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Main elements of a Digital twin

e Best estimate

* Infegrating ‘all' data, models & knowledge

» Using the tools that we have

* Specific location

» Continuous in space & time & variables

» Tailored to application

&
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e
This is an invitation

e Share (research) results
e FAIR and OPEN science

e Re-use results of others
« Connect

e Discuss
* technical standards
 metadata
* ecology

« Work together!
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Three types of service

Expertise & Stewardship VRE & Tools Education & Training

lllustration Geerten Hengeveld, Stefan Vriend, adapted from Storyset



-
LTER-LIFE cycle

for digital twinning " Farify - § search
Share Find

Community
&
Research

 Four fields of focus

« Community & Research
are at the core of what
we do

&

Execute
&
Sustain

Compose
&
~ Align



Some examples
Veluwe kv ;
Py
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Lily
organisation
NIOO-KNAW
Job
data manager

background
ecology

N

~

I want to make long-
term dataset on oak
phenology FAIR

role:
FAIR data analyst

so that the data can
be made available
in the LTER-LIFE
asset library and
reused by others.

/

-~

RuG
Job

Mary

organisation

PhD student

background
conservation

Qogy

role:

Ecological researcher

I want to couple data
and models to
analyse the timing of
tree leaf unfolding

so thatI can
understand how
climate change will
affect the phenology

of oak in the future./
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FAIRify

Search

Community

&
Research
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FAIRify Search

Community
&
Research
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/ Chapter 2

FAIR assessment

How FAIR is your data now? How FAIR can yo

O O O O Storage
FAIRnessof (OO QQ standard
yourdata (OO QOQ Metadata

O O O O Structure

How to improve
the FAIRness of
your data?

Go through the
following steps:

« Create metadata
see chapter 3

« Store data

& metadata
see chapter 4

« Standardise data

& metadata
see chapter 5

www.lter-life-experience.org
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FAIRify Search H ow to i m p ro ve
Shsc;re Fi?:d

Community
&
Research

Veluwe Metadata Portal Mg Tehls  ANdEmey  Abtox

chistcr your datasct
Sustain

Y Metadata submission date *
2024-12-18

Date of registration of your dataset in the Veluwe Metadata Portal.

Language *
English

Language used in this form

Metadata provider

A metadata provider is the person who created and provided the documentation and other metadata for a dataset. In other words, who
are you?

Name *

Organisation name

The name of the organisation you are affiliated with.
Email address

Your first and last name.
LTER-LIFE experience
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FAIRify
&
Share

Execute
&
Sustain

Community

Search
&
Find

&
Research

LTER-LIFE experience

&

Notebook as a
Virtual
Research

NaaVRE Environment

https://naavre.net/

: File Edit View Run Kernel Git NaaVRE Tabs Seftings Help

+ Cells catalog g Save <> Export p Run

Showcase naavrewf L

©  Retrieve bud burslgatac..

| Retrieve bud burst data-cherine janizen-at-gmail-com

8]

Fi

Retrieve KNMI temperatu..

Process bud burst data-c...

nd climate window-cheri...

Parallelization

Splitter

Merger

Visualization

4

Simple

Visualizer

3

o Mo ® ¢

-

llustration: Geerten Hengeveld, Stefan Vriend, adapted from Freepik




FAIRify
&
Share

B + X

Search
&
Find

Community

&
Research

&

Notebook as a
Virtual
Research

NaaVRE Environment

S VaIlWe-proto-vi-va IpynD = %

B [ » m & w» Code

## 7. Colculate windows for each
first_window_Qrobur <- find_clima

# chow start ond end daote
first window Qrobur$start_date
first_window Qroburfend date

& save model output
firstWindow file <- “/tmp/datascl
save(first_window Qrobur, file =

4

Plot climate window output
NaaVRE:
cell:
inputs:
- firstiWindow file: String
dependencies:
- naome: dplyr
- fame: purer
- nome: stringr
- nome: lubridate
- nome: climwin
- nome: ggpubr

3 % G B o o dy o oW B B &

# Load model output data
load{firstWindow file)

# II. Visuaglize ouwtput of climwin

https://naavre.net/

» (O git Notebooks Containerizer

species of interest sxeg
te_window(biological data = avg_annual_budburs
dplyr::filter(stringr::str_detect(
climate_data = temp,
window_number = “first",
reference_day = c(31, 5),
range = c({181, @))

imwin_outputs_Qrobur.rda”

firstWindow fi

Markdown

Code cell

Markdown

Code cell

Markdown

Code cell

%

i
3

relnese-20e.,
l-codr-bbILacs
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Some examples
Waddensea .‘

L
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organisation
NIOZ

Job
Senior researcher

background
Oceanography

\

role:
Carbon modeller

[ want to let my
postdocs map the
pelagic primary

productivity through

time

so that I can
improve estimates
of annual carbon
budgets of the
Waddensea

~

/
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FAIRify Search
& &

N | .ResearchData

& = = e
Research e __,__._".'_—_‘.—_'.:——;-:-:- SCIENCE - ENGINEERING = DESIGN

Execute
&
Sustain

t our Community ~ About Training ~ MNews & Resources -~ Login & Upload Data

‘uction in the western Dutch Wadden Sea

o (

VV VYV V VYV LV
VOV V V V V V

| Philippart
Usage statistics

4including: Sea surface

I Datahuis Nieuws Projecten Wadden in Beel
nitorprogramma’s > P2 - Fytoplankton Noordzeekustzone
Noordzeekustzone

Titel/naam meet/monitorprogramma

Fytoplanktonmonitoring in Nederlandse kustwateren en Noordzee.

lllustration: Stefan Vriend, adapted from FreepIKVVIWVVVVVVVVVVVVVVVVVVVVV VY Naam aansturende organisatie (+ beheer metadata)
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FAIRify
&
Share

Search
&
Find

Community
&
Research

Execute
&
Sustain

J

LTER-LIFE experience

Raw satellite image

RS-retrieving-Py01-zhanging20. ..

path_ids @)

lllustration: Stefan Vriend, adapted from Freepik

merger sy

@ npath_ids

Chl-a processing

Sentinel-24 MS| Chiorophyll-a

w5

Longitud8

RS-processing-Py01-zhanging2. ..

acolite_proce...

Daily integrated pmmgmpmdm:hwty (mgCim2/d)

Validation by in-situ measurements

6000

4000 5000

1000 2000

0

RS-insitu-Comp-zhanqging2016-...

@ acolite_proce... dummy_output

. Latitude C .-

530

Primary production mapping

532

531

529 :

PP-map-R-03-zhanqing2016-g...

dummy_output



FAIRify Search
& &
Share Find

Community
&

Research

Workflows argo n-a-a-vre-zhanging2016-gmail-com-lbcp2

© RESUBMIT Il SUSPEND © STOP © TERMINATE W DELETE = LOGS <2 SHARE

Yv § Q @ 4 B ir 1 Search

©

n-a-a-vre-zh..
ail-com-Ibcp2

vV V VYV VVYVYV
vV V V V VWV

rs-retrievin..
ch-eu-1b0d6d2

splitter-
244c177

O 006 0 0 0 O

rS-processin..  rs-processin..  rs-processin..  rs-processin.. rs-processin..  rs-processin..  rs-processin..
fcca8e(6:[6]) fccaBe(5:5]) fccabe(4:[4]) fccade(3:[3]) fccade(2:[2]) fccaBe(1:]1]) fccade(0:[0])
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Search
&
Find

FAIRify
&
Share

C°’“2““"Y mary production Data Visualization
Research fiquration
Execute eJedgrng fhe region and variables you want to visualize, 201 9-02-1 5 q—;g
& djust remaining seftings as needed, then click "Load =
Sustain :ig

which part of the wadden sea to view. The remote

data is parfitioned info different files (see Sentinel-2
. We aggregated these tiles into a mosaic [All] to map
u & entire VWadden sea.

i
60

Select which region
All v

Select which domain to display

Rt D allanTN o1+

Pelagic -
Year
Leaflet | Tiles © Esri — Esri, DeLorme, NAVTEQ
2019 -

Rikswaterstraat stations (i)

View full satellite [chila] or derived intergrated primary ® RWS
production estimated from established empirical model ® mean-S2A'B
: 0 (
@ chlorophyll-a concentration T
LTER-LIFE experience () Primary production w
s,
& o
g =
Select how you want to view the data = E {
Q .
static bt
o -

Click 1o open full Webviewer

Jdan Anr Wl Oct
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Join the community! You can help!

What should the
virtual lab
look like?

Do you have Do you want to
data or models

bU|ld a Digital
of Wadden Sea . Twin?
or Veluwe? p

data a
&

9 LTER-LIFE
models
’ . SCAN ME
‘ @ https://lter-life.nl/en

DL lter-life@nioo.knaw.n!

What digital twin
would you
create?

@"’

Drawings by Geerten Hengeveld
Design by Stefan Vriend, Geerten Hengeveld
using illustrations from Storyset, Freepik, Flaticon
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