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The Area Of Occupancy (AOO)

A hierarchical-modelling frameworkDiverse and complex ecosystems



IHCantabria I+D+i for Ecosystem monitoring



A big team -- Continental Ecosystems (ECONT) N=15

(32/12/494)
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N > 50A big team -- Another groups: LITO > IT > ADMIN

Coastal Ecosystems 

Administration

IT
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N > 150A big team -- All staff: 8 areas of knowledge
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A big team… in Geospatial Analysis

Clúster Geoespacial de Cantabria

Santander, 21 Abril 2022
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http://aplicop.ihcantabria.es/network/

IHCantabria & Copernicus -- user uptake
XI Seminario
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SEGUIMIENTO
DE ECOSISTEMAS

ECOSYSTEM 
MONITORING

Diverse and complex ecosystems

https://eros.usgs.gov/media-gallery/earthshot/ayeyarwady-delta-myanmar



1] MANAGEMENT AND
POLICY NEEDS UNDER 

GLOBAL CHANGE

3] MONITORING TOOLS: BIG 
DATA & LARGE SCALE (RS, eDNA, 

MODELLING…)

2] ECOSYSTEM TYPES AND 
MONITORING PROTOCOLS

2.1] LANDSCAPE UNITS: 
MONITORING AND 

MANAGEMENT SYSTEM

4] MONITORING INDICATORS: 
SPATIOTEMPORAL DYNAMICS, 
REPRODUCIBLE AND IN-SITU 

VALIDATED

5] END USERS

SEGUIMIENTO
DE ECOSISTEMAS

ECOSYSTEM 
MONITORING

RAW DATA

WHAT TO DO?

HOW TO DO IT?

WHERE TO DO IT?

WHICH INFORMATION?

HOW TO MANAGE IT?

WHO IS THE FINAL USER?



1] MANAGEMENT AND
POLICY NEEDS UNDER 

GLOBAL CHANGE

SEGUIMIENTO
DE ECOSISTEMAS

ECOSYSTEM 
MONITORING
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Habitats Directive
Directive approved in 1992 that aims promoting 

the maintenance of biodiversity.

It establishes measures for getting a favourable 
conservation status of habitats and species 
included in Annex I and II respectively. The 

reporting of the implementations carried out 
according to this Directive is done every six 

years.

It defines the conservation status in its Art 1. HABITATS 
DIRECTIVE: 

BASIC 
CONCEPTS

HABITATS 
DIRECTIVE: 

BASIC 
CONCEPTS

Favourable 
conservation 

status
A situation in which a habitat 
type or species is prospering 

(both in quality and in 
extent/population) and with 
good prospects of doing so 

also in the future. This is the 
overall objective to be 

achieved for all habitat types 
and species of Community 
interest and is defined in 
Article 1 of the Habitats 

Directive. 

It is established separately 
for biogeographic regions and 

for areas included in the 
Natura 2000 network.

Natura 2000
Ecological network of areas designated to ensure 
the good conservation status of different types of 

habitats and species, created through the 
Habitats Directive (Directive 92/43/EC), which 

defines these concepts in Art 3.

Includes Special Areas of Conservation (SAC) 
(Habitats Directive) and Special Protection Areas 

for Birds (SPA) (Birds Directive).

Setting the scene for ecosystem monitoring
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Conservation status

Range

Area

Structure and function

Future perspectives

Range

Population

Habitat for the species

Future perspectives

It is defined by four different 
parameters in habitats and 

species.

To establish the conservation 
status it is necessary to take into 
account the trend compared to 
the previous report (except for 

future perspectives).

For the overall assessment, the 
conservation status is established 
by taking into account the four 

parameters jointly

Habitats

Species
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Area

Area covered by 
the habitat type 
within the range 

in the 
corresponding 
biogeographic 

region

Structure
and function

Characteristics that 
these types of 

habitats must have 
to allow them to be 

maintained over 
time.

Range

Spatial boundaries 
within which the 
habitat occurs

Future
perspectives

Conservation status of 
the rest of the 

parameters in the 
near future

Spatial distribution of habitats 
conservation status at Member State 

level represented in a 10 x 10 km grid



Dynamic data
at a large scale, 

reproducible, 
comparable and 

objective

Accurate 
information on 

env. changes 
and threats to 
biodiversity & 

ecosystem 
services

La parte de imagen con el identificador de relación rId4 no se encontró  
en el archivo.

Global change effects on 
conservation status (scenarios)

Distribution, structure and 
functioning of biodiversity

Objectives policy agenda 
2030/50 and suatainability

La parte de imagen con el identificador de relación rId4 no se encontró en el archivo.

We need performing
a monitoring of…



Franklin (2013). Mapping Vegetation from Landscape to Regional Scales.
In: van der Maarel & Franklin (Ed.) Vegetation Ecology (pp. 486–508)

10 
km

1 m

Lack of maps 
at large scales 
with fine 
resolution

A need for detailed spatial data at a large scale
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2] ECOSYSTEM TYPES AND 
MONITORING PROTOCOLS

ECOSYSTEM 
MONITORING 

REVIEW

F. Rodríguez Montoya et al.

1] MANAGEMENT AND
POLICY NEEDS UNDER 

GLOBAL CHANGE
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Roquedos, pedregales y 
glaciares

Cuevas

Pastizales

Bosques y matorrales no 
riparios

Bosques y matorrales de 
ribera

Ríos

Formaciones tobáceas

Lagos, lagunas y humedales de 
interior

Turberas y ecosistemas 
turbófilos

Ecosistemas costeros

https://www.miteco.gob.es/es/bi
odiversidad/temas/ecosistemas-y-
conectividad/Seguimiento_habitats
_metodologia.aspx

Terrestrial
ecosystems

Freshwater
ecosystems

Coastal
ecosystems

Hemos analizado todos los tipos de hábitats disponibles + ampliación de información + Remote Sensing



XI Seminario
Seguimiento a largo plazo 

Red de Parques NacionalesBosques y matorrales no riparios

Descripción de métodos para estimar las tasas de cambio del parámetro
‘Superficie ocupada’ de los tipos de hábitat de bosque (80 p.)

Identificación y descripción de las variables utilizadas en el Inventario
Forestal Nacional para la evaluación de la 'Estructura y función' de los tipos
de hábitat de bosque (135 p.)

Evaluación de los parámetros 'Superficie ocupada' y 'Estructura y función' de
los tipos de hábitat de bosque (379 p.)

Descripción de un procedimiento normalizado para determinar cambios y
tendencias en el estado ecológico de los tipos de hábitat de bosque y
matorral (71 p.)

Desarrollo de un procedimiento estandarizado para generar datos de las
variables ecológicas estructurales que permitan estimar el estado de
conservación de los tipos de bosque y matorral utilizando como fuente de
datos la tecnología LIDAR (78 p.)

Identificación de tipos de hábitat de bosque y matorral no representados en
las parcelas del Inventario Forestal Nacional y descripción de
procedimientos para evaluar su estado de conservación (31 p.)

Descripción de un procedimiento normalizado para cuantificar el grado de
fragmentación de los tipos de hábitat de bosque y matorral (117 p.)

Descripción de procedimientos para estimar las presiones y amenazas que
afectan al estado de conservación de los tipos de hábitat de bosque y
matorral (258 p.)

Análisis de escenarios, a corto y medio plazo, del riesgo de afección por
incendios forestales para al menos veinticinco tipos de hábitat de bosque y
matorral (47 p.)

Análisis de adecuación y de representatividad de la red de daños forestales
con respecto a cada uno de los tipos de hábitat de bosque (23 p.)

Descripción y ensayo de un procedimiento de regionalización climática del
territorio (42 p.)

Análisis estadístico del efecto de la escala en las tasas de cambio del
parámetro ‘superficie ocupada’ de los tipos de hábitat de bosque y matorral
(205 p.)

Un total de 12 documentos que suman 1466 páginas

https://www.miteco.gob.es/es/biodiversidad/temas/ecosistemas-y-conectividad/Seguimiento_habitats_metodologia.aspx
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Un total de 12 documentos que suman 1466 páginas
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3] MONITORING TOOLS: BIG 
DATA & BIODIVERSITY (RS, 

eDNA, MODELLING…)

Monitoring tools (data) and indicators

4] MONITORING INDICATORS: 
SPATIOTEMPORAL DYNAMICS, 
REPRODUCIBLE AND IN-SITU 

VALIDATED

RAW DATA



2] ECOSYSTEM TYPES AND 
MONITORING PROTOCOLS

2.1] LANDSCAPE UNITS: 
MONITORING AND 

MANAGEMENT SYSTEM

SEGUIMIENTO
DE ECOSISTEMAS

ECOSYSTEM 
MONITORING

5 steps

1] MANAGEMENT AND
POLICY NEEDS UNDER 

GLOBAL CHANGE
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NetMap: Virtual Watersheds

• What’ happening?

• Where’s it happening?

• How much is happening?

• What interactions are 
or could occur?  

https://terrainworks.com/netmap-portal
https://terrainworks.com/technical-help

Through NetMap tool we obtain a digital representation of a hydrographic basin to model 
landscape processes that occur in it, with a network of channels that includes spatial and 
temporal interactions at the wing (basin) and related reach (river) scale
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Terrestrial
ecosystems

Freshwater
ecosystems

Coastal
ecosystems
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Basins, wings
Terrestrial
ecosystems

Valley, River nt.
Freshwater
ecosystems

Dune, estuaries
Coastal
ecosystems



XI Seminario
Seguimiento a largo plazo 

Red de Parques NacionalesLandscape units -- regional to national level data processing

Basins, wings
Terrestrial
ecosystems

Valley, River nt.
Freshwater
ecosystems

Dune, estuaries
Coastal
ecosystems
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Red de Parques NacionalesLandscape units -- regional to national level data processing

Basins, wings
Terrestrial
ecosystems

Valley, River nt.
Freshwater
ecosystems

Dune, estuaries
Coastal
ecosystems
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Red de Parques NacionalesLandscape units -- floodplains and river channels (water and vegetation)

Basins, wings
Terrestrial
ecosystems

Valley, River nt.
Freshwater
ecosystems

Dune, estuaries
Coastal
ecosystems
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Basins, wings
Terrestrial
ecosystems

Valley, River nt.
Freshwater
ecosystems

Dune, estuaries
Coastal
ecosystems
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All ecosystem types



Landscape units -- Blue and Green Infrastructure Networks

A strategically planned network of high quality
natural and semi-natural ecosystems/
habitats that is designed and managed
to 
- deliver a wide range of Ecosystem Services 

(ES) and 
- to protect biodiversity in both rural and 

urban settings.

Landscape planning instrument

Red de Infraestructura Azul y Verde:
Blue and Green Infrastructure Network (BGIN)

Five main features:
• Blue-Green nature. Constituted by Nature 

Based Solution (NBS)    
• Multifunctionality. Ecosystem Services 

paradigm.
• Connectivity. Spatial coherence 

(biodiversity and functional).
• Multi-scale. Fractal structure
• Socio-ecosystems. Stakeholder 

engagement
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38

Components of a BGIN

Provision of Ecosystem 
Services and Biodiversity

Objectives and scenarios

BGIN 1 BGIN 2 BGIN 3

Landscape units -- Blue and Green Infrastructure Networks
XI Seminario
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Spatial optimization: relationships between ES

WP: water provisioning
CP: crop production
PP: pasture production
HR: hydrological regulation
WS: water storage
EF: erosion filtering
EP: erosion protection

Legends

Landscape units -- Bundles of ES
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Título:
Asesoramiento para el desarrollo de un modelo para la predicción de las CONDiciones de REFerencia de los indicadores de 
estado ecológico en masas de agua continentales (REFCON)



1] MANAGEMENT AND
POLICY NEEDS UNDER 

GLOBAL CHANGE

3] MONITORING TOOLS: BIG 
DATA & BIODIVERSITY (RS, 

eDNA, MODELLING…)

2] ECOSYSTEM TYPES AND 
MONITORING PROTOCOLS

2.1] LANDSCAPE UNITS: 
MONITORING AND 

MANAGEMENT SYSTEM

SEGUIMIENTO
DE ECOSISTEMAS

ECOSYSTEM 
MONITORING

5 steps

RAW DATA



The Area Of Occupancy (AOO)

A hierarchical-modelling frameworkComplex landscapes with varying ecosystem patterns
across domains and gradients --> dynamics and function

Coastal

Terrestrial

Freshwater

ecosystems



A big team -- significant projects
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Spatial tools for ecosystem monitoring -- the Big Data
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Terrestrial
ecosystems

Freshwater
ecosystems

Coastal
ecosystems



The Area Of Occupancy (AOO)

A hierarchical-modelling frameworkTerrestrial ecosystems -- a need for maps

ECONT



LULC mapping: CLMS

COPERNICUS
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Reference maps

and data integration

LULC mapping: national reference databases
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LULC mapping: data integration (REFCON)
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Hard classifiers. Accuracy >85%

2020s

LULC mapping: image classification
XI Seminario
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1980s

Collection of 1980 spectral signatures using old
aerial imagery as ground data and RS-based time series analyses

Orthorrectification using 5m-DEM

LULC mapping: image classification
XI Seminario
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Imagine forward
to plan backward !

LULC mapping: future scenarios/global change

Decisions are more sustainable when considering possible 
future changes rather than those taken without

2030

2040

2050

Future scenarios
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Create LULC & 
grassland map

Naturals

Anthropogenic
grasslands

Mowing

Livestock

Bioclimatic

floor
Grassland typology Mean NDVI oscillation value

Colino

Natural 0.16834

Anthropized
mowing

0.23170
0.22630

livestock 0.23190

Montano

Natural 0.29704

Anthropized
mowing

0.3462
0.37870

livestock 0.31920

Subalpino-

alpino

Natural 0.40090

Anthropized (livestock) 0.48300

Bioclimatic floor

Grassland typology

Subalpino – alpino (>1500m)

EUNIS points
(in situ data)

EUNIS point
selection

NDVI 
oscillation

ANOVA test 
*** (p<0,05)

LULC map
classification

(by plot)

NDVI Oscillation
classification (by

pixel)

NDVI August
values

PUERTO 
values

Bioclimatic 

floor
Grassland typology August NDVI value PUERTO value

Colino

Natural 0,469267 0,724221

Anthropized

mowing

0,470261

0,469553

0,838499

0,850613

livestock 0,470539 0,834068

Montano

Natural 0,483394 0,434023

Anthropized

mowing

0,44194

0,445353

0,459883

0,433544

livestock 0,455190 0,415914

Subalpino-

alpino

Natural 0,400784 0,186367

Anthropized (livestock) 0,39658 0,185262

First, Mapping LULCC types
Second, mapping habitat types

First

XI Seminario
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Time series of S2 + 
LiDAR + NDVI PNOA

1m pixel (vector)

>98% accuracy
(>5000 independent
validation points)

E 1:50 000

Gabriel Ortiz et al, 2021

From LULC to RS-based ecosystem mapping
XI Seminario
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Red: managed meadows, > NDVI osc, < NDVI Ag, > prodPUERTO
Green: natural meadows, < NDVI osc, >NDVI Ag, < prodPUERTO

managed natural

Multicriteria
Grassland mapping by 
land use and management

Natural (HabDir, EUNIS)
Managed (siega y diente)



Mowing (siega)
Livestock (diente)

diente siega

Red: livestock meadows, > NDVI osc, < NDVI Ag, > prodPUERTO
Orange: mowing meadows, < NDVI osc, >NDVI Ag, < prodPUERTO

Multicriteria
Grassland mapping by 
land use and management



Mapping habitat 
(and spcs) types

Mapping broad-scale vegetation patterns (EUNIS)  
in complex mountainous territories across time

Habitat maps using RS based modelling techniques in Natura 
2000 Network in Cantabria (NW Spain)

3. Management 
Plan-Local actions

1. Spatial 
distribution

2. Conservation 
Status and trends

Annex I HabDir

Álvarez-Martínez et al, 2019

XI Seminario
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EUNIS
Level 3-4
LPHT
Annex I



A need for in situ data and expert knowledge

List of Spanish Habitat types
Download from MITERD 
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List of Spanish Habitat types
Download from MITERD 

A need for in situ data and expert knowledge
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Predictors, 10m
% sand topsoil

DEM, CLIMATE, SOIL

A need for spatial predictors
XI Seminario
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Satellite imagery: Landsat, 

Sentinel 1 / 2, VHR (<m)

Hyperion, Chris-Proba (h*)

LiDAR and SAR data

Aerial imagery and UAV: old

to current, high spatial

resolution to GIS apps.

A need for Remote Sensing -- spatial, temporal, spectral
XI Seminario
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2018

A need for Remote Sensing

Flor Álvarez Taboada – AEET 2021
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From in situ data to large scale modelling

Habitat mapping Second
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Habitat mapping – deep learning
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Second



A hierarchical-modelling framework

Habitat mapping -- The Area Of Occupancy (AOO)

The Local/Realized AOO can be also modelled at large scales
“An area/grid cell with current distribution (suitability) for a given habitat type”

XI Seminario
Seguimiento a largo plazo 

Red de Parques Nacionales



9120 – Atlantic 
acidophilous beech 

forests with Ilex and 
sometimes also Taxus

in the shrublayer

0                      1E 1:25 000 Local AOO

MODELLING RESULTSHabitat mapping -- local Area Of Occupancy (lAOO)

XI Seminario
Seguimiento a largo plazo 

Red de Parques Nacionales



MODELLING RESULTS

Realized AOO

E 1:25 000 UNCERTAINTYDOMINANCE +

Habitat mapping -- local Area Of Occupancy (lAOO)
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Teselado de la 
vegetación en unidades 
fisionómicas (manchas 
homogéneas mayores 

de 5hectáreas)

E 1:25 000

MODELLING RESULTS

Automatic and objective: depends on the models

Habitat mapping -- realized Area Of Occupancy (rAOO)

BIODIVERSITYLAND PATCHES

Vegetation map *
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MODELLING RESULTSHabitat mapping -- validation (reference maps)

SIOSE, IFN4
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9120 – Atlantic 
acidophilous
beech forests 
with Ilex and 
sometimes also 
Taxus in the 
shrublayer



Habitat mapping -- validation (in situ data, reference maps and experts)



H
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h
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y

Complex landscapes -- wetlands (acid fens)
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Spectral library: 
PASTURES

Hyperespectral signatures -- the fingerprint
XI Seminario
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MODELLING RESULTSHabitat mapping -- setting the concepts
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Processing in real time of data series of imagery

Landsat 5 8 9, MODIS and Sentinel 2

Data for 1980s - present period, C++

Spectrophenological curves and metrics

Cantabria

Ecosystem monitoring -- developing RS-based indicators

>
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Ecosystem monitoring – Spectrophenology S2. Grasslands
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Ecosystem monitoring – Spectrophenology S2. Forests
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Ecuación Coef. corr. Pearson

G162
0,7137 + 0,109*cos(x*1) -0,1336*sin(x*1) -0,006405*cos(2*x*1) + 0,009965*sin(2*x*1) + 0,007652*cos(3*x*1) + 

0,003573*sin(3*x*1) + 0,0005647*cos(4*x*1) + -0,002937*sin(4*x*1) + 0,001458*cos(5*x*1) + 0,001188*sin(5*x*1)
9,99998E-01

G17B 
0,6514 + 0,1724*cos(x*1) -0,1409*sin(x*1) -0,00555*cos(2*x*1) + 0,004188*sin(2*x*1) + 0,004704*cos(3*x*1) + 

0,008983*sin(3*x*1) + 0,001748*cos(4*x*1) -0,00228*sin(4*x*1) + 0,001261*cos(5*x*1) + 0,00163*sin(5*x*1)
9,99993E-01

G186
0,7384 + 0,1081*cos(x*1) -0,1139*sin(x*1) -0,01006*cos(2*x*1) + 0,02095*sin(2*x*1) + 0,004557*cos(3*x*1) + 

0,001927*sin(3*x*1) + 0,0007649*cos(4*x*1) -0,003549*sin(4*x*1) + 0,001935*cos(5*x*1) + 0,00147*sin(5*x*1)
9,99997E-01

G26
0,8025 + 0,03877*cos(x*1) -0,03452*sin(x*1) -0,001387*cos(2*x*1) -0,001379*sin(2*x*1) + 0,001217*cos(3*x*1) + 

0,001401*sin(3*x*1) + 0,0004302*cos(4*x*1) -0,0003876*sin(4*x*1) + 8,871e-05*cos(5*x*1) + 0,0004174*sin(5*x*1)
9,99988E-01

E531

0,6677 + 0,0857*cos(x*1) -0,1117*sin(x*1) -0,009118*cos(2*x*1) -0,0005829*sin(2*x*1) + 0,003372*cos(3*x*1) -

0,0002574*sin(3*x*1) + 

0,001702*cos(4*x*1) -0,001897*sin(4*x*1) + 0,001071*cos(5*x*1) + 0,001402*sin(5*x*1)

9,99990E-01

F315
0,6928 + 0,04926*cos(x*1) -0,04545*sin(x*1) - 0,006904*cos(2*x*1) + 0,001912*sin(2*x*1) - 0,0003256*cos(3*x*1) -

0,0004048*sin(3*x*1) + 0,002359*cos(4*x*1) - 0,001884*sin(4*x*1) + 0,001099*cos(5*x*1) + 0,001515*sin(5*x*1)
9,99948E-01

Ecuaciones obtenidas 
mediante ajuste al 
modelo de Fourier 

de cinco términos y 
ajuste mediante 

coeficiente de 
correlación de 

Pearson para todas 
las formaciones 

analizadas

Ecosystem monitoring – Spectrophenology S2. Forests
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Red de Parques Nacionales



Freshwater ecosystems

ECONT



XI Seminario
Seguimiento a largo plazo 

Red de Parques NacionalesModelling hydrological properties -- REFCON project

Título:
Asesoramiento para el desarrollo de un modelo para la predicción de las CONDiciones de REFerencia de 
los indicadores de estado ecológico en masas de agua continentales



Cantidad de agua

Cantidad de bosque vs 
Madurez del bosque

Diseño: Gradiente de presión

XI Seminario
Seguimiento a largo plazo 

Red de Parques NacionalesModelling hydrological properties -- LULC (Riverlands, Waterlands)



8 aforos instalados PN Picos de Europa

Modelo hidráulico 
Dato de caudal

picoseuropa.ihcantabria.es

Real-time measurement of water level and Tª -- PPNN Picos de Europa 

Seguimiento de ecosistemas fluviales de montaña a largo plazo

XI Seminario
Seguimiento a largo plazo 

Red de Parques Nacionales



Monitoring of biological communities -- ecological status assessments

Diatoms

Macroinvertebrates

Macrophytes

Fish

Water quality assessments in streams in 
compliance with WFD

0 90 180 27045
Kilometers

Biological index
calculation

XI Seminario
Seguimiento a largo plazo 

Red de Parques Nacionales



Biodiversity assessments through eDNA

Fig 1. Workflow in eDNA sample collection, laboratory processing and data analysis

Fig 2. Biodiversity assessment of aquatic eukaryote communities in streams

- Estimate biodiversity with general primers for prokaryotes (16S gene) and eukaryotes (18S, COI, rbcl) in streams (Fig. 2)

- Monitor key species for conservation (Atlantic salmon, endagered amphibians, european crab, pyrenean desman) (Fig. 3)

- Monitor invasive and pathogens species to develop early warning detection systems

Pyrenean desman

Fig. 3 eDNA detection of pyrenean desman in
water samples in the Deva-Cares and 
Sella basins (2020)



Aquatic ecosystems -- S2 and wetlands dynamics
XI Seminario

Seguimiento a largo plazo 
Red de Parques Nacionales



Index

Assessing wetland dynamics with Landsat imagery 
XI Seminario

Seguimiento a largo plazo 
Red de Parques Nacionales



XI Seminario
Seguimiento a largo plazo 

Red de Parques NacionalesOptical Water Quality Monitoring of Rivers and Lakes 

Selection and Download of S2 
scenes (EarthExplorer)

Water Mask

Image Re-sampling (10m)

Atmospheric Correction (iCOR)

Multi-scene Combination

OWQ variables 

Analysis of Temporal Series 

Spatial and Temporal Variability

Forel-Ule Index estimated in 4 sites located along the Ebro river (Miranda, Zaragoza, Asco and Xerta), 
from S2 images acquired in May and August 2021. More that 100 scenes processed and evaluated

 
 
 



a

b
consR b

rs  
 
 



a

b
consR b

rs 

      ,0,0,0   durs ELR       ,0,0,0   durs ELR

Water-leaving reflectance
[Chl_a][Chl_a]

[CDOM][CDOM] [NAP][NAP]

Total Absorption & 
Backscattering



Quick access and 
calculation of spectral
indices from large temporal 
databases

No need to dowload

Use of the GEE platform to extract snow cover maps and trends to better 
understand wetland dynamics

Snow cover monitoring with GEE & S2 imagery 
XI Seminario

Seguimiento a largo plazo 
Red de Parques Nacionales



LITO

Coastal ecosystems



Costal ecosystems group – targets x2

Intermareal

Marisma

Especies protegidas Especies invasoras

Retrospectivo Futuro

Escala regional Escala local

Duna

Actual

XI Seminario
Seguimiento a largo plazo 

Red de Parques Nacionales



Estrategia EU de la 
Biodiversidad 2030
(Red Natura 2000)

In situ

M
A

R
C

O
 N

O
R

M
A
T

IV
O

D
A
T
O

S
A

P
L
IC

A
C

IO
N

E
S

U
S
U

A
R

IO
S
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S

Información geo-espacial de
ecosistemas costeros

Satélites de Observación de 
la Tierra

ODS 14 y 15

CONSERVACIÓN & RESTAURACIÓN

Gestores de espacios 
naturales y zonas costeras

Comunidad 
científica

Estudiantes
Usuarios de los 

espacios

Población en 
general

(cartografías de campo, 
espectro, fisiología,...)

Evaluación del estado 
de conservación

Seguimiento de restauraciones
ambientales

Detección y seguimiento de 
especies invasoras

Caracterización y seguimiento de 
ecosistemas protegidos

32

…
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ECOSISTEMAS DUNARES

ESTADO DE CONSERVACIÓN

Puntal

Liencres
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Extensión actual

Tendencia Puntal



ECOSISTEMAS DUNARES

ESTADO DE CONSERVACIÓN



ECOSISTEMAS ESTUARINOS

Con el apoyo de

CARTOGRAFIADO

Zostera noltei



ECOSISTEMAS ESTUARINOS

67% de los estuarios (18)

33% de los estuarios (9)

ESTADO DE CONSERVACIÓN

EXTENSIÓN Y TENDENCIA

TENDENCIA



ECOSISTEMAS ESTUARINOS

ESTADO DE
CONSERVACIÓN

Extensión Tendencia

ÁREAS
PRIORITARIAS



1] MANAGEMENT AND
POLICY NEEDS UNDER 

GLOBAL CHANGE

3] MONITORING TOOLS: BIG 
DATA & LARGE SCALE (RS, eDNA, 

MODELLING…)

2] ECOSYSTEM TYPES AND 
MONITORING PROTOCOLS

2.1] LANDSCAPE UNITS: 
MONITORING AND 

MANAGEMENT SYSTEM

4] MONITORING INDICATORS: 
SPATIOTEMPORAL DYNAMICS, 
REPRODUCIBLE AND IN-SITU 

VALIDATED

SEGUIMIENTO
DE ECOSISTEMAS

ECOSYSTEM 
MONITORING

5 steps

RAW DATA





https://www.aeet.org/es/
gruposdetrabajo/bigbiodata.html



HÁBITATS FORESTALES NO FLUVIALES

Ampliación de la 
base de datos de 

indicadores

Indicadores

Estado de 
conservación

Indicadores MITECO
Propuesta principal

Indicadores propuestos para 
medir con LiDAR

Búsqueda bibliográfica Artículos

Documentos de referencia 
de otros países de la Unión 

Europea

Búsqueda predictoras 
multiespectrales y técnicas 

LiDAR

Notas explicativas y 
directrices para el periodo 
2007-2012 para el reporte 
del art 17 de la Directiva 
Hábitat (ETC/BD, 2011)

García-Galar (2020), 
calculando estado de 

conservación con datos 
LiDAR

Madurez 
forestal

Producción
forestal

Biodiversidad
Essential biodiversity 

variables (EBVs)

Lista prioritaria de métricas 
de biodiversidad para 

observar desde el espacio  
(Skidmore et al., 2021)

Relación bosque 
con procesos 
hidrológicos



Segundo filtro

Eliminar variables
En esta lista había variables
que no funcionaban como
indicadores, como las variables
que hacían referencia a la
precipitación o a los usos del
suelo.

Agrupación
Todos los indicadores se
agruparon por tipologías, para
unir en un mismo grupo
aquellos que fuesen
semejantes.

Cuarto filtro

Unificación
Partiendo de una lista de 189
indicadores provenientes de
diferentes fuentes, se
unificaron aquellos que hacían
referencia a conceptos muy
semejantes (p.e. percentile 95
de elevación y altura
dominante)

Primer filtro

Teledetección
Aquellos indicadores no
calculables por teledetección,
mapping o modelado, fueron
descartados, salvo los
indicadores propuestos por
MITECO

Tercer filtro

HÁBITATS FORESTALES NO FLUVIALES
Ampliación de la base de 

datos de indicadores



Estructura

Altura e indicadores derivados

Área basal e indicadores derivados

Diámetro a la altura del pecho e 
indicadores derivados

Estructura vertical

Clases de edad

Estructura horizontal

Volumen maderable con corteza 
específico

Árboles grandes e indicadores 
derivados

Rocosidad

Materia orgánica

Enhanced vegetation index (EVI)

Composición

Cobertura vegetal e indicadores 
derivados

Canopy relief ratio

Densidad de árboles e indicadores 
derivados

Riqueza de especies e indicadores 
derivados

Abundancia de especies

Distribución de especies

Especies invasoras

Morfología de especies

Función

Biomasa e indicadores derivados

Producción primaria

Crecimiento diametral e indicadores 
derivados

Regeneración e indicadores derivados

Madera muerta

Diversidad funcional

Fracción de la radiación 
fotosintéticamente activa (FAPAR)

Fenología del ecosistema

Producción de hojarasca

Presiones

Incendios

Efectos biológicos de inundaciones

Fragmentación e indicadores derivados

Indicadores de perturbación

HÁBITATS FORESTALES NO FLUVIALES

Indicadores
Finales: 32



Productos 
Copernicus 

 Búsqueda de productos disponibles 
a nivel local o paneuropeo que 
pueden ayudar a dar respuesta a los 
indicadores seleccionados

Sentinel-2
 Búsqueda de índices vegetales o de bandas de 

Sentinel-2 que estén relacionados con los 
diferentes indicadores

LiDAR

 Búsqueda de variables LiDAR que hayan sido 
usadas para caracterizar los indicadores

 Modelos propuestos por MITECO para calcular 
los indicadores con LiDAR

Otros

 Cálculo a partir  de 
modelado, datos existentes o 
derivándose de madurez 
forestal

HÁBITATS FORESTALES NO FLUVIALES
Cálculo de indicadores

Priorización



0                      1

Ejemplo: hábitat 9120

Ecosystem monitoring – Conservation status
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990 landscape units

Head water basins ~ 4km2

Insolation: 
sunny and shady slopes

Homogeneous units (structure and composition) driven by
environmental limiting factors (topography and climate)

Landscape management – from pattern to process
La observación remota
aplicada al seguimiento

de los ecosistemas



RESTORATIONCONSERVATION

PRESERVE

Control 
pressures

Estructure and 
function

VulnerabilityExtension

Preserve

IMPROVE

Extension Vulnerability

Estructure and 
function

MANAGEMENT
ACTIONS

Improve
Reduce 

pressures

Action x habitat type!

Landscape management – from pattern to process
La observación remota
aplicada al seguimiento

de los ecosistemas



RESTORATION

Extension Vulnerability

Estructure and 
function

Habitat

Landscape
functioning

Fragmentation

Presssure

Cohesivity Index

NDVI Soil

Area of 
Expansion

Fire events

Sp invasive

Others

INDICATORS

x24

x1

x24

x1

HOW
AND

WHERE?

Quality

Spatially explicit Landscape units

Landscape management – from pattern to process
La observación remota
aplicada al seguimiento

de los ecosistemas



PRIORITY INDEX (for all landscape units)

High Low

ID LIC AREA PERIM area mean fN fAx fAs LPI PAR ndvitmaxr ndvitxx ndvitxd ndvitsdx sandm sandd claym clayd omm omd phm phd arenam arenad mom mod phh2om firemin firex fired fires alocAx alocAs pMIN pRANGE pSUM PRIORIZA

1 LIEBANA 0.56 0.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.10 0.36 -0.03 -0.09 -0.17 -0.03 0.12 0.02 0.11 0.01 -0.19 -0.02 -0.17 -0.02 0.13 0.02 -0.22 -0.02 -0.52 -0.29 -0.37 0.00 0.00 0.00 0.00 0.00 -0.47

2 CABUERNIGA 0.23 0.39 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.09 0.39 -0.03 -0.09 -0.18 -0.04 0.16 0.03 0.12 0.01 -0.20 -0.04 -0.18 -0.02 0.11 0.01 -0.24 -0.01 -0.36 -0.28 -0.11 -0.04 -0.06 -0.31 -0.68 -0.09 -1.74

3 ORIENTAL 1.02 0.95 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.11 0.39 -0.04 -0.09 -0.20 -0.03 0.23 0.02 0.25 0.03 -0.18 -0.02 -0.22 -0.03 0.18 0.02 -0.21 -0.01 -0.98 -0.45 -1.00 -0.01 -0.08 -0.10 -0.96 -0.26 -3.24

"LEGO" format tool: expandable to any variable

Landscape management – from pattern to process
La observación remota
aplicada al seguimiento

de los ecosistemas



1] MANAGEMENT AND
POLICY NEEDS UNDER 

GLOBAL CHANGE

3] MONITORING TOOLS: BIG 
DATA & LARGE SCALE (RS, eDNA, 

MODELLING…)

2] ECOSYSTEM TYPES AND 
MONITORING PROTOCOLS

2.1] LANDSCAPE UNITS: 
MONITORING AND 

MANAGEMENT SYSTEM

4] MONITORING INDICATORS: 
SPATIOTEMPORAL DYNAMICS, 
REPRODUCIBLE AND IN-SITU 

VALIDATED

5] END USERS

SEGUIMIENTO
DE ECOSISTEMAS

ECOSYSTEM 
MONITORING

5 steps

RAW DATA



Methodological transparency website
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Álvarez-Martínez et al, 2017

3. SAC definition

1. Spatial
distribution

2. Conservation
Status

Annex I, II
N2000 selection

A need for (more) data about habitats
XI Seminario

Seguimiento a largo plazo 
Red de Parques Nacionales



High resolution maps: 22 Habitats (Annex I) in Central Anatolia



Natura 2000 potential sites in Central Anatolia



Data for modelling at the biogeographical region level
Different data quality  homogenization at the EUNIS level

SIOSE

Vegetation maps of protected Areas

IFN4 Field campaigns

MFE25 and IFN4

A need for (more) data about habitats

AYUDAS PARA GRUPOS DE INVESTIGACIÓN DE 
ORGANISMOS DEL PRINCIPADO DE ASTURIAS 
DURANTE EL PERIODO 2021-2023
SV-PA-21-AYUD/2021/51261

IHabitat

XI Seminario
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Two different views of ecosystem monitoring?

Local vegetation/habitat maps

 For territory management
 High-resolution units
 Cost-time demanding

Remote sensing and modelling

 Science-based approaches
 Regional studies
 Possible to reproduce

Probabilistic vegetation mapping for large-
scale conservation assessment

allows optimizing available efforts/data

Borja Jiménez Alfaro – AEET 2021

XI Seminario
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1) Could improve with 
photo-interpretation 
refinement of model 
outcomes

2) This % could easily 
improve with 
further research and 
more/better 
sampling data

(1)

7.000.000 € 2.500.000 €

5 years 2 years

486 162

< 1:50.000 < 1:50.000

80-90% 70-80%

70% 70%

Low, sampling Real-time

Good

Medium

Bad

(2)

Two different views of ecosystem monitoring?
XI Seminario

Seguimiento a largo plazo 
Red de Parques Nacionales

Complementary tools!



jm.alvarez@unican.es


