Using earth observation for describing and measuring
ecosystems —experiences in Europe
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EU 7th Environmental Action Programme to 2020 ‘Living well, within the limits of our planet’:

Obijective 1: 'protect, conserve and enhance the European Union’s natural capital’

Objective 5: build environmental knowledge base

Urban Land use land cover data, e.g.
Cropland Corine Land Cover
Grassland Copernicus high resolution data
Woodland and forest Elevation data
Heathland and shrub Seabed maps
- - - Sparsely vegetated land National datasets
Building blocks for an integrated assessment
Rivers and lakes Models for spatially delineating wetlands or
Marine inlets and transitional waters natural, unmanaged systems
Coastal
- Shelf
* |mproving the knowledge base .
] ] ] ] ] ] fz} {3}
uptake of new information, interpretation, integration ... Asces the condition P —
of ecosystems delivered by ecosystems
Indicators Data Indicators Data and models

* Mapping and assessing ecosystems and their services oo s sy

Indicators of stock Different sources of
. . - . . Ecological status of WFD assessmen t and flow of environmental data
mapping ecosystem extent, assessing condition, ecosystem service modelling - I [
of seas services

Ecosystem status and  pollutant

* Linking ecosystem condition and ecosystem services S T -

land use change, soil human demand for economic

sensitivity of service assessments to condition changes eosstemsenes st

* Providing input and using accounting and valuation (KIP-INCA)
ecosystem extent and condition data transfer in accounting system

http://ec.europa.eu/environment/nature/knowledge/ecosystem_assessment/pdf/2ndMAESWorkingPaper.pdf Europesn Environment Agenay §5
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DPSIR Framework — Understanding the Causalities

Population,
economic growth,
technology...

_ Habitat change
Policy measures Climate change

to reduce impacts
(prOteCtion, Land/sea use Mapping and Assessment of

dp0||ut|0||’] d Invasive SpeCieS Ecosystems and their Services
reduction, lan . ol st
management...) Nutrient load and challenges

pollution

Change in Habitat quality

ecosystem state Species
(habitat loss or abundance and

degradation, diversity

change in species Water quality
abundance...)
W/

European Environment Agency ';_)

http://ec.europa.eu/environment/nature/knowledge/ecosystem_assessment/pdf/3rdMAESReport_Condition.pdf .
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Policy Mainstreaming - Integration

European environmental policies

Water policy

ﬁ Good ecological status matters

W

@ !

Biodiversity strategy
Achieving no net loss
and supporting the
15% target

‘( : Climate policy
=S8 Supporting action in
3 climate adaptation

Forest strategy Action 5/MAES - Agricultural policy
Focus on ecosystem Supporting
services delivered sustainable
by forests agriculture through
ecological

. . intensification
Regional policy

Enhancing jobs and
growth by investing in

Green Infrastructure Marine policy

Marine protected areas to

enhance fisheries
W/
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Courtesy: European Commission, DG-ENV



Using results in broader context

 NEC Art. 9 air pollution and biodiversity

* Climate change mitigation (LULUCF) and

adaptation

* UN Sustainable Development Goals (SDGs)

« Systemic changes and natural capital




Causalities - developing story-lines e.g. grassland

Nitrogen input 2010

P

Grassland ecosystems:
non-bird species and habitat conservation status
and trends

Total nitrogen input to
grassland

kg/hatyr

Bl <so
50-100
100 -150
150-200
>200

Conservation status Conservation status
(a) Species (609 assessments) (b) Habitats (158 assessments)

Other ecosystems
No data

JUL mRON

Outside coverage

| Favourable

Joint data base
for

[ Unfavourable-inadequate
[ Unknown
B Unfavourable-bad

assessment

Status and trends Status and trends
(a) Species (609 assessments) (b) Habitats (158 assessments)

and
Change in nitrogen input 2005-2010 accounting

" Favourable
430t 720* -fo° [ 19* 200 308 408 50% 60° 70¢ Agricultural int ificati
Unfavourable-improving gricultural infens fon
Average change rate (5) of nutrient input in grasslands (2005-2010)
M Unfavourable-stable -
s
[ Unknown 3-0
0-3
W unfavourable-unknown-trend s
. -
B Unfavourable-declining B Mo change
No data
Outside coverage

Nature report (EEA,2015)
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Ecosystem multi-functionality - condition — ecosystem services

lllustrative Examples

Ecosystem services Ecosystems

timber

cropland soil productivity

grassland soil productivity \

NO2 removal (air quality)

Erosion control

: forest
water retention
cropland
pollination grassland
pest control by birds heathland/shrub
wetland

Net ecosystem productivity

: mires, bogs and fens
recreation

maintaining habitat quality (forests) coastal beach

maintaining habitat quality (farmland)

ETC/ULS, 2015
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Input Accounting

> K
> >
* >
* >
* o Kk

European
Commission

Knowledge Innovation Project on Integrated System for
Natural Capital and Ecosystem Services Accounting in the EU

' Thematic: Land, Water,
\ Carbon, Biodiversity

~

ﬂl‘ools: ke

Classifications,
| Spatial units,

[Services Use scaling &

Physica

Extent [Condition

( Services
| Supply

\_

) | aggregation,

2 —. | Biophysical
Tools: Valuation techniques \modelling Y,

\
Supportmg. SNA, I-0

tables, economic production
functions
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KIP-INCA, 2015
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Key issues for ecosystem extent and condition in Europe

e Area:ca 12.1 Mio km?
6 Mio km? land, 6.1 Mio km? sea

e Spatial and temporal resolution of land
cover / land use as basic information for
ecosystem extent

e Spatial and temporal resolution of
indicators of ecosystem condition

e Quantification of ecosystem condition

descriptors for accounting

Eco system map (aggregated)

Marine waters

Sublittoral sediment

European regional seas

Infralittoral and circalittoral rock and
other hard substrata

Open waters

N[5

Marine habitats

Coastal habitats

Shores and surface waters

|

Mires, bogs and fens

Graslands and land dominated by forbs

L

Tundra, arctic and alpine scrupb and grassland
Tundra

Arctic and alpine scrupb and grassland

Heathland scrub

Mediterrenean scrub

Regularly or recently cultivated agricultural,
horticultural and domestic habitats

-

Woodland, forest and other wooded land
Il Coniferous woodland

Il Mixed deciduous and coniferous
woodland

[ Broad leaved and sparsely wooded
grasslands

Inland unvegetated or sparsely vegetated
habitats

[0 Screes, inland cliffs

[ Snow or ice-dominated habitats
]

Miscellaneous inland habitats with
very sparse or no vegeation

Constructed, industrial and other artificial
habitats

http://www.eea.europa.eu/data-and-maps/data/ecosystem- 4.
types-of-europe European Environment Agency '3’.)



Effect of mobility and urbanisation on the fragmentation of ecosystems

B . SR — Change in ecosystem extent and condition
< : - Ak PN o i

Landscape fragmentation 'Sf b

caused by major and minor F ¥ Emy N

anthropogenic fragmentation 7 =

(FG2) b Y o e .

[ ] no data ’ '

[ ] non detectable — 5 : "R )3}

[ ] moderate R -3 e "y . ‘f

[ medium oy TR W e 3 g

[ strong Landscape fragmentation >

caused by major and minor
anthropogenic fragmentation
(FG2)

[ | no data
[ ] non detectable
[ | moderate
[ | medium
[ | strong
B ery strong

I very strong
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Land use - vegetation characterization

Netherlands based on MODIS

Salting (Bosplaat, Terschelling)

16-days-NDVI-composites

Red = average NDVI
Green = Annual Amplitude
Blue = Six months Amplitude

Source ETC/SIA, Alterra, NL 2014
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Condition: Phenological shifts of European ecosystems

(AVHRR GIMMS3g 1982-2006)
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lvits et al. / Global and Planetary Change (2012)



Drought footprints on European ecosystems
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Z-score normalized linear biomass trends
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lvits et al. / Global Change Biology (2013)
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Land productivity dynamics in Europe

Assessment of land
productivity dynamics in
the EU (1982-2010)

- declining productivity
- early signs of decline
Ij stable, but stressed
[:] stable, not stressed

B increasing productivity ‘f

.....

: Kilometers
Ehs. o 0 125 250 500
R DR
N s
{ Kidometers 2 b .
" L S . © 2012 Copyright, JRC, European Commission
Source: Cherlet et al. / JRC Technical Report (2013) Source: Tum & Gunther 2011 \\Ol
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From Vegetation indices to carbon monitoring

1 Rz=099
25 ] R2=096

| /
-7 2

0 10 20 30 40 0 10 20 30 40

Temperature
dependency of
plant respiration i«

Res piration, umol O, g'FW h?

o o

Temperature, °C Temperature, °C

photo- ~ * Gross Primary Production (GPP): 100% Pystina & Danilov, 2002
synthesis total carbon fixed through photosynthesis

e Net Primary Production (NPP): 44-57%
GPP minus autotrophic respiration (plants);
net plant growth

respiration

e Net Ecosystem Production (NEP): 3-9%
NPP minus heterotrophic respiration (bacteria, roots);
net ecosystem carbon balance

This is measured by flux towers (NEE)

Courtesy: Lars Eklundh,
Lund University, SE;

i i . .
modified with IPCC. 2001 e Net Biom Production (NBP): <1%

NEP minus disturbance (fire, storm, harvesting...)
Lund University / Department of Physical Geography and Ecosystem Science remaining stock for perennial ecosystems




v’ Ecosystem extent — spatial delineation of ecosystems and habitats
* quantitative, operational and improving

* land cover monitoring revision (2022 onwards), improving delineation of habitats

(Copernicus land services)
v’ Ecosystem condition

e qualitative, operational and improving e.g. phenology, drought stress

* more work on characterisation of vegetation (land use, forest stocks)

Knowledge transfer and co-creation for parameterisation of productivity assessments

(beyond NPP)
v Ecosystem extent and condition change

* Sentinel time series upcoming, more systematic use of existing data (Landsal)onment agency 5:5



Thank you very much for
your attention

markus.erhard@eea.europa.eu (ecosystem assessment)

eva.lvits@eea.europa.eu (remote sensing)
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