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Abstract

:

The decline and aging of the rural population in China has been an increasingly conspicuous problem in the past few decades and has been one of the fundamental drivers of cultivated land abandonment and loss. However, although they have endured similar rural demographic changes, some regions have experienced cultivated land expansion and the farming-pastoral ecotone is a typical one. Using Taibus as a case, this study aims to reveal the phenomenon of cultivated land expansion in the context of rural population decline and explore its underlying mechanism by addressing the role of cultivated land protection and land transfer policies. This study will also reveal the possible negative impacts and risks of cultivated land expansion. We found that 64.3% of the rural population in Taibus have migrated to other regions in 2020; however, cultivated land has increased by more than 10% in the past five years. Land transfer policies have helped to solve the agricultural labor shortage problem and increase household income, which encouraged the reclamation activities by rural households. However, under China’s land protection system, the central and the local governments have not enough incentives to prevent these reclamation activities. Cultivated land expansion in the farming-pastoral ecotone may lead to a series of negative impacts or risks, especially the overuse of groundwater resources and land desertification. Thus, we suggest that governments pay more attention to the phenomenon of cultivated land expansion and re-assess the cultivated land use policies in the farming-pastoral ecotone and other regions with similar contexts.
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1. Introduction


Cultivated land use is a common concern worldwide because it is closely associated with food security [1,2,3,4,5,6,7]. In many regions or countries, such as Europe, the United States, Australia, Latin America, and Southeast Asia, cultivated land abandonment has already been a major trend [6,8]. Farmland abandonment is driven by a variety of factors, including urbanization and rural population outmigration, land system reform, and declining agricultural profits [9]. Simultaneously, large-scale cultivated land expansion has also been observed in numerous regions, including those with limited water resources, which has been linked to population growth and agricultural development [10,11,12]. Cultivated land change has significantly altered rural land use patterns, the agricultural landscape, and ecological effects.



In China, rural population decline caused by massive rural population outmigration has profoundly impacted agriculture land use in rural areas [13,14]. Rural population decline has induced land abandonment, which is one of the reasons behind cultivated land loss [15,16,17,18,19,20,21,22]. The percentage of abandoned land area as a part of the total cultivated land area can range from 10–20% in many provincial units [18]. To address the problem of land abandonment, the Chinese central government issued the land transfer policy on agricultural land in 2014. This policy allows rural households to trade their land usage rights to others, if they are unwilling or unable to engage in agricultural production [23,24]. In 2017, more than 30% of all household farmers transferred their rural lands to another party with the total area of rural land transfer amounting to more than 33 million hectares (“ha” for short), which accounts for about 35% of the total household land area [25,26]. Many studies have pointed out the positive impacts of land transfer, including the prevention of cultivated land abandonment, improving the income of rural households, and the promotion of large-scale agricultural management [17,27,28,29,30].



While many productive farming areas have experienced cultivated land abandonment and losses, reclamation activities and cultivated land expansion are higher in some less productive western and border provinces [31,32]. One such region is the farming-pastoral ecotone. The farming-pastoral ecotone in northern China has a total cultivated area of about 26.9 million ha in 2010, and it has increased by over 0.5 million ha in the past decade [28], which deserves attention from scholars and policymakers. First, this phenomenon happened against the backdrop of a continuous nationwide loss of cultivated land, even though these regions have also experienced a rapid decline in rural population [29]. Second, many of these regions are ecologically fragile areas with scarce water resources. Cultivated land expansion will only consume more water resources, which may further aggravate the water shortage and cause environmental degradation [33,34]. Nonetheless, few studies have explored the mechanisms of cultivated land expansion in the farming-pastoral regions.



Cultivated land expansion may be affected by lots of factors, such as temperature and rainfall, socioeconomic factors, application of new agricultural technology, and the prices of agricultural products [33,35,36,37,38]. However, we believe that agricultural land use policies are what have fundamentally influenced cultivated land change [39]. First, agricultural support policies (subsidies, tax incentives, etc.) can directly encourage the expansion of cultivated land. Second, loose policy restrictions on reclamation activities can also encourage the expansion of cultivated land.



Cultivated land change in the farming-pastoral ecotone may be more strongly affected by rural land use policies [28,31]. The income of rural households is relatively low, and agricultural development still plays an important role in these regions. Moreover, rural households can choose to engage in land cultivation or animal husbandry, which are directly affected by the changes in land use policies. However, it is worth mentioning that most rural households are farmers instead of herdsmen, so they may tend to engage in cultivated land production if these two kinds of economic activities bring in a similar level of income. Thus, as an important new aspect of agricultural land use policy, the possible impact of land transfer policy on the changes in cultivated land in the farming-pastoral ecotone deserves more discussion.



Using Taibus (a typical farming-pastoral region in Inner Mongolia) as the case area, this study aims to reveal the phenomenon of cultivated land expansion in the context of rural population decline in the farming-pastoral ecotone in China. It also aims to explore the underlying mechanisms of this phenomenon from the perspective of policy analysis, which emphasizes the role of cultivated land protection and land transfer policies in the process of cultivated land expansion. This study contributes to our understanding of the various impacts of cultivated land use policies in different regional contexts and helps improve the cultivated land use policies in the farming-pastoral ecotone and other regions with similar contexts.



This study is organized as follows. Section 1 is the introduction; Section 2 introduces the background of Chinese cultivated land protection policies and the research framework; Section 3 provides an overview to the methods and data used in the study, which includes the case study area, data sources and processing. Section 4 presents the results of the empirical analysis, which are divided into three parts: a description of the paradox between rural population decline and cultivated land expansion, the exploration of the mechanisms behind cultivated land expansion, and the exploration of the impact of cultivated land expansion. Our conclusion and discussion are presented in Section 5.




2. Background and Research Framework


2.1. Diversified Cultivated Land Protection Policies


Many countries have tried various policy tools to protect cultivated land, including regulatory tools (such as agricultural zoning and urban growth boundaries), the purchase of development rights programs (PDR), the transfer of development rights (TDR) programs, and tax incentives tools [40,41,42]. Several studies have attempted to evaluate the effects of these policies on cultivated land protection. For example, Stoms et al. (2009) have evaluated the PDRs program in the United States [40], while Nixon and Newman (2016) have assessed the efficacy and politics of land use regulation on farmland preservation in the United Kingdom [42], and their findings have shown that these policies have been relatively successful in protecting cultivated land. However, each country has its own cultivated land use and policy system contexts, and these tools may not be applicable to other contexts [43]. Choosing the appropriate cultivated land protection tools or combining them may help to obtain enhanced results.




2.2. The Chinese Cultivated Land Protection Policies


To ensure food security, the central government of China has established a cultivated land protection system through several regulation tools since the 1990s. The revised version of the Land Administration Law (LAL) in 1998 clearly specified cultivated land protection as a basic national policy. To implement this policy, the central government formulated a land use master plan (LUMP) at the national level which clarifies the specific tasks and objectives of the cultivated land protection over a certain period of time (generally 15 years). The LAL requires the provincial, prefectural, and county-level units to formulate their own LUMP by fully considering the cultivated land-related tasks from the superior LUMP, including the cultivated land retention quota and supplement quota [32,44].



The central government can supervise and urge local governments to practice and achieve the tasks of cultivated land protection in the LUMPs through several regulatory policy tools: (1) the provincial units should designate 80% of their cultivated land as basic farmland, which should be reserved permanently in principle; (2) they should strictly examine and approve the conversion of cultivated land to constructive land; (3) according to the “dynamic balance of total cultivated land (DBTCL)” policy, local governments should achieve a dynamic balance of the total cultivated land by compensating for the loss of cultivated land; (4) carrying out projects to consolidate and develop cultivated land to increase the amount of cultivated land [34,36].



These policy tools may have played an important role in preventing the loss of cultivated land and the spontaneous occurrence of urban sprawl [45]. However, these policy tools cannot regulate the decisions of the farmers. Many cultivated land parcels have been abandoned due to low returns and agricultural labor shortage caused by the large-scale rural population outmigration [16,18,46,47]. Moreover, under China’s land property rights system, rural households only own the right to use rural land rather than the actual land itself, which is carried out via long-term contracts (around 30 years) [48]. However, rural households have no right to sell their contracted land in the land market, which further contributes to the abandonment problem [23,49]. While the central government has implemented a series of agricultural subsidies encouraging farmers to cultivate their land and improve grain yield, the effects are far from satisfactory [50,51].



To prevent further abandonment of cultivated land, the central government carried out the land transfer policy of rural lands in 2014. The “separating three property rights” reform has divided the land ownership type into outright land ownership, non-tradable contractual rights, and tradable land usage rights [52]. While the land transfer policy does not change land ownership, nor contractual rights, it does allow rural households to trade their land usage rights to other rural households, village collective cooperatives, and agricultural enterprises; however, these new actors are forbidden to change the land use type [23,24]. The central government has promised to support the transfer of agricultural lands (especially cultivated lands) to promote better land scale management. Since then, the central and local governments have issued a series of policies to encourage and guide rural households to voluntarily transfer rural land. Therefore, the land transfer policy has been one of the most important reforms of rural agricultural land use in recent years.



All in all, the Chinese central government has attempted to build and improve the policy system of cultivated land protection to prevent the decline of cultivated land. The regulatory policy tools can strongly constrain the cultivated land occupation of local governments and urge them to preserve cultivated land. The central government have also attempted to employ non-regulatory policies to influence the cultivated land use patterns of rural households. However, these policies and their interactions with each other may induce varied impacts on the change in cultivated land use across regions, which require further discussion [32,53].




2.3. Research Framework


In the Chinese context, there are three main actors in the process of cultivated land use, namely the central government, the local governments, and the rural households (Figure 1). These actors play different roles in the process of cultivated land use: the central government is the firm defender of cultivated land and the top policymaker, the local governments are the executors of the central government’s cultivated land protection policies and the director of local economic and social development, while rural households are the owners of cultivated land use rights and decision-makers of cultivated land use.



These actors have different objectives in the process of cultivated land use, and thus they may have different attitudes toward cultivated land protection, which may determine their policies or decisions on cultivated land use. These policies or decisions can influence the cultivated land use patterns and environmental change, water use, and other aspects. These influences can in turn affect the policies or decisions of other actors, which may prompt them to adjust their policies or decisions to achieve their objectives. The implementation of the land transfer policy may change the previous decisions of rural households on cultivated land use, which may, in turn, affect the previously established interaction relationship of the other actors. Thus, analyzing the decision changes of rural households after the implementation of the land transfer policy and the corresponding responses of the central government and local governments will help to reveal the mechanism of cultivated land change.



Regional backgrounds can affect the attitudes and decisions of local governments and rural households regarding the protection and use of cultivated land, which may lead to regional differences in the performance of cultivated land use policies. These regional backgrounds may include natural environmental factors, such as soil conditions, land use types, water resources, and so on, and economic factors, such as rural employment opportunities and income level. The special regional backgrounds in the farming-pastoral ecotone may be important to understand the role of land transfer on cultivated land expansion in the context of rural population decline.





3. Method and Data


3.1. Case Study of Taibus Region


The farming-pastoral ecotone is a transition zone that connects the grassland livestock region and the farming areas. In 2016, China’s Ministry of Agriculture released the scope of the farming-pastoral ecotone, which refers to 146 county-level units in eight provincial units (Figure 2) 1. In this study, we will use Taibus, a typical area in the farming-pastoral ecotone, as a case to investigate the phenomenon of cultivated land expansion and its underlying mechanism.



Taibus is a county-level unit, located in the central part of Inner Mongolia. It contains six towns/townships and one Sumu (Gonborag, a town level unit completely belonging to the grassland livestock region). In 2019, Taibus occupied an area of approximately 342,614.88 ha, with cultivated land, forest land, and grassland accounting for 31.1%, 18.5%, and 43.5% of that area, respectively. Taibus has scarce water resources, with an average of 135 million cubic meters of water annually. A majority of these water resources are groundwater resources (76.3%). The water resource per capita in Taibus is 658 m3, which is much lower than the international standard for severe water shortage (1000 m3).



Taibus has a total permanent resident population of 109,400 in 2020, and a rural population of 59,800. Even though Taibus is not a well-developed region economically, it still achieved a 6.1% increase in regional Gross Domestic Product (GDP) in 2019. Unfortunately, per capita GDP was only 38,932 Yuan, which is much lower than the national average level of 70,892 Yuan. Agriculture is still important for economic development in Taibus, which accounted for 29.8% of the total GDP and contributed to 51.3% of the economic growth in 2019.




3.2. Data Sources and Processing


This study contains population data, land use data, economic data, and water resource data. The population data was derived from the 2000 and 2010 population census data of China, and the main data bulletin of the Seventh Census of Taibus. The land use data was supplied by the Data Center for Resources and Environmental Sciences at the Chinese Academy of Sciences (RESDC). The land-use data is raster data with a resolution of 100 × 100 m, which contains information on construction land, cultivated land, forestland, grassland, water, and unused land [54]. We have used ArcGIS 10.7 to analyze the cultivated land spatial change. The economic related data, including GDP and per capita income of rural households, and planting structure, was obtained from the annual statistical yearbook/bulletin supplied by the Taibus Bureau of Statistics. The national level data were collected from the China Statistical Yearbook. The water resource data were collected from the annual water resources bulletin of Taibus.





4. Results of Empirical Analysis


4.1. The Paradox between Rural Population Decline and Cultivated Land Expansion


Taibus has experienced significant net rural outmigration, that is, the number of rural permanent residents (the de facto population) was much lower than the Hukou population (or the registered population) in the past decades. The net outmigration rate was about 20% in 2000, but it soared to 56.8% in 2010 and increased all the way up to 64.3% in 2020. Rural population outmigration is primarily due to low agricultural production returns, and they have migrated to developed regions in search of better job opportunities and higher incomes [55]. Moreover, the number of rural permanent residents have also declined from about 140,000 in 2000 to about 73,600 in 2010, and to only 59,800 in 2020 (Figure 3). The majority of the out-migrating rural population was from the working-age population. Therefore, the size of the labor population (aged from 15 to 64) declined from about 100,000 in 2000 to about 55,000 in 2010, and then to about 40,000 in 2020 for a total decline size of about 60,000, which accounted for 75% of the total rural population decline from 2000 to 2020.



Although the rural population and the labor force have significantly decreased, the area of cultivated land in Taibus has continued to grow from 2010 to 2019, especially in the northern region (Figure 4 and Figure 5). The total area of cultivated land was almost stable from 2010 to 2014, but it increased from about 100,000 ha to more than 110,000 ha from 2014 to 2019, which was an increase percentage of over 10% in five years. The area of irrigated cultivated land increased from 12,700 ha in 2010 to about 50,000 ha in 2019. In contrast, non-irrigated cultivated land has been decreasing, from 87,500 ha in 2010 to about 61,900 ha in 2019. This could be due to the Taibus government promoting the construction of irrigation facilities, and rural households abandoning some of the non-irrigated cultivated land with low yields.




4.2. Exploring the Mechanism of Cultivated Land Expansion in the Rural Population Decline Context from a Policy Analysis Perspective


4.2.1. Different Objectives of the Actors in Cultivated Land Use


	(1)

	
The central government







To ensure food security, the central government proposed a cultivated land red line of 120 million ha in 2013. To achieve this aim, cultivated land protection tasks were assigned to each provincial-level unit in the “Outline of National Land Use Master Plan (2006–2020)”. However, China’s cultivated land preservation policy took a one-size-fits-all approach and demanded the same level of cultivated land protection in all regions, partly because they had to balance the interests of the local governments. The area of land assigned protection in Inner Mongolia was no less than 6.97 million ha cultivated land in 2020 when the total cultivated land of Inner Mongolia was only 7.10 million ha in 2006, which indicates that the central government did not lower their requirements for Inner Mongolia or consider the poor quality of cultivated land in this region. Thus, the objective of the central government in the farming-pastoral ecotone is nothing special compared with other regions, namely, to protect cultivated land as much as possible.



	(2)

	
Local governments







The local governments have several administrative levels, namely the provincial, the prefectural, and the county level governments. Because Taibus is a county-level unit, the provincial and the prefectural governments play the role of supervisors in the processes of cultivated land use in Taibus. In contrast, the Taibus local government is the direct policy executor, and it has multiple objectives which affect policy implementation and decision-making in the cultivated land use process. The top priority of the Taibus government is economic growth, which determines the promotion of local government officials. To achieve high economic growth, the local government has a strong incentive to convert cultivated land into construction land, which is an important driver of cultivated land decline. However, achieving the task of protecting no less than 89,311 ha of cultivated land assigned by the prefectural government is also something they need to consider. In addition, an important duty of the local government is to improve the income of the rural inhabitants, which is important for rural development and eliminating poverty.



	(3)

	
Rural households







The main objective of the rural households who stay in rural areas is attaining maximum income through agricultural lands using two common ways: one is making full use of the existing cultivated land resources, such as changing the cultivation pattern or improving crop yields, which may require labor, capital, and new agricultural technology. The other way is the conversion of low-return land types to high-return ones, which mainly refers to the conversion of grass and forest land to cultivated land, which requires intensive labor. Rural households will consider various factors, including the cultivated land policy, environment, market, and household related factors when deciding on agricultural land use.




4.2.2. The Decision-Making Processes of the Actors without and with Land Transfer


We will discuss the decision-making processes of the actors in two situations (Figure 6): one without land transfer, and the other with land transfer. Comparing these two situations will help us understand the expansion process of cultivated land and the role of land transfer in the context of rural population decline.



	(1)

	
Situation 1: Cultivated land change without land transfer







The labor outmigration in rural areas has led to a shortage of rural household labor, while those among the individuals that remain are significantly older in age. Although agricultural production technology has significantly improved over the past few decades, agricultural production is still a challenge for an ageing labor force. Thus, in the context of a declining rural population, there is a high possibility that rural households will keep high-quality cultivated land and abandon low-quality ones. In 2010, about 11% of the cultivated land in Taibus had been abandoned. While some rural households may still reclaim cultivable land to gain more income, its influence on cultivated land expansion is limited.



Land abandonment has caused the wastage of cultivated land resources, which has challenged the cultivated land protection objective of the central government. Thus, the central government has released a series of policies to prevent cultivated land abandonment at the national level (as mentioned in Section 2.1). Although these policies are solely directed against at the Taibus region, the local government has been pressured by their superiors, which has led to the implementation of policies preventing cultivated land abandonment, such as encouraging land transfer of rural households, improving the agricultural infrastructure, and providing production subsidies. For example, the local government injected more than 7.26 million yuan to help 362 rural households purchase agricultural production machineries in 2010. Moreover, the local government also proposed the plan to replenish more than 200 ha cultivated land via DBTCL, rural homestead renovation, and ecological restoration.



In short, to achieve the cultivated land protection objectives, the central and local governments have been cautious about the abandonment and loss of cultivated land, leading to measures or policy adjustments to prevent or eliminate the above situations.



	(2)

	
Situation 2: Cultivated land change with land transfer







The introduction of land transfer has significantly affected the decision making of rural households in rural land use. Cultivated land is now an asset that can earn profits when the rights of use can be transferred, which increases the number of ways in which cultivated land can benefit rural households. Thus, in light of the agricultural labor shortage, rural households now have more choices to enhance their income. According to our survey data, the land transfer fee was about 7500 Yuan per ha for high-quality cultivated land (usually referring to the irrigated land), and about 4500 Yuan per ha for low-quality land 2. Nonetheless, the land transfer fees are lower compared to the profits that could be generated if rural households choose to work on the cultivated land themselves. Thus, some rural households may choose to work on part of their cultivated land by making use of their existing labor forces. Then, they can transfer their surplus cultivated land to other cultivated land receivers, which helps solve the labor shortage problem of rural households in agricultural production. The data shows that 19.82% of total cultivated land was transferred in 2015, which increased to about 29.6% in 2018, and even up to 60% in some towns with high quality cultivated land, such as the Luotuoshan and Qianjingou. Land transfer has helped prevent cultivated land abandonment, with the abandonment rate declining to about 4.8% in 2019 3.



Additionally, the benefits of land transfer have also encouraged rural households to reclaim more cultivable land as the costs of reclaiming new land are low and rural households no longer need to invest in irrigation facilities, as the local government and the cultivated land receivers will build these facilities through their constructive planning. Official data showed that the local government had constructed 576 wells for agricultural irrigation from 2010 to 2019. Consequently, cultivated land reclamation activities have spread in recent years. The size of newly reclaimed cultivated land was more than 140,000 ha from 2014 to 2019, and the per household cultivated land area in Taibus increased from about 2.6 ha to 3 ha.



Cultivated land expansion has ever aroused the attention of the central government because of the soil erosion problem in the 2000s, which led to the launch of a project returning cultivated land to forest land [21,49]. However, this project was phased out around 2010 as the return of cultivated land has been the leading reason of cultivated land reduction, which has threatened the central government’s objective of cultivated land protection. Since the 2010s, the stability and the moderate expansion of cultivated land have been consistent with the expectations of the central government, while the possible negative impacts and risks of cultivated land expansion have not been the biggest concern of top policymakers. Although the problem of soil erosion still exists in Inner Mongolia, cultivated land expansion has not encountered much policy constraints from the central government.



The expansion of cultivated land will occupy grass and forest land areas, which is prohibited by the related laws. However, the local government has no strong willingness to investigate and restrain the reclamation behaviors of rural households. First, the cultivated land reclamation activity of households can make up for the reduction of cultivated land caused by construction land expansion and help the local government achieve their cultivated land protection task. Second, the top priority of the local government is promoting economic growth, and they will not waste resources investigating cultivated land expansion before the central government does. Third, cultivated land expansion can improve the income level of rural households, which can help eliminate rural poverty and maintain social stability. In short, the expansion of cultivated land benefits instead of threatening the interests of the local government, which is why local government tends to be ambiguous toward the reclamation activities of rural households.




4.2.3. The Influences of Regional Background


Land transfer is not necessary for cultivated land expansion, and the relationship between land transfer and cultivated land change can be closely related to the regional background. Two aspects of the regional background are important for the expansion of cultivated land in Taibus. First, the economic development and per capita income of rural households are low. There are few industries in rural areas, so most rural residents rely heavily on agricultural income. The per capita income of rural households is lower than the national average and much lower than that of the coastal region (Figure 7). Although the land transfer fee per ha is not high, rural households can still obtain considerable income due to the high level of cultivated land per capita in Taibus. Thus, the income from the land transfer can be attractive to rural households and can also incentivize them to reclaim cultivated land.



Second, Taibus has abundant grass and forest land reserves which can be reclaimed as cultivated land. The total percentage of forest and grass lands is over 60%, with most of them in good condition to be converted to cultivable land due to being located near the village, the availability of groundwater, and accessibility to the existing cultivated land. This satisfies the most important external conditions for cultivated land expansion. In fact, most of the newly cultivated land were converted from grass land (Figure 8). In contrast, rural households in some traditional agricultural areas may also have the same incentive to reclaim more cultivated land, but there may be no more land available for reclamation activities.





4.3. The Impacts of Cultivated Land Expansion and Land Transfer in the Farming-Pastoral Ecotone


4.3.1. Positive Impacts


As mentioned in Section 4.2.2, cultivated land expansion can increase the income of rural households and supply seasonal/temporary employment opportunities and permanent ones, which can help in improving their living conditions. There is no official data on the land transfer income for rural households, but the official data shows that the average wage income for rural households that still remain in the rural areas have increased from 1188 Yuan in 2010 to 5360 Yuan in 2019, thus indicating that it is now a significant part of their total income (Figure 9). This can partly reflect the contribution of the jobs related to land transfer on rural households’ income growth because industrial job opportunities in rural Taibus are still quite limited.



Previous studies have shown that land transfer can effectively alleviate the problem of cultivated land abandonment. Without land transfer, some cultivated land may also be abandoned by rural households due to labor shortage in Taibus. Moreover, land transfer helps achieve large-scale cultivation of cultivated land, which can improve cultivated land productivity by applying advanced agricultural technology.




4.3.2. Negative Impacts and Risks


There are a few negative impacts from cultivated land expansion. First and foremost, there is the serious overuse of groundwater resources. Not only is Taibus short of water resources, but there is also no surface water all year round, and so the water supply is mainly derived from groundwater. Although water conservation facilities have been constructed and promoted in recent years, the expansion of cultivated land has still increased agricultural water consumption. The total water consumption of Taibus was 45.49 million M3 in 2018, with agricultural water consumption around 39.30 million M3 (86.4%). The total water consumption of Taibus has increased to 52.76 million M3 in 2019 (an increase of 7.27 million M3) and this was mostly due to the increase in agricultural water consumption. The groundwater in some areas with large-scale cultivated land has been overexploited, and the depths of many wells supplying water for agricultural production have exceeded 100 m. This has caused a decrease in groundwater levels and the formation of a shallow groundwater funnel. Simultaneously, it may change the characteristics of the water cycle, which may affect the open water surfaces and even the sea-level [56]. More importantly, the impact of the long-range dependence behavior of the water-cycle, which is known as the Hurst phenomenon, may bring extreme droughts, temperatures, and precipitations on a long-term basis [57,58]. These negative impacts may in turn produce profound impacts on cultivated land use in the near future.



Second, cultivated land expansion will increase the risk of land desertification. Most of the soil in Taibus is chestnut soil and light chestnut soil, which offers little corrosion resistance. Moreover, during the dry season, Taibus is often besieged by strong winds, which intensifies wind erosion and risks soil desertification. Thus, once the natural vegetation is destroyed, desertification will rapidly be hastened by the strong winds. Cultivated land reclamation, especially that in hilly and gully areas, will inevitably destroy soil vegetation, cause the decline of water and soil conservation capacity, and exacerbate soil and water loss. This situation will become even worse after the cultivated land is abandoned.



The third negative impact concerns the possible overuse and abandonment of cultivated land in the land transfer processes. Land transfer contracts are often short-term, which rural households and cultivated land receivers may renew as they see fit. The objective of cultivated land receivers is to maximize their profits, and they may not have a sustainable plan for the long-term use of cultivated land. This may bring a series of problems, such as maximizing tillage and the large-scale use of chemical fertilizers and plastic films, and overuse of the groundwater. Once the land transfer receivers face the decline in cultivated land fertility and the insufficiency of irrigation water, they may no longer renew their land transfer contract, and many cultivated land parcels may be inevitably abandoned due to the shortage of labor forces in rural areas.




4.3.3. Uncertain Impacts


Land transfer has uncertain impacts. Land transfer has affected the planting structure in Taibus. To achieve more profits, the land transfer receivers have a strong incentive to plant non-grain crops. In 2010, about 69.8% of the cultivated land was planted with grain crops, followed by vegetable (about 10.6%) and oil crops (about 9.8%). The percentage of grain crops saw a slight growth in 2014, before decreasing to 64.8% in 2019. In contrast, the percentage of oil crops has increased to about 16.0% in 2019, while the areas cultivating feed and traditional Chinese medicine crops have also increased from 2010 to 2019 (Figure 10). Changes in planting structure can bring more profits for the land transfer receivers and rural households. Based on this, the local government has encouraged and supported changes in the planting structure, which may well continue in the future. However, the non-grain trend of cultivated land is contradictory to the objectives of the central government as the final objective of protecting cultivated land is to ensure food security. Thus, the change in the planting structure may have different impacts on the objectives of different actors in the cultivated land use processes, and it may be difficult to draw a conclusion on these impacts at present.



Overall, although cultivated land expansion has a varied impact in several aspects, the negative impact and risks should be given priority by all actors in the cultivated land use processes, given the serious water shortage and fragile ecological environment of the farming-pastoral ecotone. These negative impacts and risks may far outweigh the benefits of the current expansion of cultivated land, and they may affect the long-term sustainable development of Taibus.






5. Conclusions and Discussion


While many regions in China have experienced cultivated land abandonment and loss with a continuously declining rural population, there is a paradox regarding rural population decline combined with cultivated land expansion in the farming-pastoral ecotone. Taibus has a population decline of up to 64.3 percent in 2020, according to our findings; however, cultivated land has increased by more than 10% in the past five years. Land transfer policy has played an important role in promoting cultivated land expansion, because land transfer can effectively solve labor shortages and the problem of lack of agricultural facility inputs of rural households in cultivated land use, while also encouraging them to reclaim cultivated land. Under China’s cultivated land protection system, cultivated land expansion apparently aligns with the interests of the central and local governments, which has resulted in ambiguous attitudes and a lack of strict policies to prevent the reclamation activities. Moreover, two aspects of regional background, including the low per capita income of rural households and the abundant grass and forest land in the farming-pastoral ecotone, have also contributed to the promotion of cultivated land expansion. The expansion of cultivated land may have improved rural household income, but it has led to an increase in agricultural water consumption of 7.27 million M3 in the past two years. This has put a strain on the limited water supply and the vulnerable environment.



Previous studies have found that population growth and rising food demand are the primary drivers of cultivated land expansion in many regions [11,12]. In this study, our findings imply that the significance of agricultural land use policies in cultivated land expansion should not be overlooked. Moreover, our findings contribute to a better understanding of how land use policies perform in different regional contexts. While most studies have focused on the impact of land transfer in preventing land abandonment in the context of a declining rural population, this study has found that land transfer can also lead to the expansion of cultivated land, which can have a negative impact on the environment in some regions [17,28,29,39]. The land transfer policy in China has some similarities with the PDR and TDR programs in the United States; however, to our knowledge, there is no evidence that these programs have resulted in cultivated land expansion [40,41]. These disparities can be attributed to inadequate supervision of grassland and forestland protection in the Chinese context over the last decade, thereby providing opportunities for cultivated land reclamation [39].



Based on our findings and the discussions above, we can draw some policy implications for cultivated land use and regional sustainable development. We suggest that the central government pay more attention to cultivated land expansion and the related negative impacts on the ecological environment in the farming-pastoral ecotone and other ecologically fragile areas. First, the central government may need to adjust their one-size-fits-all approach to cultivated land protection. It would be better to reduce the scope of cultivated land protection in the ecologically fragile areas, given their poor quality of cultivated land, the limited water resources, and the high risk of ecological deterioration. The evaluation of the quality of cultivated land and carrying capacity of water resources for agricultural production may be useful for determining a reasonable quantity of cultivated land to protect. This can ensure that local governments will face the phenomenon of cultivated land expansion and its possible impacts in a rational manner.



Second, the central government may need to enact stricter policies and measures to limit cultivated land expansion in ecologically fragile areas. Cultivated land reclamation from grass and forest land should be strictly restricted, while reclaimed cultivated land should be returned to their original land types, especially in areas with overloaded water resources and ecological degradation. Moreover, we suggest that the central government should pay attention to the impact of land transfer on cultivated land expansion, and that it may be necessary to limit the transfer of newly reclaimed cultivated land. Considering the low income of rural households in these regions, the central government can consider giving more agricultural subsidies and increasing the investment in poverty alleviation, which may help eliminate rural households’ motivation to reclaim cultivated land.



We suggest that local governments approach cultivated land expansion from a sustainable development perspective. While it is true that cultivated land expansion can help achieve the local government’s cultivated land protection task and improve rural household income in the short term, the negative impact and risks of cultivated land expansion and land transfer should not be overlooked, particularly the long-term negative impacts of groundwater overexploitation, which may affect sustainable cultivated land use and the ecological environment. Therefore, the local government may need to change their ambiguous attitude on cultivated land expansion and pay more attention to the related problems and risks. First, the local government should more strictly supervise the reclamation of cultivated land and implement grassland and woodland conservation policies. Second, they must fully assess regional water resource pressures and take measures to optimize water resource utilization at county and town levels, such as controlling total water consumption and limiting groundwater overexploitation, increasing the percentage of ecological water, and facilitating the construction of water-saving facilities. Third, the local government needs to strengthen the supervision of cultivated land use by the land transfer receivers, including limiting the overuse of cultivated land, assessing the cultivated land quality at the end of the land transfer contract, and preventing excessive planting structure changes. All in all, we suggest that the local government target a balance between cultivated land use and ecological protection, while paying more attention to the sustainable use of cultivated land.



Finally, this study has certain limitations. The causes of cultivated land expansion were only analyzed from a policy perspective; other factors should be addressed in future studies. Moreover, employing some quantitative analysis methods and conducting more empirical studies in other regions may help to further solidify the findings of this study.
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Notes


	 1 

	
The official scope of the Farming-Pastoral Ecotone in northern China can be found in the following website: http://www.moa.gov.cn/nybgb/2016/shierqi/201711/t20171125_5919525.htm (accessed on 6 January 2022).




	 2 

	
In 2020, we interviewed the governors of the six towns/townships about the cultivated land transfer fee in recent years.




	 3 

	
According to our interview with rural households, most of the abandoned land was non-irrigated land which were relatively far away from the villages, and these lands were generally not easily transferrable.
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Figure 1. The research framework of the mechanism of cultivated land expansion. 
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Figure 2. The location of Taibus. 
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Figure 3. Rural population change in Taibus from 2000 to 2020. 
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Figure 4. The changes in cultivated land area in Taibus from 2010 to 2019. 
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Figure 5. The distribution of the expanded cultivated land from 2010 to 2019. 
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Figure 6. Two situations of cultivated land change without and with land transfer. 
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Figure 7. The per capita income of rural population in Countrywide, the Coastal region and Taibus from 2010 to 2019. 
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Figure 8. The sources of the new cultivated land. 
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Figure 9. The per capita income structure change of rural household in Taibus from 2010 to 2019. 
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Figure 10. The changes in planting structure in Taibus from 2010 to 2019. 
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