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Development of an RF model 
to generate a vulnerability 
map to land degradation using 
PRISMA indices and 
functional traits

EXPLORING THE USE OF PRISMA HYPERSPECTRAL DATA TO DETECT AREAS 
VULNERABLE TO LAND DEGRADATION IN MEDITERRANEAN FORESTS

Introduction: Land degradation is a serious concern for Mediterranean forests that are affected by frequent drought and heatwaves. Especially in coastal areas, the synergistic 

effect of climate conditions and anthropic pressure can reduce forest resilience, thereby trigger degradation and deplete the local natural resources. Developing advanced remote 

sensing tools able to rapidly and accurately identify emerging degradation can be crucial for designing successful monitoring and intervention strategies. We investigated the use of 

PRISMA hyperspectral satellite data to detect early warnings of land degradation, particularly those related to forest health, by analyzing spectral indices and vegetation functional 

traits through the Random Forest (RF) algorithm. Results show the capability of PRISMA data, analyzed with appropriate ML (Machine Learning) techniques, in early detection of 

Land Degradation phenomena and their value in accurately estimating the entity of damage on ecosystems by also evaluating post-damage recovery from disasters on natural forests.

Objectives:  

➢ Optimize clustering and classification procedures for PRISMA data, including Deep Learning algorithms
➢ Estimation of the functional attributes of vegetation, also defining an optimal set of PRISMA spectral indices for vegetation
➢ Downscaling LST to the  PRISMA GSD (30m)
➢ Define an optimal set of LE (Landscape Ecology) metrics for assessing the ecological stability of ecosystems through PRISMA-derived products
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In-situ data: gathered according to an 
Elementary Sampling Units (ESU) scheme that 
accounts for the spatial resolution of the 
PRISMA sensor by carrying out measurements in 
30x30 m2, including 5 transects each of 10 m

❑ LAI-2200 instrument was used to measure 
LAI, FAPAR and FCOVER

❑ Dualex sensor used for LCC values, with leaf 
disks collected for further lab analyses

Study area: Coastal forests of 
the Metaponto Plain in Italy (Lat. 
40° 22.241'N, Long. 16° 48.811'E), 
a tourism area and a specialized 
agricultural district where 
frequent wildfires are the main 
problem that can trigger land 
degradation. Furthermore, land 
use/cover change and tourism 
pressure are causes of serious 
forest conservation issues

PRISMA dataset: 29 L2D-PRISMA images (2023-2024)

RF Input data
• PWR (canopy water content)
• LAI
• FAPAR
• FCOVER
• Red-Edge
• S2W (Soil Moisture content)
• Anthocyanin Reflectance 

(Index proxy to 
Anthocyanin)

• Carotenoids Reflectance
• (Index proxy to 

Carotenoids)
• Chlorophyll

Vulnerable areas

Not vulnerable areas

Early detection of land 
degradation phenomena

NP MPS (ha) GYRATE (m) SHAPE FRAC ENN (m) IJI  (%) COH.  (%) SHDI SHEI
5322 1.4051 29.4036 1.3832 1.0712 51.2415 N/A 98.36 0.473 0.682

PRISMA Land Cover classification map up to the 5th level of CLC

Excessive use of mechanization 
in agriculture → badland areas

Soil salinization

1 Urban areas
2 Water bodies
3 Arable land
4 Vineyard
5 Tree crops
6 Eucalyptus forests
7 Oak forests
8 Maquis
9 Aleppo pine forests
10 Hygrophilous forests
11 Beach
12 Photovoltaic areas
13 Greenhouse
14 Fallow
15 Vegetable crops

A large portion of vulnerable zones falls within forest areas affected by repeated wildfires 
exacerbated by the continuous expansion of the WUI (Wildland Urban Interface) because of the 
continuous growth of commercial and residential areas fueled by tourism expansion

Conclusions
➢ Analyze the fragmentation levels of vulnerable (hotspot) and non-vulnerable areas through landscape metrics is crucial because the increasing number of hotspots may raise the 

likelihood of degradation processes at the local scale, and the buffering effect of non-vulnerable areas may be less effective on larger hotspots, promoting a negative spiral toward 
the consolidation of land degradation processes

➢ Our approach is effective in detecting areas vulnerable to land degradation, demonstrating strong performance. Key strengths include its parsimony, relying on a single image and a 
limited number of PRISMA features, and its interpretability, which enables the identification of underlying drivers of land degradation

Vulnerability
class

PLAND 
(%) 

NP MPS 
(ha)

GYRATE  
(m)

SHAPE FRAC ENN 
(m)

IJI   (%) COHESION 
(%)

Not vulnerable 81.8909 1510 4.0556 55.845 1.6463 1.093 45.2041 N/A 98.8197
Vulnerable 18.1091 3812 0.3553 18.9297 1.2789 1.0625 53.633 N/A 96.1797

Metrics at landscape level

Ecological Metrics computed on the simulated landscape composed of vulnerable and non-
vulnerable areas (only forest areas) falling in the Metapontum Plain

Number Land cover PLAND (%) NP MPS (ha) GYRATE (m) SHAPE FRAC ENN (m) IJI  (%) COHESION  (%) 
1 Urban areas 5.155 11114 0.812 28.321 1.185 1.036 119.228 56.895 92.876
2 Water bodies 0.215 1082 0.348 22.553 1.101 1.024 329.760 73.309 73.076
3 Arable land 29.640 20380 2.545 36.082 1.304 1.048 79.982 56.833 98.389
4 Vineyard 2.745 21901 0.219 19.790 1.110 1.026 107.073 46.073 54.174

5 Tree crops 42.887 16287 4.609 31.938 1.277 1.043 74.358 71.512 99.796
6 Eucalyptus forests 1.391 5420 0.449 23.987 1.171 1.034 122.913 59.738 81.433
7 Oak forests 0.918 3900 0.412 24.333 1.169 1.034 133.801 60.168 76.602
8 Maquis 1.410 6253 0.395 24.145 1.173 1.035 123.368 64.248 76.908
9 Aleppo pine forests 4.258 6299 1.183 26.875 1.174 1.034 116.932 71.709 94.688

10 Hygrophilous forests 2.794 9645 0.507 25.218 1.173 1.035 122.186 60.475 83.797
11 Beach 0.216 306 1.238 60.523 1.289 1.038 380.743 42.355 93.916
12 Photovoltaic areas 0.114 263 0.759 28.497 1.136 1.032 594.397 70.299 77.281
13 Greenhouse 4.996 9300 0.940 29.195 1.171 1.035 127.973 56.069 86.194
14 Fallow 2.120 13946 0.266 20.482 1.116 1.027 119.921 44.360 64.505
15 Vegetable crops 1.142 7583 0.263 21.016 1.129 1.029 139.304 52.794 61.901

Fragmented landscape reflecting the 
predominantly Mediterranean biogeographical 
matrix, with low-hill areas and coastal zones

Non-vulnerable areas account for over 80% of the investigated landscape, with a smaller number of patches (1,510) and an average patch size exceeding four hectares.

In contrast, vulnerable areas are more fragmented and have smaller average patch sizes (MPS ≈ 0.36 hectares). From an ecological perspective, the higher compactness value (Gyrate) 
observed in non-vulnerable areas compared to those vulnerable to land degradation (~56 m vs ~19 m) is a positive indicator. Non-vulnerable areas also appear to have more natural 
configurations (as indicated by the Shape and Frac indices), a lower tendency toward isolation (ENN), and greater cohesion (Cohesion).

Metrics at class level

Classification Report 

Class Precision Recall F1-score
Support

(Interconnected mosaics)
Urban areas 1 0.88 0.64 0.74 381

Water bodies 2 0.94 0.97 0.96 99
Arable land 3 0.58 0.5 0.54 1755

Vineyard 4 0.03 0.03 0.03 156
Tree crops 5 0.5 0.71 0.59 1438

Eucalyptus forests 6 0.42 0.61 0.5 136
Oak forests 7 0.34 0.67 0.45 45

Maquis 8 0.44 0.11 0.17 38
Aleppo pine forests 9 0.89 0.74 0.81 704
Hygrophilous forests 10 0.31 0.58 0.4 154

Beach 11 1 0.77 0.87 30

Photovoltaic areas 12 0.67 0.88 0.76 50
Greenhouse 13 0.79 0.77 0.78 1118

Fallow 14 0.39 0.11 0.17 693
Vegetable crops 15 0.05 0.09 0.07 222

MPS (ha) Gyrate (m) Frac

Accuracy is 
estimated using the 
validation map, and 
the vulnerability map 
is then generated

Tree number

Input Prisma data

Training and Validation
maps

Out of Bag error and Variable importance

Optimize

Estimation of Land 
Degradation Vulnerability with 

Random Forest

Model Building

Critical areas
Low vulnerability
Not vulnerable
Not forested

Land degradation is defined as the many human-caused processes that drive the decline or loss in biodiversity, 
ecosystem functions or ecosystem services in any terrestrial and aquatic ecosystems (IPBES, 2018)

Vulnerability is the susceptibility of a system to the negative impacts of land degradation

The vulnerability map effectively highlights areas vulnerable to land degradation (red pixels), which can be reliably interpreted as zones impacted by recurrent wildfires, saltwater intrusion, and anthropogenic pressure, as confirmed by fire 
inventory data, reports from scientific projects, and field visual inspections and orthophotos. Fifty decision trees in the RF, along with the full feature set, allowed to achieve an OA of 85%, as estimated on the validation map.

Results

Vulnerability map

LST@30m reconstructed with PRISMA NDVI 
and MODIS LST
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