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What are digital twins?

DIGITAL TWIN

INFORMATION

PHYSICAL ASSET DIGITAL TWIN

A digital twin is a digital model of an intended or actual real-world physical
product, system, or process (a physical twin) that serves as a digital

counterpart of it for purposes such as simulation, integration, testing,
monitoring, and maintenance (Wikipedia)



What are digital twins?

Digital twin prototype (DTP): exists before there is a physical product.
The DTP consists of the designs, analyses, and processes that realize a
physical product.

Digital twin instance (DTI): the digital twin of each individual instance
of the product once it is manufactured. The DTI is linked with its
physical counterpart for the remainder of the physical counterpart's life.



What are digital twins?

1991: The idea of digital twin technology was coined in Mirror Worlds (a
book by David Gelernter)

2002: Michael Grieves was the first to apply the concept to
manufacturing
2010: John Vickers at NASA introduced the new term—

“digital twin”—formally
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Digital twins in the life sciences

Important difference with engineering: the ‘physical entity’ already
exists and functions (so the physical twin is there before the digital twin)

Posterior digital twin: a digital twin that is constructed as a digital
counterpart of an already functioning physical entity



Digital twins in the life sciences
- three examples -




Digital twins in the life sciences
- Tomato plant -

A digital twin of a tomato crop in a greenhouse: a 3D simulation model
that is fed in real-time with sensor information from a real greenhouse.

The interactions between crop characteristics, environmental factors and
crop management are all simulated.

Growers will be able to use it as a decision-support tool for growing
tomatoes.



Digital twins in the life sciences
- Tomato plant -

Real tomato crop Data processing Virtual tomato crop
Parameter/state estimation

/]\
Greenhouse model

N

N . 1=
Control & decision support
Genotype selection

Il

0e® Stakeholders: 0e®
'-‘ growers, breeders, consultants, suppliers '-‘

Concept map of the Virtual Tomato Crops digital twin. (GxExM = interaction between genotype, environment
and management)
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Digital twins in the life sciences
Crane radar -

Real world
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De Koning et al. (2023) TREE

Trends in Ecology & Evolution



Digital twins in the life sciences
- Crane radar -
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Go to: https://analytical.sensingclues.org/cranes/ to use this digital twin



https://analytical.sensingclues.org/cranes/

Digital twins in the life sciences

- Bee hives -

A proto-DT to assess the viability and
productivity of honey bee colonies in different
landscapes and under different management
and climate-change scenarios.

The proto-DT simulates foraging, population
dynamics and Varroa mite infestation of a
single honey bee colony.

The main input data are land-cover maps and
daily weather data.

Groenenveld et al. (2024) RIO



Digital twins in the life sciences
- Bee hives -

¢} 25 app.biodt.eu/app/biodtshiny I
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biodiversitydigitaltwin

biodiversitydigitaltwin
Prototype Digital Twins

The Biodiversity Digital Twin prototype will provide advanced models for simulation and prediction capabilities, through practical use cases addressing critical issues related to global biodiversity dynamics.

BioDT exploits the LUMI Supercomputer and employs FAIR data combined with digital infrastructure, predictive modelling and Al solutions, facilitating evidence-based solutions for biodiversity protection and restoration.

The project responds to key EU and international policy initiatives, including the EU Biodiversity Strategy 2030, EU Green Deal, UN Sustainable Development Goals, Destination Earth.

Species response to environmental change Genetically detected biodiversity Dynamics and threats from and for species of Species interactions with each other and with
policy concern humans

&

<% Grassland Biodiversity Dynamics < Crop Wild Relatives and Genetic Resources for Food Security
<P Invasive Species <P pollinators (Honeybee)
<P Forest/Bird Biodiversity Dynamics e g Genetically Detected Biodiversity in Cryptic Habitats ? Y \
<P Disease Outbreaks .i
<P Real-time Bird Monitoring with Citizen Science Data <P DNA Detected Biodiversity, Poorly Known Habitats

<% cultural Ecosystem Services

Go to: https://app.biodt.eu/app/biodtshiny to test out this prototype digital twin



https://app.biodt.eu/app/biodtshiny

Digital twins in the life sciences
- Are these ‘real’ digital twins? -




Digital twins in the life sciences
- Characteristics-

i) Continuous updated with real-time data

ii) Include historic data for training the prediction models, and
environmental data that drive the dynamics of the system

iii) Automated data retrieval

iv) Based on mechanistic models in order to mimic the behaviour of the
physical system with high fidelity

v) End-user interactions by including an operational environment where

decisions are made
De Koning (2025) Ecological Informatics



Digital twins in the life sciences
- Considerations part 1-

An important difference is that while engineering a digital twin is

constructed based on physical knowledge this is not necessarily the case
in the life sciences

There it can be based on

- a biophysical approach (as in medical sciences)

- a data-driven approach (as in ecology)
using statistical modelling — which does contain some
process insights

using AI — which may be hard to relate back to processes



Digital twins in the life sciences
- Considerations part 2-

In engineering once both the physical and digital twin exist there is
digital thread: the digital twin is real time updated based on input from

the physical twin.
In life sciences such real time update is not really needed as

- digital twins are not always used as a real time decision tool (the
aim is to predict the “climate” rather than the “weather”)

- some processes are annual rather than at a much shorter time
scale (like reproduction of animals)



Understanding ecosystems

Scenario studies

real world digital twin

Illustration: Stefan Vriend



Digital twins to help understand ecosystems




Digital twins to help understand ecosystems

It’s a
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Digital twins to do scenario studies
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Digital twins in the ecosystem research

Real space Virtual space

A digital twin “only” needs to behave as the physical twin



A research
infrastructure to
develop Digital

Twins of
ecosystems in a
changing world

See www.lter-life.nl for more info



http://www.lter-life.nl/

The LTER-LIFE infra-structure

LTER-LIFE is a research infrastructure that enables researchers to build
digital twins of ecosystemes.

We are in year 2 of a 10-year project to develop the infrastructure

It is a collaboration of:

WAGENINGEN

UNIVERSITY & RESEARCH

%M National Institute for Public Health

{"ﬁf} and the Environment
Ministry of Health, Welfare and Sport UNIVERSITEIT VAN AMSTERDAM




Ecosystem-oriented
approach

 LTSER Dutch Wadden Sea
« LTSER Veluwe
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Netherlands Long-term Ecosystem Research Network
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Digital twins in the ecosystem research

Data is needed is build digital twins

Digital Twins Are Only as Good as Their Data Source

n Bette r d ata ena b I es better Evolution of Digital Twins — Better Data Enables Better Twins
twins”

- Long-term data

- Biotic and abiotic data
- FAIR data

6 12 1,200 12,000 1.2 x 1O*
Number of Data Points

Gartner




Scattered “"unFAIR"” data and models
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Further the FAIRIfication of ecological data by applying
meta-data standards, controlled vocabularies, ontologies,
and persistent identifiers



Community
around
LTER sites
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LTER-LIFE: two examples

Net Primary Production
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LTER-LIFE: primary production Wadden Sea

North Sea /

western
Wadden Sea

Algae

pelagic

OC Microbial
decomposition

Sedimentation

N-loading from Lake IJsselmeer in the Burialcic

Wadden Sea

OC - Organic Carbon



Helgol Mar Res (2000) 54:55-62 © Springer-Verlag and AWI 2000

ORIGINAL ARTICLE

Pelagic algae primary production

Catharina J.M. Philippart - Gerhard C. Cadée

Was total primary production in the western Wadden Sea
stimulated by nitrogen loading?

One time estimation
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LTER-LIFE: beech crop Veluwe




Net weight beech crop
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birds of prey
- (tawny ow)

ground-breeding birds
e.g., wood warbler ‘

Legend:
——= trophic interaction (regular prey)
——+ trophic interaction (alternative prey)
----#|nfection

— —» other types of interactions:

caterpillar

wood mouse

——{ bank vole

squirrel

yellow-necked mouse

(hanta virus (PUUV))
_ - gypsy moth |

raccoon

—= wild boar

I
’

pine marten

l

raccoon dog

PhD project of
Cherine Jantzen



LTER-LIFE: beech crop Veluwe

Donderdag 25 juli 2019, bijgewerkt tot 14:30 uur
Maximumtemperatuur
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Destination Earth

Analyse the past, monitor the present, predict the future



Join the community! You can help!
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Drawings by Geerten Hengeveld

Design by Stefan Vriend, Geerten Hengeveld
using illustrations from Storyset, Freepik, Flaticon
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http://www.lter-life.nl/
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