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Abstract: With the introduction of the concept of land use transition into China, related re-
searches have been carried out extensively in the past two decades, which enrich the
knowledge of land system science. This paper describes the development of research on
land use transitions in China from the perspectives of conceptual connotations, theoretical
model, research methods, and research progress and prospects. With the in-depth investi-
gation of land use transitions, the concept and connotations of land use morphology are de-
veloped and encapsulated as two kinds, i.e., dominant morphology and recessive morphol-
ogy. The dominant morphology refers to the land use structure of a certain region over a
certain period of time, with features such as the quantity and spatial pattern of land use types.
While the recessive morphology includes the land use features in the aspects of quality,
property rights, management mode, input, output and function. Accordingly, the concept of
land use transition is further developed, and the theoretical model of regional land use transi-
tions is established. Thereafter, three innovative integrated approaches to study land use
transitions are put forward, i.e., multidisciplinary research framework for recessive land use
transition, transect and horizontal comparison. To date, there have been 62 Ph.D. and 166
M.S. dissertations on the topic of “land use transition” in China. During 2002-2019, the Na-
tional Natural Science Foundation of China has funded 48 research programs on the theme of
“land use transition”. As such, the Chinese scholars have adapted the concept derived from
western literature to the situations and experiences in China.
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1 Introduction

Land use transition is one of the manifestations of land-use change (Long et al., 2007), and
is also one of the major research contents of Global Land Project (GLP), a joint research
agenda of the International Geosphere-Biosphere Programme (IGBP) and the International
Human Dimensions Programme on Global Environmental Change (IHDP) to improve the
understanding of land system dynamics (GLP, 2005). Land use transition was put forward by
Grainger (1986, 1995) based on his study on the land use in forested countries. From then on,
the research concerning land use transition has been carried out vigorously, but which still
mainly focused on forest transition (Mather et al., 1999; Meyfroidt and Lambin, 2008; Bar-
bier et al., 2010).

Although pieces of evidence supported the original forest transition hypothesis and tra-
jectories, there were still some researches that showed different opinions. For example, it
showed that forest cover change involves complex trajectories, some of which are cyclical
and reversible, while others are linear and permanent. Barbier et al. (2010) developed a
more comprehensive theory of the forest transition and argued that long-run changes in for-
est cover in a country or region cannot be separated from the national or regional pattern of
land use changes, taking into account of the competition among different land use. The re-
search of land use transitions including forest transition has been the foci of studying land
change science since the turn of the new millennium (Long ef al., 2007; Lambin and Mey-
froidt, 2010; Rudel et al., 2010), ranging from those who favor the development of analysis
methods and detection technologies (Ferreira et al., 2015), the dynamic driving mechanism
( Liu et al., 2008; Jadin et al., 2016), the environmental effects (Nuissl ez al., 2009; Long,
2014a; Qu and Long, 2018a), to those who try to understand the relationship between land
use transitions and socio-economic development (Lambin and Meyfroidt, 2010; Chen et al.,
2014).

Accelerated urbanization and subsequent increase of human activities are triggering tre-
mendous land use transitions in China. With the introduction of land use transition research
into China (Long, 2001, 2003; Long and Li, 2002), related researches combining land use
transitions with the sustainability of socio-economic development have been carried out ex-
tensively, which enrich the knowledge of land system science. The objective of this paper is
to describe the development of research on land use transitions in China from the perspec-
tives of conceptual connotations, theoretical model, research methods, and research progress
and prospects, showing how a concept derived from western literature has been adapted to
the situations and experiences in China.

2 Conceptual connotations

Foley et al. (2005) pointed out that land use transition is not only a regional issue but also of
global significance. Different regions are in different stages of transformation development
due to historical, socio-economic and ecological conditions, and political institutions. Not all
regions follow a linear transformation development, and some regions also exhibit a
non-linear trajectory. A certain area may stay longer in a certain stage, and some areas may
be shorter in the corresponding stage. Meyfroidt et al. (2013) and Lambin (2012) argued that
the driving forces of land use transition are not only confined to socio-economic distur-
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bances and natural background factors in one region, but also affected by the displacement
effect produced by international trade. Globalization and urbanization are two important
global trends since the middle of the 20th century. As a result of their interaction, a complex
trade network has gradually formed between countries, thus forming an important
tele-coupling context of land use transitions.

Land-use and land-cover change (LUCC), as the core of coupled human-environment
systems, has become a potential field of land change science (LCS) in the study of global
environmental change (Li, 2002; Liu ef al., 2010). The goal of GLP is to measure, model
and understand the coupled socio-environmental terrestrial system, which is also referred to
as “land system” (GLP, 2005). Land use transition is the changes in land use morphology,
the overall pattern of actual land cover in a region at a given time, over time (Grainger,
1995). Land use morphology is the key content of land use transition research. Driven by
socio-economic change and innovation, only focusing on the quantity and spatial structure
characteristics of land use morphology cannot meet the demands of the research on land use
transition (Lambin and Meyfroidt, 2010). As such, the concept and connotations of land use
morphology need to be developed continuously with in-depth research and socio-economic
change and innovation.

Based on the analysis of the evolvement of the concept and connotations of land use
morphology, we argue that there are two formats for depicting land use morphology: one is
dominant morphology, another is recessive morphology. The dominant morphology refers to
the land use structure of a certain region over a certain period of time, with features such as
the quantity (area, proportion) and spatial pattern of land use types. The recessive morphol-
ogy is a special morphology which relies on the dominant morphology but can only be ob-
served by the means of analyzing, testing, monitoring and surveying, includes the land use
features in the aspects of quality (nutrient, pollution, degradation), property rights
(state-owned, collective-owned), management mode (individual, joint-stock system, transfer
and large-scale management), input (capital, technology, labor), output (yield, output value,
input-output ratio) and function (production, living, ecology, culture). So, the conception of
land use transition may be further developed as follows: land use transition refers to the
changes in land use morphology, including dominant morphology and recessive morphology,
of a certain region over a certain period of time driven by socio-economic change and inno-
vation, and it usually corresponds to the transition of socio-economic development stage
(Long and Li, 2012; Long and Qu, 2018).

3 Theoretical model

Land use transition is a new theme of the comprehensive research of LUCC (Long, 2003),
the concept of which was first introduced into China with an initial meaning of temporal
changes in land use morphology corresponding to socio-economic development transition,
and the land use morphology means mainly the quantity and spatial structure characteristics
of land use in a region at a given time (Grainger, 1995; Long and Li, 2002). The na-
tional/regional land use morphology corresponds to its socio-economic development stage,
that is, the specific socio-economic development stage is associated with a certain land use
morphology (Grainger, 1995). National/regional land use patterns are not static, they vary
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with socio-economic development. For example, land use patterns in the U.S. in the late
20th century indicate that the proportion of forest land and grassland is almost the same as
the world average, but it has changed greatly compared with the previous stages (Grainger,
1995).

To some extent, the regional land use transitions are essentially a process during which
different land use types which represent the benefits of different departments conflict in
space dimension, and the stakeholders try to alleviate these conflicts by changing the mor-
phologies in time dimension. Accordingly, the theoretical model of regional land use transi-
tions is put forward as follows: with the economic and social development, transformations
between different land use types during a certain period of time cause the change of the con-
flicts resulted from changed regional land use morphology pattern from strong to weak, i.e.,
a trend towards coordination; these transformations will lead to a new balance of regional
land use morphology pattern consists of different land use types which reflect the develop-
ment trend of corresponding economic departments, respectively, and finally realize the
qualitative transformation of urban-rural land use system (Long and Qu, 2018).

Land use transition refers to the changes in regional land use morphology, and the re-
gional feature is an important aspect of land use transition research. Strictly speaking, the
transformation of single land use type, e.g., farmland was changed to forest land, cannot be
treated as land use transition, which can only be treated when it is put into the context of
regional land use structure and function to analyze the changes of land use morphology
(Long, 2015).

Usually, the process of land use transitions comprises long-term and trend changes in re-
gional land use morphology. The fundamental change of land use morphology or the turn of
its changing direction indicates an accomplishment of land use transitions in a certain period.
New land use issues arise with the economic and social development will bring about new
conflicts of regional land use morphology patterns, thereafter a new regional land use transi-
tion process will be triggered. Currently, there are abundant researches on the dominant
morphology of regional land use but less on the recessive morphology. However, land use
transitions in the aspect of recessive morphology are most closely relative to land use man-
agement. The process and outcome of land use transitions may improve land management
policies and measures (Long and Qu, 2018). On the contrary, land use transitions may be
deeply affected by the adjustment of existing policy or the implementation of a new land use
policy.

4 Research methods

In the aspect of qualitative research of land use transitions, hypothesis-deduction method is
commonly used since the trend of land use transitions is uncertain, to some extent. Harvey
(1969) mentioned that in his book “Explanation in Geography”, there are two approaches to
scientific interpretation: inductive and deductive methods. Among them, deductive method
is more commonly used. The structure of the real world, based on the prior model (the for-
mal representation of the image), is abstracted, and then a theory can be assumed. Afterward,
the functional-perceived data can be compared with a posterior model (another way of ex-
pressing the concepts contained in the theory, such as using mathematical symbols) and used
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to test the hypotheses (Harvey, 1969). It is testified that the deductive method is helpful for
theorizing land use transition (Long et al., 2007).

Another common method is corresponding systematic comprehensive analysis, which was
put forward by Chen (1998) who emphasized the corresponding transformation analysis of
regional natural structure and productivity layout, as well as the production, sales, and con-
sumption structure, which pioneered a new way of formulating regional development strat-
egy at county level (Chen, 1998). This research method can provide a scientific basis
through the structural correspondence analysis and comparative study of physical-ecological
structure, technical-economic structure, social-political structure in a region, which can be
used for reference in the research of land use transitions. Temporal changes and historical
backgrounds of social and environmental variations can be integrated through comprehen-
sive system analysis.

It is generally known that mathematical models and 3S (GIS/RS/GPS) technologies have
the advantages for carrying out quantitative research of land use transitions, especially in the
aspect of dominant morphology of land use. However, it is pivotal to have a tendency to turn
to multidisciplinary integration method for the research of recessive morphology of land use.
Based on the above analysis, we put forward three innovative integrated approaches to study
land use transitions, i.e., multidisciplinary research framework for recessive land use transi-
tion (Qu and Long, 2018b), transect research method (Long et al., 2007), and horizontal
comparison research method (Long, 2003; Long et al., 2007).

4.1 Multidisciplinary integration

4.1.1 Conceptual framework of multidisciplinary research

The connection between different disciplines should be based on theoretical reference, by
means of method connection and bridged by software and data format connection. The pur-
pose is to analyze and mine the results from different perspectives. Theory is the basis of
discipline development. The mutual reference of different discipline theories can provide
direction and guidance for problem analysis (Cai, 2001; Fan, 2019). In terms of methods,
different disciplines have their own preferred research methods, which come with both
strengths and weaknesses. For example, spatial analysis and system analysis are frequently
used in geography, but there is a lack of a validation mechanism for the analysis results.
Econometrics is good at statistical analysis, but it lacks the comprehensive analysis mecha-
nism of multiple factors at different spatial scales. Therefore, they can complement one an-
other. Technically, the established research methods need to be realized by corresponding
software technology, data acquisition technology, and analysis technology, and the selected
research methods need to be adjusted appropriately, according to the technical feasibility of
the research process. In terms of results, multi-dimensional analysis results can be obtained
through the connection of analysis technologies of different disciplines (Cai, 2001; Fu,
2014). Meanwhile, from the perspectives of different disciplines, these results can be further
mined and analyzed. In the overall analysis process, the mutual reference and development
of theories are the basis of the result analysis (Qu and Long, 2018b): without theoretical
guidance, the data analysis results could be easily biased or even wrong; meanwhile, rigor-
ous analysis results and research conclusions play an important role in promoting the devel-
opment and improvement of theory, because the development of theory comes from practice,



1200 Journal of Geographical Sciences

and theory is a general summary of many individual phenomena in practice (Figure 1).

Apply theory to practice
Implement research methods by v
Theoretical | Guide Method the technology »| Technology | Result
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1 technical feasibility |
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Figure 1 The conceptual framework of multidisciplinary research (Adapted from Qu and Long, 2018b)

4.1.2 Specific design of multidisciplinary research

Under the guidance of the above conceptual framework, the comprehensive research
framework of the disciplines involved in the research into the recessive land use transition
was specifically designed (Figure 2). At the theoretical level, research into the recessive
transition of land use mainly involves disciplines including geography, management, eco-
nomics, and sociology (Qu and Long, 2018b). With the research problem-oriented approach,
preliminary reference and integration of different theories can be attempted. For example, to
study moderate-scale land use management in China, based on “the man-land interrelations
territorial system theory” in geography, the regional differentiation rules of natural factors
and the differentiation characteristics of socio-economic factors in different regions are out-
lined. Then, based on the scale economy theory and production theory in economics, quan-
titative analysis of specific regions can be carried out to explore moderate-scale management
in accordance with local conditions.
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Figure 2 The specific design of multidisciplinary research (Adapted from Qu and Long, 2018b)
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At the methodological level, spatial analysis is frequently used in geography, and meas-
urement and input-output analysis are common methods in economics. Qualitative logic de-
duction and quantitative statistical analysis methods are commonly used in management and
sociology. The above methods can complement each other to meet the needs of multi- di-
mensional and multi-angle analysis in terms of time (stage), space, and quantity (Qu and
Long, 2018b). For example, to analyze the choice of management mode in a specific re-
gion, we can perform qualitative analysis and make logical deductions about local policies,
resource endowments, and mainstream characteristics to obtain plan options from the
perspectives of management and sociology. Then, based on the field survey data, a
quantitative measurement can be carried out to determine the final plan from the
perspective of economics.

At the technical level, there needs a dual connection between different analysis softwares
and different analysis data (Qu and Long, 2018b). Through spatial analysis using GIS related
softwares, a preliminary analysis results can be obtained. The results could be exported to
the SAV format (read by SPSS) to realize the statistical analysis of spatial information, to the
DTA format (read by Stata) to realize the quantitative analysis of spatial information, to the
DAT format (read by MATLAB) to realize the mathematical optimization analysis of spatial
information.

At the result level, we can obtain the statistical relationship (such as correlation and dual-
ity) between different elements through statistical analysis and the causal relationship be-
tween different elements through quantitative analysis. Also, through mathematical optimi-
zation analysis, we can analyze the optimization relationship among the input ratios of vari-
ous elements under different restrictions. Through the input-output analysis, the interrela-
tionships between resource input and economic output can be obtained. Through game the-
ory analysis, an equilibrium state of the decision-making among different activity types can
be obtained. Based on the above multi-means, multi-perspective, and multi-angle analysis,
we can obtain the comprehensive cognition of the research object from development status,
evolution laws, and future trends (Qu and Long, 2018b).

4.1.3 A case of multidisciplinary research framework for recessive land use transition

The following questions need to be answered in the study of the recessive transition of land
use: what is the recessive morphology of land use at different times or stages? What are the
recessive transition patterns of land use in different regions? What is the transition mecha-
nism between different recessive morphologies of land use? What kinds of economic effect,
social effect, and environmental effect will be caused by different recessive transitions of
land use? The above problems involve different disciplines, such as geography, management,
economics, and so on. So only with comprehensive analysis from different dimensions with
the integration of various disciplines, could these researches be successfully completed. In
order to determine the type of land use transition to be taken in a given region, and the
measures to be taken to guide the implementation, a comprehensive analysis should be con-
ducted from multiple dimensions of time (stage), space, and quantity (Figure 3). The analy-
sis process is similar to finding a point in a cube that satisfies three-dimensional conditions.
When only a single dimension is considered, even if the information in this dimension is
very accurate, the conclusions can only be specified to one plane. When considering the in-
formation in two dimensions, the conclusions could be narrowed down to a line, but there is
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Figure 3 A multidisciplinary research framework for recessive the market levels of factors at dif-
land use transition (Adapted from Qu and Long, 2018b) ferent economic stages are ignored
it will lead to the coexistence of “positive,” “reverse,” and “non-linear” conclusions. At pre-
sent, even the “inverse relationship” with a strong empirical basis is controversial. Some

scholars have argued that the “inverse relationship” did not follow the objective law, as the
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imperfection of the factor market was ignored in the analysis (Heltberg, 1998). Some schol-
ars believed that it was caused by the omission of important natural difference variables
(Chen et al., 2011). And others denied the above reasons to support the existence of such a
law (Calogero et al., 2013). The reason why different views exist is that the analysis process
cannot be comprehensively investigated within a unified framework, which leads to biased
conclusions. For another example, spatial pattern analysis is commonly used in geography.
However, if we only analyze the spatial pattern of the climate, soil, labor, and crop planting,
the specific process of land use transition cannot be effectively detected. Meanwhile, it is
also impossible to extract a transition mode that accords with the quantitative law of produc-
tion and could be incorporated it into practice effectively. Therefore, research into the reces-
sive transition of land use needs comprehensive research from multiple disciplines and per-
spectives. Details of this are described as follows (Qu and Long, 2018b).

Management can provide a macro time (stage) background for research from the time
(stage) axis. For example, with technological development and institutional changes, what
kinds of changes have taken place in the policies for land use and agricultural production?
What changes have taken place in the property rights of land? How will the land use man-
agement mode and type evolve? From the time (stage) dimension, the research problem can
be specified to a plane, which clarifies the problem definition.

Geography can provide regional background for research from the spatial axis. For exam-
ple, with the change of natural zone, what is the spatial evolution law of natural factors, such
as daylight, temperature, soil, and water? What are the spatial differences in the abundance
of land resources, farmland quality, and cropping system? What is the spatial distribution of
the land production function and ecological function? What is the spatial transfer pattern of
the agricultural labor force? What is the spatial differentiation of the agricultural develop-
ment level? As the regional characteristics of research objects were figured out, the research
problem can be further specified from a plane to a straight line.
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Economics can give more accurate positioning from the quantitative axis. For example, in
a given region with a relatively uniform policy background, development stage, and natural
economic characteristics, analysis can be conducted on the variation characteristics of effi-
ciency indicators, such as land (or household, labor) production efficiency (physical or
value), technical efficiency, total factor productivity with different conditions of manage-
ment scale, management mode, and management type. After defining the specific position in
the quantitative axis, the research problem is further specified to a certain point on the
straight line, so the conclusion is more specific and reliable.

4.2 Transect

The terrestrial transects of IGBP emphasize on explaining issues concerning global change
through gradient methods, and temperature, precipitation and land use are three key gradient
factors (Koch et al., 1995). We can use this transect as a coherent set of study sites to deter-
mine how land-use associated land-cover is changing as a result of social and environmental
factors, and how these changes interact with biophysical factors (Koch ez al., 1995). Usually,
land use change is triggered by socio-economic factors (Li, 1996; Cai, 2001; Krausmann et
al., 2003). Therefore, the socio-economic developmental level was considered the most im-
portant factor to define a case area for studying land use transitions.

Here, Transect of the Yangtze River (TYR) is taken as an example (Long et al., 2007). In
the Yangtze River Valley, we have identified a Transect in which the underlying gradient is
the changing pattern of land use. The level of socio-economic development is sharply de-
clining from the East of the Yangtze Transect to the West. It comprises an area of about 1.12
M km?, containing 312 counties (or cities at county level), which belong to the following 11
provincial-level regions—Shanghai, Jiangsu, Anhui, Jiangxi, Hubei, Hunan, Chongqing,
Sichuan, Yunnan, Qinghai and Tibet. Along the Transect, there are several of the biggest
cities in China—Shanghai (to the East), Nanjing (the capital of Jiangsu province), Wuhan
(the capital of Hubei province) and Chongqing Municipality. TYR is about 3600 km in
length, with an average width of 200 km or so.

4.3 Horizontal comparison

Land use transitions are often studied based on long time series statistics. Although global
environmental data have grown in abundance in recent decades, time-series data for China
are unreliable, because the statistical system was disrupted several times since it was found-
ed in 1949 by several campaigns that hampered economic development, such as Great Leap
Forward (1958-1960) and Cultural Revolution (1966—-1975). However, China has a vast
territory with obvious regional differentiation in the level of socio-economic development,
which makes it possible to apply a spatial comparative research method to study land use tran-
sitions. This method is called as horizontal comparison research method, i.e., using the
spatial differentiation in regional development to compensate data deficiencies in the long
time series, reflecting the change process of land use with space to exchange for time
(Figure 4). The application of horizontal comparison combining with the transect method
was used to study rural housing land transition in the transect of the Yangtze River (Long et
al., 2007).
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Figure 4 A sketch map of horizontal comparison research method with space to exchange for time

Recent years have witnessed the widespread use of novel methods incorporating quantita-
tive analysis, integrated “3S” technology, and transect. Introducing the transect to longitu-
dinal comparison can overcome the deficiencies of time series data combined with the
above-mentioned horizontal comparison research method, which is of great significance for
the researches of land use transitions and rural development in China. For example, the re-
search team of agricultural geography and rural development of Chinese Academy of Sci-
ences, has selected Transect of the Yangtze River, “Southern Jiangsu-Northern Shaanxi”
Transect, and Transect along No.106 State Road to carry out related studies (Long et al.,
2007, 2012b; Lu and Liu, 2013).

5 Research progress

Recently, related researches on land use transitions combined with the characteristics of
China’s socio-economic development have been carried out rapidly since the research field
of land use transition was introduced into China. Over the last decade, the research on land
use transitions has flourished in China and involved various aspects, e.g., related concept
(Lu et al., 2006), the laws (Cai et al., 2009; Song et al., 2015), and the research framework
(Long, 2012a; Song, 2017; Hu et al., 2019a), theory and hypotheses (Long et al., 2007; Song
and Li, 2019) of land use transition, the transition of the land use mode and structure (Liu
and Li, 2006), the transition of a particular land-use type (Long et al., 2007; Kong, 2012; Ma
et al., 2020), the economic and environmental effects of land use transitions (Long et al.,
2018a, 2018b; Qu and Long, 2018a), and the relationship between land use transitions and
other land-use activities (Chen et al., 2014, 2020). The editor set up a special column of
‘Land use transition’ in the special issue of “Land Use Policy in China” published by the
journal of Land Use Policy (Long, 2014b).

To date, there have been 62 Ph.D. and 166 M.S. dissertations on the topic of “land use
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transition” in China, as shown by the statistics from Database of Dissertations of Ph.D. and
Master Degree in China National Knowledge Infrastructure (CNKI) and Thesis & Disserta-
tion Database of Chinese Academy of Sciences. Since 2011, “land use transition” has been
selected as one of the keywords in the research field of “rural land use and allocation” under
the discipline of Human Geography, which is a significant research branch of the National
Natural Science Foundation of China (NSFC). During the period of 20022019, the NSFC
has funded 48 research programs on the theme of “land use transition”, which included one
key program. In 2015, A Non-profit Industry Financial Program entitled “Management and
Control Technologies and Policy Innovation of Land Use Transitions in the Middle Reaches
of the Yangtze River Economic Belt” was granted by the Ministry of Land and Resources of
China (MLRC), which demonstrated that land use transition has sparked great concern in
both academic communities and the governmental authorities since it was introduced into
China in 2001 (Figure 5).
y |

Till 2019
‘ . 48 programs (including one
Since 2011 key program) concerning
‘ LUT has been LUT have been funded by
Since 2006 selected as NSFC

. Some Chinese one of the 62 Ph.D. and 166 M.S.
Since 2001 scholars have begun keyw'or('is f)f dissertations with the topic of
The first author has to follow this field the discipline LUT in China
published 90 more and have published of Human
papers concerning more and more Geography by A Non-profit Industry
LUT since he papers and books NSFC Financial Program concerning
introduced LUT into  concerning LUT LUT granted by MLRC
China

Figure 5 The development of land use transition (LUT) research in China

Farmland and rural housing land are the two major land-use types closely related to hu-
man livelihood and production activities. It is well known that the urban is originally devel-
oped from the rural, and its formation and further development is closely linked with the
transition of farmland and rural housing land. In general, socio-economic development af-
fects land use morphology, which also makes a counteraction to socio-economic develop-
ment. The interaction between land use morphology and socio-economic development fa-
cilitates the land use transition. Therefore, the changes in the regional land use morphology
may be basically reflected by the changes in farmland and rural housing land, two major
land-use types affecting human production activities. Farmland and rural housing land, as
the two major sources of land use transitions, play an important role in the process of facili-
tating land use transition. Recently, Chinese scholars have paid much attention to farmland
transition, rural housing land transition and their relationships with rural restructuring under
the policies context of urbanization, industrialization, ‘Building the New Socialist Country-
side’ and subsequent ‘Rural Vitalization’ (Long ef al., 2010, 2019; Long, 2020).

5.1 Farmland use transition

When considering the quantity change of farmland, if, at a certain time, the change in the
area of farmland presents a turning trend, indicating that the spatial morphology of farmland
has changed. After socio-economic development reached a certain stage, the total farmland
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of a country or region may not necessarily show a recoverable net increase, but the net con-
sumption rate of farmland will slow down or even stagnate significantly (Long et al., 2012a;
Ge et al., 2018). Therefore, the transition of farmland can be understood as the process of a
country or region’s farmland changing from continuous and rapid consumption in the rela-
tively low-level stage of socio-economic development to low-speed consumption and even
stagnation in the relatively advanced stage of socio-economic development (Long et al.,
2012a; Ge et al., 2018).

The total farmland and the annual net consumption rate are two major indicators for de-
scribing the dominant transition of farmland (Tan, 2014; Ge et al., 2018). Diagnosing the
transformation of the spatial morphology of farmland can be started from exploring the
turning point of the total area of farmland (Bertoni et al., 2018; Ge et al., 2018; You et al.,
2018), which always fluctuates with policy reform, economic growth, and demographic
change (Tan et al., 2009). The mutational point of farmland change includes the
above-mentioned turning point. If after a certain time, the annual net consumption rate of
farmland significantly slows down or even stagnates, indicating that the spatial transforma-
tion of farmland morphology occurred at that point. From the perspective of the spatial pat-
tern, farmland is often fragmented and scattered at a lower level of socio-economic devel-
opment. With the socio-economic advancement, it tends to be concentrated. The manage-
ment pattern and landscape pattern are proved to be two major indicators for depicting
farmland transition (Long et al., 2007). The farmland management pattern refers to the con-
centration of plots managed by farmers or other users (Long et al., 2016; Ma et al., 2020). It
can be measured by the management scale, such as the area of farmland per agricultural em-
ployee, the number of plots per household, and farm size. The landscape pattern can be in-
dicated by multiple landscape attributes, such as the number of patches, the density of
patches, average areas of the patches, etc. Land use function also provides a meaningful
perspective of examining farmland transition. The definition of farmland function links
farmland with multiple demands. When considering the formation process, it is deduced
from various human needs through the combined effects of land characteristics, human
senses, and socio-economic systems (Lu et al., 2013). Generally, it can be classified into
three categories-production function, ecological function and social function (Zhang et al.,
2018).

5.2 Rural housing land transition

The connotations of rural housing land transition includes dominant transformations in
quantity, space, and structure, and it should also fully reflect the changes in employment
structure, lifestyle, and family structure corresponding with urban and rural development (Su
et al., 2011; Long et al., 2012a). The contradiction between humans and land is gradually
highlighted, which facilitates relevant research to take a human into the framework (Qu et
al., 2019). The research focusing on per capita rural housing land is the direct reflection,
which is simultaneously affected by changes in the total area of housing sites and population
migration (Qu et al., 2019). Contrary to the fact that rural housing land area has generally
increased, induced by urbanization and industrialization, farmers have migrated to urban
areas temporarily or completely, thus causing the increase of rural housing land and popula-
tion decline (Long ef al., 2019). Existing researches on rural housing land transition is rela-
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tively rare in China, which mainly concentrates on the spatial distribution, utilization status,
mode for land consolidation, and its functional transition process (Jiang et al., 2016). Sev-
eral types of the spatial distribution of rural settlements (Qu et al., 2017, 2018), such as
clustering, random, and uniform discrete distribution, were found in China with significant
regional differences (Yang et al., 2016). The spatial distribution studies involve various
scales, national/regional level, city level, county level, and village level, and massive
empirical researches have been finished in China (Ma et al., 2018). The utilization intensity
of rural settlements is also highlighted under the context of the huge demand for land. Much
attention has been given to the abandoned rural residential land (Zhang et al., 2019), which
attempts to explore the spatial heterogeneity, influential factors, formation mechanism, and
consolidation potential and mode. There are several pieces of research tried to theorize rural
housing land transition by linking it with population mobility and urbanization process (Qu
et al., 2019). Besides, it has been revealed that the function of rural housing land tends to be
diversified (Zhu et al., 2014, 2018; Ma et al., 2019).

5.3 Land use transitions and rural vitalization and restructuring

Rural restructuring, which is internationally prevalent, has the most overlapped meanings
with rural transformation development (Liu, 2011; Long, 2012b; Long and Liu, 2016). In the
process of rural restructuring, the functional and structural transformation of the rural terri-
torial system constitutes the interaction of land use transition and rural restructuring (Long
and Liu, 2016; Tu and Long, 2017; Long, 2020). The research on land use transitions aims to
reveal the non-linear change process of regional land use patterns (including dominant and
recessive morphologies) (Long and Qu, 2018), while the rural transformation development
focuses on exploring the trend of the restructuring process (Hoggart and Paniagua, 2001). At
different stages of socio-economic development, the characteristics of the man-land interre-
lations in the rural territorial system are significantly different (Hu et al., 2019b). Regional
land use patterns and rural development status also show significant spatial and temporal
heterogeneity. Researches have revealed that the change process of regional land use pattern
conflict is the internal mechanism that drives the evolution of land use pattern (Long and Qu,
2018). The regional pattern of rural man-land interrelations corresponding to land use con-
flicts will also change, which has also become a key factor in determining the process of
rural restructuring (Chen et al., 2012). Therefore, the conflict of regional land use patterns is
closely related to the driving force of rural restructuring (Long et al., 2016). The response
and feedback process of the regional pattern of rural man-land interrelations to the two forc-
es constitutes a bridge between land use transitions and rural restructuring (Tu and Long,
2017). Land use transition and its coupling and coordination process with rural restructuring
is the key to rural vitalization (Liu and Li, 2017; Liu, 2018). Land use transition studies pro-
vide a new perspective for an in-depth understanding of land use changes by characterizing
the trend variation of land use patterns in both dominant and recessive states (Long, 2014b;
Long and Qu, 2018). At the same time, significant changes have taken place in the rural
population, land, industry, culture and society. In the process of urban-rural migration, land
allocation between urban and rural, industry transformation and upgrading, and the evolu-
tion of a socio-cultural system are all deeply affected by the rural restructuring process.

Land use transition, a dynamic process, is driven by a set of forces, such as the input of
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capital and labor, industrial development, employment and population mobility, which have
tight associations with rural restructuring (Figure 6). In turn, the status quo of land use can
mirror various issues in the process of rural development. Usually, the spatio-temporal in-
separability of socio-economic advancement is transferred to land, which is the main carrier
of socio-economic activities, creating a very complex land use pattern. While, changes in
this land use pattern will affect the process of regional natural, ecological and social devel-
opment. In conclusion, land use transitions and rural restructuring are mutual feedback pro-
cesses (Long and Tu, 2018; Long, 2020). Coordinating the coupling relationship between
land use transitions and rural restructuring is of great significance for optimizing the rural
transformation development process and the integrated development of the urban and the
rural (Fang and Yu, 2016; Zhang et al., 2016; Tu et al., 2018).
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Industrialization
Informatization
Globalization

Spatial
orphologyL

Land

measure Rural vitalization

Thriving industry
Pleasant living environment
Refined rural civilization
Effective governance
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Drive

N
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morphology morphology, Feedback

Figure 6 The relationship among land use transitions, rural vitalization and rural restructuring (Adapted from
Long and Tu, 2018)

6 Research prospects

Currently, as an important measure to solve the issues relating to “agriculture, rural areas
and farmers” in China, the double-wheel driving strategy of rural vitalization and new-type
urbanization has put forward realistic demands of science and technology to realize the land
use transitions successfully in rapid urbanization phase, which promotes an urgent require-
ment of theoretical innovation and academic achievements in agricultural geography and
rural development as an strong support. Accordingly, the future research fields concerning
land use transitions are suggested as follows (Long, 2012a, 2020):

(1) The dynamic patterns and territorial types of land use transitions. The dynamic pat-
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terns of regional land use transitions during the process of rapid urbanization could be de-
picted by establishing evaluation index systems and evaluation models. Focusing on the spa-
tial allocation of factors and resources concerning rural development and the regional dif-
ferentiations in the aspects of bio-physical geographical environment and socio-economic
development, combining the evaluation results of regional dynamic patterns of land use
transitions with relevant models is expected to identify the territorial types of land use tran-
sitions and to draw out the rules concerning the heterogeneous statuses of land use transi-
tions related to regional socio-economic development differences. Meanwhile, based on the
field investigations in typical areas, the natural, economic, social, political and cultural as
well as the institutional factors affecting land use transitions in different territorial types, the
stage characteristics, problems and their major influential factors of land use transitions are
necessary to be analyzed.

(2) The interactions and dynamic mechanism of land use transitions and rural transforma-
tion development. Focused on the typical regional types of land use transitions and rural
transformation development, the changing patterns and trends of the major driving factors
(including land, capital, labor force and industrial development) could be analyzed and re-
vealed in combination with field investigations and modelling simulations, from the per-
spectives of changes in regional natural-ecological structure, technological-economic struc-
ture and social-political structure, to qualitatively and quantitatively investigate the domi-
nant driving force and interacting mechanism as well as the coupling relationship and its
dynamic mechanism leading to the transformation of the stages of land use transitions.

(3) The resources and environmental effects of land use transitions. Under the background
of rapid urbanization, there is an urgent need to study the value manifestation and prolifera-
tion effects concerning the flows of rural development elements in the process of land use
transitions, and the systematical assessment of the influential process, intensity and effects
of some new factors including rapid industrialization and urbanization development, and the
formulation and deployment of national strategies and policies supporting and benefiting
agriculture and rural areas on sustainable rural development at the scales of village and
farmer. Furthermore, a series of indices system and integrated assessing models need to be
established based on the rural physical and social environment elements to measure and
evaluate the resources and environmental effects of land use transitions on local rural terri-
torial system.

(4) The modes and paths of adjusting and controlling land use transitions. By integrating
the time scale and historical background of social and environmental changes, the optimiz-
ing and adjusting modes of land use transitions during the process of rapid urbanization can
be summarized and extracted. From the theoretical perspective of rural system growth and
urban-rural interactive development, how to follow the rural transformation development in
the new era and improve the capability of rural territories with different development types
and degrees to adapt to the domestic and abroad competitive markets and their own devel-
opment via adjusting and controlling land use transitions needs to be further discussed. Also,
the paths to enhance rural productivity by spatial recombination of essential factors and re-
sources favoring rural development and to facilitate urban-rural coordinated socio-economic
development are also pivotal to the research of land use transitions. In addition, the recessive
morphology of land use and its changes should become the focus of future research on land
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use transitions and land resource management. Managing and controlling the changes of
recessive morphology of land use contributes to innovating the policies, regulations and in-
stitutions of land resource management and accelerating the transformation of land resource
management in China from the simple management of quantity to the comprehensive man-
agement with equal emphasis on quantity, quality and ecology as well as the change from
the simple resources management to the comprehensive resource-asset-capital management,
so as to optimizingly allocate and sustainably use land resource in both the urban and the
rural.

(5) The approaches of rural vitalization and restructuring promoted by land use transitions.
Different economic and social development stages correspond to different land use patterns
and land use transitions stages. Socio-economic development inevitably results in a specific
land use transition process. Rural restructuring is an important means to implement the
strategy of rural vitalization, also the link between land use transitions and rural vitalization.
Population, land and industry are closely interlinked, and economy, space and society are
intertwined. It is a complex and systematic project to realize rural vitalization relying on
land use transitions and rural restructuring. The recessive morphology of land use and its
changes should be the focus of research on rural vitalization through controlling land use
transitions. Linking the revitalization of land resources with the rural industry is of great
significance for the sustainable development of rural economy and the efficient use of re-
sources. Therefore, it is an urgent need to innovate land management policies and regula-
tions by controlling recessive morphology changes of land use, and to explore a new land
use transition mode combined with multifunctional agriculture to promote rural vitalization.

7 Conclusions

With the in-depth research of land use transitions, the concept and connotations of land use
morphology were further developed and expanded as two kinds, i.e., dominant morphology
and recessive morphology. The dominant land use morphology refers to the quantity, struc-
ture and spatial pattern of land use, and the recessive land use morphology includes the land
use features in the aspects of quality, property rights, management mode, fixed input, pro-
ductive ability and function, etc. Accordingly, the concept of land use transition may be fur-
ther developed as the changes in land use morphologies, including dominant morphology
and recessive morphology, of a certain region over a certain period of time driven by so-
cio-economic change and innovation, and it usually corresponds to the transformation of the
socio-economic development stage.

Accordingly, the theoretical model of regional land use transitions is established as fol-
lows: with the economic and social development, transformations between different land use
types during a certain period of time cause the change of the conflicts resulted from changed
regional land use morphology pattern from strong to weak, i.e., a trend towards coordination;
these transformations will lead to a new balance of regional land use morphology pattern
consisting of different land use types which reflect the development trend of corresponding
economic departments, respectively, and finally realize the qualitative transformation of ur-
ban-rural land use system.

The extension of land use morphology brings about opportunities and challenges as the
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qualitative aspect of land use transitions is reflected by the changes of recessive land use
morphology, especially the changes of functions of land use system driven by the compre-
hensive variations in the aspects of quality, property rights, management mode, input and
output of land use, which is difficult to be measured or represented. As such, this paper puts
forward three innovative integrated approaches to study land use transitions, i.e., multidisci-
plinary research framework for recessive land use transition, transect research method, and
horizontal comparison research method.

With the introduction of land use transition research into China, related researches com-
bining land use transitions with the sustainability of rural China have been carried out ex-
tensively, which enrich the knowledge of land system science. The research fields majorly
focus on farmland transition, rural housing land transition and their relationships with rural
restructuring under the context of urbanization, industrialization and rural vitalization, which
adapt the concept of land use transition derived from western literature to the situations and
experiences in China.
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