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Survey of novel technologies monitoring across

p a rtn e rs 9 pcl_g;dcdt\,/gﬂgg = EUROPEAN PARTNERSHIP
®* Deployment state / interest
®* Targeted taxa and EBVs ity depsion b

®* Challenges and constrains

Series of webinars on novel technologies for
biodiversity monitoring

®* Image-based approaches
®* Environmental DNA

® Bioacoustics

® Sensor networks

¢/ More webinars to come, stay tuned!

@ biodiversa+

European Biodiversity Partnership



Webinar agenda ‘17

1. Introduction of the webinar and speakers.
2. Presentation by Maria J. Santos (University of Zurich & OBSGESSION).

3. Presentation by Sara Wiman (Biodiversa+ Habitat pilot coordinator,

SEPA, Government of Sweden).

4. Questions / debate.

@ biodiversa+
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Red and Photographic Infrared Linear
Combinations for Monitoring Vegetation

Compton J. Tucker \
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BOX 9.2
Converting Radiance to Plant Productivity

Jordan (1969) was the first to use a ratio of near-infrared and red radiation to estimate biomass and leaf area index
(leaf area/ground surface area) in a forest understory. This study was quickly followed by application of near-infrared/
red ratios to estimate biomass in rangelands (e.g., Pearson and Miller 1972; Rouse et al. 1973, 1974; Maxwell 1976)
and was extended by Carneggie et al. (1974) to the Earth Resources Technology Satellite (ERTS-1) observations of
seasonal growth, which showed that the seasonal peak in the near-infrared/red ratio coincided with maximum foliage
production, thus effectively tracking the phenological cycle.

Rouse et al. (1974) introduced a spectral index, a normalized ratio that reduced illumination differences and other
extrinsic effects by dividing the difference of the two bands by their sum, a ratio adopted as the normalized difference
vegetation index (NDVI). A landmark paper by Tucker (1979) established linear relationships between vegetation spectral
indices (ratios of visible and near-infrared bands) to leaf area and biomass. Following this paper, vegetation indices
rapidly became an established method for analysis of plant biophysical properties using laboratory, field, airborne, and
Landsat data. Today, nearly 2,000 papers have been published using the NDVI, and nearly 6,000 have used some type
of vegetation index to study vegketation. These early studies established that red and near-infrared satellite bands could
track changes in plant growth and development.

NDVI




Earth Observation

a wealth of Earth Observation platforms

detailed monitoring of ecosystems, plant
communities, and even some species

ecosystem functional relationships among
plant traits: e.g leaf mass area (LMA), total nitrogen
content, and leaf area index (LAI)

physiological processes: photosynthesis,
transpiration and respiration and stress
detection

plant and soil biophysical properties:
canopy and soil temperature and emissivity,

* chlorophyll fluorescence

* biogeochemical contents like photosynthetic
pigments (e.g., chlorophylls, carotenoids, and
phycobiliproteins from cyanobacteria),

» water, cellulose, lignin, and nitrogeninfoliar
proteins

surface topography and structure, and 3-dimensional

canopy properties: height, area, vertical profiles, and gap
structure

[Ustin and Middleton et al. 2021, 2024]

University of Zurich |
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[Santos et al. 2018.]




Observation and Water Resource Management in Africa - The Canadian RAD




Land Cover and Ecosystem Extent

Summary of Challenges

Limited availability of value-added products. These include Essential
Biodiversity Variables and other derived products that would advance
ecosystem mapping and monitoring.

Combining data from different types of sensors. Although sensors of
different types have complementary characteristics needed to discriminate
ecosystems, availability of such “fused” products is very limited.

EO data accessibility, usability and technical capacity of users. Technical
capabilities (both knowledge & infrastructure) to process and utilize EO data
is often limited.

Ecosystem condition. Condition can affect the ecosystem characteristics
used to discriminate ecosystems and thus complicates mapping.

Reference data for training and validation. Insufficient reference data is
often the biggest limiting factor to mapping ecosystems.

All Types of Sensors

Ecosystem

“Best” Type Trait Traits
Group
Radat & Height > X’ m Trait 1
adar

Lidlig Structure Trait 2

Trait 3

(Multi- &) Trait 4

hyper- s Function §NPP >'y't C/ha/yrTrait 5

spectral Trait 6

(Multi- &) Species x+y Trait 7

hyper- e Composition Species a+b Trait 8
spectral

Trait 9

» Ecosys 1

Ecosys 2

EO is only one of many
sources of traits

Scale. The characteristics of ecosystems vary depending on the scale being
observed, some being found at a local scale while others are at the
landscape scale.

[Geller et al. 2023. USGS Report, White Paper to CEOS]

University of Zurich |

Committee on

Earth Observation Satellites
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biodiversity intactness

[Newbold etal. 2018]

University of Zurich | 20/11/2025 | 9



Essential Biodiversity Variables
An organizing framework
Some can be directly measured,
calculated or modelled using EO

n Genetic Composition

Scenarios for biodiversity
& ecosystem services (e.g. for IPBES)

0

Ecosystem-service
valuation & other data

Ancillary aﬂnbutes
(slow changing)

Observations
of drivers &
pressures

Observations of policy
& management
responses

Genetic composition  Community composition

Community Composition

H Ecosystem Structure

n Ecosystem Function

University of Zurich |

[Pereiraetal. 2013, Skidmore et al. 2021]
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In-situ observations (incl. datacube ..,
citizen Science) b XY1 XYz XY3XY4XY5XY6 XY7 XYa

Calibrate g z

2 sp,

& S w,

H [ P,
validate .

Remote sensing observations

(space, airborne, experimental) ‘
|

Pre- In-situ & RS-enabled
processing biodiversity products

generation

Model conversion/
development

Re-
formatting

Product/algorithm
benchmarking

o

EBV-enabling data cubes

Biodiversity products

In-situ & RS-enabled \

biodiversity data cubes

(time series products)

EBV-enabling datacubes

formatting J

g \

University of Zurich | Funded by UK Research
the European Union and Innovation

Qote: called metrics in EuropaBON /

EBV datacubes
Time shice f, Time slice t,
EBVname Transferto
assignment (1:N) other WPs
B -, g
Metadata & =
data standard
Biological component Biological component
EBV data
distribution
&
visualization
Schweizerische Eidgenossenschaft 20/11/2025 ‘ 11
c Confédération suisse

Confederazione Svizzera
Confederaziun svizra



biodiversity process
understanding

Influences of evolutionary and biogeographic
legacies on ecosystem functioning

Changing global distributions of plant
functional traits and trait diversity

Environmental

Qg :im?ringr &
Ecosystem resilience to global change

Remote
sensing

Past and present human modifications of the
it o - | £ land and their consequences

‘ A4 » Inferring below-ground processes from
o -yl AN above-ground information

.......
»

Chemical Modelling

analyses

[Cavendar-Bares, Schneider, Santos et al. 2022]

Phylogenetic
analyses

Genetic and
microbial analyses

Natural history and Experiments
population analyses

Framework to integrate in situ and remote sensing to monitor

and understand biodiversity
University of Zurich | 20/11/2025 | 12
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Imaging Spectroscopy

Single Band Multispectral “Hyperspectral” \

Spectral
Bands
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University of Zurich
Source: Lucas van den Bosch, https://commons.wikimedia.org/wiki/File:Mono,_Multi_and_Hyperspectral_Cube_and_corresponding_Spectral_Signatures_modified.svg, CC BY-SA 4.0
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Imaging spectroscopy e
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Optical properties of plants
are captured in the measured signal

RS: Optical Type

----------------------------------------------------------------------------------------------------

Vegetation
structure

Biochemistry & |
Physiology |

Phenology

Optical Type:

functional categories accessible from remote sensing

' [Ustin and Gamon. 2010. New Phytologist]
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The hierarchical organization of plant diversity

s s s that results from their evolutionary history
enetic Composition e e
Clades

similarity of organisms

Species
'ml
NIR SWIR S
Experiment 1: Multiple genotypes and Experiment 2: Many species within the oak
populations within a single cak I QEnUSs grown in a common greenhouse

environment.

species grown in a common garden.

L2

500 1000 1500 2000 2500
Wavelength
Spectral properties of leaves differ Partial least squares discnminant analysis
among taxa. (PLS-DA) reveals that all parts of the spectra
o000 contribute to accurate classification of taxa,
: P : -
* 31 /\ i L %
.,
o . T e ‘) V=
University of zurich | [Cavendar-Bares et al. 2017, 2018, Townsend et al. 2014] !
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https://doi.org/10.1016/j.rse.2022.113338

B¥ Genetic Composition

Decadal time series

Laegern temperate forest, Switzerland.

Pearson correlation between
Spectral-Genetic Similarity =
partial Mantel correlation coefficient
between genetic (Nei’s) distance and
spectral (Euclidean) distance of trees

and

values of environmental variables

Significant correlation
|  [s-0.4;204] _|
| |

T
Insignificant correlation
(-0.4 -0.4)

different under stress

Different beech genotypes “look”

Lycwse
DLSF

CGVPDD | . - il N = TN |
CGDD B B .9 _ S ! "' ]
11VPD FE El [
11TMP

VPD E
T™P BN =
400 600 800 1000 1200 1400 1600 1800 2000 2200 2400

Wavelength [nm]

Dry conditions, late in the season, are most interesting:

CGVPDD = Cumulative Growing Vapor Pressure Deficit Days

CGDD = Cumulative Growing Degree Days

11VPD = Vapor Pressure Deficit previous 11 Days
VPD =Vapor Pressure Deficit at time of acquisition

TMP = Temperature at time of acquisition

University of Zurich | [Czyz et al. (2023) doi: 10.1016/j.rse.2022.113338]

Reflectance [%]
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https://doi.org/10.1016/j.rse.2022.113338

Evolutionary and biogeographic legacies

a Major phylogenetic clusters

41 408 171 410
Gross primary productivity (gC m2y™)

Major
phylogenetic
clusters

b 0 206 0 218
Tree species richness (ha™)

— Tropical biome  Australasia

0 41 2 42
Canopy height (m)

Probability density

132 309 163 239
Leaf nitrogen (mg g™')

7.3 216 83 13.9
Specific leaf area (mm? mg™)

0.47 068 0.47 0.68
Wood density (mg mm™)

University of Zurich | [Cavendar-Bares, Schneider, Santos et al. 2022] 20/11/2025 | 20






n Species Pqulation S tracking invasion with imaging spectroscopy

-HyMap -HyMap -HyMap -AVIRIS -AVIRIS -AVIRIS - AVIRIS
- ASD - ASD - ASD - ASD - ASD - ASD - ASD

- 8 species - 6 species - 15 species 32 species28 species- 12 species- 28 species
- 4 natives - 4 natives - 13 natives- 30 natives24 natives- 11 natives- 27 natives
-4 |AS -2 1AS - 2 IAS -2 1AS -4 |1AS -1 IAS -1 1AS

(F A / ‘ ‘ st .‘,,- 2 R
University of zurich |[Hestir et al. 2008, RSE; Santos et al. 2012. New Phytologist, Santos and Ustin 2018, IGARSS] 11/20/2025 | 22



n SpeC|es POpUlatlonS tracking invasion with imaging spectroscopy

Timing of phenologic cycles

« Timing of data acquisition: after the peak of the growing season -
greater separation of the invasive plant species and native species.

* Time series: enhanced using multiple-date data, particularly by
combining data from different seasons

Growth forms

» Detection is best when invasive and native species have different
growth forms.

* In cases where the growth forms of invasive and native species are
similar, differences in size and density of invasive species vs. native
contribute to detection.

Imaging spectroscopy

* ISinthe onlyimagery that can capture differences in concentrations
of plant pigments, canopy water, and canopy dry material and

differences in soil properties

University of zurich | [Hestir et al. 2008, RSE; Santos et al. 2012. New Phytologist, Santos and Ustin 2018, IGARSS] - 111202025 | 23



n Species Populations tracking invasion with imaging spectroscopy

Native IAS
Optical types of native and IAS species: are they separable?
B
@
S
(&)
m@acrophytes é«
S
=

University of Zurich |[Santos et al. in prep]



B Species Populations

e Y S ————— - D T I

Douglas fir Honey locust Japanese cherry Norway maple Red maple Western redcedar

a b

[Hell et al. 2022]

University of Zurich | 11/20/2025 | 25



EY Species Populations

D Study Area

Mangrove

@ Field Survey Plot

1
6,000 Kilometers

T — 50 Kilometers
0 500 1,000 2,000 Kilometers

[Kwon et al. 2025]

10 Kilometers







Y Species Traits

Leaf morphology Photosynthetic capacity

Functional diversity

...the value and distribution of traits
among organisms that simultaneously
influence their individual fitness and
ecosystem functioning...

plant floristic and functional composition
cantrack one another in space and time

Root morphology

N
.y .
e | 4 )

University of Zurich | 20/2025 | 28



Y Species Traits

Approaches to detect and quantify foliar traits

1. Statistical 2. Radiative Transfer Modeling
Indices Multivariate (PLSR) “ ' '
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Canopy Furictional Traits & Composition

[Asneretal. 2016]



Y Species Traits

: 1 7 ey == 3 i
Highlights ’ _ :4:::6 quantile
0.6 i
« We retrieve a set of 20 plant traits with a CNN model from canopy o 03
Y
spectra. 5041
o
g03{ i N
* The multi-trait model covers various ecosystems, vegetation types * o2
and sensors. i o
: - . : goy e 'R TR e
The multi-trait model outperforms partial least squares regression = s T = e
approaches. Wavelength (nm)

« Despite sparsity, data heterogeneity facilitated high retrieval
performance.

« Data sharing and collaboration advances the development of
transferable models.

University of Zurich | [Cherif et al. 2023] 11/20/2025 | 31



Y Species Traits

Area based trait correlation

0.8
LMA (g/m?)
N (mg/cm?) RRE
LAl (m?/m?) 017 -0.13 0.6
C (mg/cm?) REEEULE
Chl (ug/cm?)
0.4
EWT (mg/cm?)
Car (pug/cm?)
Phosphorus (mg/cm?) 0.2
Lignin (mg/cm?)
Cellulose (mg/cm?)
0.0

Fiber {(mg/cm?)

Anth (ug/cm?) 0.00095 0.021

NSC (mg/cm?) i
Magnesium (mg/cm?)
Ca (mg/em?)
Potassium (mgjcm?)
Boron (mg/cm?)
Copper (mg/cm?)
Sulfur (mag/cm?)

Manganese (mg/cm?) R

University of zurich | [Cherif et al. 2023]
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Traits measured with

vegetation indices:

« 30 indices for chlorophyll
and other pigments

« 20 indices for leaf area

 9indices leaf water content Leaf Area

« 29 indices lignin, cellulose
and salinity

2004-2008
2014-2019

Emergent and
riparian vegetation

University of zurich | [Santos et al. 2024]
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Y Species Traits
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Changing global distributions of plant functional
traits and trait diversity

6 d * Angiosperms 6 e » Angiosperm trees
» Gymnosperms N » Gymnosperm trees
« Pteridophytes ” ‘ » Herbaceous plants
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-- nity Composition
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‘B Community Composition

- ~® }’ nt
'h; ‘Q :’ Y 4 “ t e
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Spectral Varlablllty'HypotheS|s

variability inreflectance orn“spectral variability” of
an areais an expression.of spatial ecosystem
heterogeneity and therefore related to plant
dlver5|ty

D RIS R T R A S e e

D Slty metrics

Alpha diversity - local richness
Beta diversity = turnover in species composition

University of Zurich | [Feret and Asner 2014]

biodivMapR

An R package for a- and [3- dlversnty :
mapping using remotely-sensed |mages %

11/20/2025 | 37






Community Com

* shrub layer density
 medium-tree layer density
* pointamplitude

* relative biomass

University of Zurich | [Mueslund etal. 2019]

nosition

11/20/2025



Community Composition

Freshwater systems

- \\
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Community Composition
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Ocean Color

seaice

sea surface temperature
(SST)

sea surface height (SSH)
salinity (SAL)
chlorophyll a (Chl-a)
chromophoric dissolved
organic matter (CDOM)

University of Zurich |

> Sea Ice
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https://tos.org/oceanography/article/sate
llite-remote-sensing-and-the-marine-
biodiversity-observation-network-
current-science-and-future-steps
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Community Composition
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Community Composition

coustic sounding: deep ocean (

[Haris et al. 2021]






LIDAR







https://enterprise-insights.dji.com/blog/lidar-equipped-uavs
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Bl Ecosystem structure GE }

ECOSYSTEM LIDAR

WHAT IS ECOSYSTEM STRUCTURE?

Ecosystems can be characterized by their structure, function and composition. Together,
these aspects influence processes such as biogeochemical fluxes and properties such as
productivity, habitat quality, and biodiversity. Ecosystem structure refers to the horizontal and
vertical distribution of ecosystem elements and their interactions. For example, landscape
structure can be characterized by the horizontal distribution of canopy gaps within a forest.
On a more local scale, vegetation structure can be characterized by the vertical distribution
of stems, branches and leaves. GEDI provides high spatial and vertical resolution
measurements of ecosystem structure.

GEDI HAS THREE SCIENCE QUESTIONS:

1. What is the current state of Earth’s forest structure?
2. What will forest dynamics look like in the future?
3. How does forest structure affect habitat quality and biodiversity?

University of zurich | https://gedi.umd.edu/mission/mission-overview/ 11/20/2025 | 52



maximum height (H,,), foliage height diversity (FHD), and total plant

Ml Ecosystem structure  aeaindexien)
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Great Plains

ECOSYSTEM LIDAR

https://gedi.umd.edu/mission/mission-overview/



Bl Ecosystem structure

Grain size of 25-75 m:

* representative elementary area
* canopy arrangement

* canopy leafarea

* canopy complexity metrics

Grain size of 30-150 m:

* representative elementary area captures the REA
of canopy height metrics, but differences by type
of forest

- ‘-I

WREF

University of Zurich | [Atkins et al. 2023] 11/20/2025 | 54




SAR

Easting (m)




e
(3]
et

niversi

el -]




Blue-Dark violet: bare soils or flat

surfaces/grasslands whose vegetation is
smaller than 15to 30 cm

Green: Vegetation (leaves or branches)
larger than 15 cmto 30 cm

Other colors: artificial objects (houses,
power lines, fences, street furniture, signs,
traffic lights...)

University of Zurich |
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H Ecosystem structure Hidden features in the landscape

Taiga Transition zone
between taiga and tundra Tundra
Low diversity in spatial Diverse spatial structure Low diversity in spatial 0.22
structure structure
— h
-0.28

A ey

- 0.1

0.08

|} 0.08

| 0.01

University of Zurich | [Schuhetal. 2022]
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H Ecosystem structure Hidden features in the landscape

LCC DEM

University of Zurich | [SChUh etal 2022] 11/20/2025 | 59
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K} Ecosystem function

Present

1990s

1690s

10th BC

University or zuricn |

Modern Phenology

” A _d
N
= ~
S 2500 m

Modern
phenology stage

& -mm(—.r

Cutting-edge monitoring techniques

Development of phenology

as a discipline

_

Independent discipline Observational networks

¥

Planting

Agricultural phenology period

£ B A

Pest control Pruning Mowing

a

LG et al. 2023 https://doi.org/10.1080/07352689.2023.2210922
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n E CosySte m fu n Ctio n Airborne Prism EXperiment (APEX) sensor

AirbornelSData ~ %" A
= 2 m spatial resolution N Y sy
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resolution e

atamts " 2010-2016 & 2019 time
D series
= Used: 2010, 2012 and S
2013
&
= 2010:8:34-11:12
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. 2013: 9:11 - 10:56 Legend

2010 a2 014 18

University of Zurich | . .
[Ruter et al. in review]
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Ecosystem function
Guided super-resolutlon

Ground Truth
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M Ecosystem function

1st 666 km 1250 kg 12 m

P-band radar in space altitude IEES] diameter antenna
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K} Ecosystem function
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where are we going...

University of Zurich | 11/20/2025 | 68
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...we need

In situ and in silico data

Uncertainty budgets

Super resolution and multimodal integration

Central tendency methods:
missing out on the fundamentals of biodiversity - rarity and uniqueness

Full spectrum contributions to measures of biodiversity:
dimensionality identification

Causal mechanisms need to be better specified and drivers of change attributed

ojofofefs]-

University of Zurich | 20/11/2025 ' 70



BY in situ data

... limited geographical
coverage °

... missing in the areas holding
most biodiversity

| Ry=i% sampled pixells
I Cl biodiversity hotspots
Contextual intactness
Moo °

W os

W10

[Cavendar-Bares, Schneider, Santos et al. 2022]

University of Zurich | 20/11/2025 | 71



EY uncertainty budgets

Digital numbers

(OBSGESSION

University of Zurich |

Radiometric
calibration

Orthorectification

Spectral features
(PCs, Vls, Optical
traits)

Biodiversity
product

- Funded by

the European Union

Surface
reflectance

Spectral and
functional
diversity

UK Research
and Innovation

O

Radiance

Topographicand

atmospheric

correction
Species Vegetation
distribution models (e.g.,
models LPJmI-FIT

Schweizerische Eidgenossenschaft
Confédération suisse
Confederazione Svizzera
Confederaziun svizra

[Rossi et al. in prep]
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Layers of the Multi Scale Data Set

MSDS

1

\ [ | pRISMA
DESIS

AVIRIS - NG

Eesa

[Werfeli, et al. in prep., Rossi et al. in prep]

(OBSGESSION

University of Zurich |

RGB DESIS

Funded by
the European Union

R

DESIS Chlorophyll/carotenoid index (CCI)
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0.07

UK Research
and Innovation
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YRR

CCI uncertainty
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Schweizerische Eidgenossenschaft
Confédération suisse
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Spectral diversity(SD)

SD value

SD uncertainty

0 0.015
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Detection and attribution of biodiversity change

=3

alternative models lnking
drivers to hiodiversity variables

AV

causal

muode] 1

causal

maode]l 2

Hypothesized models as causal
(directed) graphs identifying the
direct and indirect effects of
driver vanables (black) on the
biodiversity response variable
(white). The dotted arrow
indicates dependency owing

to an unobserved variable.

University of Zurich |

observation

u
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1011100
data cubse

1000100

&

hiodiversity ohs,

sites

The process of collecting data
informed by hypothesized causal
miodels. The observations fill a
data cube composed of
biodiversity observations (e.g.
occurences, abundances) along
dimensions of space (e.g. sites)
and time (e.g. years). The cube
may be n-dimensional to include
multiple variahles.

=3

o iversiny

estimation

1 Chaclost
120 Empirical

1K
KO

40 2

- """‘--___.____

O 05 14 15 20 25 30
arder g

The process of estimating the
bindiversity variable to be
analysed for measures of
change in the next step.
Estimates are typically biased
50 clear measures of error and
uncertainty are required.
Smudies should report the
effort and coverage used.

—~

detection

D

trend estimation

current
distribution

historical
distribution

-1 0 1
change

The statistical detection trends
in measures of biodiversity
change. Detection may be
undertaken at a single site, or
across multiple sites. A
hierarchical model can
estimate the distribution of
trends and provide an overall
estimate of change across a
region.

Gonzalez A, Chase JM, O’Connor MI. 2023 https://doi.org/10.1098/rstb.2022.0182

\ causal
X AT model 2
¥ : T ;-l,‘*--"r W e @
2 Ol i .--
W i

The attribution step is conditional
on the initial cansal graphs.
Estimate the cansal contribution
of different variables via structural
causal modelling. We can
attribute a causal factor if it is
consistent with a causal model
that includes this factor and is
inconsistent with a model that is
otherwise identical but excludes
the factor.



Biodiversity:
generating innovations

- Understanding biodiversity is challenging

- It requires creative and novel ways t
ecosystem properties

- New data and technologies are. 0 el able this goal




Active partners Autonomous province of Bolzano (ltaly),

. = Croatia, Denmark, Finland, Czech republic, Sweden,
b l O d lve rSO + Slovakia, Flanders (Belgium) .

Contributors Catalonia (Spain), B
European Biodiversity Partnership ’ :

Biodiversa+ Habitat pilot: Habitat Mapping
and monitoring of condition indicators in
grasslands and wetlands




Habitat pilot - Review

@ biodiversa+

EUROPEAN PARTNERSHIP

Assessed the current remote sensing (RS) methods

for mapping and monitoring grassland and wetland habitats | N
across Europe. e ictetemiii o

« Analysis of >40 habitat mapping & monitorin
RS ymethods PPINg J

« Assessed strengths, weaknesses, and potential

apg!icability_in creating a continent-wide standard for
habitat monitoring.

« Significant variability in the approaches and
techr][qloglcal integration levels among the participating
countries.

« Collected information:
* Methods used in different countries
e Detailed description of some methods
* Input data — accessibility, quality and coverage

Workshops and field trips for capacity building B




Module 1 Review outcome: Proposed methods for testing
Report will be shared

1i-) natural

on of ploughing events in (

W
+ conversion of “historical grassland”

- Actual measurement = drop in NDVI andior FAPA  Potential case 15: Vegetation height and cover using UAV
University/MoE_DK)

for

entinel-2 data (SEPA)

confusion with drought and mowing can be avoide lata (Aarht

ial case 2: Valid n/training EU-Grassland Watch d: + Necessary input= training data (2018 up untill now
g I 2 A = Vegetation height and cover are some of the most important structural parameters
indicators bitats and objects/structures of interest are not well detect polygons with natural and semi-natural grassk for habitat condition assessment .
(Flanders) s EU x 10 meter pixels. Multiple implementations of super resol polygons with ploughing activities * These facors.sre theecty anagsable, Ls: menugeirient knows Which "iicbe o

turn” 1o improve condition

This method is based on UAV borne lidar and machine learning/deep learning
= Can map vegetation height and cover in 20-100 cm resolution - relevant for
Some finetuning per study-area needed everyday practical management Treas

Costs uncertain, nee

Processing by VITO

+  EU-GW indicators: i i i i - i
b R - using a single image are today available and its potential
* Intensification (mowing regimes, ploughing and bare soil detection) GRASS LAN D B " . . .
*  Abandonment (tree nr?d sgmb engm%nmin( arazina recime) ﬁ VATCH 1apping and delineation applications should be tested.

samn Qunae Danalbinn in @antinal 2 imanans aeine Sanae:

Potential case 4 (MoE_FI / SYKE): Showcase of
mappir ty monitoring of semi-natural
grassla plying and testing EU Grassland
Watch processes in boreal grasslands

ly lim

| Year

>otential case 5 (MoE_FI / SYKE): j
Netland s - f ~ spries datz onditio oy | |
Vetland hydrology - from time series data to condition ind Lalm&.E 3_\>4/‘ =

& OBJEEHIVE: 10 prepare accurate maps of
-— 2017 havitats, inciuding watiands, and to monitor |
their change in area and qualty

# IGpUL Gati: Sentinel-2 data 1 UAV data /

» Defining a set of simple hydrology indicators that can be derived ohophotomaps | Nstorical maps

" " . —_— sa!eni!adala o— . ot Nt \ "
The showcase aims to address both the grassland mapping (Module 1) and quality monitoring 5 that descril ingful aspects of wetiand hyd Potential case 12: Habitat Map of Sw ::m:‘mﬁf::l;‘::h’;‘a‘;’“'
(Module 2) questions availability for plants, open water extent, etc. Background dotocted changos is habi ang

Wall-to-wall vector map y since 2021, C  extend, identification of wetiand water
described in detail in three amu!es Inspiration can be . regime, identification of historical river
combination of the three. Most inleresting might be ] branches. diversity - hatspots identification

e The arassland mannina shawease aims ta include 30 anod-auality semi-natural arasslands © Simple statistical features extracted from time series (moist
inundated area)

Potential case 3: Hydrological condition of wetlands o Considering... ) classification of permanent grasslands (grass- & wella  # CoRsa: large training dataset is
(Flanders) ; & u  applicability '"}“""‘”‘e““"';id“’?‘:""df"" "Wi""sl Method needed for habitat automatic identfication.
anders) L] :rﬁgzﬁu;mgﬁxm) Inforriaion (usially daly mol 1) Orthimage segmentation & classification using eCogn "'-ﬂ::mans e e oot
correct topological changes
Hydrological cond|Wopen water?) as a principal indicator for waterlogged ® extracting meaningful signals from uncentain data? 2 ﬁ‘f,‘;";ﬁ‘n“’gé';'w"'m arable Iands A permarart gt
habitats 7140 and 30 ‘ 1 ®  natural variability of wetland hydrology seasonally and betwee 3). Classif, of permanent grasslands inlo 20 (grass- & wel
Cf. approach Aapa mires in Finland (Jussila et al. 2023) = o distribution maps for each habitat type, and then (i) c¢
- . R (10x10m) displaying mast likely habitat type. (Hub
g?agg@sﬁf‘ﬂ&gﬁ AT and delineations, (+hydrological refer  inout data & models @ vicgiversos
2 f trends in Ecological conditions in analyse mull I

Bostartic
Other input is rec Po ,( ntial

y time-series using Sentinel 1& Pot 10E El/SYKE | D
ML to detect inundation in wetland
+ Coj to::rlnlcus delivers weekly data for | | E‘m‘:‘::'m'@;a“ﬁ::;f::'ﬂ:ﬂ @ method for detecting inundalad wetiand
iple sensors | |
. JL ‘\ wﬂ\ p-“ J - Options to apply either...
- [t will be possible to construct multi- - b . * ussia elal (2024) model rained in Finnish aapa mires
year h|Ph reso!uhé)n time-series for : Lg%m;i_grmal_@_wm t_rI:n-d :' Cm-r:; wetlands in France.
several quality indices for a large . o ‘ * ... O train your own with similar appro
T number%f “known” sites. It's 2 — + Validation of applied model with available reference data
© viooversar ossible to go back in time, at least " Fieki measuraments (water tabia level, rone imagery. aerial images, high-
ack to 2017 using Sentinel 2 resolution satelite imagery
Sensors. i *  Multitemporal reference data would be good for validaling temporal changes
i, \
- If sensor data can be calibrated and i i : +  Requirements:
modelled into relevant Ecological ’ v + Data: Sentinel 2, wetland delineations, suitable reference data for validation/iraining
condition indices, changes in + Tools: Model training with R package ‘rpart’
habitat quality can be assessed
efficiently. - s

@ biodiversar @ oiosiversa+

biodiversa+

European Biodiversity Partnership




Input data

Field

observations
==

Number of Satellites Launched per Decade

1000

Sentinel 1 & 2

Lan'dsl‘.at (long
time series) and
other satellite

data

Climate
information

Lidar data




‘Remote sensing methods
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Sub tasks within the Habitat pilot T
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Purpose

| oks QOct-25. field visit in Diest, Flanders
biodiversa+

Eurcpean Biodiversity Partnership

www.biodiversa.eu



Indicator time series, hydrology

*Aim: produce robust indicator time series that describe relevan
habitat hydrology

*Input: All Sentinel-2 observations for site(s) over multiple years

*Method: moisture and water indices, singleband moisture indicators, inundation
detection

*Output:

- Time series graphs to show full seasonal variation

- information aggregated to relevant yearly statistics and corresponding maps to
show multi-year trends and localise changes

*‘Required steps: Build datacube. Mask away tree-covered areas. Quality filter
observations. Smooth errors in time series by aggregation. Interpolate
observations for missing time periods to calculate balanced statistics.
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Moisture and Inundation indicators (STR vs Jussila)
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Moisture and Inundation indicators (STR vs Jussila)

2015-01-01 2016-01-01 2017-01-01 2018-01-01 2019-01-01 2020-01-01 2021-01-01 2022-01-01 2023-01-01 2024-01-01 2025-01-01
L VAL VI VI VI I YA ¥R ¥ ¥R ¥
ff':' *t‘:\{‘\

_

] 8
STR

STR moisture mean and range (min, max)

20156-01-01  2016-01-01 2017-01-01 2018-01-01 2019-01-01 2020-01-01 2021-01-01 2022-01-01 2023-01-01 2024-01-01 2025-01-01

L L I "I VI VI YK I VI T Y
» a0

-0

Permanently

100

h8a >= 1817ﬁ

75

es
—b04 >= 391 1

(NIR — SWIR)
TR —=
2 STHR (NIR + SWIR)

High values = Wet
Low values = Dry

mndwi12 >= 0 43

b11 >= 1247

2016 2018 2020

Year

2022

. MNDWI =
biodiversa+

Eurcpean Biodiversity Partnership

b12>—1496 i
. @ i- -
2u1%

(Green — SWIR)
(Green + SWIR)

Yea r




Time series for inundation — Jussila method

In Our area We have: 2015-01-01 2016-01-01 2017-01-01 2018-01-01 2019-01-01 2020-01-01 2021-01-01 2i2—01-01 223-01-01 2{:4-01-01 2(i5-01-01
 Permanent water bodies {‘,J ‘i *-'_ b ‘ t _ ‘-_ 4 h 9 . T

» Seasonally inundated grasslands » t L 1:, {, L T
When the grassland are inundate too frequently B |

or too long b ! ” "

inundation_Jussila

e g raSS|a nd deg rad atiO N (lOSS in blOd ive rs |ty) Permanently and seasonally inundated area (Jussila model)

100

75

50

Inundated area %

25

=P

2016 2018 2020 2022 2024
Year
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Time series - Inundation s _ (SWIR - NIR)
STR - shortwave-infrared transformed reflectance index. o (SWIR+ NIR)

020-01-0020-01-1020-02-0020-03-11020-03-2:020-03-2020-03-2020-04-0020-04-01020-04-11020-04-1020-04-2020-04-2020-04-21020-05-0:020-05-0'020-05-1020-05-3020-06-0:020-07-3020-08-0020-08-0020-09-1020-09-11020-09-1020-09-1:020-08-2020-09-2020-10-1!

TR T Ty
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Data completeness

+ uncertainty visualization:
»  Spatial completeness per month: number of valid pixels
*  Temporal completeness: % of valid months

sum of valid pixels per month

2020-01-01 2020-02-01 2020-03-01 2020-04-01 2020-05-01 2020-06-01 2020-07-01 2020-08-01 2020-08-01 2020-10-01 2020-11-01 2020-12-01

I3 3 L IR AR A

2021-01-01 2021-02-01 2021-03-01 2021-04-01 2021-05-01 2021-06-01 2021-07-01 2021-08-01 2021-09-01 2021-10-01 2021-11-01 2021-12-01

CELLEHLEHL0E

2022-01-01 2022-02-01 2022-03-01 2022-04-01 2022-05-01 2022-06-01 2022-07-01 2022-08-01 2022-09-01 2022-10-01 2022-11-01 2022-12-01 . In White: the miSSing months
@@“‘@“@‘@@i . Legend: sum of valid pixels
@ @ @ @ @ ‘ @ ‘ ‘ @ @ @ - expected sum is between 5 and 6 (5 day revisit time), 9-10

%“‘”““@&@ - Clear under-representation of winter months.

biodiversa+
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MNDWI — (Green — SWIR)

) ) ) ) (Green + SWIR)
Totally differing seasonal story depending on index:
NDPI — (NIR — Green)
_ (NIR - SWIR) - (NIR+ @G
NDMI = (NIR T SWIR) ( t Green)

01

b
£ //
-] %
STR
T 5 B
NDMI
NDWI
-
NDPI
& o5 &
b 8
B
/ L

&, Jul A Sep “ 00 \\
Date May Jun Jul Aug Sep am — ™ Jun ol Aug Sep
Date May Jun MDa(e Aug Sep May ki aul Aug Sep v Date %
Date
NIR - SWIR
STR = ( )
(NIR+ SWIR) NDWI NDPI
SWIR, STR NDMI -
: i ? Opposite pattern?
. o Decreasing pattern” . !
PIaL_JSIbIe_ S_easonal curve Vegetatloun |ndeX - Negative values throughout season. Negative values throughout season.
wet spring, drying in summer, wet autumn C_)pposute_ pattern. _ Low moisture” in This is a water index with water body This is a pond index with water pond
spring and increase in summer. Reflects treshold in about 0.2-0.5. treshold in about 0.75.
health of vegetation rather than Might not be sensitive to moisture in Might not be sensitive to moisture in
moisture. other than open water surfaces? other than open water surfaces?

‘Referring to the spectral curves Maria showed

-SWIR band absorbed in water — the more humid the lower the reflection. Same for NIR, but not as
much

. Fxpprimpn’ring with _different Indeces

biodiversa+
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Time series — interpolation of missing observations

1
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% % = linear
2 50% = smooth_splir
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o 25%
0%
biodiversa+ 2020 2022 2094
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Main outcomes of inundation task

1. Evaluating model performance for water detection in wetlands
1. Good performance in separating open water from drier surfaces
2. Limitations: small water bodies, trees, shadows, vegetation cover

3. Regional perspective: Varying realitites and challenges in different habitats/regions
(such as reeds and size of wet areas), but generally models behave similarly across
regions

4. Readiness for monitoring? Further validation/calibration for higher confidence in
various conditions
2. Testing various validation approaches
1. Uncertainties in validation
2. Good practices, recommendations

3. Application for inundation time series in hydrology task

@ biodiversa+



Super resolution — two methods tested

Super resolution: using a
model trained on VHR
satellite data/aerial imagery to
transform a 10m satellite
image into 1m resolution

. S2DR3
. Satlas

S2DR3T (2024208-10)



Super resolution — two methods tested

152 RGB (2024-08-10)
Super resolution:
using a model trained
on VHR satellite data
or aerial imagery to ; S
transform a 10m I, A 2 l
satellite image to 1m | -
resolution.

- S2DR3
1 input Sentinel-2

- Satlas
8 input Sentinel-2

Metria (2024-07/08) Satlas S2DR3T(2024-08-10Y .

2 P
-
:-3

@ biodiversa+



Quantative evaluation of
Super Resolution images

Method by S2DR3 team:

- Downscale SR image to S2 resolution
« Scatterplot pixel vals

- RMSE & R2

« PSNR (Peak Signal-to-Noise Ratio):

Measures fidelity of e.g., compressed
image/audio compared to original

« SSIM (Structural Similarity Index):

Similarity in terms of luminance, contrast, and structure

« Histogram matching

Satlas method

S2DR3 method

SuperRes vs Sentinel-2

SuperRes vs Sentinel-2

6000 sy » Band
S 6000 i R
g PO ot
5000 = Band P & 5
@ B02 AL © B4
w 2 = 5.4 © BOS
4 4000 \,3 803 & 4000 <30
B o Bo4 3 5 BO6
c% Bo8 @ > BO7
3000 i 8o
RMSE = 1592 64 Bi2 2000 S RMSE = 123.76 B11
R2=0512 _;:_,:'-:.*“ R2=0915 812
2000 PSNR =18.17dB ot PSNR = 41.4 dB BSA
SSIM = 0,672 / SSIM = 0.96
1000 e 0.
o 2000 4000 5000 0 2000 4000 6000
Sentinel-2 Sentinel-2
SuperRes vs Sentinel-2 SuperRes vs Sentinel-2
Hijstogram matched comparison
6000 i g 6000 - Band
gt ‘o o Bo2
Sl Band AR @ BO3
= @ Bo2 .J © B4
éwon a ® 503 é 4000 i i
3 i) o BO4 5 5 o Bos
3 P g
@ il 1~ 808 b B07
ﬁ B11 B08
T o RMSE = 184.18 B12 S RMSE = 102.99 B11
R*=0518 R2=00918 B12
PSNR = 36.22 dB PSNR = 43 dB BaA
SSIM =0.795 SSIM =0.955
0 0.
0 2000 4000 6000 0 2000 4000 6000
Sentinel-2 Sentinel-2
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Dominant Label

[ I

Super resolution (S2DR3T) for inundation

Inundated

Not inundated

Other

Reed

Uncertain

Reduces amount of "mixels”.

Pixel Counts by Dominant Label and Purity Class
Site: Schulensmeer | Year: 2020

Pixel Counts by Dominant Label and Purity Class
Site: Schulensmeer | Year: 2020 | Resolution: superres

g

2,000 3,000
Number of Pixels

biodiversa+

European Biodiversity Partnership

o

100,000 200,000 300,000
Number of Pixels




Super-resolution for inundation (Flanders example)

Sentinel-2 10m Macro F1 = 0.9425

Confusion Matrix
Site: Schulensmeer | Year: 2020

Inundated

Not inundated

Other 389 283
Reed 20 52
Uncertain 190 121
) &
biodiversa+

Eurcpean Biodiversity Partnership

Inundated

Not inundated

Other

Reed

Uncertain

S2DR3T 1m Macro F1 = 0.9605

Confusion Matrix
Site: Schulensmeer | Year: 2020 | Resolution: superres

45277 32,866
3,793 6,114
22,013 12,413
8 &



Inundation Jussila vs Lefebvre (Czech Republic)

Lefebvre




survey points
@ inundated
® dry
O uncertain

survey points
@ inundated
® dry
O uncertain

Jussila Lefebvre

N NI/ T VNG JINA T
European Biodiversity Partnership




Training and reference data crucial

Visual evaluation based on aerial images.
Utilising existing habitat mapping information (Czechia, Fil

Point sample collected based on aerial imagery interpretation (Fin

s~

(Flanders, others?).
Generating high-resolution reference rasters by unsupervised clas
Field visits in August 2025: validation points (Czechia, Finland).
Field visits with a drone (Sweden, Slovakia).
Multitemporal validation? (Flanders, Firland)

©® N o O

biodiversa+
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Validation
E U G VV Roadmap sampling design

oel wiid Mg (Clasaification]

' v - | want to validate all | don't want to validate =
v . grassland types with a all the grassland types
g — EUGW raster. within a EUGW raster.
E' e W (Classcation) Real world i
1 | '& ' - | Do you have ‘:3 good quality Do you have a good quality
* Pe rformed by a,,llﬁam FS" v ' ‘ habitat map of your region that habitat map of your region that
. can be considered as “ground can be considered as “ground
possible C tutr? uth?
yes m— . yes / no =
. . . S no - y
d Val|dat|0n deSI —— Option'Valicrate your \
L _ : 2 Random sample your
P . t S tra tl flC at| on Option: You can stratify baseh ﬂratﬂy based on the EUGW \ grassland type by o straturm/strata (grassland
oin on your ground truth layer* and raster of your area and take random sampling (within type(s)) within EUGW raster
T I f | d . take random samples with random samples with equal your stratum) both in the ’
OOl Tor vall at|0n equal allocation. allocation. reference layer and in the else

You only can validated the
,,,,,,,,,,,,,,, user accuracy of the

Will result in a true validation of else Will result in a true validation of
the producer accuracy per +  the user accuracy per Than you have a true \selected prassiand type(s)
grassland type of the EUGW grassland type of the EUGW validation on both the
map. User accuracy is indirectly map. Producer accuracy is user and producer (Ran o STl o \
estimated, as well as the indirectly estimated, as well as accuracy of your it ey and
overall accuracy, Cohen’s the overall accuracy, Cohen'’s grassland type (they still tsy:il;s)) \Snr;r!?ﬂ?\ (;;(:st .

else reference raster.

From this, you can

Kappa, F1-score,... based on need to be corrected).
X
/ calculate the F1-score.

Kappa, F1-score,... based on
Qe corrected confusion matriy Qe corrected confusion matri

You only can validated the

* If your local habitat classes can be converted to the EUGW grassland types producer accuracy of your
In case your habilat map is a polygon layer — rasterize your map with 10 x 10m grid cells.
In case your habitat map is a raster layer — make sure the rasters are aligned and that your ground truth data is converted to a 10 x 10m gnd QeleCted graSSIand type(s). /

biodiversa+

o =t www.biodiversa.eu
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Validation EUGW - guidelines for "hard to interpret cases”

Forest borders, tree lines, mixed pixels

Agricultural areas (with temporary
grasslands or crops similar to grass)

Sparsely wooded grasslands

www.biodiversa.eu

L) biodiversa+
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Validation of EU Grassland Watch classification

Not available in all partner countries

Analysis workflow
1. Binary conversion

2. Raster pixel sampling

a. >< grid sampling (previous notebook)

b. stratified random sampling with equal allocation
i. 200 locations in grassland
i. 200 locations in non-grassland

c. limited to sampling with the SAC area (?)

> |imit the sampling in agricultural and recreational

grasslands

biodiversa+
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Analysis workflow

Current Ind. A skipped: Grassland

Classification

@ TP (for the point location, EUGW: grassland, Aerial image: grassland)

© TN (for the peint location, EUGW: no grassland, Aerial image: no grassiand)|
FP (for the point location, EUGW: grassland, Asrial image: no grassland)

O FN (for the point location, EUGW: no grassiand, Aerial image: grasstand)

O uncertain

Grassland Types
[ rion-grasstans o to cata
I coassiana

= cormantors. Ext rcuoed.
Rartged, (GA. IGF, UPR-EGR, 418 Pra GI5.Uses Communty, Raster the served by catiusarve:

Binary conversion
Raster pixel sampling
Interactive widget for labelling

Accuracy assessment report
a. Confusion matrix
b. Corrected confusion matrix

Roster 2 does not intersect with grid of point with index @.
/A skipped: Grassland Raster 3 does not intersect with grid of point with index 9.

biodiversa+

Eurcpean Biodiversity Partnership

=== Analysis: Sample Dataset ===

Total labels: 20

Uncertain labels: 4

Percentage of uncertain labels: 28.eeX

--- Metrics for Certain Labels (TP, TN, FP, FN) ---
True Positives (TP): 5

True Negatives (TN): 9

False Positives (FP): 2

False Negatives (FN): @

Total certain labels: 16

Confusion Matrix - Sample Dataset

Actual Label
Actual Negative

Actual Positive

Predicted Negative Predicted Positive
Predicted Label

Overall Accuracy: ©.87590

Precision (Positive Class): ©.7143

Recall (Sensitivity - Positive Class): 1.00ee
F1 Score (Positive Class): ©.8333

--- Additional Notes ---

Interpretation of labels for confusion matrix context:

- 'TP': Correct Positive (e.g., Grassland predicted as Grassland)

- 'TN': Correct Negative (e.g., Not Grassland predicted as Not Grassland)
- '"FP": Incorrect Positive (e.g., Not Grassland predicted as Grassland)

- "FN': Incorrect Negative (e.g., Grassland predicted as Not Grassland)



Segmentation semi-automatic (NaturaSat)

Input image ~

www.biodiversa.eu



@

Habitat types
4080 8220 8
6150 [ 9110
6230 [ 140 :
6430 [ 9100 s

B 7140 HEE 9410 @

"
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3u(A,B) = izpﬁq Dg(a;.b;)

na‘={b,eB

Hausdorff distance
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Segmentation of juniperus formations

5130 Juniperus communis formations on heaths or calcareous grasslands — mean accuracy 10.19m

Vegetation season Autumn Aerial photograph
-Better delineation during the non-vegetation period, when contrast to surroundings trees are higher




European Biodiversity Partnership

5 biodiversa+

Habitat Mapping & Quality
Monitoring, Biodiversa+ Habitat
Pilot 2024-2025 — Main contacts

Co-led by the Swedish Environmental Protection
Agency (SEPA) and the Finnish Ministry of
Environment (MoE_Fi)

SEPA coordination team: Sara Wiman, Mona
Naeslund, Ola Inghe (retired)

SYKE (/MoE_FI) coordination team: Risto Heikkinen,
Tytti Jussila

Thank you for your attention!
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