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Abstract: Land degradation is perceived worldwide as a key process of resource depletion,
representing a paradigmatic issue in national and supra-national political agendas for the 21st century
in both advanced and emerging economies. Trying to delineate a ‘new lexicon of land degradation’,
the present study contributes to a holistic thinking of driving forces in local communities and regional
contexts through a refined analysis and discussion of (apparent and latent) factors of land degradation.
Rethinking the importance of five notions (time, space, scale, systems, and response) having an intimate
linkage with land degradation allows a refined understanding of socio-environmental dynamics
and the most appropriate actions to combat (or mitigate) land resource depletion. The conclusions
summarize the rationale proposed in this work, and provide a brief outlook on future research
addressing land degradation, its drivers and consequences.

Keywords: process; space; time; system; governance

1. Introduction

Becoming progressively more volatile and less predictable over time and space, ecosystem
dynamics in both advanced economies and emerging countries reflect a clear on-site operational
dimension [1–5]. Although with sometime important off-site effects, the ‘risk’ dimensions (biological,
technological, economic) associated with ecosystem dynamics are intrinsically and intimately related
with theoretical notions and complex empirical issues such as scale, processes, gradients, sustainability,
resilience, and governance. These issues are often considered hegemonic concepts in social science [6–9]
and form the necessary base for a comprehensive investigation of multifaceted biophysical and
socioeconomic contexts [10–12]. By reflecting complex ecosystem dynamics characterized by multiple
dimensions of ecological risk, land degradation is a basic process of natural resource deterioration
becoming a particularly important issue in country and supra-national political agendas for the 21st
century [13–15]. Defined as a long-term decline in soil productivity, land quality and ecosystem
functioning, land degradation processes seem to expand rapidly at the global scale, especially in the dry
lands of some African and Asian countries, in Latin America, and in Mediterranean-type ecosystems;
in many cases, ecosystems in non-arid (or even non-dry) areas are demonstrated to be affected as
well [16]. According to FAO data [17], nearly 30 per cent of forest land, 20 per cent of cropland and
10 per cent of pastures have undergone land/soil degradation in recent times.

Sustainability 2020, 12, 4285; doi:10.3390/su12104285 www.mdpi.com/journal/sustainability

http://www.mdpi.com/journal/sustainability
http://www.mdpi.com
https://orcid.org/0000-0003-0349-781X
https://orcid.org/0000-0002-2568-6411
http://www.mdpi.com/2071-1050/12/10/4285?type=check_update&version=1
http://dx.doi.org/10.3390/su12104285
http://www.mdpi.com/journal/sustainability


Sustainability 2020, 12, 4285 2 of 19

Land Degradation—intended as a reversible process—is conceptually split from the notion of
desertification risk [18], defined as a peculiar form of land deterioration that implies the irreversible loss
of capability for a sustainable crop production. United Nation Convention to combat Desertification [18]
defined desertification as a ‘land degradation in arid, semi-arid and dry sub-humid areas resulting from
various factors, including climatic variations and human activities’. In these regards, land degradation
is perceived as a major threat causing a long-term decline in soil productivity, weakening socioeconomic
sustainability and exposing land to a higher risk of desertification [19–22]. In advanced economies,
land degradation has become a particularly serious issue, and continuous trends toward soil depletion
and desertification in well-known hotspots are exemplificative in this direction for the intrinsic
linkage between climate change and rising anthropogenic pressures [23–26]. In these countries, land
degradation is a particularly vivid example of the mutual interaction among ecological and socioeconomic
systems [27–30], intrinsically shaped by the interplay of proximate causes and underlying factors [31–33].

At the same time, land degradation implies more general processes of ecosystem depletion— not
restricted to soil ecological damage—involving the (more or less rapid) deterioration of other two
environmental components (namely vegetation and water), whose assessment should be regarded as a
part of more ambitious early-warning system of land degradation monitoring. According to FAO [34],
the concept of land is more extensively formulated as "a delineable area of the Earth’s terrestrial surface,
encompassing all attributes of the biosphere immediately above or below this surface, including those
of the near-surface climate, the soil and terrain forms, the surface hydrology (including shallow lakes,
rivers, marshes and swamps), the near-surface sedimentary layers and associated groundwater reserve,
the plant and animal populations, the human settlement pattern and physical results of past and
present human activities". Consequently, Henry et al. [35] provide a more holistic definition of land as
a "terrestrial system that comprises the natural resources (soil, near surface air, vegetation and other
biota, and water), the ecological processes, topography, and human settlements and infrastructure
that operate within that system". Holistic approaches to land degradation are clearly grounded on
extensive definitions of land, going beyond the strict boundary of the ‘soil depletion’ issue [36–38].

Recent works (re)discuss the importance of some key words when providing an interpretative
framework to multiple processes of land degradation worldwide [39]. A new lexicon—with both
theoretical value and practical application—will contribute to (re)frame a global issue such as
land degradation, one of the most relevant ecosystem disturbance in recent times, revealing
the pressing need to integrate the characteristic dimensions of change into a unique analysis’
framework [40]. Under conditions of increasing uncertainty and risk for ecosystems’ functioning
worldwide [41], the present contribution emphasizes the appropriateness of a refined understanding
of multidimensional ecological dimensions through formulation of an interpretative framework
grounded on five basic notions (time, space, scale, system, response), that can be integrated for a better
representation of ecosystem functioning [42].

This approach contributes to a re-thinking of key dimensions of change in socioeconomic contexts
experiencing land degradation [43–45]. More specifically, this study emphasizes the following issues
in the next sections: (i) considering together ecological and socioeconomic dimensions leading to
different forms of land degradation over both time and space, (ii) providing a refined understanding
of the consequences of socioeconomic change in open systems, depending on the observation scale
and, finally, (iii) proposing a more comprehensive investigation of the potential response that societies
may implement in order to mitigate land degradation [46]. Building on a new lexicon of land
degradation based on a philosophical and operational revision of few basic concepts [47], our paper
concludes with a summary outlook on future research dealing with land degradation in contemporary
socioeconomic systems.

2. Time: Ecological Processes and Environmental Spirals

While impacting soil fertility, land degradation involves ecological and economic processes that
characterize the ecosystem at different temporal scales [48]. This assumption implies that (global
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and regional) socioeconomic processes can be seen as relevant drivers of land degradation [49–51].
Ecological complexity and the socioeconomic fragmentation of local systems experiencing land
degradation are serious limitations to the development of refined empirical approaches and efficient
mitigation strategies over appropriate time windows [52–55]. For instance, considering enough
long time intervals, land-use transformations depend not only on urbanization, industrialization,
tourism development, and crop intensification, but are also increasingly influenced by depopulation,
economic marginalization, and land abandonment in rural districts [56–59]. Shedding light on the
abovementioned processes is necessary to clarify the distinctive interactions among environmental and
socioeconomic dimensions at the relevant temporal scale [60]. A complete understanding of the causes
and consequences of land degradation in local systems should consider multiple time windows when
approaching together socioeconomic, cultural, institutional, and ecological issues [61–64]. The use of a
specific time scale may be coherent with a general strategy of sustainable development containing land
degradation, while likely being inappropriate when investigating the resilience potential of a given local
system, changing rapidly with the impact of multiple feedbacks at different temporal scales [61,62].
Although mainstream literature has investigated the relationship between land degradation and
selected socioeconomic drivers at various temporal scales, a refined, comprehensive framework
requires additional findings and comparative evidence from specific world regions [63,64].

For instance, impact of time scales on soil degradation has been widely recognized, since this
process results from climate, hydrological, and ecological interactions, with implications for local
socioeconomic systems [65–67]. On the contrary, the impact of land-clearance timing on soil degradation
should be better clarified, since vegetation removal may lead to an increased overland flow affecting
runoff rates more than any other ecological factor [68]. The complex interplay of environmental
conditions and socioeconomic dynamics makes the identification of approaches investigating the
role of time scales in land degradation processes particularly difficult [69–72]. Such approaches
which require sophisticated quantitative techniques (including—but not limited to—statistical time
series analysis decomposing temporal autocorrelation from serial and spatial autocorrelation) and
more flexible policy strategies, with general guidelines emanated at the national or regional level,
and adapting to local contexts under rapid evolution [73–76]. While contributing differently to
land degradation, ecological and economic factors create enough complex spatio- temporal patterns
of resource degradation along geographical gradients [77]. The ecological consequences of such
dynamics are usually measurable in terms of increasing spatial divides in the level of land sensitivity
to degradation because of, e.g., unbalanced resource availability [78]. The same rationale cannot be
applied directly to time dimensions [79]. Consequently, a key issue such as socioeconomic disparities
requires an integrated, multi-scale policy approach giving the appropriate role to processes oriented
along time, and not only over space [80].

Building-up adequate methodologies to assess the dependence of environmental and economic
drivers of land degradation over multiple time scales is a particularly hard task because of heterogeneity
of cause-effects relationships and the multiple, mostly unpredictable linkages between environmental
sensitivity and anthropogenic activities [81–84]. Various data sources have been used with the aim at
developing multi-temporal information systems based on multi-domain indicators of climate, soil,
vegetation, and land management quality, among others, and identifying the appropriate temporal
scale of human-induced trends of land degradation [85–87]. The recognition, quantification and
temporal representation of complex processes of land degradation definitely benefit approaches
identifying breakpoints and structural changes in the evolution of local socioeconomic systems [88].
Assuming that a temporary (or permanent) decline in the soil productive capacity is an early warning
of land degradation, a refined assessment of the importance of time scales in ecosystem functioning
is relevant for both field assessors and planning actors [89]. This will contribute to avoiding linear
interpretations of land degradation as a simple process with clear outcomes [90]. For instance, although
particularly effective in stimulating stakeholders’ awareness of land degradation processes (Figure 1),
the evaluation of land vulnerability to desertification based on individual target indicators, e.g., an index
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assessing climate aridity, can be oversimplified, often demising the intimate linkages between climate,
soil, vegetation and human pressure at the base of any desertification process.
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Figure 1. (Upper panel) A global map of land vulnerability to desertification based on climate aridity
index (Source: US Department of Agriculture, Natural Resources Conservation Service, Soil Survey
division, World Soil Resources, http://commons.wikimedia.org/wiki/Image: Desertification_map.png).
(lower panel) A global map of land vulnerability to desertification based on the application of the
Environmentally Sensitive Area (ESA) approach considering climate, soil, vegetation and human
pressure (8 classes with increasing land vulnerability were shown: N: not affected; P: potentially
affected; F1-3: ‘Fragile’ areas; C1-3: ‘Critical’ areas; Source: [91]).

In this regard, Figure 1 compares a global cartography of vulnerability to desertification based on
a single indicator (climatic aridity) with a vulnerability map constructed using a more complex index
that integrates four dimensions of analysis (climate, soil, vegetation/land-use and human pressure).
Although the global geography of vulnerable areas appears similar in the two maps, differences can be
observed at the regional scale, highlighting how the evaluation of a complex phenomenon such as land
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degradation requires integrated approaches that compose information from different data sources and
that cover various drivers of change. Interplays among such factors usually articulate over different
time horizons, being longer for soils—changing less rapidly over time—and shorter for vegetation and
human pressure. However, up to few years ago, simplified approaches—based, e.g., on the analysis of
individual indicators—were at the base of many statutory approaches to delineate vulnerable areas in
national action plans to combat desertification.

One example was provided by the national action plan to combat drought and desertification in
Italy, prepared and approved in 1999, that identified sensitive areas to desertification in the country by
using a simplified system of thresholds elaborating the aridity index in agreement with international
standards (e.g., United Nations Environmental Program). Comparing environmental conditions in
1990 and 2000, Figure 2 illustrates the spatio-temporal evolution of sensitive lands based on this
linear approach in Italy compared with a more complex evaluation of the same concept based on the
Environmental Sensitive Area index that integrates three dimensions of climate quality, soil quality
and vegetation/land-use quality. Assuming land sensitivity as an eminently dynamic issue, the ESA
approach delineates a more articulated spatial pattern of land sensitivity in Italy, going beyond the
simplified and partial information derived from analysis of the climate aridity index. When considering
changes over time in the studies time interval (1990–2000), the illustrated pattern underlies particularly
complex territorial dynamics that should be considered in specific policy approaches.

Sustainability 2020, 12, x FOR PEER REVIEW 5 of 19 

pressure). Although the global geography of vulnerable areas appears similar in the two maps, 
differences can be observed at the regional scale, highlighting how the evaluation of a complex 
phenomenon such as land degradation requires integrated approaches that compose information 
from different data sources and that cover various drivers of change. Interplays among such factors 
usually articulate over different time horizons, being longer for soils—changing less rapidly over 
time—and shorter for vegetation and human pressure. However, up to few years ago, simplified 
approaches—based, e.g., on the analysis of individual indicators—were at the base of many statutory 
approaches to delineate vulnerable areas in national action plans to combat desertification.  

 
Figure 2. A simplified, statutory delineation of sensitive areas to desertification in Italy [12] based on 
the UNEP climate aridity index (upper panel, left: 1990; right: 2000) and the spatial distribution of a 
more complex index of land sensitivity to desertification (ESA) based on climate, soil and vegetation 
quality [4] (green and red, respectively, indicate low and high sensitivity to desertification). 

One example was provided by the national action plan to combat drought and desertification in 
Italy, prepared and approved in 1999, that identified sensitive areas to desertification in the country 
by using a simplified system of thresholds elaborating the aridity index in agreement with 
international standards (e.g., United Nations Environmental Program). Comparing environmental 
conditions in 1990 and 2000, Figure 2 illustrates the spatio-temporal evolution of sensitive lands based 

Figure 2. A simplified, statutory delineation of sensitive areas to desertification in Italy [12] based on



Sustainability 2020, 12, 4285 6 of 19

the UNEP climate aridity index (upper panel, left: 1990; right: 2000) and the spatial distribution of a
more complex index of land sensitivity to desertification (ESA) based on climate, soil and vegetation
quality [4] (green and red, respectively, indicate low and high sensitivity to desertification).

3. Space: The Regional Differentiation in Landscapes and Degradation Forms

Monitoring land quality and ecological risks benefits from the formal division and spatial
representation of target variables and processes into homogeneous regions [92]. The definition of
‘region’—an eminently ‘geographic’ notion—depends on the research argument, scholar’s sensibility,
and availability of relevant information [93]. Technical improvements in Geographic Information
Systems (GIS) and Decision Support Systems (DSS) [94–96], statistical-cybernetic techniques [97–99],
and data mining procedures that promote the adoption of multivariate analysis for variables’
regionalization [100–102] have raised (and fueled) demand for geo-referenced data, spatial tagging
and consistency in areal definition [103–105]. Procedures investigating regional contexts and forming a
knowledge base from which to implement effective policy strategies have been increasingly proposed
in different fields of study and intervention [106–109]. An approach grounded on the exploration of
multiple drivers involved in land degradation processes seems to be particularly appropriate to achieve
a precise evaluation of environmental quality and soil degradation, providing a more articulated
assessment of the intimate, multivariate relationships with socioeconomic local systems [110]. A refined
analysis of the mutual feedbacks between environmental and socioeconomic drivers is necessary
when referring to complex processes that are intrinsically heterogeneous at the landscape scale
and change rapidly over geographical gradients [111]. In this regard, addressing issues of spatial
comparability when combining ecological variables and socioeconomic indicators is increasingly
required [112], since they are usually calculated, expressed and mapped at vastly different spatial
scales and using distinctive geographical domains of aggregation (e.g., eco-regions or other spatial
partitions with a clear ecosystem meaning and rationale for ecological variables; administrative units for
socioeconomic factors). Computational problems such as the Modifiable Area Unit Problem, a typical
issue in the ecological analysis of socioeconomic dimensions based on indicators aggregated on
defined (administrative) spatial scales, should be considered in such contexts. Geo-spatial techniques
regionalizing variables over homogeneous lattices seem to be appropriate to contain the analysis’
biases resulting from such problems [110].

Discussing regional aspects of land degradation contributes to policy design for sustainable
development [113]. Because of the multifaceted factors involved in land degradation, methodological
issues (e.g., reflecting a trade-off in every sampling technique between spatial precision, operational
feasibility, measurability and coherency with the original concept) may arise if key messages from
changing landscapes are systematically demised [114]. In these regards, appropriate geographical
indicators assure the most effective use of the accessed data. Indicator versatility results in (a supposedly
easy) integration with data produced under various methodologies and formats, including remote
sensing, field measurements, and statistical surveys [115]. A basic problem regarding the notion of
‘space’ and the operational definition of ‘regions’ is intrinsically grounded in the choice of relevant
indicators of land degradation [116].

Indicators are intrinsically classified into different groups based on their epistemological linkage
with the main concept of land degradation [117]. Among them, we can distinguish hard indicators, with
a widely documented linkage with the dominant concept, having received validation from field studies,
from soft indicators—having an indirect connection with land degradation [118]. Hard indicators
include variables assessing, e.g., soil degradation issues with a direct linkage with land degradation,
such as soil erosion, salinization, compaction, sealing and the related processes. Soft indicators include
variables that are supposed to be indirectly connected with land degradation, such as demographic
dynamics, population aging, or average farm size. These are generally defined as ‘contextual indicators’
and are included as ancillary/supplementary variables to general models estimating/interpreting
complexity of land degradation processes [119]. However, soft indicators revealed to be particularly
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useful in defining the background socioeconomic context of vulnerable land (or regions) supporting
the results of quantitative and refined analyses based on field sampling or remote sensing [120].
With both hard and soft indicators, working at various spatial scales, from local to regional, revealed
suitable to delineating criteria to include (or exclude) variables assessing land vulnerability, especially
when long time series of suitable indicators are available [121]. In this ambit, providing spatially
homogeneous information regarding the intrinsic rate of land degradation at a given territorial scale
and the geographic variability of the related ecological and anthropogenic drivers represent a basic
need for multi-scale policy design and mitigation strategies [122].

4. Scale: The Intrinsic Representation of Regional Processes of Change

Based on the framework illustrated in the two earlier chapters, scale can be declined in different
(positive and normative) issues, having time and space as the main operational dimensions. The intimate
set of definitions proposed so far is tailored for analysis at sufficiently larger scales, being rather
vague for studies at both regional and local scales [123]. Scaling down requires refined conceptual
frameworks aimed at better defining land vulnerability [124]. Different operational approaches to land
degradation have been therefore proposed according to landscape characteristics, territorial context,
and geographical scale [91,125–127]. For instance, degraded land is considered as a soil typical of dry
climates that performs a sort of ‘functional sterility’, meaning that agriculture and forestry are currently
no longer either economically or ecologically sustainable at those places [128]. This notion is intimately
associated with land sensitivity to degradation. On the contrary, some environmental characters similar
with those observed for desertified land may characterize vulnerable land. However, land degradation
processes in these areas are still reversible because of the existence of some factors that may (directly or
indirectly) mitigate land degradation (e.g., vegetation cover against soil erosion, sustainable agricultural
practices, traditional rural culture promoting re-use or re-cycle of materials and resources).

Standardized and homogeneous databases integrating basic indicators at varying spatio-temporal
scales, with the aim of identifying sensitive areas and quantifying land at risk of degradation, are still
scarce and with a mostly local coverage. Socioeconomic indicators and future scenarios of local
system evolution are especially lacking in these kinds of databases. Geo-spatial databases compiled
with homogeneous and reproducible criteria and with larger spatial coverage assure a continuous,
joint monitoring of biophysical and socioeconomic contexts leading to land degradation. Availability of
reliable data sources and geo-spatial databases appropriately compiled for decision support is
considered a major concern (i) stimulating future research that investigates specific environmental
processes characterizing degraded land at both regional and local scales, and (ii) identifying a variety
of measures aimed at defining a complete policy framework combating land degradation [129,130].
According with the National Research Council [131], “geographical research elucidating patterns of
inequality and the processes producing those patterns at different spatial scales can shed light on the
inequality impacts of the changing socioeconomic environment, as well as the links between poverty
and consumption patterns. The geopolitical framework that dominated the post-World War II era has
also come apart in the face of economic and social upheaval, raising the need for expanded research on
the territorial agendas of influential governments and groups, the changing significance of boundaries,
and the role of resource scarcity in cooperation and conflict”. With a thorough discussion of the
overlaps between spatial scales and temporal analysis, this contribution envisages the role of systems’
dynamics characterized by “multiple interlocking scales”. In these regards, studies on the relationship
between land degradation processes and spatial scales require a more specific outline of appropriate
multi-scale policy frameworks responding to such processes of degradation [60], focusing on practical
examples that reflect the relevance of multi-scale interpretative formats for spatial planning and policy.

Assuming that similar rules in the environment-economy relationship can be valid irrespective of
spatio-temporal scale, use of a standardized framework exploring (and similar models explaining)
spatial concentration, sectoral specialization and the (negative) externalities of economic production at
vastly different scales appears to be desirable [132]. In these regards, the notion of scale operationally
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provides meaningful insights to understanding (i) the impact of socioeconomic and environmental
gradients accounting for the spatial distribution of land resources and their potential degradation,
(ii) the role of globalization, spatial polarization, and economic localization on environment dynamics,
e.g., exploring the effect of production scales from a spatial perspective and the implications of economic
decentralization for (multi-domain) environmental policy [133–135].

Scale is therefore the appropriate conceptual mediator when evaluating the interaction between
biophysical dynamics and socioeconomic factors to define areas potentially exposed to desertification.
Multi-scale indexes of land vulnerability to degradation have been proposed, although a still limited
number of studies have attempted to quantify changes over time in land degradation processes [136].
In such a context, moving from a single-site to cross-sites approaches contains the issues associated
with data comparability across regions and countries [137]. At the same time, focusing on scale issues
allows us to investigate processes whose knowledge and interpretation is intrinsically influenced by
the level of observation, since they depend on driving forces acting at different spatial scale [138].
Being sometime regarded as a scale-dependent phenomenon, convergence in the level of land
vulnerability to degradation across space reflects the impact of long-term paths of sustainable
development coordinated over different temporal scales [87]. For such reasons, a multi-scale policy
strategy, based on integrated, while distinctive, actions at both national, regional and local levels, is
supposed to be more effective in contrasting land degradation [139].

5. Systems: A Closer Look to Sustainability Paths

Land degradation has been basically approached at ‘on-site’ levels, focusing specifically on
biophysical drivers of change. Relatively few studies deal with the same problem on a regional
scale, focusing more specifically on the anthropogenic factors regulating ecological processes of land
degradation [140,141]. With this line of thinking, the relationship between ‘sustainable development’
and economic growth outlines the intrinsic limits in a complete understanding of the multiple
interactions between biophysical and socioeconomic dynamics [142]. While interest for integrated
analyses of local systems experiencing land degradation has been higher in more recent times, it was
assumed that the sustainable management of land resources depends on a series of political, economic,
demographic and ecological factors, often decoupled or weakly coordinated over time and space [143].
While sustainable development is clearly among the most powerful responses to environmental
degradation and natural resource depletion, economic performances, social inequality, institutional
policies and their relations with ecological quality/environmental degradation at large provide examples
of the interaction between immediate causes and background context in local systems undergoing land
degradation [144]. While still ambiguous, the definition of ‘sustainable development’—as a process
that improves the quality of human life without affecting ecosystems’ quality—gives the idea that
sustainability has quantifiable operational limitations as a policy process.

Taking the dualism between positive approaches (i.e., sustainability science) and the regulatory
framework (i.e., sustainable development policies) establishing common objectives and values,
the notion has been progressive evolved from simplified (but still coherent) definitions à la Bruntland,
toward the emergence of increasingly holistic and integrated perspectives, which have received its
maximum inspiration and practical application in the Agenda 2030. The post-2015 development
agenda has been a complex process led by the United Nations since 2012 with the aim at defining
the future global development framework that would update the Millennium Development Goals
(MDGs). After extensive negotiation, the Agenda redesigned the objectives and targets of sustainable
development, articulating them into objectives and targets, and including all 193 United Nations
Member States and civil society in the action plan. The resolution of the objectives consists of a broad
intergovernmental agreement that constitutes the Post 2015 Development Agenda, focusing on a key
message entitled "Transforming our world: the 2030 sustainable development agenda". The Agenda is
made up of 92 paragraphs outlining the 17 sustainable development goals, and the 169 goals and 232
associated indicators (Figure 3).
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Unlike the MDGs, the prefixed objectives of Agenda 2030 did not distinguish between developed
and developing countries, since they affect all states without distinction, and this strategy appears to
be an implicit contribution to the spatially balanced development theme of the sustainability paradigm.
The holistic vision of Agenda 2030, encompassing intrinsically different ecological and socioeconomic
dimensions, provides the appropriate rationale to address sustainable development under complex
system conditions. Land degradation issues are intimately related with most of the Agenda 2030
dimensions. In these regards, the sustainable development goals indirectly paved the way for a more
holistic and integrated evaluation of land degradation, outlining the need to reconnect local contexts
with the ensemble of processes leading to landscape change and socioeconomic transformations.

In these regards, the distinction of processes acting as direct causes from those acting as contextual
factors allows disentangling both the short- and long-term effects of land degradation on local
systems [145]. Choice of the (empirical) model and selection of target variables involved in such
processes add some key suggestions to the debate on the environmental-development nexus at the local
system scale [146,147]. Multivariate exploratory statistical models and spatial/a-spatial regressions
integrating socioeconomic variables with land-use and sustainable policy indicators demonstrate
that (i) the environment- development nexus is particularly composite and variable in local systems,
requiring more specific approaches avoiding simplification and linearization of complex issues, and that
(ii) sustainable development components (economic, social, and environmental) affect policy and
planning effectiveness in a mostly non-coordinated fashion [148,149].

Empirical frameworks based on traditional econometrics testing economic convergence/divergence
were in turn proposed with the aim at interpreting local system dynamics, extending the approach
to purely non-economic dimensions such as social and environmental issues [150,151]. A complete
investigation of convergence (or divergence) to a common trajectory characterizing local system
dynamics has consequences for a better understanding of the relationship between sustainable
development, environmental quality, and social disparities, informing a more specific design of
strategies contrasting land degradation [152,153]. Local system convergence toward a common
socio-environmental evolution path also has implications for desertification mitigation and/or
adaptation to global changes [43]. As a matter of fact, sustainable development in local systems is
intended as spatially balanced and consistent over time. A holistic understanding of this growth
path gives the opportunity to reconnect the debate on time, space and scale proposed (see the earlier
chapters) into an interpretative framework grounded on complex system dynamics [53].
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6. Response: Coordinating Formal and Informal Actions

Different types of land use may create (or consolidate) apparent (or latent) disparities in system
functioning. In this regard, unsustainable forms of land use are supposed to be an important cause of
land degradation [11]. In what measure human causes affect land degradation and which processes
linking social inequality and economic polarization to ecological risk impact desertification have
been clarified only partly [120]. More recently, a renewed interest in regional issues outlines how
challenges such as spatial disparities and the linkage with land degradation require more integrated
monitoring approaches and a complete re-design of policy response [41]. Socio-demographic and
economic measures may significantly impact land degradation thanks to the intrinsic regulation of
anthropogenic pressures; implications of such actions are measurable in terms of adaptation and
mitigation to global change [1]. The formulation and implementation of social policies aimed at
regulating migration, containing poverty and reducing inequalities especially in marginal areas,
are crucial for sustainable development [78]. Under transparent and shared strategies supporting local
communities, people—intended as the main actor of land degradation—more clearly understand,
accept, and participate in the implementation of environmentally friendly practices [81].

Examples of social policies with indirect feedback on land degradation may help in this
research frame [154–156]. First, as social inequality and poverty are frequently gendered phenomena,
measures promoting an equitable participation of women and young to economic life (job market,
entrepreneurship, land tenure) is increasingly required as a part of the wider set of actions
possibly containing social exclusion [140]. Second, social policies with emphasis on human
resource development (improving skills and knowledge of new technology, but also rediscovering
traditional practices) are increasingly required since education and training schemes designed to
address a sustainable management of land are considered effective actions in the mitigation of land
degradation [132]. Third, permanent mechanisms of dissemination of the relevant practices and
actions combating land degradation should address the informative asymmetry in more remote local
communities [143]. Fourth, migration policies reducing land abandonment and depopulation of
economically disadvantaged places should be an integral part of a broader social strategy articulated
over multiple temporal and spatial frames, aimed at combating human desertification in marginal
districts [157].

In this context, stakeholders’ participation in policy strategies combating land degradation is a
particularly ambitious target [133]. Assuming a great impact of changes in local systems on individual
decisions, which in turn affect land degradation directly or indirectly, stakeholders have different
perceptions of desertification risk and research is asked to identify practical mechanisms involving
stakeholders in problem analysis and solution-finding [57]. Establishing and/or intensifying the
dialogue between stakeholders, policy-makers, and citizens seem to be the right way ahead [44].
Within enhanced institutional platforms, stakeholder convergence on a consensus definition of ‘land
degradation’ is still important in this line of thinking. Participatory processes, research and practical
tools for policymakers remain the appropriate instruments enhancing future actions to combat
desertification [39].

Policy impact analysis is essential to assess the repercussion for grassroots stakeholders
experiencing the negative consequences of land degradation. Although policy formulation
does not always result in a specific ground impact—since policies may have different explicit
and implicit functioning mechanisms—the dynamic, non-linear nature of land degradation
processes should definitely be considered when designing (or implementing) integrated measures
of adaptation/mitigation [6]. At the same time, non-decision-making, non-formulation and
non-implementation of dedicated strategies can be regarded as a tangible policy implementation [147].
Unfortunately, inaction costs have still not been sufficiently acknowledged in earlier studies [106]. As a
result, policy implementation reflects a relatively fuzzy decision-making spectrum rather than a clear-cut
set of decision option with specific reference to a given time schedule and spatial assemblage [43].
Based on the new lexicon proposed in this study, land degradation policies should be more effectively



Sustainability 2020, 12, 4285 11 of 19

summarized into multi-level strategies acting at different scales. The take-home message is that
policy strategies should evolve from driver-specific to process-specific, incorporating an operational
dimension articulated over both time and space.

7. Concluding Remarks

Land degradation is intimately associated with some socio-environmental processes mentioned
in the present study that significantly influence the future sustainable development path of any local
system and the consequent implementation of effective policies finely tuning economic growth and
natural resource conservation. A truly sustainable development path reflects the interplay of multiple
human–nature interactions, distinctively underlying the causes, consequences, and implications of
land degradation. By focusing together on direct factors and the underlying context, land degradation
is a crucial dimension of the ‘sustainable development’ issue, since land use is a ’socially constructed’
notion and an action relevant to human wellbeing when assuming soil productivity, land capability,
agronomic practices and natural resource exploitation as basic elements shaping human–nature
interactions [7]. Socioeconomic organization, spatial integration, and temporal coordination of local
systems’ development paths can be effectively discussed, having in mind the strict connection with
the theoretical framework of sustainable development [91]; poverty, social inequality, migration are
specific faces of this problem that require political interventions. At the same time, a strategy combating
land degradation should incorporate actions to mitigate the negative impact of all these issues on soil
and land quality, promoting the three dimensions of sustainability and the Agenda 2030 Sustainable
Development Goals together.

By discussing five basic notions in both ecology and social science, considered as basic dimensions
of change, our commentary delineates a complete ‘land degradation’ thinking, from field assessment
to policy response. Summarizing examples of interactions among ecological factors, economic
performances, cultural/social dynamics and political action, we outlined how addressing land
degradation in a truly inclusive time–space interpretative framework requires permanent monitoring
and effective policies together. Despite massive research efforts in the direction of designing more
effective strategies preventing (or containing) desertification risk, sustainable development paths still
need to incorporate a truly holistic (ecological and socioeconomic) management of land, delineating
effective strategies to combat regional disparities [23,114,145]. This is particularly important because
land degradation causes uncertainty in local systems’ development paths [4]. Strategies aimed
at reducing regional disparities, especially in marginal areas, are crucial to achieve a sustainable
development maintaining high environmental standards and mitigate potential land degradation.
At the same time, measures combating land degradation should contribute more intensively to
the objective of sustainable development, being effective at different spatial and temporal scales.
The intimate relation between desertification risk, population growth, urban-rural dynamics and
economic expansion is a basic rationale orienting the design of a comprehensive policy framework
towards sustainable development.

Strategies oriented toward a global Zero Net Land Degradation philosophy seem to be particularly
appropriate to answer this complex issue. Zero Net Land Degradation implies that the extent of
global degraded lands will decrease or at least remain stable [13]. To enable this scenario, the rate
of global land degradation should not exceed that of land restoration [158]. The United Nations
Convention to Combat Desertification envisages achieving this target by 2030 [159]. Despite being
seemingly ambitious, the target of Zero Net Land Degradation could be achieved if degraded lands
are restored to a considerable extent and, at the same time, unsustainable management practices
are replaced with ones that preserve land [160]. Specific protocols aimed at managing permanent
assessment and designing supportive policies/regulations enable an effective implementation of these
steps, achieving the target of land degradation neutrality [161]. For instance, the REDD+ program
(Reducing Emissions from Deforestation and forest Degradation) can be regarded as intimately linked
with any Zero Net Land Degradation strategy. Forests are clearly at the core of this program and the
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fundamental role they play in climate change mitigation, by removing CO2 from the atmosphere and
storing it in biomass and soils. This also means that when forests are cleared or degraded, they can
become a source of greenhouse gas emissions by releasing that stored carbon. Halting deforestation is
a cost-effective action that has a clear impact in reducing global emissions. Based on these premises,
the REDD+ program—envisaging a sustainable management of forests aimed at integral conservation
and enhancement of forest carbon stocks—is an essential part of the global efforts to mitigate climate
change, indirectly contributing to land degradation containment.

Land degradation neutrality is also regarded as a key dimension of the Agenda 2030 Sustainable
Development Goals, outlining the operational linkage between practices of (un)sustainable development
and land degradation. Being intimately linked with a Zero Net Land Degradation strategy,
the Sustainable Development Goals significantly cross the perimeter of sustainable development,
to include higher-level dimensions that refer to broader and general issues such as sustainable styles of
life, work, production and consumption, envisaging mechanisms of preservation (or reproduction) of
basic resources, from the individual scale to the collective level [162]. By incorporating an integrated
vision of the different dimensions of development, the innovative nature of the Agenda—and the
intimately connected ‘zero net’ strategies—lies in the provision that all countries are called to contribute
to the effort to bring the earth system on a path of sustainable development [163]. Even if the problems
may vary according to the level of development achieved, this effort does not see any distinction
between affluent countries and emerging economies [164,165].

Structural socioeconomic changes in local systems may positively influence environmental quality,
thus reducing land vulnerability to degradation [123]. It is not enough to state that policies supporting
economic growth are sufficient to contain land degradation [124], since additional factors counteract
the (supposedly) positive environmental effect of local development [8]. In these regards, integrating
practical measures that act at different operational scales (e.g., environmental/soil practices at the field
level, social measures at district scale and economic policies with regional, country or supra-national
coverage) represents a coherent response impacting together a number of interacting factors that
exacerbate land degradation [22]. The operative coordination of multi-scale (national, regional, local)
and multi-target (economic, social, environmental) policies is expected to improve the effectiveness
of mitigation strategies in the light of the sustainable development of local systems exposed to
land degradation.
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