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KEY POINTS 

 High resolution rainfall-runoff modeling 

 GEOframe-NewAge semi-distributed hydrological model  

 Fella river basin, northeastern Friuli Venezia Giulia (FVG) region 

1 INTRODUCTION 

Frequent heavy precipitations characterize the northeastern Italy, where the Friuli Venezia Giulia (FVG) 

region is located. Mountain basins of the eastern Italian Alps are part of the upper Tagliamento river catchment, 

which is the major river system of the FVG region (Petti, 2007). The combination between precipitation 

regimes and geomorphological characteristics of the mountainous alpine environment makes this area highly 

susceptible to natural hazards induced by intense precipitation, with particular regard to debris flows and 

shallow diffusive landslides. Indeed, the list of recorded and documented events over the last century is long 

as well as the studies in literature which both reported historical events and evaluated the impacts of extreme 

precipitations (Aye et al., 2016; Borga et al., 2007). Particularly, one of the areas mostly hit by debris flow is 

the up-eastern part of the Fella river basin, which is a left tributary of the Tagliamento river and extends on 

the Julian Alps. The well-known event occurred on August 29, 2003 was one of the most recent disruptive, 

which caused loss of lives and several economic damages (Borga et al., 2007). The event originated by a 

mesoscale convective storm, leading to a rainfall peak of approximately 390 mm in 12 hours (Marchi et al., 

2009), which triggered shallow landslides on soil-mantled slopes, widespread debris flows in minor streams 

and a flood with intense sediment transport in the main stream and its tributaries (Borga et al., 2007). In 

addition, evidences of increasing occurrences in extreme meteorological events have been demonstrated in the 

last decade (Brunetti et al., 2010; Stoffel et al., 2014), with possible dramatic consequences on the frequency 

of associated hazardous processes. Therefore, the need of reliable tools able of simulating the interaction 

among the triggering phenomena and the mechanisms of propagation is conjointly increasing.  

In this context, besides rainfall thresholds for the occurrences of debris flow (Berti et al., 2020), semi-

distributed hydrological models may provide useful tools, particularly for a post event analysis and for 

assessing impacts of scenarios of changes, such as those of changing climate (Arnone et al., 2018) or vegetation 

influence on slope stability. Specifically, a suitable modeling framework would include a chain constituted by 

a rainfall-runoff hydrological model and a hydro-morphodynamic model. The former aims at simulating the 

hydrological processes involved during prolonged and extreme rainfall events and the consequent runoff which 

triggers the soil movements; the latter describes the entrainment of sediments by the flow and the propagation 

of the debris flow along the slope until its stop. In this paper we focus on the first step of the mentioned 

modeling chain by carrying out first a screening of data available, then the calibration and validation of a semi-

distributed hydrological model in a sub-basin of the Fella river basin. More specifically, the GEOframe-

NewAge (Formetta et al., 2014) is selected, by exploiting, for the first time, the flexibility of the model to 

simulate high temporal resolution (5-minutes) rainfall-runoff events. Insights on the latter step of the modeling 

framework are described in Zoratti et al., (2022). 

2 MODEL AND CASE STUDY 

2.1 The GEOframe-NewAge  

In this study we used the GEOframe-NewAge hydrological model (Formetta et al., 2014) to simulate the 

https://webapps.unitn.it/du/it/StrutturaAccademica/STO0008626
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hydrological behavior of the study area and to estimate the flow hydrographs at the outlet (and at inner points) 

of the basin, as response to the analyzed extreme rainfall event. GEOframe-NewAge is an open-source, semi-

distributed, component-based modeling framework, which simulate the entire hydrological cycle of the study 

area: snow melting, evapotranspiration, soil water storage, runoff production and routing in the river network 

(Bancheri et al., 2019). It is made of different components which can be linked each other at the run-time, 

substituted, or even modified by the user. It has been applied for different climatic conditions and spatial scales, 

ranging from large river basins (Abera et al, 2017a) to small catchments (Abera et al. 2017b; Bancheri et al., 

2019). Beside the geomorphological analysis based on a digital elevation model which split the original basin 

in different Hydrological Response Unit (HRU), the required model input are rainfall and air temperature time 

series. The model implemented in this analysis includes spatialization algorithms for the meteorological input 

data, and estimate of evapotranspiration, snow melting, and runoff at the outlet of each HRU. Further details 

about the model parameterization can be read in Formetta et al. (2014) and Bancheri et al. (2019). 

2.2 The Fella river basin at Ugovizza 

The Fella river is a left tributary of the major Tagliamento river. The drainage area of Fella catchment at 

the confluence with the Tagliamento river is 710 km2. The portion of basin mostly interested by debris flow 

and diffused landslides is the northeastern part, where several minor tributaries at torrential regime drain into 

the Fella river. Specifically, in this study we focus on the sub-basin of the Uque stream at Ugovizza, hereinafter 

Uque basin (Figure 1), characterized by a drainage area of 24 km2. The sub-basin has an average altitude of 

1,270 m a.s.l. and a mean precipitation of around 1,800 mm. Topography is steep and the lithology consists in 

a large part of limestone and dolomite. 

The landslide events have been documented within the IFFI (Inventario dei Fenomeni Franosi in Italia) 

project by ISPRA (Istituto Superiore per la. Protezione e la Ricerca Ambientale), which publishes a yearly 

report on the hydrogeological risk in Italy. Most of the documented events reported in Figure 1, which include 

both debris flows (most recurrent) and diffused landslides, were triggered by the extreme storm of 2003, when 

396.2 mm were recorded in 24 hours (Norbiato et at., 2007). The associated calculated return periods range 

from 25 years (1 hour) to 500 years (6 hours) (Borga et al., 2007).  

 

Figure 1. The Fella river basin, which is a left tributary of Tagliameto River, in FVG region: sub-basin of Uque stream 

at Ugovizza outlet is the study area, where debris flows and diffused shallow landslides have been documented.  

2.3 Spatial and hydro-meteorological data 

Networks of meteorological gauges and streamflow measurements are managed by the ‘Unità Idrografica’ 

office of FVG region. Two raingauges are within the Uque basin, two more at the proximity of the sub-basin 
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outlet. Three water gauges are currently active along the Fella river, one located at Ugovizza outlet. Both the 

raingauges and the water gauge at Ugovizza have been installed only after the extreme storm occurred on 

August 29, 2003. For such reason, a different period has been considered in this study to calibrate the model. 

To verify the water depths data and convert them into discharge series, we conducted field measurements in 

the Uque stream channel at Ugovizza to estimate the flow velocity and the base flow value. Ultimately, we 

identified single rainfall-runoff events to be used to calibrate and then validate the model. Specifically, four 

events have been selected identified as the sequence of rainy days delimitated by at least 24 hours with 

precipitation less than 1 mm, as those with the highest rainfall intensity within the period 2005-2019. Events 

are here labeled with the corresponding year, i.e. 2009, 2012, 2016 and 2019 (Figure 2). The 2016 event is 

chosen for the calibration (Zoratti et al., 2021). 

A 2 m Digital Terrain Model (DTM) available from the IRDAT (Infrastruttura Regionale dei Dati 

Ambientali e Territoriali) website of FVG region was used to extract the geomorphological information.      

3 PRELIMINARY ANALYSIS AND RESULTS 

The Uque basin has been divided into 13 HRUs, that represent the unit element of the GEOframe 

hydrological model. GEOframe includes an automatic procedure to extract geomorphological information 

from the DTM. Initial condition before the simulated event were identified by running the model for a spin-up 

time after which the hydrological response reaches the base flow value at outlet; the obtained spin-up time is 

about 2 months. To calibrate the model, a preliminary sensitivity analysis to the main parameters was 

conducted to exclude the less sensitive ones. Table 1 shows all the parameters and those that need calibration. 

Table 1. Parameters that resulted low sensitive to the hydrological modelling (in italic) and parameters that must be 

calibrated (see Formetta et al., 2014 and Bancheri et al., 2019 for details on parameters). 

 

 

 

 

 

 

 

 

 

 

The procedure of calibration has been conducted on a longer time series which encompass the selected 

event. Figure 2 shows the results in terms of observed and simulated discharge, while in the secondary axes 

the rainfall amount is reported. Within the red box, the event used for the calibration is highlighted. The 

goodness of the simulation has been assessed by means of the Nash-Sutcliffe Efficiency (NSE) coefficient. In 

calibration, we obtained a NSE value of 0.734; NSE values for validation events, i.e., 2009, 2012 and 2019, 

resulted into 0.818, 0.943 and 0.587, respectively.  

The best value is higher than that obtained in calibration, proving the flexibility and robustness of the model. 

However, a lower value is obtained for the event of 2019, which is characterized by more prolonged 

precipitation and cumulated volume. 

4 CONCLUSIONS 

In this paper we carried out first a data screening of the Fella river basin at Ugovizza and second the setup 

of a hydrological semi-distributed model suitable to evaluate the hydrological processes that control the 

initiation mechanisms of debris flow and triggered by extreme climate events. A suitable hydrologic model is 

Parameter Symbol Unit Calibration 

Melting temperature Tm [°C] N 

Melt factor m [mm/°C/h] N 

Radiation factor e [mm/°C/W/h] N 

Liquid water retention capacity coefficient l [-] N 

LAI coefficient Kc [m3] N 

Freezing factor f [mm/°C/h] Y 

Maximum root zone storage Srz,max [m3] Y 

Coefficient and exponent of the RZ non-linear reservoir model a,b [1/h], [-] Y 

Partitioning coefficient between root zone and surface runoff  [-] Y 

Runoff storage Sr [m3] Y 

Coefficient and exponent of the non-linear runoff reservoir model c,d [h/m], [-] Y 

Maximum groundwater GW storage Sgw,max [m3] Y 

Coefficient and exponent of the GW non-linear reservoir model e,f [m3/s], [-] Y 
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necessary to provide the proper boundary conditions for the application of a hydro-morphodynamic model that 

can study the propagation and stop of a debris flow. Results showed that the semi-distributed hydrological 

model GEOframe-NewAge is able to capture the temporal dynamic of extremes short events at high temporal 

resolution, providing satisfying Nash and Sutcliffe coefficient values, both in calibration and validation. 

 

 

Figure 2. Selected rainfall-runoff events extracted from the 2005-2019 series recorded by the raingauges and the 

hydrometers at Uque stream basin. Comparison between observed and simulated discharge for calibration (2016 event, 

within the red box) and validation (Zoratti et al., 2021). 
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