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Abstract

:

The study of the systematic stability of land use change is essential for regulating land use results and layout. This article took Jinan, China, as an example, and used the land transfer matrix to calculate the changing area and intensity based on remote sensing image maps and land use status maps, and then used the intensity analysis method to compare the changing intensity with the average intensity at three levels: interval level, land category level, and transition level. The systematicity and stability of land use changes from 2005 to 2018 in Jinan were analyzed using intensity analysis. The results showed that the intensity of land use change in Jinan led to a rapid change pattern from 2005 to 2010 and a slow change pattern from 2010 to 2018. The occupation of cultivated land by construction land in Jinan showed high activity, while the transition process of cultivated land to construction land and other land categories showed a steady, systematic change pattern, other land categories showed different trends and intensities of change, and the transition of forest land and other land categories showed stability in time scale. The results showed that the changes in construction land were mainly due to external influences, showing a systematic non-steady change pattern.
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1. Introduction


Land use or land cover change (LUCC) is an essential component and one of the leading causes of global environmental change [1]. It has a significant impact on natural and socio-economic processes such as global carbon sink [2], ecosystem change [3], species diversity, and food security [4,5]. Since the beginning of the new century, LUCC research has always been the frontier and hotspot of geographical research [1]. A scientific understanding of the patterns, mechanisms, and effects behind the process of land use change may help to build sustainable urban development strategies and management policies [5]. As a standard method to study land use change, the land use transfer matrix can comprehensively and concretely analyze the quantitative structure characteristics of regional land use change and the direction of local category change [6,7,8,9,10]. The land category transformation law it contains is an essential basis for studying land use intensity change [11]. However, the land use transfer matrix cannot reveal the internal interaction process between humans and the environment in land use change, nor can it systematically conduct in-depth research on the transfer matrix formed by multiple continuous time intervals [10,11,12]. For this reason, Aldwaik et al. [13] proposed a framework for analyzing the intensity of land use change based on the transfer matrix. Based on the land use transfer matrix, the size and intensity of land use change are analyzed from three aspects: interval level, land category level, and transition level [11]. The intensity of the transition area in the land category is calculated from the perspective of the system theory [6]. Subsequently, Pontius provides an in-depth interpretation of the four aspects of intensity analysis and analyzes the problems that can be solved by intensity analysis in addressing land use change processes. Mallinis G et al. [14] applied intensity analysis to a study of land use change in the Panita and Penteli Mountains in the Athens metropolitan area of Attica, Greece, and analyzed its association with concurrent human disturbances (activities) and other major socioeconomic developments in the area. Huang et al. [15] applied this method for the first time in China, studying the processes and patterns of land use change in the Jiulong River basin in southeastern China from the 1986–2007 land use change processes and patterns [5], and explored the relationship between land cover change and the overall economy and recent agriculture in the region. Mallinis et al. (2014) conducted a comparative study of land use and vegetation cover change (LUCC) over the last 62 years in two districts, Parnitha and Penteli, using intensity analysis at multiple levels. Sun, Yunhua [6] et al. applied this framework to study Kunming City and conducted an in-depth analysis of stability at different levels based on intensity analysis. Jianxin Yang [5] et al. on the other hand, applied an improved analytical framework to characterize the structural changes in land use in Wuhan city. Niu Lele et al. [11] used this framework to explore in depth the process and pattern of land use intensity change at different levels in Haixi Prefecture, Qinghai Province, revealing the current status of land use in ecologically fragile areas and organically integrating the land use change process with natural and human activities.



The intensity analysis theory is mature, but domestic scholars still study land use change relatively infrequently [11]. As the capital of Shandong Province and one of the [15] sub-provincial cities in China, Jinan is located in an essential geographical location, bordering the capital economic circle in the north, the Yangtze River Delta economic circle in the south, the Shandong Peninsula in the East, and Central China in the West [16]. Thanks to the strong support of national resources and policies, Jinan has developed rapidly in recent years. In 2018, Jinan’s GDP grew by 7.4% year-on-year, one percentage point higher than that of the province, accounting for 10.27% of the provincial share. On a per capita basis, Jinan’s GDP per capita exceeded 100,000 yuan for the first time in 2018, reaching 106,302 yuan, a gain of 5.7%. Rapid urbanization has also changed the spatial and temporal patterns and characteristics of land use change in Jinan. Because of this, this article aimed at the intensity and stability of land use change in Jinan. It established four spatial attribute databases in 2005, 2010, 2015, and 2018 with the support of ArcGIS10.2 (California, United States) and other software, used land use change data, and used the research methods of the land transfer matrix and intensity analysis to analyze the remote sensing data in the time intervals of 2005–2010, 2010–2015, and 2015–2018. The results explain the patterns and processes of land use change according to the results of the analysis of land use change intensity [5], and deeply explore which changes are steady, which changes tend to be system steady due to the intense change drive of the outside world (including natural and human activities), and which are non-system and unsteady. It is expected to provide a theoretical basis for sustainable land use and management, the regulation of land use results, and the layout in Jinan in the future, to realize the optimal allocation of resources, maintain the stability of the ecosystem, and coordinate the development of human and land.




2. Data Sources and Method


2.1. Overview of the Study Area


Jinan is located in the central and western parts of Shandong Province. It is adjacent to Mount Tai in the south and the Yellow River in the north. It is located at the junction of low mountains and hills in central and southern Shandong and alluvial plains in northern Shandong. The terrain is high in the south and low in the north [17,18] (Figure 1). As the capital of Shandong Province, Jinan is the political, economic, and cultural center of the province, relying on its own geographical and social conditions, Jinan is also the central city in the south wing of the Bohai Rim, the core city of Shandong Peninsula Urban Agglomeration and Jinan Metropolitan area. Jinan is also the principal city on the south wing of the Bohai Sea, the core city of Shandong Peninsula Urban Agglomeration and Jinan Metropolitan area. By the end of 2018, Jinan had jurisdiction over Lixia District, Shizhong District, Huaiyin District, Tianqiao District, Licheng District, Changqing District, Zhangqiu District, Jiyang District, Pingyin County, and Shanghe County. At the end of 2019 and the beginning of 2020, the permanent population was 8.9087 million, a gain of 0.78% since the end of the previous year. The registered residence population was 7.9674 million, a gain of 1.46%. In terms of land distribution, agricultural land in Jinan is distributed in all districts and counties, and Zhangqiu City, Licheng District, and Changqing District account for a large proportion; Zhangqiu City has the most construction land, which is widely distributed; in other land areas, Zhangqiu City ranks first with 15,643 hm2, and the reserve resources are relatively abundant. As a critical city for transforming new and old kinetic energy, Jinan has made some achievements in economic development in recent years. Still, the rapid economic growth has also brought about drastic changes in land use.



In January 2019, the State Council approved Shandong Province to adjust the administrative division of Laiwu City of Jinan City, revoke Laiwu City, and put its jurisdiction under the jurisdiction of Jinan City. However, the time interval of the past three years is short, and the land use and cover changes are not obvious. Therefore, the four phases of land use data of the original administrative division of Jinan City were used to analyze the intensity, systematicity, and stability of land use changes.




2.2. Data Sources


The land use change data of China’s Shandong Province in 2005, 2010, 2015, and 2018 on a scale of 1:100,000 provided by the China scientific resources and environmental science data center were used, and the primary classification system was adopted, including cultivated land, forest land, grassland, water area, construction land, and unused land. Through the leading technologies such as remote sensing monitoring (ENVI5.3, California, United States) and geographic information system (ArcMap10.6, California, United States), the four phases of land use remote sensing data of Shandong Province in 2005, 2010, 2015, and 2018 and the boundary vector file of Jinan City were used to merge and crop the land categories to obtain the four phases of land use data of Jinan City (Figure 2).




2.3. Intensity Analysis


This article used land use intensity to analyze information on changes in the quantity, structure, and direction of land transition in the study area. In the meantime, the analysis of land use structure was used to understand the primary land use types in the study area and the total area change of each category. Since the transition between land categories is affected by the extent of land use types, however, the judgment of whether a transition is advantageous only by the size of the transition area is incomplete. Intensity analysis is a top-down interpretive framework structure for analyzing differences in variability between land categories [19,20]. Intensity analysis gives a direct interpretation on the one hand, and on the other hand, provides a deeper understanding of remote sensing image interpretation maps from multiple periods and multiple land use types to improve the accuracy of the study [21]. This interpretive framework has been widely used [21,22,23]. Combining the remote sensing image map and the land use change maps, the intensity analysis method based on the land transfer matrix can systematically reflect the impact of the land use change process on human development, the resources, and the environment.



Figure 3 is the technical flow chart of intensity analysis, and Table 1 gives the mathematical notes and their meanings used in intensity analysis. The intensity analysis is conducted by making a correlation table for each consecutive time interval from the results of remote sensing image interpretation for each time interval, calculating the total gain area of each land class and the total loss area of each land category, and calculating the total change area of each time interval. The intensity analysis of the interval levels was established by comparing the area change and intensity change of each time interval. The average change intensity ratio of multiple levels, called average change intensity, was also calculated.



The intensity analysis includes three levels: interval level, land category level, and transition level. Among the 3 levels of intensity analysis, the later level is a detailed explanation of the earlier level and the earlier level is a supplement to the later level; the 3 levels together explain the land use change process and the interaction mechanism, and also help to link the land use change process with the graph.



2.3.1. Interval Level


The interval level mainly reflects the relationship between land use change area S, change intensity St and average change intensity U in the whole time interval. Through calculation and visualization, the situation of each time interval change in the entire study period is obtained, which is described as fast or slow. As shown in Formulas (1) and (2), if LUCC is steady during the study period, S values in all time intervals are equal, then St = U; if LUCC changes rapidly during the study period, St > U; if LUCC changes slowly during the study period, St < U.


  U =     ∑  t = 1   T − 1      ∑  j = 1  J      [   (    ∑  i = 1  J    C  t i j      )  −  C  t j j    ]   /   [    ∑  i = 1  J    (    ∑  i = 1  J    C  t i j      )     ]           Y T  −  Y 1    × 100 %  



(1)






   S t  =       ∑  j = 1  J    [   (    ∑  i = 1  J    C  t i j      )  −  C  t j j    ]     /   [    ∑  j = 1  J    (    ∑  i = 1  J    C  t i j      )     ]       Y  t + 1   −  Y t    × 100 %  



(2)








2.3.2. Land Category Level


Based on interval level, the land category level mainly reflects the transition between land categories at a specific time interval. According to the gain and decrease mode of land categories, the changing intensity of the area gain and decrease is analyzed, to describe the changing intensity as active and steady, respectively. As shown in Formulas (3) and (4), the average change value of land categories at this level is St in each period of time. When the intensity of gain or decrease of land categories is relatively active, Gti > St or Lti > St; when the gain or decrease intensity of land category is relatively steady, Gti < St or Lti < St; when the gain or decrease of each land category is steady, Gti = St or Lti = St.


   L  t i   =      [   (    ∑  j = 1  J    C  t i j      )  −  C  t i i    ]   /   (   Y  t + 1   −  Y 1   )        ∑  j = 1  J    C  t i j       × 100 %  



(3)






   G  t j   =      [   (    ∑  i = 1  J    C  t i j      )  −  C  t i j    ]   /   (   Y  t + 1   −  Y 1   )        ∑  i = 1  J    C  t i j       × 100 %  



(4)








2.3.3. Transition Level


Based on the above, the transition level is to calculate the area and intensity of a specific land category converted to other land categories and the area and intensity of other land categories converted to this particular land category in a more in-depth and detailed way for the gain mode of a specific land category N or the decreasing mode of a specific land category M within a specific time interval. Thus, the transformation information of the transfer matrix is further explained systematically and in detail, to reflect the trend of transformation and occupation among land categories, which is described as active or relatively steady. As shown in Formulas (5)–(8), when Rtin > Wtn, it suggests that the rise in land category N tends to occupy land category I; when Rtin < Wtn, it suggests that the gain of land category N avoids the occupation of land category I; similarly, when Qtmj > Vtm, it suggests that the decrease in land category M tends to convert to land category J; when Qtmj < Vtm, it suggests that the decrease in land category M avoids the occupation of land category J.


   R  t i n   =      C  t i n    /   (   Y  t + 1   −  Y t   )        ∑  j = 1  J    C  t i j       × 100 %  



(5)






   W  t n   =      [   (    ∑  i = 1  J    C  t i n      )  −  C  t n n    ]   /   (   Y  t + 1   −  Y t   )        ∑  j = 1  J    [   (    ∑  i = 1  J    C  t i j      )  −  C  t n j    ]      × 100 %  



(6)






   Q  t m j   =      C  t m j    /   (   Y  t + 1   −  Y t   )        ∑  j = 1  J    C  t i j       × 100 %  



(7)






   V  t m   =      [   (    ∑  i = 1  J    C  t m j      )  −  C  t m m    ]   /   (   Y  t + 1   −  Y t   )        ∑  j = 1  J    [   (    ∑  i = 1  J    C  t i j      )  −  C  t i m    ]      × 100 %  



(8)







The method of intensity analysis can more objectively reflect the advantages of system transformation among land categories. Among the three levels of intensity analysis, there is a progressive relationship [19], where the latter level is a more detailed explanation of the former level, and the former level is a summary and supplement to the latter level; using the method of intensity analysis, the land use transfer matrix of three-time intervals was calculated at three levels to reflect its land use change at the time interval level, land category level, and transition level, to reflect its stability and systematic situation comprehensively.






3. Results and Analysis


The study of the results includes two main parts: Jinan City as a whole and the analysis of each district and county. To reflect both the overall trend of change and the differences among districts and counties in Jinan, and to systematically reflect the change and stability of land use in Jinan, a hierarchical analysis of each district in Jinan was conducted based on the overall analysis.



3.1. Interval Level Changes


3.1.1. Analysis of Interval Level Changes in Jinan


At the interval Level (Figure 4), the change intensity from 2005 to 2010 was greater than the average change intensity on the right side of the figure, indicating a rapid pattern of land use change at this interval level from 2005 to 2010. The change intensity from 2010 to 2015 and from 2015 to 2018 were less than the average intensity of change, indicating a slow change pattern at this interval level. As can be seen from the area change on the left side of Figure 4, the area change and intensity change were essentially proportional, with the smallest area change from 2010 to 2015, accounting for only about 3.36‰ of the study area; the largest area change was from 2005 to 2010, accounting for about 29.68‰ of the study area.




3.1.2. Analysis of Interval Level Changes in Jinan by District and County


The overall level of the relationship between the area of land use change and the change intensity, and the average change intensity is reflected at the interval level (Table 2). From 2005 to 2010, the intensity of land use change was greater than the average change intensity in all districts except Tianqiao District, which showed a rapid change pattern, while from 2010 to 2015, only Zhangqiu District showed a rapid change pattern with the land use change intensity greater than the average change intensity, with all other districts showing a slow change pattern. The interval levels from 2015 to 2018, on the other hand, showed a pattern of change with different trends, in which the land use change intensity in Zhangqiu District, Tianqiao District, and Shizhong District were greater than the average intensity of change, thus showing a pattern of rapid change, while the change intensity in all other districts were less than the average change intensity, showing a pattern of slow change.





3.2. Land Interval Level Changes


3.2.1. Analysis of Land Interval Level Changes in Jinan


At the land interval level, from the change intensity on the right side of Figure 5, Figure 6 and Figure 7, the gain and decrease in the change intensity in forest land were smaller than the average gain in the change intensity and the average decrease in the change intensity. Forest land showed systematic stability throughout the period of, time.



The intensity of increasing change and decreasing change of unused land was greater than the average change intensity and average decreasing change, showing an active change pattern throughout the interval. The intensity of increasing change or decreasing change in other land categories showed different trends in intensity over the three-time intervals. According to the definition of the stability of the land category hierarchy, the change intensity in the unused land was greater than the average intensity of change throughout the interval, showing an active change pattern.



From the change area on the left side of Figure 5, Figure 6 and Figure 7, the gain and loss of construction land and cultivated land were larger in each time interval, and the gain area of construction land was larger than the decrease area as a whole three time intervals. In contrast, the loss area of cultivated land was larger than the gain area in all three time intervals, resulting in a spatial transformation phenomenon. Grassland losses from 2005 to 2010 were second to construction land and cultivated land, and water area losses from 2015 to 2018 were greater than those of grassland. A comparison of the six land categories showed that the gain in the area of construction land was much greater than the loss, and its intensity showed very high activity.




3.2.2. Analysis of Land Category Level in Jinan by District and County


At the land category level, the relationship between the gain and decrease in the change intensity of the land category and the average intensity of change is used to reflect whether the land category exhibits systematic stability throughout the interval. Taking Zhangqiu District of Jinan, where the calculation results were representative, as an example, the increase and decrease in the change intensity of cultivated land, forest land, and grassland were smaller than the annual gain in the change intensity and the average decrease in the change intensity. Thus, the three land categories showed systematic stability throughout the time interval. In contrast, from 2005 to 2010, the intensity of the decrease in construction land was less than the average change intensity. Its increase was greater than the average change intensity; therefore, the construction land showed an active change pattern at the land category change level during this time interval.





3.3. Transition Level Changes


3.3.1. Construction Land Transition Level


	
Construction Land Transition Level in Jinan






Let us consider at the pattern of increasing transition levels, taking construction land as an example. As shown on the right side of Figure 8 and Figure 9, the change intensity in the increasing transition of cultivated land is was greater than the change intensity in the average transition from 2005 to 2010 and 2010 to 2015, indicating that the increase in construction land mainly originated from cultivated land rather than another land category. As shown on the right side of Figure 10, the change intensity in the increased transition of unused land was greater than the change intensity in the average transition from 2015 to 2018, indicating that the increase in construction land mainly originated from unused land. In contrast, the change intensity in forest land was smaller than the average intensity of change in all three-time intervals, indicating that the increase in construction land avoided the occupation of forest land.



Among them, the area changes on the left side of Figure 8 and Figure 9 from 2005 to 2010 and, 2010 to 2015 also indicate that the increase in construction land occupied the most cultivated land and originated from a decreased area of other land categories. According to the definition of the stability of the increase pattern at the transition level, the increase in construction land in the first two time intervals mainly originated from cultivated land rather than forest land, so the transition from cultivated land to construction land was in a steady condition, while the trend of the forest land not converted into construction land was also in a steady condition.



	
Construction Land Transition Level in Jinan by District and County






Taking Zhangqiu District in Jinan as an example, the increased pattern of the transition level was seen in terms of construction land. The results showed that from 2005 to 2010, and 2010 to 2015, the change intensity in the increased transition of cultivated land was greater than the change intensity in the average transition, indicating that the increase in construction land mainly originated from cultivated land rather than other land categories. From 2015 to 2018, the change intensity in the increased transition of forest land was greater than the change intensity in the average transition, indicating that the increase in construction land mainly originated from forest land. In contrast, the change intensity of grassland and water areas was smaller than the average intensity of change in all three–time intervals, indicating that the increase of in construction land avoided the occupation of grassland and water areas.



Among them, the changes in the area from 2005 to 2010, and 2010 to 2015 also indicated that the increase in construction land occupied the largest area of cultivated land and originated from other land categories to a lesser extent. According to the definition of the stability of the increase pattern at the transition level, the increase in construction land in the first two time intervals mainly originated from cultivated land rather than grassland and water areas, so the transition from cultivated land to construction land was in a steady condition. At the same time, the trend of not transforming grassland and water land into construction land was also in a steady condition.




3.3.2. Cultivated Land Transition Level


	
Cultivated Land Transition Level in Jinan






In terms of the decrease pattern at the transition level, taking cultivated land as an example, as shown in the change intensity on the right side of Figure 11, Figure 12 and Figure 13, the intensity of transition of cultivated land into construction land was greater than the average intensity in all three-time periods from 2005 to 2010, 2010 to 2015, and 2015 to 2018, and the decrease in cultivated land was mainly converted into construction land, followed by converting into unused land and watersheds, and from 2015 to 2018, it also tended to be converted into unused land and water areas. The decrease of in cultivated land in the three-time intervals was mainly converted into construction land, related to the larger share of construction land. From 2015 to 2018, the decrease in cultivated land was mainly converted into unused land and water areas. In contrast, the decrease in cultivated land from 2005–2010 and 2015–2018 was not converted into forest land and grassland, which is related to the proportion of forest land and grassland, and also to the territorial development policy in that period of, time. According to the definition of the stability of the transition level decrease pattern, the decrease in cultivated land into construction land indicates a steady condition in the three-time intervals, and the non–transition into forest land and grassland also shows a relatively steady condition.



	
Cultivated Land Transition Level in Jinan by District and County






Taking Zhangqiu District in Jinan as an example, there was a decreased pattern of the transition level to cultivated land. From 2010 to 2015, the intensity of the transition of cultivated land to forest land was greater than the average intensity in three-time intervals. The decrease in cultivated land was mainly converted to forest land. In the three-time intervals, the decrease in cultivated land in other districts and counties was mainly converted into construction land, while the decrease of in cultivated land was not converted into forest land and grassland. According to the stability definition of the transition level decrease pattern, the decrease in cultivated land into construction land showed a steady condition in three-time intervals, and the non-transition into forest land and grassland also indicates a relatively steady condition.





3.4. Summary of Analysis Results


The results of the study, based on the overall analysis, were progressively analyzed in different levels for each district in Jinan, and the changes in construction land in the overall land category level in Jinan were reflected in an active pattern at a smaller scale, which highlights this characteristic of land use changes in Jinan. The study results showed both synergies and differences among districts, showing certain spatial correlations and mutual influences and reflections.





4. Discussion


Previous studies have focused only on the major transformations and often may have overlooked the most systematic transformation processes [24]. Intensity analysis, as a top-down hierarchical interpretive mathematical framework, achieves a reasonable explanation of the change intensity [13,20,21,22,23,24], and is essential for a systematic and in-depth understanding of the land use change process [25,26,27]. Yet, geographers also need to adequately describe such patterns of change to generate a research plan to find the processes and causes of change. Our approach to analyzing land change patterns built on previous work and meets this need. It provides informative solid implications for decisions on planning and adjusting the land size and land category [28,29]. In response to study results, a comprehensive analysis was conducted, and we developed a discussion.



4.1. Focus on the Protection of Cultivated Land and Strictly Limit Land Development in Ecological Function Areas


In rapid urban development, attention should be paid to the protection of cultivated land. Land development in ecological function areas should be strictly restricted [30,31,32] to rationalize the layout of the land and adjust the land use structure appropriately. Through the study, it was found that Jinan City is in the process of rapid development, a high degree of land development, and unused land is only about 1 in 10,000. Still, the cultivated land area continued to decrease, especially from 2010 to 2015, and the cultivated land showed a rapid decrease, where the intensity of decrease in the category transition was about four-times the intensity of increase, the speed and extent of which caused us to think. Meanwhile, the corresponding ecological land showed a higher intensity decrease from 2015 to 2018, breaking for the first time the steady pattern of its transition to other land categories.



With the progress of urbanization, the trend of construction land occupying cultivated land is inevitable. However, the degree of change in land use intensity is closely related to the protection of cultivated land, which is related to national food security and the long-term livelihood of farmers. Therefore, it is necessary to implement the strictest use control system in accordance with laws and planning, prohibit the occupation of basic farmland for construction land development, and develop ecological economy and special industries that can be carried by resources and the environment according to local conditions. Meanwhile, in response to the unreasonable part of land use in Jinan, i.e., the continuous occupation of arable land by construction land, the development concept should be updated, the amount of cultivated land should be effectively replenished, the land use management should be increased, and efforts should be made to ensure that food security is not threatened.



Furthermore, changing the land use intensity (cultivated land was seriously occupied in the results) can mitigate the loss of ecological land. Measures include improving land quality, adapting to local conditions, and comprehensively developing land reserve resources to ensure the sustainable use of land resources in Jinan [32]. On the basis of alleviating the land use problem, factors such as adjusting land use intensity and land use structure can influence the total carbon emission [33]. Appropriate adjustment of land use structure and change in land use intensity can help mitigate carbon emissions [34] and alleviate the core problem that the world is currently committed to solve.




4.2. Strictly Control the Balance of Cultivated Land and Cautiously Develop Unused Land


The growing population is one of the most fundamental reasons affecting the change in the amount of cultivated land [35]. In terms of the agricultural population, as the population grows and income increases, it will inevitably generate greater demand in terms of housing and transportation, thus creating massive pressure on land (cultivated land). As farmers’ income increases, the growth of the rural population means a decrease in the amount of cultivated land. The same is true for the development of the urban population.



From the level of land category in all three-time intervals studied, the decrease in the cultivated land area was greater than the increase; from the level of transition from cultivated land, the central tendency was to transition to construction land (systematically) in all three-time intervals. However, from the level of transition to construction land, it could be seen that from 2015 to 2018, there was a transition mainly from unused land. From this analysis, it could be concluded that to reduce the occupation of cultivated land, the development of construction land in Jinan should transition to the occupation of unused land.



In the background of the gradual decline of cultivated land, the state has formulated policies related to the balance of cultivated land [36], with a view to protecting cultivated land, promoting the efficient use of land resources and maintaining national food security and social stability [37]. As a valuable land reserve resource, unused land needs to be developed carefully [38,39]. The occupation of cultivated land and unused land by construction land should be controlled in urban development. The balance of cultivated land should be strictly observed, and the quantity and quality of cultivated land should not be affected.




4.3. Implement Intensive Utilization of Construction Land and Promote the Redevelopment of Inefficient Construction Land in Cities and Towns


With the rapid development of urbanization in China, the contradiction between the supply and demand of construction land and the imbalance of spatial allocation efficiency is prominent [40,41]. The study found that the change in area and intensity of construction land in Jinan showed an active pattern throughout the time interval, more prominent in the small-scale district and county analysis and research results. Among them, the transition of construction land from 2005 to 2015 mainly came from cultivated land, and the intensity and speed of the transition of cultivated land slowed down from 2015 to 2018. In general, the increased area of cultivated land was far less than the reduced area, and the increased construction land area was far greater than the reduced area. The “imbalance between occupation and compensation” of cultivated land not only seriously wastes land resources, but also the massive expansion of construction land may lead to the ineffective expansion of urban development boundaries, resulting in the phenomenon of inefficient land use. Unbridled sprawling development may aggravate big city disease.



On 30 March 2020, the State Council issued the opinions on building a perfect system and mechanism for market-oriented allocation of factors (hereinafter referred to as the opinions). The opinions emphasized that the market mechanism should be fully used to revitalize the stock land and inefficient land use. We will further promote the consolidation of construction land and improve the policy linking the increase and decrease in urban and rural construction land. The Municipal Department of Natural Resources and Planning Shall strengthen the supervision and guidance on the redevelopment of inefficient urban construction land, and link the promotion of the redevelopment of inefficient urban construction land in all districts and counties with the planned allocation of new construction land in the next year, give appropriate preference and support in the distribution of new construction land in the districts and counties that promote fast, and deduct the indicators of new construction land in the next year for the districts and counties that promote slowly [42]. Urban development must abandon the blind expansion, take the road of new urbanization, make intensive use of land, based on the economy [43], encourage and guide market players to implement comprehensive development above and below the ground, and charge land transition fees for projects that use their stock of construction land to transform themselves; the public service facilities such as green land and bus stations compatible with the above-ground part would be included in the total construction area, and the land transition fee is not charged. The project implementation subject would construct the facilities free of charge and hand them over to the relevant departments for management and use. We improve the land use intensity and revitalize the quality of existing construction land [42].



Through the multi-level and multi-faceted research conducted by the above methods, we could comprehensively grasp the overall land use status of Jinan, China, from 2005 to 2018. The land is a strategic issue related to the sustainable development of the economy and society in Shandong Province. Understanding the process of land change is of great significance to the sustainable use and management of land. At the same time, the systematic and steady research on land use change is of great significance in regulating the results and land use layout. It has become an essential task for China’s land use planning to realize the rational layout of land use. Reasonable land use can neutralize the severe shortage of land resources and achieve the maximum intensive land use under the current conditions. Finally, it can support the construction of an ecological environment. With the coordinated development of rural areas, on the premise of ensuring the red line of cultivated land, we should continue to further promote the policy of returning farmland to forests, improving the ecological environment, and at the same time, we can change the face of poor and backward farmers by turning barren mountains into forest land, increasing farmers’ income, and promoting the joint development of urban and rural areas.




4.4. Innovation Points


Analyzing the land use changes, especially the actual changes in each category, based on the actual changes in the study period of time, and by translating the changes into specific numerical comparisons, provides a reference for the subsequent land planning and use of the city. Compared with other researchers who have only analyzed transfer matrices [42], or integrated humanities [35], economy [35], or policies [35,43,44] for analysis, this study concretized abstract land changes and presenteds them in an intuitive visualization such as graphs, and refined zoning based on the overall analysis, reflecting spatial differences and correlations and, rigorously providing a concrete quantitative reference for the city to carry out future planning.





5. Conclusions


Based on the land use transfer matrix, this article used the research method of intensity analysis to solve the problem of information and patterns of intrinsic land changes that cannot be studied by traditional matrix analysis. This study explained the land use changes and intensity of changes at the interval level, land category level, and transition level from 2005 to 2018 in Jinan, Shandong Province, China. We concluded that among the land category changes, construction land and cultivated land showed high activity in both the area and intensity of changes, and the transitions between them showed a steady and systematic pattern of changes, which is a common phenomenon in the urbanization process of recent years, while other land categories showed different trends and intensity of change in different periods. By scientifically describing this pattern of change and making the vast amount of information in the transformation process available to decision-makers, this study enriched the practical application of intensity analysis theory in land use layout in China. It provided the Chinese experience of land use change in the world urbanization process.
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Figure 1. Location and zoning map of Jinan City. 
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Figure 2. Land use change maps of Jinan City. 
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Figure 3. Flow chart of intensity analysis. 
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Figure 4. Land use area and intensity changes in three-time intervals in Jinan City. 
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Figure 5. Area and intensity changes for six land use categories in Jinan City, 2005–2010. 
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Figure 6. Area and intensity changes for six land use categories in Jinan City, 2010–2015. 
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Figure 7. Area and intensity changes for six land use categories in Jinan City, 2015–2018. 
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Figure 8. Intensity analysis for transition to construction land based on the observed gains, 2005–2010. 
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Figure 9. Intensity analysis for transition to construction land based on the observed gains, 2010–2015. 
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Figure 10. Intensity analysis for transition to construction land based on the observed gains, 2015–2018. 
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Figure 11. Intensity analysis for transition from cultivated land on the observed losses, 2005–2010. 
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Figure 12. Intensity analysis for transition from cultivated land on the observed losses, 2010–2015. 
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Figure 13. Intensity analysis for transition from cultivated land on the observed losses, 2015–2018. 
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Table 1. Annotation meaning table.
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	Notes
	Definition





	T
	Number of time points



	      Y t    
	Year of time point t



	t
	Identifier of the initial time point of time interval [   Y t     ,  Y  t + 1    ], ranging from 1 to T1 number of land categories



	J
	Interval initial time point of a land category



	i
	Interval final time point of a land category



	j
	Number of elements transited from land category i to land category j in the interval [   Y t     ,  Y  t + 1    ], the gain in land category j



	    C  t i j     
	Number of elements converted from land category j to land category i in the interval [   Y t     ,  Y  t + 1    ], the decrease of land category j



	St
	The average annual variation intensity in the interval [   Y t     ,  Y  t + 1    ]



	U
	Equilibrium change intensity in the interval [   Y t     ,  Y  t + 1    ]



	    G  t j     
	The average annual gain in intensity of land category j in the interval [   Y t     ,  Y  t + 1    ], elative to time t + 1



	    L  t i     
	Annual average loss intensity of land category i in the interval [   Y t     ,  Y  t + 1    ] relative to time t



	    R  t i n     
	Annual average convert intensity of convert to land category n for land category i in the interval [   Y t     ,  Y  t + 1    ] relative to time t



	    W  t n     
	Annual average equilibrium convert intensity of all not-n land categories converted to n land categories in the interval [   Y t     ,  Y  t + 1    ] relative to time t



	    Q  t m j     
	Annual average transition intensity of transition from land category m to land category j in the interval [   Y t     ,  Y  t + 1    ] relative to land category j at time t + 1



	    V  t m     
	Annual average equilibrium transition intensity of m land categories converting to not-m land categories in [   Y t     ,  Y  t + 1    ] relative to not-m land categories at time t + 1
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Table 2. Interval level results of each district and county.
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Districts and Counties Name

	
Interval Level

(Time Period)

	
Interval Intensity (St)

	
Uniform Intensity (U)

	
Fast or Slow






	
Shanghe County

	
2005–2010

	
2.76%

	
1.06%

	
Fast




	
2010–2015

	
2.403‰

	
Slow




	
2015–2018

	
3.28‰

	
Slow




	
Jiyang District

	
2005–2010

	
1.28%

	
0.21%

	
Fast




	
2010–2015

	
1.540‰

	
Slow




	
2015–2018

	
4.872‰

	
Slow




	
Zhangqiu District

	
2005–2010

	
4.18%

	
1.75%

	
Fast




	
2010–2015

	
21.83%

	
Fast




	
2015–2018

	
35.91%

	
Fast




	
Tianqiao District

	
2005–2010

	
1.92%

	
1.95%

	
Slow




	
2010–2015

	
0.38%

	
Slow




	
2015–2018

	
5.59%

	
Fast




	
Licheng District

	
2005–2010

	
5.40%

	
2.49%

	
Fast




	
2010–2015

	
0.70%

	
Slow




	
2015–2018

	
0.83%

	
Slow




	
Lixia District

	
2005–2010

	
14.31%

	
4.067%

	
Fast




	
2010–2015

	
3.48‰

	
Slow




	
2015–2018

	
1.56%

	
Slow




	
Huaiyin District

	
2005–2010

	
9.970%

	
5.11%

	
Fast




	
2010–2015

	
2.16%

	
Slow




	
2015–2018

	
2.67%

	
Slow




	
Shizhong District

	
2005–2010

	
6.38%

	
2.63%

	
Fast




	
2010–2015

	
2.34‰

	
Slow




	
2015–2018

	
2.64%

	
Fast




	
Changqing District

	
2005–2010

	
3.23%

	
1.29%

	
Fast




	
2010–2015

	
1.166‰

	
Slow




	
2015–2018

	
4.51‰

	
Slow




	
Pingyin County

	
2005–2010

	
1.78%

	
7.41‰

	
Fast




	
2010–2015

	
3.55‰

	
Slow




	
2015–2018

	
5.286‰

	
Slow

















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











© 2022 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/file8.jpg
— Uit kst e

EY S0 ) w0 0
P S PUN, PR (R

00






media/file13.png
2015-2018

Uniform intensity line
Dormant Active
— —
Unused land
Water area
Forest land
Construction land
Cultivated land
Grassland
I T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
150 100 50 0 50 100 150 200 250 300 350

© Gain intensity (%) W9 Loss intensity (%0) MMM Gain area """ Loss area





media/file12.jpg
2015-2018

e sty o
[ee——

W w6 o v m @ me

i i ). S o S i ke i e





media/file18.jpg
O

o P

ol

Forst
[—r—
G

@ o » o 1 © @ w0 W0

S Transtion o construction land iotensity(%) S Traaskion o constraction bnd area(pixels)






media/file9.png
2005-2010 Uniform intensity line
Dormant Active

— —

Unused land
Water area
Forest land

Construction land
Cultivated land

Grassland

900 700 500 300 100 100 300

10 Gain intensity (%o) N Loss intensity (%o0) MMM Gain area """ Loss area





media/file14.jpg
_—— o sy o

Vst s
Forsthad

eT—

Gt

£ 0 P 300 200 100 o
T A s s s Ml





media/file20.jpg
2005-2010 Unifoem iemsky tioe

o
Unnised land -l
Fasiont

pRm——

-
™ e w w w m o o

—Traasiton oo cxkivatod Jand iteasit(¥e) S Tramsition ffoun culivaded bad aea(pinels)





media/file23.png
2010-2015 Uniform intensity line

Avoid Target
—_
Unused land
Water area
Forest land
Cultivated land
Grassland
90 70 50 30 10 10

[ Transition from cultivated land intensity(%o) © " Transition from cultivated land area(pixels)





media/file5.png
¢
[]
1
[ I
i
!
1

v

v

[ Associative

B

| sum ) : Total gain

]
[
]
‘ ]
= ’
e -
L

S '
5 ]
v '
b ’
. #
5 l ______ -

Fast and slow
Interval Level iIIIEIISiII
analvsis
|
v Py
Active and dormant Active and dormant
intensity analysis of intensity analysis of
Category Level Category Level
Consider the net loss in Consider the net loss in
land categoty M land category M
Consider the net Consider the net
gainin land gain in land
category N category N
Transition Level Transition Level
intensity analysis of intensity analysis of
‘avoid’ and 'target’ ‘avoid’ and 'target’
Transition Level Transition Level
intensity analysis of intensity analysis of
‘avoid’ and 'target’ ‘avoid’ and 'target’






media/file15.png
2005-2010 Uniform intensity line
Avoid Target
— —
]
Unused land

Water area

Forest land

Cultivated land

Grassland

700 600 500 400 300 200 100 0
[ Transition to construction land intensity(%o) Ml Transition to construction land area(pixels)





media/file19.png
Uniform intensity line

2015-2018 :
Avoid Target
— >
1
Unused land
Water area
Forest land
Cultivated land
Grassland
| 1 1 T T l T T 1 T | T 1 T T | T T T 1 l 1 T T T | T 1 1 T | 1 1 T 1 | T T 1 T |
60 40 20 0 20 40 60 80 100

[0 Transition to construction land intensity(%o) Ml Transition to construction land area(pixels)





media/file2.jpg
2005 2010

Legend
cultivated land
I forest land
0 grassland
10 waterarea
M construction land
it I unused land






nav.xhtml


  land-11-01045


  
    		
      land-11-01045
    


  




  





media/file11.png
2010-2015 Uniform intensity line
Dormant Active

— —

Unused land
Water area

Forest land
Construction land
Cultivated land

Grassland

100 80 60 40 20 0
0 Gain intensity  (%o) W Loss intensity (%o) BN Gain area " Loss area

20





media/file6.jpg
Vhsioxio Jokmuliy Nox

52018

20102015

20052010

10 10 i) % B S0 0 10 10 0
S Asaval changs ares (o of domais) SEEN Interval change ares (%o of domain)





media/file24.jpg
20152018 Uniform inteusity line

Unnised land i

e ;

Fores bt i

Cultivated band i

Gt i
s 5 . = P

T e ki B i)





media/file1.png





media/file10.jpg
T Uriform iy e

Vs and
aterars
Forest ot

Comucion

Te——
p—

10 ) @ ) E) o B
[t ——y [ ——— [ Ia—





media/file7.png
Uniform intensity line

Slow Fast
2015-2018
2005-2010
E
rr. »r+~ o r ... .. .., v ... 7.~ ~.~. . T @ 1o 1 1 T+ 1r 1 11 § 11 1T 1T § 1 1 711 —TT 1
150 130 110 90 70 50 30 10 10 30

P Annual change area (%o of domain) - Interval change area (%o of domain)





media/file16.jpg
Uil
Watersra
Forstand
pr——
e——
P R R R R R R ) o

S Dl 6 oanstrcti Ml okl JS Tranaliin e ambsicion ool imedphetli





media/file3.png
Legend
- cultivated land

B forest land
- grassland
. water area

- construction land

B unused land






media/file22.jpg
20102015 et iy -

Uit |

—— |
pm——
Gt

e i

i v





media/file17.png
2010-2015 Uniform intensity line
Avoid Target

Unused land
Water area
Forest land
Cultivated land
Grassland
I L] L] 1 1 I 1 L L] L] I 1 1 1 1 I 1 L] L] L] I 1 L] 1 L I 1 L] 1 1 I 1 L] 1 L] I 1 1 1 1 I L 1 1 1 I L 1 1 1 I
90 80 70 60 50 40 30 20 10 0 10

i Transition to construction land intensity(%o) Bl Transition to construction land area(pixels)





media/file4.jpg
Consider the et ossin
Tond categoty M

Transtion evel
mensity analyis of
‘v and arger

Consider the et
e and
cotegory N

et anddormant.
itonsity anatysis o
Category evel

Consider the et loss i
Tand cotegory

Considr the et
i n lond.
categoryN






media/file25.png
2015-2018 Uniform intensity line
Avoid Target

— —>

Unused land
Water area
Forest land
Cultivated land

Grassland

100 50 0 50 100 150 200

[0 Transition from cultivated land intensity(%o)





media/file0.jpg





media/file21.png
2005-2010

Uniform intensity line
Avoid Target
—
Unused land
Water area
Forest land
Cultivated land
Grassland
I T T 1 T | | T T T I T 1 | T I T T T 1 | 1 T T T I 1 T 1 T I T T T T | T T T T I
700 600 500 400 300 200 100 0 100

0 Transition from cultivated land intensity(%o) " Transition from cultivated land area(pixels)





