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1. Introduction to the Special Issue—Arable Land Quality: Observation, Estimation,
Optimization, and Application

Food security is a worldwide challenge that is related to the basic human needs of
sustainable development [1]. Nearly a billion people do not regularly consume enough
calories for an active, healthy lifestyle [2]. In 2019, the IPCC pointed out that the sustainable
use of arable land plays an important role in reducing soil erosion, eliminating hunger,
and coping with climate change. This poses a daunting challenge around the world:
how to protect the stability of farmland ecosystems and meet the growing global food
demand [3–5]?

Affected by local climate conditions, landforms, soil properties, agricultural infrastruc-
ture construction levels, and socioeconomic conditions, the attributes of arable land and
its externalities present significant regional differences and diversified leading factors. To
study the characteristics of arable land, the conception of “arable land quality” has been
proposed and developed in dispute. In the last thirty years, the conception of “arable land
quality” has experienced a long-term research process, and its theoretical connotation has
been greatly enriched [6]. The conception of “arable land quality” is derived from “soil
quality,” while it goes beyond “soil quality”. “Soil quality” focuses on the function of soils
to support agricultural production and ecosystem stability [7–9], while “arable land quality”
considers both natural endowments and human activities related to arable land systems
and the concept of “Agropedogenesis” was developed [10]. Initial studies highly valued
the crop productive capacity of arable land, which makes climate conditions, landforms,
soil properties, and agricultural infrastructure core factors of arable land quality. Then, the
influence of economic development and farmland management level on arable land quality
was integrated [11–13]. Based on previous studies, the conception of “arable land quality”
has developed from farmland productivity and cultivation suitability to the coupling of
the intensive use of arable land with the healthy development of farmland ecosystems.
Du et al. [14] defined arable land quality as “the degree of arable land functions that meets
specific human needs”, which can be classified as soil quality, construction quality, space
quality, eco-environmental quality, and aesthetics and cultural quality. In conclusion, arable
land quality is driven by the interaction between the natural system, the human demand,
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and the utilization system, as well as being the comprehensive expression of farmland
ecosystem functions. It covers the various dimensions of the status of arable land (e.g., crop
output, carbon sequestration, soil property, water and soil erosion, fragmentation, intensive
use, biodiversity). Analyzing the status and change in arable land from these perspectives
should all be within the scope of this issue.

Recognizing the spatial heterogeneity of arable land quality and its regional factors
is crucial for exploring sustainable arable land use paths and policies based on trading
off the increase in arable land use intensity and the protection of farmland ecosystem
health. This is because, first, protecting high-quality arable land is of great importance
in safeguarding national food security [15,16]. For instance, the arable land productive
capacity of China obeys a significant heavy-tailed distribution: 53% of the total arable land
productive capacity of mainland China has been provided by 20% of the counties with
high arable land quality [16]. Second, developing agricultural intensification and land
consolidation is more suitable in high arable land quality areas, where the output–input
ratio tends to be higher [17,18]. Third, protecting and developing high-quality arable land
is crucial for protecting farmland ecosystem health and improving the carbon sequestration
capacity and land degradation prevention capability of arable land [19,20]. Fourth, arable
land quality should be considered when delimiting the red line for farmland protection,
optimizing the spatial distribution of arable land, and promoting conservation farming
techniques [16,21].

National governments attach great importance to protecting the arable land quality.
Since the 1960s, many countries have launched national evaluation projects of arable land
quality, and the evaluation content ranges from potential productivity to comprehensively
considering soil health, ecological stability, and crop yield [22], e.g., “Land Capability Clas-
sification” in the USA [23], “Framework for Land Evaluation” [24,25], “Land Evaluation
and Site Assessment (LESA)” [26], “Integral Land Evaluation” in Canada [27], “Framework
for evaluating sustainable land management” [28], and “The Environmental Assessment of
Soil for Monitoring Project” in the EU [29]. As a country with more than forty centuries
of agricultural history, China has carried out many national arable land quality surveys
throughout history, which date back to the seventh century BC (recorded in “The Ritual of
Zhou”). Since the late 1940s, protecting arable land quality has gradually become a core
tenet of China’s arable land protection strategy. Multiple national field-scale evaluations
of arable land quality have been launched [30]. Under the support and traction of these
practical projects, observation and monitoring techniques as well as simulation models
related to arable land quality have been steadily improved, and scientific data and prac-
tical experience have been gradually accumulated. Nevertheless, there are still various
challenges in the study of arable land quality.

2. Challenges in Studying Arable Land Quality: From Science to Policy

Challenges in studying arable land quality are mainly related to cognition of re-
gional leading factors, indicator observation and simulation techniques, and comprehen-
sive evaluation theories and methods. Exploring these issues is of great significance for
sustainable development.

First, existing spatial estimation practices of arable land quality have difficulty ac-
counting for the change process and interactions of main factors of arable land quality.
Application of statistical analysis methods (e.g., Pearson correlation index; principal com-
ponent analysis; etc.) is not enough to answer and verify questions such as “what are
the regional leading factors to arable land quality and how do they influence arable land
quality” [16]. Long-term surveys and observations at the point scale should be carried
out to explore the internal logic of leading factors of arable land quality on landscape and
regional scale in the human–environment system [31].

Second, multiscale characteristics and regional differences in arable land quality indica-
tors bring challenges to data acquisition, standardization, and evaluation. Methodological
and technical support should be provided for constructing arable land quality observation
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networks and promoting theory and innovative methods of land-computing science [32].
On the one hand, methods that fuse ground surveys and remote sensing observations
should be explored to present the spatial pattern of arable land quality indicators, espe-
cially for indicators related to agricultural infrastructure construction and management.
This is because in practice, these indicators are mainly estimated by investigators’ subjec-
tive scores [6]. Some exploratory studies provide good ideas. For instance, Li et al. [33]
proposed a new method to estimate natural soil productivity and farmland management
activities using long time series NDVI data. On the other hand, professional equipment
for data collection of arable land quality indicators should be developed, especially for
the measurement of soil life [34]. Furthermore, big data processing technology for arable
land quality data should be developed to provide higher and more stable computing
performance [35–39].

Third, arable land quality is generally estimated using the weighted average method
with the disadvantage of a smoothing effect, and the weight determination methods (e.g.,
delphi method; entropy weight method) and the index calculation method have difficulty
presenting complex nonlinear characteristics of arable land quality. In the study cases of
Kong et al. [40], Wen et al. [41], and Ma et al. [42], the theoretical logic of comprehensive
arable land quality estimation has been developed. However, methods derived from
complex systems science (e.g., complex network; chaos; emergence) and machine learning
models (e.g., self-organizing map; random forest; deep learning) should be explored for
estimating arable land quality [43,44].

Fourth, the spatial heterogeneity of arable land quality determines the crop yield,
carbon sequestration, water and soil loss, and other ecosystem functions at both the micro
and macro scales. Applications of arable land quality estimations deepen the evaluation of
farmland ecosystem services and explore sustainable arable land use paths. To achieve these
targets, the influencing mechanism of arable land quality on farmland ecosystem functions
and arable land use (e.g., marginalization; land use transitions; “non-food” phenomenon)
should be studied.

Fifth, another challenge is to propose and to implement effective arable land quality
protection policies [16]. High-level policy intervention, if done properly, can be a powerful
force for good. In order to succeed, it is crucial that adaptive policies are coordinated
with local social, environmental, economic, and cultural contexts [45]. Regionally suitable
arable land protection targets based on local natural, economic, and social conditions
should be designed, and policies related to arable land ecological protection should be
developed. Furthermore, guaranteed implementation of arable land protection policies is
difficult owing to the lack of effective payback and incentive strategies. The cost of break-
ing land management regulations is low, and effective reward strategies for outstanding
policy implementation are lacking. It must be made clear who is primarily responsible for
farmland-related damage to build competence in a department of arable land protection.

3. Major Topics in This Special Issue

This Special Issue on “Arable Land Quality: Observation, Estimation, Optimization,
and Application” is dedicated to advancing our understanding of the patterns, regional
leading factors, and influences of arable land quality. We invited case and modeling studies
as well as synthesis and theory papers that achieve the following:

1. Theories and methods for arable land quality evaluation and regional practices;
2. Observation and simulation of arable land quality indicators;
3. Spatiotemporal variation in regional arable land quality and its main factors;
4. Arable land quality, soil functions and ecosystem health;
5. Arable land quality, ecosystem services and agricultural intensification;
6. Landscape optimization considering arable land quality;
7. Applications of arable land quality in land use and restoration;
8. Paths for protecting arable land quality.



Land 2022, 11, 947 4 of 5

Author Contributions: Conceptualization, C.S., Y.K., F.C., X.K. and Z.F.; methodology, P.G.; writing—
original draft preparation, S.Y.; writing—review and editing, C.S. and S.Y.; supervision, Y.K.; project
administration, C.S.; funding acquisition, C.S. and F.C. All authors have read and agreed to the
published version of the manuscript.

Funding: This research was funded by National Natural Science Foundation of China, grant number
42171250; the second Tibetan Plateau Scientific Expedition and Research Program (STEP), grant
number 2019QZKK0608; the Strategic Priority Research Program of the Chinese Academy of Sciences,
grant number XDA23100303 and Project Supported by State Key Laboratory of Earth Surface Processes
and Resource Ecology.

Acknowledgments: S.Y. and P.G. would like to thank the high-performance computing support from
the Center for Geodata and Analysis, Faculty of Geographical Science, Beijing Normal University
[https://gda.bnu.edu.cn/, accessed on 22 September 2021]. Y.K. is grateful for the support of the
“RUDN University Strategic Academic Leadership Program.”

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Rosegrant, M.W.; Cline, S.A. Global food security: Challenges and policies. Science 2003, 302, 1917–1919. [CrossRef] [PubMed]
2. Food and Agriculture Organization (FAO). The State of Food Insecurity in the World; FAO Soil Bulletin: Rome, Italy, 2012.
3. Coyle, C.; Creamer, R.E.; Schulte, R.P.O.; O’Sullivan, L.; Jordan, P. A Functional Land Management conceptual framework under

soil drainage and land use scenarios. Environ. Sci. Policy 2016, 56, 39–48. [CrossRef]
4. Valujeva, K.; O’Sullivan, L.; Gutzler, C.; Fealy, R.; Schulte, R.P.O. The challenge of managing soil functions at multiple scales:

An optimisation study of the synergistic and antagonistic trade-offs between soil functions in Ireland. Land Use Policy 2016, 58,
335–347. [CrossRef]

5. Tilman, D.; Balzer, C.; Hill, J.; Befort, B.L. Global food demand and the sustainable intensification of agriculture. Proc. Natl. Acad.
Sci. USA 2011, 108, 20260–20264. [CrossRef]

6. Ye, S.; Song, C.; Cheng, F.; Zhang, L.; Cheng, C.; Zhang, Z.; Yang, J.; Zhu, D. Cultivated land health-productivity comprehensive
evaluation and its pilot evaluation in China. Trans. Chin. Soc. Agric. Eng. 2019, 35, 66–78. (In Chinese)

7. Parr, J.; Papendick, R.; Hornick, S.; Meyer, R. Soil quality: Attributes and relationships to alternative and sustainable agriculture.
Am. J. Altern. Agric. 1992, 7, 5–11. [CrossRef]

8. Andrews, S.; Karlen, D.; Cambardella, C. The soil management assessment framework: A quantitative soil quality evaluation
method. Soil Sci. Soc. Am. J. 2004, 68, 1945–1962. [CrossRef]

9. Drobnik, T.; Greiner, L.; Keller, A.; Gret-Regamey, A. Soil quality indicators—From soil functions to ecosystem services. Ecol.
Indic. 2018, 94, 151–169. [CrossRef]

10. Kuzyakov, Y.; Zamanian, K. Reviews and syntheses: Agropedogenesis—Humankind as the sixth soil-forming factor and attractors
of agricultural soil degradation. Biogeosciences 2019, 16, 4783–4803. [CrossRef]

11. Zhang, L.; Pu, L.; Zhou, F. Preliminary Study on Concept and Measurement of Land Quality. J. Nanjing Univ. (Nat. Sci.) 2003, 40,
378–388. (In Chinese)

12. Chen, Y.; Wang, J.; Xiao, B.; Fang, L.; Yang, R. Trends in the change of cultivated land quality of China. Chin. J. Agric. Resour. Reg.
Plan. 2011, 32, 1–5. (In Chinese)

13. Shen, R.; Chen, M.; Kong, X.; Li, Y.; Tong, Y.; Wang, J.; Li, T.; Lu, M. Conception and evaluation of quality of arable land strategies
for its management. ACTA Pedol. Sin. 2012, 49, 1210–1217.

14. Du, G.; Liu, Y.; Yu, F.; Liu, M.; Zheng, H. Evolution of concepts of cultivated land quality and recognition. Trans. Chin. Soc. Agric.
Eng. 2016, 32, 243–249.

15. Kong, X.B. China must protect high-quality arable land. Nature 2014, 506, 7486. [CrossRef] [PubMed]
16. Ye, S.; Ren, S.; Song, C.; Cheng, C.; Shen, S.; Yang, J.; Zhu, D. Spatial patterns of county-level arable land productive-capacity and

its coordination with land-use intensity in mainland China. Agric. Ecosyst. Environ. 2022, 326, 107757. [CrossRef]
17. Ye, S.; Song, C.; Shen, S.; Gao, P.; Cheng, C.; Cheng, F.; Wan, C.; Zhu, D. Spatial pattern of arable land-use intensity in China. Land

Use Policy 2020, 99, 104845. [CrossRef]
18. Erb, K.H.; Haberl, H.; Jepsen, M.R.; Kuemmerle, T.; Lindner, M.; Müller, D.; Verburg, P.H.; Reenberg, A. A conceptual framework

for analysing and measuring land-use intensity. Curr. Opin. Environ. Sust. 2013, 5, 464–470. [CrossRef]
19. Feng, Z.; Jin, X.; Chen, T.; Wu, J. Understanding trade-offs and synergies of ecosystem services to support the decision-making in

the Beijing–Tianjin–Hebei region. Land Use Policy 2021, 106, 105446. [CrossRef]
20. Liao, J.; Yu, C.; Feng, Z.; Zhao, H.; Wu, K.; Ma, X. Spatial differentiation characteristics and driving factors of agricultural

ecoefficiency in Chinese provinces from the perspective of ecosystem services. J. Clean. Prod. 2021, 288, 125466. [CrossRef]
21. Gao, P.; Wang, H.; Cushman, S.A.; Cheng, C.; Song, C.; Ye, S. Sustainable land-use optimization using NSGA-II: Theoretical and

experimental comparisons of improved algorithms. Landsc. Ecol. 2021, 36, 1877–1892. [CrossRef]

https://gda.bnu.edu.cn/
http://doi.org/10.1126/science.1092958
http://www.ncbi.nlm.nih.gov/pubmed/14671289
http://doi.org/10.1016/j.envsci.2015.10.012
http://doi.org/10.1016/j.landusepol.2016.07.028
http://doi.org/10.1073/pnas.1116437108
http://doi.org/10.1017/S0889189300004367
http://doi.org/10.2136/sssaj2004.1945
http://doi.org/10.1016/j.ecolind.2018.06.052
http://doi.org/10.5194/bg-16-4783-2019
http://doi.org/10.1038/506007a
http://www.ncbi.nlm.nih.gov/pubmed/24499883
http://doi.org/10.1016/j.agee.2021.107757
http://doi.org/10.1016/j.landusepol.2020.104845
http://doi.org/10.1016/j.cosust.2013.07.010
http://doi.org/10.1016/j.landusepol.2021.105446
http://doi.org/10.1016/j.jclepro.2020.125466
http://doi.org/10.1007/s10980-020-01051-3


Land 2022, 11, 947 5 of 5

22. Fu, B.; Zhang, L. Land-use change and ecosystem services: Concepts, methods and progress. Prog. Geogr. 2014, 33, 441–446.
(In Chinese)

23. Klingebiel, A.; Montgomery, P. Land Capability Classification; US Department of Agriculture Handbook: Washington, DC, USA,
1961; p. 210.

24. Food and Agriculture Organization (FAO). A Framework for Land Evaluation; FAO Soil Bulletin: Rome, Italy, 1976.
25. Food and Agriculture Organization (FAO). Guidelines: Land Evaluation for Irrigated Agriculture; FAO Soil Bulletin: Rome, Italy, 1985.
26. Pease, J.R.; Coughlin, R.E. Land Evaluation and Site Assessment: A Guidebook for Rating Agricultural Lands; Soil and Water

Conservation Society: Ankeny, IA, USA, 2000.
27. Smit, B.; Brklacich, M.; Dumanski, J.; Macdonald, K.B.; Miller, M.H. Integral land evaluation and its application to policy. Can. J.

Soil Sci. 1984, 64, 467–479. [CrossRef]
28. Food and Agriculture Organization (FAO). FESLM: An International Framework for Evaluating Sustainable Land Management; World

Soil Resources Report No. 73; FAO: Rome, Italy, 1993.
29. Huber, S.; Prokop, G.; Arrouays, D.; Banko, G.; Bispo, A.; Jones, R.J.A.; Kibblewhite, M.; Lexer, W.; Moller, A.; Rickson, R.J.; et al.

Environmental Assessment of Soil for Monitoring Volume I: Indicators & Criteria; Office for Official Publications of the European
Communities: Luxembourg, 2008; pp. 45–48.

30. Cheng, F.; Wang, H.; Yun, W. Study on Investigation and Assessment of Cultivated Land Quality Grade in China. China Land Sci.
2014, 28, 75–82. (In Chinese)

31. Wan, C.; Kuzyakov, Y.; Cheng, C.; Ye, S.; Gao, B.; Gao, P.; Ren, S.; Yun, W. Soil sampling design for arable land quality observation
by using SPCOSA-CLHS hybrid approach. Land Degrad. Dev. 2021, 32, 4889–4906. [CrossRef]

32. Ye, S.; Zhu, D.; Yao, X.; Zhang, N.; Fang, S.; Li, L. Development of a Highly Flexible Mobile GIS-Based System for Collecting
Arable Land Quality Data. IEEE J.-Stars. 2014, 7, 4432–4441. [CrossRef]

33. Li, Z.; Lun, F.; Liu, M.; Xiao, X.; Wang, C.; Wang, L.; Xu, Y.; Qi, W.; Sun, D. Rapid diagnosis of agricultural soil health: A novel soil
health index based on natural soil productivity and human management. J. Environ. Manag. 2021, 277, 111402. [CrossRef]

34. Kuzyakov, Y.; Subbotina, I.; Chen, H.; Bogomolova, I.; Xu, X. Black carbon decomposition and incorporation into soil microbial
biomass estimated by 14C labeling. Soil Biol. Biochem. 2009, 41, 210–219. [CrossRef]

35. Ye, S.; Liu, D.; Yao, X.; Tang, H.; Xiong, Q.; Zhuo, W.; Du, Z.; Huang, J.; Su, W.; Shen, S.; et al. RDCRMG: A Raster Dataset Clean &
Reconstitution Multi-Grid Architecture for Remote Sensing Monitoring of Vegetation Dryness. Remote Sens. 2018, 10, 1376.

36. Yao, X.C.; Mokbel, M.F.; Alarabi, L.; Eldawy, A.; Yang, J.; Yun, W.; Li, L.; Ye, S.; Zhu, D. Spatial coding-based approach for
partitioning big spatial data in Hadoop. Comput. Geosci. 2017, 106, 60–67. [CrossRef]

37. Yao, X.; Mokbel, M.; Ye, S.; Li, G.; Alarabi, L.; Eldawy, A.; Zhao, Z.; Zhao, L.; Zhu, D. LandQv2: A MapReduce-Based System for
Processing Arable Land Quality Big Data. Int. J. Geo-Inf. 2018, 7, 271. [CrossRef]

38. Ye, S.; Yan, T.; Yue, Y.; Lin, W.; Li, L.; Yao, X.; Mu, Q.; Li, Y.; Zhu, D. Developing a reversible rapid coordinate transformation
model for the cylindrical projection. Comput. Geosci. 2016, 89, 44–56. [CrossRef]

39. Wang, K.; Ye, S.; Gao, P.; Yao, X.; Zhao, Z. Optimization of Numerical Methods for Transforming UTM Plane Coordinates to
Lambert Plane Coordinates. Remote Sens. 2022, 14, 2056. [CrossRef]

40. Kong, X.; Liu, L.; Qin, J. Arable Land Evaluation Based on the Household Land Use Behavior in Daxing District of Beijing. Acta
Geogr. Sin. 2008, 8, 856–868. (In Chinese)

41. Wen, L.; Kong, X.; Zhang, B.; Sun, X.; Xin, Y.; Zhang, Q. Construction and application of arable land quality evaluation system
based on sustainable development demand. Trans. Chin. Soc. Agric. Eng. 2019, 35, 234–242. (In Chinese)

42. Ma, R.M.; Ma, R.H.; Han, D.M.; Yun, W.J. Construction of cultivated land quality evaluation system in provincial level based on
multilevel indicators. Trans. CSAE 2018, 34, 249–257. (In Chinese)

43. Song, C.; Cheng, C.; Shi, P. Geography complexity: New connotations of geography in the new era. Acta Geogr. Sin. 2018, 73,
1204–1213. (In Chinese)

44. Ye, S.; Song, C.; Gao, P.; Liu, C.; Cheng, C. Visualizing clustering characteristics of multidimensional arable land quality indexes
at the county level in mainland China. Environ. Plan. A: Econ. Space 2022, 54, 222–225. [CrossRef]

45. Liu, Y.; Li, J.; Yang, Y. Strategic adjustment of land use policy under the economic transformation. Land Use Policy 2018, 74, 5–14.
[CrossRef]

http://doi.org/10.4141/cjss84-049
http://doi.org/10.1002/ldr.4077
http://doi.org/10.1109/JSTARS.2014.2320635
http://doi.org/10.1016/j.jenvman.2020.111402
http://doi.org/10.1016/j.soilbio.2008.10.016
http://doi.org/10.1016/j.cageo.2017.05.014
http://doi.org/10.3390/ijgi7070271
http://doi.org/10.1016/j.cageo.2016.01.007
http://doi.org/10.3390/rs14092056
http://doi.org/10.1177/0308518X211062232
http://doi.org/10.1016/j.landusepol.2017.07.005

	Introduction to the Special Issue—Arable Land Quality: Observation, Estimation, Optimization, and Application 
	Challenges in Studying Arable Land Quality: From Science to Policy 
	Major Topics in This Special Issue 
	References

