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Abstract

:

Rapid expansion in Mongolia has resulted in an inequality in livelihood, growing air pollution, and unevenly distributed social goods, which implies that the urbanization of Mongolia is experiencing a chronic imbalance. Using 21 Aimags and 1 capital in Mongolia as the research object, this paper provides a detailed assessment of the coupling coordination degree (CCD) to analyze the coupling and coordination relationship between urbanization and urban residents’ livelihood level. The results suggest that there is a serious imbalance in the coordination of urban development and urban residents’ livelihood among the Aimags of Mongolia. The high CCD values were mainly concentrated in the central regions of Mongolia, while the low values were clustered in the western and eastern areas. The spatial Durbin model was employed to analyze the driving forces of the CCD, and the results imply that the secondary industry share and the number of registered enterprises play significant roles in promoting coordination between urbanization and urban residents’ livelihood level. Here, we present an overview of how our analysis can provide useful insights for policymakers and decision makers.
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1. Introduction


Urbanization concerns not only the construction of modern architecture, the concentration of populations, the expansion of urban land, and the increase in regional economies [1,2], but also the popularization of urban lifestyles and the generalization of relevant values [3,4]. Unprecedented global urban growth has changed human life and the world. According to the 2030 Sustainable Development Goals of the United Nations, in the next several decades, almost 60% of the world’s population will live in urban areas, and 95% of urban expansion will occur in the developing world [5]. Clearly, urbanization processes are extremely swift, especially in emerging countries [6,7]. Between 1990 and 2016, Mongolia’s urbanization ratio—the proportion of the urban population relative to the total population—increased from 52% [8] to 67.8% [9]. Mongolia’s government has exerted more effort (e.g., it implemented the “Law on Allocation of Land to Mongolian Citizens for Ownership” [10] and encouraged its citizens to migrate freely [11]) to improve its urbanization [12].



The goals of sustainable development are to end poverty, promote economic equality and sustainable consumption, ameliorate environmental problems, and allow people to experience justice and prosperity, etc. [5]. Accordingly, sustainable urban development emphasizes the welfare improvement of urban residents, the efficient development of the urban economy, the effective improvement of resource utilization, the effective amelioration of environmental issues, and the powerful promotion of social equity and justice [13]. Thus, one important goal of sustainable urban development is to improve the livelihood of urban residents, for instance, by improving the level of income, material goods, psychological and spiritual satisfaction, and necessities that are available to people [14]. However, the urbanization of Mongolia has not necessarily created improvement in the livelihood of urban residents. Along with ongoing urban expansion, non-negligible issues have constantly emerged in Mongolia, and a critical issue is the inequality in livelihood between urban citizens and rural migrants, who count as urban residents [7,15]. Currently, more than two million people live in cities: However, 60% of them live in ger areas (ger areas are peri-urban areas in Mongolia that mainly consist of Mongolian yurts and wood-fenced yards [12]), which suffer from limited infrastructure in terms of hygiene, traffic, and safety [15]. Therefore, the issue of the livelihood of the population that moves to cities, especially herdsman workers, is the epitome of the most typical sociological problems that the Mongolian government must face [12]. Although the government and international organizations (e.g., the Japan International Cooperation Agency (JICA) and the World Bank) have taken action, such as by extending the efficient period of land privatization [10] and revising the current urban plan [7,16] to control urban expansion and improve the livelihood of ger areas, the plans have only been presented on paper [17], and the goal of a modern and functioning life still has not been attained by some Mongolians [18].



The coordination between urbanization and urban residents’ livelihood level is the basis for sustainable urban development [19]. However, as one of the largest inland countries in the world, Mongolia is characterized by a chronic imbalance of urbanization. The problems of inequality in livelihood between urban citizens and rural migrants and growing air pollution epidemics have been put on the agenda in large cities such as Ulaanbaatar [20,21,22], while other regions exhibit low employment rates and low wages and salaries [12], poor living conditions, and limited and unevenly distributed social goods [23]. This is mainly due to a lack of coordination between urbanization and residents’ livelihood level. Previous studies have addressed Mongolia’s urban development based on Landsat, MODIS(Moderate Resolution Imaging Spectroradiometer), and other spatial analysis methods, but most of them have focused on urban expansion [7,24,25] and environmental changes [20,21,26]: Only a few studies have incorporated urban residents’ livelihood. Although some studies have shown that the excessive expansion of urban areas brings dramatic and critical changes to residents in terms of unfairness, environmental pollution, and congestion [20,22,26,27], the lack of coordination between urbanization and the livelihood level of urban residents in Mongolia has received relatively limited scholarly attention.



Coupling is a concept of physics, and it refers to the phenomenon in which two or more systems affect one another through various interactions [28]. Coupling between systems is either benign or unbenign [29], and coupling coordination can be seen as the coupling and coordination relationship between systems, which reflects whether the relationship is a benign interaction and optimizes circulation [30]. The coupling coordination degree (CCD) is a measure of the coupling coordination relationship between systems. The CCD is now widely used in studies of the relationship between urbanization and residents’ livelihood level [19,31,32,33]. By taking 284 cities in China as research objects, Zhang, et al. [19] analyzed the spatial-temporal evolution of the CCD between urbanization and residents’ livelihood and found that the spatial distribution of the CCD in China was not balanced, and high coordination areas were mainly distributed in the major cities. Additionally, they found that the industrial level, economic development level, and informatization level were important factors affecting CCD. Using the data of 150 counties in the Beijing, Tianjin and Hebei region from 2000–2012, He and Shao [32] found a lack of coordination between urbanization and residents’ livelihood level, and they emphasized that rapid urban expansion should be strictly controlled and residents’ livelihood level should be improved. Guo et al. [33] took Shandong Peninsula as a study area and analyzed coordination between urban expansion and residents’ livelihood level. They found that the rate of urban expansion was much higher than the increase in the residents’ livelihood level, and they suggested that in the process of urban development, it is necessary to strengthen infrastructure construction, optimize industrial structures, increase investment in science and technology, and continuously improve the livelihood level of residents. Despite the plethora of literature on the CCD between urbanization and the livelihood level of urban residents, it is mostly China that has been studied.



However, as mentioned above, Mongolia’s urbanization issue is complicated, and the extent to which the results of the practice and research in larger nations can be effectively applied to Mongolia is unclear. Therefore, a targeted theoretical exploration and empirical data analysis are meaningful for related practices, and analysis is badly needed for an overall evaluation of the CCD between urbanization and urban residents’ livelihood level in Mongolia. That said, how do we estimate the CCD? What is the spatiotemporal evolution feature of the CCD? What factors drive the CCD between urbanization and residents’ livelihood level? Based on these research questions, this paper used statistical data in the five periods of 2004, 2007, 2010, 2013, and 2016 and took 22 regions of Mongolia as its research object to measure the CCD between urbanization and residents’ livelihood level. With the help of the K-means clustering method and the spatial Durbin model (SDM), this study explored both the spatial patterns and the driving factors of the CCD.



The rest of this paper is organized as follows. A brief introduction of the study area is presented in Section 2. An explanation of the data sources and an interpretation of the study methods are presented in Section 3. In Section 4, the clustering analysis is laid out to analyze the spatial distribution of the CCD, and the SDM is used to investigate the driving forces of the CCD. The discussion of our results is presented in Section 5, after which Section 6 concludes the paper by summarizing the main findings and providing useful insights for policymakers.




2. Study Area


Our study area, Mongolia, covers an area of 1,564,116 km2 and is the 19th largest country in the world [27]. Mongolia contains 21 Aimags, which are provinces of Mongolia, and its capital is Ulaanbaatar (Figure 1). Urbanization in Mongolia is highly associated with massive rural migration and the rapid expansion of urban areas [20]. Since 1990, most rural migrants have poured into cities to seek their fortune [27,34,35]. In 2004, the number of net migrants (the net migration population of year i equals the number of newly arrived urban residents in year i subtracted from the natural increase in population in year i) was less than 10,000, increasing to more than 40,000 in 2010. Since then, the growth rate has dropped slightly, but in 2015, the number of net migrants still reached approximately 18,000, according to Mongolian Statistical Yearbooks. Meanwhile, Mongolia’s urbanization ratio increased from 59.1% in 2004 [36] to 67.8% in 2016 [9]. During the same period, the urban area grew by 106% in Ulaanbaatar, by 81% in Erdenet, and by 63% in Darkhan [21]: These are the three largest cities in Mongolia.



With the development of urbanization, Mongolia has experienced dramatic economic growth. According to the Mongolian Statistical Yearbooks, from 2004 to 2011, the average annual economic growth rate was approximately 9%, and it reached 17.5% in 2011. From 2012 to 2016, this rate slowed but still maintained an average annual growth rate of 7% [9]. Its large area, rapid urbanization, and dramatic economic growth have made Mongolia an appropriate area to explore the research questions in this study.




3. Materials and Methods


Based on major events that have occurred during the process of urbanization in Mongolia, for example, the land reforms (the “Law on Allocation of Land to Mongolian Citizens for Ownership” was implemented in 2003 [10], and the number of rural migrants entering Ulaanbaatar reached its peak in 2004 [7]. And then the Mongolian congress extended the validity of the “land use right” for up to another five years in 2013 [10]), the dzud disaster (the dzud disaster from 2009 to 2010 forced hundreds of nomads to move to cities [27]), and economic events (the Central Bank of Mongolia raised the benchmark interest rate to address the problem of inflation and the reduction of workers’ relative income in 2016 (http://pit.ifeng.com/a/20160903/49892274_0.shtml)), we selected data in the five periods of 2004, 2007, 2010, 2013, and 2016 to analyze the CCD between urbanization and residents’ livelihood level. The main data sources were the Statistical Yearbooks of Mongolia and the National Statistical Bureau of Mongolia (http://www.1212.mn/en/). We also collected firsthand data by interviewing local administration officials, academic scholars, and rural migrants.



3.1. The Indexes Used for the Evaluation of the Level of Urbanization and the Livelihood Level of Urban Residents


Previous research on urbanization has empirically used a single index, such as the population index [37], the land index [38,39], and the population density index [40], to measure the level of urbanization. The level of urbanization is the quantitative value of the degree of urbanization that relies on the connotation of urbanization. As mentioned above, the process of urbanization involves many aspects, such as the development of the economy and society, rural immigration, and land expansion [4]. Thus, composite indices such as the City Development Indicators [41] and the Urban Indicators Guidelines [42], which generally include population, economic, social, and other indicators [19,43], are more universally suitable for measuring the level of urbanization. Accordingly, we constructed composite indexes to evaluate the level of urbanization based on the City Development Indicators and the Urban Indicator Guidelines. The evaluation index system that was used in this study comprised three dimensions: A population index, an economic index, and a social index. Significantly, in addition to the population and economic indexes, traffic facilities and solid waste disposal are important indicators used to measure the level of urbanization [44]. The final evaluation index system is shown in Table 1, and the weight of each indicator was calculated through the entropy weight method using the steps shown in Section 3.2.



Previous research on the livelihood level of residents originated in the United States in the 1930s [46], and was concentrated in the fields of medicine, psychology, and sociology. Since the 1970s, scholars have focused more on the application of “quality of life” research, particularly emphasizing the evaluation of livelihood level [47]. Some scholars have measured the livelihood level of residents from the two subjective aspects of “satisfaction” and “happiness” based on the subjective dimension of individual experience [48,49]. Other scholars have emphasized the use of objective evaluation indicators to measure the livelihood level of residents [50,51,52,53,54,55], such as the Calvert–Henderson quality of life indicators, including education, health, income, national security, public safety, leisure/recreation, employment, energy, environment, infrastructure, shelter, and human rights. In this paper, based on the availability of data, we constructed an assessment index system to measure the livelihood level of urban residents based on the Calvert–Henderson quality of life indicators. The evaluation index system that was used in this study is composed of the six dimensions of health, economy, living, education, culture, and security. The final assessment index system is shown in Table 2, and the entropy weight method was used to calculate the weight of each indicator using the steps shown in Section 3.2.




3.2. Evaluation of the Level of Urbanization and the Livelihood Level of Urban Residents


We used the entropy weight method to measure the level of urbanization and urban residents’ livelihood level. The entropy weight method is an objective weighting method [56], and entropy can be calculated based on the degree of variation of each indicator [57].



First, we calculated the entropy of each indicator as follows:


   F j  = − β  ∑  i = 1  m   s  i j   ln  s  i j     ( 0 ≤  F j  ≤ 1 )  



(1)




and


    s  i j   =    φ  i j      ∑  i = 1  m   φ  i j         ( 0 ≤  s  i j   ≤ 1 ) ,   



(2)




where    φ  i j     is the indicator matrix, xij represents the value of indicator j in year I,  β  is a constant, and   β =  1  ln m    .



Second, we calculated the coefficient of variation cj:


   c j  = 1 −  F j  .  



(3)







Third, we calculated the weight of indicator j as follows:


   w j  =  c j  /  ∑  i = 1  m   c j  .  



(4)







Finally, the level of urbanization or the livelihood level of urban residents L in year i could be calculated as follows:


  L =  ∑  i = 1  n   φ  i j    w j     (  i = 1 ,   2 ,   3 , ⋯ ,   m ; j = 1 ,   2 ,   3 ,   ⋯ ,   n  )  .  



(5)








3.3. Measuring the Coupling Coordination Degree


Mongolian urbanization and residents’ livelihood can be seen as two systems that affect each other and interact with one another. On the one hand, rapid urbanization in Mongolia causes social and economic development [21] and improves residents’ livelihood [22]. Meanwhile, it also creates environmental pollution, traffic congestion, and other serious problems that affect residents’ livelihood level [20,21,58]. On the other hand, promoting residents’ livelihood stimulates the government to improve urban infrastructure construction [10,15], and the expansion of urban land may gradually spiral out of control [7]. The CCD can be seen as the coupling and coordination relationship between the “level of urbanization” system and the “livelihood level of urban residents” system. The specific calculation steps that were used here are described as follows:


  C =    {   (  U ∗ L  )  /    [     (  U + L  )   2   ]   2   }   K  ,  



(6)




where C represents the coupling degree, U is the level of urbanization, L is the livelihood level of urban residents, K is the regulation factor, and   K = 2    (because there are two systems, namely, the “level of urbanization” system and the “livelihood level of urban residents” system) [28,59]:


  T = a U + b L .  



(7)







Here, T represents the overall effect of the level of urbanization and the livelihood level of urban residents [19], a and b represent the contributions of the level of urbanization and the livelihood level of urban residents, respectively, and   a + b = 1  . Based on the equal importance of the level of urbanization and the livelihood level of urban residents, we assumed that their contributions were the same, and thus a and b are both equal to 0.5 [19,30]:


  D =   C ∗ T   ,  



(8)




where D is the coupling coordination degree and   0 ≤ D ≤ 1  . When the value of D is greater, the coupling and coordination between the level of urbanization and the livelihood level of urban residents is better [59].




3.4. Statistical Analyses


First, we calculated the level of urbanization and the livelihood level of urban residents for 22 regions in Mongolia using data from the five periods of 2004, 2007, 2010, 2013, and 2016. Then, we produced maps to visualize the spatiotemporal changes by the regions of the two indexes in the five periods in ArcGIS 10.2. Second, we calculated the CCD values in these five periods and conducted the K-means clustering method, using ArcGIS spatial visualization to explore the spatial patterns of the CCD. Finally, we used the SDM to analyze the main influencing factors of the CCD between urbanization and urban residents’ livelihood level.



Because the SDM takes into account the joint effects of the independent and dependent variables of the spatial lag on the dependent variables, it is the general form of the spatial autoregressive model (SAR) and the spatial error model (SEM). As the only model that can obtain unbiased coefficient estimation, it can better estimate the spillover effects produced by different observers and calculate the spatial spillover effects based on panel data [60]. We followed the procedure developed by LeSage and Pace [61] to estimate the model as follows:


   y  i t   = δ W  y  j t   + β + γ  x  i t   + + W  x  i j t   ρ +  μ i   (  optional  )  +  λ t   (  optional  )  +  ε  i t   ,  



(9)




where  ρ  is a K × 1 vector of parameters; W is the spatial weights matrix;     μ i    can be treated as a random variable or a set of fixed effects;    λ t    can be treated as spatial fixed effects, time-period fixed effects, or spatial and time-period fixed effects; and    ε  i t     is an error term.





4. Results


4.1. Spatiotemporal Changes in the Level of Urbanization and the Livelihood Level of Urban Residents


Understanding the spatiotemporal evolution of the urbanization level and residents’ livelihood level is the basis for analyzing the CCD between the two systems. According to the “Methods for Projections of Urban and Rural Population” [62], the level of urbanization is divided into the following four stages: The embryonic stage (  0 ≤ U < 0.1  ), the preliminary stage (  0.1 ≤ U < 0.25  ), the developing stage (  0.25 ≤ U < 0.5  ), and the developed stage (  0.5 ≤ U ≤ 1  ). In addition, based on the relevant research [32,63], the livelihood level of urban residents is also divided into the following four stages: Lower livelihood level (  0 ≤ L < 0.1  ), low livelihood level (  0.1 ≤ L < 0.25  ), high livelihood level (  0.25 ≤ L < 0.5  ), and higher livelihood level (  0.5 ≤ L ≤ 1  ). Figure 2 shows the spatiotemporal changes in the level of urbanization and the livelihood level of urban residents in the five periods of 2004, 2007, 2010, 2013, and 2016.



4.1.1. Spatiotemporal Changes in the Level of Urbanization


In 2004, areas with relatively high urbanization levels were distributed in developed industrial regions, such as Orkhon, Ulaanbaatar, Darkhan-Uul, Govisumber, Dundgovi, and Umnugovi. Orkhon is rich in copper and molybdenum mines, and has several factories (e.g., a logging plant, a carpet factory, and a food factory) (interview with Professor Batbuyan, former director of the Institute of Geography and Geoecology MAS, 26 October 2017). In 2004, the per capita GDP of Orkhon was 3487.03 million tugrugs, which was more than five times the average level of Mongolia [36]. In addition, the five regions of Ulaanbaatar, Darkhan-Uul, Govisumber, Dundgovi, and Umnugovi are also rich in mineral resources, and industries are well developed [64,65,66,67]. Moreover, most of these areas are located along the Trans-Mongolian Railway [68], and the convenience of transportation also supports the economic development of these areas. From Table 1, we know that per capita GDP has contributed to a higher urbanization level. Thus, the developed economies in these regions have increased the level of urbanization in these regions. However, in most other areas where agriculture and animal husbandry are the leading industries, urbanization levels are in the embryonic and preliminary stages due to poor economic development, such as Uvs, Govi-Altai, and Zavkhan [69,70,71].



Since 2007, the urbanization level of the border areas has continuously improved (e.g., Govi-Altai, Bayan-Ulgii, Zavkhan, Umnugovi, Dornogovi, Sukhbaatar, and Dornod). The main reason has been the perennial opening of China and Mongolian border trade ports since 2005, which has promoted the development of mineral, tourism, transportation, and other industries in most parts of Mongolia [72]. The development of these industries has driven economic growth and increased the urbanization level of these regions. For instance, the Sibekulun port of Umnugovi is the only bilateral open port in Mongolia that corresponds to China’s Ceke port. The economic benefits that have been brought by foreign trade between the Sibekulun and Ceke ports have spread to five of Mongolia’s provinces: Umnugovi, Govi-Altai, Bayankhongor, Arkhangai, and Uvurkhangai [72,73]. Additionally, the other seven provinces of Govi-Altai, Bayan-Ulgii, Dornogovi, Sukhbaatar, Dornod, Selenge, and Zavkhan have also boosted economic development by promoting border trade with China or Russia [72,73], which increased their urbanization level from 2007 to 2016 (Figure 2C–E).



From 2010 to 2013, the level of urbanization in the regions with a rich coal industry (e.g., Umnugovi, Ulaanbaatar, and Selenge) was further improved by the development of the coal industry. For example, in Umnugovi, the per capita GDP in 2010 and 2013 reached 3,906.24 and 6817.46 million tugrugs, respectively, which was more than 1.2 and 1.4 times, respectively, the average level of Mongolia [74,75]. The level of urbanization of Umnugovi also rose from the developing stage to the developed stage (Figure 2C,D). However, after 2015, coal demand continued to decline, and the development of the coal industry was sluggish [76], which seriously affected the economic development of some regions in Mongolia, such as Umnugovi. In 2016, the per capita GDP of Umnugovi was 4406.13 million tugrugs [9], which was significantly lower than the average level of Mongolia. The urbanization level of Umnugovi also fell from the developed stage to the developing stage (Figure 2E). In contrast, regions such as Ulaanbaatar and Selenge maintained a relatively high level of urbanization through developed light industry [9].




4.1.2. Spatiotemporal Changes in the Livelihood Level of Urban Residents


From 2004 to 2007, areas with a low resident livelihood level were mainly located in areas with relatively poor infrastructure, such as Orkhon and Darkhan-Uul. Although the development of mining and manufacturing has increased the urbanization level of Orkhon and Darkhan-Uul, the large influx of rural migrants has caused severe infrastructure shortages (such as an inadequate water supply [23]), which has made the livelihood levels of the residents in these two areas low. However, the areas with border trade ports have improved the living standards of urban residents through trade in agricultural and animal husbandry products and mineral resources: Examples of these areas are Govi-Altai, Sukhbaatar, Umnugovi, Dornogovi, and Selenge [72]. Meanwhile, the four areas of Ulaanbaatar, Tov, Arkhangai, and Uvurkhangai, taking advantage of convenient roads and railways to provide livestock and mineral products to the surrounding areas, have also enhanced the livelihood level of urban residents (Figure 2F,G).



However, in 2010, the white dzud disaster (caused by a prolonged, extremely cold and snowy winter that made animals unable to find feed and caused them to die in large numbers [77,78,79]) occurred [22,80]. In the regions where animal husbandry is the main economic industry, the livelihood levels of urban residents were seriously affected, such as Dornogovi, Uvs, and Uvurkhangai [81] (Figure 2H). The dzud disaster forced a large number of herder families to migrate to sum centers (a sum is an administrative division unit higher than the village level [22]) or Aimag centers [22]. However, the influx of immigrants caused a serious infrastructure shortage, and most of the migrants were unable to have a stable livelihood in areas such as Selenge and Umnugovi [12,22]. Some migrants mentioned that only Ulaanbaatar had better basic services, especially healthcare and education for their children (interviews with migrants in a ger district of Ulaanbaatar on 27 October 2017).



From 2010 to 2016, with mass immigrants moving to regions with higher urbanization levels in the central and eastern regions (e.g., Selenge, Umnugovi, and Ulaanbaatar) [22,27], most of the western regions (e.g., Uvs, Uvurkhangai, and Bayankhongor) had relatively sufficient infrastructure (especially water supply) because of their reduced populations, and their livelihood levels were relatively higher than the livelihood levels of the eastern and central regions. Especially in Uvurkhangai and Bayankhongor, light industry was developed through convenient transportation (interview with Professor Batbuyan, former director of the Institute of Geography and Geoecology MAS on 28 October 2017). Although the urbanization levels in these areas was low, their relatively rich infrastructure made the livelihood levels of urban residents relatively high (Figure 2I,J).





4.2. Spatiotemporal Patterns of the CCD in the Five Periods of 2004, 2007, 2010, 2013, and 2016


The K-means clustering method is one of the most widely used algorithms in clustering analysis. K-means clustering aims to divide n observations into k clusters, and each observation belongs to the cluster that is closest to the mean value, which serves as the prototype of the cluster [82,83]. The K-means clustering method is an efficient heuristic algorithm that quickly converges to the local optimum [84]. Thus, we conducted the K-means clustering method and used ArcGIS spatial visualization to analyze the spatial patterns of the CCD between urbanization and urban residents’ livelihood level in Mongolia, as shown in Figure 3. Based on relevant research [19,32], the CCD is divided into four stages of moderate disorder (  0.355 ≤ D ≤ 0.472  ), mild disorder (  0.473 ≤ D ≤ 0.545  ), low-level coordination (  0.546 ≤ D ≤ 0.616  ), and high-level coordination (  0.617 ≤ D ≤ 0.748  ).



The spatial patterns of the CCD were highly heterogeneous in the five periods of 2004, 2007, 2010, 2013, and 2016. In 2004 and 2007, the average CCD values existed in the moderate disorder stage. The high values of the CCD were clustered in the central part, while the low values of the CCD were clustered in the west and northeast of Mongolia. This result was approximately consistent with the spatial distribution of the level of urbanization. Some central regions have developed industries and are rich in infrastructure, and had both relatively high levels of urbanization and high livelihood levels of urban residents, such as Ulaanbaatar, Dundgovi, and Umnugovi. Thus, the values of the CCD in these regions were relatively high. However, in most of the west and northeast regions (e.g., Uvs, Bayan-Ulgii, Khovd, Knentii, and Dornod), where the economy is mainly based on animal husbandry [85,86,87], the livelihood levels of urban residents and the levels of urbanization were low. Although some Aimags with trade ports have improved their residents’ livelihood level through foreign trade (e.g., Govi-Altai and Zavkhan), their urbanization levels were still in the preliminary stage (Figure 2A,F). Therefore, the values of the CCD in the west and northeast regions were low.



In 2010, the average CCD value improved to reach 0.505, which reflected mild disorder. The spatial trend of the CCD data was less obvious in 2010 than in 2004 and 2007. Moreover, the spatial trend of the CCD was not consistent with the spatial distribution of the level of urbanization and urban residents’ livelihood level. The high CCD values were mainly clustered in the central and border areas of Mongolia (e.g., Ulaanbaatar, Tov, Govisumber, Govi-Altai, Umnugovi, and Sukhbaatar), while the low values were only clustered in the northwest and northeast (Figure 3C). Although the urbanization levels of Ulaanbaatar and Tov were not the highest, the CCD values of the two regions were the largest, which may be attributable to their residents’ relatively higher livelihood level. In contrast, although the urbanization level of Umnugovi was the highest, its CCD value was not the largest, which may be attributable to its low residents’ livelihood level. Furthermore, although the urban residents’ livelihood levels of several western Aimags were high, their urbanization levels were in the preliminary stage (e.g., Zavkhan, Arkhangai, and Bulgan). Thus, their CCD values were still lower than the central Aimags.



The spatial trend of the CCD data was much more obvious in 2013 and 2016, and the average CCD values increased to 0.522 and 0.521, respectively, but still exhibited mild disorder. In 2013 and 2016, the spatial patterns of the CCD were basically consistent with the spatial distribution of the level of urbanization. In 2013, the high CCD values were only clustered in the middle of Mongolia, including Ulaanbaatar, Tov, Dundgovi, and Umnugovi. Meanwhile, the median values of the CCD replaced the low values and took up several Aimags in the west, such as Arkhangai, Bayan-Ulgii, Khuvsgul, and Khentii (Figure 3D). The main reason may have been the relatively higher livelihood level of urban residents in some western regions (Figure 2I). However, in 2016, although the high CCD values exhibited an approximately striped distribution in the central and western areas from north to south, most western and eastern Aimags were still in the mild disorder stage, such as Bayankhongor, Arkhangai, Uvurkhangai, Selenge, and Dornod. The main reason may have been that the urbanization levels and livelihood levels in these Aimags were not consistent. Although some Aimags’ urbanization levels were in the preliminary stage, their livelihood levels were high (e.g., Uvurkhangai, Bayankhongor, and Uvurkhangai). In contrast, some Aimags’ urbanization levels were in the developing stage, and their livelihood levels were relatively low (e.g., Selenge, Dornod, and Dornogovi).



As shown in Figure 3A–E, the average CCD values in 2004 and 2007 existed in the moderate disorder stage, and the overall difference gradually narrowed to the mild disorder stage in 2013 and 2016. The distribution of the regions with high values of CCD expanded from a scattered distribution to an approximately striped distribution in the central areas, from north to south, whereas the distribution of the regions with low values decreased. The spatial patterns of the CCD were basically consistent with the spatial distributions of the level of urbanization in 2004, 2007, 2013, and 2016, but were different from the spatial distribution of urban residents’ livelihood level.




4.3. Driving Forces of the CCD


To promote sustainable urban development, it is essential to explore the driving forces of the CCD between urbanization and urban residents’ livelihood level [19]. Existing studies have shown that many influencing factors play a role in the CCD [88]. Based on previous research [19,30,88], we chose the following four indexes to further explore the driving forces of the CCD: 1) The level of economic development (because variable GDP has been used in previous analyses (see Table 1), here we selected the commercial unit per thousand of the urban population, the registered enterprises per thousand of the urban population, and the vehicles per thousand of the urban population to reflect the level of economic development); 2) the level of industrial development, including the proportion of secondary industry; 3) government policymaking actions, which consisted of urban construction and repair capital per square kilometer (urban construction and repair capital refer to economic investment in the creation, renewal, repair, or extension of fixed assets in terms of buildings, land improvements, or other improvements that are constructed by national enterprises such as roads, bridges, and dams, and it is an important indicator with which to measure urban construction [89]), and the expenditures of the local government per person; and 4) the degree of linkage between cities, approximated by the number of telephone lines per square kilometer.



By considering the availability of data, we took the CCD as an independent variable and the four indexes as dependent variables to further reveal the driving forces of the CCD in Mongolia (Table 3). These econometric analyses were conducted with Stata 12 and MATLAB based on Equation (9). Table 3 reports the Lagrange multiplier (LM) tests results to determine whether the SEM or the SAR was more appropriate. In column 1, both the LM test (no spatial lag) and the robust LM test (no spatial lag) of the nonspatial model showed that p < 0.05, which implies that the original hypothesis of no spatially lagged dependent variable could be rejected [90] and the SAR was more appropriate. Additionally, the hypothesis that time-period fixed effects are insignificant could be rejected with a likelihood ratio (LR) test (189.71, with 10 degrees of freedom, p < 0.01), which justified the extension of the model with time-period fixed effects.



Moreover, to arrive at a scientific and credible conclusion, we also used the Wald test and the LR test to test whether the SDM could be simplified to the SAR. The results reported in Table 4 using the Wald test (46.53, with 7 degrees of freedom, p = 0.0000) and using the LR test (33.73, with 7 degrees of freedom, p = 0.0000) indicate that the original hypothesis (H0:   γ = 0  ) could be rejected [90,91]. Thus, we chose the SDM to analyze the influencing factors of the CCD.



We then used the Hausman test to determine whether the random effects model was more appropriate than the fixed effects model. The result of the Hausman test (Table 4) showed that p = 0.0549, which means that we accepted the original hypothesis of the random effects [92]. Thus, we chose the SDM with random spatial effects and fixed time-period effects to analyze the influencing factors of the CCD.



In the nonspatial model, the coefficients of the four explanatory variables RE, VH, SE, and TE were significantly different from zero. In the time-period fixed effects of this model (the penultimate column of Table 3), the variables of RE, SE, VH, and TE all had positive effects on the CCD. The elasticities of the four variables were 0.4462, 0.4285, 0.3285, and 0.3387, respectively. However, because the SDM specification of this model was more appropriate, these elasticities were biased. In the SDM with random spatial effects and fixed time-period effects, only the two variables RE and SE had a significantly positive effect on the CCD. Moreover, the coefficient estimates in the nonspatial model represented the marginal effects of a change in the explanatory variables on the explained variables, whereas the coefficients in the SDM did not. Thus, we needed to compare the parameter estimates in the nonspatial model in Table 3 with their counterparts in the direct and indirect effects estimates in Table 5. Because of the feedback effects generated by the impacts passing through adjacent regions and back to the regions themselves, the coefficient estimates of the explanatory variables in Table 4 were different from their direct effects in Table 5 [86]. The feedback effects were partly caused by the positive and significant coefficient of the spatially lagged dependent variable [W*Log (C)] and partly caused by the negative and significant coefficients of the spatially lagged values of the explanatory variables, such as [W*Log (RE)] and [W*Log (SE)] (see Table 4).



In the SDM with random spatial effects and fixed time-period effects (Table 5), the direct effect of the RE was 0.2952 and of the SE was 0.3122, which implies that the RE elasticity of 0.0602 in the nonspatial model was underestimated by 23.5%, and the SE elasticity of 0.3872 was overestimated by 7.5%. Because the direct effect of the RE was 0.2952 and its coefficient estimate 0.2841 (the second column of Table 4), its feedback effect was 0.0111, or 1.11% of the direct effect. Similarly, the feedback effect of the SE was −0.0038, or −0.38% of the direct effect. Therefore, these feedback effects were relatively small.



In contrast, the indirect effects in the nonspatial model were set to zero by construction. However, the indirect effect of the RE in the SDM was approximately 34.89% of the direct effect of the RE. Similarly, the indirect effect of the SE was approximately −13.83% of the direct effect of the SE. However, based on T-statistics, these two indirect effects were insignificantly different from zero. Therefore, the coefficient of the spatial lagged value of the RE was significantly positive, but its indirect effect was insignificantly positive. Similarly, the coefficient of the spatial lagged value of the SE was significantly positive, but its indirect effect was insignificantly negative. This implies that if the secondary industry share and the registered enterprises per thousand of the urban population in an Aimag increased, the CCD would only increase in this Aimag (elasticity 5.28 and 2.92, respectively), but would not change in its neighboring Aimags.





5. Discussion


Previous studies have suggested that rapid expansion in Mongolia has resulted in an inequality in livelihood [7,15], growing air pollution [20], unevenly distributed social goods [21,23], etc., which implies that the urbanization of Mongolia is characterized by a chronic imbalance. However, few studies have incorporated the lack of coordination urbanization into Mongolian urban studies, and most studies have focused only on land expansion [25,95] and environmental changes [96]. This paper has explored the CCD between urbanization and urban residents’ livelihood level and its driving forces in detail. These results provide not only essential insights into understanding the lack of coordination between urbanization and urban residents’ livelihood level in Mongolia, but also effective insights for the government to promote the sustainable development of urbanization.



It is important to understand the spatiotemporal changes of the level of urbanization and the livelihood level of urban residents before conducting research on the CCD between the two systems. The results obtained with the entropy weight method demonstrated the spatiotemporal patterns of the two systems. The regions with a higher level of urbanization in Mongolia were mostly distributed in the central regions with developed industries and the border regions with developed foreign trade (Figure 1). However, an improvement of the urbanization level did not create a simultaneous improvement in the livelihood level of urban residents. The large-scale migration of herdsmen that was caused by natural disasters in 2010 [22,80] led to a shortage of infrastructure in some industrialized areas (e.g., Orkhon, and Darkhan-Uul), which seriously affected the livelihood levels of urban residents [10,15,23]. However, in some western regions (e.g., Zavkhan, Arkhangai, and Uvurkhangai), the infrastructure was relatively adequate due to the sharp decline in population. Meanwhile, with the rapid development of mining and transportation [97,98], the livelihood levels of urban residents in some western regions were relatively higher than those in the central and eastern regions.



Additionally, a serious imbalance in the coordination of urban development and urban residents’ livelihood among the Aimags of Mongolia was indicated by the spatial distribution of the CCD values from 2004 to 2016. The high CCD values were mainly clustered in the central areas of Mongolia (e.g., Ulaanbaatar, Tov, and Govisumber). The main reason for this finding may be that the central regions have more convenient transportation [68], are richer in mineral resources [99,100], and have higher levels of urbanization and livelihood. However, the CCD values of most of the central areas still existed in low-level coordination, which occurs mainly because most of the urban residents who live in ger areas of central areas remain unable to enjoy basic services [7,10,15] and suffer from poverty, environmental pollution, and disease [12,27,101].



Moreover, the CCD of some western regions is increasing every year, especially in the border areas, which is mainly attributable to the development of border trade. Since 2004, China and Mongolia have opened 18 trade ports that are mainly distributed in Govi-Altai, Umnugovi, and Sukhbaatar [102]. The trade between China and Mongolia has been increasing substantially. The trade volume in 2004 was $694 million and increased to $4.02 billion in 2010 [103]. In 2016, it continued to climb to $4.93 billion [104]. Additionally, the development of the border trade between Mongolia and Russia has also shown good momentum [72,73]. Border trade has promoted the urbanization level and residents’ livelihood level in several western Aimags, such as Govi-Altai, Umnugovi, and Zavkhan. From 2004 to 2016, their CCD values continued to rise, and they engaged in low-level coordination in 2016. However, volatile Mongolian policies, regime changes, and a lack of infrastructure at border ports have also seriously affected the development of some border regions [72,103], such as Bayan-Ulgii, Selenge, Bayankhongor, and Dornod, and their CCD values were still in the moderate and mild disorder stages.



The argument that the CCD is seriously affected by both the economic development level and the industrial development level was strongly demonstrated in the SDM. As shown in Table 4, the coefficient of the spatial lagged value of the secondary industry share was significantly positive in explaining the CCD. As we predicted, an increase in the secondary industry share in an Aimag will promote an increase in the CCD in this Aimag. The rapid development of industry is the main factor in Mongolia’s urban development. Since 2004, the development of the mining industry has led to rapid economic growth in Mongolia [22]. In addition, the real estate industry has expanded, and single-family dwellings are increasingly becoming the domicile of choice, which has promoted the development of satellite communities around the city [105]. Furthermore, the mining boom in 2009, combined with the dzud disaster, forced nomads to migrate to cities, especially Ulaanbaatar [80]. Although both the mining boom and real estate development have benefited urban elites more than urban residents [22,27], the development of a secondary industry has also provided employment opportunities for most urban residents to maintain their livelihoods. Therefore, industrial development can promote the level of urbanization and livelihood level of urban residents, and thus enhance the CCD. Additionally, the economic level is also the most powerful factor that can promote the improvement of the CCD, which was verified by our results, where the coefficient of the spatial lagged value of the registered enterprises per thousand urban residents on the CCD was significantly positive (see Table 4). As a key microeconomic sector, enterprises are of vital importance to urban development [106]. Moreover, enterprises mainly promote urban economic development by raising wages and stimulating consumption [106]. Accordingly, the development of enterprises promotes not only the level of urbanization but also the livelihood level of urban residents. Thus, the increase in the number of registered enterprises can promote improvement in the CCD. However, when we take environmental factors into account, it is essential to enhance the number of environmental enterprises to promote the improvement of the CCD.



To promote sustainable urban development in Mongolia, we argue that the key issue is encouraging the development of industries in regions according to local conditions to promote coordination between urbanization and urban residents’ livelihood. For instance, it is essential to develop light industry (e.g., leather processing or meat processing) in western and eastern sum centers or Aimag centers [22] and to encourage industrial transformation and vigorously develop processing, manufacturing (such as wood processing and food processing), and tourism industries in coal mining cities (e.g., Umnugovi). Additionally, local governments must encourage private investment and increase the number of registered enterprises to promote the improvement of the CCD. Furthermore, more professional and sustainable policies that improve basic urban services must be formulated and implemented both to improve the livelihood level of urban residents and to promote sustainable urban development in Mongolia.



As in all studies, our study had some limitations. For instance, because of the non-availability of the data, this paper did not consider the impact of the ecological environment (e.g., meteorological or hydrological factors) on the level of urbanization or the livelihood level of urban residents, nor did it consider the impact of subjective feelings (e.g., subjective well-being) on the livelihood level of urban residents. Environmental variables are one of the most important driving forces of urbanization [20,21], whereas climate change, such as dzud disasters, can seriously affect the livelihood level of residents in Mongolia [22,80,107]. Moreover, subjective feelings can reflect the satisfaction of residents with respect to urban planning [108] and urban development [109]. In future research, if data are available, it will be essential to conduct more comprehensive indicators (e.g., the sustainable urban development indicators [110], the Calvert–Henderson quality of life indicators [55], or the life satisfaction indicators [111]) to more synthetically reflect the level of urbanization and the livelihood level of urban residents. Furthermore, promoting an increase in the CCD between the level of urbanization and the livelihood level of urban residents is an important issue not only in Asian countries but also in rapidly developing countries in Europe and other continents. Thus, future studies may consider using one or two more developed countries’ data to test the verifiability and universality of the method and conclusion in this study.




6. Conclusions


This paper used observations from 21 Aimags and 1 capital of Mongolia to investigate the CCD between the level of urbanization and the livelihood level of urban residents. The results imply that there was a serious imbalance in the coordination of urban development and urban residents’ livelihood among the Aimags of Mongolia. The high values of the CCD were mainly concentrated in the central regions of Mongolia, while the low values were clustered in the western and eastern areas. To investigate the driving forces of the CCD, the SDM was conducted, and the results showed that both the secondary industry share and the number of registered enterprises played significant roles in promoting the coordination between urbanization and residents’ livelihood level. Therefore, we argue that promoting industrial development and regional economic development can effectively improve the CCD between the level of urbanization and the livelihood level of urban residents. Currently, the Mongolian government has made great efforts to promote heavy industry (e.g., mining and quarrying): However, light industry may be more effective in improving the livelihood of urban residents and promoting the development of western and eastern Aimag centers. Additionally, increasing the number of registered enterprises to promote regional economic development is a reliable strategy for improving the CCD. Furthermore, it is also necessary to improve resource utilization, protect the environment, and promote social equity and justice to eventually realize sustainable urban development in Mongolia.
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Figure 1. Urbanization and the population density of Mongolia. Source: The map is from the Mongolia National Statistical Bureau (http://www.1212.mn/en/), and the population and urbanization data are from the Mongolia Statistical Yearbooks. 
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Figure 2. Spatiotemporal changes in the level of urbanization and urban residents’ livelihood level. Note: (A) The level of urbanization in 2004; (B) the level of urbanization in 2007; (C) the level of urbanization in 2010; (D) the level of urbanization in 2013; (E) the level of urbanization in 2016; (F) urban residents’ livelihood level in 2004; (G) urban residents’ livelihood level in 2007; (H) urban residents’ livelihood level in 2010; (I) urban residents’ livelihood level in 2013; and (J) urban residents’ livelihood level in 2016. 






Figure 2. Spatiotemporal changes in the level of urbanization and urban residents’ livelihood level. Note: (A) The level of urbanization in 2004; (B) the level of urbanization in 2007; (C) the level of urbanization in 2010; (D) the level of urbanization in 2013; (E) the level of urbanization in 2016; (F) urban residents’ livelihood level in 2004; (G) urban residents’ livelihood level in 2007; (H) urban residents’ livelihood level in 2010; (I) urban residents’ livelihood level in 2013; and (J) urban residents’ livelihood level in 2016.



[image: Sustainability 11 00781 g002]







[image: Sustainability 11 00781 g003 550] 





Figure 3. Spatiotemporal patterns of the coupling coordination degree (CCD). (A) Spatial patterns of the CCD in 2004; (B) spatial patterns of the CCD in 2007; (C) spatial patterns of the CCD in 2010; (D) spatial patterns of the CCD in 2013; and (E) spatial patterns of the CCD in 2016. 
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Table 1. The indexes used to evaluate the level of urbanization.
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Index

	
Sub-Indicator

	
Weight (f)




	
2004

	
2007

	
2010

	
2013

	
2016






	
Population index

	
The proportion of urban citizens to the total population

	
0.1989

	
0.1394

	
0.1377

	
0.1866

	
0.2056




	
The proportion of the net immigration population to the urban population

	
0.0491

	
0.1015

	
0.1053

	
0.1170

	
0.1337




	
Economic index

	
Per capita GDP

	
0.3083

	
0.2767

	
0.2943

	
0.2167

	
0.2428




	
The proportion of non-agricultural industries

	
0.1523

	
0.1573

	
0.1186

	
0.1906

	
0.1407




	
Social index

	
Buses per hundred of the urban population

	
0.1271

	
0.1381

	
0.1447

	
0.1253

	
0.1327




	
Solid waste disposal trucks per km2

	
0.1643

	
0.1869

	
0.1994

	
0.1639

	
0.1445








Note: The number of immigrants in year i equals the number of newly arrived urban residents in year i subtracted from the natural increase in the urban population in year i; solid waste disposal trucks per km2 refers to the number of solid waste disposal trucks divided by the municipal district area; each Aimag contains only one city, and therefore, the area of the municipality is mainly urban. The data for municipal district areas are from the book The Economy of Mongolia [45]. The other data are from the Statistical Yearbooks of Mongolia and the National Statistical Bureau of Mongolia (http://www.1212.mn/en/).
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Table 2. The assessment index system of the livelihood level of urban residents.
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Index

	
Sub-Indicator

	
Weight (f)




	
2004

	
2007

	
2010

	
2013

	
2016






	
Health index

	
Physicians per urban resident

	
0.0522

	
0.0480

	
0.0563

	
0.0506

	
0.0540




	
Nurses per urban resident

	
0.0463

	
0.0467

	
0.0540

	
0.0540

	
0.0607




	
Pharmacists per urban resident

	
0.0481

	
0.0471

	
0.0460

	
0.0292

	
0.0493




	
Economic index

	
Urban unemployment rate

	
0.0141

	
0.0402

	
0.0221

	
0.0147

	
0.0283




	
Living index

	
Households using distributed water

	
0.1729

	
0.1649

	
0.1548

	
0.1534

	
0.1491




	
Tanker trucks per urban resident

	
0.1091

	
0.0901

	
0.0819

	
0.1130

	
0.0990




	
Bath houses per urban resident

	
0.0672

	
0.0870

	
0.0572

	
0.0496

	
0.0420




	
Cultural index

	
Probability of seeing professional arts per urban resident

	
0.0746

	
0.0635

	
0.0842

	
0.0898

	
0.0674




	
Museum exhibits per urban resident

	
0.0729

	
0.0637

	
0.0520

	
0.0735

	
0.0641




	
Education index

	
Children in kindergarten

	
0.1467

	
0.1533

	
0.1344

	
0.1528

	
0.1649




	
Pupils in primary and secondary schools

	
0.1051

	
0.1204

	
0.1278

	
0.1443

	
0.1503




	
Student–teacher ratio in primary and secondary schools

	
0.0368

	
0.0307

	
0.0771

	
0.0249

	
0.0288




	
Security index

	
Summary of recorded offense rates per 10,000 people aged 18 and above

	
0.0354

	
0.0247

	
0.0329

	
0.0307

	
0.0242




	
Number of crimes against human life and health

	
0.0092

	
0.0099

	
0.0096

	
0.0097

	
0.0090




	
Number of crimes against social safety

	
0.0094

	
0.0099

	
0.0097

	
0.0097

	
0.0090








Note: Physicians per urban resident refers to the number of physicians divided by the number of urban residents; similarly, nurses per urban resident and pharmacists per urban resident refer to the numbers of nurses and pharmacists, respectively, divided by the number of urban residents. Unemployment rate refers to the proportion of the unemployed population to the economically active population, tanker trucks are the transportation means for water distribution, the probability of seeing professional arts per urban resident is the number of professional artworks divided by the number of urban residents, and museum exhibits per urban resident refers to the number of museum exhibits divided by the number of urban residents. These data are from the Statistical Yearbooks of Mongolia and the National Statistical Bureau of Mongolia (http://www.1212.mn/en/).
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Table 3. Estimation results using panel data models without spatial interaction effects.
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Determinants

	
Variables

	
(1)

Pooled OLS (Ordinary Least Squares)

	
(2)

Spatial Fixed Effects

	
(3)

Time-Period Fixed Effects

	
(4)

Spatial and Time-Period Fixed Effects






	

	
Commercial units per thousand of the urban population (CU)

	
Log (CU)

	
0.0100

(0.16)

	
0.0224

(0.39)

	
0.0376

(0.43)

	
0.1903

(0.25)




	
Level of economic development

	
Registered enterprises per thousand of the urban population (RE)

	
Log (RE)

	
0.0602 **

(2.71)

	
0.3085 **

(2.95)

	
0.4462 ***

(3.46)

	
0.3004 **

(2.61)




	

	
Vehicles per thousand of the urban population (VH)

	
Log (VH)

	
−0.3015 **

(−2.29)

	
0.1082

(1.11)

	
0.3285 **

(2.54)

	
0.2056 **

(0.1014)




	
Level of industrial development

	
Secondary industry share (SE)

	
Log (SE)

	
0.3872 **

(3.15)

	
0.3244 ***

(4.86)

	
0.4285 ***

(6.24)

	
0.3962 ***

(0.7194)




	
Government policymaking actions

	
Urban construction and repair capital/km2 (CR)

	
Log (CR)

	
0.3541

(0.93)

	
−0.0037

(−0.09)

	
0.1182

(1.45)

	
−0.0390

(0.0406)




	
Expenditures of local government per person (EX)

	
Log (EX)

	
0.0913

(1.17)

	
−0.1209

(−1.62)

	
−0.2149

(−1.25)

	
−0.0451

(0.0907)




	
Degree of linkage between cities

	
Number of telephone lines/km2 (TE)

	
Log (TE)

	
0.4047 ***

(6.21)

	
0.0082

(0.15)

	
0.3387 ***

(4.48)

	
−0.0152

(0.0585)




	
Intercept

	
0.3485 **

(2.87)

	

	

	




	
σ2

	
0.4181

	
0.0891

	
0.4191

	
0.0825




	
R2

	
0.5781

	
0.9281

	
0.5963

	
0.3543




	
Log likelihood

	
−109.6644

	
−12.6401

	
−108.41623

	
−35.9080




	
LR test

	

	
chi2 (10) = 29.98

p = 0.09

	
chi2 (10) = 189.71

p = 0.0000

	




	
LM test spatial error

	
chi2 (1) = 3.1738

p = 0.075

	
chi2 (1) = 7.3868

p = 0.007

	
chi2 (1) = 1.9748

p = 0.160

	
chi2 (1) = 0.8614

p = 0.353




	
LM test spatial lag

	
chi2 (1) = 7.1218

p = 0.008

	
chi2 (1) = 4.0538

p = 0.044

	
chi2 (1) = 6.1313

p = 0.013

	
chi2 (1) = 3.6206

p = 0.057




	
Robust LM test spatial error

	
chi2 (1) = 0.4664

p = 0.495

	
chi2 (1) = 3.3669

p = 0.067

	
chi2 (1) = 1.9858

p = 0.159

	
chi2 (1) =1.6890

p = 0.194




	
Robust LM test spatial lag

	
chi2 (1) = 4.4143

p = 0.036

	
chi2 (1) = 0.0338

p = 0.854

	
chi2 (1) = 6.1423

p = 0.013

	
chi2 (1) = 4.4482

p = 0.035








Notes: The secondary industry share refers to the proportion of secondary industry within the GDP; t-values in parentheses; *, **, and *** denote significance at the 10%, 5%, and 1% levels, respectively. The LM test and the robust LM test are the Lagrange multiplier test and the robust Lagrange multiplier test, which were used to determine whether the spatial error model (SEM) or the spatial autoregressive model (SAR) was more appropriate [90]. The LR test is the likelihood ratio test, which was used to test whether the (null) hypothesis that the spatial fixed effects or the time fixed effects were jointly insignificant could be rejected [90]. Source: The data are all from the National Statistical Bureau of Mongolia (http://www.1212.mn/en/) and the Statistical Yearbooks of Mongolia.
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Table 4. The regression results of the spatial Durbin model (SDM) with time-period specific effects.
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Independent Variables

	
Random Spatial Effects, Fixed Time-Period Effects




	
Coef

	
T-Test

	
p-Value






	
W*Log (C)

	
0.0670

	
2.40

	
0.016




	
Log (CU)

	
0.0648

	
0.77

	
0.443




	
Log (RE)

	
0.2841

	
2.50

	
0.012




	
Log (VH)

	
0.1154

	
0.92

	
0.359




	
Log (SE)

	
0.3160

	
4.65

	
0.000




	
Log (CR)

	
−0.0249

	
−0.94

	
0.349




	
Log (EX)

	
−0.0328

	
−0.22

	
0.823




	
Log (TE)

	
0.0678

	
1.12

	
0.265




	
W*Log (CU)

	
−0.0425

	
−1.45

	
0.147




	
W*Log (RE)

	
−0.1008

	
−2.03

	
0.042




	
W*Log (VH)

	
−0.0170

	
−0.34

	
0.735




	
W*Log (SE)

	
−0.0906

	
−2.59

	
0.010




	
W*Log (CR)

	
0.0088

	
0.36

	
0.719




	
W*Log (EX)

	
0.0236

	
0.71

	
0.475




	
W*Log (TE)

	
−0.0119

	
−0.37

	
0.713




	
σ2

	
0.0984

	
8.55

	
0.000




	
R2

	
0.3504




	
Log likelihood

	
−77.9577




	
Wald test spatial error

	
chi2 (7) = 0.49

p = 0.9995




	
LR test spatial error

	
chi2 (7) = −35.97

p = 1.0000




	
Wald test spatial lag

	
chi2 (7) = 46.53

p = 0.0000




	
LR test spatial lag

	
chi2 (7) = 33.73

p = 0.0000




	
Hausman test

	
chi2 (7) = 13.80

p = 0.0549




	
Observations

	
110




	
Number of id

	
22








Note: Coef denotes the coefficient. The Wald test was used to test whether the SDM could be simplified to the SAR or SEM [93]. The LR test is the likelihood ratio test, which was used to test whether the SDM could be simplified to the SAR and SEM [94].
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Table 5. The direct, indirect, and total effects of variables based on the SDM.
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Independent Variables

	
Random Spatial Effects, Fixed Time-Period Effects




	
Coef

	
T-Test

	
p-Value






	
Direct effect Log (CU)

	
0.0771

	
1.26

	
0.207




	
Direct effect Log (RE)

	
0.2952

	
2.92

	
0.004




	
Direct effect Log (VH)

	
0.1021

	
0.97

	
0.331




	
Direct effect Log (SE)

	
0.3122

	
5.28

	
0.000




	
Direct effect Log (CR)

	
−0.0233

	
−0.77

	
0.440




	
Direct effect Log (EX)

	
−0.0425

	
−0.34

	
0.735




	
Direct effect Log (TE)

	
0.0584

	
1.05

	
0.293




	
Indirect effect Log (CU)

	
0.1516

	
0.53

	
0.594




	
Indirect effect Log (RE)

	
0.1030

	
0.30

	
0.762




	
Indirect effect Log (VH)

	
−0.1346

	
−0.39

	
0.695




	
Indirect effect Log (SE)

	
−0.0432

	
−0.18

	
0.854




	
Indirect effect Log (CR)

	
−0.0052

	
−0.03

	
0.975




	
Indirect effect Log (EX)

	
−0.0884

	
−0.28

	
0.780




	
Indirect effect Log (TE)

	
−0.0583

	
−0.27

	
0.784




	
Total effect Log (CU)

	
0.2287

	
0.89

	
0.373




	
Total effect Log (RE)

	
0.3982

	
1.16

	
0.245




	
Total effect Log (VH)

	
−0.0325

	
−0.09

	
0.926




	
Total effect Log (SE)

	
0.2690

	
1.09

	
0.275




	
Total effect Log (CR)

	
−0.0285

	
−0.16

	
0.874




	
Total effect Log (EX)

	
−0.1309

	
−0.50

	
0.614




	
Total effect Log (TE)

	
0.0001

	
0.00

	
1.000








Notes: Coef denotes the coefficient.
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