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The European Union (EU) Green Deal and the EU Data strategy have called for the development of Digital Twins of the Earth (DTE), to visualize, monitor and forecast natural and human 

activities on the planet, supporting sustainable development and mitigating ongoing climate change impacts. In this context, the European Space Agency (ESA) proposed the DTE Hydrology 

project, which focuses specifically on the water cycle, hydrology and its different applications. Within this project, accurate, high-resolution (1 km-daily) data for key variables of the water 

cycle are collected to simulate the water cycle, hydrological processes, and their interactions with human activities. Among these variables, precipitation is of paramount importance due to its 

impact on agriculture, water resource management, socio-economic development and disaster mitigation. Precipitation can be obtained from multiple sources: in-situ monitoring stations, 

satellites or models, each with its own strengths and limitations. Downscaling and multiple-source merging can leverage on the single strengths and overcome single products limitations.

HOW

Triple Collocation Analysis 

(TCA) allows the evaluation of 

three distinct, mutually 

uncorrelated products 

without the need for a known 

true reference. This 

comparison provides a Signal-

to-Noise Ratio (SNR), which 

enables relative comparison 

between the three products. 

In this study, the SNR was also 

used to derive pixel-wise 

weights, which were then 

applied to merge the three 

datasets into a single product 

that combines the strengths 

of each individual source. For 

further reference:
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SM2RAIN-ASCAT (H87)

➢ EO, Bottom-Up approach 
(derived from SM information)

➢ 10 km spatial sampling
➢ 1d temporal resolution
➢ Brocca et al., 2019

MCM, SAIH, COMEPHORE, 

EMO-1, EOBS, CPC…
➢ Observed data from radar

 and rain-gauges
➢ 1.5-50 km spatial sampling
➢ 1d temporal resolution
➢ Bruno et al., 2021 (MCM); Quintana-Seguí 2017 

(SAIH); Tabary et al. 2012 (COMEPHORE); 
Gomes et al., 2020 (EMO-1); Cornes et al., 2018 
(EOBS); Chen et al., 2008 (CPC)

ERA5 Land
➢ Reanalysis data
➢ 10 km spatial sampling
➢ 1h temporal resolution 

(accumulated 1d)
➢ Hersbach et al., 2020

IMERG-Late Run, GSMAP,

 PERSIANN-CCS, CHIRP…

➢ EO, Top-Down approach
➢ 10 km spatial sampling
➢ 0.5h - 1d temporal resolution
➢ Huffman et al., 2019 (IMERG); 

Kubota et al., 2020 (GSMAP); 
Ashouri et al., 2015 (PERSIANN-CCS); 
Funk et al., 2015 (CHIRP)

WHAT     WHO

In Europe, many areas 
lack in-situ monitoring 
stations. In developing 
countries, the situation 

is far worse

Lack of observations:

&

Results of DTE-H Evolution!

Play with 
the Data!

Digital Twin Earth 

Hydrology

(DTE-H)

2020-2022

First application to Po River Basin: 

• Merging SM2RAIN-ASCAT + IMERG-LR 

(Triple collocation with observed data, MCM)

• 1 km Spatial sampling (bilinear interpolated)
• 1 hour temporal resolution 

4DMED Hydrology 

and 

DTE-H Evolution

2021-2023

Figure 2 of Alfieri et al. 2022 Daily Pearson correlation merged product 
against MCM observations. The median correlation r= 0.76 largely 
improves that of the parent products: rSM2-A= 0.66 and rIMERG-LR= 0.67.

Application to the Mediterranean basin: 

• Merging SM2RAIN-ASCAT + IMERG-LR + 

CPC

• 1 km Spatial sampling (downscaling with 

CHELSA climatology)
• 1 hour / 1 day temporal resolution 

Scan to see
the paper!

4DHydro

2023-2025

Application to Europe region: 

• Merging SM2RAIN-ASCAT + IMERG-LR + 

ERA5-Land

• 1 km Spatial sampling (downscaling with 

CHELSA climatology)

• 1 day temporal resolution 

• Assesment against multiple precipitation 

products

For additional analysis and details, scan here: 

DTE-H Next

2024-2026

Application to Europe and Africa regions: 

• Merging SM2RAIN-ASCAT + IMERG-LR + 

ERA5-Land

• 1 km Spatial sampling (downscaling with 

CHELSA climatology… ?)

• 0.5 hour / 1 day temporal resolution 

• ... Work in progress ….

Check 
the

project 
website!

Preliminary TCA  integration weights over Europe and Africa

Assessment of multiple precipitation products 
against MCM observed data.

THE ROAD SO FAR…

WHY

Raingauges position and daily Pearson correlation of  
EOBS (left) and EMO (right) against HR reference from 
COMEPHORE, SAIH and MCM in Herault, Ebro and Po 

river basin 

Satellite measurements outperform 

observed data in areas where in-situ 

monitoring stations lack!

Daily Pearson correlation of  multiple products against MCM observed data

❑ The analysis of the SNRs resulting from TCA and the assessment against high resolution (1 km) 
reference from gauges and radars reveals that satellite estimates outperforms observed data in 
areas with low raingauges density

❑ The merging of the satellite (both from Top-down and Bottom-up approach) and reanalysis data 
allows to obtain a single product with optimized performance through all the domain.

❑ High temporal and spatial resolution can be achieved by applying downscaling techniques.
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