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Abstract

:

In recent years, market-oriented allocation of land has been promoted to support rural revitalization and urban–rural integrated development. To follow the path of sustainable development, it is necessary to improve the efficiency of resource utilization and to rationally allocate and use resources on the premise of ensuring the sustainable use of resources. This study aims to measure the degree of land marketization in Shaanxi Province, China during the period 2008–2019 and analyze its driving forces. The methods used include Gray Relation Analysis and Hot Spot Analysis. The MK trend method was used to analyze the average area of land acquired through Bidding–Listing–Auction (B-L-A), protocol, and allocation methods. The results show that the land marketization level in Shaanxi declined from 2008 to 2014 and fluctuated upwards from 2014 to 2019. In addition, B-L-A transactions increased across the province. There was little spatial heterogeneity of land marketization, but southern Shaanxi had less land marketization than the other key areas. Urbanization, non-agricultural output, and foreign direct investment were found to be the main driving factors of land marketization, while the influence of fixed asset investment and per capita disposable income declined each year. Based on these findings, we suggest that there is a need for land management reforms and urbanization efforts to encourage land marketization in southern Shaanxi. Further, we suggest that northern Shaanxi would benefit from optimizing the land use structure and focusing on the energy land market. This study also provides theoretical support for realizing the reform of the marketization of national land elements, the healthy operation of urban land marketization, and sustainable urban and rural development.
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1. Introduction


In the current urban development process, to meet the concept of sustainable development, the management of land development is usually strengthened to promote the efficient use of land resources. The reasonable development of the land market, as a provider of various activities in the city, can not only play an important role in the sustainable development of the city but also promote the development of the city’s economy. In addition, the land market is inseparable from land resources, and it is necessary to fully consider how to protect land resources, maintain the ecological balance, and promote urban economic development. Land has long been regarded as a primary component of production, and it is also an important means of capital accumulation [1,2,3,4,5]. In China, the political system and the sharp focus on rapid economic development have led to the governments exercising strong control over key elements such as land resources [6,7,8]. Several studies have proven that the optimal use of land resources can be achieved through effective governmental control and the orderly operation of the market. Therefore, deepening the reform of market-oriented land allocation and building a highly efficient market-oriented land allocation system are conducive to activating economic development and inevitable requirements for improving the market economic system.



To improve China’s market economy system, it is necessary to construct a land market system that can accelerate the formation of a new development pattern with broad circulation as the main body and the mutual promotion of domestic and international cycles. At the same time, the land market exhibits heterogeneity in the spatial and temporal patterns. It is important to study the spatial and temporal pattern succession of land marketization in each region to carry out land marketization reform. To regulate the land market effectively and ensure rational allocation of land resources, it is critical to carry out relevant research on land marketization. The existing studies indicate that many scholars use a combination of theory and empirical methods to explore the problems in the construction and development of a land market. Ferenczi [9] analyzes the role of clear property rights, sufficient information, and government regulation in the healthy operation of the land market during economic transformation. Miyake [10] uses a quantitative method to develop the land market by establishing a competitive land market equilibrium and a discrete model that is representative of the land market. In Miyake’s study, the health of the land market is judged based on economic development and changes in land use. Abay Kibrom [11] uses nationally representative survey data from Ethiopia, Malawi, and Tanzania to analyze and study the land area, market participation rate, and land price changes and how the land market will react. Xu Shi [12] carried out standardized processing based on existing land marketization measurement methods and used statistical model analysis to measure China’s primary land market transaction data, exploring the characteristics of temporal and spatial differences in the degree of land marketization in China. Qu Futian [13] sheds light on the marketization of land and its price formation mechanism based on an overview of the non-agriculturalization of agricultural land in China and discusses the impact of prices in various land markets [14,15] on the non-agriculturalization of agricultural land. Based on the perspective of the land market transaction structure, Song Yang et al. used comprehensive spatial analysis models to analyze land marketization in the Yellow River Basin [16]. Research on land markets has been increasing, but little attention has been paid to the trend of land supply under marketization and non-market mechanisms within the land market. Land market research tends to be conducted on a spatial scale and the topic is mostly studied at the national level. Economically developed areas at the regional level [17,18,19,20,21,22,23] constitute the most researched areas. Thus, it is urgent that we conduct research on land marketization in prefecture-level cities in the northwest region, including Shaanxi, to promote land marketization in the central and western regions. However, there is a dearth of spatial trend research, and the application of such trend models could serve to enrich and expand land marketization system research.



Therefore, to promote the sustainable and healthy development of land, this study investigates the question of how a land marketization system could be built using data from the land market monitoring system in Shaanxi Province from 2008 to 2019. The Mann–Kendall Test (MKT) is used to show the change in land transactions in the average trading area using three ways of supplying land (Bidding–Listing–Auction (B-L-A), protocol, and allocation). The degree of land marketization was quantitatively measured by a standardized treatment, and the temporal and spatial pattern succession of land marketization was further analyzed. This revealed that using the B-L-A method to obtain land was a more suitable reflection of the market mechanism. We determine the land-marketization-influencing factors by taking foreign direct investment, non-agricultural output ratio, per capita disposable income, fixed asset investment, and urbanization development level as influencing factors and exploring these driving mechanisms.




2. Data and Methodology


2.1. Introduction of the Study Area


Shaanxi Province is located in the center of China’s inland, which is an important fulcrum of the Eurasian Continental Bridge and the starting point of the ancient Silk Road [24,25]. Furthermore, it is an important gateway to the eastern and central regions of western China. Shaanxi Province governs 10 cities and 107 counties (see Table 1) and is connected to Inner Mongolia in the north, Hubei and Chongqing in the south, Gansu and Ningxia in the west, and Shanxi in the east, making it a region with many geographical advantages and strategic opportunities (see Figure 1). Shaanxi Province is experiencing an era of impressive development and is catching up with and surpassing other provinces; as a result, the demand for construction land is high. The intention behind choosing Shaanxi as a research subject is to promote national economic growth and the expansion of the market space from east to west and from south to north. It is also conducive to promoting the development of the country’s western region and the success of the “Belt and Road” initiative [26,27].




2.2. Data Sources


The land market data in the study were mainly derived from the “Annual Report on Comprehensive Statistics of Land and Resources” and the “Shaanxi Province Land Market Monitoring Results” (2008–2019) published by the government, which include the land market transaction areas and transaction numbers of B-L-A agreements and allocations in the 10 cities of the province. The data on per capita GDP, urbanization rate, non-agricultural output value in GDP, and foreign direct investment involved in the driving force analysis were derived from relevant data in the 2008–2019 annual statistical report of Shaanxi Province.




2.3. Research Methods


This study referred to related studies to calculate the level of land marketization. Using the spatial statistical analysis tool, a spatial pattern succession analysis was carried out on the data to identify the changes in the geographical distribution of land marketization during the study period. GRA was used to analyze the driving force of the land marketization level and explore the influence of factors on land marketization.



2.3.1. Mann–Kendall Test


The MKT [28,29,30,31] was applied to calculate the trend values for the B-L-A, protocol, and allocation methods. The MKT is a non-parametric statistical program used to test the trend of time series data (shown in Excel macros). The null hypothesis H0 in the MKT is that the data are independent and randomly sorted. In other words, there is no trend or serial correlation structure in the time series. For independent and randomly ordered data in a time series Xi {Xi, i = 1, 2, …, n}, H0 is tested on the observation value Xi with the alternative hypothesis H1. Furthermore, there is a monotonic increasing or decreasing trend. Gibert used two groups, n (the number of values) < 10 and n ≥ 10, to calculate the normal approximation Z.


  V a r  ( S )  =   n  (  n − 1  )   (  2 n + 5  )  −   ∑   i = 1  e   t i   (   t  i − 1    )   (  2  t i  + 5  )    18    



(1)




where e is the number of binding groups and ti is the number of data values in the ith group. The statistical S test is as follows:


  S =   ∑   e = 1   n − 1     ∑   i = e + 1  n  s g n (  x i  −  x e  )        



(2)







The normal approximation Z test using the statistical value S and the variance value Var(S) is written as follows:


  Z =  {        S − 1     V a r  ( S )          i f     S > 0      0    i f     S = 0         S + 1     V a r  ( S )          i f     S < 0        



(3)







The Z value shows the statistical trend. Z < 0 indicates a downward trend, and Z > 0 indicates an upward trend.




2.3.2. Methods Used to Measure the Level of Land Marketization


This study standardized the land market transaction data. Referring to Xu Shi, Qu Futian, and other scholars, we determined the weights by which to measure the degree of land marketization. The weights of the B-L-A, protocol, and allocation methods are 1, 0.2, and 0, respectively.


  L M =     ∑   i = 1  n  L  Q i  ·  W i      ∑   i = 1  n  L  Q i     



(4)







In Formula (4),   L M   is the degree of land marketization;  i  is the method of land transfer (i = B-L-A, protocol, auction);   L  Q i    is the number of standard transactions of state-owned land use right transfer in the ith way; and    W i      is the corresponding market weight.


  L  S e  = L S / L Q  



(5)






  L  Q i  = L  S i  / L  S e   



(6)







In Formulas (5) and (6),   L  S e    is the standard transaction area of the land transfer,   L S   is the total transaction area of the land transfer,   L Q   is the total transaction quantity of the land transfer, and   L  S i    is the ith land sale of the transaction area.




2.3.3. Method for the Spatial–Temporal Succession Analysis of Land Marketization


This study examined the temporal and spatial succession of land marketization based on spatial autocorrelation analysis. The essence of this analysis is to study the correlation trend between spatial and geographical locations. This analysis can directly integrate geographical space, neighborhood, region, connectivity, or other spatial relations into mathematical logic; thus, its working principle conforms to the analysis of the evolution of spatial patterns of land marketization.


   G i *   ( d )  =     ∑   j = 1  n   W  i j    ( d )   X j      ∑   i = 1  n   X i     



(7)




where X represents the attribute value of each evaluation range and W is the weight matrix. If     G i *    is significantly positive, it means that the surrounding value of    i   is higher than the average value, which means that it is a hot spot area. Otherwise, it is a cold spot area. Hot spot analysis [32] was used to calculate the Getis–Ord statistics for each element in the dataset. Through the obtained z-score and p value, it was possible to determine where the high- or low-value elements were clustered in space. The local sum of an element and its neighbors was compared with the sum of all the elements. When the local sum is different from the expected local sum, a statistically significant z-score is generated. The     G i *    statistic returned for each element in the dataset is the z-score. For a statistically significant positive z-score, the higher the z-score, the tighter the clusters of high values (hot spots). For statistically significant negative z-scores, the lower the z-score, the tighter the clustering of low values (cold spots).




2.3.4. Method for the Driving Force Analysis




  σ  ( k )  =     min  i    min  k   |   x 0   ( k )  −  x i   ( k )   |  + ρ ∗   max  i    min  k   |   x 0   ( k )  −  x i   ( k )   |     |   x 0   ( k )  −  x i   ( k )   |  + ρ ∗   max  i    min  k   |   x 0   ( k )  −  x i   ( k )   |     



(8)




where  ρ  is the discrimination system and    x i   ( k )      is the element in the correlation matrix. The GRA [33,34,35] model was used to analyze the driving force [36,37,38] of the land marketization level and the correlation coefficient between each evaluation item, which were used to calculate the corresponding element of the mother sequence. In the formula,   ρ     takes a value of (0.1), and there is an inverse relationship between  ρ  and the correlation coefficient. The larger the ρ, the greater the gap between the correlation coefficients. Usually,  ρ  was 0.5. We conducted a GRA model analysis for the selected index value data from 2008 to 2019, and dimensionless processing of data, uniformly processing the mother sequence and feature sequence and providing an analysis reference based on the correlation degree. When using the GRA, the resolution coefficient was 0.5, and the correlation coefficient value was calculated in combination with the correlation coefficient calculation formula. The correlation degree value was calculated for an evaluation and a judgment according to the correlation coefficient value. The higher the degree of association, the closer the relationship between the evaluation item and the “reference value” and, therefore, the higher the evaluation.






3. Result Analysis


3.1. Trend Analysis of Area (Land Size) of Land Supply


Since land supply is executed through three transaction modes (B-L-A, protocol, and allocation), three trend analyses were conducted to calculate average areas of land supply through each mode in 10 prefecture-level cities from 2008 to 2019 (see Table 2). The average area sold through B-L-A in the 10 cities shows a significant increasing trend, and the allocation and protocol methods are heterogeneous due to the different needs of the cities regarding construction land. Thus, the proportion of B-L-A increased and the overall level of marketization improved in Shaanxi Province.



Figure 2 shows the change trend of the mean area in the B-L-A mode. The increasing trends of XY and YA are the most obvious. XY increases from 200 hm2 to 1600 hm2 and is closely distributed around the trend line. YA increases from less than 50 hm2 to 400 hm2, with an increase of nearly 700%. YL and SL exhibit a slow upward trend.



As Figure 3 shows, there are regional differences in the average trend pertaining to land area in the protocol mode. XA, TC, BJ, XY, HZ, and AK show a significant decreasing trend, and WN, YA, YL, and SL show an increasing trend. TC and BJ were close to zero from 2013 to 2018; AK shows a gentle decreasing trend and is scattered around the trend line.



The average land area by the allocation mode (Figure 4) shows an overall upward trend, and the change range varies from region to region, showing a discrete distribution. XY shows an obvious increasing trend with an extreme value of more than 4500 hm2. The rising trend of XY is close to the trend line, and its extreme value is almost zero. HZ is on the rise, and its value fluctuates between 0 and 600 hm2.



As seen in Figure 5, most cities have high average area values of B-L-A, but TC and some cities located in the south have a low average area of B-L-A. This may be a result of urbanization, since, compared with the central area, the south of Shaanxi is slower in this regard. All cities show significant increasing trends in B-L-A. The average value of protocol decreases significantly from central areas to both the east and the west, with YL showing high protocol values. Most cities, except for YL, YA, WN, and SL, show decreasing trends in protocol. This may be the result of the rapid economic development in northern Shaanxi Province. Allocation shows high average values for the central and northern areas, and low average values for the southern area of Shaanxi Province. Overall, the allocation trend reflects a significant increase in the province. These trends indicate that the introduction of the B-L-A transfer method was more prevalent in the market mechanism and that it made the biggest impact on land marketization. The degree of marketization would also have been relatively higher, so it is reasonable that the agreement area showed a downward trend.




3.2. Analysis of Time Series Characteristics of Land Marketization


According to the model, the land marketization levels of 10 cities in Shaanxi Province from 2008 to 2019 were calculated (Table 3). The overall land marketization level of Shaanxi Province from 2008 to 2019 shows a declining and then a fluctuating upward trend (Figure 6). The average extent of land marketization in Shaanxi Province dropped from 51.72% in 2008 to 35.38% in 2014, a drop of nearly 20%. The subsequent fluctuation rose to 42.78% in 2019. The three major regions of the northern, central, and southern areas were basically synchronized with the marketization development trend of Shaanxi Province. The other two regions, distributed in the southern cities, demonstrate more obvious fluctuations from 2011 to 2015. The lowest values of land marketization all occur in 2014 (35.36%, 33.77%, and 29.13%), but these subsequently showed a volatile upward trend. At the city level (Figure 7 and Figure 8), changes in land marketization vary according to the spatial and geographic location. SL and WN show a significant decrease in land marketization from 2008 to 2019. The extreme value gradually decreases from 0.89 to 0.22. YA has a low value for a long time, with an average of 0.24. The marketization of the land in XA is stable. This may be due to XA (the provincial capital) continuing to improve its economic development, the three land supply methods being relatively even and reasonable, and the annual changes in land marketization being relatively uniform.



The degree of land marketization was affected by multiple factors. National management decisions, social development trends, and changes in supply methods restricted or promoted the development of land marketization to varying degrees. Affected by the continued economic and financial crisis, the level of land marketization clearly shows a downward trend after 2008. Then, the country expanded its domestic demand and ensured the expansion of economic aggregates. By 2013, the Chinese government issued real estate control policies and continued to improve the B-L-A system in terms of land transactions and housing purchase restrictions. A series of policies for strict control of the real estate market were issued to promote stable development of the land market. In 2014, there was a sudden change in housing prices in China. The state moved away from controlling the demand for houses, restraining housing prices, promoting growth, stabilizing consumption, and relaxing restrictions on house purchases in many places, to reduce the government’s influence on the real estate market. The earlier high degree of intervention was to activate new momentum for the development of the land element market. According to the report on the work of the Chinese government in 2016, they emphasized promoting the destocking of real estate, accelerating urbanization, and stabilizing the development of the land market.



Comparing the east–west and north–south trends of Shaanxi Province between 2008 and 2019, the overall analysis shows that there is a high degree of marketization of the land on the east and west sides of Shaanxi Province. Since 2008, the rapid development of urbanization in BJ and WN prompted a large number of people to migrate to the cities, thus stimulating the demand for housing and, in turn, increasing the area of commercial and residential land. Therefore, the proportion of B-L-A in land transfer increased and the degree of land marketization became high. The degree of marketization of land is slightly higher in the southern and northern areas than in the central area of Shaanxi Province. After 12 years of urban spatiotemporal evolution, the trend of land marketization in Shaanxi Province underwent significant changes in 2019. As part of a new batch of national-level central cities, Xi’an vigorously developed a talent introduction strategy, encouraged the entry of technology companies, and promoted the construction of an international metropolis. The establishment of XA’s New District will play a more significant role as the provincial capital along with its surrounding cities, especially as the degree of marketization there has risen sharply. Compared with 2008, the degree of marketization has shown the greatest increase in the central area, followed by northern Shaanxi. Represented by YL City, Northern Shaanxi has gradually become the second-largest economy in Shaanxi Province, while southern Shaanxi ranks third. In conclusion, the level of marketization in the central area has greatly improved, that in northern Shaanxi has seen stable development, and southern Shaanxi comes in third, suggesting that the degree of land marketization in this area requires improvement.




3.3. Analysis of the Spatial Succession of the Land Marketization Level


Using the Hot Spot Analysis (Getis–Ord Gi*) tool under a spatial statistical analysis, the periods 2008, 2012, 2016, and 2019 were selected to analyze the evolution of the local regional spatial pattern. The natural discontinuity classification method was used to divide the data into four categories. According to the z-score value from high to low, these four categories were hot spots, sub-hot spots, sub-cold spots, and cold spots (Figure 9).



Hot spots indicate a pattern whereby land marketization decreased and then increased. In 2008, the hot spots were mainly distributed in AK, SL, and XA. There were no hot spots in southern Shaanxi. In 2012, the number of hot spots significantly decreased, with only one in SL. In 2016, hot spots were only distributed in YL. In 2019, the frequency of hot spots increased significantly and these were distributed in the northern, central, and southern areas of Shaanxi Province.



Sub-hot spots were mainly distributed in BJ and HZ in 2008. In 2012, the number of sub-hot spots rapidly increased, mainly in the central and southern areas of Shaanxi. In 2016, the sub-hot spots shifted from the southwest to the east, with a wide range of distribution, covering most of Shaanxi. In 2019, the sub-hot spots were scattered mainly around hot spots, and the number had obviously decreased compared with 2016, mainly in YL, TC, and BJ.



The number of sub-cold spots remained basically stable. In 2008, they were mainly distributed in XY and WN. In 2012, the center of sub-cold spot clusters gradually shifted to northern Shaanxi, and these sub-cold spots were mainly distributed in northern Shaanxi and TC. In 2016 and 2019, the sub-cold spots were mainly distributed in the central area and were absent in the northern and southern areas.



The cold spot area generally shows a decreasing trend, and the distribution is relatively concentrated. In 2008, it was mainly distributed in northern Shaanxi and TC. In 2012, compared with the sub-hot spot zone and the sub-cold spot zone, the distribution of hot spots and cold spots had shrunk significantly, particularly the distribution of cold spots. In 2016, the cold spots moved to southern Shaanxi, and there was only one in HZ. In 2019, the cold spots were still concentrated but only in the south.




3.4. Analysis of the Driving Forces of Land Marketization


The spatial and temporal evolution of land marketization is the result of a complex of multi-field factors. Many factors, such as the level of economic development, consumption capacity, housing demand, speed of urbanization, and urban foreign investment environment, affect the development of the land market. In addition, the interaction between these elements is not a single linear correlation. Therefore (see Table 4), based on the GRA model, we selected five driving factors—foreign direct investment (X1) (100 million yuan), non-agricultural output value ratio (X2), per capita disposable income (X3) (yuan), fixed asset investment (X4) (100 million yuan), and urbanization rate (X5)—to determine the degree of correlation between each influencing factor and land marketization. Based on the influence of each evaluation item (driving factor) on the parent sequence of land marketization shown in Table 5, Table 6 shows that the urbanization rate (X5), at 0.999, has the highest correlation with land marketization, followed by the non-agricultural output value ratio (X2) at 0.997. The factor with the third-highest correlation degree is the amount of foreign direct investment (X1), followed by fixed asset investment (X4) and per capita disposable income (X3).



(1) Urbanization rate (X5). In the analysis of the driving forces of land marketization, the urbanization rate consistently ranked first from 2008 to 2019. As a multidimensional concept, urbanization is based on a complex structure of many mechanisms, such as population transfers, geographic space changes, and social relationship changes. With the process of urbanization, members of the population transfer to cities, which in turn stimulates housing demand and increases the proportion of B-L-A, structurally improving the process of land marketization. Therefore, urbanization has a direct role in promoting land marketization.



(2) Non-agricultural output value ratio (X2). Healthy economic development requires a reasonable industrial structure and productivity layout. The transformation and upgrading of industrial structures are closely related to the development of the land market. With the adjustment of the industrial structure, the market will put forward new requirements for the allocation of land resources, the relevant elements of land resources will also change, and land prices and utilization will fluctuate, affecting the land market. At the same time, the increase in the non-agricultural output value ratio reflects the fact that the development space of the secondary and tertiary industries increases, and the function of agricultural land is weakened, so as to expand the construction land area and promote the development of land marketization.



(3) Foreign direct investment (X1). In the analysis of the degree of relevance, the foreign direct investment changed slightly and the degree of comprehensive relevance was relatively high. Accompanied by the establishment of a new batch of national central cities and the talent introduction strategy of Shaanxi, the investment environment has become more diversified. These strategies have attracted many foreign companies. According to statistics from 2018, the foreign investment in Shaanxi was mainly focused on real estate and manufacturing. Real estate accounted for 84.3% of Shaanxi’s actual use of foreign capital, leading to a rapid increase in the demand for land and the proportion of market-oriented transfer methods and a higher level of land marketization.



(4) Fixed asset investment (X4). This is a comprehensive indicator reflecting the relationship between the scale, speed, and proportion of fixed asset investment. The correlation between fixed asset investment and land marketization steadily declined from 2008 to 2019, and its influence as a driving force decreased from 0.79 in 2008 to 0.402 in 2019.



(5) Per capita disposable income (X3). This factor reflects the fact that residential income can be used for spending or saving. The increase in per capita income, on the one hand, increases purchasing power, which accelerates the transaction speed of the land market. On the other hand, the increased vitality of economic development promotes the adjustment of the land transaction structure. The impact of per capita disposable income decreased from 0.59 in 2008 to 0.334 in 2019, with an average value of 0.446, indicating that its impact on the level of land marketization declined yearly. This may relate to the fact that, in recent years, regardless of a high or low personal income, purchasing a house has become a need, and thus the impact of per capita disposable income on land marketization has gradually weakened objectively.





4. Discussion


The land market is multidimensional and complex. Efficient operation of the land market can help to achieve efficient and sustainable land use. Exploring its development from different perspectives will lead to different conclusions. In contrast to other land marketization studies, this study links the changes in the area of land supply and the ratio of area obtained by B-L-A as a novel method to quantify the degree of land marketization. Measuring the level of land marketization and exploring its temporal and spatial variation characteristics have revealed that land acquisition through B-L-A is better aligned with the market mechanism. Therefore, foreign direct investment, non-agricultural output value ratio, per capita disposable income, fixed asset investment, and urbanization rate were taken as influencing factors, and the sorting mechanism of GRA was applied to measure the impact of different factors to understand the land marketization system.



Studying land use and land market development can provide better ideas and methods for sustainable land use. This study examined land marketization to explore the question of how land can be used more efficiently to achieve land conservation and utilization, which are consistent with the concept of sustainable development. Land resources are the foundation of human survival and development. With the acceleration of urbanization, the demand for land development has become more robust. However, the current land market system faces many challenges, such as the low efficiency of market allocation of industrial land and the lack of a market-based activation mechanism for stock construction land. These eventually lead to a low degree of land utilization. More efficient and reasonable land use patterns to achieve sustainable land use can be achieved using only the existing land resources. It is important for land development to move toward a more healthy and stable state. This study is based on the concept of sustainable development. By examining the changing trend of land supply and analyzing the impact of urban development, the industrial structure, the economic level, per capita income, and other indicators on land transactions, it explores how to use land resources more efficiently and sustainably.



Analysis of the estimated timing of land marketization reveals that the momentum of economic development and the control exerted by the national policy play a role in promoting land marketization and determining its extent. Additionally, it can be seen that there are obvious phase differences in the degree of land marketization among regions. Analysis of the spatial pattern succession shows that the difference in regional marketization was relatively small. Land marketization in central Shaanxi remained stable because of asset investment, better economic development, and industrial structure optimization. However, we should deepen the reform of the land management system, strengthen land marketization, and take corresponding measures to develop areas in Shaanxi where there is less land marketization. Considering the varying characteristics of the different regions, we must promote coordinated and well-balanced growth in the level of land marketization.



The construction of a land market provides a guarantee for the promotion of sustainable urban and rural development. Social urbanization further improves the service functions of cities and towns by strengthening the effective supply of basic public services and improving the infrastructure system. The optimal layout of urban space is not only a dynamic process but also a process of continuous exploration. It should have different characteristics at different stages of development so that the urban spatial structure is more optimized, the ecological environment’s quality is continuously improved, and environmental safety is effectively guaranteed. Spatial urbanization emphasizes the improvement of the quality of urbanization, with the main tasks of improving production and living conditions, coordinating the equalization of urban and rural public services, providing an effective platform for the coordinated development of humans and land, and providing a good environment for the effective realization of sustainable urban and rural development.



As the regional center of China, Shaanxi is the hub of economic and cultural development in northwest China. As economic and industrial structures in Shaanxi are undergoing a new round of adjustment and upgrade, we must not only strive for economic growth but also promote the continuous optimization of the industrial structure. The land supply structure of Shaanxi consists of three components. First, it provides construction land for transportation, energy, and public infrastructure, including large national projects. This practice intensified in 2009, when local governments implemented an active land supply system to provide a sufficient land guarantee to the central government to support its effort to expand domestic demand and ensure growth. Second, Shaanxi provides land for industrial use and mining storage. With a supply area of 1841.95 ha, this supply accounts for 33.95% of the total supply of construction land. This shows that, in the process of accelerating urbanization in Shaanxi, industrialization is still used as a path to urban economic growth and socio-economic transformation. The last component is the land for real estate development, with a supply area of 1229.13 ha. From the perspective of the sources of land supply, the construction land supplied by Shaanxi in 2009 slightly increased the proportion of the stock land supply in the total land supply. From the perspective of land supply methods, the paid use rate of land showed a downward trend, mainly due to the increase in the proportion of land used for the expansion of domestic projects and new housing. This reflects the policies that Shaanxi is gradually implementing to save intensive land use. From the perspective of land transfer transaction methods, the proportion of B-L-A in the land supply methods has increased significantly. Among the cities, YL was found to be the most prominent in this respect, with a bidding rate of 69.44%. This shows that the land market in Shaanxi has undergone healthy development, and the role of market-oriented allocation of land resources has played a positive role, effectively promoting the economical and intensive use of land. The allocated land has mainly been used for the development of urban public welfare undertakings and key engineering projects. Therefore, the practice of excessive state intervention should be gradually reversed, veering the market towards a development model in which the central government provides the necessary supervisory support while promoting an open and competitive market environment and allowing market forces to operate naturally. In parallel, Shaanxi should make full use of the national urban agglomeration development planning policy, strengthen the central city, and promote XA as a leading development hub among surrounding cities. Further, Shaanxi should optimize the land use structure [39] and pay special attention to the development trend of the energy land market in the northern area of Shaanxi, which is represented by YL.



Although this study produced many valuable insights, there are some limitations to consider. The differences in the basic conditions and the representativeness of the data on the various cities in Shaanxi may have affected the land marketization indicators to varying degrees, causing possible inaccuracies in the results. In addition, while determining the most impactful driving factors of land marketization, this study focused mostly on economic factors. Therefore, subsequent studies could adopt a more comprehensive view and include other types of influences, such as social and environmental conditions, in the analysis. Finally, the impact of national policies on land marketization trends cannot be underestimated. In future research, the effect of the policy environment [5,40,41] and government control efforts should be explored with regard to the market mechanism. Particular attention should be paid to the newly promulgated laws and policies that allow for agricultural land to enter the market and the impact that this measure has on the supply mode [42,43,44,45]. It is necessary to improve the system for research on land marketization and promote sustainable urban and rural development [46,47,48,49].



Previous studies suggest that land marketization promotion efforts must focus more on the southern part of Shaanxi. These efforts would be more fruitful if they utilized urbanization and non-agricultural output as driving factors to promote the sustainable and healthy development of land.




5. Conclusions


Based on the sustainable land development goal, this study calculated the degree of land marketization using a spatial statistical analysis and identified the driving factors affecting the degree of land marketization. The main conclusions are as follows:



(1) In terms of temporal change, the overall level of land marketization in Shaanxi declined from 2008 to 2014 and then rose upward from 2014 to 2019.



(2) Analysis of the spatial patterns shows that the distribution of cold and hot spots in Shaanxi changed over time. In summary, the hot spot areas increased and the cold spot areas gradually decreased.



(3) In the analysis of the driving forces for sustainable land development, urbanization was found to be the strongest factor driving land marketization, followed by non-agricultural output and foreign direct investment. The influence of fixed asset investment and per capita disposable income was found to have weakened.
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Figure 1. Locations and names of ten cities in Shaanxi Province. 
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Figure 2. Trend analysis results of the average area sold through B-L-A in Shaanxi from 2008 to 2019. 
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Figure 3. Trend analysis results of the average area of the protocol mode in Shaanxi from 2008 to 2019. 
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Figure 4. Trend analysis results of the average area of the allocation mode in Shaanxi from 2008 to 2019. 
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Figure 5. Spatial distribution of the average area of land supply modes in Shaanxi Province. (A): Average area of B-L-A; (B): z-value trend of B-L-A; (C): Average area of protocol; (D): z-value trend of protocol; (E): Average area of allocation; (F): z-value of trend of allocation. 
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Figure 6. Land marketization level of each region in Shaanxi Province from 2008 to 2019. 
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Figure 7. Trend analysis results of land marketization levels in Shaanxi Province. 
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Figure 8. Map of land marketization hot spots in prefecture-level cities in Shaanxi Province from 2008 to 2019. 
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Figure 9. Analysis of spatial distribution changes in land marketization in typical years ((a). 2008, (b). 2012, (c). 2016, (d). 2019). 
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Table 1. English names of the cities of Shaanxi Province and their acronyms.
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	Full Name
	Acronym
	Full Name
	Acronym





	Xi An
	XA
	Yan An
	YA



	Tong Chuan
	TC
	Han Zhong
	HZ



	Bao Ji
	BJ
	Yu Lin
	YL



	Xian Yang
	XY
	An Kang
	AK



	Wei Nan
	WN
	Shang Luo
	SL
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Table 2. Test z-value of each land supply mode area.
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	City
	B-L-A
	Protocol
	Allocation





	XA
	1.30
	−2.54
	1.24



	TC
	1.30
	−2.21
	1.03



	BJ
	1.71
	−1.85
	1.65



	XY
	3.22
	−2.26
	2.20



	WN
	2.81
	2.95
	2.34



	YA
	3.09
	1.85
	0.82



	HZ
	1.58
	−0.89
	2.20



	YL
	0.34
	1.44
	1.10



	AK
	2.81
	−0.48
	1.79



	SL
	0.48
	0.89
	2.06
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Table 3. Values of land marketization of prefecture-level cities in Shaanxi Province from 2008 to 2019.
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	Area
	2008
	2009
	2010
	2011
	2012
	2013
	2014
	2015
	2016
	2017
	2018
	2019
	Mean Value





	XA
	0.47
	0.26
	0.40
	0.35
	0.45
	0.42
	0.36
	0.43
	0.47
	0.49
	0.23
	0.36
	0.38



	TC
	0.50
	0.71
	0.34
	0.62
	0.19
	0.48
	0.50
	0.48
	0.15
	0.39
	0.64
	0.58
	0.46



	BJ
	0.44
	0.57
	0.78
	0.52
	0.31
	0.81
	0.77
	0.54
	0.42
	0.42
	0.51
	0.65
	0.57



	XY
	0.67
	0.48
	0.64
	0.28
	0.48
	0.47
	0.40
	0.35
	0.41
	0.81
	0.74
	0.42
	0.50



	WN
	0.72
	0.88
	0.79
	0.78
	0.61
	0.30
	0.23
	0.51
	0.40
	0.53
	0.55
	0.46
	0.55



	YA
	0.16
	0.07
	0.20
	0.44
	0.05
	0.06
	0.04
	0.28
	0.60
	0.25
	0.21
	0.43
	0.24



	HZ
	0.75
	0.36
	0.63
	0.50
	0.48
	0.44
	0.58
	0.45
	0.14
	0.32
	0.44
	0.40
	0.43



	YL
	0.61
	0.82
	0.49
	0.49
	0.61
	0.25
	0.13
	0.32
	0.51
	0.44
	0.34
	0.48
	0.44



	AK
	0.63
	0.41
	0.10
	0.41
	0.59
	0.26
	0.18
	0.52
	0.27
	0.23
	0.43
	0.29
	0.34



	SL
	0.89
	0.78
	0.82
	0.57
	0.20
	0.36
	0.35
	0.41
	0.56
	0.35
	0.35
	0.22
	0.45
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Table 4. Selection and description of driving factors of land marketization levels in Shaanxi Province.
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	Explanatory Variables
	Variable Name
	Variable Symbol
	Meaning





	Dependent variable
	Land marketization level
	Y
	The level of land marketization in each city



	Independent variable
	Foreign direct investment
	X1
	Foreign direct investment in the year/100 million



	
	Non-agricultural output value ratio
	X2
	The proportion of the sum of the manufacturing industry (second industry) and the service industry (tertiary industry) in GDP



	
	Disposable income per capita
	X3
	Residents can use the sum of the final consumption expenditure and savings



	
	Fixed asset investment
	X4
	Total investment in fixed assets of the total population in that year/100 million yuan



	
	Urbanization rate
	X5
	Urban population in the total population
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Table 5. Results of the analysis of coefficients of driving factors of land marketization from 2008 to 2019.
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	2008
	2009
	2010
	2011
	2012
	2013
	2014
	2015
	2016
	2017
	2018
	2019





	X1
	0.994
	0.992
	0.992
	0.99
	0.987
	0.977
	0.971
	0.985
	0.983
	0.98
	0.976
	0.973



	X2
	0.997
	0.997
	0.997
	0.997
	0.997
	0.997
	0.997
	0.997
	0.997
	0.997
	0.997
	0.997



	X3
	0.59
	0.567
	0.542
	0.504
	0.472
	0.448
	0.426
	0.407
	0.389
	0.37
	0.352
	0.334



	X4
	0.79
	0.735
	0.68
	0.666
	0.608
	0.555
	0.518
	0.499
	0.47
	0.432
	0.408
	0.402



	X5
	1.000
	1.000
	1.000
	1.000
	0.999
	0.999
	0.999
	0.999
	0.999
	0.999
	0.999
	0.999
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Table 6. Ranking of driving factors based on their correlation with land marketization.
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	Evaluation Item
	Correlation
	Rank





	Urbanization rate
	0.999
	1



	Non-agricultural output value ratio
	0.997
	2



	Foreign direct investment
	0.984
	3



	Fixed asset investment
	0.584
	4



	Disposable income per capita
	0.464
	5
















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2021 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file4.png
2,500
® Data ———Sen's estimate ====-99 % conf. min
----- 99 % conf. max — —95% conf. min — —95% conf. max
~
_=z,ooo 1
S
X
pa1.500 -
[
(-]
<
zl 000 -
-
@«
o
s
E 500
-
0 - - ~ ~ - -
2006 2008 2010 2012 2014 2016 2018 2020
Year
2,000
® Data - Sen's estimate = ~--~- 99 % conf. min
1,800 {4 =----99% conf.max — —95% conf.min — —95% conf. max
pre, ,
21,600 1
S
1,400
1,200

g
(-]

3
8

Average Area of
- o
8 8

g

(=3

2012

2014
ear

2016

2018

2020

300

2

"
8
"

-

Average Area of B-L-A(ha)
8 -

E

h
=
i

® Data
----- 99 % conf. max

———Sen’s estimate
— =95 % conf. min

----- 99 % conf. min
— —95 % conf. max

- ” e
{ ~ 't' ‘~~.
0 — . . v v
2006 2008 2010 2012 2014 2016 2018 2020
ear
1,200
® Data - Sen's estimate  ----- 99 % conf. min
----- 00 % eouf.max — —95% conf.min — —95% oonf.‘nu

=1,000 1 v
S WN o
Z '4'/ /
._|l $00 s [ ]

1
=
o —— -
S 600 ¢ . L Tt
« L g
& =T -_— ™
<
oL , [ ]
=
< 200 7 /,-"
- s 7
< 2 ',/

0 - - . . -
2006 2008 2010 2012 2016 2018 2020

2014
ear

3

g

8
(-]

400

Average Area of B-L-A(ha)

® Data
----- 99 % conf. max

----- 99 % conf. min
= =05 % conf. max

——— Sen's estimate
= =95 % conf. min

-

BJ Z

2012 2014
r

2020

450

400

300 1

Average Area of B-L-A(ha)

® Data
====:09 9% conf. max

YA

====:99 % conf. min
——05% con:t; max
”,

- Sen's estimate
= =95 9% conf. min

2006

2012 2014 2016 2018
ear





media/file13.png
§ 8 8 B B

Average Area of Allocation(ha)
S

§ § § &

Average Area of Allocation(ha)
B

1400

® Data Sen's estimate ~ ----- 99 % conf. min
----- 99 % conf. max - = 95 % conf. min — = 95 % conf. max

YL e o

e 4 N
2006 2008 2010 2012 2014 2016 2018
Year
® Data Sen's estimate =~ ----- 99 % conf. min
if. max = = 95 % conf. min = = 95 % conf. max

8 8 §8 & &

Average Area of Allocation(ha)
g

2008 2010 2012 2014 2016 2018
Year

$§ 8 8 § B § §

Average Area of Allocation(ha)
H






media/file3.jpg





media/file18.jpg
Value

0.01000

05910
e
0552
0.386
0.2108

|






media/file9.png
Average Area of Protocol(ha)

® Data

Sen's estimate =~ ~--~- 99 % conf. min

180 |  —eeee 99 % conf. max =95 % conf. min =95 % conf. max

2010 2012 2014 2016 2018
Year

2020

Average Area of Protocol(ha)

Average Area of Protocol(ha)

400
® Data ———Sen's estimate ~ -=-= 99 % conf. min
w0 | 99 % conf max — =95 % conf. min =95 % conf max
300
250
200
150
100
50
0 . - ’ - - -
2006 2008 2010 2012 2014 2016 2018 2020
Year
50
® Data Sen's estimate =~ ----- 99 % conf. min
45 {1 eeeee 99 % conf. max w95 % conf. min =95 % conf. max
40
SL ,
35
30 o
" /
l’ /
25 ‘a' P 7~
’ '/ /
20 S
Al .
15 u
10
s - T
s’ TeelT e
0 : Pl hd —_—
2006 2008 2010 2012 2014 2016 2018 2020

Year

AVErage Arca vl rrowconna)

20

® Data = Sen's estimate === 99 % conf. min
----- 99 % conf. max — =95 % conf. min — =95 % conf. max
2006 2008 2010 2012 2014 2016 2018
Year

2020





media/file14.jpg





media/file20.jpg





media/file7.jpg





media/file23.png
J h

Land Marketitation Level

N
}\
b |

Land Marketitation Level

J

Land Marketitation Level

Land Marketitation Level

B Cold Spot B Cold Spot = ('-.,|d Spo! B Cold Spot YL
Subcold Spot Subcold Spot YL Subcold Spet Subcold Spot
Subhot Spot Subhot Spot h"b.'_“' Spot Subhot Spot
B Hot Spot B Hot Spot 29 _ I Hot Spot B Hot Spot
YA \' A
BJ
HZ
° " > 0 ™ 150
S 1% Le—
| I E—

a. 2008 b. 2012 c. 2016 d. 2019





media/file5.png
Average Area of B-L-A(ha)

2
H
h
H

® Data —Sen's estimate === 99 % conf. min ® Data —Gen's estimate @ ==~ 99 % conf. min ® Data —Sen's estimate  ====- 99 % conf. min
----- 99 % conf.max — —95% conf.min  — —95% conf. max 450 { ----"99% conf.max ~— —95% conf.min — —95% conf. max
”, P

g & B

Average Area of B-L-A(ha)
g

Average Area of B-L-A(ha)
3

S0
T - v T T 0 v v r v v 0 T v ~ - - -
2008 2010 2012 2014 2016 2018 2020 2006 2008 2010 2012 2014 2016 2018 2020 2006 2008 2010 2012 2014 2016 2018 2020
Year Year Year
600
® Data ———Sen's estimate ====:999% conf. min
----- 99 % conf.max ~— —95% conf. min = =05 % conf. max
= 500
g
< SL
- 400 g
1 "
m "‘ ,
o -~ L] Y ,0" - - i
(-] 300 “-“ ‘1" -
-~ g, S -
& o “‘b - ol -
< =~ — ;. "-.‘_': -~ L]
[-% 200 A ::"‘-)"-
St e g
g / ...““___ e S
& L ] ,/" ﬁ""-.,_ -~ - e
> 100 1 A ° R...
4
0

2006 2008 2010 2012 2014 2016 2018 2020
Year





media/file15.png
i

Bidding-Listing-Auction
@ 114.85-188.12
@ 188.13-318.82
@ 318.83-544.94

@ s:4495-914.68

.914.69 - 1182.93

[JShaanXi Boundary

0 75 150
— kM ﬁ
-

N

A

Trend-of-Protocol
® -2.54--221
@ -220--1.85

@ -1.84-0.00

@ 001-155
@ 56295

[—JShaanXi Boundary

0 5 150
L ] &

i

Trend—-of-Bidding-Listing-Auction
® 034-048
@ 0.49-130

@ 131-1.7
@ s

.2.32 -3.22

I ShaanXi Boundary

1] 5 152m B
L Se—
R
Allocation

® 159.65
@ 159.66 - 302.03

@ 302.04-541.13
@ sii04-1218.13

.1218.14- 1753.21

[CJShaanXi Boundary

0 75 150
- B
-

N

A

Protocol

® 9.23-12.55
@ 12.56-53.03
@ s53.04-8245

@ s2.46-140.43

. 140.44 - 1888.09

I ShaanXi Boundary

0 75 150
L —
C.

N

A

Trend-of-Allocation

® 0.82
® 083-1.24

@ 125171
@ 150-206
.zm-z_u

[JShaanXi Boundary






media/file19.png
Value

0. 8940
0. 04000

0.7232
— (. 5524
— (. 3816

0.2108

. 6102

8102
- L10¢
- 9102
- G102
- V102

- €102

- ¢10¢
- 110¢
- 010¢

6002
800¢






media/file11.jpg





media/file2.jpg





nav.xhtml


  sustainability-13-07755


  
    		
      sustainability-13-07755
    


  




  





media/file6.jpg





media/file1.png
L2 TN
o N\
\
RVAN
{ { > /
7 b v D
~3 i A i
A, . i 4 b
At N v § J
{ ) o 4 —
b HiE o S v - AN
| {\ A i "\f\\:"'\j
’ — =
i, % ( Y S
e W \ b ’ L
¢ F T e, - NV
: R T o s /
4 o Mo b oS 2/,
{ - ‘.'1\ P *:}‘J o
b S O | 'nl s i e
TS a6 , BeinJing
NN . g .
G 3~J \\l : }_ £ {rir,
"‘J l:’ o k ~ = /\,@C\n/ "\
W \_\ (~.\. f:)),-‘“ r‘ﬁv i N Y
\ B S W k W7 2
X T e 0 . VR 1 T
L, 3 e -"»"M‘r(
e | & TN
¥\, AN Oy B R il \.j > A
Bl T\ e 4 ¢ ¥
o Y 7 I\’ _,h‘.
S P
3 & y q{ |
Lo 1 -y 7 i <
ol i

~

D North area of Shaanxi Province
0 50 100 km D Center area of Shaanxi Province
[ —

D South arca of Shaanxi Province






media/file10.jpg





media/file16.jpg
‘m Northern Shaanxi Province ‘= Central Shaanxi Province
s Southern Shaanxi Province ——Shaanxi Province

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Times





media/file12.png
-
a
8

§

i
8

£

v
n
=S

§

a
8

Average Area of Allocation(ha)
H

[
a
2

:

...
a
2

-

:

Average Area of Allocation(ha)
g

5000 350 1,600
® Data Sen's estimate ===~ 99 % conf. min ® Data ——Sen's estimate =~ ----- 99 % conf. min ® Data ——Sen's estimate @~ ----- 99 % conf. min
----- 99 % conf. max — — 95 % conf. min — — 95 % conf. max -==== 99 % conf. max — — 95 % conf. min — — 95 % conf. max weee= 99 % conf. max — — 05 % conf. min — — 95 % conf. max
L L 1,400
. ? 300 . ~ ? L]
z £ BJ
= = 1200
S 2% =)
- - -
= =
g & 1000
= 200 ] =
< < .0
— =
e 1% (=]
-] ]
4 )
T - P
o0 Eg 400
g g
’ > 0 o200
500 & “ “
0 . v v - - - 0 T T T T - v 0 T v T T T v
2006 2008 2010 2012 2014 2016 2018 2020 2006 2008 2010 2012 2014 2016 2018 2020 2006 2008 2010 2012 2014 2016 2018 2020
Year Year
3,000 - 1400 o
® Data ——Sen's estimate =====99 % conf. min ® Data Sen's sithmiads = 99 % conf. min ® Data P — 9 % conl. min
----- 99 % conf. max — = 95 % conf. min - = 95 % conf. max ccccs 00 Ok ranl msv — — 95 % conl. min — — 95 96 conl. max amn 00 % conf. max — — 95 % conf. min — — 95 % cont. max
~1200 e o -~
] 5,000
£ WN E
E’ -~
S 1,000 g
oo 2
; ‘a’ 4,000
@ 9
é 800 é
3,000
=
9 s s
g a
z £
@ 40 o
gﬂ o
5 £ 1w
» 200 >
“ “
0 T - - - v - 0 T T T T T T 0 T T T - - E
2006 2008 2010 2012 2014 2016 2018 2020 2006 2008 2010 2012 2014 2016 2018 2020 2006 2008 2010 2012 2014 2016 2018 2020
Year Year Year





media/file22.jpg





media/file17.png
Land Marketization Score

s Northern Shaanxi Province B Central Shaanxi Province

0.60 - s Southern Shaanxi Province === Shaanxi Province

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Times





media/file8.png
Average Area of Protocol (ha)

Average Area of Protocol(ha)

® Data
----- 99 % conf max

——Sen's estimate
— —95 % conf min

----- 99 % conf min
— — 95 % conf max

>

2010

2012

2014 2018

Year

2020

® Data

----- 99 % conf. max

———Sen's estimate
— =95 % conf. min

----- 99 % conf. min

— =95 % conf. max

2008

2012

2014 2016 2018

Year

2020

Average Area of Protocol(ha)

Average Area of Protocol(ha)

45

® Data Sen's estimate

----- 99 % conf max

— —95 % conf min

99 % conf min

— —95 % conf max

2012 2014 2016

Year

2020

———Sen's estimate
— —95 % conf. min

® Data
----- 99 % conf max

WN

99 % conf. min
95 % conf max

2012 2014 2016

Year

2018

2020

Average Area of Protocol(ha)

Average Area of Protocol(ha)

160
® Data ———Sen's estimate = ----- 99 % conf min
wdl — 99 % conf max =95 % conf. min =95 % conf max
120
100
80
60
40
20
0 - - - . . o
2006 2008 2010 2012 2014 2016 2018 2020
Year
35
® Data Sen's estimate === 99 % conf. min
----- 99 % conf max — —95 % conf min — —95 % conf max
30 #
P
YA /.
25 i
i
20 * .'/"'/
¥ 4
15 . -
10 e ———
L
5 o e
o
7/
> S
0 — — - - - -
2006 2008 2010 2012 2014 2016 2018 2020
Year





media/file0.jpg
' - [ Norm area s
o 0 o e rstmeurroic
e e T






media/file21.png
£

g % 8 %

Average Area of Allocation(ha)
5

® Data
----- 99 % conf. max

——Sen's estimate
— — 95 % conf. min

----- 99 % conf. min
— — 95 % conf. max

2,000
1,500
1,000
500
0 - T T T T T
2006 2008 2010 2012 2014 2016 2018 2020
6,000
® Data Sen's estimate ~ ----- 99 % conf. min
----- 99 % conf. max ~ = 95 % conf. min — = 95 % conf. max
= 5000 |
= o
S YA
=] i
= 4000
s 4 o ""
=] ot
2
- 3000
° /' 4’.’
- 3 S P
E' 2,000 T 4 -7
b Y 7 4 -~
v Gl -‘.."-q. - i " L ]
Eo e *}:'.“‘-/ g™
@ 1000 T
> ¥
-
0 T + T - T T
2006 2008 2010 2012 2014 2016 2018 2020
2,000
® Data Sen's estimate =~ ----- 99 % conf. min
180 { 99 % conf. max — — 95 % conf. min — — 95 % conf. max
~
.g 1,600
Ew i HZ
S 1400
—
(-]
g 1200
=
- 1,000
e
§ 300
<
)
on
£
>
< 200
0 ¥ T T T T T
2006 2008 2010 2012 2014 2016 2018 2020
Year

Average Area of Allocation(ha)

Average Area of Allocation(ha)

:

Average Area of Allocation(ha)

Average Area of Allocation(ha)

"
n
z

£

g

"~ - o N
2 5 2 5
g 3 8 8

L
®
3

® Data

----- 99 % conf. max

———Sen's estimate

— — 95 % conf. min

----- 99 % conf. min
— — 95 % conf. max

° ”

2012

2014
r

2016

2018 2020

n
E

"3
3

® Data

----- 99 % conf. max

Sen's estimate
— — 95 % conf. min

----- 99 % conf. min
— — 95 % conf. max

2012

2014
r

2016

2018 2020

® Data

----- 99 % conf. max

——Sen's estimate
— — 95 % conf. min

----- 99 % conf. min
— — 95 % conf. max

2010

2012
Ye

2014
r

2020

"
g8

® Data

..... 99 % conf. max

Sen's estimate
— — 95 % conf. min

----- 99 % conf. min
— — 95 % conf. max

2010

2012

2014
r

2016 2018 2020

- > » B " i B
H = = g g g -4

Average Area of Allocation(ha)
Ié

2 @ B "
= = - E

Average Area of Allocation(ha)

=
8 o

Average Area of Allocation(ha)

"
8

...
s
2

g

g

a-
g

[
8

® Data

----- 99 % conf. max

BJ

===== 09 % conf. min
= = 95 % conf. max

Sen's estimate

= = 95 % conf. min
L ]

......
.-
-----

”

2008

2012 2014 2016 2018 2020
r

® Data

----- 99 % conf. max

----- 99 % conf. min
— = 95 % conf. max

Sen's estimate
— — 05 % conf. min

[ ] L] ’

2012 2014 2016 2018 2020
r

® Data
————— 99 % conf. max

----- 99 % conf. min
— — 95 % conf. max

Sen's estimate
— — 95 % conf. min

2014 2016 2018 2020
r





