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a b s t r a c t 

Mediterranean land systems are undergoing significant 

changes in terms of agricultural land use and practices. The 

location and nature of agricultural areas in the Mediter- 

ranean basin are changing following a set of tensions and 

opportunities taking place both locally and in the entire 

basin. This dataset presents the main short-term land sys- 

tem dynamics (2005–2015) and their location on the whole 

Mediterranean basin. The dataset is based on existing land 

use map and available data about agricultural surface dis- 

tribution, and it is obtained through a classification process 

of the land systems on the two analyzed data (2005 and 

2015) and a subsequent change detection between the two 

obtained maps. It covers all the Mediterranean bioclimatic 

area in pixels of 2 km spatial resolution, harmonizing infor- 

mation from the northern and southern side of the basin. 

We identified different types of changes, and the most rel- 

evant in terms of surfaces are: (1) from mixed agriculture to 

specialized fruit groves; (2) from agricultural areas to urban 

and/or periurban areas; (3) from agroforestry to arable sys- 

tems, and (4) from predominantly bare soils to agricultural 

areas. This data can be used for further analysis to assess un- 

derlying trajectories, and the impact of the observed dynam- 
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ics on biodiversity and the provision of ecosystem services, 

as well as on the organization of the food system. 

© 2024 Published by Elsevier Inc. 

This is an open access article under the CC BY license 

( http://creativecommons.org/licenses/by/4.0/ ) 
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General informaion on the dataset. 

Subject area Agronomy and Crop Science, Global and Planetary Change, Geography, Planning 

and Development. 

More specific subject area Land system science, Crop distribution, Land system dynamics, Food systems, 

Agricultural system structure and distribution. 

Data format Analyzed 

Type of data Two shapefiles, one representing the land system classification in 2005 and 

2015 and the other representing just the area of changes, with the dynamic 

description. The shapefiles are structured as a grid of 2 km and for each 

square of the grid we have a land system type for 2005, a land system type for 

2015 and the change between the two data. 

Data collection Online acquisition of land use/land cover map, online acquisition of the SPAM 

database about crop distribution, cluster analysis of the land systems of the 

two data, change detection. 

Data source location The dataset represents the whole Mediterranean biogeographical area. The 

delimitation of the Mediterranean area was based on the combination of the 

Mediterranean environmental zone proposed by Metzger et al. (2005) for the 

European part of the Mediterranean, and the limits of Malek and Verburg’s 

(2017) analysis for the southern side of the basin. 

Data accessibility Data provided in the article is accessible to the public at this link: 

https://doi.org/10.5281/zenodo.8427510 for the shapefile about land system 

changes and https://doi.org/10.5281/zenodo.8431307 for the land system 

classification on 2005 and 2015. 

DOI: https://doi.org/10.5281/zenodo.8431306 and 10.5281/zenodo.8427510 

. Value of the Data 

• These data represent the first assessment of land system dynamics on the whole Mediter-

ranean area. This is particularly relevant considering the heterogeneity and the complexity of

land systems in the Mediterranean and the difficulties for characterize the agricultural region

just in terms of land use. 

• The resolution used for presenting Mediterranean land system dynamics (2 km) allows to

identify some hotspots of changes. 

• This database can be considered as the first assessment needed for evaluating the possible

impact of these changes on biodiversity and ecosystem services provision, but also on the

food system and food security in the Mediterranean basin. 

. Objective 

The spatial patterns of Mediterranean agricultural systems, based on mixed crops and poly-

ultural systems, are difficult to identify and map if only a land cover and land use approach

s used [1] . A land system approach, where the geographical unit for modelling and predict-

ng future changes is not directly the land cover or the land use, but a more complex class

hat combines land use and management through indicators such as population density, irri-

ation systems, and agricultural inputs is well adapted to tackling Mediterranean agricultural

omplexity, in order to anticipate and manage the impact of future changes on ecosystem ser-

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.5281/zenodo.8427510
https://doi.org/10.5281/zenodo.8431307
https://doi.org/10.5281/zenodo.8431306
https://doi.org/10.5281/zenodo.8427510
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Table 1 

Description of the collected datasets and their sources. 

Type of information Source Reference Spatial 

resolution 

Reference time 

period 

Land cover 

(37 classes, 

including some 

management 

charcateristics such 

as irrigated and/or 

rainfed crops) 

ESA/CCI base https://maps.elie.ucl.ac.be/CCI/viewer/ 300 m 2005 and 2015 

Elevation and slope Global Digital 

Elevation 

Model 

https://webmap.ornl.gov/ogc/wcsdown.jsp? 

dg_id=10 0 03_1 

30 Arc-s 

( ∼1 km at 

the 

equator) 

2015 

Soil nutrient 

availability, rooting 

conditions and 

workability 

Harmonized 

world soil 

database 

http://webarchive.iiasa.ac.at/Research/LUC/ 

External-World-soil-database/HTML/ 

SoilQuality.html?sb=10 

30 Arc-s 

( ∼1 km at 

the 

equator) 

2008 

Temperature and 

rainfall 

Worldclim 

database 

http://worldclim.org/version2 30 Arc-s 

( ∼1 km at 

the 

equator) 

2010 

Population Landscan https://landscan.ornl.gov/ 30 Arc-s 

( ∼1 km at 

the 

equator) 

2015 

Livestock: amount 

and type 

(cattle, goats or 

sheeps) 

Gridded 

Livestock of the 

World database 

http://www.fao.org/ag/againfo/resources/ 

en/glw/home.html 

5 min arc 

( ∼10 km at 

the equator 

2015 

Type of crops 

(33 classes) 

SPAM database http://mapspam.info/"〉 http: 

//mapspam.info/ 

5 min arc 

( ∼10 km at 

the equator 

2005 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

vices. However, there is a lack of knowledge on these dynamics for the Mediterranean basin as a

whole, as the mapping of land systems dynamics is often fragmented and limited to regional or

local case studies. In this context, we explored the current dynamics occurring throughout the

Mediterranean basin, aimed at assessing the existing trajectories at a large scale. 

3. Data Description 

This dataset was originated from the processing of different sources of data, summarized

on Table 1 . The data were processed through a classification method in order to obtain a land

system class on two dates (2005 and 2015). The spatial scale of the two land system maps is 2

km, so each variable was calculated in a 2 km x 2km grid, obtaining a total of 716105 pixels. 

As the initial resolution of ESA/CCI land use/land cover database is 300 m (with an overall ac-

curacy of 75% for both years), we chose not to define each 2 km pixel by its dominant land cover

class, but to keep the accuracy of the original information by calculating the rate of each land

cover class contained in each 2 km square pixel. Each pixel is thus classified, among other vari-

ables, according to the proportion (percentage) of each land use/land cover class it contains. The

classification thus takes into account land-use variations within the considered spatial units. In

order to focus the classification on agricultural areas, we first aggregated some land use classes

of the ESA/CCI database, namely the classes related to forests, which was differentiated into

broad-leaved and needle-leaved species, wetlands, bare soils (consolidated or unconsolidated)

and shrub lands (evergreen or deciduous). We also aggregated some agricultural surfaces of the

MAPSPAM database [2] , in particular for non-major crops (in terms of their surfaces), such as:

https://maps.elie.ucl.ac.be/CCI/viewer/
https://webmap.ornl.gov/ogc/wcsdown.jsp?dg_id=10003_1
http://webarchive.iiasa.ac.at/Research/LUC/External-World-soil-database/HTML/SoilQuality.html?sb=10
http://worldclim.org/version2
https://landscan.ornl.gov/
http://www.fao.org/ag/againfo/resources/en/glw/home.html
http://mapspam.info/
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3  
illet, sorghum and other cereals, which were grouped into a single class “other cereals”; bean,

hickpea, cowpea, lentil, which were grouped into “pulses”; and soybean, groundnut, sunflower,

apeseed, sesame seed, which were classed as “oil crops”. 

. Materials and Methods 

In order to analyze the land system dynamics, we first classified the land system typologies in

he Mediterranean basin for 2005 and 2015. We then evaluated the overall changes between the

wo dates. For the land system classification, we applied a mixed method: we firstly applied an

xpert-based analysis for the distinction of the non-agricultural classes and then a partitioning

f the dataset using an unsupervised classification. For the expert-based analysis, we performed

n international survey, submitting an online questionnaire to around 70 scholar and local ex-

erts (high level administration, policy makers, land planners) having published on Mediter-

anean landscape dynamics. The questionnaire consisted of 72 semi-structured questions, includ-

ng an access to the project data and maps, and organized around five main themes: variables for

istinguishing land systems, thresholds for classifying land systems, land systems classes, land

ystem trajectories and underlying drivers. 21 Scholars (30% of the scholars contacted) answered

o the questionnaire highlighting a general agreement in the variables for distinguish land sys-

ems, and the received answers allowed to identify the thresholds reported on Fig. 1 to distin-

uish the following non-agricultural classes: forest, wetlands, urban, peri-urban, and bare soils

3] . Then, we performed an unsupervised classification on the remaining pixels, partitioning the

hole database in seven subsets based on topographical characteristics (slope and elevation):

lain and irrigated plain, hill, hilly plateau, mountain, mountain plateau and high mountain. In

ach subset we applied the CLARA algorithm – Clustering LARge Applications- created by Kauf-

an and Rousseeuw [4 , 5] , available in the R package cluster [6] and extensively described in [7] .

his data mining and clustering algorithm is an extension of the k-medoids methods and deals

ith large datasets using a sampling approach. CLARA considers a small sample of data with a

xed size and applies the Partitioning Around Medoids algorithm [5] to generate an optimal set

f medoids for the sample. The quality of the resulting medoids is measured by the average dis-

imilarity between every object in the entire data set and the medoid of its cluster, defined as

he cost function. CLARA repeats the sampling and clustering processes a pre-specified number

f times in order to minimize the sampling bias. The final clustering results correspond to the

et of medoids with the minimal cost. 

Using CLARA entails specifying the output number of clusters. In order to estimate the op-

imal number of clusters, we used an unsupervised machine learning approach through the av-

rage silhouette method [5 , 7] contained in the factoextra R package [7] . This method directly

etermines the optimal number of clusters k by measuring the quality of the clustering, i.e. how

ell each object lies within its cluster. It computes the average silhouette of observations for dif-

erent values of k. The optimal number of clusters k is thus the one that maximizes the average

ilhouette over a range of possible values for k [5] . 

For the clustering procedure, we used all the data acquired as variables, without applying any

dditional threshold, i.e population, crop surface, land use, livestock, soil quality, temperature

nd rainfall. 

Fig. 1 shows the hierarchical scheme applied for the land system classification for the two

ates. 

From the land system classification, we obtained 20 classes. Fig. 2 shows the distribution of

he 20 classes on the Mediterranean for the year 2015. For validating the obtained classification,

he resulting maps were showed and discussed with local partners (at least three expert schol-

rs) of seven Mediterranean countries (Portugal, Spain, Italy, France, Tunisia, Malta and Algeria).

oreover, the expert survey previously described was also used to validate the classes, obtaining

 substantial agreement for the typology (data not shown). 

The most represented classes are mountain plateau with extensive agriculture (around

62,0 0 0 km2 , 15% of the total area) and moderately intensive plain characterized by cereals and
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Fig. 1. Overall methodology for land system classification. 

 

 

 

 

 

 

 

 

 

 

 

 

 

arable lands (around 250,0 0 0 km2 , 10% of the total area), showing that mixed systems are still

prevalent in the Mediterranean region. Intensive agriculture is also generally diffused both on

the northern and southern side of the Mediterranean with around 190,0 0 0 km2 . In general, in-

tensive systems occupy around 23% of the total surfaces, whereas extensive systems are around

on 50% of the areas. 

Then, we assessed the changes between 2005 and 2015, representing around 57,0 0 0 km2 ,

2.5% of the total area. The confusion matrix allows to identify most frequent dynamics: 

(1) From agricultural areas to urban and/or periurban areas ( ∼43% of the changing area). The

highly productive plains with a predominance of cereal crops or hill plateau areas with

arable crops or fruit groves are the most affected by this kind of change (36% and 6%,

respectively) together with arboriculture areas (10%). This means that Mediterranean ar-

eas are losing their most productive agricultural lands to urbanization. These areas are

widespread around the Mediterranean basin, mainly in the north-western and south-

eastern parts. 

(2) From mixed systems to specialized fruit groves ( ∼28% of the changing area). This corre-

sponds to a change from different types of land systems including arable crops, vegetables
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Fig. 2. Land system class distribution in 2015. 

 

 

 

 

 

 

 

 

 

 

 

and livestock, to specialized fruit groves. These dynamics take place in different types of

topography, from plains to mountains. We observed these dynamics in the Nile plain, in

some coastal areas of Turkey, but also in Albania, southern Italy (Apulia), Valencia (Spain)

and in some coastal areas of the Maghreb. 

(3) From extensive mixed systems and/or agroforestry to more intensive systems ( ∼4% of the

changing area). This highlights the simplification of agroforestry systems or the extensive

arable/pastures through the loss of trees and the increase in arable lands, until the com-

plete disappearance of agroforestry and the transition to arable crops and vegetables. The

areas most affected by these changes are in the internal parts of Portugal, some coastal

areas of Algeria, and the internal hilly parts of the Balkans and Turkey. 

(4) From predominantly bare soils to agricultural areas ( ∼11% of the changing area). There

has been a change from predominantly bare soils to extensive agricultural areas. It has

especially affected the southern Mediterranean, particularly Morocco and Algeria, near the

borders between agricultural and desert areas, or in the southern Atlas Mountains. 
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Fig. 3. Land system change distribution in the Mediterranean basin from 2005 to 2015. 

 

 

 

 

 

 

 

 

 

 

 

 

(5) Agricultural abandonment and re-naturalization ( ∼7% of the changing area). This includes

all the transitions from an agricultural system class to the forest and natural vegetation

type. The areas most affected by this change are the internal hilly and mountain lands of

the northern side of the Mediterranean. 

(6) From forest and/or natural vegetation to agricultural areas ( ∼5% of the changing area).

This represents all the transition from the forest class to an agricultural system. This type

of change is mainly present on the mountain areas of the northern side of the Mediter-

ranean, and in particular in some valleys in Slovenia and of the Italian Alps ( Fig. 3 ). 
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Data Availability 
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Mediterranean land system classification on 2005 and 2015 (Original data) (Zenodo). 
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