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The Mediterranean region's arid and semi-arid ecosystems are 
increasingly threatened by land degradation, desertification, and 
climate change. This study uses remote sensing indicators from 
Sentinel-2 satellite data to assess long-term land restoration 
efforts. Focusing on two case studies—the Heraklion Forest 
restoration and the transformation of agricultural land in Beit 
Lehem of Galilee into a food forest model—we employed six 
indicators: Normalized Difference Soil Index (NDSI), Soil-
Adjusted Vegetation Index (SAVI), Plant Senescence Reflectance 
Index (PSRI), Structure-Insensitive Pigment Index (SIPI), 
Normalized Difference Infrared Index (NDII), and Normalized 
Difference Water Index (NDWI). 

Our comparative analysis between restored areas and nearby 
non-restored control areas revealed significant improvements in 
vegetation health and water content in the restored areas. These 
findings underscore the effectiveness of restoration activities in 
enhancing ecosystem resilience to environmental stressors. This 
study demonstrates the critical role of remote sensing technologies 
in monitoring and managing land restoration, providing valuable 
data for sustainable land management in the Mediterranean 
region. Continuous monitoring and adaptive management, 
supported by robust scientific evidence, are essential for achieving 
long-term restoration success and resilience against climate 
change. 
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I. INTRODUCTION  
The Mediterranean region's arid and semi-arid agro-

ecosystems are facing severe threats from land degradation 
and desertification [1,2]. Long-term human activities, such as 
intensive agriculture and deforestation, combined with natural 
factors like high topographical and climatic variability, create 
a volatile environment [3-5]. This is further exacerbated by 
extreme weather events, including fires, floods, and droughts, 
which destabilize the living conditions and contribute to 
increased poverty and migration[6,7]. 

Climate change intensifies these challenges by threatening 
the essential natural resources that support agriculture and 
forestry, particularly water and soil [8]. The Mediterranean, 
identified as a climate change hot-spot, is experiencing 
accelerated dryland expansion and a shift towards drier 
climates [9]. Projections indicate a heightened vulnerability to 
water stress, with more frequent and severe droughts 
anticipated [10]. Addressing these intertwined human and 
climatic threats requires robust scientific knowledge and 
comprehensive environmental monitoring. Improved 
assessments of land degradation and desertification trends are 

essential for developing effective, sustainable land and water 
management strategies and ecosystem restoration initiatives 
[11]. Achieving Land Degradation Neutrality hinges on 
solutions that are not only environmentally sound but also 
socially acceptable and economically feasible [12]. 

Despite progress, significant knowledge gaps, socio-
economic challenges, and inadequate policies prevent 
communities from adopting effective land management 
practices and deter investment in restoration efforts [13]. 
Remote sensing technologies, utilizing satellite data, offer a 
powerful tool for monitoring soil and vegetation quality over 
time [14]. These methods provide valuable top-down 
indicators that facilitate ongoing assessment and management, 
leveraging open data and platforms for efficient and 
continuous monitoring. Understanding temporal changes 
through these technologies is critical for guiding restoration 
efforts and ensuring the resilience of local ecosystems. 

This study showcases the application of remote sensing 
approaches through two case studies: the restoration process 
of a forest in Heraklion over the past decades and the 
transformation of agricultural land in Beit Lehem of the 
Galilee from a monoculture to a food forest model.  

II. METHODOLOGY 

A. Data Collection and Processing 
In this study, we conducted soil and vegetation analysis 

using remote sensing indicators derived from Sentinel-2 
satellite data. Sentinel-2, a multispectral sensor launched in 
2015, operates over the visible (VIS), near-infrared (NIR), and 
shortwave infrared (SWIR) ranges. It provides a spatial 
resolution of 10-20 meters and has a revisit time of 
approximately 10 days. Given our focus on long-term 
restoration processes rather than ongoing, short-term 
monitoring, this data is sufficiently detailed and temporally 
spaced for our analysis. 

To explore the long-term impact of the restoration 
processes, we utilized the full timeframe available from the 
Sentinel-2 dataset, spanning from 2015 to the present. We 
divided each year into four seasons—winter, spring, summer, 
and autumn—to capture seasonal variations. Due to the dry 
climate of the eastern Mediterranean, we allocated a shorter 
period to winter and a longer one to summer. For each period, 
we averaged all available images to derive our indicators, 
ensuring a comprehensive temporal assessment. 
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B. Indicators Selection 
We selected six indicators to provide a holistic assessment 

of the restoration actions over time. These indicators were 
chosen to represent various aspects of soil and vegetation 
health: 

• Normalized Shortwave Infrared Difference Index 
(NSDI): 

 NSDI = (SWIR1-SWIR2)/(SWIR1+SWIR2) () 

This index is used to detect changes in vegetation moisture 
and soil conditions by comparing the reflectance values in two 
shortwave infrared (SWIR) bands. 

• Soil-Adjusted Vegetation Index (SAVI): 

 SAVI = ((NIR - Red) / (NIR + Red + L)) * (1 + L)  () 

This index enhances vegetation signal in areas with a 
significant soil background by incorporating a soil brightness 
correction factor (L). This index is useful for assessing 
vegetation health and density, especially in areas with sparse 
vegetation. 

• Plant Senescence Reflectance Index (PSRI): 

 PSRI = (Red - Blue) / Red Edge2  () 

Indicates the presence of senescent or stressed vegetation. 
It is particularly useful for monitoring plant health and 
identifying areas undergoing vegetation degradation. 

• Structure-Insensitive Pigment Index (SIPI): 

 SIPI = (NIR - AER) / (NIR - Red) () 

Assesses the concentration of pigments in vegetation, such 
as carotenoids, which are sensitive to changes in plant health. 
This index helps in detecting changes in vegetation structure 
and pigment concentration. 

• Normalized Difference Infrared Index (NDII): 

 NDII = (NIR - SWIR) / (NIR + SWIR) () 

This index measures vegetation water content and is 
sensitive to changes in leaf moisture. NDII is effective in 
detecting drought conditions and assessing the water status of 
vegetation. 

• Normalized Difference Water Index (NDWI): 

 NDWI = (NIR - MIR) / (NIR + MIR) () 

Identifies water bodies and monitors changes in water 
content within vegetation. It is useful for assessing the 
availability of water resources and the impact of restoration 
activities on water retention.  

a) These indicators, summarized in Table 1, were 
chosen to provide a comprehensive view of the soil and 
vegetation conditions in the study areas.  

TABLE I.  INDICATORS 

Index  
Index Data 

Purpose Range Notes 

NSDI 
Normalized Shortwave 
Infrared Difference 
index 

(-1) - (1) SWIR1 - Band11,  
SWIR2 = Band12 

SAVI Soil Adjusted 
Vegetation Index (-1) - (1) L = 0.5 

PSRI 
Plant Senescing 
Reflectance Inde (-1) - (1) RED EDGE2 = 

Band5 

SIPI Structure Insensitive 
Pigment Index (0) - (2)  

NDII Normalized Difference 
Infrared Index (-1) - (1) SWIR1 = Band11 

NDWI Normalized Difference 
Water Index (-1) - (1) MIR = Band12 

 

While all indices mentioned were examined during the 
analysis, only NDWI, SAVI and PSRI are presented in the 
paper, as they most effectively capture two critical aspects of 
soil quality assessment: the ability to retain water and support 
vegetation growth. These indices were chosen for their strong 
correlation with the study's focus on evaluating the impact of 
restoration activities on water content and vegetation health, 
making them representative of the overall trends observed. 

C. Case Studies 
The first case study focuses on the restoration process of 

the Heraklion Forest. This area, designated as a national park, 
has been managed and replanted over several decades to 
regenerate its health and environmental impact. However, 
since Sentinel-2 data only spans from 2015 onwards, we lack 
baseline data for the earlier stages of the restoration process. 

The second case study examines the transformation of 
agricultural land in Beit Lehem of Galilee from a monoculture 
to a food forest model. This project is relatively new, and we 
have the complete time series from Sentinel-2. However, the 
food forest development occurred incrementally, with new 
land pieces being managed over time, complicating the 
assessment due to the limited spatial resolution. 

D. Comparative Methodology and Data Analysis 
To address the limitations in each case study, we adopted 

a comparative methodology. For each restored area, we 
selected a nearby, similar-sized area with comparable 
functionality but no restoration interventions. This allowed us 
to minimize environmental variables and use the non-restored 
(control) area as a baseline for comparison. We applied the six 
indicators to both the restored and comparison areas in each 
case study. The performance of these indicators was then 
compared between the restored and control areas, enabling us 
to assess the effectiveness of the restoration efforts. 

The results from the comparative analysis were presented 
to the principal investigator (PI) of the restoration projects. 
This collaborative step was crucial for contextualizing the 
findings and deriving actionable insights for future restoration 
strategies. By leveraging remote sensing technologies and a 
comparative approach, this study aims to provide a detailed 
assessment of long-term restoration processes in the 
Mediterranean region, contributing to the broader 
understanding of sustainable land management and ecosystem 
restoration. 

III. RESULTS 
This chapter presents examples from the findings in our 

analysis of soil and vegetation health using remote sensing 
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