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EXECUTIVE SUMMARY 

The current methods for identifying marginal lands are diverse and mostly reflect specific 

management purposes. In these methods, many of the parameters and variables used in the 

identification of marginal lands are linked to land use/land cover and the specific 

characteristics of the Earth's surface, focusing on biophysical criteria. 

There are several ways to analyze the marginality of a territory, but they are based on three 

approaches, firstly, on soil health criteria: erosion, poorly drained, frequently flooded land, low 

crop productivity, and high slopes. Secondly, it is to analyze the use of the soil focusing on 

those crops with very low productivity and fallow lands. The third approach is based on 

analyzing areas with a degree of environmental degradation such as abandoned mining and 

industrial areas, contaminated zones, water resource contamination, and farmland where 

irrigation could lead to water resource depletion. For the objective identification of these 

parameters and consequently of marginal lands at different scales, remote sensing and 

modern interpretation techniques are increasingly used. 

The objective of this task was the development of a methodology for the detection of M/SM 

MLs. This methodology integrated land characteristics based on available information sources 

so that the criteria for defining marginal lands were satisfied. In the framework of the MAIL 

project, this task used the knowledge acquired in tasks 2.1 and 2.2, mainly the bibliographic 

review, the set of indicators, the thematic maps, and the criteria for the definition of marginal 

lands. Throughout this task, indicators, and guidelines for the identification of marginal lands 

were evaluated, selected, and developed, as well as mapping and database of marginal lands 

at the European level was generated. 

The methodology implemented consisted of combining land use data and soil quality data. 

The land-use constraints were divided into two, "soft" constraints which were factors with 

variable thresholds (e.g., slope), and "hard" constraints we considered as binary exclusion 

factors (e.g., protected areas). The majority of the factors that indicate marginality could be 

considered "soft". These included biophysical factors such as slope, elevation, soil 

quality/fertility, and erosion, which are inherent properties of the land or soil. Current land-use 

and policy can be classified as "hard" constraints. 

The methodology was divided into five steps. The first step was the selection of the studies 

analyzed in Task 2.1 to establish the criteria and thresholds for identifying marginal lands. The 

second was the selection of the datasets proposed in task 2.2 and pre-processing of the data. 

The third step was the implementation of the ñhardò thresholds and constrains methodology 
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which relies on the exclusion of areas that do not meet the requirements of the definition of 

Marginal Lands (i.e., agricultural lands, forest and impervious areas, permanent water, and 

snow areas, peat bogs, marshes, and more) and fourthly, the ñadditional indicators/thresholdsò 

phase based on the development of specific sets of additional indicators (i.e., ñsoftò 

constrains). A weighted overlap analysis was then performed considering the physical 

characteristics of the possible areas of interest across Europe. The final step in the mapping 

of marginal lands, was the reclassification of the resulting product of the weighted overlay into 

3 classes, depicting marginality: 1) Marginal lands with high plantation suitability, 2) Marginal 

lands with low plantation suitability and 3) Potentially unsuitable lands. 

As a result, marginal land maps (hard constraints) and marginality maps (soft constraints) 

were obtained for Europe and the pilot sites proposed in the MAIL project. The results are 

currently being validated in task 2.4. The developed methodology will be adjusted and fine-

tuned based on the results of the accuracy assessment evaluation. 
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1. INTRODUCTION 

This document contains the methodology and key aspects to be taken into account for 

marginal land detection under the scope of MAIL project.  

The starting point is the definition of marginal land as pointed out in Deliverable 2.1. As per 

D2.1 marginality is driven by three main forces: environmental factors, socioeconomic factors 

and cultural factors. 

 

Figure 1: Transition between marginality and the definition on marginal lands in the framework 

of MAIL project. 

These forces or factors directly influence land use, so that land cover data can be considered 

an aggregate of all these variables (Bertaglia, Joost, & Roosen, 2007). In addition, there are 

some constrains to relative marginality related with MAIL scope: 

¶ Increase of C stock as per LULUCF regulation3 

¶ Mountainous and semi-mountainous areas 

¶ No agricultural zones 

¶ No protected areas 

¶ No other uses 

 

3 The EU has revised its legislative framework in order to meet the requirements for climate change 
mitigation under the 2015 Paris Agreement. As part of this framework the Land Use, Land Use Change 
and Forestry (LULUCF) regulation (2018/841) was adopted in May 2018 (European Parliament, 2018).  
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Marginal land detection was performed using primary data (forces related to the general 

definition of marginal lands) and secondary data (related to MAIL definition of marginal land). 

In the next tables the variables chosen for marginal land identification are summarized: 

Table 1: Factors for marginal land identification under MAIL scope. Source: Personal 

compilation. 

Factor Dataset Variable 

Environmental factors 

CORINE Land Cover Land cover 

Cultural factors 

Table 2: Constrains for marginal land identification under MAIL scope Source: Personal 

compilation. 

Constrain Dataset Variables 

Increase of C stock as per 

LULUCF regulation 

Pan-European High-

Resolution Layers (HRL) 

Forest variables (Tree Cover 

Density) 

Mountainous and semi-

mountainous areas 

Digital European Elevation 

Model 
Elevation 

No agricultural zones CORINE land cover Land cover 

No protected areas Environmental dataset Protected areas 

No other uses S2GLC Land cover4 

Other factors5 
European Soil Database 

Derived data 
Soil variables 

  

 

4 Land use is proposed as variable to detect other uses, as extensive grazing, that could compete with 

the uses proposed under the scope of MAIL project. Land uses classes will be analyzed regionally by 

specialists in order to detect uses that will constrain afforestation or other actions proposed by MAIL.  
5 Variables related with extra factors (mainly soil variables) will be utilized in order to improve marginal 

land detection under the scope of MAIL project. 
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2. DEFINITION OF MINIMUM MARGINAL LAND PARCEL AREA 

Under MAIL project, the minimum area of marginal land6 was set (a priori) as 1 ha (10.000 

m2). Marginal land with area less than this minimum parcel size will not be studied under the 

scope of MAIL project. Considering the European scale of the project, the aforementioned 

size was considered as an equilibrium point between available resources and marginality 

characteristics at local scale. 

3. DATASETS USED 

3.1 CORINE Land Cover 

In this study the CORINE Land Cover (CLC) database will be used as primary source of data. 

It provides a pan-European inventory of biophysical land-cover. The CLC inventory was 

initiated in 1985 (reference year 1990) and was created from remotely sensed data. Updates 

have been produced in 2000, 2006, 2012, and 2018. CLC provides information about land-

cover changes for a substantial part of Europe. CLC uses a Minimum Mapping Unit (MMU) of 

25 hectares for areal phenomena and a minimum width of 100 m for linear phenomena. The 

time series are complemented by change layers, which highlight changes in land cover with 

an MMU of 5 ha. 

The CORINE Land Cover database has been validated. The official classification accuracy of 

CORINE is Ó 85% except for the release of 2002 (G Büttner & Kosztra, 2017). CLC dataset 

will be utilized for general marginality detection and for the detection of land uses as 

agricultural and extensive grazing, that will compete with afforestation or other actions 

proposed under MAILôs scope. 

Table 3: Technical specifications of CLC dataset. Source: MAIL Deliverable D2.2. 

Specification Source data specification 

File name: Corine Land Cover (CLC) 2018, 

Version 20 
Sensor: -  

Coordinate system: ETRS89 LAEA Data type: - 

 

6 Minimum parcel size of marginal land is subject to review according the first outputs of the detection 
methodology and the knowledge depicted from pilot cases.  
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Specification Source data specification 

Production date: 14 - 06 - 2019 Sensor resolution: - 

Coverage (top L, BR coordinates): EEA 39 Acquisition date: 2012 - 2018 

Grid size: 25 ha / 500 m Grid size: - 

Position accuracy: 100 m Positional accuracy: - 

Vertical accuracy: - Vertical accuracy: - 

Completeness: Complete 

File type, format: Vector, AutoCAD Slide (.sld) & ArcGIS Layer (.lyr) 

3.2 Pan-European High-Resolution Layers (HRL) 

The Pan-European High-Resolution Layers (HRL) (European Environment Agency, 2015) 

provide information on specific land cover characteristics, and are complementary to land 

cover / land use mapping such as the CLC datasets. The HRLs are produced from satellite 

imagery through a combination of automated processing and interactive rule-based 

classification. Since the compilation of the 2015 reference year the production is increasingly 

based on analyzing time series of satellite images from several different sensors, including 

the combination of optical and radar data. The main sources are the Sentinel Satellites, in 

particular Sentinel-2 and Sentinel-1. In addition to High-Resolution (HR) data, since 2015, very 

High-Resolution (VHR) imagery was also used for some of the products. 

Five themes have been identified so far, corresponding with the main themes from CLC, i.e., 

the level of sealed soil (imperviousness), tree cover density and forest type, grasslands, 

wetness and water, and small woody features. 

Tree Cover Density (TCD) will be utilized as the forestry variable in order to select the marginal 

lands where activities such as afforestation and reforestation will have more impact on the C 

stock accounting system as defined by the LULUCF directive7. According to this regulation, 

not all of the forest related sinks will count toward the mitigation target (Grassi et al., 2019), 

therefore carbon stock contribution, for legal purposes, will depend if performed on already 

managed forest lands or afforested and forested lands. Distinction between those categories 

 

7 Regulation 2018/841 adopted in May 2018. This normative establish a land-based approach for 
accounting the emissions and removals from the LULUCF sector in five land accounting categories: (1) 
afforested and forested land; (2) managed cropland, grassland and wetland; (3) managed forest land; 
(4) harvested wood products; and (5) natural disturbances (Romppainen, 2019).  
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will be performed through TCD thresholds in order to select the most suitable marginal lands 

for MAIL project.  

Table 4: Technical specifications of Pan-European High-Resolution Layers (HRL) dataset. 

Source: MAIL Deliverable D2.2. 

Specification Source data specification 

File name: Tree Cover Density (TCD) 

Sensor: 

Sentinel-2: Multispectral instrument (MSI). 

Landsat-8: Operational Land Imager (OLI) 

Coordinate system: ETRS89 LAEA 

Data type: 

Sentinel-2: TOA reflectances (Level 1), 

TOA radiances in sensor geometry (L1B) 

(Level 1) and BOA reflectances in 

cartographic geometry (L1C) (Level 2) 

Production date: 22 - 03 - 2018 

Sensor resolution: 

Sentinel-2: 10-60 m 

Landsat-8: 30 m (visible, NIR & SWIR), 

100 m (thermal) and 15 m (panchomatric) 

Coverage (top L, BR coordinates): * Acquisition date: 2012 - 2015 

Grid size: 20 m Grid size: - 

Position accuracy: Less than one pixel Positional accuracy: - 

Vertical accuracy: - Vertical accuracy: - 

Completeness: Complete 

File type, format: Raster, TIFF image 

3.3 Digital European elevation model 

The Digital European elevation model (EU-DEM) is a digital surface model (DSM) of EEA 

member and cooperating countries representing the first surface as illuminated by the 

sensors. It is a hybrid product based on SRTM and ASTER GDEM data fused by a weighted 

averaging approach (Digital Elevation Model over Europe (EU-DEM), (European Environment 

Agency, 2017)). This is the v1.1 of EU-DEM, based on data acquired in 2011. 

EU-DEM will be used as elevation source in order to identify mountainous and semi-

mountainous marginal lands under MAILôs scope. 



[D2.3] Report on Methodology development 

 
 

[17|168] 

Table 5: Technical specifications of Digital European elevation model dataset. Source: MAIL 

Deliverable D2.2. 

Specification Source data specification 

File name: Digital Elevation Model of Europe 

v1.1 

Sensor: (GLASS) Geoscience Laser 

Alimeter System 

Coordinate system: ETRS89 LAEA 
Data type: Level 1A, 1B, 2 and 3 data 

products 

Production date: 20 - 04 - 2016 Sensor resolution: 60-70 m x 60-70 m 

Coverage (top L, BR coordinates): ** Acquisition date: 2011 

Grid size: 25 m Grid size: - 

Position accuracy: - Positional accuracy: - 

Vertical accuracy: +/- 7 m RMSE Vertical accuracy: - 

Completeness: Complete 

File type, format: Raster, Geotiff 32 bits 

3.4 Environmental dataset 

In order to identify the legally protected areas, the European network of protected sites (Natura 

2000) was used. Natura 2000 is the key instrument to protect biodiversity in the European 

Union. It is an ecological network of protected areas, set up to ensure the survival of Europe's 

most valuable species and habitats. Natura 2000 is based on the 1979 Birds Directive and the 

1992 Habitats Directive. This version covers the reporting of 2018. 

The European database on Natura 2000 sites consists of a compilation of the data submitted 

by Member States to the European Commission. This European database is generally 

updated once per year. (Natura 2000 data - the European network of protected sites 

(European Environment Agency, 2020)). 

Table 6: Technical specifications of Environmental dataset. Source: MAIL Deliverable D2.2. 

Specification Source data specification 

File name: Natura 2000 data - the European 

network of protected sites 
Sensor: - 

Coordinate system: ETRS89 LAEA Data type: - 
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Specification Source data specification 

Production date: 12 - 04 - 2019 Sensor resolution: - 

Coverage (top L, BR coordinates): Europe Acquisition date: 2018 

Grid size: 1: 100.000 Grid size: - 

Position accuracy: - Positional accuracy: - 

Vertical accuracy: - Vertical accuracy: - 

Completeness: Complete 

File type, format: Vector, Shapefile 

3.5 European Soil Database Derived data 

Regarding soil variables, the European Soil Database Derived data compiled by the European 

Soil Data Centre (ESDAC) was used. Several layers for soil properties have been created 

based on data from the European Soil Database in combination with data from the 

Harmonized World Soil Database (HWSD) and Soil-Terrain Database (SOTER). The available 

layers include: 

¶ Total available water content 

¶ Depth available to roots 

¶ Clay content 

¶ Silt content 

¶ Sand content 

¶ Organic carbon 

¶ Coarse fragments 

¶ Soil pH 

¶ Soil erosion water (RUSLE 2015) 

¶ Soil biomass productivity maps 

The layers of soil properties of Soil Typological Units (STUs) are only intended to facilitate 

modelling purposes. The final result of the modelling activity should be aggregated to SMUs 

or another larger mapping unit. 
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Table 7: Technical specifications of the European Soil Database Derived data dataset. Source: 

MAIL Deliverable D2.2. 

Specification Source data specification 

File names: Various8  Sensor: - 

Coordinate system: ETRS89 LAEA Data type: - 

Production date: 2013 Sensor resolution: - 

Coverage (top L, BR coordinates): Europe Acquisition date: 2013 

Grid size: 1 km Grid size: - 

Position accuracy: - Positional accuracy: - 

Vertical accuracy: - Vertical accuracy: - 

Completeness: Complete 

File type, format: Raster, Idrisi raster format 

3.6 ISRIC World Soil Information 

To complete the set of soil variables the ISRIC World Soil dataset was used. The ISRIC is a 

science-based organization than providing quality evaluated soil data and interpreted soil 

information. They maintain a thorough knowledge of soil evaluation, soil analysis and soil data 

management. The ISRIC provides among other data sets, the World Inventory of Soil 

Emission Potentials (WISE) derived soil properties on a 30 by 30 arc-seconds global grid and 

the World Reference Base for Soil Resources (WRB). Available layers that have been used 

in MAIL include: 

¶ Soil classes and probabilities. 

¶ Soil moisture  

¶ Cation exchange capacity 

¶ Gypsum 

¶ Sodium 

¶ Nitrogen 

 

8 Area of STU allocation, Depth available to roots, Clay content (topsoil & subsoil), Sand content (topsoil 
& subsoil), Slit content (topsoil & subsoil), Organic carbon content (topsoil & subsoil), Bulk density 
(topsoil & subsoil), Coarse fragments (topsoil & subsoil), Total water content from PTR and PTF (topsoil 
& subsoil). 
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Table 8: Technical specifications of the ISRIC World Soil Information dataset. 

Specification Source data specification 

File names: WRB & WISE Sensor:  

Coordinate system: WGS84 Data type: - 

Production date: WRB: 2020 & WISE: 2016 Sensor resolution:  

Coverage (top L, BR coordinates): World 
Acquisition date: WRB: 1905 ï 2016 & 

WISE:  1950 - 2015 

Grid size: WRB: 250 m & WISE: 30 arc-

seconds (å 900 m) 
Grid size: - 

Position accuracy: - Positional accuracy: - 

Vertical accuracy: - Vertical accuracy: - 

Completeness: Complete 

File type, format: Raster 

3.7 S2GLC dataset description 

S2GLC land cover map is one the most detailed pan-European land cover products. It was 

produced using automatic classification approach and Sentinel-2 images from 2017. It 

contains 13 classes with MMU equal to Sentinel-2 pixel which is 10×10 m. The overall 

accuracy is 86%. The product is available in two forms: mosaic for the whole Europe, Sentinel-

2 tiles. 

Land cover/land use classes of S2GLC: 

¶ Artificial surfaces 

¶ Natural material surfaces (consolidated and un-consolidated) 

¶ Broadleaf tree cover  

¶ Coniferous tree cover  

¶ Herbaceous vegetation 

¶ Moors and heathland 

¶ Sclerophyllous vegetation 

¶ Cultivated areas 

¶ Vineyards 

¶ Marshes 
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¶ Peatbogs 

¶ Water bodies 

¶ Permanent snow cover 

Table 9: Technical specifications of the S2CLG layer. 

Specification Source data specification 

File names: 2GLC_Europe_2017_v1.2_grey.tif Sensor: Sentinel-2 

Coordinate system: ETRS89 LAEA Data type: Thematic mapper 

Production date:2020 Sensor resolution:10 m  

Coverage (top L, BR coordinates): Europe Acquisition date:  

Grid size: 110 x 110 m Grid size: - 

Position accuracy: - Positional accuracy: - 

Vertical accuracy: - Vertical accuracy: - 

Completeness: Complete 

File type, format: Raster 
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4. DEFINITION OF GIS SPECIFICATIONS 

In the table below the original characteristic of each dataset used are summarized. 

Table 10: Main specifications of the datasets used. Source: Personal compilation. 

Dataset Layer 
File 

format 
Projection Coverage Unit 

CORINE Land Cover 
Land 

cover 
Vector ETRS89 LAEA EEA 399 quantitative 

Pan-European High-

Resolution Layers 

Tree 

Cover 

Density 

Raster ETRS89 LAEA EEA 399 % 

Digital European 

elevation mode 
EU-DEM Raster ETRS89 LAEA EEA 399 meters 

Environmental 

dataset 

Natura 

2000 

network 

Vector ETRS89 LAEA Europe quantitative 

European Soil 

Database Derived 

data 

10 

layers10 
Raster ETRS89 LAEA Europe various 

Joint Research 

Centre 
1 Layer Raster ETRS89 LAEA World % 

ISRIC 6 Layers Raster various World various 

TerraClimate 2 Layer Raster ETRS89 LAEA World mm 

S2GLC 1 Layer Raster ETRS89 LAEA World meters 

 

In order to homogenize and allow the required interoperability between each dataset, the 

following specifications should be followed. 

 

9 European Economic Area (EEA) 39: 33 member countries and six cooperating countries. The 33 
member countries are the 28 European Union Member States, together with Iceland, Liechtenstein, 
Norway, Switzerland and Turkey. The six cooperating countries are Albania, Bosnia and Herzegovina, 
Kosovo*, Montenegro, North Macedonia and Serbia. 
10 Total available water content, Depth available to roots, Clay content, Silt content, Sand content, 
Organic carbon, Bulk Density, Coarse fragments  
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4.1 Coordinate Projection 

For all layers the horizontal coordinate system shall be European Terrestrial Reference 

System 1989 (ETRS89) using Lambert Azimuthal Equal-Area projection (LAEA). 

4.2 File format 

File format will be raster data (discrete) due to the fact that those are very useful for analysis 

and for storing data that varies continuously. 

4.3 Coverage 

The extent used will be the 28 European Member States. 
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5. REVIEW OF EXISTING RESEARCH PROJECTS AND LITERATURE FOR AVAILABLE 

GIS MODELS & WORKFLOWS 

As already presented on MAILôs Deliverable 2.1, there is not a unique definition of marginal 

land. Therefore, diverse methodologies for marginal land definition have been developed. 

Considering the MAIL scope and the literature reviewed, the most suitable approach for 

marginal land identification is described as follows. 

5.1 Marginality index 

In compliance with (Bertaglia et al., 2007), a marginality index could be computed. The 

objective is to provide a quantitative operational tool, an integrated index based on land cover 

data, as a measure of integrated marginality. This variable aims at synthesizing information 

on the marginal characteristic of a region given its land use pattern. 

Relative marginality concerning land use, is defined as those areas where there is relatively 

more non-productive and/or less productive land, compared both to land used for arable 

farming and to urban areas and transportation infrastructure (more productive classes)11. The 

method chosen is to compute a ratio of land use type that can describe the relative abundance 

of marginal land use in a certain area. As such, an area could be less marginal because it has 

a high proportion of high-intensity arable-land-based farming systems and/or a high proportion 

of urban or transport infrastructure. The ratio obtained is thus a good indicator of integrated 

relative marginality resulting from a different combination of factors. 

5.2 Land use change 

In order to include the dynamic aspect of marginality definition (see Figure 1) in the 

identification methodology, the change of land use will be included. During the literature review 

two approaches to integrate dynamism were found: 

1. CLC change layer. Under this approach CLC change layers of different periods could 

be used to calculate the probability of change of each use. 

2. Change detection. Computation of Transition Potential matrix used for the prediction of 

land use change using CA-Markov model (Dzieszko, 2014; Hamad, Balzter, & Kolo, 

2018). 

 

11 Detailed description concerning the calculation of the marginality index and the reclassification of the 
CLC classes required can be found in Annex I: Marginality index calculation and CLC reclassification.  
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5.3 Tree Cover Density 

The Tree Cover Density (pan-European High-Resolution Layer) will be utilized as forestry 

variable in order to select the marginal lands where activities such as forestation and 

reforestation will have more impact on the C stock accounting system as defined by the 

LULUCF directive12. According this regulation, not all of the forest related sinks will count 

toward the mitigation target (Grassi et al., 2019), therefore carbon stock contribution, for legal 

purposes, will depend if performed on already managed forest lands or afforested and forested 

lands. Distinction between those categories will be performed through TCD thresholds in order 

to select the most suitable marginal lands for the MAIL project.  

5.4 Digital Elevation Model of Europe 

The European Digital Model will be used for the selection or marginal lands located on 

mountainous or semi-mountainous areas. Thresholds for this variable should be set in  

regionally taking into consideration the climate regions of Europe. 

5.5 Protected areas. European network of protected sites (Natura 2000) 

This layer, where all protected areas under Natura 2000 network are included, will be used as 

restriction layer to exclude from the MAIL set of marginal lands those with any kind of 

protection status.  

  

 

12 Regulation 2018/841 adopted in May 2018. This normative establish a land-based approach for 
accounting the emissions and removals from the LULUCF sector in five land accounting categories: (1) 
afforested and forested land; (2) managed cropland, grassland and wetland; (3) managed forest land; 
(4) harvested wood products; and (5) natural disturbances (Romppainen, 2019).   
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6. DEVELOPMENT OF THE FINAL ML DETECTION, CRITERIA AND CLASSIFICATION 

SCHEME. 

6.1 ML definition refinement 

In the previous work done in T2.1 ñLiterature review on Marginal Land definitionò, in 

Deliverable 2.1, marginal lands for the MAIL project are defined as: 

Lands with significant, either environmental (biophysical variables) or socioeconomic, 

constraints and with potential to impact national accounting for C stock, excluding 

agricultural lands and other valuable areas (protected areas, uses with local 

importance, etc.). Dynamic and variability are key concepts for marginal land 

identification. 

Examples of these areas include, but are not limited to, degraded and/or abandoned lands, 

lands with naturally low productivity due to biophysical constraints, and other degraded lands 

that have not (yet) been converted to other uses, e.g., post-industrial and post-mining sites. 

This definition is further clarified in this document by taking into consideration the final 

indicators and criteria used in MAIL methodology for defining the MLs across Europe. 

Therefore, based on the indicators and criteria that will be analyzed in paragraphs 6.3 and 

6.4, up until now, the definition can be modified to: 

Lands with significant, either environmental (biophysical variables) or socioeconomic, 

constraints and with potential to impact national accounting for C stock, excluding 

agricultural lands, forest and impervious areas, permanent water and snow, peatbogs 

and marshes, as well as protected areas. MLs are further defined by constraints in a) 

terrain and soil physical variables such as slope, depth, texture, stoniness, drainage, 

water capacity, moisture, clay and sand, b) soil sustainability variables such as salinity, 

acidity, erosion, flood, sodicity, contamination, dryness and toxicity, c) soil 

productivity variables such as organic matter and cation exchange capacity. Dynamic 

and variability are key concepts for marginal land identification. 

6.2 Methodology overview 

The literature review performed in T2.1 showed that most authors use a combination of land 

use/land cover and soil data to classify MLs. Additionally, climate, socio-economic and 

elevation data were regularly considered. The temporal dimension was investigated by 

evaluating multi-temporal datasets to assess land use and land productivity trends. Spatial 

classification was mostly implemented through geographic overlay of input data, using either 
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a combination of binary constraints or fuzzy logic for ML classification. Constraints were 

divided into ñsoftò or ñhardò constraints, ñsoftò constraints being factors with variable thresholds 

(e.g., elevation) and ñhardò constraints binary exclusion factors, e.g., protected areas. Most 

factors indicative of marginality can be considered as ñsoftò. These include biophysical factors 

such as slope, elevation, soil quality/fertility and erodibility, which are inherent properties of 

the land or soil. Current land use and policy can be classified as ñhardò constraints. Land that 

is currently in active use for agriculture cannot be seen as marginal, even if it has all 

characteristics of ML. This includes lands temporarily fallow as part of crop rotation. Protected 

areas are also excluded from marginal land classification within the MAIL project. 

For the proper selection of indicators/criteria, along with the thresholds that will be used in the 

MAIL project, it was necessary to develop a methodological outline that will act as a roadmap 

for the next project tasks. The scope of the project is the development of a common 

methodology that will be applied in large areas across Europe. However, an important 

parameter affecting the implementation of this common methodology is the physical 

characteristics (i.e., geological, hydrological, and more) of each selected test site. Namely, the 

implementation of a specific set of indicators and thresholds, returned adequate results when 

applied in semi-mountainous areas. Nevertheless, the same methodology was not acceptable 

for lowland or semi-urban areas.  

Thus, within the MAIL project, the proposed methodology is divided into two main steps: The 

implementation of the ñhardò thresholds and constrains methodology which relies on the 

exclusion of areas that do not meet the requirements of the definition of Marginal Lands (i.e. 

agricultural lands, forest and impervious areas, permanent water and snow areas, peatbogs, 

marshes, and more) and the ñadditional indicators/thresholdsò phase based on the 

development of specific sets of additional indicators (i.e. ñsoftò constrains) that will be applied 

according to the physical characteristics of each selected test site. These indicators are 

considering additional variables including the terrain and soil characteristics of an area and 

soil productivity constraints. 

In the first phase, a top-down stepwise approach is followed (Figure 2), in which areas that 

are not MLs are incrementally removed, based on thresholds of various marginality criteria 

and indicators. Moving on, in phase two, the resulting potential MLs are further downsized 

using additional indicators, related to Terrain, Soil, Sustainability, Climate and Productivity 

thresholds. It should be noted that the selection of the final sets of indicators is performed 

considering the physical characteristic of each area of interest. Finally, the resulting MLs are 

classified into 3 classes. 
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Figure 2: The MAIL methodology overview of the first phase of the top-down stepwise 

approach, Source: personal compilation of Maria Tassopoulou. 

In phase one, starting with the whole European area, areas are excluded, based on land cover 

type (i.e., urban areas, protected areas, water and forest areas, areas covered with snow, and 

more). This phase is the ñhardò thresholds and constraints methodological approach. In the 

second phase additional indicators (i.e., slope, moisture, salinity, productivity, etc.) are also 

implemented based on thresholds found in literature. The indicators/criteria used, are grouped 

by type, according to categorization made in D2.1, Table 7 (soil, climate, terrain, sustainability, 

productivity). 

The aforementioned indicators of this second phase that constitutes a ñsoftò constraint and 

has non-thematic data (numerical data), is ranked according to its importance (times found in 

literature) and weights are assigned to each one based on a Pairwise Comparison Matrix 

(PCM) of ranks (Zolekar & Bhagat, 2015). The remaining values of each indicator are grouped 

into 3 classes according to their physical characteristics. 

Taking into account the results of the weighted overlay analysis and the physical 

characteristics of possible areas of interest across Europe, finally, three different sets of 

indicators of ñsoftò constraints are developed as analyzed in the following chapters of this 

report (see chapter 8), (Figure 3).  

The final step in the mapping of marginal lands, is the reclassification of the resulting product 

of the weighted overlay into 3 classes, depicting marginality: 1) Marginal lands with high 

plantation suitability, 2) Marginal lands with low plantation suitability and 3) Potentially 

unsuitable lands. 
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Figure 3: The MAIL methodology overview of the second phase of the proposed methodology 

regarding the ñSoftò constraints and indicators, Source: personal compilation of Maria 

Tassopoulou. 
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Figure 4: Workflow of the methodology for mapping and classifying MLs in MAIL. Yellow parallelograms depict datasets used in the weighted 

overlay, while pink parallelograms depict ñsyntheticò indicators/layers.
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6.3 Indicator / criteria selection 

In general, the indicators and criteria for defining the MLs in the MAIL project, where selected 

by juxtaposing the indicators and criteria used in selected ML studies from T2.1 ñLiterature 

review on Marginal Land definitionò and the available datasets from T2.2 ñCollection of 

appropriate existing European/Global datasetsò, taking into consideration the indicator units in 

both datasets and literature (Figure 5). 

 

Figure 5: Overview of the indicator and criteria selection in the MAIL project. 

A subset of 24 studies was made (Table 11), by selecting studies used in the literature review 

in T2.1 ñLiterature review on Marginal Land definitionò. The subset contained studies only 

focusing on methodological aspects of mapping MLs. For each study, information regarding 

various methodological aspects where noted (study extent, MMU, technology used, datasets, 

creation of synthetic layers/indicators, ML classification scheme), as well as all the indicators 

used, grouped by type, according to categorization made in D2.1, Table 7 (soil, climate, terrain, 

sustainability, productivity, LULC, socioeconomic). Additionally, indicator thresholds were also 

noted, where a clear threshold was used. 

Table 11: The subset of 24 studies on which the indicator selection was based on. 

No. Year Authors Study Title 

1 2019 
Ciria, Sanz, 

Carrasco, & Ciria 

Identification of Arable Marginal Lands under Rainfed 

Conditions for Bioenergy Purposes in Spain 

2 2018 
Peter, Messina, & 

Snapp 

Multiscalar approach to mapping marginal agricultural land: 

Smallholder agriculture in Malawi 

3 2018 

Vlachaki, Gounaris, 

Dimitriadis, & 

Galatsidas 

Final guidelines for the sustainable exploitation of Marginal 

Lands for bioenergy (D6.8) 

4 2018 Gerwin et al.,  
Assessment and quantification of marginal lands for 

biomass production in Europe using soil-quality indicators 
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5 2018 Sallustio et al.,  
Assessing the economic marginality of agricultural lands in 

Italy to support land use planning 

6 2018 Elbersen et al.,  
Mapping Marginal land potentially available for industrial 

crops in Europe 

7 2017 
Li, Messina, Peter, & 

Snapp 
Mapping Land Suitability for Agriculture in Malawi 

8 2016 
Ivanina, Roik, & 

Hanzhenko 
Report on MagL concepts, debate and indicators (D2.3) 

9 2015 Zolekar & Bhagat  
Multi-criteria land suitability analysis for agriculture in hilly 

zone: Remote sensing and GIS approach 

10 2013 Bandaru et al.,  

Soil Carbon Change and Net Energy Associated with 

Biofuel Production on Marginal Lands: A Regional Modeling 

Perspective 

11 2013 Gelfand et al., 
Sustainable bioenergy production from marginal lands in 

the US Midwest 

12 2013 Kang et al., 
Hierarchical marginal land assessment for land use 

planning 

13 2012 Liu et al., Bioenergy production potential on marginal land in Canada 

14 2011 Cai, Zhang, & Wang Land Availability for Biofuel Production 

15 2011 

Gopalakrishnan, 

Cristina Negri, & 

Snyder 

A Novel Framework to Classify Marginal Land for 

Sustainable Biomass Feedstock Production 

16 2011 Schweers et al., 

Identification of potential areas for biomass production in 

China: Discussion of a recent approach and future 

challenges 

17 2010 Eliasson et al.,  
Common criteria for the redefinition of Intermediate Less 

Favored Areas in the European Union 

18 2010 James 
Theory and identification of marginal land and factors 

determining land use change 

19 2009 Milbrandt & Overend 
Assessment of Biomass Resources from Marginal Lands in 

APEC Economies 

20 2008 
Bai, Dent, Olsson, & 

Schaepman 

Global Assessment of Land Degradation and Improvement 

1. Identification by remote sensing 

21 2007 Bertaglia et al., 

Identifying European marginal areas in the context of local 

sheep and goat breeds conservation: A geographic 

information system approach 

22 2006 Niu & Duiker 
Carbon sequestration potential by afforestation of marginal 

agricultural land in the Midwestern U.S. 

23 2005 Roehrig & Menz 

The Determination of Natural Agricultural Potential in 

Western Africa Using the Fuzzy Logic Based Marginality 

Index 

24 2018 Elbersen et al., 
Deliverable 2.6 Methodological approaches to identify and 

map marginal land suitable for industrial crops in Europe 

Emphasis was given to soil, climate, terrain, sustainability, productivity and LULC constraints. 

In the following paragraphs, indicators and thresholds are reviewed. Table 12, Table 13 and 

Table 14 summarize the final indicators chosen for soil, climate, terrain, sustainability, and 

productivity constraints which are analyzed in paragraph 6.4. 
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Table 12: Soil and terrain marginality indicators used in MAIL. 

Indicator 
Times Found 

in Literature 

slope 18 

depth available to roots 18 

texture 9 

stoniness 8 

drainage 7 

water capacity 6 

moisture 5 

clay 4 

sand 4 

Table 13: Sustainability marginality indicators used in MAIL. 

Indicator 
Times Found 

in Literature 

salinity 10 

acidity (pH) 9 

erosion 8 

flood 6 

sodicity 5 

contamination 4 

dryness 2 

natural toxicity 1 

Table 14: Productivity marginality indicators used in MAIL. 

Indicator 
Times Found 

in Literature 

soil organic matter 8 

cation exchange capacity 4 

productivity 3 

6.4 Initial indicator classification categories and thresholds 

In general, the indicators and criteria for defining the MLs in the MAIL project, were selected 

by combining the indicators and criteria resulting from the literature review with the available 

datasets from T2.2, taking into consideration the indicator units in both datasets and literature 

(Figure 5). 

In all indicator cases, when more than one threshold was observed, the final threshold chosen 

for the MAIL project was the one producing larger MLs area. Following this, a match was tried 

to be achieved between each indicator to a corresponding dataset from T2.2. In cases where 

a match could not be found between an indicator and a dataset (conceptually and in units), the 

indicator was omitted. For example, no dataset existed for ñPhosphorus levelò. Evidently, the 
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study in which this indicator was used (Zolekar & Bhagat, 2015), used national data for the 

country studied which is not available in a European level.  

6.4.1 Land Use/Land Cover indicators 

Many authors have used Land Use/Land Cover (LULC) in detecting MLs (Bai et al., 2008; 

Bertaglia et al., 2007; Gelfand et al., 2013; Gerwin et al., 2018; Niu & Duiker, 2006). LULC is 

considered as a single indicator with multiple sub-variables that form the ñhardò constraints to 

marginality. LULC datasets are thematic datasets and thus thresholding is implemented in the 

form of masking.  

In the MAIL project, LULC datasets are used in phase one. Starting with the whole European 

area, areas are excluded, initially based on land cover type. More specifically, areas excluded 

from the analysis, based on LULC are forest areas, croplands, impervious areas, protected 

areas, water, permanent snow, marshes, and peatbogs. 

Moreover, to incorporate the dynamic aspect of MLs, changed areas are also considered. In 

particular, Tree Cover Density (TCD) will be utilized as forestry variable in order to select the 

marginal lands where activities such as afforestation and reforestation will have more impact 

on the C stock accounting system. In addition, an increase in imperviousness over the past 

years will also be considered, by masking around a buffered zone of areas marked as such. 

6.4.2 Terrain and Soil indicators 

6.4.2.1 Slope 

The slope is the angle the soil surface makes with the horizontal, expressed in degrees or as 

a percentage. It is considered as one of the main criteria for MLs. Not only it affects water 

drainage and erosion, but it is also associated with shallow soils and mechanical constraints 

in agriculture (Eliasson et al., 2010). Sallustio et al. (2018), used a >30% slope threshold for 

unsuitable agricultural lands in Italy. Elbersen et al. used a threshold of >17.5 degrees (30%) 

in pair wise combinations for mapping MLs suitable for growing industrial crops. Marginally 

suitable agricultural lands had slopes 6-16% and marginally unsuitable 16-30% in Li, Messina, 

Peter, & Snapp, (2017). Ivanina, Roik, & Hanzhenko, (2016) excluded areas with slopes Ó 15% 

for mapping agricultural ML suitable for bioenergy crops. Zolekar & Bhagat, (2015) considered 

slopes 12-20 degrees (21-36%) marginally suitable for agriculture, while slopes >20 degress 

(36%), unsuitable. For Gelfand et al., (2013), MLs have slopes <20%. Marginal agricultural 

land for biomass feedstock production was mapped, by selecting areas with slope >15% in 

Gopalakrishnan, Cristina Negri, & Snyder, (2011). Schweers et al., (2011) marked slopes >25 

degrees (47%), as unsuitable for agriculture. Unfavorable agriculture areas in the EU have 
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slopes >15%, according to Eliasson et al., (2010). Finally, lands with moderate (8-16%) or 

steep slope (16-30%), are considered as marginal for biomass production in Milbrandt & 

Overend, (2009).  

In the MAIL project the threshold chosen was the smallest one, in other words MLs in MAIL 

have slopes Ó 15%. It should be noted that slope is the marginality index with the most 

significant impact when identifying marginal lands. Thus, we suggest using the slope index in 

the final classification phase, after the implementation of the remaining soft thresholds (i.e., 

after the implementation of other indexes such as depth available to roots, texture, water 

storage capacity and more). 

6.4.2.2 Rooting depth 

Rooting depth is the depth from the soil surface to a hard rock, in which plant roots can grow. 

Apart from rooting depth being a constraint itself, shallow soil  affects also water capacity 

(Zolekar, 2018) and is thus a major factor for characterizing a land as marginal. Ciria, Sanz, 

Carrasco, & Ciria, (2019) used a threshold of 100 cm to map arable MLs bellow this. Elbersen 

et al. used depths <30 cm in pair wise combinations for mapping MLs suitable for growing 

industrial crops. Li et al., (2017) classify soil depth in 5 classes, with MLs having depths <50 

cm. Ivanina, Roik, & Hanzhenko, (2016) excluded areas with rooting depth <35 cm for mapping 

agricultural ML suitable for bioenergy crops. Marginally suitable agriculture soils were the ones 

with depths 30-50 cm in Zolekar & Bhagat, (2015). In a study by Kang et al., (2013), MLs had 

soil depths < 50 cm while in Eliasson et al., (2010), unfavorable agriculture areas in the EU 

have rooting depths <30 cm. Milbrandt & Overend, (2009) used depths of <50 cm to map 

marginal lands for biomass production. 

In the MAIL project the threshold chosen was the largest one, in other words MLs in MAIL 

have rooting depths <100 cm. 

6.4.2.3 Soil texture (soil structure/substrate)  

Soil texture (also found as ñsoil structureò or ñsubstrateò), refers to the relative proportions of 

different-sized soil particles, consisting of sand, silt, and clay. It controls the soil structure, 

fertility, and water availability (Eliasson et al., 2010; Zolekar, 2018) and is an important soil 

marginality indicator. Soils with high sand, clay or rock proportions are unfavorable for growing 

crops (Ivanina et al., 2016). For this indicator many authors use thresholds in percentages of 

soil particles while others use soil type as a proxy for texture. Ciria et al., (2019) use stoniness 

>15% to characterize lands as marginal. Elbersen et al., (2018) used a combination threshold 

of silt and clay (silt% + (2 x clay%) Ò30%), sand <60% and stoniness>35%, for ML mapping. 
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Eliasson et al., (2010) used percentages of soil particles (>60% clay and >15%(v/v) of coarse 

fragments), but also soil type classes (clay, silty clay, or sandy clay with vertic properties) to 

detect MLs. Soil type was used as a proxy for texture in Li et al., (2017) to detect agriculture 

MLs, by selecting Sandy-Clay and Clay soil types in Malawi. Zolekar & Bhagat, (2015), used 

Loam Soil texture class for marginally suitable agriculture areas and last, Milbrandt & Overend, 

(2009), used coarse textured or sandy soils (Arenosols, Regosols, and Vitric Andosols with 

coarse texture, and all soils with petric and stony phase), to map marginal lands for biomass 

production. 

In the MAIL project the percentage thresholds of different soil particles were chosen. Texture 

is considered as a ñsyntheticò indicator which depends on several other indicators (stoniness, 

silt, clay, sand). Thus, MLs in MAIL have stoniness% >10%, silt% + (2 x clay%) Ó 30%, clay 

Ó50% and sand >60%. 

6.4.2.4 Soil drainage  

Soil drainage refers to the air (and thus oxygen) supply in soil pores by removal (or non- 

addition) of water (Eliasson et al., 2010; Li et al., 2017). It is usually assessed by soil type. 

Marginal lands in Elbersen et al. have Gleysols, Histosols, Stagnosols, Planosols, and soils 

with Histic, Gleyic and Stagnic primary qualifiers. Gleysols and Stagnosols are also found in 

Eliasson et al., (2010) for unfavorable agriculture areas in the EU. In some studies, drainage 

is found in local/state data as a variable per se (ex. MASDAP soil data record in Li et al., (2017), 

USDA-NRCS in Kang et al., (2013). 

The only available datasets found in D2.2, associated with soil drainage throughout whole 

Europe, were soil type datasets. For the MAIL project, they were discarded as MLs indicator 

variables because they were considered dichotomous qualitative variables and involved a 

severe restriction of the MLs area. 

6.4.2.5 Water storage capacity (maximum water holding capacity/profile available 
water)  

Water storage capacity of soils determines soil depth, leaching process of nutrients and 

pesticides, the water availability of a soil profile available for vegetation, the cropping pattern, 

irrigation facilities, etc., and is a crucial parameter of soil quality, in particular in regions of rain 

deficit during the vegetation period (Mueller, Schindler, Behrendt, Eulenstein, & Dannowski, 

2007; Zolekar & Bhagat, 2015). MLs in Ivanina et al. (2016) had a level of underground water 

in 0-80 cm, and a gleyic pattern in 0-40 cm, according to field surveys. Marginally suitable 

agriculture lands had Maximum Water Holding Capacity MWHC 100-200 and unsuitable lands 
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MWHC <100 in Zolekar & Bhagat, (2015). Kang et al. (2013) used the water table data by FAO 

as a marginality indicator with MLs having a water table <30 cm. 

As none of the variables used in literature could match a European dataset from the MAIL task 

2.2, it was decided to use the Available Water Capacity (AWC) from the ESDAC dataset 

ñTopsoil physical properties for Europe (based on LUCAS topsoil data)ò. AWC in this dataset 

was derived as the difference between the ī 33 kPa and the ī 1500 kPa water content 

(expressed as volume fraction). The threshold chosen was AWC <100 mm, based on Zolekar 

& Bhagat, (2015). 

6.4.2.6 Soil moisture  

Soil moisture is measured as the water availability during the plantôs growing period, which is 

crucial for plant normal growth and development and is thus an important ML indicator 

(Eliasson et al., 2010). Soil moisture is linked with numerous sub-factors such as length of 

rowing period, temperature, precipitation, evapotranspiration, soil water content, and finally soil 

type. Eliasson et al. (2010), analyzed the number of days within the growing period (as defined 

by temperature >5°C), for which the amount of precipitation and water available in the soil 

profile exceeds half of potential evapotranspiration. Areas where the number of days is less 

than 90 are considered as unfavorable. Marginal lands had water content in the soil exceeding 

field capacity for at least 210 days in Elbersen et al. On the other hand, Zolekar & Bhagat 

(2015), classified NDWI to four classes (good, medium, less, very less), with class ñlessò being 

marginally suitable for agriculture. Last, in a more simple approach, Kang et al. (2013) defined 

soil moisture by soil type, with dry soils Aridic and Torric being an indicator for MLs.  

In the MAIL project MLs have low soil moisture and are defined by soil types Aridic and Torric. 

For the MAIL project, they were discarded as MLs indicator variables because they were 

considered dichotomous qualitative variables and involved a severe restriction of the MLs area. 

6.4.2.7 Soil type  

Soil type is an indicator widely used as a marginality indicator, although it is mainly connected 

to other factors. Soil type is associated to drainage (Gleysols, Histosols, Stagnosols, Planosol, 

Soils with primary qualifiers Histic, Gleyic and Stagnic), in Elbersen et al. In Milbrandt & 

Overend, (2009), marginal land soil types are associated to numerous factors: texture 

(Arenosols, Regosols, and Vitric Andosols with coarse texture, and all soils with petric and 

stony phase), salinity (Solonchaks, Solonetz, and Solodic Planosols), gypsum levels (Gypsic 

Xerosols and Gypsic Yermosols), calcium levels (Calcisols) etc. In Kang et al., (2013), soil type 

is used as a proxy for moisture in  MLs (Aridic, Torric). The soil type is used as an indicator 
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per se in another study, for mapping agricultural ML in Spain (Entisol and Aridisol soil types) 

(Ciria et al., 2019). 

Because the soil type is used for defining other indicators in the MAIL project (drainage, 

moisture, salinity), it was not used as an indicator per se. 

Table 15: Terrain and soil indicators and thresholds, sorted by importance (times used in the 

literature review). 

Indicator Data source MAIL threshold 
MAIL threshold 

based on 
Literature 

Thresholds 

slope 
EU-DEM 2016 
25m 

Ó 15% 
(Gopalakrishnan 
et al., 2011) 

> 15% - 47% 

depth available 
to roots 

ESDAC 2013 
1km 

< 100cm 
(Ciria et al., 
2019) 

< 30cm ï 100cm 

texture 
ESDAC 2013 
1km 

silt% + (2 x 
clay%) Ó 30% 

(Elbersen et al., 
2018) 

silt% + (2 x 
clay%) Ó 30% 

stoniness ESDAC 2008 > 10%  
(Ciria et al., 
2019) 

> 15% 

drainage 
WRB ñSoil 
typeò 2008 

By soil type: 
Gleysols, 
Histosols, 
Stagnosols, 
Planosols 

(Eliasson et al., 
2010) 

By soil type: 
Gleysols, 
Histosols, 
Stagnosols, 
Planosols 

water capacity 

ESDAC ñTotal 
available water 
content from 
PTFò 1km 2013 

AWC < 100 mm 
(Zolekar & 
Bhagat, 2015) 

AWC < 100, 
water table < 
0.3m 

moisture 
WRB ñSoil 
typeò 2008 

By soil type: 
Aridic, Torric 

(Kang et al., 
2013) 

Various 
calculation 
methods and 
thresholds. 

clay 
ESDAC 2013 
1km 

Ó 50%  
(Eliasson et al., 
2010) 

Ó 50%, >60%  

sand 
ESDAC 2013 
1km 

> 60% 
(Elbersen et al., 
2018) 

> 60% 

6.4.3 Sustainability indicators 

6.4.3.1 Soil salinity/alkalinity  

Soil salinity is the presence of salts of alkalis (sodium, potassium, magnesium, and calcium) 

on the land surface, in soil. Soil salinity can be caused by environmental factors or human 

induced factors that disturb natural ecosystems. Soil salinity affects plant productivity and soil 

structure, leading to the creation of toxic substances and serious soil erosion (Eliasson et al., 

2010), and is thus a major marginality indicator. Salinity levels above 6 dSm-1, make winter 

cereal growth impossible for Spain in the study by (Ciria et al., 2019), whereas in Elbersen et 

al., (2018) Solonchaks and soils with a salic qualifier, soils with salt levels >15 dSm-1 in more 

than 50% of the mapping unit area were used in pair wise combinations for mapping MLs 

suitable for growing industrial crops. Soil type is again used for characterizing salinity, with 

saline soils being Solonchaks, Solonetz, and Solodic Planosols (Milbrandt & Overend, 2009). 
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Due to lack of European datasets associated with salinity in the units described in the literature, 

in the MAIL project it was not used as an indicator per se. 

6.4.3.2 Soil acidity (potential of hydrogen/pH)  

Acidification is a major soil degradation factor and affects soil fertility. Acidity is measured by 

determining the pH of a soil (Mueller et al., 2007), and is a major marginality indicator. In Kang 

et al. (2013), marginal areas are characterized by pH levels in soil > 9 or <5.5. Elbersen et al. 

used values of pH in topsoil water <5, for mapping MLs suitable for growing industrial crops. 

Similarly, Ivanina et al. (2016) used values of pH in topsoil water Ò5.5 for mapping agricultural 

ML suitable for bioenergy crops. Marginal lands for biomass production had pH values 5.5 - 

4.5 or <4.5 in (Milbrandt & Overend, 2009), and finally, Ciria et al. (2019) used pH values <6 

and >8 to map arable agriculture MLs. 

In the MAIL project, soft pH thresholds were chosen, in order to result in larger areas as 

potential MLs, i.e. [pH>8, pH<6], [pH>8.5, pH<5.25] and [pH>9, pH<4.5]. 

6.4.3.3 Soil erosion  

Being a major hazard, soil erosion is inseparably connected to slope and soil texture, but is 

also affected by climate, vegetation cover and agricultural practices (Mueller et al., 2007). Li 

et al. (2017) used erosion as a marginality indicator by calculating the Universal Soil Loss 

Erosion and the revised version (RUSLE), classified in 11 classes. Marginally suitable 

agricultural lands had moderate erosion risk (aprox. 200-1500 ton/yr/ha), and marginally 

unsuitable agricultural lands had higher erosion risk (aprox. 1500-2500 ton/yr/ha). Zolekar & 

Bhagat, (2015) used elevation, classified in 3 classes, as a proxy to depict soil erosion risk, 

while Roehrig & Menz (2005), in this same context, used slope. Both soil erosion tolerance 

rate of 2 ton/ha, and erosion K factor K=8 were used to assess marginal lands in (Kang et al., 

2013). Lastly, Elbersen et al. used the classes Highô and óVery Highô of the Index of Land 

Susceptibility to Wind Erosion (ILSWE), as well as the WaTEM/SEDEM spatial database for 

sensitivity for erosion by water (> 100 ton/ha/yr) as thresholds for MLs suitable for growing 

industrial crops. The detailed approach for the definition of the threshold value for soil erosion 

in presented in chapter 13.  

6.4.3.4 Flooding (ponding)  

Flooding is considered as a marginality index by some authors, since flooding implies a risk to 

most plant species. Elbersen et al. used a threshold of >1-2 m flood in a 2-year return time 

during the growing season, for mapping MLs suitable for growing industrial crops. Flood 
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duration and frequent ponding are also used by Kang et al. (2013) for assessing MLs. 

Gopalakrishnan et al., (2011) classified lands as marginal for biomass production when chance 

of flooding in a year exceeded 50%. 

Based on the last study, in the MAIL project, the threshold for describing a land as marginal, 

decided to be a recurrence of water >50% from JRC Global Surface Water. Recurrence 

provides information concerning the inter-annual behavior of water surfaces and is defined as 

the frequency with which water returns from years to year, expressed as a percentage (JRC, 

2018). 

6.4.3.5 Sodicity  

Soil sodicity is a characteristic of land for which the proportion of adsorbed sodium in the soil 

clay fraction is too high for plants to perform or survive. The effects of sodicity are often indirect 

as they affect vital soil properties rather than plant growth itself (Eliasson et al., 2010). Kang 

et al. (2013), classified lands as marginal when  Na saturation exceeded 6ï15%. Elbersen et 

al. and Eliasson et al. (2010) used Saturation with Exchangeable Sodium (ESP) to assess 

sodicity (ESP >15% in more than 50% of the mapping unit area and ESP >6, respectively). 

In MAIL, ESP >6 was chosen as a threshold for sodicity in MLs. 

6.4.3.6 Toxicity from contamination  

Soil toxicity by pollutants, other chemicals is a serious obstacle for conventional agriculture 

because of increasing risks of phytotoxicity and food contamination. Areas with high toxicity 

from contamination are usually referred to as marginal (Ivanina et al., 2016). One of the most 

widespread contaminants is Nitrogen, with Nitrogen Ó10mg Lī1 in groundwater being the lower 

limit of classifying a land as marginal in some studies (Gopalakrishnan et al., 2011; Ivanina et 

al., 2016). This threshold is also used in MAIL, by slightly changing the units to match the 

corresponding dataset (1cg/kg). 

6.4.3.7 Dryness (Aridity Index) 

Dryness is defined as an overall low soil water content, resulting from a natural imbalance in 

the water availability (through low annual precipitation and high annual evaporative demand) 

(Ivanina et al., 2016). Elbersen et al. and Ivanina et al. (2016) used dryness as a marginality 

indicator, by computing the Aridity Index (AI). The AI is the ratio of the total annual precipitation 

(P) to the total annual potential evapotranspiration (PET), and it expresses the relationship 

between severity of dry conditions and biomass production. Severe conditions correspond to 

AI values Ò0.5. In (Bai et al., 2008), for calculating the AI, PET is defined as PET = P/ (0.9 + 
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(P/ L)2 ), and L = 300 + 25T + 0.05T3, where T is mean annual temperature and P is annual 

precipitation in mm. AI is also used by Cai, Zhang, & Wang (2011), but with a different formula.  

In MAIL, the AI was chosen for assessing the dryness indicator with MLs having AI Ò0.5. 

6.4.3.8 Natural toxicity  

Natural toxicity is an adverse chemical condition for soils, affecting soil fertility, caused by 

chemical elements that naturally exist such as Aluminum, Sulfur or Gypsum. Eliasson et al. 

(2010) marks lands as unfavorable when Gypsum presence >15%. In MAIL, gypsun > 15% 

(for WISE GYPS > 150 g/Kg) was chosen as a threshold for natural toxicity in MLs. 

Table 16: Sustainability indicators and thresholds, sorted by importance (times used in the 

literature review). 

Indicator Data source MAIL threshold 
MAIL threshold 

based on 
Literature 

Thresholds 

acidity (pH) ESDAC 2009 

[pH>8, pH<6], 
[pH>8.5, pH<5.25] 
[pH>9, pH<4.5]. 

(Ciria et al., 
2019) 

pH>9 or <5.5, 
pH<5, 5.5 - 4.5 
or <4.5, pH<6 
and pH>8, Ò 
5.5 

erosion 
RUSLE 2015 100m, 
ESDAC 2015 

RUSLE > 200 
ton/ha/yr 

(Li et al., 2017) 

By elevation, 
by slope, Soil 
erosion 
tolerance rate 
2 ton/ha, 
Erosion by 
water > 100 
ton/ha/yr 

flood 
JRC Global Surface 
Water- ñrecurrenceò 
1984-2018 30m 

> 50% 
(Gopalakrishnan 
et al., 2011) 

>1-2 m flood in 
2yr, >50% 
chance of 
flooding per 
year 

sodicity WISE 2015 10km  > 6% 
(Eliasson et al., 
2010) 

>6ï15% , > 
15% ESP in 
more than 50% 
of the mapping 
unit area 

contamination WISE 2015 10km Nitrogen > 1cg/kg 

(Gopalakrishnan 
et al., 2011; 
Ivanina et al., 
2016) 

nitrate Ó 10 mg 
Lī1 

dryness 

TerraClimate 
ñPrecipitation 
accumulationò and 
ñevapotranspirationò 
2018 4.5km 

P/PET Ò 0.5 
(Elbersen et al.; 
Ivanina et al., 
2016) 

P/PET Ò 0.5 

natural 
toxicity 

WISE 2015 10km 
gypsum > 15% (for 
WISE GYPS > 150 
g/Kg) 

(Eliasson et al., 
2010) 

gypsum > 15% 
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6.4.4 Productivity indicators 

6.4.4.1 Soil Organic Matter (organic carbon) 

According to the United States Department of Agriculture (USDA), ñSoil organic matter (SOM) 

is the organic component of soil, consisting of three primary parts including small (fresh) plant 

residues and small living soil organisms, decomposing (active) organic matter, and stable 

organic matter (humus).ò SOM is a reservoir of nutrients for plants, inextricably related to soil 

fertility, and is thus used in many studies as a marginality indicator. Although some studies use 

only low SOM values to depict MLs (<1% SOM in the study of Ciria et al., (2019) and <0.8% 

SOM in Li et al., (2017)), others also used the high values of SOM to take histic soils into 

consideration. Elbersen et al. used a threshold of SOM <0.75% (at depth range 0-30 cm) for 

low fertility MLs and SOM Ó20% to express Histosols (Peat soils). Eliasson et al. (2010) used 

high values (SOM >30%) to assess histic soil areas as less favorable in the EU. 

In the MAIL project, soft SOM thresholds were chosen, in order to result in larger areas as 

potential MLs, i.e. SOM <1% - SOM Ó 20% and SOM <0.75% - SOM Ó 30%. 

6.4.4.2 Cation Exchange Capacity (CEC) 

According to Li et al. (2017) ñCation exchange capacity (CEC) is the negatively charged 

content (usually clay and organic matter particles) in soils that can hold positively charged ions 

such as calcium, magnesium and potassium through electrostatic forces. It is used as a 

measure of fertility and nutrient retention capacityò. In the same study, it was found that MLs 

had low CEC, namely CEC <8 cmol kg-1). In (Kang et al., 2013) though, a lower threshold was 

used of CEC <4 meq/100g at pH=7. The detailed approach for the definition of the threshold 

value for CEC in presented in chapter 13. 

6.4.4.3 Productivity 

Crop productivity, as an indicator for defining ML, is used mostly by creating a threshold for a 

main crop type cultivated in the study area. Ciria et al. (2019), found that annual productivity 

of Ò1.5 Mgha-1 of wheat and barley was insufficient to cover the calculated cultivation costs, 

and thus land with productivity bellow this is considered as marginal. Bandaru et al. (2013), 

used the National Commodity Crop Productivity Index to classify lands as marginal for NCCPI 

0.42ï0.14. Lands with productivity for the main grain crop (no irrigated yields of corn) <9 

tons/ha (4 tons/acre), are defined as marginal in Gopalakrishnan et al. (2011). On the other 

hand, in (Cai et al., 2011), MLs are classified according to land productivity, and productivity is 

used as a synthetic indicator according to factors such as slope, soil type, soil temperature 

regime etc., based on land cover types.  
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It is evident that, crop productivity is tightly related to crop type and on national data, and thus 

cannot be used in the MAIL project due to unavailable data. Nevertheless, based on the 

ESDAC dataset ñSoil Biomass Productivity maps of grasslands and pasture, of croplands and 

of forest areas in the European Unionò, productivity as an indicator will be used for grasslands, 

pastures and forest areas, taking as a threshold the lowest value classes. 

6.4.4.4 Net primary productivity (NPP) 

Net primary production, or Net primary productivity (NPP), is the difference between total 

photosynthesis and total plant respiration in an ecosystem (Clark et al., 2001). Peter, Messina, 

& Snapp, (2018) used interannual productivity (from MODIS NPP data), for classifying 

agricultural areas as marginal or not. Roehrig & Menz (2005) used NPP in a fuzzy logic 

marginality index. Furthermore, NPP is used for measuring land degradation, in relation to 

other factors in the study by Bai et al. (2008).  

Due to no clear threshold used in the examined literature, it was decided not to use NPP in the 

MAIL project as a marginality indicator. 

6.4.4.5 Soil fertility 

Soil fertility, being a complex variable, dependent on many other factors and other marginality 

indicators, is also used as an independent indicator in some studies. Soil fertility was assessed 

using the Soil Quality Rating (SQR) System in (Mueller et al., 2007) and (Ivanina et al., 2016), 

by taking field soil samples. More specifically, in the last, regions with SQR Ò 25 are considered 

as marginal. Fertility factor Sf was chosen from the Leemans and van den Born database of 

soil properties in (Roehrig & Menz, 2005). Finally, soil fertility is used as a combination of soil 

pH and SOC content for defining MLs in Elbersen et al.  

In three out of four studies reported above, there is no clear threshold, or local datasets are 

used. In the study by Elbersen et al., (2018) the variables used (pH, SOC) will be used in MAIL 

as independent indicators. Therefore, it was decided to omit the soil fertility indicator from the 

analysis. 

Table 17: Productivity indicators and thresholds, sorted by importance (times used in literature 

review). 

Indicator Data source MAIL threshold 
MAIL 

threshold 
based on 

Literature 
Thresholds 

soil organic 
matter 

LUCAS ñTopsoil 
Soil Organic 

OM <1%, OM Ó 20% 
OM<0.75% ï OM Ó 30% 

(Ciria et 
al., 2019; 

OM <1%, OM < 
0.75%, OM Ó 20%, 
OM Ó 30%, Histosols 
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Carbonò 2015 
1km 

Elbersen 
et al.) 

cation 
exchange 
capacity 

WISE 2015 
10km 

CEC < 8 cmol kg-1 
(Li et al., 
2017) 

CEC<8 cmol kg-1, 
CEC<4 meq/100g at 
pH=7 

productivity 

ñSoil biomass 
productivity of 
grasslands and 
pasturesò ñSoil 
biomass 
productivity of 
forest areasò 
2016 1km 

grasslands < 6, forests < 
3 

- No clear threshold. 

6.4.5 Climate indicators 

6.4.5.1 Precipitation 

Mostly used for calculating other indicators such as dryness and aridity, precipitation is used 

in many studies as a marginality indicator per se. Rain fed arable land with annual precipitation 

less than 400 mm is marginal according to Ciria et al. (2019). Peter et al. (2018) used 

accumulated growing season precipitation <750 mm and >1217 mm to define areas as 

marginal for maize growth. In (Li et al., 2017), annual precipitation data for Malawi were 

obtained by accumulating mean monthly rainfall data. Average annual precipitation is used, 

not as a marginality indicator, but as a suitability indicator for bioenergy crops (300-1000 mm) 

in the study of Ivanina et al. (2016). In another approach, internal variability of seasonal 

precipitation, based on negative anomalies of monthly growing season precipitation was used, 

along with a fuzzy logic marginality indicating system, in (Roehrig & Menz, 2005). Finally, 

similar to the method followed in MAIL, precipitation is used for calculating the ñdrynessò 

marginality indicator Elbersen et al., (2018) and to calculate the Global Aridity Index (Bai et al., 

2008; Cai et al., 2011), as already described in 6.4.3. 

In MAIL, precipitation is used only as a variable for calculating the synthetic dryness/aridity 

indicator. 

6.4.5.2 Evapotranspiration 

The United States Geological Survey (USGS) defines evapotranspiration as ñthe sum of 

evaporation from the land surface plus transpiration from plantsò. In all the reviewed studies of 

this document, evapotranspiration is used for calculating other marginality indicators such as 

dryness/aridity (Bai et al., 2008; Cai et al., 2011; Elbersen et al.; Ivanina et al., 2016). Based 

on these, the same approach is used in in the MAIL project, thus evapotranspiration was used 

for calculating the dryness/aridity indicator and applying the threshold accordingly. 
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6.4.5.3 Air temperature 

Like precipitation, air temperature is also used for calculating other indicators such as length 

of growing period, aridity index, energy-use efficiency etc. In Elbersen et al., (2018) 

temperature is used to calculate the Length of Growing Period (LGP), as the days with average 

temperature >5. If LGP Ò180 days, then the area is considered as ML. In (Cai et al., 2011), as 

mentioned above, mean monthly temperature is used to calculate the global aridity index. 

Moreover, it was found that air temperature correlates highly with land surface temperature 

(LST) so in this study, air temperature was used instead of LST for the fuzzy logic modeling 

for ML detection. In (Bai et al., 2008), annual accumulated temperature is used to calculate 

energy-use efficiency (EUE) (ratio of annual sum NDVI to annual accumulated temperature). 

Areas with a negative EUE indicator are marked as degraded.  

Due to no clear threshold used in the examined literature, it was decided not to use air 

temperature in the MAIL project as a marginality indicator. 

Table 18: Climate indicators and thresholds, sorted by importance (times used in the literature 

review). 

Indicator Data source 
MAIL 

threshold 

MAIL 
threshold 
based on 

Literature 
Thresholds 

precipitation 

TerraClimate 
ñprecipitation 
accumulationò 2018 
4.5km 

Calculation 
of other 
indicators 

- 
Pannual,sum<400 mm, 
PGS,sum<750 mm and 
PGS,sum>1217 mm 

evapotranspiration 
TerraClimate 
ñevapotranspirationò 
2018 4.5km 

Calculation 
of other 
indicators 

- 
Calculation of other 
indicators. 
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6.5 ML classification schemes 

The term marginal land does not have a unique definition. Categorization of MLs in literature 

is based on the definition of MLs used by each approach. Therefore, there are different 

classifications depending on each studyôs goals. The MAIL project aims to map MLs which 

can potentially become carbon sinks, thus MLs must be classified in Carbon sequestration 

capacity groups based on the indicators. Therefore, MLs are reclassified into 3 classes, 

depicting marginality: 1) Marginal lands with high plantation suitability, 2) Marginal lands with 

low plantation suitability and 3) Potentially unsuitable lands. 

The indicators that used to derive the final MLs classes are the non-thematic data ones 

(numerical data indicators). A rank is given to each indicator (Table 19), according to its 

importance (times found in literature). Alternatively, the rank given to each indicator can be 

based on expert opinions in Carbon sequestration. Subsequently, the Pairwise Comparison 

Matrix (PCM) of ranks (Zolekar & Bhagat, 2015) is calculated (Table 20), along with the 

normalized PCM, and the weight for each indicator. The cell values of PCM were divided by 

sum of the column to obtain the cell values in the normalized PCM and averaged in row to 

calculate the weights of each indicator (Table 21). The calculated weights are scaled from 0 to 

1 in ascending order, and have a sum equal to 1, to maintain hierarchy according to their 

importance in marginality. The remaining values of each indicator are grouped into 3 classes 

and are given scores, based on their contribution to marginality (Table 22, Table 23, Table 24). 

This is followed by a weighted overlay in a GIS, based on the scores and weights of each 

indicator. The final step in the mapping of marginal lands, is the reclassification of the resulting 

product of the weighted overlay into the 3 aforementioned ML classes. 

Table 19: The ranks given to each indicator, in order to calculate the weights. 

Indicator 

Times 

Found in 

Literature 

Rank 

slope 18 1 

depth available to roots 18 1 

acidity (pH) 9 2 

texture 9 2 

erosion 8 3 

stoniness 8 3 

soil organic matter 8 3 

water capacity 6 4 

flood 6 4 

sodicity 5 5 

clay 4 6 
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Indicator 

Times 

Found in 

Literature 

Rank 

sand 4 6 

contamination 4 6 

cation exchange capacity 4 6 

productivity 3 7 

dryness 2 8 

natural toxicity 1 9 
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Table 20: The pairwise comparison matrix of the marginality indicators, based on the ranks. 

 slope 
depth 

available 
to roots 

acidity 
(pH) 

texture erosion stoniness 
soil 

organic 
matter 

water 
capacity 

flood sodicity clay sand contamination 
cation 

exchange 
capacity 

productivity dryness 
natural 
toxicity 

slope 1.00 1.00 2.00 2.00 3.00 3.00 3.00 4.00 4.00 5.00 6.00 6.00 6.00 6.00 7.00 8.00 9.00 

depth 
available to 
roots 

1.00 1.00 2.00 2.00 3.00 3.00 3.00 4.00 4.00 5.00 6.00 6.00 6.00 6.00 7.00 8.00 9.00 

acidity (pH) 0.50 0.50 1.00 1.00 1.50 1.50 1.50 2.00 2.00 2.50 3.00 3.00 3.00 3.00 3.50 4.00 4.50 

texture 0.50 0.50 1.00 1.00 1.50 1.50 1.50 2.00 2.00 2.50 3.00 3.00 3.00 3.00 3.50 4.00 4.50 

erosion 0.33 0.33 0.67 0.67 1.00 1.00 1.00 1.33 1.33 1.67 2.00 2.00 2.00 2.00 2.33 2.67 3.00 

stoniness 0.33 0.33 0.67 0.67 1.00 1.00 1.00 1.33 1.33 1.67 2.00 2.00 2.00 2.00 2.33 2.67 3.00 

soil organic 
matter 

0.33 0.33 0.67 0.67 1.00 1.00 1.00 1.33 1.33 1.67 2.00 2.00 2.00 2.00 2.33 2.67 3.00 

water 
capacity 

0.25 0.25 0.50 0.50 0.75 0.75 0.75 1.00 1.00 1.25 1.50 1.50 1.50 1.50 1.75 2.00 2.25 

flood 0.25 0.25 0.50 0.50 0.75 0.75 0.75 1.00 1.00 1.25 1.50 1.50 1.50 1.50 1.75 2.00 2.25 

sodicity 0.20 0.20 0.40 0.40 0.60 0.60 0.60 0.80 0.80 1.00 1.20 1.20 1.20 1.20 1.40 1.60 1.80 

clay 0.17 0.17 0.33 0.33 0.50 0.50 0.50 0.67 0.67 0.83 1.00 1.00 1.00 1.00 1.17 1.33 1.50 

sand 0.17 0.17 0.33 0.33 0.50 0.50 0.50 0.67 0.67 0.83 1.00 1.00 1.00 1.00 1.17 1.33 1.50 

contamination 0.17 0.17 0.33 0.33 0.50 0.50 0.50 0.67 0.67 0.83 1.00 1.00 1.00 1.00 1.17 1.33 1.50 

cation 
exchange 
capacity 

0.17 0.17 0.33 0.33 0.50 0.50 0.50 0.67 0.67 0.83 1.00 1.00 1.00 1.00 1.17 1.33 1.50 

productivity 0.14 0.14 0.29 0.29 0.43 0.43 043 0.57 0.57 0.71 0.86 0.86 0.86 0.86 1.00 1.14 1.29 

dryness 0.13 0.13 0.25 025 0.38 0.38 0.38 0.50 0.50 0.63 0.75 0.75 0.75 0.75 0.88 1.00 1.13 

natural 
toxicity 

0.11 0.11 0.22 0.22 0.33 0.33 0.33 0.44 0.44 0.56 0.67 0.67 0.67 0.67 0.78 0.89 0.10 
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Table 21: The normalized pairwise comparison matrix and the calculated weights. 

 

 

 slope 
depth 

available 
to roots 

acidity 
(pH) 

texture erosion stoniness 
soil 

organic 
matter 

water 
capacity 

flood sodicity clay sand contamination 
cation 

exchange 
capacity 

productivity dryness 
natural 
toxicity 

Weights 

slope 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 

depth 
available to 

roots 
0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 

acidity (pH) 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 

texture 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 

erosion 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 

stoniness 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 

soil organic 
matter 

0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 

water 
capacity 

0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 

flood 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 

sodicity 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 

clay 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 

sand 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 

contamination 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 

cation 
exchange 
capacity 

0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 

productivity 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 

dryness 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 

natural 
toxicity 

0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 
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Table 22: Terrain and Soil indicator classes, scores, and weights. 

Indicator Classes Score Weight 

slope 
[15% - 40%] 
[40% - 65%] 
[65% - 90%] 

10 
5 
1 

0.17 

depth available 
to roots 

[100cm ï 66.7cm] 
[66.7cm ï 33.3cm] 

[33.3cm ï 0cm] 

10 
5 
1 

0.17 
 

texture 
[30% - 53.3%] 

[53.3% - 76.7%] 
[76.7% - 100%] 

10 
5 
1 

0.09 

stoniness 
[10% - 15%] 
[15% - 20%] 

10 
5 

0.06 

water capacity 
[100mm ï 50mm] 
[50mm ï 0mm] 

10 
5 

0.04 

clay 
[50% - 58.7%] 

[58.7% - 67.3%] 
[67.3% - 76%] 

10 
5 
1 

0.03 

sand 
[60% - 70%] 
[70% - 80%] 
[80% - 90%] 

10 
5 
1 

0.03 

Table 23: Sustainability indicator classes, scores, and weights. 

Indicator Classes Score Weight 

acidity (pH) 
[pH>8, pH<6] 

[pH>8.5, pH<5.25] 
[pH>9, pH<4.5] 

10 
5 
1 

0.09 

erosion 
[200 ï 241.7] 

[241.7 ï 283.4] 
[283.4- 325] 

10 
5 
1 

0.06 

flood 
[50% - 66.7%] 

[66.7% - 83.3%] 
[83.3% - 100%] 

10 
5 
1 

0.04 

sodicity 
[6% - 36.7%] 

[36.7% - 67.4%] 
[67.4% - 98%] 

10 
5 
1 

0.03 

contamination 
[1cg/kg ï 3cg/kg] 
[3cg/kg ï 10cg/kg] 

[10cg/kg ï 23.5cg/kg] 

10 
5 
1 

0.03 

dryness 
[0.5 ï 0.34] 
[0.34 ï 0.18] 

[0.18 ï 0] 

10 
5 
1 

0.02 

natural toxicity 
[150g/Kg - 328g/Kg] 
[328g/Kg - 506g/Kg] 
[506g/Kg ï 684g/Kg] 

10 
5 
1 

0.02 
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Table 24: Productivity indicator classes, scores, and weights. 

Indicator Classes Score Weight 

soil organic 
matter 

[OM < 1%, OM Ó 20%] 
[OM < 0.75%, OM Ó 30%] 

10 
5 

0.06 

cation 
exchange 
capacity 

[8 ï 5.3] 
[5.3 ï 2.7] 
[2.7 ï 0] 

10 
5 
1 

0.03 

productivity 

Grasslands: 
[6-4] 
[4-2] 
[2-0] 

Forests: 
[3-2] 
[2-1] 
[1-0] 

 
10 
5 
1 
 

10 
5 
1 

0.02 

6.6 Production of intermediate layers 

Some of the indicators used in the analysis, namely soil texture and dryness, are calculated 

based on other variables. These indicators will be referred to as ñsyntheticò indicators and 

require the production of intermediate layers in the GIS modelling procedure.  

More specifically, the soil texture layer consists of the stoniness, clay and sand variables (all 

with independent thresholds), along with an intermediate layer calculated as (Elbersen et al.) 

: 

ὸ ίὭὰὸςz ὧὰὥώ 

Where silt and clay are percentages found in soil. The threshold applied to this intermediate 

layer is Ó 30%, for marginal lands. 

Moreover, the dryness layer is created by computing the Aridity Index (AI), which consists of 

precipitation and evapotranspiration and is calculated as: 

ὃὍ
ὖ

ὖὉὝ
 

Where P is the total annual precipitation and PET is the total annual potential 

evapotranspiration. 

Apart from the indicator intermediate layers, another intermediate layer that needs to be 

calculated is the weighted overlay (WO) layer that will be: 

ὡὕ  Ὓz ὡ 

Where S are the scores assigned for each indicator class and W are the weights assigned for 

each indicator (according to Table 22, Table 23 and Table 24).  
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7. DEVELOPMENT AND REALIZATION OF A GIS USING THE DATASETS COLLECTED IN 

T2.2 

7.1 Datasets overview 

The 201 datasets collected in T2.2, were filtered based on the indicators found in the literature 

review. Datasets that were closest to the indicators conceptually were chosen, resulting initially 

in a sub-collection of 70 datasets (Datasets v1). These datasets were then filtered again, and 

by concurrently examining the data and thresholds used in literature, a best match was found, 

resulting in the final datasets (Datasets v2) and threshold simultaneously. The Datasets v1 can 

be thus used as a reference for potential changes in the methodology and thresholds used. 

 

Figure 6: The elimination steps followed for selecting the final datasets used in MAIL. 

In addition to datasets from T2.2, three new datasets were added to cover the needs for two 

indicators, namely the ñGlobal Surface Waterò13 dataset by the Joint Research Center, the 

ñGlobal Forest Changeò14 dataset by the University of Maryland and the ñTerraClimateò15 

dataset, by the University of Idaho (Table 25). The ñGlobal Surface Waterò dataset is used to 

 

13 This data provides information on the location and temporal distribution of water areas on a global 
scale over the last 3.6 decades (1984-2019) and provides statistics on the extent and change of these 
water areas. The data set was produced from Landsat (TM, ETM+ and OLI). The available layers 
include: occurrence, occurrence change intensity, seasonality, recurrence, transitions and maximum 
water extent https://global-surface-water.appspot.com/  
14 https://earthenginepartners.appspot.com/science-2013-global-forest  
15 TerraClimate is a dataset of monthly climate and climatic water balance for global terrestrial surfaces. 
Some of the available layers are: Actual evapotranspiration, climate water deficit, reference 
evapotranspiration, precipitation accumulation, soil moisture, minimum temperature and maximum 
temperature http://www.climatologylab.org/terraclimate.html  

https://global-surface-water.appspot.com/
https://earthenginepartners.appspot.com/science-2013-global-forest
http://www.climatologylab.org/terraclimate.html
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calculate the flooding/ponding indicator and the ñGlobal Forest Changeò dataset is used as a 

land cover dataset, for forest areas detection and masking. Moreover, based on the datasets 

used in the studied literature, 7 more datasets are suggested to MAIL, for potential use in the 

future (Table 26) and are included in Datasets v1. 

Table 25: Additional datasets for use in MAIL. 

Dataset 
Name 

Raster/
Vector 

CRS 
Spatial 

Resolution
/MMU 

Coverage 
Product 

Date 
Use 

Global 

Surface Water 
R WGS84 30m global 

1984-

2019 
flooding indicator 

Global Forest 

Change 
R WGS84 30m global 

2000-

2018 
forest mask 

TerraClimate R  
2.5 arc 

minutes 
global 

1958-

2015 

aridity index 

(precipitation 

accumulation, 

evapotranspiration) 

Table 26: Datasets for potential use in MAIL, as an addition to datasets from T2.2. 

Dataset 

Name 

Raster/

Vector 
CRS 

Spatial 

Resolution/

MMU 

Coverage 
Product 

Date 
Potential Use 

SoilGrids R WGS84 250m global 2016 

acidity, cation 

exchange capacity, 

texture 

MODIS LST R Sinusoidal 1km global 
2007-

2019 

Land surface 

temperature 

MODIS NPP R Sinusoidal 1km global 
2000-

2014 
productivity 

TRMM 3B43 R  
0.25 arc 

degrees 
global 

1998-

2019 

monthly and annual 

precipitation 

GHSL 

population 
R WGS84 250m global 2015 

population / 

socioeconomic 

indicators 

K1 mountain R WGS84 1km global 
2000 

(1996) 
 

K3 mountain R WGS84 250m global 
2017 

(2010) 
 

 

Table 27 shows the final datasets used in MAIL. 
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Table 27: Final datasets used in MAIL. 

Soil Climate Terrain Sustainability Productivity LULC 
Raster/Vect

or 
CRS 

Spatial 
Resolution / 

MMU 
Coverage 

Product 
Date 

Values Range 

Total available 
water content 

from PTF 

     R ETRS89 1km European 2013  

Clay content 
(topsoil & subsoil) 

     R ETRS89 1km European 2013 0-76 

Depth available to 
roots 

     R ETRS89 1km European 2013 0-150 

Sand content 
(topsoil & subsoil) 

     R ETRS89 1km European 2013 0-90 

Silt content 
(topsoil & subsoil) 

     R ETRS89 1km European 2013 0-71 

Soil pH in Europe      R ETRS89 5km 

EU25 (Romania & 
Bulgaria are not 

included,) +Norway, 
Switzerland, Croatia, 

Albania 

2009 0.6-8.8 

Volume of stones      R WGS84  EU27 2008 0%-20% 
  EU-DEM    R ETRS89 25m European 2011  

   
Soil erosion by 

water 
(RUSLE2015) 

  R ETRS89 100m EU28 2015 0-325 

 

TerraClimate: 
Monthly Climate 

and Climatic Water 
Balance for Global 

Terrestrial 
Surfaces 

 

TerraClimate: 
Monthly Climate 

and Climatic Water 
Balance for Global 

Terrestrial 
Surfaces 

  R WGS84 ~4.5km global 1958-2018 
PET: 80-239, 
PC: 0-1559 

WISE derived soil 
property 

estimates 

  WISE derived soil 
property estimates 

  R WGS84 ~900m global 2015 

sodicity: ESP [-
9-98] , nitrogen: 
TOTN [-9-23.48] 
, gypsum: GYPS 
[-9-684] , CEC: 
CECs [-9-128], 

soil types 

    Organic carbon content 
(topsoil & subsoil) 

 R ETRS89 1km European 2013 0-39.5 

    Soil biomass productivity 
of forest areas 

 R ETRS89 1km EU27 2016 0.17-10 
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Soil Climate Terrain Sustainability Productivity LULC 
Raster/Vect

or 
CRS 

Spatial 
Resolution / 

MMU 
Coverage 

Product 
Date 

Values Range 

    
Soil biomass productivity 

of grasslands and 
pastures 

 R ETRS89 1km EU27 2016 0-10 

     Coastline EU V ETRS89  European  thematic 
     CORINE LC V ETRS89 25ha EEA39 2018 thematic 
     CORINE LC change V ETRS89 5ha EEA39 2018 thematic 
     Global Forest Change R WGS84 30m global 2000-2018 thematic 

     
Imperviousness 

Classified Change 
(IMCC) 

R ETRS89 20m European 2012-2015 thematic 

     Imperviousness 
Density (IMD) HRL 

R ETRS89 20m European 2015 thematic 

   JRC Global 
Surface Water 

 JRC Global Surface 
Water 

R WGS84 30m global 1984-2019 0-100% 

     Nationally designated 
areas (CDDA) 

V WGS84  European 2019 thematic 

     Natura2000 V ETRS89  EEA33 2018 thematic 
     S2GLC R ETRS89 10m European 2020 thematic 

     TanDEM-X Global 
Forest map 

R WGS84 50m global 2011-2015 thematic 

     Tree Cover Density 
(TCD) 

R ETRS89 20m European 2015 thematic 

     Tree Cover Density 
Change (TCDC) 

R ETRS89 20m European 2012-2015 1-100% 
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7.2 Dataset transformation to common file formats, projection, etc. 

Most of the final datasets in Datasets v2 (Table 27) were in the European Terrestrial Reference 

System 1989 (ETRS89), whereas others where in the World Geodetic System 1984 (WGS84). 

Since it was decided to use the ETRS89 as a coordinate system for all layers in MAIL, the 

datasets in WGS84 were transformed using the ArcGIS ñProject Rasterò tool, into ETRS89. 

Resolution of all datasets varies from 10m (S2GLC) to 10km (WISE derived soil property 

estimates dataset).  

To implement the first phase of the proposed methodology (i.e., the implementation of ñhardò 

thresholds), all layersô original resolution were resampled to the finest dataset resolution (i.e., 

10m) of the S2GLC (Land Cover Map of Europe) which is used as Basemap. Moreover, to 

combine the datasets used in this first phase of ñhardò thresholds, all the produced intermediate 

raster layers, are converted into Binary Raster (i.e., 0 = no data, 1 = data that need to be 

excluded and they donôt represent ñmarginal landsò). Furthermore, to avoid errors due to 

mismatches during the implementation of the proposed algorithms, the initial Basemap is set 

as ñSnap Rasterò Layer.  

Finally, data will be resampled to the marginal land MMU (1ha) in the end of all processes. 

7.3 GIS implementation 

All datasets (vector and raster) that were collected based on the methodology development 

(Datasets v2), were imported into a file geodatabase (MAIL_v1.gdb) and then into a GIS project 

(Figure 7). There, the datasets were transformed to the ETRS89 coordinate system and the 

layers created, were grouped into categories (soil, climate, terrain, sustainability, productivity, 

LULC, socioeconomic) (Figure 8). This initial GIS project will work as a base for the workflows 

implemented in the next stage of the project. 

The GIS software which was used in this phase and will be also used in the next steps, is the 

ArcGIS Pro16 software by Esri, with a license provided by IABG.  

Due to the large scale of the study and to the large datasets, the tile structure is used for the 

raster data in the geodatabase. Raster datasets were imported in the form of Raster Catalogs17 

and Raster Mosaics18. A raster catalog is a simple container for managing raster datasets, 

 

16 https://www.esri.com/en-us/arcgis/about-arcgis/overview  
17https://desktop.arcgis.com/en/arcmap/10.3/tools/data-management-toolbox/create-raster-
catalog.htm  
18https://desktop.arcgis.com/en/arcmap/10.3/manage-data/raster-and-images/creating-a-mosaic-
dataset.htm  

https://www.esri.com/en-us/arcgis/about-arcgis/overview
https://desktop.arcgis.com/en/arcmap/10.3/tools/data-management-toolbox/create-raster-catalog.htm
https://desktop.arcgis.com/en/arcmap/10.3/tools/data-management-toolbox/create-raster-catalog.htm
https://desktop.arcgis.com/en/arcmap/10.3/manage-data/raster-and-images/creating-a-mosaic-dataset.htm
https://desktop.arcgis.com/en/arcmap/10.3/manage-data/raster-and-images/creating-a-mosaic-dataset.htm
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whereas a mosaic dataset is more advanced as overview images can be built and a processing 

for each raster dataset or on the entire mosaic dataset can be defined. Both are stored within 

a geodatabase. 

Additionally, tiled processing components and parallel processing will be used during the 

workflow run. To improve the performance and scalability of feature overlay tools, the 

operational logic called adaptive subdivision processing19 will be used. This is a built-in feature 

of ArcGIS that is enabled when data cannot be processed within the available amount of 

physical memory, and thus, all data are subdivided in tiles, processed separately and then 

reconstructed again. In addition, the Dice20 function can also be used when processing large 

vector layers (i.e., multipoint, lines, polygon feature layer or feature class, and more).  

Moreover, it is important to stress out that, the workflows implementing the methodology 

developed, should have an independency in structure, so that potential changes in one step 

will not affect the next steps in processing. This is most important to be done in the second 

phase of the proposed methodology which is most prone to changing. 

Finally, it should be noted, that the implementation of each developed workflow, pointed out 

the need for upgrading the original geodatabase type. Namely, File geodatabases can scale 

up to 1TB in size which can be raised to 256TB for processing extremely big data21. 

Nevertheless, in order to process big data such as large mosaic LULC datasets used in MAIL 

project, an upgrade of the existing geodatabase into an Enterprise geodatabase22 is 

recommended. More specifically, Enterprise Geodatabases can be unlimited in size and 

numbers of users. Moreover, this type of geodatabase can also provide the opportunity of 

developing advanced queries when stored in Microsoft SQL Server format. 

 

19 http://resources.arcgis.com/en/help/main/10.1/index.html#//01m10000000r000000  
20 https://desktop.arcgis.com/en/arcmap/10.3/tools/data-management-toolbox/dice.htm 
21https://desktop.arcgis.com/en/arcmap/latest/manage-data/geodatabases/types-of-geodatabases.htm 
22https://enterprise.arcgis.com/en/server/latest/manage-data/windows/enterprise-geodatabases-and-
arcgis-enterprise.htm 

http://resources.arcgis.com/en/help/main/10.1/index.html#//01m10000000r000000
https://desktop.arcgis.com/en/arcmap/10.3/tools/data-management-toolbox/dice.htm
https://desktop.arcgis.com/en/arcmap/latest/manage-data/geodatabases/types-of-geodatabases.htm
https://enterprise.arcgis.com/en/server/latest/manage-data/windows/enterprise-geodatabases-and-arcgis-enterprise.htm
https://enterprise.arcgis.com/en/server/latest/manage-data/windows/enterprise-geodatabases-and-arcgis-enterprise.htm
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Figure 7: Overview of the GIS Geodatabase structure and contents. Source: personal 

compilation of Maria Tassopoulou. 

 

Figure 8: Datasets and layers as seen in the ArcGIS project. 



[D2.3] Report on Methodology development 

 
 

[59|168] 

7.4 Layers 

 

Figure 9: The final names of the Datasets v2 GIS layers.  
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8. EVALUATION OF EXISTING AND DEVELOPMENT OF INDICATOR SETS 

8.1 Selection of test sites 

According to the definition of Marginal Lands, as defined for the MAIL project, Marginal Lands 

are considered lands with significant environmental or socioeconomic constraints and with 

potential to impact national accounting for C stock. Agricultural and impervious lands, forest 

areas or other valuable lands (e.g., protected areas or lands with important local uses), are 

excluded from this definition. Therefore, examples of potential Marginal Lands include mainly 

degraded and/or abandoned lands, areas with naturally low productivity due to biophysical 

constraints, and other lands that shall meet the requirements of additional indicators related to 

the terrain, soil, productivity, and other biophysical characteristics of each area. 

Within the context of the MAIL project, several sites were tested across Europe. These areas 

include semi-mountainous areas, abandoned lands near urban environments, post-mining 

sites, post-industrial sites, and more.  

The proposed methodology tested in large areas on a regional level in different European 

Countries including areas in Greece, Spain, Poland, and Germany. Examples of these areas 

are the Region of Central Macedonia, which is the largest and second-most populous region 

in Greece (Figure 10), the Region of Eastern Macedonia and Thrace, and more specifically, 

the agricultural areas of ñProskynitesò and ñXylaganiò adjacent to the city of Komotini, and the 

area of the Municipality of Nogueruelas (Teruel) in the Central Eastern part of the Iberian 

Peninsula, Spain (Figure 11). All sites consist of several potential sites that could be defined 

as Marginal Lands including semi-urban degraded lands and low productivity lands adjacent 

to natural parks and forest areas. It should be noted that the selected test sites also include 

the proposed pilot sites that will be used in the following Task 2.4 of the project for the 

assessment and the validation of the results of the proposed methodology. Namely, the 

suburban forest of ñKedrinos Lofosò located in the north and the northeast site of the city of 

Thessaloniki, Greece, is a selected pilot case of the MAIL project. Moreover, ñSierra de 

Espadánò in the eastern Spain province is also a site with potential Marginal Lands.  

Furthermore, the federal state of Saxony was selected as test site in Germany. The 

aforementioned state includes lowland areas of low productivity while post-mining areas are 

also a distinctive land use in the region. More specifically, Nochten and Welzow sites located 

in the northern part of the federal state of Saxony, have been selected as representative pilot 

sites which include large post-mining areas that could be defined as Marginal Lands (Figure 

12). 
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Finally, ñStasz·wò - the region within Staszów County (part of świňtokrzyskie Voivodeship) 

was the corresponding selected test site in Poland. The size and the whole region are divided 

into industrial (north) and rural (south) part. Local deposits of gypsum stone are one of the 

largest in Europe. 50% of national lime production and 25% of national cement production 

come from this Voivodeship. According to official data, the area of devastated land was 

increasing between 2004 and 2012. This region includes upland and lowland areas, strongly 

fragmented croplands, and low productivity lands that could be defined as potential Marginal 

Lands.  

Concluding, the proposed methodology was implemented in 7 different test sites across 

Europe. All sites are areas with different geographical and physical characteristics, including 

different types of land uses ï land cover, and variations on their soil and terrain characteristics. 

 

Figure 10: Greece (left) and the pilot site of the afforestation forest of ñIsenliò (right image 

outlined with pink). Source: personal compilation of Jesús Torralba Pérez. 
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Figure 11: Spain (left) and the pilot site of ñSoriaò (outlined with light orange), ñNogueruelasò 

(outlined with dark red) and ñEspadánò (right image outlined with dark orange). Source: 

personal compilation of Jesús Torralba Pérez. 

 

Figure 12: Germany (left) and the pilot sites of ñWelzowò (outlined with blue) and ñWelzowò 

(outlined with purple). Source: personal compilation of Jesús Torralba Pérez. 
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Figure 13: Poland (left) and the corresponding selected pilot site (outlined with green). Source: 

personal compilation of Jesús Torralba Pérez. 

8.2 Testing different sets of existing indicators and thresholds 

The indicators and thresholds for detecting MLs were selected taking into account the 

combination of the criteria used in selected ML studies from T2.1 ñLiterature review on Marginal 

Land definitionò and the available datasets from T2.2 ñCollection of appropriate existing 

European/Global datasetsò.  

In the first phase of the proposed methodology, different combinations of the available LULC 

datasets were tested to define the extent of the selected Land Uses that should be 

incrementally removed and that are not MLs.  

In addition, the same approach of combining different indicators and thresholds of each 

category of ñsoftò constraints according to the literature review, applied during the second 

phase of the proposed methodology.   

8.2.1. Selection of appropriate Land Use/Land Cover datasets 

The first phase of the proposed methodology (i.e., the implementation of ñhardò thresholds 

phase) suggests the delineation of specific Land Use/Land Cover (LULC) classes that should 

be excluded from further analysis and that are not MLs according to the literature review and 

the definition of Marginal Lands.  
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Namely, five different types of LULC should be identified and incrementally removed: Other 

Land Cover areas including Water bodies, Permanent Snow, Marshes and Peatbogs, Forest 

Areas, Croplands, Impervious Areas, Protected Areas, and Changed Areas. To identify these 

categories and to delineate those LULC, several combinations of the available datasets as 

already defined in Task 2.1 were tested. 

Considering the spatial resolution, and the reference year of each available dataset, various 

analysis tools (e.g., Fuzzy Overlay, Weighted Overlay, etc.) were used to combine them. To 

perform those functions, an initial validation of each available dataset was also implemented 

by combining the existing datasets with historical high -resolution satellite imagery (e.g., google 

earth images). The final selection of each LULC dataset is described in the following pages.  

8.2.1.1. Basemap 

The implementation of the first phase of the proposed methodology requires the selection of a 

reliable Land Use ï Land Cover Basemap. Taking into account the available LULC products 

as described in Deliverable 2.1 of the MAIL project, the Land Cover Map of Europe 2017 

(S2GLC), which represents land cover classification of the European continent, has been 

chosen as Basemap.  

The S2GLC product consists of 13 land cover classes (Table 28) and has been produced using 

classification algorithms for the analysis of over 15.000 Sentinel-2 images. The final product is 

delivered with 10 m spatial resolution and an overall accuracy of 86% (Figure 15). A quick 

visual assessment of the available dataset using Google earth images has revealed slight 

classification errors in certain areas across Europe (Figure 14). However, the overall accuracy 

of the product is satisfying for the purposes of the MAIL project, while the fine resolution of the 

final product is a key parameter for utilizing this specific dataset as Basemap.   
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Figure 14: Overview of classification commission and omission errors of S2GLC raster layer. 

Artificial surfaces and constructions in images 1 and 2 are misclassified as ñnatural material 

surfacesò in areas within the boundaries of the selected test sites in Thessaloniki, Greece. In 

addition, croplands (3) and artificial surfaces and constructions (4) are classified as ñmarshesò 

and ñwater bodiesò (5) in Espadán, Spain test site. 

It should be noted that the Basemap of the project can be replaced with a more adequate 

LULC dataset in the future without affecting the implementation of the proposed methodology 

and the developed algorithms.  

Finally, two supplementary vector files including the European Unionôs boundaries and the 

European Unionôs coastline are used for defining the clipping extent of all raster datasets. 

Those files are in the folder ñBASEò of the MAIL geodatabase.  
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Table 28: Overview of the Land Cover Map of Europe 2017 technical specifications.  

BASEMAP 
LAYER 

Release 
Date 

Spatial 
Resolution/MMU 

Coverage 
Classes 

ID Name 

Land Cover 
Map of Europe 
2017 (S2GLC) 

2017 10m European 

0 Clouds 

62 
Artificial surfaces and 

constructions 

73 Cultivated areas 

75 Vineyards 

82 Broadleaf tree cover 

83 Coniferous tree cover 

102 
Herbaceous 
vegetation 

103 Moors and Heathland 

104 
Sclerophyllous 

vegetation 

105 Marshes 

106 Peatbogs 

121 
Natural material 

surfaces 

123 
Permanent snow-
covered surfaces 

162 Water bodies 

 

Figure 15: Overview of the classification accuracy of S2GLC LULC product (Malinowski et al., 

2019). 

8.2.1.2. Delineation of Other Land Cover  

The definition of ñOther Land Coverò includes the delineation of four types of Land Cover:  

1. Water bodies 

2. Permanent Snow 

3. Marshes  

4. Peatbogs 
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The aforementioned types of coverage are included in the Land Cover Map of Europe 2017 

(S2GLC) which we have already chosen to be used as Basemap. Within that context, the LULC 

classes that need to be excluded from the further analysis are represented in Table 29.   

Table 29: Other Land Cover Types that are not Marginal Lands. 

BASEMAP 
LAYER 

Release 
Date 

Spatial 
Resolution/MMU 

Coverage 
Classes 

ID Name 

Land Cover Map 
of Europe 2017 

(S2GLC) 
2017 10m European 

105 Marshes 

106 Peatbogs 

123 
Permanent snow-
covered surfaces 

162 Water bodies 

These LULC types are included both in the S2GLC product and the Pan-European Copernicusô 

High-Resolution Layers. Nevertheless, for the purposes of the MAIL project, we chose to 

delineate them using only the S2GLC product to maintain the data consistency of the process.  

It should be noted, that Marshes and Peatbogs are two types of Land Use that are often hard 

to distinguish while it is difficult to define those classes especially when they coexist in the 

same regions (Government of Alebrta, 2015), (Malinowski et al., 2019). Besides, the class 

ñInland Marshesò is not applicable for salt marshes and salt meadows under the tidal influence 

according to the definition of Copernicusô Corine LULC. Nevertheless, the corresponding 

ñMarshò class in S2GLC Layer, includes both ñInland Marshesò and ñSalt Marshesò of Corine 

LC.  

Moreover, three LULC datasets can provide information regarding the delineation of water 

bodies, including the S2GLC product, the Pan ï European Copernicusô Corine LULC and the 

JRC Global Surface Water raster dataset and more specifically, the ñmaximum water extentò 

layer (Table 30). Figure 16 represents a visual interpretation of all three datasets which has 

revealed that S2GLC can be utilized to delineate adequately water bodies for the purposes of 

the MAIL project. 

 

 

 

 

 



[D2.3] Report on Methodology development 

 
 

[68|168] 

Table 30: Overview of the available LULC datasets for delineating Water bodies. 

Water bodies LC DATASET 
Acquisition 

Date 
Spatial 

Resolution/MMU 
Coverage 

Land Cover Map of Europe 2017 
(S2GLC) 

2017 10m European 

CORINE Land Cover 2019 25 ha 

European 
Economic Area 

Countries 39 (EEA 
39) 

Global Surface Water database 
provided by Joint Research Centre 
(JRC) ï Maximum Water extent 

dataset 

2019 30m Global 

 

 

Figure 16: Visual assessment of the available datasets for the delineation of water bodies in the 

test site of Thessaloniki - Greece. The results of the analysis indicate that the S2GLC dataset 

can result to adequate delineation of water bodies.  

8.2.1.3. Delineation of Forest 

According to United Nations Food and Agriculture Organization (FAO, 2000) forest is 

characterized as the land with tree crown cover (or equivalent stocking level) of more than 10 

% and area of more than 0.5 ha. The trees should be able to reach a minimum height of 5 m 

at maturity in situ (Chazdon et al., 2016).  
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The definition includes forest nurseries and seed orchards that constitute an integral part of 

the forest, forest roads, cleared tracts, firebreaks, and other small open areas, forest in national 

parks, nature reserves and other protected areas of specific scientific historical, cultural or 

spiritual interest, windbreaks and shelter belts of trees with an area of more than 0.5 ha and 

width of more than 20 m, and finally, plantations primarily used for forestry purposes (rubber 

wood plantations and cork oak stands).  

On the contrary, the definition excludes land predominantly used for agricultural practices, tree 

plantations of fruit trees or olive oil trees, gardens, agroforestry areas (i.e., tree planted in 

agroforestry systems), and urban parks.  

Following the forest definition, Table 31 represents the proposed thresholds that could be 

applied for the definition of forest areas.  

Table 31: Overview of the proposed thresholds according to FAO forest definition.  

Parameters Threshold values 

Minimum area (ha) 0.5 ha 

Minimum tree height (m) 5m 

Crown Cover (%) 10% 

Temporary (years) 10 years appx. 

Strip width (m) 20m 

An important parameter that should be also considered is that the European Union (EU) has 

many different types of forests, and their distribution is mainly determined by climate, soil type, 

altitude, the topography of each area and other economic and social parameters. Thus, there 

is no one answer valid of ñwhat is a forestò for all Member States (Union, 2020). Within that 

context, each EU country has adopted different forest definition parameters as described in 

ANNEX II of EU Regulation 2018/841 of the European Parliament (European Parliament, 

2018), (Table 32).  

Table 32: Forest definition parameters for EU countries (ANNEX II EU Regulation 2018/841).  

Member State Area (ha) 
Tree crown cover 

(%) 
Tree Height (m) 

Belgium 0.50 ha 20% 5m 

Bulgaria 0.10 ha 10% 5m 

Czech Republic 0.05 ha 30% 2m 

Denmark 0.50 ha 10% 5m 

Germany 0.10 ha 10% 5m 

Estonia 0.50 ha 30% 2m 

Ireland 0.10 ha 20% 5m 
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Member State Area (ha) 
Tree crown cover 

(%) 
Tree Height (m) 

Greece 0.30 ha 25% 2m 

Spain 1.00 ha 20% 3m 

France 0.50 ha 10% 5m 

Croatia 0.10 ha 10% 2m 

Italy 0.50 ha 10% 5m 

Cyprus 0.30 ha 10% 5m 

Latvia 0.10 ha 20% 5m 

Lithuania 0.10 ha 30% 5m 

Luxembourg 0.50 ha 10% 5m 

Hungary 0.50 ha 30% 5m 

Malta 1.00 ha 30% 5m 

Netherlands 0.50 ha 20% 5m 

Austria 0.05 ha 30% 2m 

Poland 0.10 ha 10% 2m 

Portugal 1.00 ha 10% 5m 

Romania 0.25 ha 10% 5m 

Slovenia 0.25 ha 30% 2m 

Slovakia 0.30 ha 20% 5m 

Finland 0.50 ha 10% 5m 

Sweden 0.50 ha 10% 5m 

United Kingdom 0.10 ha 20% 2m 

 

Following the 2018/841 directive and the FAO forest definition, five different datasets can 

provide information of the delineation of forest areas (Table 33) including the Global Forest 

Change Layers that represent changes in forest cover for specific periods. 

Table 33: Overview of the available LULC datasets for delineating Forest Areas.  

FOREST LC 
DATASET 

Acquisition 
Date 

Spatial 
Resolution/MMU 

Coverage 

HRL Tree Cover 
Density (TCD) 

2012-2015 20m 

Albania, Austria, Belgium, Bosnia 
and Herzegovina, Bulgaria, Croatia, 
Cyprus, Czechia, Denmark, Estonia, 
Finland, France, Germany, Greece, 

Hungary, Iceland, Ireland, Italy, 
Kosovo, Latvia, Liechtenstein, 
Lithuania, Luxembourg, Malta, 

Montenegro, Netherlands, North 
Macedonia, Norway, Poland, 

Portugal, Romania, Serbia, Slovakia, 
Slovenia, Spain, Sweden, 

Switzerland, Turkey, United Kingdom 



[D2.3] Report on Methodology development 

 
 

[71|168] 

FOREST LC 
DATASET 

Acquisition 
Date 

Spatial 
Resolution/MMU 

Coverage 

Global Forest 
Change ï Tree 

Cover 
2000-2018 30m Global 

Tree Cover Density 
Change (TCDC) 

2012-2015 100m 

Albania, Austria, Belgium, Bosnia 
and Herzegovina, Bulgaria, Croatia, 
Cyprus, Czechia, Denmark, Estonia, 
Finland, France, Germany, Greece, 

Hungary, Iceland, Ireland, Italy, 
Kosovo, Latvia, Liechtenstein, 
Lithuania, Luxembourg, Malta, 

Montenegro, Netherlands, North 
Macedonia, Norway, Poland, 

Portugal, Romania, Serbia, Slovakia, 
Slovenia, Spain, Sweden, 

Switzerland, Turkey, United Kingdom 

TanDEM-X Global 
Forest map 

2011-2015 50m Europe 

Global Forest 
Change Loss 

2000-2018 30m Global 

These datasets were produced using different remote-sensing techniques and thus, different 

commission and omission errors occurred during their production. Moreover, the spatial 

resolution of each available product also varies. It should be noted that according to the 

technical specification of HRL TCD layer, the final derived forest type product allows to get as 

close as possible to the FAO forest definition combining both 1) a dominant leaf type product 

that has a MMU of 0.5 ha, as well as a 10% tree cover density threshold applied, and 2) a 

support layer that maps, based on the dominant leaf type product, trees under agricultural uses 

and urban context.  

Namely, the Copernicus High-Resolution Layer (HRL) on Tree Cover Density (TCD) is 

produced from 20 m resolution satellite imagery through a combination of automatic 

processing and interactive rule-based classification. This dataset is assessed by visual 

interpretation on Very High-Resolution (VHR) satellite data and/or aerial ortho-imagery as 

reference data (Langanke, 2017).  

In addition, the Global Forest Change (GFC) layer produced by the University of Maryland is 

derived from time-series analysis of Landsat images at a 30-meter spatial resolution. To 

improve the results of this LULC layer, the University of Maryland starting from 2019, provides 

a new updated 2.0 version of the data which is more consistent than the previously available 

data versions (Hansen et al., 2013). 

Sannier, Pennec, and Dufourmont (2017) performed a comparative validation of the HRL-TCD 

Copernicus dataset and the Global Forest Change products provided by the University of 

Maryland. The results of the analysis show that the HRL-TCD dataset meets the thematic 
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classification accuracy requirements based on a 10-30% threshold of Tree Cover (TC) values, 

whilst the GFC layer meets only these requirements for the 30% threshold. In both datasets, 

results appear strongest for central Europe and somewhat weaker for western and especially 

southern Europe. Finally, TCD meets the minimum accuracy at pan-European level for 

omission errors and exceeds the target accuracy for commission errors. In addition, GFC layer 

meets the minimum accuracy requirement at pan-European level for omission and commission 

errors for the 30% thresholds.  

To meet the requirements of forest definition in all EU countries, in the case of the MAIL project, 

we decided to implement a common 30% threshold of Tree Cover values to define Forest 

Areas. Thus, both datasets are eligible for delineating the forest extent. However, the 

implementation of a common threshold for all EU countries resulted in poor results in countries 

where forest areas are defined using lower threshold values of the area, the tree cover crown, 

and the tree height parameters. Nevertheless, to balance the inadequacies, different 

thresholds related to the terrain, the soil type, and the productivity of each area are applied 

during the second phase of the proposed methodology.  

Besides, the German Aerospace Centre (DLR) has created the global TanDEM-X Forest/Non-

Forest Map which is produced using interferometric data acquired by the German TanDEM-X 

radar satellite mission. This dataset shows the extent of forested areas at a resolution of 50 

meters23. (Martone et al., 2018) highlights the use of external reference data to produce 

TanDEM-X forest/Non forest map. More specifically, both the GFC layer and the Copernicus 

HRL TCD dataset were utilized as reference data during the production and the validation of 

the TanDEM-X product. It should be noted that resolutions and projections of those external 

reference data are different from each other. To tackle this issue, all the available reference 

data were re-projected and rescaled to match with the TanDEM-X data grid.   

A quick visual assessment of the aforementioned datasets for the same reference year (2015) 

indicates that TanDEM-X Global Forest Map could be excluded from further analysis as it 

provides information that is already included in the other two datasets (Figure 17).  

 

23https://www.dlr.de/content/en/articles/news/2019/02/20190506_globale-tandem-x-waldkarte-
verfuegbar.html 

https://www.dlr.de/content/en/articles/news/2019/02/20190506_globale-tandem-x-waldkarte-verfuegbar.html
https://www.dlr.de/content/en/articles/news/2019/02/20190506_globale-tandem-x-waldkarte-verfuegbar.html
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Figure 17: Visual assessment of the available forest datasets in the test site of Thessaloniki, 

Greece. The results of the analysis indicate that TanDEM-X dataset (3rd image left to right) 

could be excluded from further analysis. 

Finally, the Land Cover Map of Europe 2017 (S2GLC) represents land cover classification of 

the European continent. The S2GLC product consists of 13 land cover classes, including two 

classes that represent forest areas: Broadleaf tree cover and Coniferous tree cover. This 

dataset has been produced using classification algorithms for the analysis of over 15.000 

Sentinel-2 images. The final product is delivered with 10 m spatial resolution and an overall 

accuracy of 86%. More specifically, according to the error matrix for the S2GLC classification 

result for the whole Europe (Malinowski et al., 2019) the overall accuracy of the classification 

of the classes referring to forest areas are >95%. It should be noted that the Copernicus HRL 

TCD layer and the supplementary HRL Dominant Leaf Type were also used for the training of 

the classification algorithms. Thus, to delineate forest extent, the S2GLC layer is not included 

in the analysis.  

8.2.1.4. Delineation of Croplands  

ñCroplandsò is one land use class that should be also excluded from further analysis. To 

delineate this class, the S2GLC layer is combined with the CORINE Land Cover (LC) dataset. 

More specifically, class 73 of the S2GLC dataset represents cultivated areas while class 75 

represents vineyards. These classes are corresponding to classes 2xx of Corine LC dataset 

of ñagricultural areasò except class 231 which represent Pastures (i.e., lands that are used at 

least 5years permanently for fodder production including natural or sown herbaceous species, 

unimproved or lightly improved meadows, and grazed or mechanically harvested meadows) 

and are classified as ñHerbaceous vegetationò in the S2GLC layer (Table 34).  
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Table 34: Overview of the available LULC datasets for delineating Croplands. 

CROPLANDS LC 
DATASET 

Geometry 
Type/format 

Spatial 
Resolution/

MMU 

CROPLANDS 
Class Name 

Land Cover Map of Europe 
2017 (S2GLC) 

Raster Dataset 10m 
Class 73 ï Cultivated areas 

Class 75 - Vineyards 

Corine Land Cover 
Vector - Single 

polygon 
25 Hectares 

MMU 
Classes 2xx except for 

class 231 

8.2.1.5. Delineation of Impervious areas  

Impervious areas represent all sealed and constructed areas that are covered mainly by 

buildings both conventional and specific buildings, and artificial constructions (3D) or 

impervious surfaces (2D) including specific structures and facilities and open sealed surfaces. 

Therefore, according to the definition of Marginal Lands, those areas should be identified and 

excluded from further analysis as they do not represent Marginal Lands.   

To delineate impervious areas, three different datasets, two raster layers, and one vector layer, 

are combined (Table 35). It should be noted that classes 131 and 132 of CORINE LC vector 

dataset represent Mineral extraction sites and Dumpsites accordingly, and thus are not 

included during the analysis.  

Besides, regarding the Copernicus HRL Imperviousness product, this dataset captures the 

percentage of soil sealing. More specifically, the final product describes the spatial distribution 

of artificially sealed areas, including the level of sealing of the soil per area unit which is 

presented as imperviousness degree ranging from 1 to 100%.  

Within the context of the MAIL project, to delineate impervious areas using the HRL IMD layer, 

a threshold of 30% is applied. Namely, to maintain the consistency between the available 

datasets, we utilize the definition of ñcontinuous urban fabricò as specified in the guidelines of 

the CORINE LC product (Gyorgy Büttner, Kosztra, Hazeu, & Arnold, 2017). According to the 

proposed definition, impermeable features like buildings, roads, and artificially surfaced areas, 

which represent the urban fabric, range from 30 to 80% land coverage. Thus, the proposed 

threshold when applied in the corresponding HRL IMD layer, ensures that the output will 

include only the continuous urban fabric and not permanent or other built-up areas of sparse 

soil sealing degree. 
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Table 35: Overview of the available LULC datasets for delineating impervious areas. 

IMPERVIOUS LC 
DATASET 

Geometry 
Type/format 

Spatial 
Resolution/MMU 

IMPERVIOUS Class Name 

Land Cover Map of 

Europe 2017 (S2GLC) 
Raster Dataset 10m 

Class 62 ï Artificial surfaces and 

constructions 

 

Corine Land Cover 
Vector - Single 

polygon 

25 Hectares 

MMU 

Classes 1xx 

except for 

Class 131 ï Mineral extraction 

sites and 

class 132 - dump sites 

Copernicus High-

Resolution Layer ï 

Imperviousness Density 

(HRL ï IMD) 

Raster Dataset 20m 
Include areas with >30% 

Imperviousness Value 

 

A quick visual assessment of those datasets for the same reference year (2017), indicates that 

the S2GLC raster dataset is excluded from further analysis as it provides information that is 

already included in the remaining two datasets (Figure 18).  

Concluding, the delineation of impervious areas is conducted using only the CORINE LC and 

the HRL IMD datasets.  
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Figure 18: Visual assessment of the available datasets for the delineation of impervious areas 

in the city of Castello de la Plana (Spain). The results of the analysis indicate that the S2GLC 

dataset can be excluded from further analysis. 

8.2.1.6. Delineation of Protected areas  

The International Union for Conservation of Nature (IUCN), defines protected areas as areas 

that are clearly defined geographical spaces, recognized, dedicated, and managed, through 

legal or other effective means, to achieve the long-term conservation of nature with associated 

ecosystem services and cultural values (IUCN Definition 2008).  

To delineate these areas in Europe, two different vector datasets are utilized as shown in the 

following Table 36 provided from the European Environment Agency and the Natura 2000 

network of protected areas.   
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Table 36: Overview of the available datasets for the delineation of protected areas. 

DATASET NAME 
Geometry 

Type/format 
Spatial 

Resolution/MMU 
Coverage 

Nationally designated 
protected areas (CDDA) 

polygons 
Vector 5ha European 

Natura2000 protected 
sites 

Vector - European 

8.2.1.7. Delineation of Changed areas  

To incorporate the dynamic aspect of MLs, changed areas are also included in the proposed 

methodology. Namely, within the context of the MAIL project, two main types of changes are 

considered: 1) changes related to forest activities such as afforestation and reforestation and 

2) changes in urban fabric. 

The delineation of changes in forest areas is implemented with the utilization of the available 

HRL TCD change products provided by Copernicusô Land Monitoring Service. This product 

shows increase or decrease of real TCD changes (%) in 2012-2015. To identify such changes 

in forest areas, a threshold of 50% is applied. This threshold ensures that the output will include 

certain changes due to reforestation or deforestation and not sparse or random changes.  

Besides, changes in urban fabric are recorded in the corresponding HRL IMD change 2012-

2015 product. Namely, this layer is produced as a difference between the reference years 

2012-2015 and additionally 2006-2012, to fully match the CORINE LC production cycle. 

Changes are presented as degree of imperviousness change (-100% to +100%), in 20 m and 

100 m pixel size and a supplementary classified (categorical) 20m change product. To 

delineate changes we extract classes ñincreased IMDò (value = 11) and ñnew coverò (value = 

1). It should be noted that according to the HRL IMD change 2012-2015 product, the class 

ñloss of coverò (value = 2) represents a total area of 0.5728 km2 for the whole Europe. Thus, it 

could be excluded from further analysis, as these changes are unlikely to exist, while 

impervious areas are rarely changed into natural material surfaces or other areas that could 

be considered as MLs.  

Besides, changes in impervious LC can be also identified in the CORINE CHA product. 

Namely, in the case of the MAIL project, changes are delineated using the 2012-2018 product, 

and more specifically, we extract classes that correspond to changes between 1xx to other 1xx 

classes except for classes 131 and 132 which represent Mineral extraction sites and 

Dumpsites accordingly. 
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8.2.2. Selection of appropriate Marginality indexes 

Literature review on MLs suggests the utilization of different combinations of various indicators 

and criteria considering the special geophysical characteristics of each selected test site. 

Namely, those indicators are categorized mainly into four types: Terrain, Soil, Productivity, and 

Sustainability indicators. The aforementioned categories include a total of 17 indicators that 

have already been used in various projects for the identification of MLs (Table 37).  

Table 37: Overview of the different types and categories of indicators used in the MAIL project.  

Category Indicator 
Rank according 

to times found in 
bibliography 

Terrain slope 1 

Soil depth available to roots 1 

Sustainability acidity (pH) 2 

Soil texture 2 

Sustainability erosion 3 

Soil stoniness 3 

Productivity soil organic matter 3 

Soil water capacity 4 

Sustainability flood 4 

Sustainability sodicity 5 

Soil clay 6 

Soil sand 6 

Sustainability contamination 6 

Productivity cation exchange capacity 6 

Productivity productivity 7 

Sustainability dryness 8 

Sustainability natural toxicity 9 

 

Within the context of the MAIL project several combinations of these 17 main indicators tested 

in the selected test areas during the second phase of the proposed methodology. The 

marginality indexes can be defined using several combinations of analysis ready datasets. 

Table 38 outlines the available datasets that can provide information on the selected 

marginality indicators and were finally used for this purpose. 
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Table 38: Overview of the used datasets for the delineation of additional marginality indexes.   

Category Indicator 
Dataset 

Name in MAIL.gdb Explanation 

Terrain slope EU-DEM 
Digital surface model based on 
SRTM and ASTER GDEM data 

Soil 
depth 

available to 
roots 

DEPTH_ROO 
Depth available to roots provided 
by JRC included in the European 

Soil Database Derived data 

Sustainability acidity (pH) SOIL_PH 
Soil pH in Europe provided by JRC 

- European Soil Data Centre 
(ESDAC) 

Soil 
Texture 

 
SILT + (2 X CLAY) 

CLAY_TOP 
CLAY_SUB 

 
SILT_TOP 
SILT_SUB 

Clay Content and Silt (mud) 
content in topsoil (TOP) and 

subsoil (SUB) 
provided by JRC - European Soil 

Data Centre (ESDAC) ï European 
Soil Database & Soil Properties 

Sustainability erosion RUSLE 

Soil Loss by Water Erosion in 
Europe provided by JRC - 
European Soil Data Centre 
(ESDAC) ï European Soil 
Database & Soil Properties 

Soil stoniness VolumeStone 

Volume of stones (%) - provided by 
JRC - European Soil Data Centre 

(ESDAC) ï European Soil 
Database & Soil Properties PTRDB 

Attributes 

Productivity 
soil organic 

matter 
OCC_SUB 
OCC_TOP 

Organic Carbon content Subsoil 
and Topsoil provided by JRC - 

European Soil Data Centre 
(ESDAC) ï using LUCAS Soil-

DayCent for EU 

Soil water capacity 
AWC_SUB 
AWC_TOP 

Available water capacity (Topsoil 
and Subsoil) provided by JRC - 

European Soil Data Centre 
(ESDAC) ï European Soil 

Database & Soil Properties PTRDB 
Attributes 

Sustainability flood JRC_water_recurrence JRC Global Surface water 

Sustainability sodicity WISE 
WISE derived soil property 

estimates provided by ISRIC 

Soil clay 
CLAY_SUB 
CLAY_TOP 

Clay content (subsoil and topsoil) ï 
provided by JRC based on LUCAS 

topsoil data 

Soil sand 
SAND_SUB 
SAND_TOP 

Sand Content (subsoil and topsoil) 
ï provided by JRC based on 

LUCAS topsoil data 
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Category Indicator 
Dataset 

Name in MAIL.gdb Explanation 

Sustainability contamination WISE 

Contamination is based on 
Nitrogen levels. We select attribute 
ñTOTNò ï total nitrogen in WISE 

database 

Productivity 
cation 

exchange 
capacity 

WISE 
Cation exchange capacity is 
defined using class ñCECSò in 

WISE database 

Productivity productivity 
PROD_SB_FOREST 
PROD_SB_GRASS 

Soil biomass productivity of forest 
areas and of grasslands and 

pastures. The final layer includes 
both datasets. 

Sustainability 

Dryness 
 

═╘
╟

╟╔╣ 
 

 

TerraClimate_pet_2018 
TerraClimate_ppt_2018 

Dryness is known as Aridity Index 
which is calculated using the total 
annual precipitation (P) and the 

total annual potential 
evapotranspiration (PET). Those 

layers are extracted from the 
TerraClimate multidimensional file 

(netcdf) 

Sustainability natural toxicity WISE 
Natural toxicity is defined based on 
Gypsum levels. We select attribute 
ñGYPSò in WISE database 

 

Regarding the use of Topsoil and Subsoil datasets, according to (Hiederer, 2013), since the 

soil textures are in many cases different in the topsoil and the subsoil, respectively, due to the 

material of which the soil was originally formed, to the soil development, and to its use, those 

layers have been examined separately. Thus, during the analysis, we examine both layers 

(topsoil and subsoil) separately.  

Besides, regarding the use of layer of ñsoil organic matterò (Matteodo et al., 2018) suggests 

that even though considerably high proportions (between 30% and 63%) of carbon (C) are 

stored in the subsoil, most of the studies on soil have focused on the topsoil which is the main 

zone of activity for crop roots, and where the need to understand nutrient and water use 

efficiency is paramount. Although considerable concentrations of Soil organic matter occur in 

the topsoil, there can be equal or greater in some cases in the subsoil. Thus, during the 

analysis, we select to include both layers.   

Two different methodological approaches were tested. In the first approach, we proceed with 

the implementation of all 17 thresholds as described in literature review. All indicators 

thresholds applied in all test sites across Europe and a final weighted overlay was also 

implemented for the classification of the results. 
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The results of the analysis indicated that after the implementation of approximately more than 

5 indicators at the same time, the potential areas that could be characterized as MLs were way 

limited than expected. Namely, the implementation of a set of indicators including ñslopeò, 

ñdepth available to rootsò, ñacidityò, ñtextureò, ñerosionò and ñstoninessò returned almost no 

suitable areas of MLs in the test site of Thessaloniki, Germany and Poland, when we applied 

the ñerosionò threshold (i.e., RUSLE > 200 ton/ha/yr). More specifically, soil erosion in the 

selected test sites has values less than 200 ton/ha/yr (Figure 19).  

 

Figure 19: Values of Soil pH and Erosion (i.e. RUSLE) in the selected test sites.  
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On the other hand, the impact of several indicators including ñsoil phò, on the final results were 

negligible. Namely, according to the literature review, MLs cannot be areas with soil ph = 7. In 

the case of Thessaloniki and Germany, the maximum value of soil ph = 6.6 and 5.8 

correspondingly (Figure 19). Thus, this indicator had no impact in the final results and could 

be excluded. Besides, the implementation of the indicator of ñnatural toxicityò or the indicator 

of ñdrynessò which are used in specific ML studies, had barely any effect when applied in the 

selected test sites which are large areas with few variations on their productivity and 

sustainability characteristics.  

Concluding, taking into account the proposed thresholds and the fact that the selected test 

sites cover a wide range of areas with different geophysical characteristics across Europe, the 

implementation of a weighted overlay of all 17 indicators ï thresholds at the same time, cannot 

provide adequate results. In addition, the intermediate results after the implementation of each 

threshold indicated that marginality indexes related to the Terrain and the Soil characteristics 

of each area were the ones with the most significant impact on the analysis. Thus, an 

alternative approach was finally followed.    

In the second methodological approach, the applied thresholds were related only to selected 

marginality indexes per category (i.e., terrain, soil, sustainability and productivity), according 

to their importance as ranked based on literature review (Table 37). Thus, the marginality 

indexes that were finally applied within the context of the MAIL project are outlined in the 

following Table 39. 

Table 39: Overview of the finally selected marginality indexes. 

Indicator 
Rank according 

to literature 
review 

Dataset 
Name in 

MAIL.gdb 
Explanation 

Slope 

(Terrain) 
1 EUDEM 

Digital surface model based on 

SRTM and ASTER GDEM data 

depth 

available to 

roots 

(Soil) 

1 DEPTH_ROO 

Depth available to roots 

provided by JRC included in the 

European Soil Database 

Derived data 

Texture 

 
SILT + (2 X CLAY) 

(Soil) 

2 

CLAY_TOP 

CLAY_SUB 

 

SILT_TOP 

SILT_SUB 

Clay Content and Silt (mud) 

content in topsoil (TOP) and 

subsoil (SUB) 

provided by JRC - European 

Soil Data Centre (ESDAC) ï 

European Soil Database & Soil 

Properties 
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Indicator 
Rank according 

to literature 
review 

Dataset 
Name in 

MAIL.gdb 
Explanation 

soil organic 

matter 

(Productivity) 

3 
OCC_SUB 

OCC_TOP 

Organic Carbon content Subsoil 

and Topsoil provided by JRC - 

European Soil Data Centre 

(ESDAC) ï using LUCAS Soil-

DayCent for EU 

 

The results of the analysis indicated that the implementation of the aforementioned set of 

indicators and their corresponding threshold values, returned adequate results when applied 

in semi-mountainous areas. Nevertheless, the same methodology was not acceptable for 

lowland or semi-urban areas. For instance, slope is a main marginality index for detecting MLs. 

Namely, (Gopalakrishnan, Cristina Negri, & Snyder, (2011), suggests that marginally suitable 

lands are areas with slope > 15%.  

Nevertheless, the implementation of the aforementioned threshold in lowland areas such as 

the area of Nochten and Welzow in Saxony, Germany, and the region of ñświňtokrzyskieò in 

Poland resulted in the exclusion of nearly all potential sites that could be identified as MLs and 

they satisfy the requirements of the remaining constraints. To overcome this barrier, we 

suggest adapting the slope threshold accordingly, taking into account the geophysical 

characteristics of three potential types of sites (Table 40).    

Moreover, regarding the remaining marginality indexes, the applied threshold is common for 

all three different types of areas.  

Table 40: Slope thresholds according to each type of test sites. 

INDICATOR Proposed threshold Type of area 

SLOPE 

MLs are areas where 
slope is Ó 15% 

urban and semi-
urban areas 

MLs are areas where 
slope is Ó 8% 

Lowland areas 

MLs are areas where 
slope is Ó 15% 

Semi-Forest areas 

8.3 Development of new indicators sets 

Finally, three different sets of indicators of ñsoftò constraints are developed within the MAIL 

project (Table 41).  
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Table 41: Overview of the new thresholds and marginality indexes developed within the MAIL 

project.    

INDICATOR 

Type of area 

Urban & Semi-
urban areas 

Lowland areas Semi-Forest areas 

Slope 
(Terrain) 

MLs are areas where 
slope is Ó 15% 

MLs are areas where 
slope is Ó 8% 

MLs are areas where 
slope is Ó 15% 

depth 
available to 

roots 
(Soil) 

MLs are areas where depth available to roots is < 100cm 

Texture 
SILT + (2 X 

CLAY) 

(Soil) 

MLs are areas where Texture is Ò 30% 

soil organic 
matter 

(Productivity) 

MLs are areas where Soil Organic Matter is between 1-19% 
(topsoil and subsoil) 

8.4 Initial results according to the proposed methodology   

8.4.1 Initial results after the implementation of ñhardò thresholds  

As already stated, the first phase of the proposed methodology includes the ñhardò thresholds 

approach (Figure 2). The results of the analysis of this first phase create an intermediate layer 

for each test site, named ñML HARDò including all potential MLs after the exclusion of all LULC 

types that are not fulfilling the definition of MLs.  

 

Figure 20: Overview of the intermediate results of the first phase of the proposed methodology 

(ML_HARD thresholds) for the test site of Thessaloniki ï Greece.  
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Figure 21: Overview of the intermediate results of the first phase of the proposed methodology 

(ML_HARD thresholds) for the test site of Nochten Reichwalde ï Germany.  

  

Figure 22: Overview of the intermediate results of the first phase of the proposed methodology 

(ML_HARD thresholds) for the test site of Komotini ï Greece. 
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Figure 23: Overview of the intermediate results of the first phase of the proposed methodology 

(ML_HARD thresholds) for the test site of Poland. 

 

Figure 24: Overview of the intermediate results of the first phase of the proposed methodology 

(ML_HARD thresholds) for the test site of Castellon Espadán ï Spain. 

The results of the analysis indicated that after the exclusion of the aforementioned LULC 

datasets, the remaining values that are classified as potential MLs include areas that according 

to the selected S2GLC basemap are classified as ñartificial surfaces & constructionsò, 

ñcultivated areasò and ñvineyardsò and ñbroadleaf tree coverò and ñconiferous tree coverò. More 

specifically, these errors are mainly due to classification commission and omission errors of 
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the original selected basemap and the selected LULC datasets that were utilized to delineate 

forest, croplands, and impervious areas. It should be noted though, that during the second 

phase of the implementation of additional marginality indexes, these errors are minimized as 

these areas do not meet the requirements of the additionally applied thresholds. Besides, the 

utilization of a more reliable and updated LULC dataset as basemap could improve the results 

of the analysis.   

8.4.2 Results after the implementation of additional marginality indexes  

After the implementation of the ñhardò thresholds, we proceed to the additional thresholds 

phase. The final remaining layer is re-classified into tree classes as shown in Table 42.  

Table 42: The classes of the results of MLs.      

 

FINAL LAYER OF MLS 

Class Name 

Marginal lands with high 
plantation suitability 

Marginal lands with 
low plantation 

suitability 

Potentially unsuitable 
lands 

C
la

s
s

 n
a
m

e
 a

c
c
o

rd
in

g
 

to
 S

2
G

L
C

 d
a
ta

s
e
t 

¶ Herbaceous vegetation 

¶ Moors and heathland 

¶ Slerophyllous 
vegetation 

¶ Natural Material 
Surfaces 

¶ Cultivated areas 

¶ Vineyards 

¶ Artificial surfaces and 
constructions 

¶ Broadleaf tree cover 

¶ Coniferous tree cover 

 

The results of the proposed methodology and the corresponding areas of ñMarginal lands with 

high plantation suitabilityò, ñMarginal lands with low plantation suitabilityò and ñPotentially 

unsuitable landsò in the selected test sites, are the following:  
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Figure 25: Overview of the results of the proposed methodology for the test site of 

Thessaloniki ï Greece. 

 

Figure 26: Overview of the results of the proposed methodology for the test site of Nochten 

Reichwalde Germany. 
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Figure 27: Overview of the results of the proposed methodology for the test site of Komotini ï 

Greece. 

 

Figure 28: Overview of the results of the proposed methodology for the test site of Poland. 
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Figure 29: Overview of the results of the proposed methodology for the test site of Castellon 

Espadán ï Spain.  

The corresponding areas calculated in hectares of each class for the selected test sites are 

outlined in Table 43. 

Table 43: Areas in hectares of each type of MLs for the selected test sites. 

 

FINAL LAYER OF MLS 

Class Name and area (ha) 

Marginal lands with 
high plantation 

suitability 

Marginal lands with 
low plantation 

suitability 

Potentially 
unsuitable lands 

T
e

s
t 

s
it

e
s
 

Thessaloniki ï 
Greece 

702 ha 14ha 206ha 

Nochten 
Reichwalde ï 

Germany 
91ha 2ha 15ha 

Komotini ï 
Greece 

309ha 4ha 70ha 

Poland 36ha 9ha 16ha 

Castellon 
Espadán - 

Spain 
173ha 0ha 55ha 
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9. DESIGN AND DEVELOPMENT OF COMPUTATION WORKFLOWS FOR ALL EUROPE. 

9.1 Workflow design for indicator sets and algorithm development to produce 

new Hard layers  

The computation workflows for the implementation of the proposed methodology were 

developed independently to ensure that in case of possible changes, the structure of the 

workflows to produce each remaining intermediate layer, will not be affected. Thus, in the first 

top-down stepwise approach of hard thresholds, six individual workflows were created while 

an additional final workflow combines all the intermediate resulting layers to calculate the 

intermediate layer of ñML_HARDò which contains all the remaining LULC classes that meet the 

requirements of the definition of Marginal Lands. 

It should be noted that the developed workflows were developed using mainly the Spatial 

Analyst Toolbox of the software ArcGIS Pro and all intermediate layer contain only the 

remaining LULC classes that fulfill the applied thresholds. The main idea is to produce 

intermediate layers containing LULC classes that will finally be excluded, and they do not 

contain potential MLs areas.  

9.1.1 Workflow design to produce intermediate hard layer ñOther Land Coverò   

The "Sentinel2 Global Land Cover (S2GLC)" layer was used as the starting point and basis for 

making the MLs layer. First, the land uses 162 (water bodies), 123 (permanent snow), 106 

(peatbogs), and 105 (marshes) were eliminated (Figure 30). Over the resulting layer, the 

remaining intermediate layers (forest, croplands, protected areas, impervious and changed 

areas) were removed. 

 

Figure 30: Workflow design to produce an intermediate layer (red box) Other Land Cover.  
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Where: 

S2GLC: Land Cover Map of Europe 2017  

The intermediate layer ñS2GLCotherLCò contains all the S2GLC classes except for ñwater 

bodiesò, ñpermanent snowò, ñmarshesò and ñpeat bogsò.  

9.1.2 Workflow design to produce intermediate hard layer ñForestò   

This workflow is designed for the delineation of ñforest areasò (Figure 31). As already stated, 

the forest extent is outlined using a combination of different datasets that can provide this 

information. It should be noted, that to overcome the barrier of variations in the reference year 

of each dataset, for the purposes of the project, we defined forest extent setting 2018 as the 

reference year. Thus, in cases where the available datasets were produced before 2018, we 

utilized the available ñchangeò layers between these reference years and 2018, to define 

changes in forest cover and to incorporate these changes in the final forest extent of 2018.  

 

Figure 31: Workflow design to produce an intermediate layer (red box) Forest Extent of 2018.  

Where:  

TCD: HRL Tree Cover Density (TCD)  

GFC_treecover2000: Global Forest Change Tree cover of 2000  
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GFC_lossyear 2015:  Global Forest Change Tree cover of 2015  

GFC_lossyear 2018:  Global Forest Change Tree cover of 2018  

TCD15: forest extent of 2015 according to the HRL Tree Cover Density dataset after the 

extraction of all potential sites with Tree Cover density > 30% 

GFC15: Forest extent of 2015 according to the Global Forest Change Tree Cover dataset 

GFC18: Forest extent of 2015 according to the Global Forest Change Tree Cover dataset 

The scope of this workflow is to define Forest Extent for the reference year of 2018 

(intermediate layer: Forest18). Starting from the HRL TCD dataset we extract all areas (extract 

by attributes) with Tree Cover Density >30%. The produced raster layer is reclassified into two 

classes representing Forest/Non-Forest areas (Class 0 and Class 1 respectively). The final 

intermediate layer is the Forest Extent of 2015 (TCD15) according to the HRL TCD dataset.  

The same procedure applies to the second available Forest dataset, the Global Forest Change 

which represents the forest extent of 2000 and the corresponding changes between 2000-

2015. The two intermediate layers ñForest2000ò and ñLoss2015ò are further combined to define 

the forest extent of 2015 according to the Global Forest Change ï Tree Cover dataset (Raster 

Calculator). Besides, a weighted overlay is applied to combine these two forest datasets taking 

into account the comparative validation of HRL-TCD and the GFC products which indicated 

that the HRL-TCD layer represents forest extent more accurately. The final intermediate layer 

represents forest extent for the reference year of 2015.  

Finally, to delineate forest extent for the reference year of 2018, the produced layer is 

combined with the corresponding ñloss of 2018ò. 

9.1.3 Workflow design to produce intermediate hard layer ñCroplandsò   

This workflow is designed for the delineation of ñcroplandsò (Figure 32). As already stated, 

information on croplands can be acquired using a combination of the Land Cover Map of 

Europe (S2GCL) and the corresponding Corine LC.  
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Figure 32: Workflow design to produce an intermediate layer (red box) Croplands. 

Where:  

Corine_LC: Corine Land Cover  

S2GLC: Land Cover Map of Europe 

Corine_Crops: Croplands as identified in Corine_LC dataset 

S2GLC_crops: Croplands as identified using S2GLC dataset 

More specifically, Class 73 of the S2GLC layer represents cultivated areas, while class 75 

represents vineyards. In addition, the corresponding classes are classes 2xx of Corine LC 

dataset including ñagricultural areasò except class 231 which represent Pastures (i.e., lands 

that are used at least 5years permanently for fodder production including natural or sown 

herbaceous species, unimproved or lightly improved meadows and grazed or mechanically 

harvested meadows). Both datasets are reclassified into two classes representing 

Croplands/Non-Cropland areas. Finally, a Fuzzy Overlay is performed to combine these 

layers. The final intermediate layer ñCroplandsò includes information on cropland areas.  

In detail, the function of ñFuzzy Overlayò allows the analysis of multiple datasets using 

multicriteria overlay analysis. Namely, in the case of MAIL project, the method of ñFuzzy Andò 

and ñFuzzy orò were utilized to produce the intermediate layers containing information of the 

forest extent, croplands, Impervious and changed areas as a combination of all the available 

datasets. The ñFuzzy Andò overlay, returns the minimum value of the sets the cell location 

belongs to. Thus, we can identify the least common denominator of all the available datasets 

according to the suggested criteria. In addition, the corresponding ñFuzzy Orò overlay, is useful 

for identifying the highest membership values for any of the input criteria. Namely, to produce 

the intermediate layer ñcroplandsò we utilized the ñFuzzy orò function which allowed the 
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identification of all locations that had at least one of the criteria being fully in the suitable 

datasets, a value of 1 which represents croplands.   

9.1.4 Workflow design to produce intermediate hard layer ñProtected areasò  

This workflow is designed for the delineation of protected areas (Figure 33). The intermediate 

vector layer of ñProtected areasò is derived from a combination of the ñNationally designated 

protected areasò (CDDA_polygon) and the Natura2000 protected sites vector dataset.   

 

Figure 33: Workflow design to produce intermediate layer (red box) Protected areas. 

Where:  

CDDA_polygon: Nationally designated protected areas vector dataset  

Natura2000: Natura2000 protected sites 

9.1.5 Workflow design to produce intermediate hard layer ñImperviousò  

This workflow is designed for the delineation of Impervious areas (Figure 34). The intermediate 

vector layer ñImperviousò is derived from a combination of two different LULC datasets: The 

Corine Land Cover and the HRL IMD raster dataset.  
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Figure 34: Workflow design to produce intermediate layer (red box) Impervious areas. 

Where:  

Corine_LC: Corine Land Cover  

HRL_IMD: Copernicus High- Resolution Layer ï Imperviousness Density 

More specifically, Classes 1xx of CORINE LC represent ñimpervious areasò except for classes 

131 and 132 which represent Mineral extraction sites and Dumpsites accordingly and thus are 

not included during the analysis. The final vector layer is converted to raster and both datasets 

are reclassified into two classes representing Impervious/Non-Impervious areas. Finally, a 

Fuzzy Overlay and more specifically ñFuzzy orò function is performed to combine these layers. 

The final intermediate layer ñImperviousò includes information on impervious areas.  

9.1.6 Workflow design to produce intermediate hard layer ñChanged Areasò  

This workflow is designed for the delineation of changed areas including changes in impervious 

surfaces and changes due to forest activities (Figure 35). The intermediate vector layer 

ñChangedò is derived from a combination of three different LULC datasets: The Corine Land 

Cover Changes, the Tree Cover Density Changes, and the HRL Impervious changes dataset.  

 

Figure 35: Workflow design to produce an intermediate layer (red box) Changed areas. 
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Where:  

TCDC: High-Resolution Tree Cover change product 

IMCC: High-Resolution Impervious change product 

Corine_LCHA: Corine Land Cover Change product  

TCDC_ch: All changed areas according to the TCDC dataset 

IMCC_ch: All changed areas according to the IMCC dataset 

Corine_ch: All changed areas according to Corine LC dataset 

More specifically, to delineate changes in forest areas, we extract changes, where the Tree 

Cover Density changed, is more than 50%. Besides, changes in the urban fabric and 

impervious areas, are outlined using the classes ñincreased IMDò and ñnew coverò from the 

IMCC dataset (extract by attributes). Finally, changes in impervious areas are also extracted 

using classes 1xx except for classes 131 and 132 which represent changes in Mineral 

extraction sites and Dumpsites accordingly. All intermediate layers are reclassified into two 

classes representing ñChanged/Non-Changed areasò and finally a fuzzy overlay using the 

function ñFuzzy ANDò is performed to produce the final intermediate layer ñCHANGEDò which 

represents all the occurred changes. In the case of the delineation of ñchanged areas,ò we 

utilized function ñFuzzy ANDò to include all the occurred changes in each dataset.  

9.1.7 Workflow design to produce intermediate hard layer ñML_HARDò  

This workflow is designed to produce the Intermediate layer ñML_HARDò which represents all 

potential Marginal Lands after the implementation of the first phase of the proposed 

methodology (Figure 36). More specifically, all the previously produced intermediate layers 

that include Land Uses that cannot be Marginal Lands are now combined with the S2GLC 

basemap. The final ñML_HARDò layer is a raster dataset based on the S2GLC LULC basemap 

including all remaining classes that could represent MLs.  
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Figure 36: Workflow design for the production of an intermediate layer (red box) ñML HARDò. 

More specifically, the workflow aims to combine all previously produced intermediate layers, 

by using the function ñSet Null Valuesò which results in the extraction from the original S2GLC 

basemap of all Land Uses that do not meet the requirements of the definition of MLs.  

The final combination of all workflows of this first phase of the proposed methodology is 

outlined in Figure 37. 
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Figure 37: Workflow design for the implementation of the first phase (Hard layers) of the proposed methodology. 
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9.2 Workflow design for indicator sets and algorithm development to produce 

new SOFT layers 

The computation workflows for the implementation of the proposed methodology were 

developed independently to ensure that in case of possible changes, the structure of the 

workflows to produce each remaining intermediate layer, will not be affected. This workflow is 

designed to produce the "Soft" intermediate layers described in chapters 6.4.2, 6.4.3, and 

6.4.4. Table 44 summarizes the calculated soft layers, whether they were for topsoil (T), subsoil 

(S) or without differentiating the soil profile (-), the number of layers involved in each indicator 

(1 or 2), the different scores (based on different thresholds) and weights per indicator described 

extensively in section 6.5. Furthermore, there are a total of 17 indicators and 24 soft layers, 

where the theoretical maximum of marginality to be obtained is 9.98. Those pixels close to this 

value would be the most favorable marginal areas and those close to zero would be the most 

unfavorable marginal areas for implementing any type of forest plantation. It is a theoretical 

maximum because it is not probable that a pixel will result where all the indicators of marginality 

have a score of 10. To elaborate the division between "Marginal lands with high plantation 

suitability", "Marginal lands with low plantation suitability" and "Unsuitable MLs" once all the 

soft layers have been processed and overlapped, the maximum and minimum values will be 

analyzed and the division into the three categories of marginality will be elaborated. 

It should be noted that in the column "weight" it is possible to observe gray cells, these weights 

correspond to half of the weight calculated in section 6.5 since originally it was not considered 

to use the topsoil and subsoil layers. 

Table 44: Soft layer summary. 

Type ID Layer name 
Topsoil/ 
Subsoil 

Nº of 
layers 

Weight 

Scores 

Marginal 
lands 

with high 
plantation 
suitability 

Marginal 
lands 

with low 
plantation 
suitability 

Unsuitable 
MLs 

10 5 1 

T
e
rr

a
in

 a
n

d
 S

o
il

 

1 Slope - 1 0.17 1.7 0.85 0.17 

2 Depth Available Roots - 1 0.17 1.7 0.85 0.17 

3 Stoniness 
T 

2 
0.03 0.3 0.15 - 

S 0.03 0.3 0.15 - 

4 Texture 
T 

2 
0.045 0.45 0.225 0.045 

S 0.045 0.45 0.225 0.045 

5 Clay 
S 

2 
0.015 0.15 0.075 0.015 

T 0.015 0.15 0.075 0.015 

6 Sand S 2 0.015 0.15 0.075 0.015 
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Type ID Layer name 
Topsoil/ 
Subsoil 

Nº of 
layers 

Weight 

Scores 

Marginal 
lands 

with high 
plantation 
suitability 

Marginal 
lands 

with low 
plantation 
suitability 

Unsuitable 
MLs 

10 5 1 

T 0.015 0.15 0.075 0.015 

7 Total Available Water 
S 

2 
0.02 0.2 0.1 - 

T 0.02 0.2 0.1 - 

S
u

s
ta

in
a
b

il
it

y
 

8 Soil Acidity - 1 0.09 0.9 0.45 0.09 

9 Soil Erosion - 1 0.06 0.6 0.3 0.06 

10 Flooding - 1 0.04 0.4 0.2 0.04 

11 Sodicity - 1 0.03 0.3 0.15 0.03 

12 Toxicity Contamination - 1 0.03 0.3 0.15 0.03 

13 Natural Toxicity - 1 0.02 0.2 0.1 0.02 

14 Dryness - 1 0.02 0.2 0.1 0.02 

P
ro

d
u

c
ti

v
it

y
 

15 Soil Organic Matter 
S 

2 
0.03 0.3 0.15 - 

T 0.03 0.3 0.15 - 

16 Caption Exchange Capacity - 1 0.03 0.3 0.15 0.03 

17 Productivity 
- 1 0.01 0.14 0.07 0.014 

- 1 0.01 0.14 0.07 0.014 

 Total 24 1.00 9.98 4.99 0.838 

9.2.1 Workflow design to produce intermediate soft layer related to ñTerrain and Soilò 

This workflow is designed to produce the Intermediate layer: ñSlopeò, ñStoninessò, ñWater 

available contentò, ñDepth Available to rootsò, ñClayò, ñSandò and ñTextureò which has been 

used during the second phase of the proposed methodology (Figure 38). 

The slope has been calculated using the Digital Surface model based on SRTM and ASTER 

GDEM data (EU-DEM). According to the proposed methodology, three different thresholds 

have been applied for the delineation of the slopes (Table 22). 

These intermediate raster layers were reclassified according to the thresholds defined in Table 

22. More specifically, the final intermediate layers ñDepth available rootsò, ñClayò, ñSandò and 

"Textura" contain 4 classes: 0, areas outside the reference thresholds; 1, ñunsuitable landsò; 

5, ñMarginal lands with low plantation suitabilityò; and 10, ñMarginal lands with high plantation 

suitabilityò. The intermediate layers ñStoninessò and ñWater available contentò contain 3 

classes: 0, areas outside the reference thresholds; 5, ñMarginal lands with low plantation 

suitabilityò; and 10, ñMarginal lands with high plantation suitabilityò. All these layers were based 

on European Soil Database Derived data layer downloaded from the European Commission 

Joint Research Centre (JRC) and more specifically from the European Soil Data Center 
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(ESDAC). Once the reclassification of the layers is done, each one will be multiplied with its 

corresponding weight. For the layers ñStoninessò, ñWater available contentò, ñClayò, ñSandò and 

ñTextureò where exists information about the topsoil and subsoil, the initial weight defined in 

Table 22 was divided by two to maintain the same proportion and representativeness of the 

layer over the whole, as indicated at the beginning of this subchapter. 

 
Figure 38: Workflow design for the computation of terrain and soil indicators. Source: personal 

compilation of Jesús Torralba Pérez. 
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9.2.2 Workflow design to produce intermediate soft layer related to ñSustainabilityò 

This workflow is designed to produce the Intermediate layer: ñSodicityò, ñContaminationò, 

ñNatural toxicityò, ñAcidityò, ñErosionò, ñDrynessò and ñFloodingò which has been used during 

the second phase of the proposed methodology (Figure 39).  

ñSodicityò, ñContaminationò and ñNatural toxicityò these variables were obtained from the 

harmonized dataset of derived soil properties for the world (WISE30sec) downloaded from the 

ISRIC ð World Soil Information. ñAcidityò will be based on the Soil pH in Europe layer and 

ñErosionò will be based on the soil erosion by water (RUSLE2015) layer. Both were 

downloaded from the European Commission Joint Research Centre (JRC) and more 

specifically from the European Soil Data Center (ESDAC). ñFloodingò has been based on the 

Global Surface Water (Pekel, Cottam, Gorelick, & Belward, 2016) that was downloaded from 

the European Commission Joint Research Centre (JRC). ñDrynessò has been based on the 

TerraClimate, a high-resolution global dataset of monthly climate and climatic water balance 

from 1958ï2015 (Abatzoglou, Dobrowski, Parks, & Hegewisch, 2018) for the year 2018 and 

available at the Climatology Lab from the University of California Merced.  

These intermediate raster layers were reclassified according to the thresholds defined in Table 

23. More specifically, these intermediate layers contain 4 classes: 0, areas outside the 

reference thresholds; 1, unsuitable lands; 5, potential MLs; and 10, MLs. Once the 

reclassification of the layers is done, each one is multiplied with its corresponding weight. 
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Figure 39: Workflow design for the computation of sustainability indicators. Source: personal 

compilation of Jesús Torralba Pérez. 

9.2.3 Workflow to produce intermediate soft layer related to ñProductivityò 

This workflow is designed to produce the Intermediate layer: ñSoil Organic Matterò, 

ñProductivityò and ñCation Exchange Capacityò which has been used during the second phase 

of the proposed methodology (Figure 40).  

ñSoil Organic Matterò for the top-soil and sub-soil has been based on European Soil Database 

Derived data layer and ñProductivityò will be calculated for the forest and grassland with the 



[D2.3] Report on Methodology development 

 
 

[105|168] 

Soil Biomass Productivity maps of grasslands and pasture, of croplands and of forest areas in 

the European Union (EU27) layer. Both datasets were downloaded from the European 

Commission Joint Research Centre (JRC) and more specifically from the European Soil Data 

Center (ESDAC). ñCation Exchange Capacityò has been based on the SoilGrids250m 2.0 

Cation exchange capacity at ph7 layer was downloaded from the ISRIC ð World Soil 

Information. 

The final intermediate layers ñProductivityò and "Cation Exchange Capacity" contain 4 classes: 

0, areas outside the reference thresholds; 1, unsuitable lands; 5, potential MLs; and 10, MLs. 

The intermediate layer ñSoil Organic Matterò contains 3 classes: 0, areas outside the reference 

thresholds; 5, potential MLs; and 10, MLs. Once the reclassification of the layers is done, each 

one is multiplied with its corresponding weight. For the layers ñSoil Organic Matterò and 

ñProductivityò where exists information about the topsoil and subsoil, the initial weight defined 

in Table 24 was rectified as indicated above. 

 

Figure 40: Workflow design for the computation of productivity indicators. Source: personal 

compilation of Jesús Torralba Pérez. 
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9.3 Workflow design to produce final layer ñML_FINALò  

This workflow is designed to produce the final layer ñML_FINALò after the implementation of 

the additional marginality indexes and the final classification of the remaining areas into three 

classes: ñMarginal lands with high plantation suitabilityò, ñMarginal lands with low plantation 

suitabilityò and ñPotentially unsuitable landsò. More specifically, the previously produced 

ñML_HARDò raster layer after the finalization of the first phase of the proposed methodology, 

is now combined with all the remaining marginality indexes containing additional ñsoftò 

thresholds (Figure 41).  

It should be noted that the second phase of the proposed methodology is prone to change. 

Thus, additional marginality indexes can also be added during the finalization of the proposed 

methodology. Nevertheless, the design and implementation of the proposed methodology was 

structured in a way that changes that may occur will not affect the already implemented 

workflows.  

The final combination flow of all layers can be done in Google Earth Engine. To do this, all 

layers must be uploaded as assets created in ArcGIS Pro. Finally, special consideration should 

be taken regarding the spatial resolution of each produced layer. Thus, prior to the 

implementation of any calculations, all the intermediate layers need resampling according to 

the intermediate layer ñML_HARDò. The final ñML_FINALò layer should be a raster layer with 

10 m spatial resolution. 

To carry out the subdivision in the three types of marginal lands (ñMarginal lands with high 

plantation suitabilityò, ñMarginal lands with low plantation suitabilityò, ñPotentially unsuitable 

landsò) three methodological approaches were developed: 

a) The first is to calculate the maximum and minimum value obtained in the MLs layer and 

divide the difference by three. This will obtain three ranges of equal magnitude.  

b) The second methodological approach is to calculate the 25th and 75th percentiles of the 

values obtained in the MLs layer. This approach would penalize the ñMarginal lands with high 

plantation suitabilityò and the "Potentially unsuitable lands" and increasing the number of pixels 

belonging to the middle layer "Marginal lands with low plantation suitability". 

c) The third one is to calculate the 33rd and 66th percentile of the values obtained in the layer 

MLs. In this case, the total number of pixels is divided equally into the three categories. But 

with the difference with respect to the a) method that in this case the thresholds are established 

with the maximum number of pixels and not with the maximum and minimum values.  
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Figure 41: Workflow design for the computation of final MLs. Source: personal compilation of 

Jesús Torralba Pérez.  
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10. IMPLEMENTATION OF WORKFLOWS TO THE GIS  

The workflows developed were implemented in the GIS using the model builder and the spatial 

analysis toolbox of the ArcGIS Pro software. In some cases, it was necessary to use Google 

Earth Engine to process all layers at the European level due to layer accessibility or hardware 

limitations. Each workflow was programmed independently so that it could be modified at any 

time. It should be noted that the developed workflows were tested independently for each test 

site using only the raster data set representing the selected area. On the other hand, the 

procedures and the application of the proposed methodology were automated at the European 

level.  

10.1 Automatization of procedures and tools description for hard layers 

The following indicative models applied in the ArcGIS pro model builder were developed for 

the elaboration of the hard layers. The functions of ArcGIS are explained as they appear. 

Figure 42 shows the workflow for "other land cover" in the ArcGIS Pro model builder. 

 

Figure 42: Implementation of workflow for the delineation of ñother land coverò in ArcGIS Pro 

model builder. 

Where:  

Clip raster: this tool allows you to extract a portion of a raster dataset based on a template 

extent. The clip output includes any pixels that intersect the template extent. An existing raster 

or vector layer can be used as the clip extent. 

Extract by Attributes: this tool extracts the cells of a raster based on a logical query. 

Figure 43 shows the workflow for "forest areas" in the ArcGIS Pro model builder. 
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Figure 43: Implementation of workflow for the delineation of ñForest areasò in ArcGIS Pro 

model builder. 

Where:  

Reclassify: this tool Reclassifies or changes the values in a raster. When using the Reclassify 

tool as part of a model: i) If the input to the tool is derived data from a tool that is not already 

run, the remap parameter in the Reclassify tool will be empty until the preceding tool is run, 

and the model is validated. To avoid this, always run preceding tools before connecting their 

output variables as input to the Reclassify tool. Alternatively, you can create a custom 

reclassification table by adding entries. ii) If exposing the reclassification table as a model 

parameter, the reclass field must be exposed as a variable; however, it does not need to be 

set as a model parameter. If the field is not exposed as a variable, the classify and unique 

values buttons will be disabled in the model tool dialog box. 

Fuzzy overlay: this tool allows the analysis of the possibility of a phenomenon belonging to 

multiple sets in a multicriteria overlay analysis. Not only does Fuzzy Overlay determine what 

sets the phenomenon is possibly a member of, it also analyzes the relationships between the 

membership of the multiple sets. The Overlay type lists the methods available to combine the 

data based on set theory analysis. Each method allows the exploration of the membership of 
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each cell belonging to various input criteria. The available methods are fuzzy And, fuzzy Or, 

fuzzy Product, fuzzy Sum, and fuzzy Gamma. Each approach provides a different aspect of 

each cell's membership to the multiple input criteria. 

Set null: sets identified cell locations to NoData based on specified criteria. It returns NoData 

if a conditional evaluation is true, and returns the value specified by another raster if it is false. 

Figure 44 shows the workflow for "croplands" in the ArcGIS Pro model builder. 

 

Figure 44: Implementation of workflow for the delineation of ñCroplandsò in ArcGIS Pro model 

builder. 

Where:  

Select layer by attribute: adds, updates, or removes a selection based on an attribute query. 

Feature to raster: converts features to a raster dataset. Any feature class (geodatabase, 

shapefile, or coverage) containing point, line, or polygon features can be converted to a raster 

dataset. 

Figure 45 shows the workflow for "changed areas" in the ArcGIS Pro model builder. 
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Figure 45: Implementation of workflow for the delineation of ñChanged Areasò in ArcGIS Pro 

model builder. 

Figure 46 shows the workflow for "impervious areas" in the ArcGIS Pro model builder. 

 

Figure 46: Implementation of workflow for the delineation of ñImpervious Areasò in ArcGIS Pro 

model builder. 

 










































































































