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Digital Twin Architecture

A digital twin is a virtual representation of a
physical system.

It is continuously updated with real-time data
from that system.

The virtual representation allows for
simulation, analysis, and control of the
physical counterpart.

The digital twin architecture is an
interconnected computational system
that facilitates the flow of data an
information between developers, users, and
the environment.
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Digital Twin: overview @ s
Components of a Digital Twin:

* Physical system: some part of reality
that humans want to understand
and/or manage.

d/
 Sensors: detect physical properties

Data connection

and produce digital signals ) .
o . . tuat
 Data connection: converts digital interfaces >ensors
§|%nal to data object, and transfers

information to céntral processor

Decision
algorithms

formats, and organizes data objects; ‘

generates analysis ready data.

ready data to make predictions, and RS Simulation -

interpret predictions, allowing insight.

- Data storage & management: stores,

* Modelling Layer: utilizes analysis Uncertainty Modelling &

* Actuators and interfaces: modify ‘ Data storage +
physical conditions (either through loT management layer
or insight to decision makers). asSImaHon
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Digital Waters Digital Twin Architecture

The digital twin architectureis an ' DIWA Data Lake

F:cr;?il’ggteast’:ﬁg?lloll\’/\ll%?cl(l:lgﬁe;[ g?]td ‘ DIWA Virtual Research [ Physical system J

information between users and the Environment

environment. Co-developed

« Research data pipelines overlap Digital Twin Actuators & Sensors
with digital twin data pipelines microservices

* Data collection, data processing,
modelling, interpretation,
presentation of results.

e Standard protocols + research
infrastructure enable co-
development

* FAIR Compliant
* OGC Standards
* European Interoperability

Data storage +
management layer
» Shared HPC + Software + Data

Framework
Systems

' Data connection




The 6-step DT Architecture development( igital
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plan

4. DIWA Digital Twin models

3. DIWA Data Space

2. Train Flagship to co-develop Digital Twin
Architecture on VRE




Step 1: Where we work together.

DIWA DatalLab
JupyterHub VRE on CSC.fi

Translate research code into Digital Water Labs:
» Public interaction with GitHub repository enabled by BinderHub

 Voila, Dash, Streamlit allow the public at large to interact with
data visualizations

« Supports open, reproducible research + scientific
communication

Co-develop DIWA Digital Twin Models:

* Coupled, interoperable process + data drive models w/
automatic data assimilation

 User interfaces enable stakeholder engagement for scenario
evaluation and design

Design and host user interfaces for DIWA Digital Twin
Models

Digital
Waters

Accelerate research and develop data-to
knowledge pipelines in digital water
management

Sign in with GitHub
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DlgltalWaters.fl GitHub Organization

e * Public-facing hub for DIWA
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Step 2: How we work together. [

O ’ i?nager\. ==p 1. setup.sh mlp temp data
Training on DIWA Digital Twin technology GitHub 2
. TR iy
1. PhD Pilot Course: water digitalization pf 2 source
* Learn open-source software + FAIR best practices
* Publish a GitHub repository with standard " < o rocess B

analysis
data

< 4. trai
. train
model
——— model
> L <
. 3 5. visualize
fltgauglee SS+ < results

elements data

* Co-design Al policy and usefulness metrics

2. DIWA GitHub organization

 Publish trainings
* Access software + tools
* Collaborate + get help

3. Digital Twin Webinars
* Launch products + train flagship

L, COOKIECUTTER + @ binder=0 ¢ 5 &

o



Step 3.
Streamline data
access.

DIWA DATA SPACE.

» Data Discovery and Access Service
* Build on AqualNFRA DDAS
* Search 90 million datasets from one
place
» Data Lake:

* New observations: GEOPORTTI +
HYDRO + CRYO RIs

* Experiments + field work
* Model data + outputs

* DIWA Data Space interoperability
framework

* open standards to ensure that
geospatial data can be seamlessly
shared and used across different
systems, applications

* OGC standards for data models and
APls

* European Interoperability
Framework

Geo-databases DIWA Data Discovery and
Destination Earth § Access Service
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Step 4. Get insight from data.

 DIWA Model Lab

* Coupled and interchangable

hydrologic/hydraulic/systems models
provide information on system fluxes at
management-relevant scales

We are starting with HBV, SWAT+,
SpaPHy

Images on DIWA Data Lab
Coupled + Interchangable

» Data assimilation system

Compare observations to predictions in
real-time

Models get smarter over time

Integrating process and data-drive
(MLFAI mo%epls)

Integrate rich data inputs from
Geoportti, JERICO, CRYO, HYDRO-RI



Step 6. Bring data-driven ins
water resources manage

DIWA WaterLab

* Intuitive and transparent user
interfaces

* Diverse stakeholders access
ModelLab and DataSpace

* Dashboards
» Userinterfaces
e Chatbots

* Tools for hypothesis testing

 Tools for system and scenario
analysis




User interfaces: stakeholder-driven o
design

User survey, in collaboration with e S R e
)
National/regional level ELY-centres (10)
SYKE, EDC-centres and ministries vy

Ministry
Broader themes - catchment-
based planning and digitalization

Municipalities (16) 16 17

Regional council 1
Water associations (3) 9 9
Research & education Universities 2 4

l' V\}I]ha“t are the Cur(;ent bl f _ Research institutes (1) 2
cha enges Inand ena ers o Private sector, sectoral BE'CIE sector & 3 7

integrating CatCh ment—based organisations & others consultancies
p la nn | N g7 Sectoral organisations 3

Other 1
2. Current use of and needs for

digital services, tools, and data

Slide by Alexandra Malmstrém, Mirjami Lantto Klein,
Mia Pihlajamaki, Marko Keskinen / Aalto University
Lauri Ahopelto, Mika Marttunen / SYKE



Information sources and services:

current state [ use

Q: Which of the following sources of information do you use in your work?
Rate their usefulness in your tasks related to catchment-based planning
Important spatial datasets:

Usefulness of information sources

-

— Spatial data (generally)
Stakeholders/local knowledge

Networks and other experts
—)Browser based map applications

Reports (by different institutions)

Information systems, monitoring d ata, forecasts
——) Mo delling results

10%
AL
4%

10%

6%
2% 10%

12%

23%

31%

8%

24%

55%

41%

38%

90%

75%

65%

64%

39%

43%

40%

4%

Scientific papers
Vesi.fi expert's desk

Policy briefs

Hmdon't use at all

M not very useful

6%

8%

15%

B moderately useful

18%

18%

39%

m very useful

39%

53%

23%

29%

8%

23%

15%

Emdon't know/ notrelevant

6%
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catchment areas

roperty borders and
andownership

land use and land cover
soil characteristics

ecological indicators, species, and
protected areas

flood maps

stormwater sewer systems
water quality/load

water discharge
groundwater

sensitivity to erosion
elevation

Slide by Alexandra Malmstrém, Mirjami Lantto Klein, Mia Pihlajamdki, Marko Keskinen / Aalto UniversityLauri Ahopelto, Mika Marttunen / SYKE
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Information sources and services:
current state [ use

Q: Below is a list of various watershed and environmental models and tools used in
water management. Do you use these models or their results in your work?

Use of key models / tools
Few respondents reported

WSFS (Syke watershed model) 31% 55% 8% 6% .
; e using the models / tools
WSFS-VEMALA (Syken load model) 27% 61% 10% 29 themselves, but many reported
SCALGO Live spatial datatool 46% 35% 17% 29 UtIIISIng their reSUItS
SWAT basin model 71% 17% 4% 8% —> Production of e.g., scenario
HEC-RAS discharge model 75% 15% 2% 8% .reports based on mOdelS
Important
Bmdon'tuse atall MmIlutilizeresults ®luse myself ®Wdon'tknow/ notrelevant

Slide by Alexandra Malmstrém, Mirjami Lantto Klein, Mia Pihlajamdki, Marko Keskinen / Aalto UniversityLauri Ahopelto, Mika Marttunen / SYKE
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Information sources and services

Key needs

Sources and services accessible through one
platform

Integration of different types of data under the same
service

Spatial information regarding ongoing, planned, or
implemented activities and measures

Tools supporting the planning of water management
measures

 Helping with the identification of potential measures for
a specific location / locations for specific measures

* Modelling scenarios / impacts of measures

Tools enabling the visualisation and demonstration
of action impacts (to stakeholders)

Also...

Spatial datasets on:

landowners

automatic / continuous water quality /
load monitoring

more accurate elevation

measurements / modelling (laser-
scanned)

better ecological and environmental
data (e.g., protected species and areas)

Tools for:

definition / delineation of catchment
areas

discharge / hydrology / flood risk
modelling

water quality / load modelling

Slide by Alexandra Malmstrém, Mirjami Lantto Klein, Mia Pihlajamaki, Marko Keskinen / Aalto UniversityLauri Ahopelto, Mika Marttunen / SYKE



Design + Management

 DIWA ModelLab: coupled, interoperable process models

* DIWA WaterLab: user interfaces for the DIWA ModelLab that

Planned DIWA Digital Twin Services

* DIWA DatalLab: a JugyterHub based virtual research
|

environment with a BinderHub public access point
promotmg open science, training, and co-development of DT
services (Dec 2025)

 DIWA Data Discovery and Access Service: a federated

search that brings observations geodatabases, national
infrastructure, supersites, and research into the DIWA
Datalab (Spring 2026)

— DIWA ReChat: a knowled%e—aware hydrology focused

chatbot to empower development of data-to-knowledge
pipelines on VRE (Fall 2026)

with a robust data assimilation framework facilitating design
and scenario evaluation (Spring 2027)

support stakeholder needs (Spring 2028)

(

Digital
Waters




Phase 1: Architecture
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DIWA Data
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Research
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Supersite

data

AqualNFRA

DIWA Data Lab (VRE)
® @

~Jupyterhub

Image-based research pipelines

SE1: SE2:
Data Data
access process

SE5: SE®6:

SE3: SE4:
Models Visuals

img/
env

repro
wrap

@ vseers

¢ @ binderhub

Geo-
databases

DIWA Water Design Lab (Ul)




Phase 2: Al-supported research

DIWA Data
Lake (DB)

Research
data

Supersite
data

AqualNFRA

DIWA Data Lab (VRE)
® L

~Jupyterhub

Image-based research pipelines

SE1:
Data
access

SE2:
Data
process

SE5:
img/
env

SE®6:
repro
wrap

SE4:
Visuals

DIWA Data

Assimilation
Engine

"
—

DIWA Model
Assimilation
Engine

11y

~

~
~

S~2 S a
D
NE

IWA
Chat
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~~N
~~~
>

#

Geo-
databases

DIWA Water Design Lab (Ul)
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Phase 2: Models + Middlewear @2,

DIWA Data Lab (VRE)

[ ® .
)
~Jupyterhub
z o
DIWA Data
Lake (DB) DIWA ModelLab images -l Dig ital
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Data Data SlE
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Research
data

Data
: Model DIWA
SudperSIte resliilEiden Couplin ReChat
it Engine ping

DIWA Water Design Lab (Ul)

Geo-
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Phase 3: Data-driven design

DIWA Data
Lake (DB)

Research
data

Supersite
data

AqualNFRA

DIWA

Data Lab (VRE)

~Jupyterhub

SE1: SE2:
Data Data
access process

DIWA ModelLab images

SE5:

SE4:

Visuals ime/

env

SE®6:

repro
wrap

J

Data
Assimilation
Engi

|

Model
Coupling

t
DIWA
ReChat

?

Geo-
databases

Modular XR

DIWA WaterLab (Ul)
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How DIWA services work together

DIWA Data Lab (VRE)
° o

~Jupyterhub

DIWA Data ¢

Lake (DB) DIWA ModelLab images <__>(‘ Digital
ser | sea : ses. | see Waters

Data Data SE:
Research AqualNFRA Visuals

data (user access | process
upload) | ’

' t
Supersite
data .D?ta : Model DIWA
: Assimilation .
(automatic Enoi Coupling ReChat

upload

img/
env

repro

& binderhub

Dozens of DIWA WaterLab (Ul)
ge0- Modular XR
interface ChatBots

databases




Digital

Summary: DIWA Digital Twin co- @ wat-
development

1. DIWA Data Lab: a JupyterHub environment for collaborative development.
1. OGC Data Models + Development Standards: maximize interoperability
2. User-driven workflow libraries accelerate development
3. BinderHub + Voila + Dash enables research/public engagement with research code

2. DIWA ReChat: a domain-specialized, knowledge aware chatbot that leverages
insight from DIWA researcher pipelines to modify software and code

3. DIWA Data Space: OGC compliant research data management + AqualNFRA-
driven federated searches

4. DIWA ModellLab: coupled, interchangeable process + data driven models,
with data assimilation, enabled by APIs, OpenMl, and CMI.

5. DIWA WaterLab: Scaffolding stakeholder-driven user interfaces to DIWA
ModelLab to enable data-driven water management
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