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Executive summary

In the framework of NewLife4Drylands project, action A.2, the present document emphasises
the useful contribution of remote sensing, mainly satellite-based, to provide a protocol for the
assessment of land degradation at local scale. The protocol will be, also, useful to evaluate the
effectiveness of sustainable solutions and restoration actions, based on Nature-Based
Solutions (NBS), to combat degradation for those sites where NBS will be applied (short term
monitoring) or are currently implemented by other LIFE projects (mid/long-term monitoring).

The importance to define a spatial and a temporal framework for investigation leading to the
working scale and open satellite sources identification is highlighted. A set of selected well-
known indicators from remote sensing is provided both with the scientific and technical
procedure for their extraction from open satellite data, at a local scale, for each study site. The
selection of indicators has been carried out based on scientific and technical literature,
consortium members’ expertise and discussions with the Advisory Board.
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Acronyms and Abbreviations

Acronym | Description

AQOI Area Of Interest

ARVI Atmospherically Resistant Vegetation Index

ASI Italian Space Agency

BI Bare Index

CCA Cross Correlation Analysis

CLC Corine Land Cover

CNN Convolutional Neural Network

DSI Desertification Soil Index

DVI Difference Vegetation Index

EO Earth Observation

ECV Essential Climate Variables

ESA(I) Environmentally Sensitive Areas to Desertification (Index)
EU European Union

EV Essential Variable

EVI Enhanced Vegetation Index

FAO-LCCS | Food and Agriculture Organisation -Land Cover Classification System
FAPAR Fraction of Absorbed Photosynthetically Active Radiation
GCOS Global Climate Observing System

GNDVI Green Normalized Difference Vegetation Index

GPP Gross Primary Production

HR High Resolution

HR-VPP High-Resolution Vegetation Phenology and Productivity
KBA Key Biodiversity Areas

LAI Leaf Area Index

LC Land Cover

LCLU Land Cover and Land Use

LD Land Degradation
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LDN Land Degradation Neutrality

MNDWI Modified Normalized Difference Water Index
MSAVI Modified Soil Adjusted Vegetation Index
N2K Natura 2000

NBR Normalized Burn Ratio

NBS Nature-Based Solutions

NDDI Normalized Difference Drought Index
NDMI Normalized Difference Moisture Index
NDRE Normalized Difference RedEdge

NDBSI Normalized Difference Bare Soil Index
NDSI Normalized Difference Soil Index

NDVI Normalized Difference Vegetation Index
NDWI Normalized Difference Water Index

NIR Near Infra-Red

NN Neural Network

NPP Net Primary Production

OSAVI Optimized Soil-Adjusted Vegetation Index
PA Protected Area

PCC Post Classification Comparison

PP Primary Production

PPI Plant Phenology Index

PRI Photochemical Reflectance Index

REP RedEdge Position

RF Random Forest

RS Remote Sensing

SAR Synthetic Aperture Radar

SASI Soil Adjusted Salinity Index

SDG Sustainable Development Goal

SDVI Standardized Drought Vulnerability Index
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SOC Soil Organic Carbon
SOCI Soil Organic Carbon Index
SI Salinity Index
SSI Soil Salinity Index
SVM Support Vector Machine
SWIR Short Wave Infra-Red
UN United Nations
UNCCD United Nations Convention to Combat Desertification
VHR Very High Resolution
Vis Visible
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1.  Introduction
NewLife4Drylands project has its focus on:

e providing a framework and a protocol for identifying and monitoring Land
Degradation (LD) at local scale;

e providing a specific protocol for the mid and long-term monitoring with regard to the
application, scalability, replication, failures and successes of NBS for restoration
interventions on degraded land.

Both protocols, developed for the 6 study sites of the project, have in common the use of
Remote Sensing (RS) data and techniques.

RS can complement the lack of long term, reliable and homogeneous in situ information,
usually rather time-consuming and cost expensive.

The recent availability of open satellite data (e.g., Copernicus program services), free of
charge, orbiting around the Earth, acquiring at High spatial Resolution (HR), represents a
relevant opportunity to obtain measurements on a large temporal and spatial scale even for

those impervious sites difficult to reach.

Essential Variables (EV), a key set of measurements, required for monitoring purposes can
be retrieved from RS data in the form of indices and indicators used as proxies to assess

quantification and mapping of LD.

The relevant effort of NewLife4Drylands project consists in the extraction of those indices
and indicators at a local scale, that is the study sites scale, trying to answer to the requests,
by local institutional decision-makers, of increasingly more details difficult to reach by
global/pan-European Union (EU) services (i.e., Copernicus).

The 6 study sites represent a wide variety of ecosystems in the Mediterranean landscape as
drylands, coastal or mountainous, with high or low extension, threatened from different
pressures causing LD, as assessed in Deliverable A1.1. Hence, the analysis by RS data results
not site-dependent rather specific for Mediterranean ecosystems identifying a proper

protocol for the monitoring of their LD status.
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The same RS indicators can offer indications for the assessment of the effectiveness of NBS
solutions for LD recovery implemented in the study sites both by NewLife4Drylands and

other LIFE projects.

“From data to generate knowledge useful for recovery”

represents the common thread during the whole NewLife4Drylands project development.
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2. Therole of remote sensing in land degradation assessments:
opportunities and challenges

For decades now, LD has been identified as one of the most pressing problems facing the
planet: it is one of the biggest global challenges for the people’s livelihoods and environment
all around the world. Moreover, as land degradation directly affects vegetation biophysical
processes and leads to changes in ecosystem functioning, it has a knock-on effect on habitats
and, therefore, on numerous species of flora and fauna that become endangered or/and
extinct (Symeonakis, 2021).

Figure 1 shows examples of sites affected by LD due to different pressures.

Figure 1. Examples of degraded land: (a) Highly saline degraded cropland in Khorezm Region of
Uzbekistan; (b) Bush encroachment in communal land in Limpopo Province of South Africa; (c) Land
degradation due to overgrazing in West Pokot County of Kenya (Dubovyk, 2017).

The concerns of the world community about this issue resulted in the proclamation of the
United Nations Convention to Combat Desertification (UNCCD) in 1994
(http://www.unccd.int/) which aims at a reduction of LD processes and desertification in all
affected countries (Dubovyk, 2017). Specifically the term desertification differs from LD in
the different semantic meaning. Indeed degradation of land is caused by various factors
including desertification, climatic variations and human-induced activities. The definition by
UNCCD refers to LD as the “reduction or loss of the biological or economic productivity and

complexity of rainfed cropland, irrigated cropland, or range, pasture, forest and woodlands

1C
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resulting from land uses or from a process or combination of processes, including processes
arising from human activities and habitation patterns” (UNCCD, § 5, 1994).

The processes commonly identified as the driving factors behind LD are both
biophysical/climatic (e.g. steep slopes; soil erosion by water or wind; soil salinization; natural
hazards; bush encroachment; alien species invasion; drought; extreme climate events) as
well as anthropogenic (land use/cover change as agricultural expansion or abandonment,
deforestation, urbanisation, grazing intensification, fuel wood extraction and unsustainable
land management practices) including policies, institutions and other socio-economic factors
(Nkonya et al.,, 2011). Local policies and institutions, indeed, have a large impact on
sustainability of land management practices, and thus, could either have a direct or indirect
impact on behaviour of land users.

Therefore, LD itself is a complicated area of research due to its interdisciplinary nature
incorporating geographical, ecological, climatic and social perspectives (Vogt et al., 2011).
This complexity partly arises due to an on-going discussion on the definition of what actually
constitutes degradation and how it should be measured (Reynolds et al., 2011).

During the last decade, the most widely used approach in assessing LD has been to employ
Earth Observation (EO) data in situ or remote sensed. RS is a discipline that employs theories
and methods related to extraction of information about surfaces through the interaction of
electromagnetic radiation with matter (Li et al., 2009). It is the acquiring of information at a
certain distance from a target detecting and recording reflected or emitted energy. Since the
launch of the first EO satellites in 1970s, satellite RS has been representing an
unprecedented opportunity for people to observe their planet from space.

RS can offer more potentialities as:

1) collecting the signal from the investigated target within a wide range of wavelengths, not
only in the visible spectrum, highlighting properties of matter invisible to the human eye;

2) acquiring repeated series imagery of the same scene in order to capture changes over

time;

11
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3) analysing phenomena at different spatial scales of detail and investigating even

inaccessible areas that are difficult to reach by expensive in-situ explorations.

RS can see no more than human eyes but rather better through integration of spatial,
temporal and spectral information. Currently, RS data are featured by satellite multi-
platforms, multi-sensors and multi-scale sensors’ capabilities covering a wide spectrum of
electromagnetic radiation characterized by a range of temporal, spatial and spectral
resolutions that are used for various applications in different domains. These observations
allow for past, present and near-real-time monitoring of Earth processes (Li et al., 2009). The
data archives from the EO sensors allow retrospective analyses of the state and development
of land on different spatial scales. Satellite imagery confirms to the principles of
repetitiveness, objectivity and consistency, which are preconditions in the framework of LD
monitoring. Among different methods and techniques for studying and monitoring LD, RS
provides a cost-effective evaluation, back in time, over extensive areas even for those
impervious areas difficult to reach, whereas in-situ process studies are time-consuming,
resource demanding, and thus, are usually conducted at a field level (e.g., Bai &Dent, 2009;
Prince et al. 2007; Gao & Liu, 2010; Vlek, Le, & Tamene, 2008). Furthermore, by using artificial
intelligence algorithms trained with few ground truth samples, information where we do not
have any can be obtained.

In addition, satellite-based assessment is currently the only means for LD monitoring at
different spatial and temporal scales in a spatially explicit and continuous manner,
specifically in the less developed countries where funds for sustainable land management
programs are often limited (Sivakumar and Stefanski, 2007). Increased access to satellite
imagery and constant development of analytical techniques are stepping up monitoring
processes at various spatial and temporal scales. Indeed, working with satellite images has
changed severely with the recent advent of free and open High Resolution (HR) data from
multi-spectral sensors acquiring in the optical spectrum as Landsat (NASA-USGS portal) and
Sentinels constellation (Copernicus-EU Program services). Specifically, Sentinel-2 twins

satellites (2A/2B) with their dense time series and high acquisition frequency result a game
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changer and is becoming the Gold Standard for vegetation monitoring. Such satellite
imagery with high spatial and temporal resolutions, offering spectral information in the
Vis/NIR, SWIR and RedEdge, increase significantly the amount of essential information
allowing monitoring of landscape changes at different scales and planning for more efficient
mitigation measures.

Figures 2 and 3 show the main information about Landsat and Sentinel-2 missions

compared.

Main
Information A "
Landsat Sentinel-2
Provider NASA & USGS ESA
Spatial resolution 30m 10-20 m

multi-spectral multi-spectral
Spectral resolution
(Visible-NIR-SWIR) | (Visible-RedEdge-NIR-SWIR)

5 days
Revisiting time 16 days
(tandem configuration)

Availability time-series

R since 1972 since 2015
archive

Figure 2. Landsat and Sentinel-2 missions main information
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Comparison of Landsat 7 and 8 bands with Sentinel-2

1
1
3 i
&1
5 267 & Sentinel-2 msi
21 [ (1] 2]
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'Sl B Landsat 8 (
s pmE B B o0 s { N NI
2, N
g :
z: HE3a AN Y 7 eTms { e
| —— S
04
400 900 1400 1900 2400 10000 11000 12000 13000
Wavelength (nm)
Landsat 8 OLI Sentinel-2 MSI
Band Wavelength Resolution Band Wavelength Resolution
range (nm) (m) range (nm) (m)
1 Coastal aerosol 433 -453 30 1 Coastal aerosol 433 - 453 60
2 Blue (B) 450 - 515 30 2 Blue (B) 458-523 10
3 Green (G) 525 - 600 30 3 Green (G) 543 -578 10
4 Red (R) 630 - 680 30 4 Red (R) 650 - 680 10
5 Red edge 1 (RE1) 698 - 713 20
6 Red edge 2 (RE2) 733-748 20
7 Red edge 3 (RE3) 773 - 793 20
5 Near infrared (NIR) 845 - 885 30 8 Near infrared (NIR) 785 - 900 10
8a Near infrared narrow (NIRn) 855 - 875 20
9 Water vapour 935 -955 60
9 Shortwave infrared
/ Cirrus 1360 - 1390 30 10 Shortwave infrared / Cirrus 1360 - 1390 60
6 Shortwave infrared
1 (SWIR1) 1560 - 1660 30 11 Shortwave infrared 1 (SWIR1) 1565 - 1655 20
7 Shortwave infrared
2 (SWIR2) 2100 - 2300 30 12 Shortwave infrared 2 (SWIR2) 2100 - 2280 20
8 Panchromatic 500 - 680 15

Figure 3. Landsat and Sentinel-2 missions spectral bands and wavelengths. To date Landsat 7 and 8
continue to acquire data.

In the use of optical satellite (passive sensor) data a crucial issue is represented by the
presence of cloud cover and related shadow which can affect data in addition to the
constraint of the sun presence. This issue results in a limited number of available/usable
archive scenes. Indeed active sensors, as Synthetic Aperture Radar (SAR) on board of
Sentinel-1, can acquire even with cloud coverage but the signal contains information related
to moisture content or surface roughness of the investigated area rather than to the optical

properties. In addition SAR data require a more complex data handling.

14
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In particular, indicators, extracted from RS data, that address soil condition and vegetation
status, represent a high potential in improving desertification assessment at local level,
supporting ecological restoration through NBS. Of course, there is a strong need for relevant
ground-based information, not only to ensure proper design of NBS but also as a key in-situ
data for the proper calibration of satellite imagery analysis and validation of derived
products.

Thanks to the technological advancements and the computational capacity of computers on
the one hand, together with the availability of open-access remotely-sensed data archives
on the other, remote sensors, providing a global perspective and a wealth of data about
Earth systems, enable data-informed decision making based on the current state of our

planet for its future planning.

Remote Sensing role results in the assessments of the different levels of LD that is mapping
of its extent, types and severity at different spatial scales. The spectral, spatial and temporal
resolution of these studies varies considerably, and multiscale, multitemporal and
multisensor approaches have evolved. Among different Remote Sensing methods developed

for LD studies, analysis of vegetation cover dynamics and vegetation productivity and cover

decline analysis are the most commonly applied.

Vegetation cover dynamics: Changes and modifications of vegetated land surfaces, such
as habitat loss and LD, are regarded as the primary cause for global environmental change
as they reduce ecosystem services and impair ecosystem function (Gillanders et al., 2008).
Vegetation cover results an indicator of vegetation responses to environmental factors
including rainfall, temperature, soil and topography, as well as factors related to human
activities, which are typically derived from Land Cover/Land Use (LCLU) information (e.g.,
irrigated agriculture). Linking vegetation cover dynamics with climatic and anthropogenic
factors facilitates an improved understanding of vegetation cover changes as well as
ecosystem’s feedbacks to natural stresses (e.g., droughts) and human activities (Brown et al.,
2010). Moreover, some changes in LCLU are sometimes regarded as LD-enabling factors (i.e.,

deforestation or encroachment of invasive species). Several systematic techniques were

1t
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developed to perform vegetation dynamics analysis and change detection using satellite
images (time series or multi-temporal images).
The evolution of the RS-based methods for LD mapping, monitoring and assessment is

summarized in Table 1 (Dubovyk, 2017) .

Table 1. The evolution of RS data and methods used for LD assessment.

1970-1980 1980-1990 1990-2000 2000-2010+
Input data Multi-spectral images,  Multi-spectral images, aeral Multi-spectral images, aerial UAV images and aerial photos
aernal photos photos and derivatives, photos and derivatives, (and derivatives), multi- and
vegetation indices vegetation indices, hyper-spectral image (and
derivatives from spectral dervatives) time seres,
transformation (Tasseled vegetation indices and
cap, PCA, SMA), vegetation vegetation productivity
biocphysical parameters estimates, yield estimates,

spectral transformaticon,
vegetation biophysical

parameters,

Methods (examples)  Visual interpretation of Image dassifimtion, map Image classification, spectral ~ Time series analysis, data fusion,
aeral photos, digitalization, expert transformation, change LD medeling, image
photo-grammetric mapping, photo- detection, semi-guantitative classification, spectral
methods, manual grammetric methods, image analysis, expert transformation, change
map ping manual mapping mapping detection, participatory

mapping methods

Sensors/ platforms Aerial cameras, Landsat TM, SPOT, AVHRR Landsat ETM/ETM+, SPOT, Landsat, SPOT, AVHRR, Aster,

([examples) CORONA, Landsat ASTER, AVHRR MODI5, MERIS, Sentinel,
MSS RapidEye, IKONOS, Quickbird,
GeoBye, Hyperion, UAV
Resolutions 1-80 m, panchromatic 1 m to 8 km, panchomaticc, 1 m to 8 km, increasing 0.01 m to 8 km, increasing
[examplary ranges) and few multispectral and thermal number of bands number of bands,
multispectral bands bands hyperspectral sensors

PCA: principal component analysis; SMA: spectral micture analysis; NPP: net primary productivity; AVHRR: Advanced Very High Resolution Radiometer;
MODIS: Moderate Resolution Imaging Spectroradiometer;, MERIS: Medium Resclution Imaging Spectrometer; Landsat MSS: Multispectral Scanner;
Landsat TM: Thematic Mapper; Landsat ETM: Enhanced Thematic Mapper, SPOT: Satellite for Observation of Earth; ASTER: Advanced Spaceborne
Thermal Emission and Reflection Radiometer; UAV: unnamed aeral vehicle.

Vegetation productivity and cover decline: LD manifests itself in the reduced productive
potential of a particular landscape or land unit (Reynolds et al., 2007). A gradual loss of
vegetation productivity and cover over time is often used as a proxy of LD when Remote
Sensing is used for its assessment.

Remote Sensing-based analyses of vegetation productivity decline and vegetation cover
decline rely on a wide range of change detection methods (Higginbottom & Symeonakis,

2014).

1¢€
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Currently, there are still on-going discussions and unresolved questions related to the use of

satellite RS to address LD, including but not limited to methodological issues, which needs

to be approached according to each different case study, such as:

¢ choice of LD proxy when mapping vegetation cover and productivity changes at different
spatial/temporal scales (Prince et al., 2007; Tushaus et al., 2014);

e data/method selection for multi-temporal/multi-spatial analysis (Le et al., 2016; Wessels
etal., 2012);

e analysis of the drivers of LD at different spatial/temporal scales (Bai et al., 2008; Reed et
al., 2011);

e decoupling environmental signals due to short term climatic variability and land
management from long-term resource degradation (Nkonya et al., 2016a; Stavi & Lal,

2015); and

validation of the RS results against in situ data (Karnieli et al., 2013; Safriel, 2007).

The outlined research needs are due to the complexity of the LD processes which manifest
differently across various spatial and temporal scales. Hence, the importance of the multi-
scale assessment and analysis of the cross-scale linkages in LD research are recommended
(Reed et al., 2011).

Two broad categories of scale can be defined depending on either their relevance with
regard to human impacts (farm/household, community, district/provincial and
national/international) or their relevance with regard to environmental impacts (patch, local,
landscape, regional and global) (Reynolds et al., 2011). The latter corresponds to ecological
view on scale, while the former reflects a planning notion to support sustainable land
planning and management. Both types of scale are equally important in LD-based

assessment.

However, the choice of the relevant scale(s) depends on the study's aims and specific
applications. Consequently, there is currently the need of LD assessments and its drivers at
different spatial scales and across various ecosystems, which are largely characterized by

local specific problems that have to be prioritized. Besides mapping LD patterns, it is equally
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important to go one step further and to analyse the drivers of these processes for a correct
interpretation of the produced maps of degraded land (McDowell et al., 2015).

Despite the importance of the problem of LD and its acknowledgment at a global level, to
date no consensus has been achieved on systematic and standardized approaches that can
be utilized for its assessment and monitoring at different spatial scales. Consequently, there
is a pressing need to improve (rather than develop new approaches and methods) and to
consolidate existing methods, as well as to calibrate them using in-situ data, to obtain
accurate measurements for the monitoring of the extent of degradation at multiple spatial
scales to satisfy environmental and natural resource management, policy and research
needs. There is also a need for further integration of RS-based approaches and data with the
existing process-based LD models and socio-economic approaches for LD assessment in

order to capture interdisciplinary nature of this phenomenon.

2.1 The spatial and temporal framework

An existing challenge of RS for LD assessment is represented by the mismatch between
spatial and temporal resolution of currently available satellite imagery enforcing for a
compromise in the choice for the specific satellite data to be used. In Figure 4 the different
environmental and human processes linked to LD in relation to the available satellite data,

open and commercial, are depicted.

1¢
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Figure 4. Landsat schematic representation of different spatial and temporal resolution of satellite
imagery and their relation to various spatial and temporal scales of environmental and human
processes linked to LD: (a) Spatial and temporal resolution of selected satellite imagery; (b) Simplistic
representation of hierarchy theory diagram showing that human (H) and environmental (E) processes
influence land state (degraded or non-degraded) through land management activities. The indicated
scales are not absolute. The listed processes at one specific scale may also occur at other scales. Sub-
scales could be identified for each mentioned scale (re-drawn and modified after Buenemann et al.,
2011; Dubovyk, 2017).

For mid-long term purposes Landsat archive represents the recommended solution due to
the availability of time series imagery back in the past (Figure 2), with acquisitions every 16
days in the Vis/NIR/SWIR of the spectrum but at the lower spatial resolution of 30 meters.
Otherwise, for short term or monitoring from 2015 forward purposes Sentinel-2 data
represent the solution at the finest spatial resolution of 10-20 meters, with acquisitions every
5 days in the Vis/NIR/SWIR and RedEdge spectrum. Therefore, the choice of the specific
satellite data strongly depends on the spatial and temporal framework in which LD is to be
analysed. In Figure 5 the same scene acquired at different spatial resolution by Landsat and

Sentinel-2 satellites can be appreciated.
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(a) (b)

Figure 5. The same scene acquired from: (a) Landsat at 30 meters; (b) Sentinel-2 at 10 meters.
False colour composite: RGB = NIR-Green-Blue.
Figure 6 shows the different information coming from a multi-temporal acquisition namely
the same scene acquired at different time as different seasons can result. By using an intra-
annual time series more acquisitions during the same solar year, useful for following the
entire cycle of vegetation phenology, are evaluated or with an inter-annual time series
composed by more acquisitions during more years, long-term monitoring can be possible.
Higher the revisit time of each satellite denser the time series data which will result

composed by more images.

(a) (b)

Figure 6. The same scene acquired on: (a) May (peak of biomass for vegetation); (b) October (senescence
for vegetation in pink colour). False colour composite: RGB = NIR-Green-Blue.
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2.2  Spectral response of different target

Spectral investigation offers the opportunity to explore properties of matter in a wide range
of wavelengths which cannot be observed by human eye to characterise each different
target. Figure 7a shows the spectral signal of reflectance from water, soil and vegetation
targets: the different reflectance response can be used to differentiate different targets. The
typical spectrum of a vegetation target exhibit a low maximum peak in the Green (vegetation
appears in green colour) and an highest peak in the NIR, with an upward ramp in the
RedEdge and two other lowest peaks in the SWIR portion of the electromagnetic spectrum.

The spectrum also varies as the target matter content varies (Figure 7b and 7¢).

604 Visible | Near- Mid-infrared

Reflectance (%)

] I I ] I 1 I
05 07 09 11 13 15 1.7 19 21 23 25
Wav - T im)

(a)

Reflectance spectrum for 5 different soils:
(a) Predominance of organic matter
(b) Traces of different minerals
(c) Traces of iron
(d) Traces of organic matter
(e) Mainly iron

reflectance (%)

40 800 1200 1600 2000 2400
wavelength (nm)
(b)
40— Reflectance spectrum
30_| for water with clorophyll and sediments:
[ e (a) Oceanic water
g o (b) Torbid water
8 == (c) Water with clorophyll
0 e
™ om0 120 iwed a0 2e0
wavelength (nm)
(c)

Figure 7. Reflectance electromagnetic spectra. (a) Different types of targets; (b) Soils with different
content; (c) Water with different content.
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2.3  Extraction of information from remote sensing data: combination of
spectral and temporal domain

RS techniques can exploit the combination of spectral and temporal information provided
from satellite imagery considered. In Figure 8 a time-series of a spectral indices (on the left),
that is the Normalized Difference Vegetation Index (NDVI), represents the source to extract
the phenology profile of a vegetation pattern (on the right). The vegetation cycle can be
appreciated by the temporal profile of a traditional spectral index suitable for the study of

vegetation.

Figure 8. On the left a time series of the NDVI spectral index; on the right the NDVI temporal profile of a
vegetation pattern.

2.4  From a global to a local assessment: the working scale

A further challenge of RS for LD assessment is represented by the mismatch between
currently available satellite imagery and ecological and socio-economic scales of LD
processes and its drivers (Figure 9). For example, to assess LD at a landscape scale, high
spatial resolution imagery, such as from Sentinel program, is not always available at frequent
and repeatable intervals over long periods in the past that are required for trend analysis.
Because of this, no optimal method exists to assess LD at present.

Figure 9 shows clearly differences between geographical, ecological and planning

perspective scale and the challenge of finding suitable satellite data sets to perform analysis
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at multiple scales. As in the case of scale dependency when mapping degraded areas, the
factors that drive vegetation dynamics and degradation are also scale-dependent: for
example, gross basal area of pasture is a slow variable at the household scale. At the same
time, it is a fast variable at the national scale (Reynolds et al., 2011). Many important issues,
therefore, arise from conflicts between scales and a lack of suitable multi-scale data sets
needed for analysis, for example, when agricultural policies at national level do not allow for
appropriate local management decisions. In a such complex situation, the analyst should be

guided by the main scope of the assessment and its application (Dubovyk, 2017).

The estimates derived from coarse resolution satellite data and/or expert opinions are, in
general, not suitable for policy-making or for scientific investigations of the potential land
rehabilitation measures (Dubovyk et al., 2013a). Moreover, the coarse spatial resolution of
global LD maps is not appropriate to support region-based sustainable land use planning,
while national maps are not always in place for all countries.

In order to meet the needs of local decision-makers, one of the great challenge of
NewLifeforDrylands project is not the searching for new methodologies for LD assessment,
but rather to decline on a local scale those well known in the literature. To work at a local
scale too low scale ancillary data are not recommended (e.g., Corine Land Cover is produced
at 100 meters spatial resolution) because of the too rough detail level at which they are
produced which makes them inadequate. Therefore, supported by the experts who know
the study areas, the problems of each individual site have been analysed, pressures and
threats examined to identify a set of indicators that can be extracted from remote sensing
data for the LD assessment. As a result a sort of protocol containing guidelines for the whole
procedure has been outlined. The protocol should not be considered a site-specific solution
but, rather, it is appropriate for Mediterranean sites hosting different ecosystem types

(drylands, coastal, mountainous) each one affected by specific treats.
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Figure 9. The relationship between ecological scales, spatial and temporal resolution of the exemplary
satellite sensors and spatial decision and planning support levels.

The choice of the scale has been made as both extent and grain. The extent has been
identified with the boundary of the Natura 2000 Protected Area (PA) within the study site and
a buffer area of 5 km around, according to (ISPRA, 2014), to appreciate pressures effects
inside and immediately outside the protection level. The grain has been defined according
to the level of detail needed for investigation (e.g., at single tree level or at landscape level)
that matches with the spatial resolution of satellite data to be considered. Hence, even
though a project constraint is in the use of open satellite data, for site of extent less than 50
hectares the need of using Very High Resolution (VHR) commercial satellite data has

emerged.

24



= ol oAy | | | o
’z‘ UFEQOV\-;RE”;OOOOT y aﬂ Deliverable A2.1 “Indicators for the evaluation of restoration actions to
combat degradation/desertification”

3. Indicators from open satellite data for the evaluation of land
degradation

The identification of a set of indicators for the assessment of LD to be extracted from remote
sensing data has been carried out based on current scientific and technical literature,
consortium members’ expertise and discussions with the Advisory Board.

No new research activities can be planned within NewLife4Drylands.

Mainly, the selection provided consists of well-known indicators and the related technical
and scientific procedures to generate them from open satellite data. Remote sensing
techniques proposed in this project require essential interaction with the fundamental
expert knowledge acquired in the field to be used for the training of supervised learning
algorithms, calibration of the models and validation of the derived products. The selected
indicators come from the list of EVs or their proxies as the spectral indices.

The concept of Essential Variables (EVs) has emerged within the remote sensing community
in recent years. The EVs, having previously defined as a minimal set of variables that
determines the system'’s state and development, have attracted considerable interest not
only for remote sensing scientists, but from several, diverse thematic groups and
communities. The driving forces behind this evolution, relates primary to the need to support
national to global monitoring, reporting, research, and forecasting of complex earth systems
according to the goals of different thematic communities as well as to the requirement to
support consistent, objective temporal information provision for policy development and
implementation. So far, EVs have been introduced and adopted for monitoring oceans,
climate and biodiversity systems as well as measuring progress towards UN Sustainable
Development Goals (SDGs) implementation, while several other communities are in the
process of adopting this concept in their domain. Originally, the concept of EVs has been
defined by the climate community through the effort led by the Global Climate Observing
System (GCOS) which established a set of 52 Essential Climate Variables (ECV) (Giuliani et al.,

2020a). The full list can be checked on the GCOS website (https://gcos.wmo.int/en/essential-
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climate-variables). Belong to this list LC, Leaf Area Index (LAI), Soil Carbon, Fire, Soil Moisture

to name a few.

Table 2 and 3 show the list of spectral indices and indicators from RS data, respectively,
identified for NewLife4Drylands project purposes. The former is organized by the different
target addressed (i.e., vegetation, soil, water etc.). The generic formula for each
index/indicator has been deduced for Sentinel-2 spectral bands and the degradation process
that can be investigated has been reported too. This is not an exhaustive list but just a
selection of the main well-assessed spectral indices and indicators which could be useful for
the project purposes.

Moreover, Table 3 shows, for SDG 15.3.1 indicator (SDG 15.3.1, 2021) the series of further
sub-indicators suggested by (Assennato et al., 2020). According to (Assennato et al., 2020),
for an effective analysis of LD at local level, NewLife4Drylands project focuses on the need
to consider additional sub-indicators suitable for taking into account, at a local scale,
pressures and threats which affect the specific study area causing LD. Indeed, UNCCD
recommends (but does not prescribe) that SDG 15.3.1 indicator should be complemented by
other relevant national (or sub-national) indicators (Wunder and Bodle,2019). Therefore, the

list of indicators in Table 3 is not exhaustive but it needs to be rearranged for each study site.
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investigate are reported. R is the reflectance at the central wavelengths (nm) denoted by the subscripts.

Type

Degradation

i By RS .
Name Formula Formula by Sentinel-2 bands Reference d);ta process in the study
sites
NDVI Rouse et al. (1974);
. i Rgoo — Re70 NIR — Red
Vegetation Index (2001)
GNDVI
Green Normalized Rgoo — Rs550 NIR — Green Gitelson et al.
Difference Vegetation Rgno + Rs50 NIR + Green (1996)
Index
MSAVI; Decline in
Modified Soil-Adjusted | 2r.,+ 1 —/(2Ron + 1> — 8(Ress— Reyg) | 2+ NIR+1 /(2 NIR+1)*— 8 « (NIR — Red) Qi et al. (1994) Biodiversity;
Vegetation Index 2 2 Decline in Biomass;
OSAVI Rondeaux et al Yes Dedtﬁ;:gffsﬂuon
Optimized Soil-Adjusted | (1 4 0.16) R800 =~ R670 (1 +0.16) NIR = Red 1996 ' functi -X
Vegetation Index Rgoo + Re70 +0.16 NIR + Red +0.16 (1996) yunctioning,
Decline in vegetation
NDRE R R cover
Normalized Difference —860 — 7700 NIRypgrrow — RedEdgel Zhang et al. (2019)
Red-Edge Rgeo + R700 NIRpgrrow + RedEdgel
ARVI
Atmospherically Rg00 ~ [R670 — (R450 — R670)]  NIR — [Red — (Blue — Red)] Bannari et al.
Resistant Vegetation | 7800+ [R670 — (R450 —R670)] NIR + [Red — (Blue — Red)] (1995)
Index
,c K800 = R670
EVI, Rgoo +24Re70 + 1 NIR — Red Jiang et al. (2008)
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Enhanced Vegetation

Index2
REP (R.ﬂ +R, )_R?on (Red+RedEdge3)_RedEdge1 .
RedEdge Position 705+35-——2 705+35 2 Main et al. (2011)
edeag 30 R0 RedEdge2+RedEdge1
A2l Lastovicka et al Yes by
Normalized Difference Rgg0 — R1650 NIR, grrow — SWIR1 (2020) " | proxies
Moisture Index R860 + R1650 NIRnarrow + SWIR1 from RS
PRI Blue — Green G |
Photochemical Rs31 ~ Rs70 Blue + Green amon etal,,
Reflectance Index R531 + R570 Blue band is too large for accurate (1992) Decli X
estimations Yes ec mg |.n
productivity
h i .esa.i
LAI SNAP ESA tool - derived /:T:Eisn/tsotsﬁagiz ;7;
Leaf Area Index product
nap
NDWI, Rann — R G ;
800 2130 _ ao, 1996, . .
Normalized Difference Rare T Rran NIR — SWIR2 Chen et al. 2005 Decline in vegetation
Water Index 1 800 2130 NIR + SWIR? N
NDWI
Water 2 R —R
Indices Normalized Difference W Green — NIR McFeeters (1996) Yes
Water Index 2 550 T 800 Green + NIR Hydrological
MNDWI Rsso - R modifications
Modified Normalized H Green — SWIR?2 Xu (2006)
Difference Water Index 550 2130 Green + SWIR?
. Deng et al. (2015); Yes . .
Soil NDSI R —R SWIR1 — G . Soil quality
Indices | Normalized Difference M SR T BTEen Vibhute et al., degradation
Soil Index 1650 T B560 SWIR1 + Green 2017
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NDBSI
Normalized Difference
Bare Soil Index

SWIR1 — NIRnarrow
SWIR1 + NIRnarrow + 0.001

R1650 — Rge60
R1650 + Rggp + 0.001

Chen et al. (2004)

Bl (R1650 + Re70) — (Rgoo + R450) (SWIR1 + Red) — (NIR + Blue)
Bare Index (R1650 T Re70) + (Rgoo *+ Ras50) (SWIR1 + Red) + (NIR + Blue)
NBR Rge0 — R2200 NIRpgrrow — SWIR2

NIRparrow + SWIR2

Normalized Burn Ratio Rgan + R2200

Key et al. (2002) Yes Forest fires
NBR2

Normalized Burn Ratio R1600 ~ R2200 SWIR1 — SWIR2
2 R1600 + R2200 SWIR1 + SWIR2

Douaoui et al.

VGreen * Red (2006);
_ 55h JR[520=600] * R630:690] Khan et al. (2001):-
Soil Salinity Index-2 o
Yahiaoui et al.

(2015)

Douaoui and

2 * Green-(Red+NIR)

Lepinard (2010);

|
Soil Salinity

R[530:590] * R[640:670]

Ri450:510]

Green * Red
Blue

Elhag et al. (2016)

Soil
SSl,
Salinity Soil Salinity Index-2 2 * Ris20:6001°(R(630:6901+R[770:900]) Yahiaoui et al. Yes Soil Salinization
Indices (2015)
Douaoui et al.
SSls \/RZ c00] + RZ1s20. (2006); Yahiaoui et
Soil Salinity Index-1 [630:690] [520:600] VRed? + Green? al. (2015)
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actions to

SASI

Soil Adiueted Salinit Ri630:690] Red Yahiaoui et al.
oi justed Salinity 100 * RZ11cn. VS| (2015)
Index [450:520] 100 * Blue
bzl NDVI — NDWIq Gu et al. (2007);
Normalized Difference NDVI + NDWI; Renza et al. (2010)
Drought Index Yes Aridification
DSl
R —R
N 1648 — R498 SWIR1 — Blue Wu et al. (2010)
Index R1648 = R2203 + 0.2 SWIRT — SWIRZ + 0.2
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Table 3. Indicators and their metric/measure useful for LD assessment: the LD process they can investigate are reported.

Degradati
on
Indicator Sub-Indicator Metric/Measure Final Formula for sub-indicators Reference By RS data process in
the study
sites
LC change UNCCD (2017;
. LC Area ! Yes
(Trend in LC) 2018; 2021);
A Net Primary https://unstats.un.
L P | One Out, All Out
LLHACTHIAT LR Production (NPP) org/sdgs/metadat Yes
Soil Organic Carbon SOC a/files/Metadata- | by proxies from RS
(SOC) decline 15-03-01.pdf
Habitat
Further sub-indicators E) SIS?
RS (LC/habitat | Decline in
Loss of habitat quality | Habitat cover Area map)+INVEST productivit
model y; Trees
Burnt Areas LC Area ves encroachm
= ent; Urban
+ .
Fragmentation Index Mesh density Assennato et al., RS (LrCLiI:spatla expansion
2020 > 1 ...
Areas of potential One Out, All Out RS (LC)+spatial
. LC Area
impact rules
- . : Yes
Density of artificial LC LC Density
i RS (LC)+spatial
Increasing of not LC Area ( rz”esp

sealed areas

TO BE CONTINUED......
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e S https://www.landp
protected area LC/Habitat Area ortal.org/book/dat Conservati
aset/un-sdg1512
Coverage of an ecosystem within protected areq| on,
Coverage of the Key Biodiversity Areas restoration
Yes an.d
https://www.iucn.o sustainabl
rg/resources/cons e use of
Key Biodiversity Areas | World Database of Key ervation- ecos;;stem
(KBA) Biodiversity Areas tools/world-
database-of-key-
biodiversity-areas
]Jl( urbgrid, t+n/ urbgn’d,t)
n
Land Consumption Urbgrid.,t+n = surface https://unstats.un. Yes
Rate occupied by urban
areas, in the output org/sdgs/metadat
cell considered, at the Land Consumption Rate affiles/Metadata- Urban
final year (t+n)......... Population Growth Rate 11-03-01.pdf; expansion
; Aquilino et al.
]-n(P grid,tn /P gn'd,t) (2020)
Population Growth " No
Rate Pgrig+n = population
living in urban areas,
in the output cell
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considered, at the
final year (t+n)........

Soil Quality Index (SQI)

(Soil Texture

* Rock Fragment

* Soil Depth

* Parent Material

* Drainage

* Slope Gradient)!/6

RS (slope)+
Ancillary data

Climate Quality Index (Rainfall 1 Tsemelis et al. RS (slope)+ Desertifica
(can  Clooe e (SQI= CQI» VQL = Malys (2018) Meteo data tion
(Fire Rrisk S RS (vegetation
Vegetation Quality * grosiolrll F;{rotfrction cover; burned
ndex(va | ottt sreasy
Ancillary data
Management Quality (Land Use Intensity RS (LO)+
Index (MQI) * Policy)'/? Ancillary data
Meteoreological -
Hydrological -
Agricultural Drought
SDVI cSPI6 Vulnerability
Standardi (Standard
Precipitations over 6 . Scaled Values of the Components Karavitis et al.
Dnz,i(;ht months) VI 3 ot oo ) (2014); Tsemelis et ;\\f\iﬁgrszt:t; Drought
Vulnerabi Meteorological - al. (2018)
lity Index Hydrol. Drought
cSPI12 (Standard Vulnerability
Precipitations) (Standard
Precipitations over 12
weeks)




.‘\
P QW @4D ylaﬂ Deliverable A2.1 “Indicators for the evaluation of restoration actions to
LIFE20 PRE/IT/000007 5 o o
combat degradation/desertification”

Hydrological -
Supply Agricultural - Social
Drought Vulnerability

Agricultural - Social

Demand Drought Vulnerability
Social Drought
Impacts .
Vulnerability
Hydrological -
Infrastructure Agricultural - Social

Drought Vulnerability
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4.  The UNCCD and the SDG 15.3.1 indicator
As part of the “2030 Agenda for Sustainable Development”, the SDG 15.3.1 indicator,

“proportion of land that is degraded over total land area” (SDG 15.3.1, 2021), has been
supported by NewlLife4Drylands project for the need to develop a standardized
methodology for LD assessment according to the UNCCD guidelines. These latter aim to
achieve Land Degradation Neutrality (LDN), defined as “a state whereby the amount and
quality of land resources necessary to support ecosystem functions and services and enhance food
security remain stable or increase within specified temporal and spatial scales and ecosystems”
(UNCCD, 2015). Achieving LDN can become an accelerator of achieving SDGs across the

board (https://www.unccd.int/issues/land-and-sustainable-development-goals). SDG 15.3.1

indicator, with its three main land-based sub-indicators already monitored in the context of
the UNCCD reporting process (UNCCD, 2017; 2018; 2021), results well suited.
SDG 15.3.1 Indicator is calculated as a binary - degraded/not degraded - quantification using
three sub-indicators which are:
1. Trends in LC (LC change): as vegetation cover to assess land conversion trends and
the possible loss of ecosystem services;
2. Trends in land productivity (NPP): to determine changes in health and capacity of
primary production;
3. Trends in carbon stocks (above and below ground), currently represented by SOC
stocks: to quantify overall soil quality
The above-mentioned three sub-indicators, proposed to measure the SDG 15.3, underline
the importance of spatiotemporal monitoring of land cover dynamics and land productivity
for LD assessments. In this light, the role of EO and specifically RS data, has gained
unpredictable importance.
Essentially, any significant reduction or negative change in one of the three sub-indicators is
considered to comprise land degradation.
To extract the mentioned trends a temporal baseline needs to be established. The one-out,

all-out principle is used to evaluate the sub-indicators and determine LDN status. According
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to this principle, LD occurs when, compared with the temporal baseline

(https://knowledge.unccd.int/ldn/ldn-monitoring):

1. Negative land cover change occurs (loss of a specific LC class) or

2. NPP decrease significantly or

3. SOC decrease significantly.
As such, the sub-indicators are quantified and evaluated separately. As gains in one of these
measures cannot compensate for losses in another, if one of the sub-indicators shows a
negative change, LDN is not achieved, even if the others are substantially positive.

The detailed methodology is shown in Figure 10.

Sub- Metric Classification of land Total area of land that is degraded Indicator 15.3.1:
indicator units in current in the monitoring period Proportion of land that
monitoring period is degraded over total
p land area
Land Y LCC
cover | (hatyr) 5
[v]
Land NPP * Oneout| o Totalarea | T';tatl s de Dﬂ;ndd 0
an \ \ n \ \ - \ atis degrade
productivity / (tC/hatyr) / _S ,ﬂ.lli]utl‘|t | | Stable . Stoble pféﬂnd t‘;m; Total Iandgurea /O
M / | Negative | / Degrading landthat ~  CoBIOCE
/ land remains
degraded
Carbon % SOC but has
stock /[ (tC/hatyr) / E‘ stabilzed
N

Figure 10. Combination of the three sub-indicators to define SDG15.3.1 indicator value.

Figure 11 provides a simplified example about how LDN is monitored using the sub-
indicators to identify areas of change and how the one-out, all-out principle to identify gains
and losses can be applied.

The baseline values for each land unit (A1-A5) are “t0” and “t1”. Gains and losses, in terms of
land area, are to be considered for each land unit (A1-A5) and then summed to determine

the LDN status (net gain) for that LC type (grassland in the example shown).
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A Map of Land Types Context® Metric values Decisions Metric values Gains vs. Losses
{Land Type “A" = Grasskand) at Baseline (t0) in Future (t1) (t1-t0)
a1
Lond Cover: Grossland ) Lond Cover: Grosshand Loss: 15,000 ha
 Usersnortgoangperba P11 > STEREERE . gwn 1 uny > significont
d =54.5 tC/ho =530 tC/ho
Status: Not Degroded degradation
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Figure 11. An example of application of one-out, all-out principle to combine the three sub-indicators
within SDG 15.3.1 indicator for assessing LDN.

The UNCCD is the custodian agency for SDG indicator 15.3.1. Information on this indicator
has been regularly collected by the UNCCD through its national reporting and review process
since 2018, and every four years thereafter.
At present, SDG 15.3.1 indicator has been upgraded to version 2.0, officially released at the
end of September 2021 (SDG 15.3.1, 2021).
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UNCCD has developed a Good Practice Guidance providing recommendations on how to
calculate SDG Indicator 15.3.1. This document provides a brief introduction to SDG Indicator
15.3.1 and describes how each sub-indicator is calculated by (Trends.Earth, 2018), a free and
open-source tool licensed under the GNU General Public License, version 2.0 or later. This
tool provides access to global free databases and resources and it can be customized with
own data (Giuliani et al., 2020b).

To address national or sub-national priorities in the evaluation of LDN monitoring the
UNCCD guidelines suggest additional sub-indicators to be considered. According to this aim,
one of the challenge of NewLife4Drylands project is represented by the extraction of further
sub-indicators at a local scale, performing the most adequate computation technique, for
monitoring pressures and threats causing LD in the different study areas.

The temporal baseline to be monitored has been identified considering trigger events in each
study site as wildfires, floodings, vegetation diseases, invasive species spreadings etc.
choosing a temporal range for investigation before and after those critical events.

It's crucial the availability of ground truth data for the validation of each sub-indicator
considering its accuracy with the associated error estimation by which it is produced with

the technique adopted.

4.1 Sub-indicator: Land Cover Trend

The available LC Copernicus services as the Pan-European HR layers

(https://land.copernicus.eu/pan-european/high-resolution-layers)(e.g., grassland/forest

cover etc.) or the new N2K product (https://land.copernicus.eu/local/natura) which supports

the monitoring of Natura 2000 sites, even though produced at 10 meters spatial resolution
are obtained at a European level reporting a low level of detail not useful for local evaluations
and available only at well-defined time (Tarantino et al., 2021).

Such products are usefull as records data but the end users and stakeholders that are
responsible for conservation and management need a close to nowcasting datasets as

inputs to their daily activities.
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A set of LC maps will be produced at local scale, for each study site, by using Sentinel-2 or
Landsat satellite data or VHR data in case of areas less than 50 ha. First of all, for each site,
LC classes will be identified according to the spatial resolution of satellite data considered.
The Food and Agriculture Organisation (FAO) Land Cover Classification System (LCCS),
version 2, taxonomy scheme (Di Gregorio & Jansen, 2005), at level 4, will be adopted for its
suitability not only to summarise a series of morpho-structural characteristics of the patch
under consideration, but also makes it effectiveness in monitoring activities, repeated in
space and time, from space according to (Tomaselli et al., 2013; Adamo et al., 2014; 2016).
LC maps will be produced by using machine learning algorithms as Neural Network (NN)
(Bishop, 1996), Support Vector Machine (SVM) (Vapnik, 1995; 1998), Random Forest (RF)
(Gavish et al., 2018) or any other pixel-based supervised classifier as Convolutional Neural
Network (CNN) (Fazzini et al., 2021) from deep learning approach. By using VHR data object-
based algorithms will be considered either with a data-driven or knowledge-driven (rule-
based) approach.
The series of LC maps will be compared to identify the temporal trend in the presence of
each LC class prone to causing LD. From-to class transitions for changed areas will be
identified by Post Classification Comparison (PCC) as change detection technique.
To detect changed areas, for those target classes whose presence has been reduced in the
scene, the Cross Correlation Analysis (CCA) algorithm can be considered for each class at a
time (Tarantino et al., 2016 a; 2016 b).
An essential issue is represented by the need for ground truth data to be available for:

1. Training of the data-driven supervised classification algorithms

2. Validation of the mappings accuracy and associated error

4.2  Sub-indicator: Primary Productivity Trend

The primary production regulates energy, water and nutrient flows in land ecosystems,
sequestrates carbon dioxide, and it is the basis of food production and generally provides

habitats for species (MEA, 2005). Productivity is a term denoting the growth of vegetation,



s Nloul fedry . | | o
’z‘ UFEQOV\;RE”;OOOOT y aﬂ Deliverable A2.1 “Indicators for the evaluation of restoration actions to
combat degradation/desertification”

often described as Gross Primary Productivity (GPP), which is the growth due to
photosynthesis, or NPP, which is the GPP minus the respiration of the vegetation, thus net
vegetation growth.

Recently Copernicus services have been enriched with HR Vegetation Phenology and
Productivity (HR-VPP) layers within Pan European Biophysical parameters

(https://land.copernicus.eu/pan-european/biophysical-parameters/high-resolution-

vegetation-phenology-and-productivity). The product has a 10 meters spatial resolution that

is adequate for our goal. But we are worried of some potential shortcoming outlined in the
“HR-VPP Calibration Report, Issue 1.7” that underline the methodology was set up in
northern and central Europe (Tian et al 2021). It was shown the limit in pixel with mixed
vegetation and bare soil and the correction with Difference Vegetation Indices (DVI) could be
not always up to the task. The choice of Plant Phenology Index (PPI) as vegetation index was
a trade-off choice that work best in boreal evergreen forest. Finally, the interpolator uses as
model exponential curve with sharp start and end of season point: this kind of seasonality
do not represent well Mediterranean area vegetation in which winter or summer low season
have often some levels of productivity. Hence, we will compare this product with time series
of vegetation spectral indices (phenology trends) as NDVI or Modified Soil Adjusted
Vegetation Index (MSAVI) or Enhanced Vegetation Index (EVI) using as interpolator an
harmonic model-based approach (Vicario et al., 2020). The best products compared with
ground truth will be considered as proxies for trends in GPP for each study site by using
Sentinel-2 or Landsat satellite data.

Furthermore Sentinel-2 data will be used for LAl estimations which area correlated to
evapotranspiration that can be considered as a proxy for PP (Luo et al., 2004).

The uptake of solar energy by the plant canopy is often quantified by FAPAR (Fractional
Absorbed Photosynthetically Active Radiation). There is an asymptotic relationship between
FAPAR and LAl leading to a saturation of FAPAR at high LAI. Therefore, FAPAR is a less useful

descriptor than LAl of leaf foliage development at high vegetation density which is not the
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case for the study sites of NewLife4Drylands project. Hence, FAPAR estimations from

Sentinel-2 data will be derived.

4.3  Sub-indicator: Soil Organic Carbon Trend

Remote sensing is a powerful method for mapping soil properties, such as SOC, a key
property of soil quality (Thaler et al., 2019). Multi-source Sentinel-2 and hyperspectral data
will be considered for the extraction of SOC trend estimations. The latter data will come from

the new Italian hyperspectral PRISMA mission (https://www.asi.it/scienze-della-

terra/prisma/) by the Italian Space Agency (ASI) which is able to provide 30 meters spatial
resolution images with a very high spectral resolution. These data will be considered for data
provision or information integration which can allow soil properties and content
discrimination.

Recent literature deals with the possibility of estimating SOC from hyperspectral data by
means of multi-variate regression analysis. Several approaches have been used (Viscarra
Rossel and Behrens, 2010; Vohland et al., 2011; 2017). These approaches use SOC
measurements performed in laboratory on soil samples collected in the field as calibration
reference data. Although the availability of information from a large number of bands has
made hyperspectral sensors the most suitable tools for remote SOC measurements, the
current limited availability of hyperspectral data with adequate spatial resolution is a
shortcoming that leads to a poor application of spectroscopic investigation for SOC
extraction from satellite data. In order to overcome such a gap, several efforts have recently
been made to investigate the possibility of measuring SOC from multi-spectral images (e.g.
Sentinel-2, Landsat 8). In (Gholizadeh et al., 2018) SOC measurements from Sentinel-2 were
obtained using 10 bands and 18 derived spectral indices; in (Thaler et al., 2019) a new index,
the Soil Organic Carbon Index (SOCI) exploiting only the visible bands in VHR images, was
implemented. As done with hyperspectral data, the methods adopted in these studies are

based on the application of regression models and ground-based measurements.
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During the project, in order to provide an estimate of SOC two approaches will be used based
on: i) the identification and use of spectral indices from Sentinel-2 and Landsat data; ii) the
exploitation of PRISMA entire spectrum characteristics through the application of regression
analysis techniques and multi-variate calibration methods.

The different methods for SOC extraction will be considered and compared by evaluating
their performances considering two different approaches:

1) application of the multivariate calibration to the entire spectral signature acquired by the
sensor;

2) application of the multivariate calibration to a series of spectral features properly selected.
The latter approach results necessary due to the high dimensionality of the hyperspectral
data. Indeed, one of the main problems related to the use of hyperspectral data is the
reduction of redundant information through feature selection procedures to exclude
spectral variables that do not contain information. Feature selection will be done through
the application of the Leave-One-Out cross-validation procedure, which uses a selection
criterion based on the minimization of the error found by comparison with in situ
measurements.

Acrucial point can be represented by the possibility to extract SOC information by correlating
reference data with vegetation indices in case of areas covered by vegetation. Vegetation
properties could indirectly provide information on soil properties with that specific land

cover (Bhunia et al., 2017).

4.4 Further Sub-indicators

Further sub-indicators can be identified from the expert-knowledge of the responsible for
the study sites considering events or unique conditions which affect the area contributing to
the LD status.

Those sub-indicators are not necessarily the same for all the study sites.

Therefore, invasive species mappings, habitat change maps, seedlings physiological state,

burned areas cover trend, hydroperiod mappings, vegetation suffering estimations,
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historical meteo data analysis, historical climatological analysis, soil salinity indices will be

obtained by using satellite data.
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5. Selection of sub-indicators to assess land degradation in the
NewLife4Drylands study sites

The six study sites of NewLife4Drylands project have in common belonging to the Natura
2000 network of protected areas and the location in the Mediterranean landscape. They
represent an exhaustive variety of the typical Mediterranean ecosystems.

In Table 4 the study sites are grouped by its own dominant ecosystem type.

Table 4. Six study sites of NewLife4Drylands project grouped by ecosystem type.

Study Site Location Ecosystem type Dominant Ecosystem
Alta Murgia Southern Italy Grassland
Tifaracas Gran Canaria, Spain Drylands Shrublands

El Bruc Catalonia, Spain Forest

Palo Laziale Central Italy Forest
Coastal

Nestos Greece Riparian Forest

Asterousia Greece Mountain Shrublands

An accurate analysis of the main pressures and threats which contribute to LD status has
been carried on each of the six study sites of NewLife4Drylands project collecting
information and reporting them in Table 5.

Moreover, the LD processes as identified have been crossed with the spectral indices and
indicators selected in Tables 2 and 3 for the LD assessment and the results are collected in
Table 6.

The challenge of NewLife4Drylands project consists in the selection of sub-indicators specific
for monitoring LD status in each different study site at local scale: the solution identified is
not intended as site-specific but rather Mediterranean sites-specific taking into account the
possible ecosystem types. Hence the most adequate computation techniques will be
identified for the extraction of sub-indicators, for each site, which will, then, be integrated to

obtain the SDG 15.3.1 indicator.
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Some areas are currently targeted by other LIFE projects which have executed recovery
actions from LD applying NBS solutions (Figure 12). So, the sub-indicators will be used also
for monitoring, in the medium-long term, the results of the restoration activities as
improvement of sub-indicators and SDG 15.3.1 indicator.

New recovery actions will be deployed in the Alta Murgia study site for the recovery of
grassland ecosystem: short-term monitoring will be executed in this case due to the short

time of the project.

SIX CASE STUDIES

L
e Ed

Nestos Delta
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" Asterousia Mountains
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Tifaracas ’
'vy /

LIFE The Green Link, Spain LIFE PRIMED, Italy & Greece  Alta Murgia, Italy
(L|FE1 5 CCA/ES/0001 25) (LlFE] 7 NAT/GR/00051 ]) Asterousia Mountainsl Greece

Figure 12. The six study sites of NewLife4Drylands project with indications of other LIFE
projects involved.
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Table 5. Main LD processes affecting the study sites.
Soil Decline in Trees
. organ Soil vegetatio s Increas | encro
Hydrologi . g . 8 Decline in . .
Landscape e . Over Soil ic erosion n . Habit ein achm
Study ... _ . | Aridificati . cal . S . vegetation . .
. modificati Fires ... .. | grazi | salinizatio | matte | by water | communit . at invasiv ent
Site on modificati cover/bioma
on ng n r and y loss e
on . . - Ss .
declin wind functionin species
e g
Alta. X X X X X X X X X
Murgia
Tifaracas X X X X X X X X
El Bruc X X X X X X X X
Palo X X X X X
Laziale
Nestos X X X X X
ASt?‘;ws X X X X X X X X X X X
Tot. LD
resence
P 4 5 5 2 2 2 2 4 5 5 6 2 2
across
sites
Table 6. Main LD processes affecting the study sites crosses with indices and indicators in Tables 2 and 3, respectively.
Landscape | .o | Eorest | over Soil Soil Soil | Decline in o Habit | |ncreas | 1"¢€
Study Site | modificati fi Hydrologi | grazin | salinizatio | ©F8an | erosion | vegetatio | Declinein at ein s
on on ires cal g n ic by n vegetation loss | invasiv | ™"
matte | water | communit oach

4¢




-\%
Ngwwg}ﬂ]@? ylaﬂ Deliverable A2.1 “Indicators for the evaluation of restoration actions to
combat degradation/desertification”
modificati r and y cover/bioma e men
on declin wind functionin SsS species t
e g
X X X X X X X X
X X X X X X X X
X X X X X X X X
X X X X X X X X
X X X X X X X X
X X X X X X X
X X X X X X X
X X X X X X X
X X X X X
X X X
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Infratstruc X

5C



& NewlifedDryl
UFEQZOWPRE/IT%OOWY an Deliverable A2.1 “Indicators for the evaluation of restoration actions to
combat degradation/desertification”

5.1  Alta Murgia (Italy)

The N2K “Alta Murgia” study site is a protected area (IT9120007) located in the Mediterranean
basin within the Apulia region, Southern Italy. This is a Site of Community Importance (SCl) and
in addition a Special Protection Area (SPA), covering nearly 126000 ha, with a National Park
included within since 2004. (Figure 13).

N2K area boundary

National Park boundary

Figure 13. “Alta Murgia” study site, southern ltaly.

The altitude of the area is from 285 to 680 m above the sea level and its climate is
mesomediterranean oceanic subcontinental pluviseasonal with dry to sub-humid ombrotype
(Forte et al, 2005). The site is characterized by a typical Mediterranean agro-pastoral landscape
with millennial land use history mainly occupied by semi-natural rocky dry grasslands (Figure
14), traditionally used as extensive pastures, while forest vegetation consists only of residual
patches of downy oak (Quercus pubescens s.l.) woodlands and Aleppo pine (Pinus halepensis)
plantations (Mairota et al., 2013). This area is considered of crucial importance for the
conservation of wildlife and priority species (Council Directive, 2009). In “Murgia Alta” the semi-

natural grassland ecosystem hosts numerous regionally endemic and generally rare species,
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but also many with trans-Adriatic distribution (Forte et al, 2005). During the last three decades,
this unique ecosystem has been exposed to tremendous impacts and accelerated processes of
habitat degradation, fragmentation and biotic contamination (i.e., woody encroachment), both
within and next to its borders. As a result of the combined pressures, ecosystems are

threatened or even in danger of destruction (Mairota et al., 2015).

Figure 14. “Alta Murgia” landscape.

The pressures related to degradation range from:

e the Common Agricultural Policy (CAP) which has driven the transformation of grassland
pastures into agricultural (cereal crops intensification) areas by stone (rock) graining
(clearance) that has induced soil erosion and sediment deposition in the aquifer system;

e theillegal waste and toxic mud dumping on transformed areas has caused heavy metal
contamination of soils and aquifers;

e theincreasing of traditional legal and illegal mining activities, wind farms infrastructures
and arson;

e the below long-term average rainfall as a result of climate change;

e the spreading of invasive species (Tarantino et al., 2019; LifeWatch ERIC Validation Case,

2021).

Hence, the following indices and sub-indicators, reported in Table 7, has been selected
spanning a period over the last 30 years for trend in LC and over the last 20 years for trend in

phenology.
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Table 7. Indices and sub-indicators selected for “Alta Murgia” study site.
Spatial
Sub- Spatial Ground
Sensor resolution Temporal frame Annotations
indicators frame truth data
(m)
1990; 2001; 2004; 2011
LANDSAT 30 (4 multi-seasons images per e Temporal
LAND year) framework
COVER MAP | [ ANDSAT: N2K according to CLC
. 2018 (4 multi-seasons products for
(focusing SENTINEL- 30;10 +5 km
images) comparison
on 2 buffer
purposes.
Grasslands) Available
¢ 2004: Institution
SENTINEL- 2021 (4 multi-seasons ground data
10 National Park
2 images)
Subset
GRASSLAND where 2018; 2021
SENTINEL-
HABITAT 5 10 ground | (4 multi-seasons images and
MAP data are intra-annual time-series)
available
BURNED Archive from
N2K
+5 km
COVER forestry
buffer
TREND service
LANDSAT;
2000-2021 ARIF
SENTINEL- 30;10 onlv f
VEGETATIO , niy for (inter-annual time series) | gatabase or
th LC
N 0s¢e new in field
classes
PHENOLOG acquisitions
for which .
Y TREND (accumulatio
round
srou n chamber)
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SUFFERING * spring and
;30 (accumulatio
ESTIMATIO PRISMA autumn
(PRISMA, n chamber) 2021-
N (PRI:SIF) measures (20
monthly 2022)-
acquisitions) correlation with
primary
production.
1k
HISTORICAL m N2K . Local
Chelsa and (Chelsa); Daily stats 1981-2005;
CLIMATE +5 km weather
ERAS5 Land | 9km (ERA5- Hourly 1979-2021 '
ANALYSIS buffer station
Land)
onlv f Available
nly for .
o P ground data Possible super-
o€ (2020) resolution or
SENTINEL- classes
pansharpened
soc 2; 10 for which 2020 :
techniques for
d
PRISMA groun PRISMA data
data are
available

For the monitoring of recovery actions by NBS, that will be implemented in Alta Murgia site, due

to the small size of the areas involved, VHR images will be considered acquiring on demand

commercial Pléiades or Worldview-2/3 satellite images.

Worldview-3 is the first commercial ultra-high-resolution satellite with 26 super-spectral bands

and large acquisition capabilities. Launched in 2014, WorldView-3 is one of the orbiting satellites
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by DigitalGlobe; it is capable of acquiring images at a panchromatic resolution of 31
centimetres, 1.24 meters multispectral (Vis/NIR), 3.7 meters shortwave infrared (SWIR) and 30
meters CAVIS (Clouds, Aerosols, Vapors, Ice, and Snow). With an average revisit time of less than
1 day, WorldView-3 is able to acquire up to 680,000 km? per day.

The two high-resolution satellites, Pléiades-1A and Pléiades-1B, were launched by Airbus
Defence & Space on the 2011 latest. This constellation is capable of providing images acquired
in panchromatic at 70 centimetres resolution and in multispectral (Vis+NIR) at 2.8 meters
resolution, with a daily revisit time of any point on Earth. In addition, the Pléiades satellites are

able to acquire high-resolution stereo images in a single pass.

5.2 Palo Laziale (Italy)
The N2K site "Bosco di Palo Laziale" (SCI IT6030022) is located along the coastline of the Lazio

Region, in the Metropolitan area of Rome, about 40 km NW of Italy's capital, within the
Municipality of Ladispoli (Figure 15). It is a flat area of about 130 hectares with an altitude
between 3 and 10 meters above sea level and about 100 meters away from the coastline.
According to the bioclimatic features, the area is located within the Mediterranean region, as
defined by the compensated summer ombrothermic index (Rivas Martinez, 2008). During the
summer, the high temperatures and the low precipitation give rise to a dry period and negative
water balance of the soil due to the high evapotranspiration.

Lithology shows an alternation of alluvial and deltaic sediments with different permeability.
Sands and biocalcarenites of the Middle Pliocene (Macco formation), alluvial deposits and sand
layers of the Pleistocene, coastal sand and polygenic pebbles reworked with volcanic elements
of the Holocene are all more permeable. In contrast, the quaternary deposits consisting of clay,
silt and clay of lakes and marshes, peat and cemented sand may be considered of low

permeability (Figure 16).
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Figure 16. “Palo Laziale”: a) Geologic section with the outcrop of Macco formation; b)
Sclerophyll’s vegetation margin with field of Phalaridetalia coerulescentis and Thero-
Brachypodietea; c) An aerial view of Palo Laziale.

The site's core area is set within an entirely fenced-off private property representing one of the
last remainings of an ancient Mediterranean floodplain forest that was progressively reduced

over the centuries by reclamation and deforestation activities. Such a peculiar example of
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coastal forest of western-central Italy is primarily composed of mixed oak formations, including
'Pannonian-Balkanic turkey oak-sessile oak forests' (habitat type 91MO0), 'Mediterranean holm-oak
forests' (9340) and 'Thermophilous Fraxinus angustifolia woods' (91B0) (Figure 17). Moreover, the
site presents small and ephemeral habitat types which are particularly rich in biodiversity, such
as the 'Mediterranean temporary ponds' (*3170) and the 'Natural euthrophic lakes with
Magnopotamion or Hydrocharition-type vegetation’ (3150) (Figure 16). The forest offers shelter to
a large variety of animal species of which many of them are listed in the Annex Il of the Habitat
Directive, such as the Hermann's tortoise (Testudo hermanni), the European pond turtle (Emys
orbicularis), or Jersey tiger moth (Euplagia quadripunctaria), all protected under Annex | of the

Habitats Directive, and many other species listed in the Birds Directive.

o
v’,?ﬁ», )

Figure 17. “Palo Laziale”: a) Narrow-leaved ash forest communities; b) A view of the habitat 91MO.

Over the last decades, the area has been increasingly exposed to unexpected changes in the
climate regimes that altered the sustainable fluctuation of precipitation and drought. As a
result, due to constantly increasing temperatures and extreme fluctuations of the rainfalls, the
site has been affected by a tremendous case of aridity, especially at the soil level which also

turned into an increasing vulnerability to fires. This has triggered a serious case of forest
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dieback in Palo Laziale with manifold adverse effects in the vegetation, habitats and associated
wildlife, including bush encroachment and over-competition for trophic resources in the forest
stands. In addition, several heat waves had caused high mortality in the trees of Palo Laziale in
the last 20 years, such as the summer of 2003 when about 40% of the adult trees were found
died - also due to the concomitant negative effect of fungal agents, such as Discula quercina
and Diploidia corticola. The fungal infection was a secondary source of forest decline induced
by the stressed metabolic condition of the trees due to the aridity.

From 2018, a set of restoration interventions have been carried out in the site in the framework
of the EU-funded project LIFE PRIMED (LIFE17 NAT/GR/000511). At that time, the forest looked
more like a savanna than a floodplain oak woodland, with about 80% of the original canopy
being lost and the survived trees showing high senescence and low seed production. Most of
the topsoil freed by the dominant tree layer was occupied by thorny shrubs (e.g., Rubus spp.),
with only limited free areas available for new saplings to grow. There was forest regeneration
(plants at least three years old), but the shrubs suffocated growing seedlings. Such an
encroachment strongly inhibited forest recovery and threatened the area occupied by the
temporary ponds. Such an invasion caused burial of the shallow ponds leading to water
eutrophication, decreasing photosynthesis sunlight and limiting gas exchange between the
water surface and the atmosphere.

The following indices and sub-indicators, reported in Table 8, has been selected. Due to the

small size of the study site (< 50 ha) VHR satellite data will be used.

Table 8. Indices and sub-indicators selected for “Palo Laziale” study site.

Spatial
Sub- Spatial Ground
Sensor resolution Temporal frame Annotations
indicators frame truth data
(m)
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5.3 Nestos (Greece)

The Delta of the river Nestos is an alluvial area of high ecological significance of about 55,000
ha created over the centuries by the gradual accumulation of deposits from the mainland
towards the sea. The Nestos river is considered one of the most important rivers in Greece. It
originates from Mount Rila (2,716 m), southern Bulgaria and flows into the Thracian Sea,
forming a natural boundary between Macedonia and Thrace, in northeastern Greece. It is 234
km in length and its basin covers an area of 574,900 ha, of which 130 km and 228,000 ha lies in
the Greek territory (Samaras & Koutitas, 2008). Because of its size and the variety of its habitats,
the Nestos Delta is considered among the most important wetlands of Greece and Europe. Its
ecological significance is reflected by the two N2K sites it forms: the Habitats Directive site (SCl)
“DELTA NESTOU KAI LIMNOTHALASSES KERAMOTIS - EVRYTERI PERIOCHI KAl PARAKTIA ZONI"
(GR1150010) (23,043.86 ha) and the Birds Directive site (SPA) “DELTA NESTOU KAl
LIMNOTHALASSES KERAMOTIS KAI NISOS THASOPOULA” (GR1150001) (14,783.79 ha) (Figure
18).
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Figure 18. “Nestos” NATURA 2000 sites, GR1150001 and GR1150010, in the study area.

A significant feature of the SCI GR1150010 is the riparian forest known as “Kotza Orman” (Great
Forest), one of the largest of its type in the Mediterranean area. Despite being reduced, through
land reclamation and hydraulic changes in the river functions, from 12,000 ha in the early 1920s
to merely 2,000 ha in fragments along both banks of the river, it is still the largest natural
riparian forest in Greece. Part of project LIFE02 NAT/GR/008489 included reforestation in public
lands along the river with indigenous species to increase the size of the forest. In total 60 ha of
new forest were created. Parts of the reforested areas were fenced to prevent access and
vegetation has grown abundantly.

According to the Monitoring Report for Terrestrial Habitats in the area of the SCI GR1150010
occurs 28 habitat types, including priority ones such as “Coastal lagoons” (1150%),
“Mediterranean temporary ponds” (3170%), “Allluvial forests with Alnus glutinosa and Fraxinus

excelsior” (Alno-Padion, Alnion incanae, Salicion albae) (91EQ0%*) (Figure 19).
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Figure 19. Within the “Nestos” Delta: a) The 91E0* & 3170%* priority habitats in SC/ GR1150010 NATURA
2000; b) Alluvial forest (91E0%); ¢) temporary pond (3170%)

The Nestos Delta is also very important from an ornithological perspective because of its great
area and variety of habitat types. It is a significant part of the wetland chain in northern Greece,
extending from the Aliakmonas-Axios complex to the Evros Delta. As many as 300 bird species
have been recorded as nesting, overwintering, or migrating through this region, 34 of which are
endangered and strictly protected raptors. Most of these species are protected by national,
European, and international legislation. A large number is included in the Red Data Book of
Threatened Vertebrates of Greece, and 103 species are listed under the Bern Convention, out

of which 75 are included in Directive 2009/149/EC. The Nestos delta hosts the last pure wild
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population of Black-necked Pheasant Phasianus colchicus colchicus in Europe, a remnant closely
related to wild populations in its natural range in central Asia. Phasianus c. colchicus is listed in
the Red Data Book of Threatened Vertebrates of Greece as critically endangered, and the
population is estimated at 100-250 individuals.

Three mammals have been included as very important species (listed in Annex Il of the
92/43/ECC Habitats Directive): the Eurasian otter (Lutra lutra) and 2 marine mammals, harbour
porpoise (Phocoena phocoena) and common bottlenose dolphin (Tursiops truncatus). The
conservation status for the Eurasian otter, the only of these species connected to the temporary
pond, is average or reduced.The reptile and amphibian fauna are very rich, with 11 species of
amphibians and 22 species of reptiles. Species of Annex Il of the Directive 92/43/EEC include
Testudo graeca, Elaphe quatuorlineata, Elaphe situla, Mauremys rivulata, Zamenis situla, Bombina
bombina and Triturus karelinii. Emys orbicularis, which is in part dependent on the temporary
pond habitat, is classified as near threatened both at the Mediterranean level (IUCN) and in the
Red Data Book of Threatened Vertebrates of Greece. Eurotestudo hermanni is classified as near
threatened in the Mediterranean region (IUCN) and vulnerable in Greece in the Red Data Book.
There are 21 freshwater fish species in the river Nestos of which have been included as very
important species (listed in Annex Il of the 92/43/ECC Habitats Directive): Barbus strumicae,
European bitterling (Rhodeus amarus), Bulgarian spined loach (Cobitis strumicae), twaite shad
(Alosa fallax) and Mediterranean killifish (Aphanius fasciatus). The conservation status for these
species in the area is good (B), except for twaite shad whose conservation status is average or
reduced. Fourteen species are autochthonous, and 6 are endemic. Another 36 euryhaline and
marine fish species have been identified in the lagoons and the river estuary. Two invertebrates
have been included as very important species (listed in Annex Il of the 92/43/ECC Habitats
Directive): the green snaketail dragonfly (Ophiogomphus cecilia) and bladetail dragonfly (Lindenia
tetraphylla). The conservation status for these species in the area is good.

According to the mapping analysis of Mallinis et al. (2011) for the broad area of the Nestos
Delta, during the first period of their analysis (1945-1960), agricultural areas increased,
rangelands (often used as pastures) expanded, while forests and wetlands decreased.

Furthermore, an increase in alluvial areas, especially in the river mouth, was noticed. These
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changes correspond to major socio-economic changes occurring in northern Greece at that
time (800,000 refugees who settled into the wider area of Macedonia following the Asia Minor
catastrophe in 1922). During that time, around 1933, the river course was re-aligned to its
present position, while, swamps were drained and irrigation infrastructures were developed,
thus changing the river's flow regime. Additionally, between 1945 and 1960, the Kotza Orman
riparian forest was cut down in order to cover increased needs for agricultural land. During the
second period of the (Mallinis et al., 2011) study (1960-1992), an irrigation and regulatory dam
(Toxotes) was constructed in the Delta’s neck (1960-1966). During this period, the extent of
areas being cultivated was increased and rangelands decreased. Simultaneously, a change of
the spatial location of agricultural fields (swap change) to the most fertile and accessible areas
is evident, along with an increase in their mean patch size. Additionally, alluvial areas decreased
in cover after the dam construction due to changes in the discharge regime and reduction of
the sediment load. Finally, in the third period of the study (1992-2002), a gross loss of
agricultural areas was observed and alluvial areas were further reduced due to two large dams
on the Nestos River (170 m and 95 m in height) which reduced the river's sediment load
(Xeidakis & Delimani, 2002).

The habitat types of Nestos are thus very sensitive to modifications of the hydrological cycle
due to both direct and indirect pressures (e.g. inappropriate river management, climate change,
respectively) since their life cycle depends on the regular alternation of wet and dry phases. For
instance, during winter 2016-2017, the ponds held water for only about 2 months, compared
to the average (about 6 months), and their typical vegetation did not have the opportunity to
complete its life cycle. On the other hand, in alluvial forest habitat (91E0%), the lack of flooding
also means no transport of nutrient-rich sediments, which enrich the soils.

Furthermore, the uncontrolled expansion of shrubs affects both the 3170* and the 91EO*
habitat types. Another problem is the illegal logging and trampling that affects the forest
structure and the temporary ponds, respectively, which has noticeably increased in recent
years because of the economic crisis and lack of local people's awareness about their

importance. In the end, there is also the problem of the Invasive Alien Species. The number of
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these species amounts to three (A. fruticosa, P. dioica, A. negundo), and they are outcompeting

indigenous species, mainly in 91EQ*, but also encroaching on 3170* (Figure 20).

Figure 20. Amorpha fruticosa extended by a temporary pond (3170%) in “Nestos” Delta.

From 2018, these pressures and threats are targeted by a set of restoration interventions that

are under implementation in the framework of the EU-funded project LIFE PRIMED (LIFE17

NAT/GR/000511). These measures include the development of hydraulic system to make the

ecosystem more resilient to the external pressures, installation of information boards and

awareness-raising campaign to reduce illegal logging and trampling, field assessment and

control by removal of invasive plant species.

The following indices and sub-indicators, reported in Table 9, has been selected.

Table 9. Indices and sub-indicators selected for “Nestos” study site.
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5.4 Asterousia (Greece)

The Asteroussia Mt range is located in the Heraklion Prefecture of Crete spanning a zone 55 km
long in the East-West and 5-10 km wide in the North-South direction, along the southern
coastline of Crete. Four subset areas will be analysed in the project (red boundaries in Figure
21). The 72% of the area is a N2K site (SPA: GR4310013 SAC: GR4310004 and GR4310005) and
3 Wildlife Refuges are delineated, the Asterousia and Kofinas K706, Vigla-Kryo Nero Antiskari -
K587 and West Asterousia-Agiofaraggo.

Project area: Asteroussia Mt.

Surface area (ha): 52,000

SPA: GR4310013

SAC: GR4310004
GR4310005

Figure 21. “Asterousia” site. The four subset areas analysed are overlaid in red boundaries.

Until 1920, the slopes of Asteroussia were cultivated with cereals and legumes. Due to low
productivity, grains cultivation has been abandoned along with the associated traditional

terraced fields and the area is currently used mainly as grazing land for sheep and goat herds.
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The climate of the area is characterized as sub-humid Mediterranean with humid and relatively
cold winters and dry and warm summers.

The most important land cover types are natural grasslands, sclerophylous vegetation,
transitional woodland-shrubland, and sparsely vegetated areas. Natural vegetation consists
mainly of shrubs and some isolated maquis and pine forests. In areas with relatively deep soils,
old vineyards and continuously expanding greenhouses and olive groves are present. Although
the natural vegetation in the Asteroussia Mt range shows a capacity for succession to higher
forms, this is not the case since the area is overgrazed especially during the winter months
when more animals are transferred from surrounding areas.

Asteroussia Mt range soils are generally shallow, with the dominant depth class being 15-30 cm
(70% of the area) with few patches of deeper soils (class 30-60 cm) and have high amounts of
rock fragments: 57% of the area falls in the 40-60% rock fragment content class and 43% in the
15-40% class. Soil is predominantly fine textured (84%) and to a lesser degree medium textured
(16%).

Topographically, the area is characterized by steep slopes, very steep cliffs and steep torrents.
The highest peak, Kofinas, rises to 1231 m. About 22% of the area has elevation up to 200 m,
about 36% has elevation of 200-400 m and elevations above 800 m cover only about 5% of the
area. The Asteroussia Mt range is covered by composite landforms with level land accounting
for 44% of the area, slopes 26% and steep land 30% (Figure 22).

The Asteroussia Mt range climatic conditions, with long, dry summers and high evapo-
transpiration rates, favor desertification. The loss of productive, arable land from soil erosion
and degradation and the over exploitation of aquifers are among the key factors posing a
desertification risk for the site which is, subsequently, further intensified by climate

deregulation and raising global temperatures.
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Figure 22. “Asterousia” landscape.

The key pressures and main land degradation processes affecting the study area are: a) decline
in vegetation cover/biomass and over grazing resulting from the increase of livestock numbers;
b) landscape modification, soil erosion and soil organic matter decline due to anthropogenic
interventions such as installation of new olive groves and greenhouses, opening of new roads,
expansion of coastal tourism settlements, installation of Renewable Energy Sources facilities; c)
accidental or intentional (for scrubland clearance) wildfires; d) hydrological modification; e) soil
salinization due to overexploitation of aquifers.

The following indices and sub-indicators, reported in Table 10, has been selected.

Table 10. Indices and sub-indicators selected for “Asterousia” study site.
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5.5

El Bruc (Spain)

The regions of Anoia and El Bages suffered a serious fire in July 2015, which burned 1,235

between the municipalities of El Bruc, Odena, Castellfollit del Boix, Sant Salvador de Guardiola

and Castelloli, on the perimetral area of the Montserrat Natural Park (included in the

Montserrat-Roques Blanques-riu Llobregat Natura 2000 site, with code ES5110012). A large part

of the burned forest was a pine forest of Aleppo pine (Pinus halepensis), which had already
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suffered a fire in 1986. The pines - which do not have a regrowth strategy, but rather germinate
- are having a modest and variable regeneration throughout the region. Within the framework
of the LIFE The Green Link project (LIFE15 CCA/SE/125), more than 20 ha of forest and
agricultural species were planted to recover the most degraded areas and favour the recovery
of the agro-silvo-pastoral mosaic, which helps reduce the vulnerability of the area facing
upcoming forest fires.

The area affected by the fire is located in the central area of Catalonia (Spain) (Figure 23),
characterized by a dry sub-humid climate, with an average rainfall of between 600 and 700 mm
per year, and located at an altitude of between 450 and 500 meters above sea level.

a.

Figure 23. a) General location of Anoia region in Catalonia, Spain; b) Location of “El Bruc” municipality (blue
poligon) in the context of Anoia region, Monserrat Natural Park limits (green) and area affected by 2015
forest fire (rose); ¢) Limits of the area affected by 2015 forest fire represented in 1:50.000 topographic map
(ICGC, 2021).

There is an average of less than 50 days of rain per year, with frequent periods of drought and
water stress by the plants, which have been increased in recent years. Due to this factor, as well
as the high recurrence of forest fires, it presents areas with low natural regeneration and
affected by processes of concentrated and diffuse erosion. In addition, like many areas of the
Mediterranean, and especially of the Iberian Peninsula, this area is affected by rural
abandonment since the beginning of the 19th century, which has caused an expansion of the

forest, mainly of Aleppo pine, which increases the risk of large forest fires. Hence the interest
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in promoting environmental restoration projects that favour the restoration of cultivated fields,
as well as the forest management of the wooded masses. The clearings in Aleppo pine
reforestation not only help the regeneration after fires or other disturbances, but also promote

the good structure and dynamics of the forest (Figure 24).

Figure 24. a) General view of one of the areas planted in the context of LIFE The Green Link (May2017); b)
Detail of one of the areas severely affected by erosion processes after the forest fire (July 2016).

The following indices and sub-indicators, reported in Table 11, has been selected.

Table 11. Indices and sub-indicators selected for “El Bruc” study site.
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5.6 Tifaracas (Gran Canaria, Spain)

Tifaracas is a desertified area located in the municipality of Artenara, on the island of Gran

Canaria (Figure 25). It is located within the El Nublo Rural Park, which in turn is included in the

Gran Canaria Biosphere Reserve. The area is classified as a Site of Community Interest (SCI) and

a Special Conservation Area (ZEC), included in the N2K Network (site code ES7010039).
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Figure 25. Location map of “Tifaracds” in Gran Canaria island (red point).

Although the area has a high risk of desertification, we find vegetation typical of the arid and
semi-arid environments of the island, with a predominance of herbaceous species, although
with a very low cover. In the framework of the LIFE The Green Link project (LIFE15 CCA/SE /125)
more than 4,000 seedlings of native forest species, trees and shrubs, were planted using the
"Cocoon" system (Figure 26 and 27). The objective of the plantation is to reverse desertification
processes and improve the ecological connectivity of the adjacent Canary Island pine forests.

The area is severely affected by desertification processes, which are aggravated by reduced
rainfall, recurrent forest fires and herbivore caused by the abundant presence of wild goats.
Average annual rainfall is below 200 mm, although in recent years it has not exceeded 100 mm.
In recent years, dry periods, without rainfall, have lasted more than 10 months, which difficult
the reforestation efforts that try to establish a vegetation cover in order to protect the soil from
the erosion. Although soils are not particularly vulnerable to erosion due to the high stoniness,
the low vegetation cover, the steep slopes of the slopes and the torrential rains favour erosive
processes. These processes cause the loss of fertile soil, which makes it even more difficult to

establish a vegetation cover.
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Figure 26. Steep slopes and stony soils where Cocoons were installed in Tifaracds (May 2017).

Figure 27. Details of: (a) seedlings of Pinus canariensis and (b) Juniperus turbinata subsp. canariensis
planted with the Cocoon device. See the fences installed around the seedlings to protect them against wild
goats (July 2018).The following indices and sub-indicators, reported in Table 12, has been selected.
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Table 12. Indices and sub-indicators selected for Tifaracas study site.

“Indicators for the evaluation of restoration actions to

Spatial
Sub- Spatial Ground
Sensor resolution Temporal frame Annotations
indicators frame truth data
(m)
LAND
2005; 2011; 2014; 2017; 2021
COVER MAP
BURNED Available
AREAS LANDSAT; ground data
2005-2021
COVER SENTINEL- 30;10
TREND 5 N2K
SEEDLINGS +5 km Ground data
PHYSIOLOG buffer 2016-2021 from 2017,
ICAL STATE 2018, 2019
N LANDSAT; measures in
1000;30;10 Before and after fire events
PHENOLOG | SgENTINEL- 2017 and
Y TREND 2 2019
Only for
those
LC
If sufficient
classes
validation
SENTINEL- for
SOC 10 2017;2019;2021 data are
2 which
available
ground
(2017; 2019)
data are
availabl
e
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6. Protocol of guidelines for remote sensing indicators identification
in the LD assessment at local scale

Resuming the analysis emerged in the searching for indicators from remote sensing to assess
LD, at local scale, a protocol with a series of guidelines can be outlined as below:
1. Definition of the spatial frame identifying the boundary of the Area Of Interest (AOI) and
a buffer area around:
a. Case of AOI > 50 hectares size: a 5 km wide buffer area around;
b. Case of AOI <50 hectares size: a 1 km wide buffer area around.
2. Definition of the temporal frame to be monitored identifying eventual trigger events and
setting the baseline to determine the initial status.
3. Selection of the optical satellite images (and their radiometric and geometric calibration)
to be considered:
a. Case of AOI > 50 hectares size:
i. Case of long term monitoring, back in time before 2015: Landsat satellite
data must be considered
ii. Case of monitoring from 2015: Sentinel-2 satellite data can be considered
b. Case of AOI < 50 hectares size: VHR commercial satellite data need to be
considered.
Definition of the scale of detail: local site-scale.
Identification of pressures and threats for the specific site by expert-knowledge.
List of LC classes according to the taxonomy selected.
Collecting all the available ground truth data useful for validation.

Review for indices/indicators/methods from remote sensed data in recent literature.

O e N o U A

Identification of sub-indicators for the SDG 15.3.1 evaluation, according to the main
pressures and to the available validation data for each site.

10. Identification of methodologies (pixel/object - based; data-driven/knowledge-driven
approach) and computation techniques (e.g., machine learning) to adopt for extracting
the sub-indicators for each site.

11. List of the main changes of interest (from-to transitions) to be monitored.
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12. Integration of all sub-indicators converging into the SDG 15.3.1 indicator by summing all
areas subjected to “negative” change (i.e., degraded) and dividing by the total land area

using “One Out, All Out” area-based principle for each sub-indicator.
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7. Gaps and strengths in the protocol

Different sources of gaps can arise in the protocol application:

e Availability of optical satellite data without cloud cover or considering clouds/clouds
shadow masking;

e Need of tasking and purchase for VHR satellite data in case of small size of study areas;

¢ Difficulties in the radiometric and geometric calibration mainly for VHR data and in case
of mountainous sites (topographic correction);

¢ Difficulty in the validation of sub-indicators for the lack of ground truth data mainly in
the past: in particular for SOC or NPP or their proxies in-field measures;

e Difficulty in the training of data-driven machine learning algorithms due to the lack of
sufficient ground truth data;

o Difficulty in obtaining finer land cover details without ancillary data or sufficient
information to discriminate among the classes;

e Possibility to obtain soil salinity indices (soil measures sub-indicator) only for those areas
covered by bare soil or herbaceous vegetation (the presence of dense trees does not
allow to observe the soil from satellite);

e Lack of validation data for SOC, soil salinity, burned areas and vegetation phenology
trend indices for the Greek sites due to slight control of the territory;

¢ Need to update the list of sub-indicators as the sites change.

Essentially, the strength of the protocol lies in its strong local scale characterisation:

e Starting from an accurate analysis of the main problems affecting the different types of
Mediterranean ecosystems;

e Provisioning for local scale detail: HR or VHR satellite data in case of areas > 50 ha or <
50 ha, respectively;

e Increase of sub-indicators to be combined to obtain SDG 15.3.1;

e Calculation of SDG 15.3.1 indicator at local scale overcoming the current Trends.Earth
tool available at global scale;

e Usefulness for local decision-makers.
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8. Conclusion

Remote sensing plays a key role in the NewLife4Drylands project for the LD assessment. Its
essential contribution is that monitoring is no longer carried out exclusively by photo-
interpretation and expensive and difficult field analysis.

In the first nine months of the projects some main challenges have been addressed by A2
action:

1) working at a local scale, in order to meet the needs of local decision-makers offering a
more reliable evaluation of the LD status than is currently possible by using freely
available products (e.g., Copernicus services produced on a pan-European scale);

2) do not searching for new methodologies for LD assessment but rather decline on a local
scale those well known in literature;

3) assessing what can be done using freely available open satellite data as much as

possible.

Therefore, supported by the experts who know the study areas, the problems of each individual
site have been analysed and pressures and threats identified. A sort of protocol of guidelines
for the identification, at local scale, of specific sub-indicators extracting from remote sensing
data for each site, by selecting open satellite data everywhere possible, has been outlined. The
sub-indicators will be integrated for the evaluation of the SDG 15.3.1 indicator as recommended

by UNCCD.

The protocol do not represent a site-specific solution but, rather, it is conceived for application
to whatever site providing guidelines for the approach at local scale. The six study sites of the
project, hosting a wide variety of ecosystem types (drylands, coastal, mountainous, with high
or low extension, affected by specific treats causing LD), offer the opportunity for investigations

appropriate for Mediterranean landscape.
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