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DIGITAL TWIN TECHNOLOGY

New type of weather extremes and climate information system used to assess impacts of climate

change and different adaptation strategies at local and regional levels over multiple decades.

Key features:
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"User-driven” approach focused on user (or broker) interactivity

Global multi-decadal climate simulations at unprecedented km-scale horizontal resolution
Directly linking digital twin output to impact models and services

Building an Al-supported ecosystem for condensing information

Extreme weather events at local (dekametre) and regional levels (sub-km); complementing
detection and triggering framework leveraged by memberstate weather services

Quality assessment and uncertainty quantification based on observations
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TECHNICAL CHALLENGES

20+ PB of digital twin data, "how do | get the bytes | need” ?

» Efficiency of Infrastructure use: HPC or cloud ? Near data or near service, serverside or

client side processing, workflow parallelism ? server-side:  E client-side: ™ & npc: L]

 Lack of knowledge on the interfaces and services

» How to adapt, how does it fit with what | have or want to achieve ?
 Data broker needs and expert knowledge vs general public user appeal

» Accomodating different levels of expertise

» Ensuring clear + concise messaging to the range of users in an evolving ecosystem

» Avoiding over-simplification (scientist ambition)
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UNCERTAINTY CONSIDERATIONS! ON CLIMATE DT

Linspired by J. P. van der Sluijs, University of Utrecht
* Building trust and addressing uncertainty on climate change and adaptation

e Statistical uncertainty: improving quality of predictions, apply different methods of validation,
framing within consensus knowledge, availability of quality assessments, labelling of data

e Scenario uncertainty (CMIP6 or CMIP7, European scenario, ... ): supporting robustness of
decision taking, considering new or bespoke scenarios, reduce time to data bytes

* lIgnorance, surprises: define impact resilience thresholds and map to weather in a changing
climate, increase flexibility on what-if scenarios, consider risk-based approaches

* Al for condensing information and interpolation between scenario outcomes

HPC: El:l:l and Server-side: = 4
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EXAMPLE 1 — USE POLYTOPE TO FUSE EUROSTAT OR GBIF
BIODIVERSITY DATA WITH CLIMATE DT OUTPUT oo T v

%
j =
* Requires familiarity with: "
 Python, jupyter notebooks (or LLM Al use) /3
\\\
 Basic knowledge on databases, content and location )
 Basic domain knowledge on interpreting uncertainty and results
* Targeted users: SEEEEET T N
Projected oak tree occurrence in

 |nformation brokers Europe with climate change

* Advanced general public use for illustrations, training, or personal use ->Adam Warde

Server-side: E and CIient-side:! & 5
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EXAMPLE 2 — USE EDGE SERVICES FOR ANALYSING
NEAR THE DT DATA HOLDINGS

* Requires familiarity with:

* Setting up and basic knowledge on openstack cloud services, separate account
* System administration for the chosen desktop environment incl installing all software
required, optionally docker containers, python, etc.
* Domain knowledge required, understanding data and interpreting uncertainty and results
 Targeted users:
* Information brokers
* Diagnostics/dataset creators/owners

* Scientists

Server-side:  E , configure via & and command-line shell access 6



Phenomena tracked by MOAAP

we exclude tropical waves for now

Phenomena tracked by MOAAP - DestinE ifs-fesom 1990-01 | 1990-01-01 00:00

— jet streams e anticyclones Z500 anticyclones m—MOISture streams

= surface cyclones = Z500 cyclones == cut-off lows fronts

Phenomena tracked by MOAAP - IFS-NEMO hist 1990-01 | 1990-01-01 00:00

w— jot streams

e anticyclones

Z500 anticyclones w— MOiSture streams

= surface cyclones = Z500 cyclones == cut-off lows fronts

Phenomena tracked by MOAAP - DestinE icon 1990-01 | 1990-01-01 00:00
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Analysis next to the data

= anticyclones
—— Z500 cyclones

Z500 anticyclones === moisture streams
== cut-off lows fronts

Courtesy Nikolay Koldunov
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CY — surface cyclones

MULTI-OBJECT ANALYSIS OF ATMOSPHERIC PHENOMENA

Monthly tracked-object counts, 1990

ACY — surface anticyclones jet — jet streams MS850 — moisture streams
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Analysis next to the data

peak UV200 (m/s)

peak 850 hPa moisture flux

Tracked-object lifetime distributions, 1990

CY — surface cyclones ACY — surface anticyclones
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Courtesy Nikolay Koldunov



EDDY TRACKING - PY-EDDY-TRACKER

DestinE ICON hist — 1992-01-01 (trail < 60 d)

DestinE IFS-FESOM hist — 1992-01-01 (trail = 60 d)
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DestinE IFS-NEMO hist — 1992-01-01 (trail < 60 d)
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Analysis next to the data



MCS

Analysis next to the data

PYFLEXTRKR - MESOSCALE CONVECTIVE SYSTEMS
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MCS -

PYFLEXTRKR -

Hovmoller: # of longitudes with tracked MCS at each (t, lat)

B/

MCS initiation points (1552 tracks)
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Analysis next to the data
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EXAMPLE 3 — USE DESP SERVICE: CALIFE QUALITY OF LIFE REPORT

* Requires familiarity with:

e Technically none

 Basic domain knowledge on interpreting uncertainty and results

 Targeted users:

 General public

c
j s 65 97
> %
A E
vegetation cover within a 1 km radius different plant species within a radius of 1 km

197... 1.

sunny days in the current year

annual average over the last 5 years : location (1km)
166 days

of heat island around the

On average, 10 days / year have more

On average, 10 days / year are above
ge, 10 days / ye than

2 1 drought
days
Average annual length of the ¢ 13
mm

longest period without
precipitation over the last 10
years

+16 +5 -2

heavy rain days / year

CrelielastiiOlyeary of rainfall over the last 10 years

drought days / year
g S hot days / year

Projection for the next 10 years,
of days with precipitation above
13 mm

Projection of the longest period

without rain over the last 10 Projection for the next 10 years,

of days above 29 °C
years

Only based on one IFS-Nemo scenario...

820..

of rain in the current year

annual average over the last 5 years :
m

Server-side:

Overall quality of life indicators score*

Q Health

/? Hazards £ Water

e k: Weather

;7%: Transport

Data fusion from a range of sources

= , configure via @ 12
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EXAMPLE 4 — USE DESP SERVICE: DRE RENEWABLE ENERGY
FORECASTS (BASED ON COPERNICUS ATMOSPHERIC MONITORING
DATASET)

Requires familiarity with:

Technically none

Basic domain knowledge on interpreting uncertainty and results
Targeted users:

General public

Advanced users / data brokers

Server-side: E and Client-side:! s 3
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EXAMPLE 4 — USE DESP SERVICE: DRE RENEWABLE ENERGY

My general public use case ...

60

CAMS Solar,Radiation

Data Serv GHI and DNI

T ot B oni P Service explalns_, |

§ downloads or visualises
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g | kWh/solar panel of my home
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x lconsumed lgrld produced M export self sufﬁuent self consum

5 Month

=

(DESP note: attention to units ©)

Expectation == kWh/solar panel = 0,380 kWh x 0,8 (==20% losses) x GHI, about 30% of GHI 14
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EXAMPLE 4 — USE DESP SERVICE: DRE RENEWABLE ENERGY FORE STS

GHI and DNI

GHI @DNI Using CAMS Solar
Radiation Data Service

Jan Feb Mar Apr Ma Jun Jul Aug Sep Oct Nov Dec

2 0 2 5 Month

Copernicus Atmosphere Monitoring Service (2020): CAMS solar radiation time-series. Copernicus

Atmosphere Monitoring Service (CAMS) Atmosphere Data Store, DOI: 10.24381/5cab0912
(Accessed on 01-06-2026)
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Multi-year Average of Monthly Cumulative GHIV/DNI [kWh/m?]
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DestinE climate DT
How about climate DT ... generation 2 data, 4
year average, 1 model
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Month Used polytope/earthkit

Surface downward shortwave radiation (kWh m2)
o

hist W cont M ssp3-7.0

Shift to higher values Jul-Sep

15
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Multi-year Average of Monthly Cumulative GHIV/DNI [kWh/m?]
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GHI and DNI

GHI @DNI

CAMS Solar Radiation
Data Service

Jan Feb Mar Apr May  Jun Jul Aug  Sep Oct Nov  Dec

2025

Month

EXAMPLE 4 — USE DESP SERVICE: DRE RENEWABLE ENERGY SIS

Surface downward shortwave radiation (kWh m2)
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DestinE climate DT
generation 2 data,
10 year multi-model
average
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How about climate DT ...
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Used polytope/earthkit

hist W cont M ssp3-7.0

Shift to higher values Jul-Sep

16
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EXAMPLE 4 — USE DESP SERVICE: DRE RENEWABLE ENERGY FORE STS

GHI and DNI
r 6Hl ODN CAMS Solar Radiation How about storylines ... DestinE storylines
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