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  1. CONTEXT AND OBJECTIVE 

◊ Context: agricultural lands provide 99% of the global food production (Prăvălie et al., 2021a; Halpern et al., 2022), thus currently having an astonishing contribution to the world's food security; however, the progressive and multidimensional degradation of arable lands (the most important agricultural 
systems by far) has become a major environmental challenge for world food security (Cherlet et al., 2018; Sartori et al., 2019) and, generally, for other critical land (soil) functions and ecosystem services, such as carbon sequestration, climate regulation, water purification, nutrient cycling and others 
(Greiner et al., 2017; Baveye et al., 2020); the collapse of land functions is all the more intense as land degradation (LD) occurs through multiple concurrent processes, a state called land multi-degradation (Prăvălie et al., 2024) that is not well understood at the level of global arable systems. 

◊ Objective: exploring arable land multi-degradation by analyzing the geospatial convergence (incidence) of five major processes in global arable environments.  

  2. DATA AND METHODS 

○ 2.1 Selection of land degradation data:  

    five LD processes were selected, from a wide spectrum of potential processes (Fig. 1) (Prăvălie, 2021), for modelling 
arable land multi-degradation across the globe; 

    the selection of processes was made according to certain relevant criteria, such as global spatial footprint, data availability 
or impact on arable systems (Prăvălie et al., 2021a). 

4. CONCLUSIONS 

◊ global arable systems – under the pressure of various LD processes, which were addressed simultaneously in this research; 

◊ aridity – the largest singular pressure for agricultural systems, affecting ~40% of global arable lands; 

◊ soil erosion – another major degradation process, the unilateral impact of which affects ~20% of global arable systems; 

◊ the two LD processes simultaneously affect (as land multi-degradation) an additional ~7% of the arable lands of the planet.  
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○ 2.2 Arable land data:  

    derived from the MODIS MCD12Q1 Land Cover Type and modified by Borrelli et al. (2017); 

    the arable data – representative for 2012 and collected globally (Fig. 2a) from Borrelli et al. (2017). 

Fig. 1. Schematic approach to LD pathways currently occurring globally. 
Note: sections in red indicate LD pathways (processes) that were considered to 
be major in this global analysis, according to some relevant criteria like global 
spatial footprint, data availability or impact on arable systems (after Prăvălie, 
2021).  

Fig. 2. Global spatial representation of arable lands (a) and of the analyzed LD processes, i.e. aridity (AI values < 0.65 mm/mm) (data processing after Trabucco and Zomer, 2009) (b), vegetation 
decline (negative trends of biomass in areas exposed to drought conditions) (data processing after Ivits et al., 2014) (c), soil erosion by water (>10 t ha–1 yr–1) (data processing after Borrelli et al., 
2017) (d), soil salinization (Solonchaks, Solonetzs and salt-covered areas)(data processing after FAO, 2014) (e) and soil organic carbon decline (negative trends of the soil organic carbon stock) 
(data processing after Prăvălie et al., 2021b) (f). Note: while all spatial data of the 5 LD processes are displayed in these maps at the entire global scale, their incidence (co-occurrence) was analyzed strictly 
within the world’s arable land boundaries (a).  

○ 2.3 Aridity data:  

    sourced from the CGIAR Consortium for Spatial 
Information (Trabucco and Zomer, 2009) and 
downloaded as a global Aridity Index (AI) (Fig. 2b); 

    the AI (in mm/mm) – computed as a multiannual ratio 
(1950–2000) between precipitation and potential 
evapotranspiration; 

    the index defines 4 types of drylands – dry sub-humid 
(0.65–0.5 mm/mm), semi-arid (0.5–0.2 mm/mm), arid 
(0.2–0.03 mm/mm) and hyper-arid (<0.03 mm/mm); 

    aridity – both a cause and a pathway of LD, through 
constant dryness or climate-induced desertification. 

○ 2.4 Vegetation decline (degradation) data:  

    collected from a global vegetation trend database, 
produced for the 1982–2011 period (Ivits et al., 2014); 

    vegetation decline data – derived by correlating 
FAPAR (Fraction of Absorbed Photosynthetically 
Active Radiation) anomalies with the negative values 
of SPEI (Standardized Precipitation and Evaporation 
Index) (Ivits et al., 2016); 

    FAPAR is a reliable indicator of plant productivity, 
while SPEI is a suggestive tool of drought events; 

    the negative statistically significant trends resulting 
from the correlations indicated degradation/decline of 
crop biomass in drought-affected areas (Fig. 2c). 

○ 2.5 Soil erosion data:  

    developed via RUSLE-based model (soil erosion due to inter-rill and rill erosion) and collected from Borrelli et al. (2017); 

    water erosion data – extracted based on the threshold >10 t ha–1 yr–1, which indicates severe erosion rates (Fig. 2d). 

○ 2.6 Soil salinization data:  

    acquired from the FAO-UNESCO Soil Map of the World – Digital Soil Map of the World, 2007, version 3.6 (FAO, 2014); 

    Solonchaks, Solonetzs and salt-covered areas – extracted for highlighting soil salinization (Fig. 2e), as a major form of LD. 

○ 2.7 Soil organic carbon decline data:  

    processed using multitemporal gridded datasets (2001–2015) of soil organic carbon (SOC) stock (in kg/m2, converted to 
tons/km2) (Wheeler and Hengl, 2018) and collected from the SOC trend database developed by Prăvălie et al. (2021b); 

    SOC decline data – modelled globally based on negative statistically significant trends of SOC stock (Fig. 2f); 

    SOC losses detected – decreases in soil fertility and productivity and, implicitly, a worsening of LD. 

○ 2.8 Data processing:  

    for modelling the convergence / co-occurrence of multiple LD processes, only the critical classes (the 
colored ones in Fig. 2b-f) of the five processes were considered; 

    all LD processes (critical classes) were superimposed / intersected across arable zones (each LD 
factor having an equal contribution), using GIS (Geographic Information Systems) techniques; 

    all data were processed (in terms of the number, types and area of LD processes’ convergence in arable 
landscapes) at a common spatial resolution of 1 km; 

    the entire modelling was performed across 193 United Nations (UN) member states and three other 
states with different UN statuses (Kosovo, Palestine and Taiwan), the combined arable surfaces of 
which total ~14.2 million km2, or almost 10% of the Earth’s terrestrial area. 

  3. RESULTS 

○ 3.1 Number of spatially interacting processes across the globe:  

    the separate investigation (without a synergistic / convergent approach) of LD factors highlights 
aridity and soil erosion as dominant processes affecting global arable landscapes (Table 1); 

    the analysis of intersected processes shows multi-degradation conditions (between 2 and 5 degradative 
factors acting simultaneously) on ~17% of global arable lands (Figs. 3, 4); 

    the same intersecting procedure revealed that most of the world's arable environments (~62%) are 
affected by a single LD process (uni-degradation) (Figs. 3, 4). 

Fig. 3. Global spatial representation of the number of LD processes in arable systems. Note: in this map the value 0 indicates the absence of any 
degradation process, 1 indicates the presence of a single degradation process, and the following values indicate the simultaneous presence of 2, 3, 4 and 5 
LD processes in arable lands. 

Fig. 4. Areas (in km2 / %) covered by the number of LD processes in global arable lands. 

Note: a – percentages of absolute area of LD processes in relation to the 
global (14,234,399.4 km2) /continental (North and Central America – 
2,150,691.4 km2; South America – 1,497,907.8 km2; Europe – 1,968,805.7 
km2; Africa – 2,824,027.6 km2; Asia – 5,297,469.1 km2; Australia and 
Oceania – 495,497.8 km2) arable area; these data were extracted through 
the individual (separate) intersection of LD processes with arable areas. 

Table 1. LD processes’ extent in absolute and relative values at global 
and continental arable area.  

○ 3.2 Types of spatially interacting processes across the globe: 

    aridity (A) – the global dominant vector of arable land uni-degradation (affecting ~40% of the world's 
total arable surface) (Figs. 5, 6); 

    soil erosion (E) – also a major form (~20%) of arable uni-degradation across the planet (Figs. 5, 6); 

    A and E – the dominant pathways (~7%) of global multi-degradation of arable systems (Figs. 5, 6). 

○ 3.3 Number and types of spatially interacting processes across the world's countries: 

    India, the United States, China, Brazil, Argentina, Russia and Australia – countries most vulnerable to 
arable land uni-degradation / multi-degradation, in terms of absolute data (Figs. 7, 8); 

    African countries – generally the most affected by arable land uni-degradation / multi-degradation, in 
terms of percentages (Figs. 7, 8). 

Fig. 5. Global spatial representation of the 
types of LD processes in arable systems. Note: 
in this map one-letter acronyms indicate the 
presence of a single process, while more acronyms 
show the combinations of LD processes in    
arable lands. 

Fig. 7. Global spatial representation of absolute (a–f) and percentage-based (g–l) arable 
areas that are unaffected / affected by different numbers of occurrences of LD processes 
nationally. Note: in the case of arable lands that are unaffected by degradation processes (a, g), the 
low (red / brown) values indicate limited / non-existent areas nationally in which arable systems are 
not affected by degradation (i.e. countries that hold arable lands that are in fact affected by one or 
more degradation processes); percentage-based data featured on the figure’s right side are 
percentages of absolute LD processes area in relation to the arable state area.  

Fig. 6. Areas (in km2 / %) covered by the types of LD processes in global arable lands. 

Fig. 8. Global spatial representation of absolute (a–d) and percentage-based (e–h) arable  
areas that are affected by major types of LD processes nationally.  
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