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Modelling of ecosystem services

Using geospatial information, big data
and global datasets

Let’s start from the end... users
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The importance of end users

. Ecosystem Services as transdisciplinary science

Model users are not necessarily the model
developers

Need to make scientific products more FAIR

Tension with the complexity of the science needed
to model complex socio-ecological systems

And a unifying end... use
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End use: Beyond GDP

Reporting under the Kunming-
Montreal Global Biodiversity
PR (<o) o the Civentos
on Biological Diversity (CBD): B e

What?

i n d icatO rS = Identifying and guantifying all relevant ecosystems and ES |Le. biophysical stocksand flaws).

. . Who?
Natura Capital Accounting (NCA) . erttyng e,

. When?

SEEA-EA: an integrated and e
Comprehen5|ve StatIStlcal an:..';ﬂi Hwﬂxﬂlmm“ﬂmmu Hﬁﬁﬂmﬂﬁﬁzm
framework (UN SC 2021) g e - Bl v
Gross Ecosystem Product (GEP) ——3 o
SEEA and GEP could be useful _ _
complementary measures (but Economic values s+
StrOnger theoretical foundatiOnS and Welfare values Exchange values FNP values
greater methodological rigor is needed
for GEP) Fig. 4. Stepwize scomyutem accounting process following the sxtended SEEA-BA methodology.

De Valck et al. 2023. Marine Policy
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A wish list based on our experience:

1. Flexibly incorporate the best knowledge available

» From global public datasets to user provided data

2. Rescale smartly across spatial and temporal scales

» From local to global and vice versa

3. Open, transparent and well documented models

» Simple and modular model coding with mandatory encapsulated documentation

» Individually documented modelling components and computational workflows that
collect and process this information

4. Data and Models are alive on the web

» Not only static datasets served as web services
» But also computational workflows (e.g. making of account ready...)
» Have DOI, peer reviewed, with metadata like in Zenodo, etc.
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An example of distributed architecture &

ARIES-OpentO-UDP/UDF catalog
[ (public repository to access INCA functionality & advanced OpenEO }

Data and
Processing Engine

koLAB Access via k.LAB client API

Knowledge Integrated Modelling

-

[ Semantic front-end } [ NCA sta;;jard for EU

https://esa-people-ea.org/en
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https://esa-people-ea.org/en

Behind the curtains

1. EO retrieval and processing
 ESA Sentinel L2A, e.g. NDWI
* NASA Landsat 7, 8, 9, e.g. LAI, FAPAR

2. Distributed system with two different computational
architectures:

* OpenEO - Terrascope
* ARIES for SEEA Sector Hub of the UNGP - k.LAB tech

* Link to online data services, including OGC-compliant and STAC catalogues

3. Open Source and openly documented
* Online open repositories

4. Models are integrated and composed with distributed building
blocks
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Task: quantify sediment retention attributable to vegetation in

tons/ha*year

* Demo application served [T LTIy
l' Pioneering Earth Observation Applications for the Environment -
nun L
O e a O Fraction of Green Vegetation Cover [0 Files
httD S //D eop leea.i ntegrat T = Cwiq [reen]) ot mame s i o0 e
) | P sl Q Gorotie roc A LI =, , o s
edmodellin g.org /modeler [ Canopy Cover Percentage I = e T M ATt P T e
/?app=aries.peopleea.en
* Point and click Ul
[ UDP_biomass_cci-vA.py

* All the complexities are 0 nov 1 ey

C = github.comyintegratedmodelling/OpenEO-UDP-UDF-catalogue/blob/main/examples/tests_c-factor_UDP.ipynb

OpenEO-UDP-UDF-catalogue / examples / tests_c-factor_UDPipynb

O Landscape Naturalness Percentage [ UDP_annual avg_fapar_10m.py ,
[ uDP_annual_avg_feover_10m.py
" [ Forest Fragmentation [ UDP_annual_avg_lai_10m.py

Le file we do not need a batch job - synchronous request
_INCA_2019_180m_EPSG3835.tif') -

————————————. [ uDP_annual_avg_ndvi_10m.py
€% PEOPLE-EA High Resolution Variables H [ UDP_annual_total GDMP.py

27))
c-factor 2019 108m EPSG:3835)

o =
X shou re, bins=50, .0, stacked-False, alpha-0.3, histtype-'stepfilled’, title="Histogram®, ax-axhist)
o w B [ UDP_biomass_fem-20m.py AR A(0)
i
kept under the hood ) (3 DR ee smustveroge O
e INCA c-factor 2019 100m EPSG:3035
6 Histogram

O Above Ground Biomass ; v @ examples "
<generater object show_hist. <locals>.<genexpr> at 0X00000257520DD7AS0>
> [ .ipynb_checkpoints

* Allthe black boxes are s
M call_udp_from_python.ipyn
ma d e tra ns p are nt O Plant Phenology Index ‘ g ::::Mb;js:l:i:»:; “
1 ' O FAPAR [ tests_FCM-20m_biomass_UDP.i..
* Video: S R
{¥ PEOPLE-EA Ecosystem Services H : i O :es:jﬁ;zzz b
https://www.youtube.co " ovento o o
=Ll g=Ami AT L = [ tests_NDVI_UDP.ipynb
m /Wa t C h ?szVC h iWO 5 I N ' [0 Sediment regulation: soil erosion control N - (3 testsTier-2 UDPipynd

O Fraction of Green Vegetation Cover

2
g
8
g

Frequency

[ tests_Landsat_NDWI_UDP.ipynb

[ tests_c-factor_UDP.ipynb

8 Spatial and temporal aggregation [ gitignore
™ READMEmd
(& KE_V DUtPUtS O requirements.xt = o
- 3.97403.97423.97443.97463 97483.97503.97523.5754

° D O C u m e ntati O n : O Soil retained by vegetation (t/ha) I | . m ;J:-)ﬂ; & Tx{m‘_
httpS://Confluence.integr — S— model local:ferdinando.villa:im.openeo.

as sci'_ :Cove "-'.aja_gen'etj
atedmodelling.org/displa j . -
/AFP

[
sandbox:vito.cfactor

SRS  Man credits & DSM contribitors.
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https://peopleea.integratedmodelling.org/modeler/?app=aries.peopleea.en#/login
https://peopleea.integratedmodelling.org/modeler/?app=aries.peopleea.en#/login
https://peopleea.integratedmodelling.org/modeler/?app=aries.peopleea.en#/login
https://www.youtube.com/watch?v=fvChjWO5IN8
https://www.youtube.com/watch?v=fvChjWO5IN8
https://www.youtube.com/watch?v=fvChjWO5IN8
https://confluence.integratedmodelling.org/display/AFP
https://confluence.integratedmodelling.org/display/AFP
https://confluence.integratedmodelling.org/display/AFP

* When computed in Cote D’Ivoire, the
model uses the default C-factor
calculation, based on a lookup table
driven by land cover type.

% b =
- —e

* When the same query is made in
Slovakia, ARIES realizes that
OpenEO C-factor provides a more
specific and higher-resolution C-
factor model (aligned with the INCA
methodology endorsed in EU)
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ES models availability

Globally customizable ecosystem services models in ARIES (Martinez-Lépez et al. 2019,
Science of Total Environment)

Other usual suspects: INVEST, ESTIMAP (JRC), etc.: however, a limited model set used: :
e.g. sediment, pollination, recreation, carbon storage.

Communities My dashboard

Based on the SEEA EA ecosystem services reference list (Table 6.3), the summary table
presents candidate models, data sources, and SEEA-compatible valuation methods for all
ecosystem services.

Reviewing Table 25 of the Cuidelines on Biophysical Modeling for SEEA EA, we include
open-source models available in ARIES, ESTIMAP, and InVEST, as well as a wide variety of
additional ecosystem service-specific models, and national ecosystem accounts in
countries where a wide range of ecosystem services have been included in the accounts,
e.g., the Netherlands, South Africa, and U.K.

33 models vs. the current 9/10 most established and used
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Prioritization criteria

ES assessment criteria:
a. Existing models
b. Data needs
c. Valuation (in monetary terms)

Ecosystem Serviceshed: need to
select the appropriate spatial and

Ecosystem Service

Potential models

2.14 Nursery population & habitat
maintenance services

Fish larva dispersal models, e.g.. here

3. Cultural Services

31 Recreation-related services
(Serviceshed, Calibration)

J

temporal context for the analysis<

R

Nature-based tourism (disaggregation of tourism statistics),

e.g.. NL ecosystem accounts

ES shed contextualization (work in progress by BC3
complexity modeling group)

Routing based models of recreation
(i.e., INCA/ESTIMAP, ARIES)

Calibration: need to use actual <

L

measurements to parameterize
methods

Old ARIES viewshed models

National land accounts

3.3 Education, scientific, & research
services

We are unaware of examples at the needed scale to
support SEEA EA
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Final considerations

* It's time to build and maintain a common knowledge base on ES and beyond
« Good practices, Standards, Datasets, Algorithms, Protocols, Platform APIs

 This is precondition for deep integration and interoperability
« From “open science” to “deep(ly integrated) science”
« Resources live online independent of their semantic orchestration

 Distributed and autonomously produced scientific products can be peer reviewed and maintained
on the web, especially geospatial and EO products.

« Serve multiple purposes: ES, GEP, SEEA-EA, Biodiversity monitoring, etc.

#Integration: Bridging communities, data & models for intercomparison and
reuse

#MakeNatureCount: Global understanding of the role of nature for better

policies




stefano.balbi@bc3research.org
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