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Preface: water and us

How we
think about
the water 
cycle …
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How the water 
cycle actually is!
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What is a digital twin then?

Destination Earth (DestinE) is an ambitious initiative of the European 
Union to create a digital model of Earth that will be used to monitor the 
effects of natural and human activity on our planet, anticipate extreme 

events and adapt policies to climate-related challenges.

Using innovative Earth system models, cutting-edge computing, satellite 
data and machine learning, Destination Earth will allow its users to explore 

the effects of climate change on the different components of the Earth 
system, together with possible adaptation and mitigation strategies.



How to answer these questions?

From "themes" ...

… to the global scale by 
2030.

Digital Twin on Weather-Induced and Geophysical
Extremes and the Climate Change Adaptation 

Digital Twin, Digital Twin Climate Impacts, Digital 
Twin Food Systems, Digital Twin Forest, Digital 

Twin Ocean...



The DTE Hydrology project

The objective of DTE Hydrology is to develop and demonstrate a prototype 
of Digital Twin Earth with focus on water cycle and hydrological 

processes and their impacts. In DTE Hydrology we aim to highlight the 
huge potential of high-resolution ESA satellite products for describing the 

water cycle, for predicting hydrology extremes (floods, landslides and 
drought) and for monitoring and managing water resources.



Focus area

74 000 km2
Elevation range 0-4500 m ASL

Main industrial district in Italy
1/3 of IT agriculture, ½ of IT zootechical production

¼ of IT population



The Po Digital Twin

1377 rain gauges

7 meteo-radars

1258 temperature st.

608 rel. hum. st.

460 wind speed st.

278 solar rad. st.

172 snow gauges

27 river gauging st.

99 dams

3 major lakes

Period of study: 2017-
2019



The Po Digital Twin: cryo model

Avanzi et al. 2022 on GMD

•Dry and wet snow
•Melt-freeze cycles

•T-index + radiation melt
•Explicit simulation of albedo
•Glacier mass balance and 

change in thickness
•Ideal for multi-source, EO-

based data assimilation



The Po Digital Twin: hydro model

Fully distributed
Physically based

Open source

https://github.com/c-hydro

Silvestro et al., 2013, 

2015; Bruno et al. 2021



The Po Digital Twin: EO data cube

GLEAM

SM2RAIN

Discharge

RT1

C-SNOW

Input

Benchmark data

Assimilation



The Po Digital Twin: C-SNOW (snow depth)

Lievens et al. (2019)

Correlation between C-
SNOW and in-situ snow 

depth increases with 
elevation. Assimilating C-
SNOW into a snow model 

successfully remedies 
precipitation-gauge 

under-catch and improves 
simulations for high-

snowpack sites



The Po Digital Twin: SM2RAIN (precip)

Triple Collocation (TC)-
based merging technique 

of: SM2RAIN-ASCAT 
(Brocca et al., 2019) 

and Global Precipitation 
Measurement Mission 

IMERG-LR (Huffman et al., 
2015). 10 km spatial 

resolution.

Left: Daily Pearson 
correlation coefficient 

between SM2RAIN and a 
radar-gauge precipitation 

dataset. Median 
correlation rSM2RAIN=0.76 

largely improves that of 
the two individual 

products, rSM2RAIN-
ASCAT=0.66 and rIMERG-

LR=0.67.



The Po Digital Twin: GLEAM (ET)

Global Land Evaporation 
Amsterdam Model 

(GLEAM, Miralles et al., 
2011) is a state-of-the-art 
methodology to derive 

evaporation and its various 
components (1 km)

Validation with an in-situ 
flux tower showed a 
Pearson's correlation 

coefficient of 0.83



The Po Digital Twin: RT1 (soil moisture)

High-resolution soil moisture retrieved from 
incidence angle dependent Sentinel-1 

backscatter measurements at 500 m spatial 
sampling (~1 km spatial resolution) by using a 
time series based first-order radiative transfer 

modelling approach (RT1)

Overall good performance compared to ERA5-
Land soil moisture, with a median Pearson 

correlation of 0.55 for croplands and 0.65 over 
areas primarily covered by natural vegetation.



The Po Digital Twin: River discharge

River discharge time series from 
satellite remote sensing are 

estimated by integrating data 
from two sensor: altimeter and 

multispectral.

Multi-mission satellite altimetry 
from Saral/Altika, Cryosat-2 and 
Sentinel-3A and 3B are used to 

derive densified water level time 
series.

Multi-mission reflectance from 
the MODIS (Aqua and Terra), OLCI 
(Sentinel-3A) and MSI (Sentinel-2) 

sensors



The Po Digital Twin: the EO DTE

Relying on satellite data 
provides a skillful 

reconstruction of river 
discharges, paving the 
way to fully satellite-
driven hydrological 

simulations!



The Po Digital Twin: the EO DTE

October – December 2019 floods



The Po Digital Twin: the EO DTE



The Po Digital Twin: what's next?

UPSCALING



The Po Digital Twin: what's next?

HPC



The Po Digital Twin: what's next?

USABILITY!



Contemporary challenges in 
geoscience demand new technology
tools that are able to reconstruct the 

water cycle at fine resolution

Through the DTE projects, we are developing
such tools by integrating EO data with 

spatially distributed models & AI

Next steps are to upscale to larger extents
and take full benefit from high performance 

and parallel computing




