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Earth science as a data intensive domain

Big data (observations + modelling)
5V (Volume, Velocity, Variety, Veracity, Value)

Data usage in Earth science

Data Information        Knowledge      Services 
Control?

First step : services for researchers 
Virtual Research Environment as result

Next step: services for all users (researchers , decision 
makers, industry, population) Digital twins of 
systems/processes



Definitions
A virtual research environment (VRE) or virtual research laboratory is an online 

system helping researchers collaborate. Features usually include collaboration 

support (Web forums and wikis), document hosting, and some discipline-specific 

tools, such as data analysis, simulation management, visualisation, teaching tools 

and publication management.

Synonyms:  “information-computational infrastructure”, "collaborative e-research 

community", "collaboratory“,"virtual research community", scientific gateways/portals

VREs - web-based, community-oriented, comprehensive, flexible, and secure working 

environments conceived to serve the needs of modern science.

Virtual Research Environments (VREs) - a method of collaboration by researchers 

that is enhanced through the systematic use of information and networking 

technology.

Many funding organisations have established programmes that pilot VREs in discipline-

specific contexts over the past years

agenda is promoting the European Research Area; creating transnational VRE-

structures helps create a real ERA.



“A Europe-wide Interoperable Virtual Research Environment to

Empower Multidisciplinary Research Communities and

Accelerate Innovation and Collaboration” VRE4EIC
Funder: European Commission

1) understanding complex user requirements across domains; 

2) improving the quality of VRE user experience by providing user

centred, secure, privacy compliant, sustainable environments for

accessing data, composing workflows and tracking data

publications;

3) increasing VRE usage in multidisciplinary research domains; 

4) improving the interoperability of heterogeneous discovery, 

contextual and detailed metadata; and

5) promoting the exploitation of VRE4EIC solutions to different

research communities and commercially. 

VRE4EIC covers all EU member states and EFTA countries, and

will affect 70,000 researchers all over Europe.



The EVER-EST VRE provides services to share Earth Science

data and information allowing researchers to discover, access, and

process heterogeneous data, algorithms, results and experiences





Since 2006, NCRIS projects (AuScope, NCI, ANDS, Nectar, RDS), and 
Government have collaborated on building a suite of data portals, tools, 
software and virtual laboratories to support a diverse community of Earth 
scientists operating on a range of computational facilities including HPC, cloud, 
on-premise servers and desktops.

The aspiration was to realise a service-oriented science platform that will 
empower data assimilation and modelling across three networks: geophysics, 
geochemistry and geology.

The end goal is to ensure Australian Earth science data and analytics can play a 
leadership role in next-generation transdisciplinary research to more 
comprehensively ‘Understand the Earth’.





The virtual research environment V-FOR-WaTer aims at making 

this data abundance available in an easy-to-use web portal. 

Environmental scientists get access to data from different sources, 

e.g. state offices or university projects, and can share their own 

data through the portal. 

Tools help to easily pre-process and scale the data and make 

them available in a consistent format. Tools for more complex 

scientific analyses and uncertainty propagation will be included. 

The possibility to store workflows together with the tools and 

respective data ensures reproducible data analysis. 

Additionally, interfaces with existing data repositories enable easy 

publication of the scientists’ data directly from the portal.

V-FOR-WaTer addresses the needs of researchers of hydrology 

and environmental science to not only find and access datasets 

but also conduct efficient data-based learning with standardised

tools and reproducible workflows. 

https://portal.vforwater.de/home/


The VRE offers online data analysis, exploration (data cubes), and
visualization (maps, scatter plots, time series, section plots and
more) of MOSAiC data as well as automated data quality control
through Deep Learning methods.









New challenge - necessity of adaptation to 

climate change

Climatic services 

Additional users: decision makers, population, 

agriculture, industry, etc.

First responses



World Climate Services Programme
The World Climate Services Programme (WCSP) contributes to 
improving the availability of, and access to, reliable climate data, 
monitoring and forecasts. The Programme promotes the development 
of appropriate institutional mechanisms and operational infrastructure 
to generate, exchange and disseminate quality information on climate 
and provides guidance on related applications and services.
The WCSP spans four inter-related areas:
•Climate data and analysis;
•Climate monitoring, watch and prediction;
•Climate system operation and infrastructure; and
•Climate adaptation and risk management.





The Data Library offers free access to hundreds of high-value datasets (climate, 

geophysical, health and agriculture ) and provides the tools and training to perform 

analysis. It can revolutionize the way individuals and organizations approach their work.

IRI for Climate and 

Society 

https://iri.columbia.edu/re

sources/data-library/







Digital twins as a response to the challenge

A digital twin (DT) is 

- a virtual representation that serves as the real-time digital 

counterpart of a physical object or process. 

- a digital representation of a physical objects or process

- also referred to as digital shadow, digital replica or digital mirror -

is a digital representation of a physical asset. 

DT optimally combines simulations and near-real-time observations to 
monitor the evolution of a system or process. Linked to each other, the 

physical asset and digital twin regularly exchange data.

DT strongly relies  on geospatial data, and the processing and analytics 
thereof. Cloud environments provides the flexibility and scalability 
needed to cope with the potential enormous geospatial datasets.

Technology like AI, machine learning, sensors and IoT allow for 
dynamic data gathering and right-time data exchange to take place



Digital twins enables analysis of current state, future 

predictions and simulations of possibilities of objects in 

cyberspace. Based on observation and simulation 

results DT also enables feedback to real world to enable 

an intelligent control the real world object.

DT of the environment can help reaching sustainability goals 
and tackling climate change related issues.

The first practical definition of digital twin originated from 

NASA in an attempt to improve physical model 

simulation of spacecraft in 2010.



“By harnessing satellite observations, numerical simulations, and 

Artificial Intelligence, we have built a twin of the Antarctic ice sheet 

system, its hydrology, surrounding ocean, atmosphere, and biosphere. 

We have used the Antarctic twin to track the whereabouts of melt water 

on and under the ice sheet, and to explore how fringing ice shelves melt 

under various hydrology scenarios.” (Noel Gourmelen, University of 

Edinburgh)

Digital Twin 

Antarctica



Digital Twin Hydrology

Luca Brocca (NRC, Italy) “In the ESA Digital Twin Earth Hydrology project, we have 

developed a 4D reconstruction of dynamic hydrology at unprecedented resolution 

through the integration of Earth observation and an advanced modelling system. The 

DTE Hydrology Prototype has been used for water resources management and for 

identifying locations and times of risk for landslides and flooding in the Po River Basin, in 

northern Italy.”



Forest DTEP
Project aims to prototype a digital twin of forests using the
existing scientific knowledge and capabilities.

The project consortium will work with Earth observation
data to determine the structural and biological properties of
forests.

The consortium will use this information to initialize a set of
forest ecosystem models that include processes above and
below the ground.

Further, the consortium will develop new interfaces and
visualization tools, making the cloud platform easily
accessible to end users. Goal of the system developed in the
project is to bring together forest data and users interested
in forests.



Digital Twin Earth 
Dynamic interactive replica of past, present and future of our 
planet in the digital domain based on effective integration of 
observations (satellite, in-situ, IoT and socioeconomic data), Earth 
system science and simulations to bridge impact sectors science 
and simulations on the base of AI methodologies.
Outcomes

1. Enhanced understanding of complex processes involving 
different components of the Earth system across different 
scientific domains. 

2. Enhanced the scientific understanding and characterisation
of the role of human activities as an integral part of the Earth 
system. 

3. Enhanced understanding and characterisation of multi-
scale connections of complex processes from local scales to regional 
and global scale dynamics. 





Microsoft builds the Planetary Computer which will help to 

understand where and how we can best mitigate the impact of 

humans on the environment, as well as to support decision 

makers for climate adaptation measures.

The Planetary Computer consist of four major components that 

also can facilitate to build Environmental Digital Twins:

- Planetary Computer Data Catalog — to search and find open 

datasets

- Planetary Computer API’s — to access data and retrieve data

- Planetary Computer Hub — for data processing 

- Planetary Computer Applications — third party open and 

closed applications build on Planetary Computer infrastructure

Organizations can build their Environmental Digital Twins partly 

based upon the Planetary Computer.



The Earth Archive Initiative is an unprecedented scientific effort to create a 
digital twin of the entire surface of the Earth – and everything on it.
By scanning the planet’s land surface with very high-resolution lidar, the Earth 
Archive will create a true three-dimensional digital twin of our world — an 
open source, digital record of the Earth that will reflect the landscape exactly 
as it was at the time of scanning.
The geospatial data captured will serve as the baseline for understanding and 
exploring our world.

https://www.theeartharchivecongress.com/






EU Megaproject Destination earth 

(Destine)
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“The objective of the Destination Earth initiative is to 

develop a very high precision digital model of the Earth to 

monitor and simulate natural and human activity, and to 

develop and test scenarios that would enable more 

sustainable development and support European 

environmental policies.

At the heart of Destination Earth will be a federated 

cloud-based modelling and simulation platform, providing 

access to data, advanced computing infrastructure 

(including high performance computing), software, AI 

applications and analytics. The digital twins created in 

DestinE will give users access to high-quality information, 

services, models, scenarios, forecasts and visualizations. 

Digital twins are based on the integration of continuous 

observation, modelling and high-performance simulation, 

resulting in highly accurate predictions of future 

developments.”*

Implementation: 2021-2030



Optimally combined simulations and near-real-time observations to 
monitor the evolution of the Earth system. For each cycle, the 
simulation generates a background forecast ensemble (orange arrows) 
of the Earth system, which is compared to observations (black dots) 
throughout a time window and eventually corrected to an analysis 
ensemble (green arrows), which fits the observations better than the 
background. Uncertainties of forecasts (ellipses) and observations (error 
bars) are fully taken into account from ensembles, which are multiple, 
perturbed realizations of both model and observations. 



Digital Twins in DestinE
Peter Bauer

ECMWF



SaaS (software as a service — одна из форм облачных вычислений, модель 

обслуживания, при которой подписчикам предоставляется готовое прикладное 

программное обеспечение, полностью обслуживаемое провайдером.

PaaS (Platform as a Service) —

модель предоставления облачных 

вычислений, при которой 

потребитель получает доступ к 

использованию информационно-

технологических платформ: ОС, 

СУБД, ПО, и т.д.



Role of users!





Activities in RussiaCurrent projects in Russia:

“Digital field” project (I.V. Oseledets, Scoltech)

Federal project “Digital Ob’-Irtysh catchment”  (DT of 

river catchment - V.P. Potapov, FRC for Information and 

computational Technologies) 

Possible activities

DTs of Northern Eurasia ecosystems for (bogs, forest, 

permafrost, etc.) as an instrument to “green” 

economic transition (should be used in Carbon 

polygons)!
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Thanks for attention!
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