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Abstract

The sustainable intensive use of cultivated land(SIUCL) is a strategic demand to change
theway of agricultural development and promote the construction of ecological
civilization. The comparative analysis of different scales and the scale transformation,
extension and integration has an important influence on the sustainable and intensive
use of cultivated land. This paper summarizes the construction principles of the
evaluation system, and combs the evaluation of cultivated land intensive use at different
spatial scales. The results show that (1) The studies on the intensive use of cultivated
land at the macro-scale are the most which mainly include provinces, urban
agglomerations, watersheds, economic zones, etc.. The evaluation system of intensive
use of cultivated land at the macro-scale has gradually expanded from the evaluation of
input intensity and output benefit to the evaluation of input intensity, output benefit,
utilization degree and sustainability status. (2) The studies on the intensive use of
cultivated land at the median-scale are mainly include small and medium-sized cities,
counties, etc.. The evaluation indexes of intensive use of cultivated land at the median-
scale includes input intensity, output effect, utilization level and sustainable utilization
status, which is consistent with macro-scale studies. But all the indicators are more
comprehensive. (3) The studies on the intensive use of cultivated land at the micro-scale
are mainly include towns, villages, farmers, plots, etc.. Among them, in the evaluation
system of cultivated land intensive use at the farmer scale, the selection of indicators is
very different from that of macro-scale and median-scale studies. Most of the data come
from farmer interviews, questionnaires, etc.
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1. Introduction

Cultivated land resources are a scarce resource that human beings rely on for survival from a
food security perspective. In recent years, China has resolutely implemented the strictest
cultivated land protection system. However, due to the deterioration of the global environment,
the accelerating pace of national urbanization and ecological protection policies, there are some
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problems in cultivated land resources in China, such as the decrease of quantity, the decrease
of quality and the loss of cultivability[1]. As a result, the reserve resources of cultivated land
are obviously insufficient, and food security and farmers' rights and interests are difficult to
guarantee. However, improving the comprehensive utilization efficiency of cultivated land can
be an effective way to solve this dilemma|[2], which is an inevitable choice for human beings to
use land under the pressure of social and economic development, land area constraints,
population growth and technological progress. The evaluation of sustainable intensive use of
cultivated land is to improve the output capacity of cultivated land under the action of human
beings, which provides scientific support for policies such as spatial planning, rural
revitalization, cultivated land protection.

Intensive use of cultivated land is the most efficient way of cultivated land use.The classical
theory holds that the intensive use of land is to concentrate on a certain area of land, invest
more means of production and living labor, use advanced technology and management
methods, and obtain high output and income[3]. The intensive use of cultivated land evolved
from the intensive use of land, and was divided into capital-intensive, labor-intensive, and
technology-intensive according to the type of input of production factors[4]. At present,
scholars have gradually constructed a relatively complete research system of intensive use of
cultivated land[5]. As a decision-making orientation, the evaluation index system of cultivated
land intensive use should not only reflect the leading idea of coordinated development of
ecology, economy and society with land and cultivated land as spatial carriers, but also make
each index the most sensitive, most convenient to measure and most abundant in the multiple
indicators of the evaluation system of cultivated land intensive use in the region.The evaluation
index should be able to directly or indirectly reflect the efficient and intensive nature of
cultivated land, and should be effective and reasonable. In recent years, the government has
introduced a series of policies and measures, including transforming agricultural production
and resource utilization to promote the development of green agriculture[6]. Therefore, there
is an urgent need to determine how to minimize the negative environmental impacts of
intensification while ensuring the sustainable development of agro-ecosystems in order to
achieve sustainable cropland use.

2. Principles of evaluation system construction

2.1. Comprehensiveness and Representativeness

The intensive use of cultivated land involves population, economy, land, resources,
environment and so on. The construction of the evaluation system should select the indicators
that are targeted, representative, conform to the connotation characteristics of the intensive
use of cultivated land and can objectively reflect the level of each subsystem, and reasonably
determine the number of selected indicators from a comprehensive perspective.

2.2. Totality and Systematics

The evaluation of the intensive use of cultivated land is a more complex systematic project.
According to the theory of system, the evaluation system should comprehensively analyze
many factors affecting cultivated land, such as economic, social, and ecological environment,
and should comprehensively and systematically reflect all aspects of the degree of intensive use
of cultivated land. Each subsystem should promote and coordinate with each other to form a
hierarchical whole and serve the whole system together.

2.3. Scientificity and Operability

Scientificity refers to the scientific theoretical basis in the selection of evaluation index. Each
index should be clearly defined, and fully reflect the operating mechanism of intensive use of
cultivated land. Moreover, the source of data should be objective and accurate, and the methods
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of processing data are scientific. At the same time, it is also necessary to pay attention to
whether the selected indicators are operable, which can comprehensively describe the
characteristics of intensive use of cultivated land and minimize indirect factors.

2.4. Regionality and Dynamics

There are differences in the natural conditions, resource conditions, and social and economic
development levels of different regions.Therefore, it is necessary to take into account the unity
of universal suitability and indicators reflecting regional differences when selecting evaluation
indicators.The dynamics of cultivated land use shows that the use of cultivated land changes
with time. The intensive use of cultivated land is the arrangement and allocation of land use
structure in time and space. The speed of social and economic development and the degree of
urbanization have a certain impact on the level of intensive use of cultivated land. Therefore,
the selection of evaluation index should follow the principle of dynamics.

2.5. Independence and Typicality

The evaluation indicators of cultivated land intensive use often overlap with each other.
Therefore, more attention should be paid to the selection of independent indicators when
selecting indicators, so as to make the evaluation results more accurate and scientific. Moreover,
the intensive use of cultivated land is affected by the quality, distribution structure, utilization
characteristics, technical means, and social and economic development of cultivated land.
Therefore, the selection of indicators should be typical, and can express the main aspects of
each influencing factor.

3. Selection of evaluation system index

The comparative analysis of different scales and the scale transformation, extension and
integration has an important influence on the sustainable and intensive use of cultivated land.
The spatial scale of sustainable intensive use of cultivated land can be divided into three levels :
macro scale ( national, provincial, urban agglomeration, watershed, large area, etc. ), medium
scale ( small and medium-sized cities, counties, etc. ) and micro scale ( towns, villages, farmers,
plots, etc. ).Based on the theoretical framework of different scales, the analysis results of
cultivated land intensive use have certain differences. The study of macro-scale has advantages
in grasping the trend of sustainable and intensive use of cultivated land as a whole. However,
the medium scale is more specific and more operable. Therefore, the choice of analytical scale
plays an important role in the construction of analytical framework. Most of the micro-scale
studies take farmer households or specific plots as the analysis unit to observe the sustainable
intensive use of cultivated land and analyze its influencing factors, which is more specific[8]. At
present, a large number of case studies have emerged in Imacro scale such as provincial scale,
urban agglomeration, river basin and economic zone. It is easier to grasp the trend and
mechanism of cultivated land intensive use at the medium scale than at the macro scale, and
the studies are more abundant, which are distributed throughout the country, especially in the
eastern and central regions.

In addition, the research on intensive use of cultivated land at different scales is interrelated
and has certain regional spatial characteristics[9]. The process of cultivated land use at the
micro scale is often constrained by the process at the large scale. The large-scale process is the
result of the accumulation of many micro-scale cultivated land use interactions. The
characteristics of farmer scale can be moved up, and at the scale of plots, villages, and towns,
the overall consistency characteristics of farmers ' land use are generated|[10]. According to the
existing literature, although many studies have discussed the intensive use of cultivated land
from different spatial scales, the selection of appropriate scales, the selection of indicators to
adapt to scale characteristics, the comparative analysis between different scales, and the
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problem of scale transformation have not attracted enough attention.In particular, the research
on the intensive use of cultivated land in different agricultural zones and their comparability
have not been well solved.

3.1. Selection of evaluation system index at macro-scale

We summarize the macro-scale evaluation studies on cultivated land intensive use in provinces,
urban agglomerations, river basins, and economic zones, and find that compared with the
medium-scale and micro-scale studies, macro-scale cultivated land intensive use research is the
most. The evaluation system of intensive use of cultivated land at the macro-scale has gradually
expanded from the evaluation of input intensity and output benefit to the evaluation of input
intensity, output benefit, utilization degree and sustainability status. The data are mainly
derived from social and economic data. The research has gradually shifted from focusing on the
evaluation of economic benefits of cultivated land use to focusing on the evaluation of
sustainable use of cultivated land. With the upgrading of dietary structure and the
improvement of consumption level in China, the diversified demand of agricultural products
for urban and rural residents is highlighted. Food safety, environmental health and landscape
leisure have become the focus of urban and rural residents ' demand. The situation that the
ecological service value of cultivated land is lower than the price of agricultural products has
gradually weakened. As a result, farmers rationally input biochemicals according to the
characteristics of cultivated land and crops, and ecological agriculture and modern agriculture
have developed rapidly, and ecotourism and leisure tourism have become the main sources of
cultivated land value realization. Cultivated land use has changed from the traditional
cultivated land use of ' high input, high consumption and high pollution ' to the green
development cultivated land use of ' resource conservation, environmental friendliness,
ecological balance, and coordinated development with the environment .

3.2. Selection of evaluation system index at medium-scale

The studies on the intensive use of cultivated land at the median-scale are mainly include small
and medium-sized cities, counties, etc.. The evaluation indexes of intensive use of cultivated
land at the median-scale includes input intensity, output effect, utilization level and sustainable
utilization status, which is consistent with macro-scale studies. But all the indicators are more
comprehensive.For example, in terms of input intensity, in addition to chemical fertilizers, labor,
and mechanical inputs, various indicators such as plastic film, pesticides, and electricity
consumption have also been added. In terms of sustainability status, a stable yield index has
been added, and the impact of the disaster situation of cultivated land on the intensive use of
cultivated land has been considered.

3.3. Selection of evaluation system index at micro-scale

The studies on the intensive use of cultivated land at the micro-scale are mainly include towns,
villages, farmers, plots, etc.. The evaluation indexes of intensive use of cultivated land at the
micro-scale includes input intensity, output effect, utilization level and sustainable utilization
status, which is consistent with macro-scale and median-scale studies. Among them, in the
evaluation system of cultivated land intensive use at the farmer scale, the selection of indicators
is very different from that of macro-scale and median-scale studies. Most of the data come from
farmer interviews, questionnaires, etc.

4. Conclusion

The main conclusions are as follows :

(1) The studies on the intensive use of cultivated land at the macro-scale are the most which
mainly include provinces, urban agglomerations, watersheds, economic zones, etc.. The
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evaluation system of intensive use of cultivated land at the macro-scale has gradually expanded
from the evaluation of input intensity and output benefit to the evaluation of input intensity,
output benefit, utilization degree and sustainability status.

(2) The studies on the intensive use of cultivated land at the median-scale are mainly include
small and medium-sized cities, counties, etc.. The evaluation indexes of intensive use of
cultivated land at the median-scale includes input intensity, output effect, utilization level and
sustainable utilization status, which is consistent with macro-scale studies. But all the
indicators are more comprehensive.

(3) The studies on the intensive use of cultivated land at the micro-scale are mainly include
towns, villages, farmers, plots, etc.. Among them, in the evaluation system of cultivated land
intensive use at the farmer scale, the selection of indicators is very different from that of macro-
scale and median-scale studies. Most of the data come from farmer interviews, questionnaires,
etc.
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