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Modeling chain
The modelling chain has been driven 
using the following inputs:
● meteo data available within the 

computational domain, properly 
validated and homogenized; 

● ERA5-Land meteorological reanalysis, 
to integrate areas and years where 
in-situ meteo data was not available;

● point snow depth (HS) data, at 
automatic and manual stations, 
integrated with the HS dataset 
produced by Matiu et al. (2021);

● Snow Cover Area (SCA) maps 
generated from MODIS data produced 
by Eurac Research (Notarnicola et al., 
2013) having a 250 m spatial 
resolution;

● a Digital Elevation Model (DEM) 
having a 500 m resolution, to create 
the geomorphological input maps.

Methodology

We present a long-term snow water equivalent (SWE) dataset in the Po River District, Italy, spanning from 1991 to 2021 at 
daily time step and 500 m resolution partially covering the mountain ranges of Alps and Apennines (Dall’Amico et al., 2025).

The data has been generated using a hybrid modelling approach integrating the hydrological modelling conducted with the 
physically-based GEOtop model, preprocessing of the meteorological data, and assimilation of in-situ snow measurements 
and Earth Observation (EO) snow products to enhance the quality of the model estimates. 

A rigorous quality assessment of the dataset has been performed at different control points selected based on reliability, 
quality, and territorial distribution. The point validation between simulated and observed snow depth across control points 
shows the accuracy of the dataset in simulating the normal and relatively high snow conditions, respectively. 

EO snow cover maps have been compared with simulated snow depth maps, as a function of elevation and aspect. 2D 
Validation shows accurate values over time and space, expressed in terms of snowline along the cardinal directions.

Introduction Results

The dataset produced fills an important gap in the scientific understanding of the hydrology in the area, representing an 
unprecedented piece of information for many reasons:
● it reports the longest time series of coherent SWE cartography at daily aggregation in Italy; 
● it is, for what possible, homogeneous in terms of approach along the 30 years over the domain;
● it can be interrogated to calculate the SWE anomaly of a given position, with respect to the statistical distribution of the 

same quantity during the period 1991-2021, thus helping to address drought alerts caused by missing snow; 
● it can be used to validate temperature index models and other simple models, frequently used for practical purposes.

Conclusions
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The following processing procedures have been applied to 
prepare the in-situ data for the ingestion: (a) data cleaning, 
(b) calculation of the cloud transmittance, (c) gap filling of 
meteo data, (d) spatial interpolation of meteorological 
variables. We used the filters provided in the MeteoIO 
library (Bavay and Egger, 2014); the table reports a list of 
the filters, processing and interpolation algorithms applied 
for each meteorological variable, namely, air temperature 
(TA), water equivalent of precipitations, either solid or 
liquid (PSUM), relative humidity (RH), wind velocity (VW), 
incoming shortwave radiation (ISWR), air pressure (P), 
height of the snow, or snow depth (HS), cloud 
transmissivity (TAU_CLD).

Meteo data spatial gap-filling has been done 
through a spatial interpolation of ERA5-Land data 
considering a 12 km radius around each 
measurement point. If no weather station is 
available within this radius, the centroid of the 
ERA5-Land cell is taken to create a virtual station. 
At this virtual station, we extract all the 
meteorological variables that are consistent with 
the in-situ data. The following figure shows the 
location of ERA5-Land centroids (blue circles) and 
in-situ stations (orange circles) in each tile of the 
computational domain, giving rise to a final 
homogeneous input in terms of spatial granularity. 
In case of neighbouring measurements of HS and 
daily manual measurements of HS (HS24), the 
priority has been given to the latter.

GEOtop (Endrizzi et al., 2014) is a 
process-based hydrological model that 
includes a multi-layer snow scheme for the 
efficient evolution of snowpack by solving 1D 
mass and energy balance, accounting for the 
physical processes affecting the snowpack 
such as compaction and melting.

Snow process model

Mass correction 
We transformed the snow gauges time series into virtual rain 
measurements to correct the mass imputed into the model 
(Mair et al., 2016).

Data assimilation

Flow chart showing the modelling chain used to 
generate the data

Filters, processing and algorithms used

Location of ERA5-Land centroids (blue circles) and in-situ 
stations (orange circles) in the computational tiles (red grid)
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Energy correction
Snow measurements are also used to correct the 1D melting 
rate simulated by the model, retrieving the melting rate on a 
single measurement point from the slope of the HS time series 
during a melting phase.

MODIS-retrieved SCA maps are used for correcting the 
melting rate in 2D in coherence with geomorphological 
features such as aspect and elevation.

Meteo input

Year RMSE 
(cm)

RMSE_q80
 (cm)

1991/1992 10.0 16.3

1992/1993 9.8 17.5

1993/1994 11.6 19.2

1994/1995 10.1 18.2

1995/1996 10.7 16.8

1996/1997 11.2 18.1

1997/1998 10.3 16.5

1998/1999 11.5 18.8

1999/2000 8.4 15.8

2000/2001 10.8 17.8

Year RMSE 
(cm)

RMSE_q80 
(cm)

2011/2012 10.9 20.6

2012/2013 12.9 21.2

2013/2014 13.2 20.6

2014/2015 10.6 18.8

2015/2016 10.1 18.0

2016/2017 9.3 15.8

2017/2018 13.2 21.2

2018/2019 9.2 18.4

2019/2020 10.5 18.9

2020/2021 10.2 16.8

Year RMSE 
(cm)

RMSE_q80 
(cm)

2001/2002 6.7 14.5

2002/2003 8.9 16.8

2003/2004 11.8 19.5

2004/2005 9.5 16.7

2005/2006 11.1 18.0

2006/2007 6.4 14.0

2007/2008 11.9 18.7

2008/2009 14.9 20.9

2009/2010 13.2 20.9

2010/2011 11.9 20.3

Annual average RMSE (cm) and RMSE_q80 (cm) on all the validation 
points in the study domain

Example of a SWE map in the Po River District, with a zoom in the Aosta Valley Region

SWE extracted at some specific locations in the Aosta Valley Region, Po 
River District, as a time series from October 3rd, 2015 to July 1st, 2018

Example of HS time series comparison

A validation of the produced dataset has 
been made comparing the HS simulated 
time series with the values at station points.

We classified each winter season based on 
two criteria: 
● the RMSE, calculated as the average 

across stations below the 80th 
percentile, with a threshold of 15 cm 
considered acceptable;

● RMSE_q80, which represents the 
RMSE for the station at the 80th 
percentile, with a threshold of 20 cm 
deemed acceptable. 

Example of a plot comparing EO-retrieved and simulated 
SCA images as a function of elevation and aspect classes

The produced dataset  could be a 
valuable resource for calibrating or 
validating snow melting models such as 
temperature index models available in 
many lumped or semi-distributed models 
like GEOframe modelling system 
(Formetta et al., 2014), SWAT (Arnold et 
al., 2012) or HEC-RAS (Brunner, 1994) 
which all have simple lumped parameter 
SWE modules.
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