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Increases in human population and per-capita consumption are putting enormous pressure
on land resources. About 38% of the Earth’s land area is being used in agricultural production [1],
with about half (ca. 31%) of the remaining land being under forest cover [2] and the other half being less
suitable for agricultural production due to edaphic, topographic and/or climatic factors. Despite the
fact that over the last three decades the world food production has doubled [3], about 1 in 9 people
in the world is still undernourished [4]. This poses the global challenge of increasing food security
without exacerbating serious environmental problems, such as loss of biodiversity [5], greenhouse
gas emissions [6], soil degradation [7], and alteration of hydrological cycles [8], among many others.
While these issues are of global relevance, we recognize that they are local in nature since their effects
are felt locally, while the actions on the land are performed by local actors whose decisions are driven
not only by global [9,10], but also by regional [11] and local [12] forces.

Given the great heterogeneity of sociocultural, economic and ecological conditions, it is quite
challenging to develop sound theoretical propositions, to identify appropriate empirical approaches
for testing them, and to synthesize across the myriad actions on the land, the factors influencing them,
and their individual and aggregate consequences. The maturing science of land change [13,14] has
emerged to provide such a foundation, and the undertaking is central to the mandate of the Global
Land Programme (GLP), which continues a long tradition of producing generalized knowledge on
land change [15]. The papers presented in this Special Issue arose from a symposium organized at the
GLP’s 3rd Open Science Meeting in Beijing, reporting mainly on projects supported by the Belmont
Forum call on Food Security and Land Use Change, and organized by the GLP North American Nodal
Office. Normally, as editors, we would seek to provide some level of synthesis from the findings
presented herein, as a contribution to the effort to generate generalized knowledge. However, we find
ourselves hampered in this endeavor by two issues that are emblematic of the land change field as
a whole.

First, while the Special Issue consists of a very small sample of the rapidly growing literature on
land change, the contributions nevertheless address a wide array of land systems and focal processes,
including agricultural intensification through the lens of telecoupling [16], the socioeconomic impacts
of increasing production of a single crop commodity [17], spatial co-occurrence of food insecurity and
biodiversity [18], increasing food security through the use of conservation agriculture [19], assessing
whether food production can meet future needs [20,21], and developing strategies for modeling
land use, food production and trade [22]. Furthermore, the studies address these issues across
several continents (i.e., South America, Europe and Asia) and concern varying agricultural systems
(i.e., focusing on the production of vegetables or grains, with the latter destined either for direct human
consumption or for livestock production).
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The second main issue hampering synthesis concerns the conceptual foundations of land change
studies, specifically the ways in which key concepts are defined and employed. This includes not only
the terms used to describe the contexts in which changes occur, or the causal factors and consequences
of those changes, but even the core concepts of land use and land cover. While ‘land’ arguably
constitutes a universal construct, with a stable, uncontroversial meaning across disciplines and cultures,
the compound forms ‘land use’ and ‘land cover’ are too often conflated [23,24] despite a long and well
established distinction between them [25–27].

These terms convey a large range of understandings not only among land change scientists
and modelers, but also among different land change actors. While the more inclusive term
‘land change’ does obviate the quite ungainly ‘land use and land cover’ terminology, it arguably
exacerbates the conflation of these quite different, yet intimately related, concepts. Meanwhile,
other compound forms (which often constitute the central object of inquiry) are understood and
utilized in different ways, for different purposes and in an inconsistent manner. These include
a range of descriptive land-related categories associated with use (e.g., food production landscapes),
change (e.g., landscape change, landscape transformation, land degradation, land cover conversion),
ownership (e.g., land holding, land allocation, land speculation, land expropriation), and quality
(e.g., land suitability, land degradation).

The lack of a unified conceptual framework has consequences beyond the maturation of a scientific
discipline, as it also has legal, social and ethical connotations. Thus, as land change scientists, it is
imperative that we develop a clear and unified conceptual framework that formalizes our analysis
of the changes in the land surface, its drivers, and its consequences. A more formal, thoughtful,
clear and—perhaps more important—systematic use of land-related concepts will allow not only better
comparisons and syntheses, but also a clearer identification and implementation of policy prescriptions
that improve both human livelihoods and environmental outcomes. We, therefore, conclude with
a plea for such a conceptual formalization.

Acknowledgments: The Special Issue was compiled with the support of NSF Grant #1531086 “Belmont Forum
Collaborative Research: Food Security and Land Use: The Telecoupling Challenge” and intramural support
from Michigan State University AgBioResearch. The work contributes to the Global Land Programme
(http://glp.earth).

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

References

1. Food and Agriculture Organization of the United Nations (FAO). Food Balance Sheets. Available online:
http://www.fao.org/faostat/en/#data/FBS:2017 (accessed on 30 March 2018).

2. Keenan, R.J.; Reams, G.A.; Achard, F.; de Freitas, J.V.; Grainger, A.; Lindquist, E. Dynamics of global forest
area: Results from the FAO Global Forest Resources Assessment 2015. For. Ecol. Manag. 2015, 352, 9–20.
[CrossRef]

3. Food and Agriculture Organization of the United Nations (FAO)—FAOSTAT. Crops and Livestock
Products—Detailed Trade Data. Available online: http://faostat.fao.org/site/535/default.aspx#ancor
(accessed on 30 March 2018).

4. Food and Agriculture Organization of the United Nations (FAO); International Fund for Agricultural
Development (IFAD); World Food Programme (WFP). The State of Food Insecurity in the World 2015:
Meeting the 2015 International Hunger Targets: Taking Stock of Uneven Progress, 2015. Available online:
http://www.fao.org/3/a-i4646e.pdf (accessed on 30 March 2018).

5. Newbold, T.; Hudson, L.N.; Hill, S.L.; Contu, S.; Lysenko, I.; Senior, R.A.; Börger, L.; Bennett, D.J.; Choimes, A.;
Collen, B.; et al. Global effects of land use on local terrestrial biodiversity. Nature 2015, 520, 45–50. [CrossRef]
[PubMed]

6. Tubiello, F.N.; Salvatore, M.; Ferrara, A.F.; House, J.; Federici, S.; Rossi, S.; Biancalani, R.; Condor Golec, R.D.;
Jacobs, H.; Flammini, A.; et al. The contribution of agriculture, forestry and other land use activities to global
warming, 1990–2012. Glob.Chang. Biol. 2015, 21, 2655–2660. [CrossRef] [PubMed]

http://glp.earth
http://www.fao.org/faostat/en/#data/FBS: 2017
http://dx.doi.org/10.1016/j.foreco.2015.06.014
http://faostat.fao.org/site/535/default.aspx#ancor
http://www.fao.org/3/a-i4646e.pdf
http://dx.doi.org/10.1038/nature14324
http://www.ncbi.nlm.nih.gov/pubmed/25832402
http://dx.doi.org/10.1111/gcb.12865
http://www.ncbi.nlm.nih.gov/pubmed/25580828


Land 2018, 7, 53 3 of 3

7. Smith, P.; House, J.I.; Bustamante, M.; Sobocká, J.; Harper, R.; Pan, G.; West, P.C.; Clark, J.M.; Adhya, T.;
Rumpel, C.; et al. Global change pressures on soils from land use and management. Glob. Chang. Biol. 2016,
22, 1008–1028. [CrossRef] [PubMed]

8. Schlesinger, W.H.; Jasechko, S. Transpiration in the global water cycle. Agric. For. Meteorol. 2014, 189, 115–117.
[CrossRef]

9. Lambin, E.F.; Meyfroidt, P. Global land use change, economic globalization, and the looming land scarcity.
Proc. Natl. Acad. Sci. USA 2011, 108, 3465–3472. [CrossRef] [PubMed]

10. Robertson, G.P.; Swinton, S.M. Reconciling agricultural productivity and environmental integrity: A grand
challenge for agriculture. Front. Ecol. Environ. 2005, 3, 38–46. [CrossRef]

11. Van Vliet, J.; de Groot, H.L.; Rietveld, P.; Verburg, P.H. Manifestations and underlying drivers of agricultural
land use change in Europe. Landsc. Urban Plan. 2015, 133, 24–36. [CrossRef]

12. McCusker, B.; Carr, E.R. The co-production of livelihoods and land use change: Case studies from South
Africa and Ghana. Geoforum 2006, 37, 790–804. [CrossRef]

13. Turner, B.L.; Lambin, E.F.; Reenberg, A. The emergence of land change science for global environmental
change and sustainability. Proc. Natl. Acad. Sci. USA 2007, 104, 20666–20671. [CrossRef] [PubMed]

14. Rindfuss, R.R.; Walsh, S.J.; Turner, B.; Fox, J.; Mishra, V. Developing a science of land change: Challenges
and methodological issues. Proc. Natl. Acad. Sci. USA 2004, 101, 13976–13981. [CrossRef] [PubMed]

15. Lambin, E.F.; Geist, H.J. Land-Use and Land-Cover Change; Springer: Berlin/Heidelberg, Germany, 2006.
16. Silva, R.F.B.D.; Batistella, M.; Dou, Y.; Moran, E.; Torres, S.M.; Liu, J. The Sino-Brazilian telecoupled soybean

system and cascading effects for the exporting country. Land 2017, 6, 53. [CrossRef]
17. Martinelli, L.A.; Batistella, M.; Silva, R.F.B.D.; Moran, E. Soy Expansion and Socioeconomic Development in

Municipalities of Brazil. Land 2017, 6, 62. [CrossRef]
18. Molotoks, A.; Kuhnert, M.; Dawson, T.P.; Smith, P. Global Hotspots of Conflict Risk between Food Security

and Biodiversity Conservation. Land 2017, 6, 67. [CrossRef]
19. Chan, C.; Sipes, B.; Ayman, A.; Zhang, X.; LaPorte, P.; Fernandes, F.; Pradhan, A.; Chan-Dentoni, J.; Roul, P.

Efficiency of Conservation Agriculture Production Systems for Smallholders in Rain-Fed Uplands of India:
A Transformative Approach to Food Security. Land 2017, 6, 58. [CrossRef]

20. Nolasco, C.L.; Soler, L.S.; Freitas, M.W.; Lahsen, M.; Ometto, J.P. Scenarios of Vegetable
Demand vs. Production in Brazil: The Links between Nutritional Security and Small Farming. Land
2017, 6, 49. [CrossRef]

21. Yawson, D.O.; Mulholland, B.J.; Ball, T.; Adu, M.O.; Mohan, S.; White, P.J. Effect of Climate and Agricultural
Land Use Changes on UK Feed Barley Production and Food Security to the 2050s. Land 2017, 6, 74. [CrossRef]

22. Millington, J.D.; Xiong, H.; Peterson, S.; Woods, J. Integrating Modelling Approaches for Understanding
Telecoupling: Global Food Trade and Local Land Use. Land 2017, 6, 56. [CrossRef]

23. Veldkamp, A.; Verburg, P.H. Modelling land use change and environmental impact. J. Environ. Manag. 2004,
72, 1–3. [CrossRef] [PubMed]

24. Fisher, P.; Comber, A.J.; Wadsworth, R. Land use and land cover: Contradiction or complement.
In Re-Presenting GIS; John Wiley & Sons: Chichester, UK, 2005; pp. 85–98.

25. Turner, B.; Meyer, W.B. Land use and land cover in global environmental change: Considerations for study.
Int. Soc. Sci. J. 1991, 43, 669–679.

26. Meyer, W.B.; Turner, B.L., II. Changes in Land Use and Land Cover: A Global Perspective; Cambridge University
Press: Cambridge, UK, 1994.

27. McConnell, W.J. Land Change: The Merger of Land Cover and Land use Dynamics. In International
Encyclopedia of the Social & Behavioral Sciences, 2nd ed.; Wright, J.D., Ed.; Elsevier: Oxford, UK, 2015;
pp. 220–223.

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1111/gcb.13068
http://www.ncbi.nlm.nih.gov/pubmed/26301476
http://dx.doi.org/10.1016/j.agrformet.2014.01.011
http://dx.doi.org/10.1073/pnas.1100480108
http://www.ncbi.nlm.nih.gov/pubmed/21321211
http://dx.doi.org/10.1890/1540-9295(2005)003[0038:RAPAEI]2.0.CO;2
http://dx.doi.org/10.1016/j.landurbplan.2014.09.001
http://dx.doi.org/10.1016/j.geoforum.2005.09.007
http://dx.doi.org/10.1073/pnas.0704119104
http://www.ncbi.nlm.nih.gov/pubmed/18093934
http://dx.doi.org/10.1073/pnas.0401545101
http://www.ncbi.nlm.nih.gov/pubmed/15383671
http://dx.doi.org/10.3390/land6030053
http://dx.doi.org/10.3390/land6030062
http://dx.doi.org/10.3390/land6040067
http://dx.doi.org/10.3390/land6030058
http://dx.doi.org/10.3390/land6030049
http://dx.doi.org/10.3390/land6040074
http://dx.doi.org/10.3390/land6030056
http://dx.doi.org/10.1016/j.jenvman.2004.04.004
http://www.ncbi.nlm.nih.gov/pubmed/15246569
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	References

