis and decision-making reference for the formulation and implementation of poverty alleviation policies in deeply impoverished areas.
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1. Introduction


Since the reform and opening-up, China has gone from “the national economy to the brink of collapse” to the second-largest economic entity in the world. China’s achievements in economic construction have attracted worldwide attention. Since the reform and opening-up in 1978, the growth rate of China’s economy has been fluctuating with distinct stages. From 1978 to 1991, this period was the transition period of China’s economy. The macroeconomic thought had completed the transition from the “comprehensive balance” to the “macro-control” paradigm, and the fluctuations in monetary growth were most obvious at this time. From 1992 to 1997, China’s economy developed at a fairly brisk pace, the socialist market economy system was basically established, and the idea of macro-control was basically formed and successfully applied. From 1998 to 2002, China suffered from the Asian financial crisis, and its economic growth was delayed to some extent. From 2003 to 2012, China’s economy recovered and developed at a high speed. Since 2013, China’s economy has shifted from extensive growth of scale and speed to intensive growth of quality and efficiency, and China’s economic development has entered a new routine (GDP and its growth rate are shown in Figure 1). At present, China’s economy is in the midst of a transition period, and its industrial structure has yet to be adjusted. In the process of economic transformation, the Central and Eastern European countries, especially Poland, the Czech Republic, and Hungary, continued to decline in the proportion of total agricultural and industrial output value, and the proportion of total output value of the service industry continued to increase, which provided valuable experience for the transformation and upgrading of China’s industrial structure [1].



Under the new normal, the process of value creation is gradually changed by intelligence, networking, deregulation and innovative management, so that the industrial structure boundary within the same industry or between different industries gradually fades, blurs, or even disappears. As a new trend of modern industrial development, the integration of three industries is a new industrial development mode that promotes traditional industries to seek new development and expand and extend, promotes the optimization and upgrading of traditional industrial structure, meets higher level of consumer demand, and gives new vitality to industrial development [2]. A reasonable industrial structure can effectively allocate resources, promote economic growth, and bring new development opportunities to the deeply poor areas, so as to help the deeply poor areas get rid of poverty by relying on industry and realize the sustainable development of regional economy and society.



Rosenberg put forward the idea of industrial integration [3], and then scholars continued to study the attributes, types [4], and effects [5] of industrial integration. Greenslein believed that the industry convergence triggered by digital technology makes the previously independent industry change from vertical development to horizontal development and gradually extend to other industries [6]. Stieglitz mainly analyzed industrial integration due to government deregulation [7,8]. In addition, scholars explored industrial integration from the aspects of the telecom industry [9], manufacturing industry and service industry [10], cultural industry and tourism [11], cross-border electricity and logistics [12] and exploring the business model innovation of the APPLE (Cupertino, CA, USA) company with the world’s strongest technological innovation capability in the process of industrial integration [13]. Up to now, it is widely accepted that industry convergence is a dynamic development process of knowledge, technology, products, and market between different industries from being independent to continuously cross and penetrate, gradually breaking through the industrial boundary and forming new formats [14,15]. Because the industrial integration is a new trend for the development of modern industry, the research perspectives focused on tourism and cultural industry [16,17], industrialization and informatization [18,19], information technology and manufacturing [20,21], equipment manufacturing industry and producer services [22,23], and other areas of the two-dimensional integration, as well as cultural [24], logistics [25], and tourism [26]. As for the research contents, scholars main delve into industrial integration development motivation [27,28,29], mechanism [30,31], and path [26,32]. In terms of measurement methods, it mainly includes the fusion coefficient method [18], DEA [33], Herfindahl index method [34], input-output method [35], comprehensive index method [24] and other methods. It is found that industrial integration can encourage the development of traditional industries, and the optimization, upgrading, and adjustment of industrial structure.



Research on industry convergence in the academic circles is mainly focused on the connotation, classification, motivation, and other segments of industry empirical and other aspects. At present, the research perspective is mainly focused on the integration of one industrial section and two industrial sections, which have not been extended to the three-dimensional space of primary, secondary and tertiary industries integration. Moreover, the research object is basically at the level of provinces and cities, which rarely involve the deeply impoverished counties. In addition, the measurement method of industrial integration is one-sided and subjective, and a unified, scientific, comprehensive, and accurate measurement method has not been formed. At present, scholars mostly focus on qualitative research of industrial integration, such as motivation, type, optimization path, and mechanism, and pay less attention to the characteristics of spatial distribution and evolution.



The related literature on the spatial distribution and evolution of industrial convergence is mainly concentrated in the EU or Central Europe [35,36,37,38,39]. Based on the results of other studies, this paper, by means of the entropy and spatial autocorrelation analysis method, makes an objective measurement of the development level and trend of three industrial integration in China’s 169 deep-poverty counties, and analyzed the time and space distribution characteristics and the dynamic change trend, so as to provide the relevant theoretical basis for poverty alleviation in China (the method and the related measures as shown in Table 1).




2. Index System and Research Method


Industrial division is a process of decomposing and combining all kinds of activities that constitute the national economy according to certain standards to form multi-level industrial categories. By far the most influential is the third industry classification method of Fisher and Clark [40,41]. On the basis of this theory, American economist Simon. S. Kuznets similarly applied Clark’s three-industry division to various sectors of the national economy, including agriculture, industry, and service (AIS division method) [42]. In 1977, Borat proposed a quartile of industrial division, that is, to separate the digital industry from the service industry. The entire national economy is comprised of industry, agriculture, service industry, and digital industry. The digital industry is what people call the fourth industry [43]. In recent decades, some economists in the United States, Japan, and other countries began to propose the concept of the fifth industry after the concept of the fourth industry, but there is no definite explanation. Based on Japanese culture, the fifth industry generally refers to the service industry centered on spiritual enjoyment, entertainment, and psychological stimulation, and its scope includes entertainment, fun, fashion, beauty, and tourism, etc. On 14 May 2003, the National Bureau of Statistics of China issued the “Regulations on the Division of the Three Industries” in the national statistical system and various departments of the State Council, announcing the new scope of the three industries. Primary industry refers to agriculture, forestry, animal husbandry, and fishery. Secondary industry refers to the mining industry, manufacturing, power and gas and water production and supply, and construction. The tertiary industry refers to additional industries except for the primary and secondary industries [44]. Relevant statistical data in China is also dependent on the provisions on the division of tertiary industries. Therefore, although the method of division of tertiary industries can no longer fully reveal the changes in the national economic structure caused by the wave of a new technological revolution in the world, such division is still widely followed both abroad and in China.



Agriculture is the foundation of healthy economic development in deeply impoverished areas. At the same time, agriculture, as the material basis of other industries, can provide production factors for other industries. Service industry can promote the level of agricultural modernization and industrial transformation and upgrading. To a certain extent, industry and service industry are the expansion of modern agriculture. Therefore, it is of great significance to establish a corresponding index system based on the provisions on the division of the three industries in China and explore the level of integrated development among the three industries through agriculture, industry, and service industry.



2.1. Index System Construction and Data Sources


On 23 June 2017, Xi Jinping, General Secretary of the CPC Central Committee, State President, and Chairman of the Central Military Commission, hosted a symposium on poverty alleviation in deep poverty areas and delivered an important speech. Make deployment arrangements for tackling tough times. In November 2017, the General Office of the Central Committee of the Communist Party of China and the General Office of the State Council issued the “Implementation Opinions on Supporting Poverty Alleviation in Deeply Impoverished Areas”, stating that Tibet, the four provinces of Tibet, the four provinces of southern Xinjiang, the Liangshan Prefecture of Sichuan, and the Nujiang Prefecture of Yunnan, Linxia Prefecture, Gansu Province, and poor counties with a poverty incidence rate of more than 18% and poor villages with a poverty incidence rate of more than 20%. Poor natural conditions, weak economic foundations, and deep poverty are the main challenges in poverty alleviation. It is the key strategy for the decisive fight against poverty, so it is called a deep poverty area. Deep-poverty counties are in the scope of deep poverty areas.



In this paper, 169 deep-poverty counties from the “three districts and three prefectures” are studied, including 32 counties of the four prefectures in southern Xinjiang, 23 counties of Qinghai Province, 14 counties of Gansu Province, 67 counties of Tibet, 3 counties of Yunnan Province and 30 counties of Sichuan Province. Since China started its targeted poverty alleviation work in 2013, the relevant data in the current yearbook has only been updated to 2016. Considering the background of targeted poverty alleviation work and the availability of data, 2013–2016 was selected as the evaluation sample.



As for the measurement of the level of the three industry convergence, the construction of the index system is a fundamental basis. In the existing studies on industrial integration, it calculated the level of agricultural development in China [45]. Taking Hubei Province as an example, it evaluated the level of agricultural development with indicators such as farmers’ per capita income, grain output per unit sown area, agricultural per capita GDP and effective irrigation rate [46]. It evaluated the industrialization of Jilin Province by establishing relevant indicators [47]. It used industrial added value to measure industrial development [48]. It measured the development level of the service industry by using per capita GDP, the proportion of the added value of the service industry, the added value of the service industry, and growth rate indicators [49]. It set up an indicator system of integrated development of three industries [50]. It used economic growth, industrial restructuring, and labor market skills to build industrial integration indicators [51,52,53,54]. Based on the connotation of the integration of three industries and relevant research results, the evaluation index system of the integration of three industries in deeply impoverished areas is finally constructed under the principles of scientific nature, feasibility, and data availability (as shown in Table 2). The data in this paper are from China County Statistical Yearbook and relevant provincial statistical yearbook, and some missing data are complemented by the annual average growth rate method.




2.2. Research Method


2.2.1. Entropy Method


The entropy method determines the weight of each index in the whole system according to the information entropy of the index, which is more reliable and accurate in the comprehensive evaluation of multiple objects and indexes than subjective weight [55]. Because the entropy method can deeply reflect the utility value of the index information entropy value and determine the weight, this idea is very similar to the three industry convergence development system. The three industry index is the most important factor affecting the development of the three industry convergence. The factor with the greatest degree of change is a more objective method of empowerment that can avoid the subjectivity of artificial empowerment. The entropy method is used to calculate the weight of the evaluation index (see the weight part of Table 2), the comprehensive evaluation result of the integrated development of the three industries is finally obtained through information aggregation. The specific steps are as follows:



Dimensionless processing: Due to the different dimensionality of the original data of each index, the range method is adopted to conduct a linear transformation on the index data, so that the result can be mapped to the interval of [0, 1]. The specific standardization formula is as follows:


  Positive   index :    y  i j   = ( 1 − α ) + α ⋅ (  x  i j   −  x  j min   ) / (  x  j max   −  x  j min   ) .  



(1)






  Negative   index :    y  i j   = ( 1 − α ) + α ⋅ (  x  j max   −  x  i j  ′  ) / (  x  j max   −  x  j min   ) .  



(2)




wherein,    y  i j     is the value after dimensionless treatment,    x  i j    (   x  i j  ′   ) is the actual value of the  j th index of the poor county  i , and  α  is the adjustment coefficient which is generally set as 0.9.



Entropy method to solve the weight    W j   


   W j  =   1 +  1  ln m     ∑  i = 1  m    p  i j     ⋅ ln  p  i j       ∑  j = 1  n    [  1 +  1  ln m     ∑  i = 1  m    p  i j     ⋅ ln  p  i j    ]       



(3)




wherein,    p  i j   =  y  i j   /   ∑  i = 1  m    y  i j       is the proportion of the index  j  of the poor county  i ,    W j    is the entropy weight of the index  j .



Measure function of three industries integration level in poverty-stricken areas


    U t  =   ∑  i = 1  n    W j  ⋅  Y  i j       ,   t = 1 , 2 , 3 .   



(4)




wherein,  j  is the number of indicators of a system,    W j    is the weight of indicators,    Y j    is the standardized value of the index  j  in the  i th year, and    U  1 , 2 , 3     is the measure value of the integration level in the agriculture, industry, and tertiary industry.




2.2.2. Spatial Auto-Correlation Analysis


Spatial auto-correlation analysis explores spatial characteristics through the correlation relationship between geographical location and research attributes and describes the clustering or dispersion phenomenon of the observed object’s element attributes in a certain spatial range mainly through global auto-correlation coefficient and local auto-correlation coefficient [56]. Is there a certain spatial agglomeration effect in the three industrial integration developments in deeply impoverished counties? The spatial autocorrelation model can answer this question through the global Moran ’s I index and local Moran’s I index, and it can analyze the characteristics of its spatial distribution, and propose the direction of industrial structure adjustment for the main problems facing the development levels of various regions.



(1) Global Moran’s I index



In this paper, the global Moran’s I index is adopted to judge the correlation and different degrees of the integrated development of the three industries in the adjacent poor counties. The calculation formula is as follows:


  I =     ∑  i = 1  n     ∑  j ≠ i  n    w  i j   (  x i  −  x ¯  ) (  x j  −  x ¯  )        S 2    ∑  i = 1  n     ∑  j ≠ i  n    w  i j          



(5)




wherein,  I  is the global Moran’s I,    x i    represents the level of integrated development of the three industries in the poverty-stricken county,    S 2  =  1 n      ∑  i = 1  n   (  x i  −  x ¯  )    2   ,    x ¯  =  1 n    ∑  i = 1  n    x i     ,    w  i j     is the spatial weight, which is generally expressed as N-dimensional matrix   W ( n × n )  , and is usually determined by the spatial adjacency and spatial distance matrix.



This study applies the spatial adjacency mode based on   R o o k  , that is, if the poor county  i  and the poor county  j  belong to the adjacency relationship, then    w  i j   = 1  , or    w  i j   = 0  . The value range of global Moran’s I is [−1, 1]. If   I > 0  , there is a positive spatial correlation, which means the poor counties with high (low) tertiary industry convergence tend to gather in space. If   I < 0  , there is a negative spatial correlation, which means there is a spatial difference in the industry integrated development between this county and its adjacent counties. If   I = 0  , the space is irrelevant, which means the integrated level of three industries in poverty-stricken counties is randomly distributed in space.



(2) Moran scatter diagram [56]



In order to further measure the local spatial characteristics of each poverty-stricken county and its surrounding poverty-stricken counties, Moran scatter map can well describe the local spatial distribution. The Moran scatter plot takes the observed value y and the spatial hysteresis vector W as the horizontal and vertical coordinates, respectively, and visually shows the spatial aberration and local imbalance in a two-dimensional plane. The scatter diagram contains four quadrants representing four spatial distribution. The first and third quadrants represent spatial agglomeration. The second and fourth quadrants represent spatial differentiation.



(3) LISA cluster map



LISA means local indicators of spatial association. Global spatial autocorrelation explains whether there is agglomeration (H-H, L-L) in the study area, while local spatial autoregression explains its specific spatial position and the significance of the agglomeration. In the LISA map, clustering is divided into four cases, each of which identifies a region and its relationship with its neighbors.



(4) Local Moran’s I index



Moran scatter plot cannot determine whether the local spatial characteristics of the study objects have passed the statistical significance test, while the local Moran’s I index can. Its calculation formula is as follows:


   I i  =  z i   ∑ j   W  i j    z j   



(6)




wherein,    z i    and    z j    are the standardized variables of spatial observations for mean and standard deviation respectively. If    I i  > 0  , then the industrial integration of the poor county is similar to that of the adjacent counties, which are in the form of a high-high cluster or a low-low cluster. If    I i  < 0  , then the industry convergence of the poor county is different from that of the adjacent counties, which are in the form of high-low cluster or low-high cluster.






3. Results and Discussion


3.1. Comprehensive Evaluation and Analysis of the Integrated Development of Three Industries in Deeply Impoverished Areas


The comprehensive integration development level and classification (proportion) of the three industries in the deeply impoverished areas from 2013 to 2016 are respectively obtained by the entropy weight method, as shown in Table 3.



In terms of the overall level of industry convergence in the deeply impoverished areas, among the 169 counties in 2013, Aksu city of Xinjiang had the highest comprehensive level, followed by Xichang city of Sichuan Province (0.4773), and Zhiduo County of Qinghai Province had the lowest comprehensive level (0.1800). This shows that the level of industry integrated development in the deeply impoverished areas is quite different from the whole. Thanks to development policies such as Western Development, Aid to Xinjiang, Targeted Poverty Alleviation, etc., after two years of development, among the 169 deeply impoverished counties in 2016, Huili County in Sichuan Province had the highest comprehensive level (0.4584), followed by Aksu city in Xinjiang Province (0.4439), and Zhiduo County in Qinghai Province had the worst comprehensive level (0.2011). Compared with 2013, the maximum value of the integrated development level is lower, while the minimum value is larger. Therefore, the overall difference between the integrated development level of the three industries in 2016 is narrowing, which is a kind of positive progress. The number and proportion of poverty-stricken counties at all stages of comprehensive development level are analyzed the same as in 2013, which will not happen again here.




3.2. Overall Spatial Statistical Analysis of the Industry Integrated Development Level in the Deeply Impoverished Areas


In order to further explore the spatial distribution characteristics of the integrated development, GeoDa software was used to calculate the global Moran’s I value of the industry integrated development in deeply impoverished areas of China, as is shown in Table 4.



In Table 4, the global Moran’s I values from 2013 to 2016 were all above 0 and passed the significance level of at least 1%, which indicates that the areas with a higher integration level and those with a lower integration level show a bipolar agglomeration and distribution trend with spatial correlation. This may prove to be a convergence effect between poor counties. That is, the level of integrated industrial development of a poor county depends on the integrated industrial development of adjacent poor counties, and this kind of proximity effect is more and more obvious during the research period. Compared with 2013, Moran’s I increased in 2014, which indicates that the overall integration and development space of the three industries are more correlated.



Based on the idea of targeted poverty alleviation proposed in 2013, the project of targeted poverty alleviation was launched in 2014, and then the targeted poverty alleviation policy took place in full swing. Before the implementation of targeted poverty alleviation policy, each deeply impoverished area developed in its own way, lacking unified planning and top-level design, so the spatial correlation was relatively small. After the implementation of the targeted poverty alleviation policy, scientific and reasonable planning and guidance were made for the economic development of the deeply impoverished areas, and the integrated development level of the three industries was improved. With the continuous implementation of targeted poverty alleviation policies, the deeply impoverished areas have become the focus. Compared with the poverty-stricken areas, the causes of poverty in deeply impoverished areas are more complicated and diverse. In order to further implement the targeted poverty alleviation policy, the state has continuously improved the previous “targeted poverty alleviation” policy in order to meet the development needs of deeply impoverished areas. The spatial correlation between the integrated development of the three industries in the deeply impoverished areas decreased significantly in 2015, which was ascribed to the poverty alleviation policy meeting the development needs of the impoverished areas. When the development potential of the deeply impoverished areas is fully tapped, it will take twice as much effort to further promote the development potential. In the crucial stage of poverty alleviation, the integrated development of the three industries in the deeply impoverished areas also embarked on a difficult road. In 2016, the global Moran’s I of the industry convergence in deeply impoverished areas reached 0.2993, which was also the maximum value in the research period. It shows that the integration of three industries in each deeply impoverished county showed a relatively high spatial correlation in the stage of poverty alleviation. This may be due to the mutual learning among the poor counties, or it may be due to the mutual hindrance among the poor counties. Moran scatter map and LISA cluster map can further explore the spatial correlation between the deeply impoverished areas.




3.3. Regional Spatial Statistical Analysis on the Industry Integrated Development Level


Moran scatter map and LISA cluster map were used to further explore the local spatial characteristics (relevance, the degree of difference, pattern distribution) of surrounding poverty-stricken counties.



(1) Moran scatter diagram analysis



The output of the Moran scatter diagram using GeoDa software can directly reflect the horizontal spatial correlation types and spatial distribution of the integrated development of the three industries in 169 deeply impoverished counties in China (as is shown in Figure 2).



As can be seen from Figure 1, the Moran index presents the characteristics of “wave-like advance and spiraling upward” in the four years. Deeply impoverished counties cluster in the first quadrant (HH) and the third quadrant (LL).



It can be seen from the Moran scatter diagram (2013–2016) that the number of poverty-stricken counties in the HH quadrant rose from 39 in 2013 to 52 in 2016. It can be found via digital changes that after four years of development, the industry convergence in the deeply impoverished areas not only showed a healthy development trend but also actively drive the development of adjacent counties, which is mainly owing to the deepening of the national targeted poverty alleviation policy. In recent years, the state’s industrial poverty alleviation policies for deeply impoverished areas, especially the basic strategy of precision poverty alleviation, focusing on industrial poverty alleviation, deepening the potential of industrial poverty alleviation, pinpointing industrial paths for poverty alleviation, and seeking characteristics that meet local realities Industry, and effectively promote the targeted poverty alleviation of industries in deeply impoverished areas. A series of industrial poverty alleviation strategies and plans have established a favorable environment for the industrial structure adjustment and regional economic and social development in deeply impoverished areas.



Pulan County, Zhongba County, Saga County, Gangcha County, Haiyan County, Ningnan County, Huili County, Huidong County, and Gongjue County, which had high industry convergence level in 2013, are at the quadrants of LL, LL, LL, LH, LH, HL, LH, LL, HL, LH, and LL, respectively. This may be due to the reason that the poverty alleviation policy did not fully play their role, or due to the reason that the potentiality had been explored. Therefore, when most poor counties significantly improved their situation, some of the counties that were initially in the HH quadrant dropped out of HH quadrant in the process of development. On the contrast, Atushi City (LH), Wuqia County (LL), Kashi City (LL), Shufu County (LL), Bange County (LH), Anduo County (HL), Dazi County (LH), Mozhugongka County (LH), Bomi (LH), Chayu County (HL), Fugong (LH), Lushui County (HL), Qusong County (LH), Yadong County (LL), Gangba County (LL), Dingjie (HL), Xide (HL), Qilian (HL), Yongjing (HL), Tongren County (LL), Guanghe County (HL), and Hezuo City (LH), which are within HH quadrant in 2013, joined in the HH quadrant in 2016.



Changes in these poor counties have mainly benefited from targeted poverty alleviation policies. Poverty-stricken counties in the LL quadrant increased from 69 in 2013 to 72 in 2016. From the point of quantity, the number of counties in the LL quadrant has not changed, which is because the LL quadrant itself is at the low level of industry convergence, and there are little spatial differences between these counties with their adjacent counties. This situation may easily lead to a “low-low” situation. Those poor counties may be content with their status quo, and cannot make full use of the national welfare policy, which, in turn, results in the fact that they have been in the state of LL quadrant. The number of poor counties in the HL quadrant and the LH quadrant decreased by 12 and 4, respectively, from 2013 to 2016.



From the above analysis, it can be seen that the first quadrant and the third quadrant are always clustered with more poverty-stricken counties, but the first quadrant and the third quadrant are regions with obvious spatial differentiation reflecting spatial heterogeneity, which indicates that the level of three industry convergence in China’s deeply impoverished areas presents the status of bipolar agglomeration in space. It is mainly because these regions have a worse natural ecological environment and a lower level of economic development. They have formed more closed spaces in the absence of infrastructure such as transportation and social networks, and it is more difficult for industrial integration to obtain the impetus for development, thus forming “space poverty” and internal vicious circle [57,58,59].



From 2013 to 2016, there has been spatial autocorrelation and spatial heterogeneity in the integrated development level of the Three industry convergence in the deeply impoverished areas of China. Although the agglomeration trend will change with the progress of the economy, it is also forming a relatively stable spatial pattern. Relevant studies have shown that economy, society, and politics are the main influencing factors for the solution of space poverty [60,61,62]. To eliminate this spatial heterogeneity, the traditional industrial balance must be broken, the space for industrial innovation must be opened up [63,64,65], and the promotion of three-industry integration is an effective mechanism to break this vicious circle [66,67,68].



(2) LISA cluster diagram analysis



Since Moran scatter map could not be used to judge whether the local correlation types and clusters of poor counties were significant (in statistics), LISA scatter map could make up for this. GeoDa software is used to acquire the LISA agglomeration chart of the integrated development level of three industry convergence in China’s deeply impoverished areas (as is seen in Figure 3).



The deeply impoverished counties in the four quadrants above all passed the significance test of 1%, and the LISA aggregation results during the observation period were summarized, as shown in Table 5.



In the region of the first quadrant (high-high), poor counties with a high integration level are surrounded by other poor counties with a high integration level. In other words, the industry convergence level of this county is high and has a relatively small difference with the industry convergence level of the adjacent counties. In the region of the second quadrant (high-low), poor counties with high integration level are surrounded by other poor counties with low integration level. In the region of the third quadrant (low-high), poor counties with low integration level are surrounded by other poor counties with a high integration level. In the region of the fourth quadrant (low-low), poor counties with low integration level are surrounded by other poor counties with low integration level.



The number of poverty-stricken counties in the four quadrants in Table 5 is mostly stable. Among them, the HH quadrant has the largest number of poor counties, followed by the LL quadrant. Most of deeply impoverished counties in Tibet fall into the HH quadrant, for the reason that those counties mainly gathered in southeast Tibet and are related to each other. The geographical position, natural resources, and environment are similar in these counties, and the development level resembles. The development of spiritual culture construction and Tibet tourism has enormous impetuses to local industry, economic development.



Deeply impoverished counties in Xinjiang and Sichuan Province mainly fall into the LL quadrant. Southern Xinjiang as a national hub, has a low industry convergence level due to the factors of language communication, cultural exchanges, and natural environment. If the level of integrated development of its own industries in a county is relatively low, it is hard to stimulate the development of surrounding areas. In most cases, it appears that these counties negatively influence each other from the perspective of industry convergence. Therefore, there is almost no correlation between the counties with a low level of industry convergence and their adjacent counties with a low level of industry convergence.



There are a small number of counties in quadrant HL. Poor counties in quadrant HL scatter in geographic position in 2013, and there are only deeply impoverished counties in Xinjiang left in quadrant HL in 2016. The development situation of poor counties in Southern Xinjiang differs. Some counties give priority to date growing, others to animal husbandry, and still others to tourism or traditional industries, which means even if the industry convergence level is relatively high, counties may not help each other forward, for they have different concerns. On the contrary, it is not easy for an impoverished county to maintain the average speed of growth and not be affected by the surrounding environment. The number of poor counties in the LH quadrant decreased from 4 in 2013 to 2 in 2014 to 1 in 2015, and there were no poor counties in the LH quadrant in 2016. It can be concluded that when a poor county with a low level of industry convergence is surrounded by poor counties with high level of industry convergence, the surrounding poor county can virtually drive and promote the development of the poor county with a lower level of industry convergence, so that finally, there is no poor county in the LH quadrant. In terms of coordinated development, the number of poor counties in the HH quadrant and the LL quadrant is increasing, while the number of poor counties in the HL quadrant and the LH quadrant is decreasing. Relevant research shows that the number of ethnic minority populations is also the cause of poverty accumulation. At present, China’s deeply impoverished areas are mostly ethnic minority areas, which is more likely to form spatial poverty. At the same time, the formation of poverty is closely related to geographical location, and the improvement of economic conditions in poor areas will also be affected by the surrounding environment [69,70,71].





4. Conclusions and Recommendation


In this paper, the entropy value method, Moran’s index, Lisa clustering graph are used to discuss the spatial distribution characteristics of the Three industry convergence development in 169 deeply impoverished counties from the global and local perspectives from 2013 to 2016. The study found that the general level of three industry convergence in China’s deeply impoverished areas is generally low, and there is great room for improvement. The industry convergence development has significant spatial correlation and spatial heterogeneity, and the phenomenon of bipolar agglomeration is significantly obvious. Based on the above conclusions, the following suggestions are proposed.



Firstly, in view of the regional differences in the deeply impoverished counties, these counties should bring into full play its policy advantages to develop itself, and meanwhile, continuously improve the cross-regional cooperation benefit-sharing mechanism to narrow the differences among impoverished counties. It is more effective for the cooperation of neighboring counties they have a similar geographical location, natural conditions, and environment. Poverty-stricken counties can invest key funds in infrastructure such as catering, tourism, and logistics, so that the comparative merits of deeply impoverished areas can be freely utilized, and information, logistics, people, and capital flows can flow smoothly with the outside world. Focusing on the comparative advantages of different regions, the emphasis of industrial optimization and adjustment is also different: For counties and districts with relatively concentrated agricultural resources, they can focus on the construction of agricultural water conservancy facilities, agricultural product processing and storage, and logistics facilities. For areas with relatively abundant tourism resources, they should focus on transforming and upgrading tourist attractions, building branch roads that connect traffic arteries and attractions, and promoting the improvement of tourism supporting facilities such as catering and accommodation. In short, all counties and districts should improve their comprehensive development level, strengthen regional cooperation on the basis of giving full play to their policy benefits, and gradually reduce the differences in the integration and development of the three industries in the poor counties.



Secondly, at the national level, the state should continue to strengthen the adjustment and optimization of industrial structure, identify the integration growth points based on the economic foundation, resource endowment, industrial characteristics and other factors of the deeply impoverished areas, improve the comprehensive growth level of the industry, actively promote the three industry convergence development, and accelerate the economic transformation of those areas. A county (township, village) focuses on the development of a few characteristic industries with comparative advantages, which can give full play to economies of scale, create regional brands, resolve labor resettlement in situ, and achieve income growth. For example, Xinjiang adopts the strategy of “one county, one industry” for deeply impoverished counties, and chooses a leading product with large market potential, obvious regional characteristics, and high added value for each deeply impoverished county. The effect of poverty alleviation is obvious. With the continuous development of distinguishing industries, the comprehensive level of county and district industries will be improved, the three industries will be actively promoted and integrated, and the economic transformation in deep poverty areas will be accelerated.



Finally, from the perspective of the spatial pattern of three industry convergences, a variety of measures should be taken to strengthen cooperation between the poor counties with a higher level of industry convergence and the counties with a lower level of industry convergence. Each poor county should give full play to the mutual promotion effect of neighboring poor counties, reduce the hindrance to the development of neighboring poor counties with a high level of three industry convergence, and eliminate the mutual inhibition among the poor counties with a low level of three industry convergence. Poor counties in the HL quadrant can focus on industrial integration models, the main body cultivation, policy innovation, and investment and financing mechanisms. Each city (state) selects at least one county (city, district) and some townships, villages (communities) to carry out rural industrial integration. Develop pilot demonstrations to form a batch of replicate and scalable models as soon as possible. At the same time, it is necessary to summarize and discover advanced models of rural industrial integration and development in a timely manner, strengthen publicity and promotion, give full play to the role of demonstration, and promote the mutual development of poor counties in the HL quadrant.
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Figure 1. China’s GDP and its growth rate from 1978 to 2018. 
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Figure 2. Moran scatter map of the industry integrated development level in deeply impoverished areas from year 2013 to 2016. (a) Year 2013. (b) Year 2014. (c) Year 2015. (d) Year 2016. 
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Figure 3. Local indicators of spatial association (LISA) agglomeration chart of the integrated development level of three industry convergence. (a) Year 2013. (b) Year 2014. (c) Year 2015. (d) Year 2016. 
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Table 1. Comparison of the methods in this paper and related methods of industrial integration.
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	Methods
	Characteristics





	fusion coefficient method
	By examining the correlation coefficient of patent shares among selected industries and judging the degree of industrial integration through the change of correlation coefficient matrix, it is not suitable for the research at the macro level



	DEA
	The efficiency of industrial integration is measured by the input-output index of each industry



	Herfindahl index method
	The degree of industrial integration can be calculated by the sum of the square proportions of the revenue or assets of each competitive entity in an industry and the total of the industry, but the problem of multicollinearity cannot be solved



	input–output method
	The input coefficient reflects the direct consumption of other products in the production process of an industry, which is a one-way connection. Its accuracy is largely affected by the availability of data



	comprehensive index method
	The analytic hierarchy process (AHP) is used to calculate the weights and take the product with the index data



	entropy and spatial autocorrelation analysis method
	