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Environmental Monitoring in the Mediterranean:
The Ulysses Med Land Approach
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The ulysses project: overview

Customer: ESA
Program: EO Science for Society, MED Initiative
Dates: Phase 1: 2020-2022
Phase 2: 2023-2024
Extension: 2024-2025
Product: Soil Sealing Degree map
Area: Mediterranean basin (20 km strip)

Italy, France, Spain, Greece (overall country)
Years: 2018, 2019, 2020, 2021, 2022,2023, 2024
Partners: Planetek ltalia (prime), ISPRA and CLS (subcontractors) Degree of soil sealing
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The ulysses project: definitions

Soil sealing is defined change in the nature of the soil leading to its impermeability

3

- o llz= = 4 ]1

I
I
I
i

= o EN b BN SE iam 55 EX == i mm |#] > THEEUROPEAN SPACE AGENCY



A totally automated process

INPUTS

Satellite Imagery

Sentinel-2 L2A time-series
(2018-2024)
10 m spatial resolution

CORE OBJECTIVE

Develop a standardized, highly accurate
methodology to monitor coastal soil sealing
using free, accessible Copernicus
satellite data.

Supporting datasets for
atmospheric correction,
masking, and validation
(e.g., DEM, LULC, NUTS)

o INGESTION &
PRE-PROCESSING

= |- _Tile n (Yeary)|

Raw S2 L1C data
transformed to L2A and L3.

Time-series ingestion for Tile 1
through Tile n (Year y).

Ancillary Data R

l

0 INTERMEDIATE GENERATION

%

Built-up classification
mapping and QA refinement.

©

KEY CHARACTERISTICS

10m
Spatial Resolution

10 meters
(10x10m pixel grid)

wot

Temporal Coverage

7 years of consistent
observations
(2018-2024)

——— " —— —>
2018 2019 2020 2021 2022 2023 2024

Degree

Degree

&
@) DEGREE PROCESSING
Degree
t Soll Sealing Degree
10 S— 10
Soil Sealing Degree Processing Automatic post-processing
(Steps 1 & 2) applied to all yielding the final multitemporal
intermediate data. Soil Sealing Degree product.
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Example of soil consumption
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Validation approach and metrics

OUR VALIDATION APPROACH VALIDATION RESULTS
Stratified Random Sampling OVERALL ACCURACY ERROR DISTRIBUTION BY IMPERVIOUSNESS LEVEL
Primary Sampling Unit (PSU):
3x3 window (30x30 m) o "
corresponding to 9 Sentinel-2 Overall Accuracy - 85% of all errors occur
posim(fim): - 0 in samples with actual
Th:f; buffer analys§ speC|.f|c§lly > o 4 imperviousness <30%.
mitigates geometrical shift issues. 0
. ; % 30 Errors at medium to high
co s Seeonaaty Samplingpkc Ul 8 Commission Errors: 5 levels are minimal.
e s oo | Highlydense30x30 grid Extremely low (14.2%). : * 2
se 00 (900 points) contained 1
within each PSU. g 10
Statistical Correlation: i . -
Method: Strong regression correlation @ 0 —
@ Blind photointerpretation of SSUs (R2=0.77). ;% (1, 1) (11,21) (21,31) (31,471) (41,51) (51,61) (61,71) (71,81) (81,90} >90
across multiple Mediterranean Slope = 1and intercept =0 3 Degree of imperviousness (ground truth)
Koppen-Geiger climate zones. indicating high agreement §
D PSU (30x30 m) with ground truth. é Key Takeaway: Sentinel-2's 10 m resolution is a physical sensor limit
Calculation: > 0 1 for detecting small, highly isolated features (e.g., narrow dirt roads,

small sheds, thin tree canopies) — not an algorithmic failure.

The count of impervious points +++ SSU (900 points)
= inside each PSU determines its true 4
ground-level degree of imperviousness.

Predicted Soil Sealing Degree

RELIABLE, OBJECTIVE Htigh oveteretx.ll:ccluracy and t /}) M(:st errc.)lrs cci.nce:\trated @ Methodology ensures objective,

strong statistical agreemen in low soil sealing levels i

AND ROBUST PRODUCTS g 9 I I I gt g reproducible and transferable
0).

with ground truth. validation across regions.
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Soil Sealing Maps product specifications

[D] SOIL SAILING MAPS

Content

Soil Sealing Degree

Spatial resolution and
coverage

Pixel resolution 10m,
grid to fully conform to
the Sentinel-2 images

Accuracy, Constraints

90% overall and 85% in
both producer and user
accuracy

Geographic coverage

20 km buffer landward
from the coastline of
Mediterranean basin

Minimum Width of
linear features

NA

O

Accuracy assessment
approach

Stratified random
sampling

= =T = 4= =

Input data sources

Sentinel-2 time series
and other ancillary data

Coordinate Reference
System

European ETRS89 LAEA
projection

Frequency

1 per year from 2018 to
2024

Delivery/Output format

Geotiff raster data
format

Methedology of
classification

Deep and machine
learning classification
using features extracted
from Sentinel-2 data, in
particular: biophysical
properties, Pantex data
as well as coherence
and speckle divergence
information
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Metadata

XML metadata files
according to INSPIRE
standards
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Data type

Unsigned 8-bit

Ly

Availability

Raster data
downloadable from the
project website. The
data will also be
availakle from a
dedicated online
dashboard for
visualization and geo
analytic analysis

Quality Control Process
Applied

Product Scale
(image/mapping
products)

110000

<=/->

Raster coding

0: non-sealed areas
1-100: sealed area,
degree
of soil sealing values
254: unclassifiable
(clouds, shadows etc.)
255 outside AOI
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SOIL SEALING ANALYTICS

Content

Sealing Percentage
(buffer 500 m, Tkm, 2
k)

Area

20 krn buffer landward
from the coastline of
Mediterranean basin

(MELD)
Country-level ([taly,
France,
Creece, Spain)

- o llz= = 4 ]1

Format

CWE

i

Years

From 2018 to 2024

Sealing trend in 2018-2023 period

Sealing percentage by region

Sealing in coastal buffer zone 500m [l Sealing in coastal buffer 1000m

Sealing in coastal buffer 2000m [ Sealing in river buffer 500m ] Sealing in river buffer 1000m

[ Sealing in areas below 200m elevation
Sealing in high landslides risk areas
Sealing in very high landslides risk areas
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[l sealing in areas at 300-600m elevation
Sealing in low landslides risk areas

Sealing in high risk seismic areas

Sealing in areas above 600m elevation

Sealing in medium landslides risk areas

Sealing in very high risk seismic areas
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% THE EUROPEAN SPACE AGENCY



Implemented indicators for Medland

(20 km buffer from coastline)

Soil consumption

Soil consumption in coastal areas

(buffers from coastline: 500 m, 1 km, 2 km)

Implemented indicators for

Italy, Spain, France and Greece

(regional and national level)

Soil consumption in river buffer zones

(buffers: 500 m, 1 km)

Soil consumption for elevation classes
(3 different classes)

Soil consumption in landslide hazard zones

(4 different classes)

Soil consumption in seismic hazard
(2 different classes) — Italy only

— - =
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ISPRA suggested the set of indicators

based on national reporting needs and operational experience,
ensuring relevance, comparability and applicability.
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Outcome

A consistent, accurate and reproducible
Soil Sealing Degree baseline to support
land monitoring, policy making and
sustainable land management across
the Mediterranean.

User-driven
and co-designed

Aligned with
reporting needs in Europe

Transferable to
Mediterranean
countries in Africa

Relevant, consistent,
comparable over
space and time
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Indicators & time series analysis

1. PIXEL VALUES 2. AGGREGATE SEALED AREA 3. NORMALIZE BY TOTAL AREA
inside the area (AOI) (sum of pixel % x pixel area) OF THE AOI

: ) Sealed area (m?)
Z (Pixel % x Pixel area) mP | |ndicator (%) = x 100

Total area (m?)

i=1..n pixels
\ v . J
s N s N
Total sealed area Sealing Indicator
inside the AOI for the area
(m?) (%)
3 J e J
- EXAMPLE \
- X X 50% = 1,000 m? Total area of AOI # Indicator = 10%
1 sealed = 10,000 m? "
20 pixels Pixel area Sealing percentage
with 50% sealing =100 m? per pixel
Sealing percentage per pixel
[ B
0% 50% 100% 10
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oil sealing products

1
SOIL SAILING MAPS ) SOIL SEALING ANALYTICS

i 3 Venia e
vore: % 2k s A o) Zagreb < . Hide St:
N % e Total sealing
- 2 % Osyek
e o ~ > Rijeka
T Nmssanara o) 5 M 0 to 2 (25%)
Paree: Bplogna
3 Gﬂ“‘uw‘ “xigs disan Hrvatska Sk 2 to 3 (20%)
ot ol A et b A 3to 5 (45%)
p Fitenzes Ancona
WY n 5 to 6 (10%)
vy Mostar
“Grogseto
bt Sealing trend in 2018-2023 period
R Sealing percentage by region Sealing in coastal buffer zone 500m [l Sealing in coastal buffer 1000m
Sealing in coastal buffer 2000m [l Sealing in river buffer 500m [l Sealing in river buffer 1000m
[l Sealing in areas below 300m elevation [l Sealing in areas at 300-600m elevation Sealing in areas above 600m elevation
sealing in high landslides risk areas Sealing in low landslides risk areas sealing in medium landslides risk areas
Sealing in very high landslides risk areas sealing in high risk seismic areas sealing in very high risk seismic areas
Pq}c{mo
Sealing in
Sy «coastal
[buffer
tantine b~ restee
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Demonstration activities

ENGAGEMENT AND OUTREACH DEMONSTRATION EVENTS
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Webinar - 5 February 2025

~20 organizations contacted

Italy - Ecomondo Side Event

6 November 2024, 14:00 - 15:00
Sala Gardenia Pad.D7, Ecomondo

Local, regional and national authorities,
especially those in charge of water policy at
the level of urban agglomeration and basin
agencies (3)

Le coste del Mediterraneo viste da satellite.
Dal progetto Ulysses I'evoluzione del grado di ECOMONDO
impermeabilizzazione del territorio costiero o cant St o ey

Research laboratories (1)
Space agencies (1)
Private companies (1)

Positive feedback

Participants expressed interest in 5 £ X
strengthening the link between soil . EWRA 2425

sealing and artificialisation.

Greece — National Meeting
Participants:

« EEA
* Municipality of Athens

Key questions focused on possible
overlaps and differences in the
interpretation of these two types
of information.

19 September 2024

Location: Municipality of Athens

Presentation of Ulysses platform
and results to national and local

+ Occitanie Region

e —— CES e 2 () United | 2208 wourwrow s oo -] «  Municipality of Malta
Communication and visibility e i X Nations| & stileloldars: il
@}1 The project was presented and [ Ve sToees * PAF/RAC

promoted through international + NEREUS

events and platforms, reaching

a wide audience and fostering Nice, France |9 Jone - 13 e 2005

new collaborations. ; g
BUIldll‘lg connections, f Strong interest from public authorities Demonstration activities fostered Ulysses results showcased in key
shar ing knowledge, @ and agencies working on water, land '@‘ dialogue, validated user needs events, increasing visibility and
driving impact and coastal management. and supported future collaboration. supporting policy relevance.
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Conclusion, future works and recommendations Eesa

Our maps provide a robust evidence base
to assess soil consumption

All algorithms are transferable and scalable
across countries and over time

Open and readily Applicable to Replicable for
available data other countries future years

* FUTURE WORK —— = 3 KEY RECOMMENDATIONS FOR THE CONFERENCE ORGANISERS o———

@ 2 ©

We are working on producing ISPRA soil oMo /
consumption indicators from higher t_’ !1!!
resolution inputs, using the new IRIDE
constellation data at 3 meters. Ensure a continuous dialogue Support.the use of Earth Foster the expansion of
with ISPRA to align Earth Observation to strengthen these maps to more regions
Observation to operational statistical offices and and countries
needs policy making

= o BN bm B SE am IE == @ mm [%] > THEEUROPEAN SPACE AGENCY



	Slide 1
	Slide 2: The ulysses project: overview
	Slide 3: The ulysses project: definitions
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10: Indicators & time series analysis
	Slide 11: Soil sealing products
	Slide 12: Demonstration activities
	Slide 13: Conclusion, future works and recommendations

