
Environmental Research ∎ (∎∎∎∎) ∎∎∎–∎∎∎
Contents lists available at ScienceDirect
Environmental Research
http://d
0013-93

n Corr
E-m

tomaso.
luca.salv

Pleas
Envi
journal homepage: www.elsevier.com/locate/envres
Linking trajectories of land change, land degradation processes and
ecosystem services

Smiraglia D.a,n, Ceccarelli T.b, Bajocco S.a, Salvati L.c, Perini L.a

a Consiglio per la ricerca in agricoltura e l’analisi dell’economia agraria– Research Unit for Climatology and Meteorology applied to Agriculture (CRA-CMA),
Via del Caravita 7/a, 00186 Rome, Italy
b Alterra Wageningen UR, Droevendaalsesteeg 3, 6708PB, Wageningen, The Netherlands
c Consiglio per la ricerca in agricoltura e l’analisi dell’economia agraria‐Centre for the Study of Plant–Soil Interactions (CRA-RPS), Via della Navicella 2–4,
00184 Rome, Italy
a r t i c l e i n f o

Article history:
Received 30 April 2015
Received in revised form
21 November 2015
Accepted 25 November 2015

Keywords:
Land abandonment
Soil degradation
Land take
SWOT analysis
Sustainable land management
x.doi.org/10.1016/j.envres.2015.11.030
51/& 2015 Elsevier Inc. All rights reserved.

esponding author.
ail addresses: daniela.smiraglia@entecra.it (D.
ceccarelli@wur.nl (T. Ceccarelli), sofia.bajocco@
ati@entecra.it (L. Salvati), luigi.perini@entecra

e cite this article as: Smiraglia, D., e
ron. Res. (2015), http://dx.doi.org/10.
a b s t r a c t

Land Degradation (LD) is a complex phenomenon resulting in a progressive reduction in the capacity of
providing ecosystem services (ES). Landscape transformations promoting an unsustainable use of land
often reveal latent processes of LD. An evaluation carried out in respect to the different ecosystem ser-
vices is nowadays regarded as the most appropriate approach for assessing the effects of LD. The aim of
this study is to develop an evaluation framework for identifying the linkages between land changes, LD
processes and ES and suggesting Sustainable Land Management (SLM) options suited to reverse (or
mitigate) LD impact. A SWOT analysis was carried out with the aim to identify internal and external
factors that are favorable (or unfavorable) to achieve the proposed SLM actions. The study areas are the
Fortore valley and the Valpadana, in Italy. The main trajectory identified for the Fortore valley is related
to land abandonment due to population aging and the progressive emigration started in the 1950s. The
most relevant LD processes are soil erosion and geomorphological instability, affecting regulating ser-
vices such as natural hazard and erosion control. SLM options should consider interventions to contrast
geomorphological instability, the promotion of climate smart agriculture and of typical products, and an
efficient water resources management. The main trajectories identified for Valpadana are related to
urban expansion and farmland abandonment and, as a consequence, land take due to anthropogenic
pressure and woodland expansion as the main LD process. The reduction of food production was iden-
tified as the most relevant provisioning service affected. SLM should envisage best practices finalized to
water saving and soil consumption reduction: efficient irrigation solutions, climate smart agriculture and
zero sealing practices. This study highlights the diagnostic value of the suggested approach where LD
processes are elicited from land change trajectories determining specific impacts on ES and providing
operational support for the implementation of SLM options.

& 2015 Elsevier Inc. All rights reserved.
1. Introduction

Land Degradation (LD) is one of the major forms of environ-
mental degradation all over the world. It is a complex process
involving multiple causal factors, among which climate variability,
soil quality and land management play a significant role (Reynolds
and Stafford, 2002). LD is a process which entails a reduction in
the capacity of providing ecosystem goods and services by crop-
land, rangeland, and woodlands: it becomes irreversible when
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reaching the last stage of desertification. The European Parliament
(EC, 2002) identified eight degradation processes to which soils in
the EU are confronted with: erosion, organic matter decline, con-
tamination, salinisation, compaction, soil biodiversity loss, sealing,
landslides and flooding. More processes related not only to soils
but to landscape at large, such as loss of local culture, rural tra-
ditions, typical agricultural products and biodiversity, should also
be taken into consideration.

Land use and land cover (LULC) changes have been identified as
key drivers of global change with major impacts on ecosystems,
climate and the human sphere (Foley et al., 2005). Landscape
transformations represent the visible result of human interaction
with land (Conacher and Sala, 1998). Land changes, intended as
land use, population dynamics and ecosystem variations, can be
and change, land degradation processes and ecosystem services.
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Fig. 1. Location of the study areas (the Valpadana and the Fortore valley).
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analyzed and interpreted in terms of “trajectories” as typified, for
instance, by the European Environment Agency (EEA) in the sys-
tem for “Land and Ecosystem Accounts” (Gómez and Páramo,
2005).

Land changes often reveal latent LD processes, e.g. when as-
sociated with unsustainable use of land (Geist and Lambin, 2006;
Hill et al., 2008; Schellnhuber et al., 1997). For example, the LD
processes which are more directly associated to urban expansion,
are land take and soil sealing, often occurring on fertile agri-
cultural areas. In the case of deforestation, the related LD processes
involved could be biodiversity loss and carbon stock capacity re-
duction. A better understanding of land trajectories associated
with LD contributes to the assessment of past changes and to run
short-term scenario analysis with reliable prediction rules.

As highlighted in the background document for the 2nd UNCCD
Scientific Conference, Ecosystem Services (ES) are the base for the
assessment of measurable outcomes of LD. An evaluation con-
ducted in respect to the different ES is nowadays regarded as the
most appropriate framework for assessing the environmental ef-
fects of LD (Helfenstein and Kienast, 2014; Nkonya et al., 2011). A
variety of ES have been recognized and classified (MEA, 2005). The
relationship between ES, LULC trajectories and ecological setting
has been fully investigated with the aim to identify the provision
and spatial distribution of ES and to evaluate environmental costs
and benefits of different land planning decisions (e.g. De Fries
et al., 2004; Feng et al., 2012; Mendoza-Gonzalez et al., 2012;
Nahuelhual et al., 2014; Schirpke et al., 2013). Given the difficulty
to take into consideration the wide range of ES (supporting, pro-
visioning, regulating and cultural) in a territory, the identification
of the main trajectories of land change and related LD processes
provides a framework to focus on the key ES affected (Barral and
Maceira, 2012).

The aim of this study is to develop an evaluation framework for
identifying the linkages between land change, LD processes and
ES. The procedure relates the trajectories of land change to LD
processes which in turn can affect ES provision, suggesting Sus-
tainable Land Management (SLM) options suited to reverse (or
mitigate) LD impact. Despite the importance attributed to land use
planning in contrasting unsustainable land cover changes, often ES
provision is not taken into consideration (Cowling et al., 2008).
The procedure presented in this paper incorporates the analysis of
ES in the identification of the most appropriate SLM solutions
evaluating changes in LULC, the environmental sensitivity to LD
and population dynamics.

The procedure was developed at local scale in two areas in Italy
traditionally used for agricultural purposes, which differ sub-
stantially in terms of environmental heterogeneity, rural devel-
opment and land cover dynamics: the Fortore valley in southern
Italy and the Valpadana, a portion of the Po plain, in northern Italy.
The development of the procedure al local level can help to shed
light on important issues and to a better understanding of the local
context, priorities and values (Potschin and Haines-Young, 2013),
also in relation to ES and sustainability (Turner et al., 2007). While
the national scale meets the needs for monitoring and forecasting
to support broad management strategies, it is at the regional/local
scale that environmental policies and management would be best
implemented and applied (Wilson, 2009).

As typically observed in Italy, as well as in other European
areas, the period analyzed, of about 50 years, is characterized by
the rapid industrialization, urbanization and agricultural in-
tensification of the lowland areas (Antrop, 2000; European En-
vironment Agency, 2006; Lambin and Geist, 2006; Serra et al.,
2014) and the abandonment of hilly and mountainous areas
(Ferrara et al., 2014; MacDonald et al., 2000) with considerable
changes in the local economic structure (Cowell, 2010).
Please cite this article as: Smiraglia, D., et al., Linking trajectories of l
Environ. Res. (2015), http://dx.doi.org/10.1016/j.envres.2015.11.030i
2. Study areas

2.1. Fortore valley

The Fortore valley is located in southern Italy (Fig. 1), and ex-
tends around 472 km2. The area is mainly mountainous (55%) and
hilly (39%), covering between 400 and 900 m above sea level.
Being part of the Apennine mountain range of southern Italy, the
valley experienced a progressive depopulation in the last decades.
The flysch substratum makes the area particularly sensitive to the
risk of soil erosion. Nearly 1600 landslides have been surveyed in
the study area (http://www.sinanet.isprambiente.it/progettoiffi).
Land is primarily used for cropping (82%), especially wheat. Nat-
ural and semi-natural areas cover 17% of the study area and the
artificial surfaces occupy only 1% of the valley.
2.2. Valpadana

The study area is situated in the provinces of Parma and Pia-
cenza, in the Emilia Romagna region, northern Italy (Fig. 1), cov-
ering a surface of around 1423 km2. The area is mainly char-
acterized by the alluvial plain of the Po River, which is sensitive to
both rapid urban expansion and agricultural development. The
hilly landscape of the Apennine mountain range represents a part
of the study area and is mostly occupied by natural and semi-
natural areas. The land cover is dominated by agricultural areas
(73%), mainly wheat, but also maize and meadows. The natural
and semi-natural areas cover about 18%. Artificial areas, which
cover almost 7%, are primarily located in the flat district.
and change, land degradation processes and ecosystem services.
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3. Methods

3.1. Land change trajectories

The procedure to identify the main land change trajectories in
the two study areas entails the following steps: (i) LULC change
analysis, (ii) evaluation of the environmental sensitivity to LD and
(iii) in-depth analysis of population dynamics. The data processed
and used are summarized in Table 1.

3.1.1. LULC change analysis
The LULC maps of the Fortore valley were derived from the map

generated by the Italian National Research Council and the Italian
Touring Club in the early 1960s (nominal scale 1:200,000) and
from the map of Corine Land Cover dated 2006 (nominal scale
1:100,000) generated by the European Environment Agency. Re-
garding the Valpadana study area the LULC maps were derived
from the thematic layers produced for the years 1954 and 2008 by
the Emilia Romagna Regional Cartographic Service (nominal scale
1:25,000).

In order to make the legends comparable and to harmonize
their thematic content, the LULC maps were reclassified into eight
categories (artificial surfaces, arable land, permanent crop, mea-
dows and crop mosaic, forests, scrublands, grassland and water
bodies). All maps were rasterized with a grid resolution of 50 m.
The LULC change analysis were performed using the IDRISI TAIGA

s

(Eastman, 2009) Land Change Modeler (LCM), comparing the 1954
and 2008 datasets of the Valpadana and the 1960 and 2006 da-
tasets of the Fortore valley.

3.1.2. Environmental sensitivity to land degradation
Taken as one of the most used methodologies to assess sensi-

tivity of land to degradation in the Mediterranean region (Cost-
antini et al., 2009; Santini et al., 2010; Symeonakis et al., 2007), the
ESA (Environmentally Sensitive Areas) approach was adopted in
the present study. The ESA approach derives a composite index of
land sensitivity (ESAI) from the geometric mean of the scores
obtained on four quality indicators of climate, soil, vegetation and
land management according to Basso et al. (2000). Each thematic
indicator score is the geometric mean of the different scores as-
signed to a number of environmental variables.

The Climate Quality Index (CQI) is computed using the average
Table 1
List of data and variables used in the evaluation framework.

Theme Data Variable

Fortore valley LULC (1960) Land use map

Fortore valley LULC (2006) Corine Land Cover map
Valpadana LULC (1954–
2008)

Land use maps

ESAI (1960–2010) Soil quality Soil textur
Soil depth
Parent ma
Slope angl

Climate quality Annual me
Aridity ind
Aspect

Vegetation quality Fire risk
Erosion pr
Drought re
Vegetation

Land management Population
Demograp
Land use i

Population data (1951–2011) National census of population and
households

Resident p
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annual precipitation, the average annual index of aridity and the
aspect. The Soil Quality Index (SQI) is obtained combining parent
material, soil depth, texture and slope. The Vegetation Quality
Index (VQI) is obtained composing four variables: vegetation
cover, fire risk, protection offered by vegetation against soil ero-
sion, and degree of resistance to drought shown by vegetation. The
management quality index (MQI) takes into account population
density, population growth rate and land use intensity.

The final ESAI score ranges from 1 (which corresponds to the
lowest land sensitivity to degradation) to 2, the highest sensitivity
to degradation. The ESAI score is classified in the following classes
of land sensitivity: unaffected by land degradation (ESAIo1.225),
fragile areas (1.225oESAIo1.375) and critical areas
(ESAI41.375). For a detailed description of the ESA model and
variables used see Salvati and Bajocco (2011).

In this study we calculated the percentage of land classified at
different sensitivity levels (non-affected, fragile, critical) from 1960
to 2010 in the two study areas. Each thematic map (representing
the four quality indicators) and the final ESAI maps were con-
verted to raster layers having a resolution of 1000 m per pixel. We
enriched the analysis by considering a change layer of land sen-
sitivity to degradation as calculated in a previous study (Salvati
et al., 2014a). This was achieved by computing in each elementary
unit the percent score variation in the composite ESA Index (ESAI)
over the last fifty years using the formula:

[(ESAI2010�ESAI1960)/ESAI1960]*100

3.1.3. Population dynamics
Resident population data were collected for the years 1951 and

2011, and refer to each of the municipalities of the two study areas.
Data were derived from the national census of population and
households carried out by the Italian National Institute of Statistics
(ISTAT).

3.2. Linking land change trajectories, land degradation processes and
ecosystem services

The adopted scheme defines which LD processes are relevant
for the trajectories of land change identified in the two study
areas, an estimation of the main ES involved and candidate SLM
options (Table 2). A SWOT (strengths, weakness, opportunities,
and threats) analysis was carried out in order to identify the
Scale Data source

1:200,000 Italian National Research Council, Italian Touring
Club

1:100,000 European Environment Agency
1:25,000 Emilia Romagna Regional Cartographic Service

e 1:250,000 European Soil Database (Joint Research Centre)
1:250,000

terial 1:250,000
e 1:25,000
an rainfall rate 1:500,000 Agro-meteorological
ex 1:500,000 Database (Ministry of Agriculture)

1:25,000 Aster Digital Elevation Model
1:100,000 European Environment Agency

otection 1:100,000
sistance 1:100,000
cover 1:100,000
density 1:400,000 Italian National Institute of Statistics

hic variation 1:400,000
ntensity 1:100,000 European Environment Agency
opulation 1:400,000 Italian National Institute of Statistics

and change, land degradation processes and ecosystem services.
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Table 2
The evaluation framework: from land change trajectories to land degradation processes. Implications for ecosystem services and sustainable land management options.

Land change trajectories Land degradation processes Ecosystem services SLM options

Artificial land expansion Land take Provisioning Mitigation of causes
Farmland abandonment Soil sealing Regulating Adaption
Afforestation Protracted soil aridity Cultural Restoration
Re-naturalization Soil erosion Supporting Compensation
Internal conversions of agricultural land Organic matter decline Inaction
Expansion of agriculture
Others

Hydrological instability and flooding
Soil salinization
Soil compaction
Point and diffused soil contamination
Biodiversity loss
Loss of cultural landscapes Others
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internal and external factors that are favorable (or unfavorable) to
achieve the proposed SLM actions.

At the same time, the present study incorporates short-term
climate scenarios as a key variable in the study of ES loss driven by
LD. As a matter of fact, climate change will play a key role in the
next future given its influence on land use sustainability, for in-
stance in terms of crop yields and water use efficiency (MEA,
2005; Fraser et al., 2011). We used average values of (minimum
and maximum) temperature and precipitation estimated over the
period 2021-2050 in the framework of the Italian national project
Agroscenari. An increase in both minimum and maximum tem-
perature by 1.5–2 °C is predicted for both study areas (Tomozeiu
et al., 2014) and a reduction of total precipitation except for the Po
valley which shows an increase in autumn and spring averages
(Tomei et al., 2010; Villani et al., 2011). Climate scenarios were
considered as important external factors in land change. This is
especially true when considering land use planning in contrasting
and possibly adjusting to future climate variability.
Fig. 2. LULC changes of (a) the Fortore valley (196

Please cite this article as: Smiraglia, D., et al., Linking trajectories of l
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4. Results

4.1. LULC change analysis

The landscape of the Fortore valley is rather stable (Fig. 2a)
with almost 82% of the territory unchanged between 1960 and
2006. The natural areas increased of about 13.8% at the expense of
agricultural areas, especially where the slopes are steeper, whereas
agricultural areas increased of about 2.7% at the expense of natural
areas. Urban expansion was moderate (about 0.6%). The most re-
levant LULC change between 1954 and 2008 in Valpadana (Fig. 2b)
involved agricultural areas which were converted to artificial
surfaces (about 5.6%), natural areas (about 5.6%) (through both
artificial reforestation and natural processes of forest re-coloni-
zation on abandoned meadows and crop mosaic), and to water
bodies (about 0.6%).

4.2. Changes in the level of land degradation

From 1960 to 2010 the Fortore valley experienced moderate
changes in land sensitivity to land degradation (Fig. 3 and Table 3)
remaining relatively stable during the study period: 74.7% of the
percent score variation of the ESAI ranges between �5% and 5%
(Table 4). The area shows a slight increase of the land classified as
0–2006) and (b) the Valpadana (1954–2008).

and change, land degradation processes and ecosystem services.
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Fig. 3. Classes of sensitivity to degradation of the Fortore valley by year (a: 1960; b: 2010) and (c) the percent score variation.

Table 3
Classification of the study areas (percent surface area) by year based on the ESA
classification.

Class Fortore valley Valpadana

1960 2010 Change (%) 1960 2010 Change (%)

Not affected 0.0 0.2 0.2 1.4 3.4 2.0
Fragile 24.8 19.4 �5.4 72.2 52.1 �20.1
Critical 75.2 80.4 5.2 26.4 44.5 18.1

Table 4
Distribution of changes in land sensitivity to degradation (assessed through the
ESAI) in the study areas between 1960 and 2010.

Percent score variation (%) Fortore valley Valpadana

o�10 1.3 2.8
�10–5 8.0 4.0
�5 to 0 16.2 22.7
0–5 58.5 30.2
5–10 11.4 24.6
410 4.5 15.8
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highly sensitive to degradation; it also has the largest surface land
classified as “critical” in both time periods (Table 3).

The Valpadana shows the highest increase in land sensitivity
(18.1%) as illustrated in Table 3 and a marked percent score var-
iation in the ESAI (Table 4). The Valpadana is becoming increas-
ingly sensitive to land degradation and a slight increase was also
observed for the ‘non-affected’ class (Table 3), concentrated in the
hilly-mountainous areas (Fig. 4).

4.3. Population dynamics

In the Fortore valley the resident population decreased in all
municipalities with the overall density declining from 82 to
51 inhabitants/km2 between 1951 and 2011 (Fig. 5). This is con-
sistent with the depopulation process of Apennine marginal lands
Please cite this article as: Smiraglia, D., et al., Linking trajectories of l
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after World War II (Barbati et al., 2013; Falcucci et al., 2007;
Smiraglia et al., 2007). Land abandonment and out-migration de-
termine isolation of local communities and marginalization of
rural populations, contributing to population aging and to a loss of
knowledge and traditions related to land management.

The Valpadana shows a slight decrease in the population
density (from 112 to 108 inhabitants/km2) between 1951 and 2011.
The population density at the municipal scale shows a more
complex dynamic: a decrease in the hilly-mountainous zone and
an increase in the municipalities located on flat areas (Fig. 6).
Population increase takes the form of a compact and dense urban
expansion around the main urban centers (Parma and Piacenza)
and of a more dispersed urbanization along transport axes and in
more remote districts (Fig. 2b) (Salvati et al., 2013; Smiraglia et al.,
2015).

4.4. The output of the evaluation framework

Based on the results of the land change analysis (LULC changes,
land sensitivity to degradation and population dynamics), the
evaluation framework allowed to identify and interpret the main
trajectories of change occurred in the two areas. It also made
clearer the LD processes involved and, in turn, the main ES
affected.

4.4.1. Fortore valley
The population dynamics show a depopulation process due to

emigration which started in the early-1950s (Bonamici et al., 2012,
2013). Despite this process the landscape of the Fortore valley
seems quite persistent in terms of changes in LULC and level of LD:
some of the possible reasons are discussed hereinafter.

The depopulation process has been accompanied by changes in
traditional demographic and social structures, as observed in other
studies in southern Italy (Salvati, 2012; Forino et al., 2015). The
consequences in terms of land tenure and farming systems have
been the fragmentation of the large farm holdings and the
downfall of family-run farms. However this did not lead to major
and change, land degradation processes and ecosystem services.

http://dx.doi.org/10.1016/j.envres.2015.11.030
http://dx.doi.org/10.1016/j.envres.2015.11.030
http://dx.doi.org/10.1016/j.envres.2015.11.030


Fig. 4. Classes of sensitivity to degradation of the Valpadana by year (a: 1960; b: 2010) and (c) the percent score variation.

Fig. 5. The spatial distribution of population density (inhabitants/km2) at the
municipal scale in the Fortore valley (a: 1951; b: 2011).

Fig. 6. The spatial distribution of population density (inhabitants/km2) at the
municipal scale in the Valpadana (a: 1951; b: 2011).
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land cover changes, but rather to land abandonment which is in-
deed the main trajectory identified in the Fortore valley (Table 5).
Land abandonment leads to more “loose” forms of land manage-
ment practices. This can enhance the level of hydrogeological risk
in a territory which is already prone to landsliding (Lesschen et al.,
2008; Rey Benayas et al., 2007). Land abandonment often exposes
soils to erosion, especially on steep terrain, undermining the long-
term availability of land resources (Lestrelin and Giordano, 2007;
Piccaretta et al., 2006; Pinto Correia, 1993).

Due to both land abandonment and a high risk of landslides,
the most relevant LD processes involved are soil erosion and
geomorphological instability, affecting regulating services such as
natural hazard and erosion regulation (Table 5). In a previous
study Buondonno et al. (1993) estimated the degree of soil erosion
in the study area through the USLE (Universal Soil Loss Equation)
model (Wischmeier and Smith, 1978). The results showed that 42%
of the area is affected by high soil erosion (52–156 t/ha/year), 31%
by very high soil erosion (229 t/ha/year) and 14% by severe soil
erosion (437 t/ha/year).

4.4.2. Valpadana
The main trajectories identified in the area relate to urban ex-

pansion and to the abandonment of farmland (Table 6 and Fig. 2b).
In terms of LD, the former trajectory is associated to soil sealing, a
key degradation process in Europe as well as elsewhere in the
world (Eckelmann et al., 2006; EC, 2012). This has several negative
effects as far as ES are concerned including provisioning services,
i.e. the capacity to generate agricultural products for human con-
sumption, other non-food uses (fuel, fiber, etc.) and/or livestock
feeding. From this perspective there is a negative effect of soil
sealing in terms of reduction of the agricultural production
capacity.

The latter trajectory leads to different impacts on ES, which are
often controversial in their combined effect. On the one hand, land
abandonment resulting in woodland creation produces positive
effects in terms of ES such as biodiversity, carbon stock, water and
soil regulation. However, woodland creation on agricultural
and change, land degradation processes and ecosystem services.
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Table 5
The evaluation framework of the Fortore valley.

Land change trajectories Land degradation processes Ecosystem services SLM options

Land abandonment Soil erosion Regulating: Contrast geomorphological instability
Geomorphological instability –Natural hazard Halt land abandonment

–Erosion regulating Promotion of typical products
Promotion of climate smart agriculture
Efficient water resources management
Dissemination actions

Table 7
Losses of PAPC in Valpadana between 1954 and 2008.

ha Average winter wheat yields (t/ha) Yield loss (t)

Soil sealing 8001 68.5 548,069
Woodland creation 7979 44.9 358,257
Total 15,980 906,326

D. Smiraglia et al. / Environmental Research ∎ (∎∎∎∎) ∎∎∎–∎∎∎ 7
abandoned lands also entails a reduction (due to land take) in the
production capacity of an area. In the study area woodland crea-
tion takes place on former agricultural soils determining a loss of
agricultural production capacity.

To assess the effect of soil sealing and woodland expansion
(solely in terms of provisioning services) on the capacity of the
territory to produce food (for human consumption or livestock
feeding) we followed the method proposed by Gardi et al. (2014)
which assesses the loss of winter wheat production as a proxy for
Potential Agricultural Production Capability (PAPC). The loss of
PAPC (PAPC_LOSSES, in tons) is calculated taking into considera-
tion the land take of agricultural areas for a given period (ALT, in
ha) and the Average Winter Wheat Yields (AWWY) for that area (t/
ha):

PAPC_LOSSES¼ALT * AWWY
Based on the results of the LULC change analysis performed in

this study, the sealed area and the expansion of natural (wood-
land) areas over agricultural areas amount to about 8000 ha each.
The AWWY in the Emilia Romagna region (where the Valpadana is
located) was estimated at 68.5 t/ha in the plain and 44.9 in the
hills and mountains (Gardi and Dall’Olio, 2012), where the two
processes of soil sealing and woodland creation occurred. The loss
of PAPC for the period 1954–2008 was calculated at about
900,000 t of wheat (Table 7).
5. Discussion

The sustainable use of land resources is a key element for
minimizing LD and ensuring long-term environmental functions
for the optimal delivery of goods and services meeting human
needs.

The present study provides an evaluation framework which
relates environmental and social land changes to LD processes and
the provision of ES. The identification of the main trajectories of
land change and the considerable LD processes allow to focus on
the key ES affected and to develop appropriate SLM policies. The
focus on the main changes and effects is a support for addressing
specific policies, especially at the regional and local levels. This
contributes to contextualize problems and solutions (Forino et al.,
2015; Kelly et al., 2015; Wilson et al., 2015).

The results shed light on landscape transformations observed
in two rural areas in Italy over a period of about 50 years, after the
end of World War II. In the two areas land changes were driven by
distinctive processes, and characterized by specific trajectories.
Table 6
The evaluation framework of the Valpadana.

Land change trajectories Land degradation processes Ecos

Farmland abandonment Land take Prov
Urban expansion Soil sealing –Foo
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Among these, abandonment of the traditional agricultural mosaic
in the hilly-mountainous areas, and urban expansion (both com-
pact and dispersed) in flat areas, are the most representative ones.

The outcomes of the land change analysis are one of the inputs
in a SWOT analysis addressing policy issues as well as specific SLM
actions to be implemented.

5.1. Fortore valley

As shown in the SWOT analysis (Table 8) the Fortore valley has
a high agricultural potential. This is due for instance to local cul-
tivars of wheat which are highly productive as well as cultivars
enjoying a wide range of hydrological and thermal flexibility, more
adaptable in the perspective of climate changes. Furthermore, gi-
ven the known capacity of natural land and resources to provide
provisioning, regulating and cultural services (Nahuelhual et al.,
2014; Paletto et al., 2015; Vanacker et al., 2014), the presence of
natural areas and cultural landscapes in the Fortore valley is an
important strength of the territory.

The main weaknesses are land abandonment and geomor-
phological instability, together with depopulation and aging. The
reduced degree of land protection assured by farmers' activities is
a negative element for land stability and soil conservation (Mac-
Donald et al., 2000; Perini et al. 2014). Efforts to provide farmers
with new skills and technologies about innovative and sustainable
methods of cultivation or other activities in the rural areas are
insufficient. This is also due to an aging population which has a
limited adaptive capacity to changes (Adger, 2000; Wilson et al.,
2015).

Agricultural reorganization and the promotion of wheat culti-
vars adaptable to climate change could represent an opportunity
to develop new markets and a mean to protect local agro-biodi-
versity. A good management of natural and agricultural areas is
important for reducing the loss of ES and the decline of natural
and cultural landscapes. The protection of such landscapes is also
important for the development of tourism and the promotion of
ystem services SLM options

isioning: Soil consumption reduction
d production: loss of agricultural yield Efficient irrigation systems

Less water demanding crops
Sustainable mechanization
Landscape conservation

and change, land degradation processes and ecosystem services.
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Table 8
The SWOT analysis of the Fortore valley.

Internal Positive Negative
Strengths Weakness
Agricultural potential Land abandonment
Environmental flexibility of lo-
cal wheat cultivars

Geomorphological instability De-
population and ageing population

High value of natural and cul-
tural landscapes

Lack of farmers “refresher”
trainings

External Opportunities Threats
Future temperature increase
compatible with some local
cultivars

Temperature increase Precipitation
decrease

Agricultural reorganization and
modernization

Increase of water demand

Development of markets Loss of agricultural productivity
Development of new tourism
and related products
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local products as a source of income and for increasing the eco-
nomic viability of marginalized agricultural areas (Briedenhann
and Wickens, 2004; Sharpley, 2002).

The main threats are represented by climate change (increase
in temperature and decrease in precipitations) and namely the
consequences in terms of increase of water demand as well as loss
of agricultural productivity.

The possible SLM options (Table 5) should take into con-
sideration a set of best practices aimed at halting land abandon-
ment through climate-smart agriculture, the strengthening of
farming communities as custodians of agro-biodiversity and land
protection, and the promotion of typical products and agricultural
diversity, in order to increase the wealth of local communities. In
fact, it has been acknowledged that the SLM of traditional agri-
culture has a positive impact on environmental resources in terms
of low-input requirements, climate change mitigation, biodiversity
preservation and ES provision (Abbona et al., 2007; Antrop, 2005;
Halada et al., 2011).

Water savings will be guaranteed by the use of cropping sys-
tems better adapted to climate change and by careful management
of water resources (i.e. more efficient irrigation systems, storage of
rainwater). The candidate SLM strategy should includes not only
actions to prevent abandonment but also actions to manage
abandoned land, e.g. measures to safeguard land stability and to
contrast soil erosion. An environmental awareness campaign
through dissemination actions and involvement of local popula-
tion, farmers and local authorities should be realized. Financial
support to the farmers wishing to renew or introduce technologies
related to sustainable methods of cultivation should be envisaged.

The revaluing of sustainable environmental management
practices and traditional skills and knowledge can be fundamental
Table 9
The SWOT analysis of the Valpadana.

Positive

Internal Strengths
High productivity of the animal husbandry sector
Presence of products certified as Protected Designation of Origin (PDO)
Ability to adapt the crop irrigation systems in the perspective of climate ch
Ability to maintain the level of productivity in the perspective of climate ch

External Opportunities
Development of low-impact technologies to reduce energy input and soil de
(e.g. soil compaction)
Limited effect of climate changes on water demand
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in the preservation of land, reducing environmental risks and
maintaining natural resources, local identities and heritage (Pinto
Correia, 1993; MacDonald et al., 2000; Kelly et al., 2015). Overall,
the territory of the Fortore Valley needs maintenance.

5.2. Valpadana

Table 9 shows the results of the SWOT analysis. Climate change
scenarios (Tomei et al., 2010; Villani et al., 2011) suggest that water
demand should not increase drastically in the Valpadana district.
This is due to increased precipitation in spring and autumn that
could mitigate the impact of the parallel increase in temperature
and evapotranspiration during summer. This condition would al-
low maintaining the current level of productivity with little need
for adaptation to changes while supporting the quality of local
products.

The main weaknesses are urban growth (both compact and
dispersed) and land abandonment (in the hilly districts). These
processes, especially in the case of soils which are structurally
prone to compaction, have a negative effect on soil degradation.
Furthermore, the concentration of precipitations in spring and
autumn and the possible occurrence of intense rains could affect
soil erosion and, together with land take, could cause negative
effects on the overall agricultural productivity.

The possible SLM options (Table 6) should consider best prac-
tices finalized to soil consumption reduction. For example this can
be achieved by promoting the use of “brownfields” (EC, 2012;
Shadler et al., 2011, 2012). This is especially relevant considering
that urbanization processes, and namely the sprawling expansion,
frequently occurs on the most fertile soils (Ceccarelli et al., 2014)
impacting on the agricultural production capacity of a territory.
More efficient irrigation systems and the introduction of less water
demanding crops should be envisaged in the perspective of cli-
mate changes. The quality of soils should be safeguarded by forms
of sustainable mechanization in order to prevent soil compaction.

Furthermore, land use policies for hilly areas should be ad-
dressed toward landscape conservation. The abandonment of
traditional cropping systems typical of the Apennine district has
negative implications for land stability and soil conservation
(Perini et al., 2014). By contrast, farmers' activities related to agro-
forest systems ensure land protection on the same hilly areas.

5.3. A summary: common and different traits of the two sites

Fig. 7 attempts to compare the two study areas from the per-
spective of trajectories, LD processes, ES and relevant SML options.

While the trajectories of land abandonment and depopulation
apply to both areas (although with reference to the sole hilly
districts in the Valpadana site), urban expansion is specific to
lowlands of the Valpadana area. Although soil erosion and
Negative

Weakness
Urban expansion in the lowlands
Agricultural abandonment in the hills and mountains

ange Soils sensibility to compaction
ange

Threats
gradation Precipitation concentration during spring and autumn

Decrease of agricultural productivity due to growing water demand
and land take

and change, land degradation processes and ecosystem services.
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Fig.7. The main highlights of the Fortore valley and the Valpadana: common and
different traits.
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geomorphological instability are LD processes which are common
to the two areas, the effects in the Fortore valley in terms of the
respective regulating services are clearly recognized. One the other
hand the Valpadana area is affected by land take and soil sealing,
with a remarkable impact in terms of provisioning services (and
namely in the sense of reduction of agricultural productivity, both
in quantitative and qualitative terms).

The SWOT analysis for the two areas contributes to further
evaluate internal strengths and opportunities. This is especially
important when searching for possible SLM options in face of
climate change and other global trends. When considering internal
strengths, it appears evident that while natural and cultural
landscapes are a specific asset of the Fortore valley, the agricultural
potential as well as the ability to maintain and adapt current levels
of productivity in face of climate change are common trait of the
two areas. This translates into similar opportunities such as the
development of forms of climate smart agriculture to reduce water
consumption, energy input, and soil degradation.

SLM actions can be thought of which are applicable for the two
areas (e.g. management of abandoned land, more efficient irriga-
tion systems, landscape conservation) but may also diverge de-
pending on their peculiarities. In the case of the Valpadana the
emphasis is on soil consumption reduction and sustainable me-
chanization, while in the Fortore Valley it is on strengthening the
traditional agricultural practices at large and on promoting a ter-
ritorial branding made of typical products and new forms of re-
lated tourism.
6. Conclusions

Since World War II, the decline of cultivation and agro-forest
practices in the more marginal, often hilly and mountainous areas
and the intensive exploitation of the more accessible regions have
had a strong impact on environmental and socioeconomic trans-
formations of Italian landscapes. Problems related to the un-
sustainable use of land resources, rural–urban migration, farm
marginalization and regional disparities contributed to a pro-
gressive degradation of land (Pinto Correia, 1993; Iosifides and
Politidis, 2005; Salvati et al., 2014b). The lack of development
perspectives and SLM policies triggered more intense LD
processes.

Also the Annex IV of the UNCCD highlights critical conditions
occurring in the northern Mediterranean region. This is the case of
traditional agricultural systems with associated land abandonment
and deterioration of soil and water conservation structures. With
Please cite this article as: Smiraglia, D., et al., Linking trajectories of l
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the “Zero Net Land Degradation” (ZNLD) strategy, the UNCCD
promotes the rehabilitation of degraded land as a means of
adaptation to climate change. In this perspective, national and
local governments should plan strategies, development policies
and context-specific policy designs that can be sustainable in the
long term.

The thorough understanding of these intricate processes re-
quires an in-depth investigation of the underlying factors by in-
tegrating quantitative methodologies and narrative approaches.
The estimation of ES provision under changing landscapes can
support strategies for a sustainable use of land resources, effective
protection of the natural environment and development of mar-
ginal areas. In this view, it seems necessary to evaluate the land
use efficiency of a given location. This implies the identification of
the main changes occurred, the most relevant ES affected, the
relationship with living organisms and the impacts that may arise
as a result of unsustainable land uses.

The present study suggests a diagnostic approach where LD
processes are elicited from land change trajectories and linked to
specific losses in terms of ES. The approach can be linked to the
assessment of specific ES and finally helps identifying SLM options.
The local scale adopted provides the context in which problems
can be recognized and appropriate choices can be made. The two
study areas are example of changes occurred in hilly-mountainous
and flat areas driven by processes widely studied in Europe as well
as elsewhere in the world (Geist and Lambin, 2006; EC 2012).
Although results cannot be generalized given the uniqueness of
the test areas selected, the procedure can be easily applied to other
contexts.

Finally, the approach represents a basis for the evaluation of ES
in turn addressing the quest for the identification of measurable
outcomes of LD as pointed out by the UNCCD, among others.
Funding

This work was supported by the national research project
“Agroscenari” financed by the Italian Ministry of Agricultural and
Forestry Policies (MIPAAF).
References

Abbona, E.A., Sarandón, S.J., Marasas, M.E., Astier, M., 2007. Ecological sustainability
evaluation of traditional management in different vineyards systems in Berisso,
Argentina. Agric. Ecosyst. Env. 119, 335–345.

Adger, W.N., 2000. Social and ecological resilience: are they related. Prog. Hum.
Geogr. 24 (3), 347–364.

Antrop, M., 2000. Changing patterns in the urbanized countryside of Western
Europe. Landsc. Ecol. 15 (3), 257–270.

Antrop, M., 2005. Why landscape of the past are important for the future. Landsc.
Urban Plan. 70, 21–34.

Barbati, A., Corona, P., Salvati, L., Gasparella, L., 2013. Natural forest expansion into
suburban countryside: a contrasting perspective about changing forest land-
scape pattern. Urban For. Urban Green. 12, 36–43.

Barral, M.P., Maceira, N.O., 2012. Land-use planning based on ecosystem service
assessment: a case study in the Southeast Pampas of Argentina. Agric. Ecosyst.
Environ. 154, 34–43.

Basso, F., Bove, E., Dumontet, S., Ferrara, A., Pisante, M., Quaranta, G., Taberner, M.,
2000. Evaluating environmental sensitivity at the basin scale through the use of
geographic information systems and remotely sensed data: an example cov-
ering the Agri basin-Southern Italy. Catena 40, 19–35.

Bonamici, S., Ciccarelli, S., Forino, G., 2012. L’uso del suolo nelle attività agricole e
forme di competizione: riflessioni metodologiche per le analisi dei processi di
land degradation. In: Dini, F., Randelli, F. (Eds.), Oltre la globalizzazione: le
proposte della Geografia economica. Firenze University Press, Florence,
pp. 153–166.

Bonamici, S., Ciccarelli, S., Forino, G., 2013. Politiche di sviluppo e land degradation:
esempi dal Mezzogiorno. In: Fratesi, U., Pellegrini, G. (Eds.), Territorio, Istitu-
zioni, Società. Scienze Regionali e Sviluppo del Paese. Franco Angeli, Milan,
pp. 423–442.

Briedenhann, J., Wickens, E., 2004. Tourism routes as a tool for the economic
and change, land degradation processes and ecosystem services.

http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref1
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref1
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref1
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref1
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref2
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref2
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref2
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref3
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref3
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref3
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref4
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref4
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref4
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref5
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref5
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref5
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref5
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref6
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref6
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref6
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref6
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref7
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref7
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref7
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref7
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref7
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref8
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref8
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref8
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref8
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref8
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref8
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref9
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref9
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref9
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref9
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref9
http://dx.doi.org/10.1016/j.envres.2015.11.030
http://dx.doi.org/10.1016/j.envres.2015.11.030
http://dx.doi.org/10.1016/j.envres.2015.11.030


D. Smiraglia et al. / Environmental Research ∎ (∎∎∎∎) ∎∎∎–∎∎∎10
development of rural areas-vibrant hope or impossible dream? Tour Manag. 25
(1), 71–79. http://dx.doi.org/10.1016/S0261-5177(03)00063-3.

Buondonno, C., Di Giaimo, A., Leone, A.P., Pagliuca, S., Tedeschi, P., Terribile, F,
Vigorito, P., 1993. Carta della erosione potenziale massima dei suoli della co-
munità montana “Fortore Beneventano” (1:50.000). Ann. Fac. Agr. Portici. Univ.
Na, Serie IV XXVII.

Ceccarelli, T., Bajocco, S., Perini, L., Salvati, L., 2014. Urbanisation and land take of
high quality agricultural soils-exploring long-term land use changes and land
capability in Northern Italy. Int. J. Environ. Res. 8 (1), 181–192.

Conacher, A.J., Sala, M., 1998. Land Degradation in Mediterranean Environments of
the World: Nature and Extent, Causes and Solutions. Wiley, Chichester, p. 491.

Cowling, R.M., Egoh, B., Knight, A.T., O’Farrell, P.J., Reyers, B., Rouget, M., Roux, D.J.,
Welz, A., Wilhelm-Rechman, A., 2008. An operational model for mainstreaming
ecosystem services for implementation. Proc. Natl. Acad. Sci. USA 105,
9483–9488. http://dx.doi.org/10.1073/pnas.0706559105.

Costantini, E.A.C., Urbano, F., Aramini, G., Barbetti, R., Bellino, F., Bocci, M., Bonati, G.,
Fais, A., L’Abate, G., Loj, G., Magini, S., Napoli, R., Nino, P., Paolanti, M., Percia-
bosco, M., Tascone, F., 2009. Rationale and methods for compiling an atlas of
desertification in Italy. Land Degrad. Dev. 20 (3), 261–276.

Cowell, M., 2010. Polycentric regions: comparing complementarity and institutional
governance in the San Francisco Bay area, the Randstad and Emilia-Romagna.
Urban Stud. 47 (5), 945–965.

De Fries, R.S., Foley, J.A., Asner, G.P., 2004. Land-use choices: balancing human
needs and ecosystem function. Front. Ecol. Environ. 2 (5), 249–257.

Eastman, J.R., 2009. IDRISI Taiga Guide to GIS and Image Processing. Clark Labs
Clark University, Worcester, MA.

EC, 2002. European Commission – Towards a Thematic Strategy for Soil Protection
(COM (2002) 179 final).

EC, 2012. European Commission – Guidelines on Best Practice to Limit, Mitigate or
Compensate Soil Sealing. Publications Office of the European Union, Lux-
embourg (62 pp.).

Eckelmann, W., Baritz, R., Bialousz, S., Bielek, P., Carre, F., Houšková, B., Jones, R.J.A.,
Kibblewhite, M.G., Kozak, J., Le Bas, C., Tóth, G., Tóth, T., Várallyay, G., Yli Halla,
M., Zupan, M., 2006. Common criteria for risk area identification according to
soil threats. European Soil Bureau Research Report No. 20, EUR 22185 EN. Office
for Official Publications of the European Communities, Luxembourg (94 pp.).

European Environment Agency, 2006. Urban Sprawl in Europe – The Ignored
Challenge. EEA Report no. 10, Copenhagen.

Falcucci, A., Maiorano, L., Boitani, L., 2007. Changes in land-use/land-cover patterns
in Italy and their implications for biodiversity conservation. Landsc. Ecol. 22 (4),
617–631.

Feng, X.Y., Luo, G.P., Li, C.F., Dai, L., Lu, L., 2012. Dynamics of ecosystem service value
caused by land use changes in Manas River of Xinjiang, China. Int. J. Environ.
Resour. 6 (2), 499–508.

Ferrara, A., Salvati, L., Sabbi, A., Colantoni, A., 2014. Urbanization, soil quality and
rural areas: towards a spatial mismatch. Sci. Total. Environ. 478, 116–122.

Fraser, E.D.G., Dougill, A.J., Hubacek, K., Quinn, C.H., Sendzimir, J., Termansen, M.,
2011. Assessing vulnerability to climate change in dryland livelihood systems:
conceptual challenges and interdisciplinary solutions. Ecol. Soc. 16 (3), 3. http:
//dx.doi.org/10.5751/ES-03402-160303.

Foley, J.A., DeFries, R., Asner, G.P., Barford, C., Bonan, G., Carpenter, S.R., Chapin, F.S.,
Coe, M.T., Daily, G.C., Gibbs, H.K., Helkowski, J.H., Holloway, T., Howard, E.A.,
Kucharik, C.J., Monfreda, C., Patz, J.A., Prentice, I.C., Ramankutty, N., Snyder, P.K.,
2005. Global consequences of land use. Science 309, 570–574.

Forino, G., Ciccarelli, S., Bonamici, S., Perini, L., Salvati, L., 2015. Developmental
policies, long-term land-use changes and the way towards soil degradation:
evidence from Southern Italy. Scott. Geogr. J. . http://dx.doi.org/10.1080/
14702541.2015.1047895

Gardi, C., Dall’Olio, N., 2012. Land take and soil ecosystem service losses: some data
from Emilia-Romagna. In: Proceedings of the 7th EUREGEO 1, pp. 123–124.

Gardi, C., Panagos, P., Van Liedekerke, M., Bosco, C., De Brogniez, D., 2014. Land take
and food security: assessment of land take on the agricultural production in
Europe. J. Environ. Plan. Manag. . http://dx.doi.org/10.1080/
09640568.2014.899490

Geist, H., Lambin, E.F., 2006. Land-Use and Land-Cover Change. Local Processes and
Global Impacts. Springer-Verlag, Berlin Heidelberg, p. 222.

Gómez, O., Páramo, F., 2005. Land and Ecosystem Accounts (LEAC). Methodological
guidebook. Data processing of land cover flows. European Topic Centre on
Terrestrial Environment. Universitat Antònoma de Barcelona. European En-
vironment Agency.

Halada, L., Evans, D., Romão, C., Petersen, J.E., 2011. Which habitats of European
importance depend on agricultural practices? Biodivers. Conserv. 20,
2365–2378.

Helfenstein, J., Kienast, F., 2014. Ecosystem service state and trends at the regional
to national level: a rapid assessment. Ecol. Indic. 36, 11–18.

Hill, J., Stellmes, M., Udelhoven, T., Roder, A., Sommer, S., 2008. Mediterranean
desertification and land degradation: Mapping related land use change syn-
dromes based on satellite observations. Glob. Planet. Change 64, 146–157.

Iosifides, T., Politidis, T., 2005. Socio-economic dynamics, local development and
desertification in western Lesvos, Greece. Local Environ. 10, 487–499.

Kelly, C., Ferrara, A., Wilson, G.A., Ripullone, F., Nolè, A., Harmer, N., Salvati, L., 2015.
Community resilience and land degradation in forest and shrublandsocio-
ecological systems: evidence from Gorgoglione, Basilicata, Italy. Land Use Policy
46, 11–20. http://dx.doi.org/10.1016/j.landusepol.2015.01.026.

Lambin, E.F., Geis,t, H., 2006. Land-use and Land Cover Change: Local Processes and
Global Impacts. Springer, Heidelberg, pp. 41–70.
Please cite this article as: Smiraglia, D., et al., Linking trajectories of l
Environ. Res. (2015), http://dx.doi.org/10.1016/j.envres.2015.11.030i
Lesschen, J., Cammeraat, L.H., Nieman, T., 2008. Erosion and terrace failure due to
agricultural land abandonment in a semi-arid environment. Earth Surf. Proc.
Land 33 (10), 1574–1584. http://dx.doi.org/10.1002/esp.1676.

Lestrelin, G., Giordano, M., 2007. Upland development policy, livelihood change and
land degradation: interactions from a Laotian village. Land Degrad. Dev. 18,
55–76.

MacDonald, D., Crabtree, J.R., Wiesinger, G., Dax, T., Stamou, N., Fleury, P., Gutierrez
Lazpita, J., Gibon, A., 2000. Agricultural abandonment in mountain areas of
Europe: environmental consequences and policy response. J. Environ. Manag.
59, 47–69. http://dx.doi.org/10.1006/jema.1999.033.

MEA (Millennium Ecosystem Assessment), 2005. Ecosystems and Human Well-
being: Synthesis. World Resource Institute, Washington, DC, USA.

Mendoza-González, G., Martínez, M.L., Lithgow, D., Pe´rez-Maqueo, O., Simonin, P.,
2012. Land use change and its effects on the value of ecosystem services along
the coast of the Gulf of Mexico. Ecol. Econ. 82, 23–32.

Nahuelhual, L., Carmona, A., Aguayo, M., Echeverria, C., 2014. Land use change and
ecosystem services provision: a case study of recreation and ecotourism op-
portunities in southern Chile. Landsc. Ecol. 29, 329–344. http://dx.doi.org/
10.1007/s10980-013-9958-x.

Nkonya, E., Gerber, N., von Braun, J., De Pinto, A., 2011. Economics of Land De-
gradation. The Costs of Action versus Inaction. International Food Policy Re-
search Institute, IFPRI, Issue Brief 68.

Paletto, A., Geitner, C., Grilli, G., Hastik, R., Pastorella, F., Rodrìguez Garcìa, L., 2015.
Mapping the value of ecosystem services: a case study from the Austrian Alps.
Ann. For. Res 58 (1), 157–175. http://dx.doi.org/10.15287/afr.2015.335.

Perini, L., Sabbi, A., Salvati, L., Zitti, M., 2014. Il degrado dei suoli e del paesaggio in
Italia. Ambiente, demografia, società: materiali per un atlante cartografico.
Patron, Bologna.

Piccaretta, M., Capolongo, D., Boenzi, F., Bentivenga, M., 2006. Implications of
Decadal Changes in Precipitation and Land Use Policy to Soil Erosion in Basi-
licata, Italy. Catena 65, 138–151.

Pinto Correia, T., 1993. Land abandonment: changes in the land use patterns around
the Mediterranean basin. Etat de l’Agriculture en Méditerranée. Les sols dans la
région méditerranéenne: utilisation, gestion et perspectives d'évolution. Cah.
Opt. Méditerr. 1 (2), 97–112.

Potschin, M., Haines-Young, R., 2013. Landscapes, sustainability and the place-based
analysis of ecosystem services. Landsc. Ecol. 28, 1053–1065. http://dx.doi.org/
10.1007/s10980-012-9756-x.

Rey Benayas, J.M., Martins, A., Nicolau, J.M., Schulz, J.J., 2007. Abandonment of
agricultural land: an overview of drivers and consequences. CAB Reviews:
Perspectives in Agriculture, Veterinary Science. Nutrition and Natural Re-
sources 2 (057). http://dx.doi.org/10.1079/PAVSNNR20072057.

Reynolds, J.F., Stafford, S., D.M., 2002. Global Desertification: Do Humans Cause
Deserts?. Dahlem University Press, Berlin, p. 437 (Dahlem Workshop Report
88).

Salvati, L., 2012. The spatial nexus between population growth and land degrada-
tion in a dry Mediterranean region: a rapidly changing pattern? Int. J. Sustain.
Dev. World 19 (1), 81–88.

Salvati, L., Bajocco, S., 2011. Land sensitivity to desertification across Italy: past,
present, and future. Appl. Geogr. 31 (1), 223–231.

Salvati, L., Smiraglia, D., Bajocco, S., Ceccarelli, T., Zitti, M., Perini, L., 2014a. Map of
long-term changes in land sensitivity to degradation of Italy. J. Maps 10 (1),
65–72. http://dx.doi.org/10.1080/17445647.2013.842506.

Salvati, L., Smiraglia, D., Bajocco, S., Zitti, M., Perini, L., 2014b. Coastal vs inland
sensitivity to desertification: a diachronic analysis of biophysical and socio-
economic factors in Latium, Italy. Rend. Lincei – Sci. Fis. . http://dx.doi.org/
10.1007/s12210-014-0339-4

Salvati, L., Sateriano, A., Bajocco, S., 2013. To grow or to sprawl? Land Cover Re-
lationships in a Mediterranean City Region and implications for land use
management. Cities 30, 113–121. http://dx.doi.org/10.1016/j.cities.2012.01.007.

Santini, M., Cacciamo, G., Laurenti, A., Noce, S., Valentini, R., 2010. A multi-model
GIS framework for desertification risk assessment. Appl. Geogr. 30 (3), 394–415.

Schellnhuber, H.J., Block, A., Cassel-Gintz, M., Kropp, J., Lammel, G., Lass, W., Lie-
nenkamp, R., Loose, C., Lüdeke, M.K.B., Moldenhauer, O., Petschel-Held, G.,
Plöchl, M., Reusswig, F., 1997. Syndromes of global change. GAIA 6 (1), 18–33.

Serra, P., Vera, A., Tulla, A.F., Salvati, L., 2014. Beyond the urban-rural gradient: in-
tensification and extensification land-use and socioeconomic processes in
Spain. Appl. Geogr. 55, 71–81.

Schädler, S., Morio, M., Bartke, S., Rohr-Zänker, R., Finkel., M., 2011. Designing
sustainable and economically attractive brownfield revitalization options using
an integrated assessment model. J. Environ. Manag. 92, 827–837.

Schädler, S., Morio, M., Bartke, S., Finkel., M., 2012. Integrated planning and spatial
evaluation of megasite remediation and reuse options. J. Contam. Hydrol. 127,
88–100.

Sharpley, R., 2002. Rural tourism and the challenge of tourism diversification: the
case of Cyprus. Tour Manag. 23 (3), 233–244. http://dx.doi.org/10.1016/
S0261-5177(01)00078-4.

Schirpke, U., Leitinger, G., Tasser, E., Schermer, M., Steinbacher, M., Tappeiner, U.,
2013. Multiple ecosystem services of a changing Alpine landscape: past, present
and future. J. Biodivers. Sci. Ecosyst. Serv. Manag. 9 (2), 123–135. http://dx.doi.
org/10.1080/21513732.2012.751936.

Smiraglia, D., Zavattero, L., Ricotta, C., Blasi, C., 2007. The use of adjacency analysis
for quantifying landscape changes. Plant Biosyst. 141 (3), 384–389.

Smiraglia, D., Ceccarelli, T., Bajocco, S., Perini, L., Salvati, L., 2015. Unraveling land-
scape complexity: land use/land cover changes and landscape pattern dy-
namics (1954–2008) in contrasting peri-urban and agro-forest regions of
and change, land degradation processes and ecosystem services.

http://dx.doi.org/10.1016/S0261-5177(03)00063-3
http://dx.doi.org/10.1016/S0261-5177(03)00063-3
http://dx.doi.org/10.1016/S0261-5177(03)00063-3
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref11
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref11
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref11
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref11
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref12
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref12
http://dx.doi.org/10.1073/pnas.0706559105
http://dx.doi.org/10.1073/pnas.0706559105
http://dx.doi.org/10.1073/pnas.0706559105
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref14
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref14
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref14
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref14
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref14
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref15
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref15
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref15
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref15
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref16
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref16
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref16
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref17
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref17
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref18
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref18
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref18
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref19
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref19
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref19
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref19
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref19
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref20
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref20
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref20
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref20
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref21
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref21
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref21
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref21
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref22
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref22
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref22
http://dx.doi.org/10.5751/ES-03402-160303
http://dx.doi.org/10.5751/ES-03402-160303
http://dx.doi.org/10.5751/ES-03402-160303
http://dx.doi.org/10.5751/ES-03402-160303
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref24
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref24
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref24
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref24
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref24
http://dx.doi.org/10.1080/14702541.2015.1047895
http://dx.doi.org/10.1080/14702541.2015.1047895
http://dx.doi.org/10.1080/14702541.2015.1047895
http://dx.doi.org/10.1080/14702541.2015.1047895
http://dx.doi.org/10.1080/09640568.2014.899490
http://dx.doi.org/10.1080/09640568.2014.899490
http://dx.doi.org/10.1080/09640568.2014.899490
http://dx.doi.org/10.1080/09640568.2014.899490
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref27
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref27
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref28
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref28
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref28
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref28
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref29
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref29
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref29
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref30
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref30
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref30
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref30
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref31
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref31
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref31
http://dx.doi.org/10.1016/j.landusepol.2015.01.026
http://dx.doi.org/10.1016/j.landusepol.2015.01.026
http://dx.doi.org/10.1016/j.landusepol.2015.01.026
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref33
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref33
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref33
http://dx.doi.org/10.1002/esp.1676
http://dx.doi.org/10.1002/esp.1676
http://dx.doi.org/10.1002/esp.1676
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref35
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref35
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref35
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref35
http://dx.doi.org/10.1006/jema.1999.033
http://dx.doi.org/10.1006/jema.1999.033
http://dx.doi.org/10.1006/jema.1999.033
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref37
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref37
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref38
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref38
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref38
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref38
http://dx.doi.org/10.1007/s10980-013-9958-x
http://dx.doi.org/10.1007/s10980-013-9958-x
http://dx.doi.org/10.1007/s10980-013-9958-x
http://dx.doi.org/10.1007/s10980-013-9958-x
http://dx.doi.org/10.15287/afr.2015.335
http://dx.doi.org/10.15287/afr.2015.335
http://dx.doi.org/10.15287/afr.2015.335
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref41
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref41
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref41
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref42
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref42
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref42
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref42
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref43
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref43
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref43
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref43
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref43
http://dx.doi.org/10.1007/s10980-012-9756-x
http://dx.doi.org/10.1007/s10980-012-9756-x
http://dx.doi.org/10.1007/s10980-012-9756-x
http://dx.doi.org/10.1007/s10980-012-9756-x
http://dx.doi.org/10.1079/PAVSNNR20072057
http://dx.doi.org/10.1079/PAVSNNR20072057
http://dx.doi.org/10.1079/PAVSNNR20072057
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref46
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref46
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref46
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref47
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref47
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref47
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref47
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref48
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref48
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref48
http://dx.doi.org/10.1080/17445647.2013.842506
http://dx.doi.org/10.1080/17445647.2013.842506
http://dx.doi.org/10.1080/17445647.2013.842506
http://dx.doi.org/10.1007/s12210-014-0339-4
http://dx.doi.org/10.1007/s12210-014-0339-4
http://dx.doi.org/10.1007/s12210-014-0339-4
http://dx.doi.org/10.1007/s12210-014-0339-4
http://dx.doi.org/10.1016/j.cities.2012.01.007
http://dx.doi.org/10.1016/j.cities.2012.01.007
http://dx.doi.org/10.1016/j.cities.2012.01.007
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref52
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref52
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref52
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref53
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref53
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref53
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref53
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref54
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref54
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref54
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref54
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref55
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref55
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref55
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref55
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref56
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref56
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref56
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref56
http://dx.doi.org/10.1016/S0261-5177(01)00078-4
http://dx.doi.org/10.1016/S0261-5177(01)00078-4
http://dx.doi.org/10.1016/S0261-5177(01)00078-4
http://dx.doi.org/10.1016/S0261-5177(01)00078-4
http://dx.doi.org/10.1080/21513732.2012.751936
http://dx.doi.org/10.1080/21513732.2012.751936
http://dx.doi.org/10.1080/21513732.2012.751936
http://dx.doi.org/10.1080/21513732.2012.751936
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref59
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref59
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref59
http://dx.doi.org/10.1016/j.envres.2015.11.030
http://dx.doi.org/10.1016/j.envres.2015.11.030
http://dx.doi.org/10.1016/j.envres.2015.11.030


D. Smiraglia et al. / Environmental Research ∎ (∎∎∎∎) ∎∎∎–∎∎∎ 11
northern Italy. Environ. Manag. 56 (4), 916–932. http://dx.doi.org/10.1007/
s00267-015-0533-x.

Symeonakis, E., Calvo-Cases, A., Arnau-Rosalen, E., 2007. Land use change and land
degradation in southeastern Mediterranean Spain. Environ. Manag. 40, 80–94.

Tomei, F., Antolini, G., Tomozeiu, R., Pavan, V., Villani G., Marletto, V., 2010. Analysis
of precipitation in Emilia-Romagna (Italy) and impacts of climate change sce-
narios. International Workshop Advances in Statistical Hydrology. Taormina,
Italy, May 23–25, 2010.

Tomozeiu, R., Agrillo, G., Cacciamani, C., Pavan, V., 2014. Statistically downscaled
climate change projections of surface temperature over Northern Italy for the
periods 2021–2050 and 2070–2099. Nat. Hazards 72 (1), 143–168. http://dx.
doi.org/10.1007/s11069-013-0552-y.

Turner, B.L., Lambin, E.G., Reenberg, A., 2007. The emergence of land change science
for global environmental change and sustainability. Proc. Natl. Acad. Sci. 104,
206660–220671.

Vanacker, V., Bellin, N., Molina, A., Kubik, P.W., 2014. Erosion regulation as a
Please cite this article as: Smiraglia, D., et al., Linking trajectories of l
Environ. Res. (2015), http://dx.doi.org/10.1016/j.envres.2015.11.030i
function of human disturbances to vegetation cover: a conceptual model.
Landsc. Ecol. 29, 293–309. http://dx.doi.org/10.1007/s10980-013-9956-z.

Villani, G., Tomei, F., Tomozeiu, R., Marletto, V., 2011. Climatic scenarios and their
impacts on irrigated agriculture in Emilia-Romagna, Italy. Ital. J. Agrometeorol.
1, 5–16.

Wilson, G., Quaranta, G., Kelly, C., Salvia, R., 2015. Community resilience, land de-
gradation and endogenous lock-in effects: evidence from the Alento region,
Campania, Italy. J. Environ. Plan. Manag. . http://dx.doi.org/10.1080/
09640568.2015.1024306

Wilson, G.A., 2009. The spatiality of multifunctional agriculture: a human geo-
graphy perspective. Geoforum 40, 269–280. http://dx.doi.org/10.1016/j.
geoforum.2008.12.007.

Wischmeier, W.H., Smith., D.D., 1978. Predicting rainfall erosion losses-a guide to
conservation planning. Agriculture Handbooks, No. 537. USDA/Science and
Education Administration. US. Govt. Printing Office, Washington, DC. 58 pp.
and change, land degradation processes and ecosystem services.

http://dx.doi.org/10.1007/s00267-015-0533-x
http://dx.doi.org/10.1007/s00267-015-0533-x
http://dx.doi.org/10.1007/s00267-015-0533-x
http://dx.doi.org/10.1007/s00267-015-0533-x
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref61
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref61
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref61
http://dx.doi.org/10.1007/s11069-013-0552-y
http://dx.doi.org/10.1007/s11069-013-0552-y
http://dx.doi.org/10.1007/s11069-013-0552-y
http://dx.doi.org/10.1007/s11069-013-0552-y
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref63
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref63
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref63
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref63
http://dx.doi.org/10.1007/s10980-013-9956-z
http://dx.doi.org/10.1007/s10980-013-9956-z
http://dx.doi.org/10.1007/s10980-013-9956-z
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref65
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref65
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref65
http://refhub.elsevier.com/S0013-9351(15)30157-2/sbref65
http://dx.doi.org/10.1080/09640568.2015.1024306
http://dx.doi.org/10.1080/09640568.2015.1024306
http://dx.doi.org/10.1080/09640568.2015.1024306
http://dx.doi.org/10.1080/09640568.2015.1024306
http://dx.doi.org/10.1016/j.geoforum.2008.12.007
http://dx.doi.org/10.1016/j.geoforum.2008.12.007
http://dx.doi.org/10.1016/j.geoforum.2008.12.007
http://dx.doi.org/10.1016/j.geoforum.2008.12.007
http://dx.doi.org/10.1016/j.envres.2015.11.030
http://dx.doi.org/10.1016/j.envres.2015.11.030
http://dx.doi.org/10.1016/j.envres.2015.11.030

	Linking trajectories of land change, land degradation processes and ecosystem services
	Introduction
	Study areas
	Fortore valley
	Valpadana

	Methods
	Land change trajectories
	LULC change analysis
	Environmental sensitivity to land degradation
	Population dynamics

	Linking land change trajectories, land degradation processes and ecosystem services

	Results
	LULC change analysis
	Changes in the level of land degradation
	Population dynamics
	The output of the evaluation framework
	Fortore valley
	Valpadana


	Discussion
	Fortore valley
	Valpadana
	A summary: common and different traits of the two sites

	Conclusions
	Funding
	References




