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The outline

a

B10.50S

 Background: biodiversity and ecosystem conservation

 Taxonomies for Land Cover/Use (LCLU) to habitat and
ecosystem mapping from remote sensing data

v FAO-LCCS for integrating EO and in-situ data;

 The BIO_SOS methodological approach (EODHaM system)
as background of the HORIZON2020 ECOPOTENTIAL

O Study cases

J Conclusions and future work




The Convention on Biological Diversity (CBD)
Rio De Janeiro, 5 June 1992

a4

BIO 508 Entry into force: 29 Dec. 1993

Gsaventionen Signatories: 168. Parties 196
Biological Diversity

The Convention  Cartagena Protocol  Nagoya Protocol = Programmes  Information  Secretariat

Convention

About the Convention ‘ > Convention > Text

Main objectives: Article 6. General Measures for
Conservation and Sustainable use.
« The conservation of biological
diversity; Article 7. ldentification and Monitoring:
« Components of biological diversity;
* Processes and categories of actions for
conservation

* The sustainable use of its
components.




The EU Biodiversity Strategy to 2020 &(@&L
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Good ecological status matters
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Figure 1. Example to illustrate inputs of Action 5 into other policies. al. 2014
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Action 5 Improve knowledge of ecosystems and their services
inthe EU




ﬁ_:_. The Habitat Directive

BI0_S0S
0 The Habitats Directive (92/43/EEC) and the Birds Directive (79/409/EEC) oblige

MS to report on the conservation status and distribution of species and habitats of
European importance in Natura 2000 sites every 6 years.

 The conservation status Q Users (i.e. management

report required by Art. 17 of authorities ) need:
the Habitats (92/43/EEC)

directive is based on the new
Standard Data Form (2011)
»Standardized method

» Range of habitat »Scale 1:5000 or finer;

» Area covered by habitat type »lLong-time data series for
within range monitoring changes

» Structure and functions » Scientific support to

> Future prospects evaluate the impact of

= Reason for changes existing policies.

= Pressures/threats



Essential Biodiversity Variables (EBV) from
GEO_BON, at http://geobon.org/

EBV EBV Measurement and scalability Temporal Feasibility
class examples sensitivity
Genetic Allelic diversity  Genotypes of selected species Generation  Data available for many species and
composition (e.g., endangered, domesticated) time for several locations, but little global
at representative locations. systematic sampling.

Species Abundances Counts or presence surveys 1to>10 Standardized counts under way for H ab | tats
populations and groups of species easy to monitoor  years some taxa but geographically
distributions  important for ES, over an extensjve restricted. Presence data collected for as
network of sites, comple d more taxa. Ongoing data integration ;
with inci efforts (Global Biodiversity proxies

Information Facility, Map of Life).

Phenology Timing of leaf coloration by RS,
with in situ validation.

1 year Several ongoing initiatives
(Phenological Eyes Network,
PhenoCam, etc.)

Species
traits

Community  Taxonomic Consistent multitaxa surveys and 5to >10 Ongoing at intensive monitoring sites
composition  diversity metagenomics at select locations. years (opportunities for expansion).
Metagenomics and hyperspectral RS
emerging.
Ecosystem  Habitat RS of cover (or biomass) by height 1to5 Global terrestrial maps available with LC mabs
structure structure (or depth) globally or regionally. years RS (e.g., Light Detection and Ranging). p

Marine and freshwater habitats mapped an d |_ | D A R

by combining RS and in situ data.

Blo-geo
- Ecosystem  Nutrient Nutrient output/input ratios 1 year Intensive monitoring sites exist for N .
' function retention measured at select locations. saturation in acid-deposition areas and P h YSIC al
Combine with RS to mod ionally. P retention in affected rivers. : :
indices



http://geobon.org/

,ﬁi- Techniques for habitat mapping from Space
BI0_S0S
O Traditional: habitats maps are generally produced by
» In-field campaigns (costly and sometime impracticable).
» Visual interpretation of aerial ortho-photo to extract LC
Information to be integrated with in-situ and ancillary data.

O Automatic analysis of multiple-source EO data can provide
useful LC maps, however such maps are not adequately related
to biodiversity in comparison to habitats (Bunce at al., 2013).

4 Issue: which taxonomy for LC and habitat classes description?
» LC: CORINE, FAO-LCCS (Di gregorio et al., , IGBP, etc.
» Habitats: Eunis, CORINE Biotope, GHC, Annex I.

O How LCLU classes can be translated into Habitats? Ecological
modeling at habitat level




Annex I 1410.

Medis ” d Annex I 7210.
Vediterranean salt meadows .
CLC3 (Juncetalia maritimi) SPMQHUI? 2eig

=

421 - Salt marshes | ._...-w

coastal grasslands
regulary flooded by

sea water

Annex I 1420. Mediterranean and thermo —
Atlantic halophilous scrubs (Sarconetea fruticosi)

r

> K

Beds of large
sedges normally
without free-
standing water

e TN Lol
Annex I 1310. Salicornia and other annuals
colonizing mud and sand



Taxonomies comparison
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Abstract Periodic monitoring of biodiversity changes
at a landscape scale constitutes a key issue for
conservation managers. Earth observation (EO) data
offer a potential solution, through direct or indirect
mapping of species or habitats. Most national and
international programs rely on the use of land cover
(LC) and/or land use (LU) classification systems. Yet,
these are not as clearly relatable to biodiversity in
comparison to habitat classifications, and provide less
scope for monitoring. While a conversion from LC/LU
classification to habitat classification can be of great
utility, differences in definitions and criteria have so far
limited the establishment of a unified approach for such
translation between these two classification systems.

Focusing on five Mediterranean NATURA 2000 sites,
this paper considers the scope for three of the most
commonly used global LC/LU taxonomies—CORINE
Land Cover, the Food and Agricultural Organisation
(FAO) land cover classification system (LCCS) and the
International Geosphere-Biosphere Programme to be
translated to habitat taxonomies. Through both quan-
titative and expert knowledge based qualitative anal-
ysis of selected taxonomies, FAO-LCCS turns out to be
the best candidate to cope with the complexity of
habitat description and provides a framework for EO
and in situ data integration for habitat mapping,
reducing uncertainties and class overlaps and bridging
the gap between LC/LU and habitats domains for



Objectives

ﬁéﬁl ® selection of a suitable LC taxonomy
® selection of a suitable Habitat taxonomy
® selection of the “best” pair for LC-Habitat conversion

| Land cover taxonomies Habitat taxonomies
m IGBP m CORINE BIOTOPES
®m CORINE LC B ANNEXI
m FAO LCCS m EUNIS

(Di Gregorio and Jansen 1998, m GHC
2005) s




.

Site name BIO_SOS SClcode  SPAcode SCI  area Brief description S S

code (ha)
Murgia Alta IT3 [T9120007  1T9120007 125880 Calcareous plateau with
Mediterranean steppe
grasslands
Le Cesine IT4 IT9150032  IT9150014 2148 Coastal wetlands
Ekvoles GR1 GR2120001 GR2120005 8481 Coastal wetlands : . ‘\, -
Kalama ' TR : ’\‘“"‘)
Elos Kalodiki  GR2 GR2120002 GR2120006 845 Inland, freshwater wetland i '
Stena Kalama  GR3 GR2120004 1867 River gorges

Selection of the sites. R ek
Step 1 \“

¢ GR3
‘\Gﬁ'i‘ ’

Y

_|_50 25 0 50 Kilometers
—




Terminology
(Di Gregorio and Jansen, 2000)

Land Cover is the observed (bio) physical coverage of the earth’s surface.
(grassland is a cover term, but rangeland refers to the use of land cover)

Classification is an abstract representation of the situation in the filed,
based on diagnostic criteria, and should be:

— Scale independent, meaning that the classes at all level of the system
should be applicable at any scale or level of details

— Source independent, implying that it is independent of the means
used to collect information.

A legend is the application of a classification in a specific area using a
defined mapping scale and specific data sets, and it is:

— Scale and cartographic representation dependent;
— Data and mapping methodology dependent



| Good taxonomy properties
E, (Salafsky et al 2003)

BIO_SOS

Hierarchical Creates a logical way of grouping classes

Covers all possible objects on the scene by a
class label

All entries at a given level of the taxonomy
are of the same type

New classes can be added without changing
the full hierarchy

Any given “object” can only be placed in
one position within the hierarchy

The labeling of a same object is invariant
across different locations




& What about our LC taxonomies?

BIO SOS

IGBP CORINE LCCS

Hierarchical X X
X X
Mix of
X LC-LU X
_Only X
virtually
X X




What about our Habitat taxonomies?

&

BI0 S0S Corine Annex | Eunis GHC
Biotopes
Hierarchical X X X X
o XX x X
e .
R X X X X
X X X




Quantitative comparison of taxonomies: step 2
4.5_'. 5 sites : IT3, IT4, GR1, GR2, GR3

BIO 505

Site | Site |l Site Il Site IV Site V

J(S1,S1) J(Si,Sv)

The Jaccard index value ranges from O when the two sites have
no common LC/LU classes to 1 when both sites have exactly the
same landscape composition.

The index analyses only the presence of classes and not their
ﬂage. For any taxonomy, this was repeated for each pair of



Quantitative comparison of taxonomies: Step :

A=

BID_S0S

GHC 11/l 11 9

Q‘ .'Q
i




ﬁ: FAO-LCCS version 2
-

BI0_S0S
» Rather than establishing land cover classes based on nomenclature, it

defines a set of independent diagnostic criteria strictly based on
vegetation physiognomy and structure (Di Gregorio & Jansen, 2005)

» A given land-cover class is defined by a dynamic combination of
classifiers which can be combined to describe the complex semantic
of each land-cover class. (Di Gregorio & Jansen, 1998)

> It provides a framework able to describe better than CORINE natural
and semi-natural habitats (Tomaselli et. al., 2013)

» It can describe within class changes (e.g. in density)

» It provides a framework, based on environmental attributes, to
Integrate LCLU with in-situ data and translate LCLU to habitats
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Level 1

The classification is based on two phases:

A

1 2 3 4

Level 3

I

II

I11

AR

5 ¥

Y

s Y 6

7 ¥

s Y

a4
CULTIVATED & CULTIVATED | (SEMI) MATURAL ARTIFICIAL NATURAL
MANAGED | Cltekmaron |  AQUATIC AQUATIC AP [ SRS | waTeRBODIES| WATERBODIES
AREAS AREAS VEGETATION SNOW & ICE | SNOW & ICE
PHYSICAL
LIFE FORM ips":‘,;%{: [ LIFE FORM | i"s‘;g‘:‘.}- I SURFACE ASPECT cTaTUS | PERSISTENCE
SEDIMENT
II  WATER SEASONALITY LAND DEPT
CROP COMBINATION mVERREMTED FORM | CLIMATE | ALTITUDE I LOAD
COVER RELATED 11 VEGE
CULTURAL PRACTICES CULTURAL PRACTICES BUILT UP OBIECT CLIMATE |ALTITUDE TATION
LAND | imotoy IV  CROP COMBINATION
FORM | /SOilS | CLIMATE LAND [urmotooy] oo SALINITY
FORM | /sOILS
ALTITUDE| EROSION COVER
ALTITUDE| EROSION | COVER
CROP TYPE CROP TYPE
LIFE FORM MACRO LIFE FORM
& cover | MEIGHT | patTERN & COVER Al
LEAF II  WATER SEASONALITY ' Y
II LEAFTYPE PHENOLOGY e
11 STRATIFICATION 1 LEAFTYPE | puenoLoGy | [ SURFACE ASPECT I Pg;f.,!ﬁ‘;"' PERSISTENCE
T LITHOLOGY v STRATIFICATION I MACROPATTERN eor | SEDIMENT
I
FORM fSOILS LAND |LUITHOLOGY CLIMATE LANDEORM | CLIMATE LOAD
FORM fSOILS VEGE
CLIMATE | ALTITUDE |EROSION VEGE CLIMATE | ALTITUDE
ALTITUDE| EROSION Q':,‘:{ErfY A"“TUDEI Emsxoulmﬂm TATION
FLORISTIC ASPECT FLORISTIC ASPECT SOIL TYPE /LITHOLOGY SALINITY

==

35¥4d SNOWOLOHDIA

Y
A

ISYHd TYIIHOUYYITH-dV1Na0W

Dichotomous
phase

Modular
Hierachical
phase



1) LCCS Dichotomous phase

A dichotomous key is used to define eight major LC types

A B
Level 1 __ PRIMARILY VEGETATED | _ PRIMARILY NON-VEGETATED | 4

I T T

CULTIVATED & (SEMI) NATURAL CULTIVATED | (SEMI) NATURAL ARTIFICIAL BARE ARTIFICIAL NATURAL

3SYHd SNOWOLOHDId

Level 3 minacee | vesmmon | AQUAIC |\ ZQUAG, | sumeaces | areas | UNSWCR ot | “enow e oee | Y
A primarily vegetated
A1l zerrestrial cultivated and managed areas .
. . . terrestrial
A12 terrestrial natural and semi-natural vegetation
A23 aguatic or regularly flooded cultivated areas .
: : : aquatic
A24 agunatic or regularly flooded natural and semi-natural vegetation
B primarily non vegetated
B15 terrestrial artificial surfaces and associated areas .
_ terrestrial
B16 ferrestrial bare areas
B27 acquatic artificial waterbodies, snow and ice .
: : : aquatic
B28 acquatic natural water bodies, snow and ice

r_

COOPERATION



2) LCCS Modular-Hierarchical phase

For any major LC category, a combination of a predefined set
of diagnostic criteria (classifiers) based on vegetation
structure and physiognomy is applied.

For each set, the classifiers are divided into three groups:

LIFE FORM HEIGHT MACRO
1. pure Iand cover od COVER PATTERN
classifiers
LEAF TYPE LEAF
PHENOLOGY
STRATIFICATION

2. environmental attributes
LAND FORM LITHOLOGY/SOILS

CLIMATE ALTITUDE EROSION

3. specific technical

. FLORISTIC ASPECT
attributes

(uon©e1939A [e111SIIIV) [EIMBU-TUUIS / [eInieu)

http://www.africover.org/ software_down.htm

v



Basic Classifier: A12
Modifier:

Sklp this level !

Natural and Semi-Natural Terrestrial Vegetation

Snatial

Life Form ;
and Cov = Helght si Classifier:

Modifier:
Natural and Semi-Natural Terrestrial Vegetation

Cultivated and
Managed
Terrestrial Area(s)

faturat & rd\ mi- - DUt
e Ur estr

offfeq
Flo@led

Leaf Type
Life Cycle

Lichens
iMosses

Herbaceous

| - Life Form
Grami-

Stratificati

Lichens Mosses

Closed to Open 100 - 15%

Landform

Closed to Open 100 - 40%

Closed
2 65%

Open
65 -15%

Climate Altitude

>30-3m 3-003m - Height

230-14m 5-05m 3-03m

Floristic As

14-7m 5-3m 3-05m 3-08m [ 05-03m

7-3m <05m 03-003m

s Activate Spatial
Distribution !

Continuous Fragmented Parklike Patches - Spatial Distribution

Striped

http://www.fao.org/docrep/003/x059
6e/X0596e02a.htm#TopOfPage

Cellular




Class description

Each land cover class is described by:

« A Boolean formula, consisting of a string of classifiers
used for class description,

Al12/A2.A5.A11.B4-A12.B1, that is:
— LC type: A12 natural terrestrial vegetated
— Life form: A2 herbaceous, A5 forbs
— Cover: A11 open (70-60 — (20-10 %)
— Height: B4 tall (3-0.03m)
 The name of the land cover class “Open annual short

herbaceous vegetation

Limitation for automatic LC mapping

* Phenology: perennial, annual, but WHEN?
« \Water covererage (e.g.,temporarly flooded): but WHEN
I (e.g., October to May?)



One-to-one and one-to-many relations for
LC to habitat mapping

CLC LCCS EUNIS Annex 1
3 Description Modular Hierarchical phase Description habitat habitat
class class type type
323 Sclerophyllous vegetation Al2 - A1.A4.A10.B3.D2.E1/B9. Needleaved evergreen medium/high closed shrubland (thickets) |—>| B1.63 (B1.631) 2250|
3.23 Sclerophyllous vegetation Al2 - A1.A4.A10.B3.D1.E1/B9 Broadleaved evergreen medium/high thicket |—>| F5.51 (F5.514) X |
3.23 Sclerophyllous vegetation Al2 - A1.A4.A11.B3. D1.E1/B10 Broadleaved evergreen open dwarf shrubland |—>| F6.2C X |
331 Beaches, dunes, and sand plains Al2 - A2.A5.A11.B4.E5/A13.B13.E7 Open (40-(20-10)%) annual short forbs |_>| B1.1 121o|
331 Beaches, dunes, and sand plains Al2 - A2.A6.A11.B4.E5/A12.B12.E6 Open ((70-60)-40%) perennial medium-tall grasslands > B1.31 2110
331 Beaches, dunes, and sand plains Al2 - A2.A6.A10.B4.E5/.B11.E6 Closed perennial tall grasslands > B1.32 2120
331 Beaches. dunes. and sand plains___| Al2 - A2.A11.B4.E5/A13.B13.E7 Open (40-(20-10)%) annual short herbaceous vegetation I_’| B1.48 2230|
421 Salt marshes A24 - A2.A5.A13.B4.C2.E5/B13.E7 Open annual short herbaceous vegetation on temporarily flooded IanH A2.55 1310|
421 Salt marshes A24 - A2.A6.A12.B4.C2.E5/B11.E6 Perennial closed tall grasslands on temporarily flooded land A2.52 (A2.522) 1410|
421 Salt marshes A24 - A2.A6.A12.B4.C2.E5/B11.E6 Perennial closed tall grasslands on temporarily flooded land D5.24 7210|
421 Salt marshes A24 - A2.A6.A12.B4.C2.E5/B11.E6 Perennial closed tall grasslands on temporarily flooded land A2.53 (A2.53C) X |
421 Salt marshes A24 - A2.A6.A12.B4.C2.E5/B11.E6 Perennial closed tall grasslands on temporarily flooded land A2.53 (A2.53D) X I
421 Salt marshes A24 - A1.A4.A12.B3.C2.D3./B10 Aphyllous closed dwarf shrubs on temporarily flooded land |—>| A2.52 (A2.526) 1420|
321 Natural grasslands Al2 - A2.A6.A10.B4.E5/B12.E6 Closed perennial medium-tall grasslands E1C (E1.C2) X |
321 Natural grasslands Al2 - A2.A6.A10.B4.E5/B12.E6 Closed perennial medium-tall grasslands E1.2 6210|
321 Natural grasslands Al2 - A2.A6.A10.B4.E5/B12.E6 Closed perennial medium-tall grasslands E1C (E1.C1) 62A0|
321 Natural grasslands Al2 - A2.A6.A10.B4.E5/B12.E6 Closed perennial medium-tall grasslands E1.4 6220|
321 Natural grasslands Al2 - A2.A6.A10.B4.E5/B12.E6 Closed perennial medium-tall grasslands E1C (E1.C1) 6220|
321 Natural grasslands A2.A5.A11.B4.E5/A13.B13.E7 Open (40-(20-10)%) annual short herbaceous vegetation I_,I E1.3 (E1.313) 6220|

COOPERATION

more information




CLC3
4.2.1 - Salt marshes

Annex 11410 -

Y

Annex I 7210

FAO-LCCS2

Annex I 1420

A1 Ad A12 R C2 DR /R1N

ANNEX | Lithology-Parent
material

Unconsolid-
Clastic sedimentary
1410 rock — Sand
(M213)

Calcareous rock —

7210 Calcarenite
(M233)

A24
A2.A6.A12.B4.C2.E5/B11.E6

Perennial closed tall grasslands

Soil Water quélity | Irlstlc
sub-surface attribute
aspect
: : Juncus spp.;
Solonchaks Brak\;\j:{(asrallne Carex spp
(N12-SC) (R2/R3)
. | Fresh/Brakish ~ Cladium
Histosols water Mariscus
(N12-HS)

(RL/R2)

Bt e . : L —————



> s 3 B S

8 = :g 2 :‘-S' @

8 g 2 8 3 B S w2

8 g N = 5 9 9 2 ¢ o5 % O

e ° (72 BN -  © © =2 = Q O £ B8 <
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S 832 3 8258328 53235 % LCCS
® O L O O J @ o=ErT T ® ®= o o 0 LCCScode

A11 A1 B2 NA NA A7 A9 NA NA NA NA NA NA NA NA A11.A1.B2_A7.A9 for Ch an eS aS .
A12 A1 NA A11 A12 D1 E2 NA NA NA NA NA NA NA NA A12A1.A11.D1.E2 A12 g -

pd
S

A12 A3 NA A11 A12 D2 E2 NA B3 B7

NA NA NA NA A12.A3A11.B3.D2.E2 A12.87 C I ass tran S | t| ons
A12 A6 NA A10 NA NA E5 E6 B4 B13 NA NA NA NA NA A12.A6.A10.84.65_B13.E6 and mOd |flcat|0ns

A23 A1 B4 NA NA NA NA NA NA NA NA NA NA NA NA A23A1B4

A24 A1 NA A13 A15 D1 E2 NA NA NA NA NA NA NA NA A24A1.A13.D1.E2_Al5

B16 NA NA NA NA NA NA NA NA NA A3 A8 NA NA NA B16.A3 A8 (LucaS et al_ 2015)

B27 NA NA NA NA NA NA NA NA NA NA NA A1 B2 C2 B27.A1.B2.C2
LCCS code LCCS description
A11.A1.B2 A7.A9 Small sized field of Broadleaved Evergreen Tree crops

Broad-leaved Deciduous Open (40-65%) Woody vegetation
Al12.A1.A11.D1.E2_A12

A12.A3.A11.B3.D2.E2_A12.B7 Needle-leaved Deciduous Open (40-65%) Low Trees
A12.A6.A10.B4.E5_B13.E6 Perennial Short Closed Graminoids
A23.A1.B4 Graminoid crops
Broadleaved Deciduous Open (15-40%) Woody vegetation on
A24.A1.A13.D1.E2_A15 Flooded land
B16.A3_A8 Gravel, Stones and Boulders

“COOPERATION B27.A1.B2.C2 Turbid Shallow Artificial waterbodies



Class

COOPERATION




Automatic translation: LCCS to Annex | mapping

Conditions
combination

CONDITION ENTRIES
CONDITION STUB (Inputs) (Y is used for TRUE Entries)
A24/A2 A5 E7
LCCS code for
inland water A24/A1.A4.D3
habitats A24/A2.A6.E6 lEE
A24/A2 ASE6 Y
Al2/A2.ASE7
Al2/A1.A4D1.E2 Y
LCCS code for Al2/A1.A4.D2 E1
other Al2/A1.A4.D1.El |1
habitats
Al12/A2.A6.E6
LCCS environmental attributes
Major landforms | Level land, Plain Y|Y|Y|Y Y Y
Slope classes Flat to almost flat Y[Y|Y|Y ] LY
Lllhol?gy-Parent Calcareous rock - Calcarenite 7LD Y L7
material
Unconsolid- Clastic sedimentary rock - Sand
Solon chacks Y
Soil — Subsurface Histosols Y
Aspect Leptosols Y Y
Arenosols
Acrisols
Soil — Surface Soil surface, stony (5-40%)
Aspect Loose and shifting sands
Soil surface, very stony (40-80%)
Loose and shifting sands, with dunes
Elevation Altitude < 50m b 17 i
Fresh water Y
Water quality Salinc water
Brakish/Saline water Y
Fresh/Brakish water Y
Brakish water Y
Climate Subtropics — Winter rainfall YIY|Y|Y i i




LCLU to habitat map translation
(Tomaselli et. al., 2013)
Le Cesine site (I)

(a)
WATER QUALITY
[ Brakish water
Brakis his aline water
Fresh water
I n p u tS Froshidrakish water

a) LCLUmapin 5] Safive water
FAO LCCS taxonomy

b) Environmental attributes |

SO - SURFACE ASPECT
[ Loose and shilting s ands

B Cakareous rock<ak arenie

(] Uncomsoid<lesti sedimentary rocke and

AIZALA4AI0OB3DLELBY BIS/ALA3ATAS

00 000

A12A2A6.A11.B4E5BI2E6 BIS/ALA4A13.A17

@ A24A2ASAI3BLC2ESBIZET COSTY SR RENYS DA, WS duet
\ o
@ AZWALASAIZBIC2D3BIO e e aeeh)
@ A2WA2AGAI2ZB4CLESBILEG
(D) A24/A2.A6.A12.B4.C2LESBI2E6
@ A24A2ASAI6B4.CLESAISBILEG SOR. - SUBSURFACE ASPECT
[ Agric s 0if
@ A12A2a5.A11B4 ESAISBIAET ] Artnosol
4 S. B ESALSBIS KT limoh.
[ Leptoso.
@ AIVA2ZASAILB4ESBIZET [ Sokonchas
@ A12A2ASAI10B4ESBIZEY
@ AIZALA4AI0B3DLE2BY s
A12VALA4AIOB3.DLELE9 AIVALBLCLDI.W7.ASA9.B
AIVALBICLDIL.WSATA9.B
@ A12ALA4AILBIDLELBIO umaLoGy

" COOPERATION _ BID_S0OS



Habitat map: Annex | taxonomy,
Le Cesine site (IT)

Close-up

AMNMEN]: 1150
ANMEX]: 1210
ANMER1: 13210
ANMEN]: 1410
ANMEX]: 1420
ANMER1: 2110
AMNMEN]: 2250
ANMEX]: 3170
ANMER1: 5320
ANMEN]: 5220
ANMERL: 7210 OF EUNIS D51
EUMIS: C2

ks :
..... @ ANNEX1_2250 @ EUNIS_C2
..... @ ANNEX1_3170 Q) EUNIS_D5.1

EUNIS: D5.2

EUMIS: FE.51
EUNIS: F5.514

..... @ ANNEX1_1310

..... (O ANNEX1_1410
@ ANNEX1_1420

..... @ ANNEX1_5330 @ EUNIS EL6

ANNEX1_6220
ANNEX1_7210

WV

) EUNIS_F5.51
@ EUNIS F5.514
@ EUNIS_F6.2C

BRERCTOCEN CECROOEOS

EUNIS: F&.2C
EUNIS: G2.91
EUMIS: G3.F1
EUNIS: 1.2
EUMIZ: 12.1
EUMIS: 18.2
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Habitat map: GHC taxonomy (Bounce et al. 2008),

A

BID_S0S
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Le Cesine site (IT)

b) LIDAR data
(available) were used
In this map to extract
plant height
Information

. (Adamo et al. 2014)



LCCS based EODHaM system (Lucas et al. 2015)
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http://www.biosos.eu/

,q.'.- Knowledge driven (deductive learning)

BIO.

& Expert knowledge from remote sensing experts, botanists,
ecologists, site management authorities for:

» Image preliminary spectral segmentation (spectral knowledge);

» Describing LCLU and habitat classes (temporal and spatial
relations);

» Translating LCLU into habitats (integration with in-situ data)

1 Ontologies and semantic networks can be used for
knowledge elicitation

Class description is scale dependent

4

The methodology can be applied to any scale
and image




Murgia Alta Site

Extension
~1500 Km?

Analyzed area
~500 Km?2




LCCS
Dichotomous Code

LCCS hierarchical code
and class description

ANNEX I/EUNIS

Al.A7.A9.W8 G2.01
Trees.Broadleaved.Evergreen.Orchards
Al.A7.A10.W8
Trees.Broadleaved.Deciduous.Orchards XIG1.D4
A2.A7.A10.W8 e
Shrubs.Broadleaved.Deciduous.Orchards
A3 X/N1.3
Herbaceous
Al.A3.D2.E1 e =
Woody. Trees.Needleleaved.Evergreen
Al1.A3.A10.D1.E2.B7 91AAIGLT3
Woody.Trees.Closed.Broadleaved.Deciduous.3-7m
Al1.A4.A10.D1.E2.B9 S —
Woody.Shrubs.Closed.Broadleaved.Deciduous.0.5-3m '
Al1l.A4.A10.D1.E1.B9 S/F5 11
Woody.Shrubs.Closed.Broadleaved.Evergreen.0.5-3m '
A2.A6.A10.B12 62A0/E1.55
Herbaceous.Graminoids.Closed.0.8-0.3m 6220/E1.3

Al.A5
Water.Standing




Expert Knowledge Elicitation

A LCCs/DIC LCCS/HIER MAR | APR | MAY | JUN P h e n o I o
A3.A4 gy
Herbaceous.Graminoids
A3
Herbaceous
All A2.AT.AL0.W8 - Dense vegetation and/or peak of biomass
Cultivated | Shrubs.Broadleaved.Deci i i i
and managed duous Orchards Sparse (youg) vegetation or minor green biomass
terrestrial Al1.A7.A10.W8 i i i i
areas Trees Brondleaved Decid Minor biomass with withered/dry plants (or part
uous.Orchards of plants)
ALA7.AIWS Bare soil with remnants of wuthered/dry plants
Trees.Broadleaved.Everg

reen.Orchards

A2.A10.B12.E6
Herbaceous.Closed.0.8-
0.3m.Perennial
Al1.A3.A10.D1.E2.B7
Woody.Trees.Closed.Bro
adleaved.Deciduous.3-
m

Al12 Al.A4.A10.D1.E2.B9
Natural Woody.Shrubs.Closed.Br
terrestrial oadleaved.Deciduous.0.5
vegetation -3m
Al.A3.D2.E1
Trees.Needleleaved.Ever
green.Plantations
Al.A4.A10.D1.E1.B9
Woody.Shrubs.Closed.Br
oadleaved.Evergreen.0.5-
3m

LCCs/DIC LCCS/HIER JAN | FEB | MAR | APR | MAY | JUN | JUL | AGO | SEP | OCT | NOV | DEC

Agricultural
P ra cti Ce S Herbaceous.Graminoids

A3
Herbaceous
All A2.A7.A10.W8
Cultivated and | Shrubs.Broadleaved.Decid
" managed uous.Orchards
PIOUghmg terrestrial areas Al.A7.A10.W8

Trees.Broadleaved.Decidu
ous.Orchards
Al.A7.A9.W8
Trees.Broadleaved.Evergre
en.Orchards

Harvesting/Mowing

COOPERATION
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Peak of Biomass
(April-May) (
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Post peak ;’
(October) ( _

PostPoB

Pre Peak
(January) (
PrePoB :

Dry Season
(July)
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Images Dataset




LCCS Level 1

Level 1 Spectral Logical LCCS Level 1
Temporary Rules Operators | Final Classes
Classes
NDVI_PoB < 0.2
Urban WBI_PoB > 1. AND
Brightness_PoB > 0.15
NDVI_PoB < 0.2 Non-Vegetated
NDVI_PrePoB < 0.2 (B)
Bl and NDVI_PostPoB < 0.2 AND
NDVI_DS <0.2
NDVI_PoB > 0.2
Photosynthetic NDVI_PrePoB > 0.2 OR
Vegetation NDVI_PostPoB > 0.2
NDVI_DS > 0.2
Photosynthetic Vegetation Vegetated (A)
= TRUE
\8/2;2;\:;?1 WBI_PrePoB > 1.15 AND
WBI_PoB < 1.

WBI_DS < 1.




SOvs LOLCCS Level 4

B Aa12/A2.06 ha/as
- Al1/A3.A4
B A12/A1.D1.E1 Al2/A2.A6

Al2/Al1.D1.E1
Al2/A1.D1.E2

B A12/A1.D1.E2

M A12/A1.D2.E1
A12/A1.D2.E1

[ A11/A3.A4 A11/(AlorA2) cont.
[ A11/A3 Bi5
M A11/(AlorA2).A7.A9 B15/A2.A0

A B16
[ A11/(AlorA2).A7.A10 O

v SHADOW
[1A11/A2.A7.A10

Al11/{AlorA2).A7.A9

[] A11/(A10rA2) cont. Al1/{AlorA2).A7.A10
[l B28 or B27 Al1/A3 or Al11/AZ.A7.A10
M B1s B28 or B27
Me1s A11/A2.A7.A10
[ |B15/A2.A6 A12/AZ.A6 + A12/AL1.D1.E2
B sHADOW A12/A2.A6 + A12/AL.D1.E1

AlZ/AZ.AG + ALZ/ALDZ.EL
Al12/A1.D1.E1 + AL12/AZ. A6

Al12/A1.D1.EZ + A12/AZ.AG
Al12/A1.D2.EL1 + A12/A2.AG

ml N-m N Bo) | Jupel Bop REpeRel B B B EER



QL- Study site In Italy: grasslands ecosystem
BI0-505 about 33km*15km (485 kmq) Murgia Alta(I)

[ #1 Scroll (0.06729) ol x

- A - g "
bt _ i I
AN % TR 2

10km x10km

350 total reference sample selected by stratified random
sampling on the whole layer (strata) are overlaid as red cross




Study site in Greece: LC map

All.A3
All.Ad4
All_AT.ALD
All_AT.A9
All_AB.ALD
All_AS.A9
Al2.A2
Al2.A3D1E1
Al2.A3D1E2
Al2.A3D2E1
Al2.A3D2 E2
Al2.A4 D1 E1
Al2.A4 D1 E2
Al2.A4 D2 E1
Al2.A4 D2 E2
Al2.A6

A24 A2
A24.A4 D1 E1
A24 A4 D1 E2
A24 A4 D2 E1
A24 A4 D2 E2
A24 A6
B16.A3_AB
B16.A6.B2
B27.A1.B1.C2.D2_B6
B27.A1.B2.C2.D2_B6
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Study Sites in India: location

b Lan(’i\i?lr;w;i'il\xi“i?rge!es?c:tl‘:ca;yzoﬂ
Location Map for Study Sites k) ]
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Study Sites in India: LC map

. . . . . BI0_S0S
Invasive species identification

u g 5 v B ' Y e g = -
Bl [Fir <Atk - g Lk

—7- a) Geokye, Jan. 2011 b) WorldView2, March. 2013



Gaps in EO and in-situ

for biodiversity and ecosystem monitoring

“The evolution of ecosystems properties over time can be
described using simple math. response functions and the
better these functions can be described, the grater insight

ecologists can draw about ES dynamics”
( Kennedy at al., 2014, Front Ecol. Env. 12 (6))

Actually mainly abrupt changes of state can be detected at VHR:
as step functions

(e.g. FAO-LCCS).

An updated CORINE map will be provided this/next year:

could we solicit the collection of in-situ validation data according to
other most used taxonomies for facilitating

taxonomy translations?




Recommendations

To regularly acquire multiple-resolution data on Protected
Areas (in Europe: the Natura 2000 sites) as ecological focus
areas for evaluating differences in ecosystem management.

Harmonize not only data (e.g., Landsat 8 and Sentinel 2 with
VHR (super-resolution?)) but also initiative / projects

Let focus on:

— the assimilation of HR to VHR EO data and derived products
In ecological modelling at habitat and landscape level.

— training of land managers in the use and interpretation of EO
derived products.

Collecting in-situ data based on modelling expertise (e.g., for
LCLU to habitats and ecosystem conversion).



ECOPOTENTIAL: future work

U Explore FAO-LCCS3 or Land Cover Meta Language (LCML)
1 Mapping and Assessment of Ecosystems and their Services

(MAES et al. 2013; 2014):

O how to ma
based on i %

Wales (UK), P i

Wadden Sea ( ;%
ﬁ/vladden‘Sea

DuEEh Delté)\ 3)?
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O Comparison| oo
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EODHaM pre-operational system
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Temporal information (phenology)
from experts, so far,...from Sentinel2

LCLU and Habitat classes: phenology

LCCS HABITAT JAN FEB MAR APR MAY JUN JUL AGO SEP ocT NOV DEC
A11/A3.A4.D3 1020
B15/A1.A4AT3.A16 1050
B28/A1.D2 1130
A24/A2 A5.E5 1150
A12/AZA5.E5 1210
A24IA2ZA5.ET 1310
A24/A2. AB.E5 1410
A24/ATA4D3 1420
A12/AZ. AG.E6 2110
A24/A2Z A5.E5 3280
A12/AT.A4D1.E1 5330
A12/A1.A4D1.E2F1 5340 (F6.2)
A12/ATA4CA 5420
A12/AZ.A6.C2.E5 6420
A24/A2ZA6.C3 72 AD (A2.53)
A12/AT.A3D1.ETF 92 A0
A12/ATA4B3 92D0
A12/A1.A3.D1.E2.F1 9350
- Dense vegetation and/or peak of biomass :
Sparse (younger) vegetation or minor green biomass | EkV0|eS Kalama Slte
Minor biomass with with withered/dry plants (or part of plants) (G R2 1 2000 1 )! G reece
Bare soils (or water in A24) with remnants of withered/dry plants :

COOPERATION _ BID_S0OS




LCLU and Habitat classes: water coverage

+ LCCS HABITAT JAN FEB MAR APR MAY JUN JUL AGO SEP ocT NOV DEC
A11/A3.A4.D3 1020
B15/A1.A4.A13.A16 1050
B28/A1.D2 1130
A24/A2 A5.ES 1150
A12/A2.A5.E5 1210
A24/A2 AS.ET 1310
A24/A2.A6.ES 1410
A24/A1.A4.D3 1420
A12/A2.A6.E6 2110
A24/A2 A5.E5 3280
A12/A1.A4.D1.E1 5330
A12/ AM1.A4D1.E2ZH1 5340 (F6.2)

A12/A1.A4.C1 5420
A12/A2.A6.C2.E5 6420

AZ41A2.A6.C3 72 A0 (A2.53)
A12/A1.A4.B3 92D0
A12/A1.A53.D1.E2H1 9350

Water

Wet or waterlogged soil EkVOIeS Kalama S'te, Greece

Dry (at the surface) soil

- Rl ™
7 WWW.hi0Ss0s.eu N
-: B10-505
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Study sites BI0_505
BIS;:SS Natura 2000 code Natura 2000 name
SCIs /ISACs SPA

IT™ IT9110008 IT9110039 Valloni e steppe pedegarganiche

IT2 IT9110005 IT9110038 Zone umide della Capitanata-Paludi presso il Golfo di
Manfredonia

IT3 1T9120007 1T9120007 Murgia Alta

IT4 IT9150032 IT9150014 Le Cesine

GR1 GR2120001 GR2120005 Ekvoles Kalama

GR2 GR2120002 GR2120006 Elos Kalodiki

GR3 GR2120004 Stena Kalama

NL NL9801023 NL3009017 Veluwe. Dutch case study concentrates on part N2K, namely
Ginkelse and Ederheide, a heathland area and Weekeromse
Zand an inland sand dune area

PT1 PTCONO0021 PTZPEOOQ37 Rios Sabor e Macas

PT2 PTCONOOQO1 PTZPE0002 Peneda-Gerés

UK1 UK0014791 Cors Fochno

UK2 UK0014790 Cors Caron

ﬂ L Additional areas are being considered in Brazil and India

COOPERATION



Core: olive trees Class description is

Context: soil and grassland scale dependent

PTANT MO0

Core: deciduous trees
Context: soil and grassland

WWW.hi0Ss0s.eu
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Study site in Portugal: LCLU map BI0.505

B16.A5

B16.A2
A12.A1.D2.E2
A12.A1.D1.E2
B16.A3.A8

Al12.A2

Al1.A4
A12.A1.D2.E1
Al12.A6
A12.A1.D1.E1
A11.A3

A11.A8.A9
A11.A8.A10
B27.A1.B1.C2.D2.B6
B27.A1.B2.C2.D2.B6
B27.81.C2.D2.B6
B15.A1.A8.A12
A11.A7.A9
B27.B2.C2.D2.B6
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Veluwe, The Netherlands: LCLU map

B16.A3.A8
B27.A1
A12.A3.D2.E2
A12.A4.D1.E2
Clouds
A12.A3.D1.E1
A12.A4.D2.E2
A12.A3.D1.E2
A12.A3.D2.E1
A12.A1.D2.E2
A12.A4.D2.E1
A12.A4.D1.E1
A11.A1.A7.A9
A11.A2.A7.A9
A12.A4
A11.A1.A8.A9
B16.A6
A12.A6
B27
B15.A2
A11.A1.A7.A10
A11.A2.A7.A10
A11.A2.A8.A10
A11.A2.A8.A9
Al11.A2
A11.A1.A8.A10
Al1.A4

B15.A1
A12.A1.D2.E1
A11.A8.A10
Al11.A3
A11.A8.A9

www.bi0so0s.eu
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