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Outline

In the framework of the Destination Earth program, this work contributes to 
the development of a Digital Twin Earth, to  highlight the potential of high-
resolution satellite products in monitoring the water cycle and the 
hydrological extremes through high resolution modeling.

● Modeling framework 
● Case study description
● Model calibration
● Model simulation driven by ground observations (baseline)
● Model simulation driven by satellite products
● Model calibration with satellite products
● Conclusions



Biophysical modeling in DTE-Hydrology



• Dry and wet snow
• Melt-freeze cycles
• Parsimonious snowmelt 

approach
• Explicit simulation of 

albedo
• Ideal for multi-source, EO-

based data assimilation
• Glaciers

Snow modeling in DTE:

The S3M snow model

Avanzi et al. (2021)



The hydrological model Continuum



Model setup

1km, 1hour 
resolution



Model calibration
 In the calibration we perturbed 6 model parameters 

related to 4 physical hydrologic features:

1)infiltration velocity at saturation (ct)
2)field capacity (cf)
3)Curve Number (CN)
4)water sources (ws)

 22 discharge stations
 Calibration period: 

1/7/2018 – 31/12/2019
(+ 6 months for model warm-up)

 Gaussian Latin Hypercube 
Sampling

 20 simulations per iteration

Representation of the search algorithm in a 2-dimension space

Cost function J to minimize:



Snow 

modeling 

in DTE



Baseline run

 Precipitation
 Air temperature
 Relative humidity
 Wind speed
 Solar radiation

Radar-gauge merging (MCM)

Inverse distance interpolation 
of ground measurements

Altitude correction + outlier 
filtering

Input parameters



Satellite-based products

GLEAM

SM2RAIN

Discharge

RT1

C-SNOW

Input

Benchmark data

Assimilation



Model runs with satellite input



Floods in October-December 2019

Piacenza – 26 Nov 2019

Results at two 
validation stations

ESA Sentinel 1A / 1B



Satellite products for model calibration

 Surprisingly high skills of hydrological simulations at the 5 validation stations



Conclusions

 Hydrological simulations driven by satellite datasets produced 
encouraging results, with 95% of KGE of discharges above the 
no-skill threshold (versus 100% for the baseline run)

 Satellite precipitation (SM2RAIN) has the largest weight on the 
model performance. 

 GLEAM evaporation and C-SNOW snow product yielding an 
average 2% and 4% improvements over a baseline run driven 
by high-quality ground-based datasets

 Skillful results in a model calibration heavily relying on 
satellite products both with regard to forcing input and to 
benchmark discharge
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SCIENCE     AWARENESS    BEHAVIOURS  

Check out our discussion paper in HESS:
“High resolution satellite products improve 

hydrological modeling in northern Italy”
 https://hess.copernicus.org/preprints/hess-2021-632/ 

https://hess.copernicus.org/preprints/hess-2021-632/
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