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Abstract

The Biodiversity Digital Twin (BioDT) project (2022-2025) aims to create prototypes that

integrate various data sets, models, and expert domain knowledge enabling prediction

capabilities  and decision-making  support for  critical  issues  in  biodiversity  dynamics.

While digital twin concepts have been applied in industries for continuous monitoring of

physical  phenomena,  their  application  in  biodiversity  and  environmental  sciences

presents  novel  challenges  (Bauer  et  al.  2021, de  Koning  et  al.  2023). In  addition,

successfully developing digital twins for biodiversity requires addressing interoperability

challenges in data standards.

BioDT is developing prototype digital  twins based on use cases that span various data

complexities,  from  point  occurrence  data  to  bioacoustics,  covering  nationwide  forest

states  to  specific  communities  and  individual  species.  The  project  relies  on  FAIR

principles  (Findable,  Accessible,  Interoperable,  and  Reusable)  and  FAIR  enabling

resources like standards and vocabularies (Schultes et al. 2020) to enable the exchange,

sharing, and reuse of biodiversity information, fostering collaboration among participating

research  infrastructures  (DiSSCo,  eLTER,  GBIF,  and  LifeWatch) and  data  providers.

It also  involves  creating  a harmonised  abstraction  layer  using  Persistent  Identifiers

(PID) and FAIR Digital Object (FDO) records, alongside semantic mapping and crosswalk

techniques  to  provide machine-actionable  metadata  (Schultes  and  Wittenburg  2019, 

Schwardmann  2020). Governance  and  engagement  with  research  infrastructure

stakeholders play crucial roles in this regard, with a focus on aligning technical and data

standards discussions.
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In  addition  to  data, models  and  workflows are  key elements  in BioDT.  Models  in  the

BioDT  context  are  formal representations  of  problems  or  processes,  implemented

through  equations,  algorithms, or  a  combination  of  both,  which  can  be  executed  by

machine  entities. The  current  twin  prototypes  are  considering  both  statistical  and

mechanistic  models,  introducing  significant  variations  in  (1)  data  requirements,  (2)

modelling approaches and philosophy, and (3) model output. The BioDT consortium will

develop guidelines and protocols for how to describe these models, what metadata to

include, and how they will  interact with the diverse datasets. While discussions on this

topic exist within the broader context of biodiversity and ecological sciences (Jeltsch et al.

2013, Fer et al. 2020), the BioDT project is strongly committed to finding a solution within

its scope. 

In  the  twinning  context,  data  and  models  need  to  be  executed  within  a  computing

infrastructure and also need to adhere to FAIR principles. Software within BioDT includes

a suite of tools that facilitate data acquisition, storage, processing, and analysis. While

some of these tools already exist, the challenge lies in integrating them within the digital

twinning  framework.  One  approach  to  achieving  integration  is  through  workflow

representation,  encompassing  standardised  procedures  and  protocols  that  guide  the

acquisition, packaging, processing, and analysis of data. The project is exploring Resear

ch  Object  Crate (RO-Crate)  implementation  for  this  ( Soiland-Reyes  et  al.  2022).

Implementing  workflows  can  ensure  reproducibility,  scalability,  and  transparency  in

research practices, enabling scientists to validate and replicate findings.

The BioDT project offers a novel  and transformative approach to  biodiversity research

and  application. By  leveraging  collaborative  research  infrastructures  and  adhering  to

data  standards, BioDT aims to  harness the  power of data, software, supercomputers,

models, and  expertise  to  provide  new  insights. The  foundation  provided  by  the  data

standards, including  those  of Biodiversity  Information  Standards (TDWG), is  crucial  in

realising the full potential of digital twins, facilitating the seamless integration of diverse

data sources and combinations with models.
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