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calamitous events, the discrepancy that appears has been attributed 
to the long-term accumulation of sediment throughout the basin. 
Therefore, it can be concluded that the short-term sediment yield 
may be of a scarce importance for the development of flood 
events. Thus, the analysis of a long-term sediment production 
could be beneficial for the estimation of a proper sediment 
transport boundary condition. Some tentative considerations were 
introduced for the possible application of the EPM towards a long-

during an intense rainfall event, where the second volume can 
incorporate also sediment volumes deposited over previous years 
and reactivated by the intensity of the event. 

The method has been applied to an Alpine catchment, 
characterized by high erosion rates. The attempted downscaling of 
the model showed a result which can be interpreted as the sediment 
yield generated by the intensity of the event. However, since studies 
and observations showed much larger sedimentation rates during 

Fig. 4	 -	 a) ‘chain’ routing applied to sub-basins 6, 7, 8, and 9. Estimation of deposited sediment material in sub-basin 4. b) a schematized ‘chain’ applica-
tion of the routing coefficient

b)
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long-term sediment yield to erosion accumulations during a time 
gap between consecutive calamitous rainfall events.

term sediment yield estimation by means of a new treatment of the 
routing of sediment loads along subsequent sub-basins. However, 
extensive future work would be necessary in order to relate the 

REFERENCES
Aksoy H., & Kavvas M.L. (2005) - A review of hillslope and watershed scale erosion and sediment transport models. Catena, 64 (2): 247-271.
Amitrano D., Di Martino G., Iodice A., Riccio D., Ruello G., Papa M.N. & Koussoube Y. (2013). - High resolution SAR for monitoring of reservoirs 

sedimentation and soil erosion in semi-arid regions. Paper presented at the Geoscience and Remote Sensing Symposium (IGARSS), 2013 IEEE 
International.

Ballio F., Brambilla D., Giorgetti E., Longoni L., Papini M. & Radice A. (2010) - Evaluation of sediment yield from valley slopes: a case study. WIT 
Transactions of Engineering Sciences, 67: 149-160.

Bemporad G.A., Alterach J., Amighetti F.F., Peviani M. & Saccardo I. (1997) - A distributed approach for sediment yield evaluation in Alpine regions. 
Journal of Hydrology, 197 (1): 370-392.

Bozorgzadeh E. & Kamani N. (2012) - A geographic information system (GIS)-based modified erosion potential method (EPM) model for evaluation of 
sediment production. Journal of Geology and Mining research, 4 (6): 130-141.

Brambilla D., Longoni L., Papini M., Giorgetti E. & Radice A. (2011) - On analysis of sediment sources toward proper characterization of hydro-
geological hazard for mountain environments. International Journal of Safety and Security Engineering, 1 (4): 423-437.

Brown E.T., Stallard R.F., Larsen M.C., Raisbeck G.M., & Yiou F. (1995) - Denudation rates determined from the accumulation of in situ-produced 10 Be 
in the Luquillo Experimental Forest, Puerto Rico. Earth and Planetary Science Letters, 129 (1): 193-202.

Burt T. & Allison R.J. (2010) - Sediment cascades: an integrated approach. John Wiley & Sons.
Chiari M., Friedl K., & Rickenmann D. (2010) - A one-dimensional bedload transport model for steep slopes. Journal of Hydraulic Research, 48 (2): 152-160.
Coulthardt T.J., Neal J.C., Bates P.D., Ramirez J., Almeida G.A. & Hancock G.R. (2013) - Integrating the LISFLOOD-FP-2D hydrodynamic model with 

the CAESAR model: implications for modelling landscape evolution. Earth Surface Processes and Landforms, 38 (15): 1897-1906.
Crosta G.B., Dal Negro P. & Frattini P. (2003) - Soil slips and debris flows on terraced slopes. Natural Hazards and Earth System Science, 3 (1/2): 31-42.
De Michele C., Rosso R. & Rulli M.C. (2005) - Il regime delle precipitazioni intense sul territorio della Lombardia. ARPA-Lombardia, Agenzia Regionale 

per la Protezione dell’Ambiente della Lombardia (in Italian).
De Miranda R.B. & Mauad F.F. (2014) - Influence of sedimentation on hydroelectric power generation: case study of a brazilian reservoir. Journal of 

Energy Engineering, 141 (3), 04014016.
De Vente J. & Poesen J. (2005) - Predicting soil erosion and sediment yield at the basin scale: scale issues and semi-quantitative models. Earth-Science 

Reviews, 71 (1): 95-125.
De Vente J., Poesen J., Arabkhedri M. & Verstraeten G. (2007) - The sediment delivery problem revisited. Progress in Physical Geography, 31 (2): 155-178.
Della Seta M., Del Monte M., Fredi P. & Palmieri E.L. (2009) - Space-time variability of denudation rates at the catchment and hillslope scales on the 

Tyrrhenian side of Central Italy. Geomorphology, 107 (3): 161-177.
Directive 2007/60/EC of the European Parliament and of the Council of 23 October 2007 on the assessment and management of flood risks. Official Journal 

of the European Union L, 288 (27), 2007.
Dotterweich M. (2008) - The history of soil erosion and fluvial deposits in small catchments of central Europe: deciphering the long-term interaction 

between humans and the environment - a review. Geomorphology, 101 (1): 192-208.
EEA (2000) - CORINE Land Cover Technical Guide. Addendum 2000. Technical Report n. 40. Copenhagen.
Emmanouloudis D.A., Christou O.P. & Filippidis E.I. (2003) - Quantitative estimation of degradation in the Aliakmon River Basin using GIS. In De Boer 

D., FRoehlich W., Mizuyama T. & Pietroniro A. (Eds.). Erosion Prediction in Ungauged Basins: Integrating methods and techniques. International 
Association of Hydrological Sciences Publication 279, 234-240.

Fanetti D. & Vezzoli L. (2007) - Sediment input and evolution of lacustrine deltas: the Breggia and Greggio rivers case study (Lake Como, Italy). 
Quaternary international, 173: 113-124.

Gallart F., Pérez-Gallego N., Latron J., Catari G., Martínez-Carreras N. & Nord G. (2013) - Short-and long-term studies of sediment dynamics in a 
small humid mountain Mediterranean basin with badlands. Geomorphology, 196: 242-251.

Gavrilovic S. (1962) - Proračun srednje-godišnje količine nanosa prema potencijalu erozije (A method for estimating of the average annual quantity of 
sediments according to the potency of erosion). Glasnik šumarskog fakulteta, 26, 151-168.

Gavrilovic S. (1970) - Savremeni načini proračunavanja bujičnih nanosa i izrada karata erozije (Modern methods for calculation of torrential sediment 
yield and erosion mapping, in Serbo-Croatian). Paper presented at the Proc. Seminar Erosion, Torrents and Sediments.

Gavrilovic S. (1972) - Inzenjering o bujicnim tokovima i eroziji (Engineering of Torrents and Erosion). Izgradnja, Beograd, 292 pp.



ANALYSIS OF THE TEMPORAL AND SPATIAL SCALES OF SOIL EROSION AND TRANSPORT IN A MOUNTAIN BASIN

29Italian Journal of Engineering Geology and Environment, 2 (2016)	 © Sapienza Università Editrice	 www.ijege.uniroma1.it    

Gavrilovic S. (1976) - Bujicni tokovi i erozija (Torrents and erosion). Gradevinski kalendar, Beograd.
Gavrilovic Z. (1988) - Use of an empirical method (Erosion Potential Method) for calculating sediment production and transportation in unstudied or 

torrential streams. Paper presented at the International Conference on River Regime. Hydraulics Research Limited, Wallingford, Oxon UK, 411-422.
Gavrilovic Z. (1994) - Vaznost laboratorijskih testova tokom eksperimentalnog istrzivanja erozije zemljista. In Navodnjavanje I odvodnjavane u Srbiji: 

zbornik radova savetovanja. Svilajnac, 327-331.
Globevnik L., Holjevic D., Petkovsek G. & Rubinic J. (2003) - Applicability of the Gavrilovic method in erosion calculation using spatial data manipulation 

techniques. International Association of Hydrological Sciences Publication 279: 224-233.
Gunatilake H.M. & Gopalakrishnan C. (1999) - The economics of reservoir sedimentation: a case study of Mahaweli reservoirs in Sri Lanka. International 

Journal of Water Resources Development, 15 (4): 511-526.
Haddadchi A., Nosrati K. & Ahmadi F. (2014) - Differences between the source contribution of bed material and suspended sediments in a mountainous 

agricultural catchment of western Iran. Catena, 116: 105-113.
Harvey A.M. (2001) - Coupling between hillslopes and channels in upland fluvial systems: implications for landscape sensitivity, illustrated from the 

Howgill Fells, northwest England. Catena, 42 (2): 225-250.
Harvey A.M. (2002) - Effective timescales of coupling within fluvial systems. Geomorphology, 44 (3): 175-201.
Heckmann T. & Schwanghart W. (2013) - Geomorphic coupling and sediment connectivity in an alpine catchment - Exploring sediment cascades using 

graph theory. Geomorphology, 182: 89-103.
ICAO (2008) - Manual of the ICAO Standard Atmosphere (extended to 80 kilometres-262 500 feet). Third ed.
Ismes (1990a) - Frana di Spriana: modelli di comportamento frana - modello geomeccanico. Report of project ASP-4914.11, Doc. REL-DGM-179 (in Italian).
Ismes (1990b) - Frana di Spriana: schemi interpretativi del rischio geologico e idrogeologico, definizione dei livelli di soglia e delle procedure di analisi dei 

dati strumentali, nell’area della frana di Spriana. Report of project ASP-4914, Doc. RTF-DMM-228 (in Italian).
Ismes Cae (1988a) - Lineamenti per un piano di intervento per la protezione della città di Sondrio. Report of temporary firm syndicate within “Piani di 

allarme connessi alla situazione di rischio idrometeorologico nella Val Malenco” (in Italian).
Ismes Cae (1988b) - Modello di simulazione dell’inondazione in Sondrio. Report of temporary firm syndicate within “Piani di allarme per situazioni di 

rischio idrometeorologico del torrente Mallero”, (in Italian).
Italtekna, Bonifica, Spea, Lombardia Risorse (1989) - Stima delle portate di piena centenarie, bacino del torrente Mallero. Report of temporary firm 

syndicate within “Piano Programma di Ricostruzione e Sviluppo della Valtellina e delle zone adiacenti delle Provincie di Como, Bergamo e Brescia 
colpite dalle avversità atmosferiche dei mesi di luglio e agosto 1987” (in Italian).

Italtekna, Bonifica, Spea, Lombardia Risorse (1990) - Aspetti idraulici ed idrologici, studi idraulici e sul trasporto solido. Report of temporary firm 
syndicate within “Piano Programma di Ricostruzione e Sviluppo della Valtellina e delle zone adiacenti delle Provincie di Como, Bergamo e Brescia 
colpite dalle avversità atmosferiche dei mesi di luglio e agosto 1987” (in Italian).

Jaeggi M. (2008) - Some aspects of the sediment transport during the 2005 floods in Switzerland. Annals of Warsaw University of Life Sciences-SGGW. 
Land Reclamation, 39: 33-48.

Kirchner J.W., Finkel R.C., Riebe C.S., Granger D.E., Clayton J.L., King J.G. & Megahan W.F. (2001) - Mountain erosion over 10 yr, 10 ky, and 10 my 
time scales. Geology, 29 (7): 591-594.

Klaassen G.J., Barneveld H., Peviani M. & Di Silvio G. (1997) - FRIMAR: Flooding risks in mountain areas. Final Report, Delft Hydraulics et al.
Lane S., Tayefi V., Reid S., Yu D. & Hardy R. (2007) - Interactions between sediment delivery, channel change, climate change and flood risk in a temperate 

upland environment. Earth Surface Processes and Landforms, 32 (3): 429-446.
Lenzi M., Mao L., & Comiti F. (2006) - Effective discharge for sediment transport in a mountain river: computational approaches and geomorphic 

effectiveness. Journal of Hydrology, 326 (1): 257-276.
Longoni L., Papini M., Arosio D., Zanzi L. & Brambilla D. (2014) - A new geological model for Spriana landslide. Bulletin of Engineering Geology and 

the Environment, 73 (4): 959-970.
Longoni L., Papini M., Brambilla D., Barazzetti L., Roncoroni F., Scaioni M. & Ivanov V.I. (2016) - Monitoring riverbank erosion in mountain catchments 

using terrestrial laser scanning. Remote Sensing, 8 (3): 241. 
Mandelli M., Longoni L., Papini M., Roncoroni F. & Radice A. (2009) - Modellazione del trasporto di sedimenti sul bacino del Tartano (Valtellina). GEAM, 

46 (2), 53-64.
Mazza F., Longoni L., Papini M. & Brambilla D. (2011) - A hybrid Monte Carlo–possibilistic method to evaluate soil erosion in an Alpine valley. River 

Basin Management VI, 146, 277.
Mazzorana B., Comiti F. & Fuchs S. (2013) - A structured approach to enhance flood hazard assessment in mountain streams. Natural hazards, 67 (3): 

991-1009.
Mikoš M. & Ribičič M. (2006) - Sediment production and delivery from recent large landslides and earthquake-induced rock falls in the Upper Soča River 



L. LONGONI, V.I. IVANOV, D. BRAMBILLA, A. RADICE & M. PAPINI 

30 Italian Journal of Engineering Geology and Environment, 2 (2016)	 © Sapienza Università Editrice	 www.ijege.uniroma1.it   

Valley, Slovenia. Engineering geology, 86 (2): 198-210.
Milanesi L., Pilotti M., Clerici A. & Gavrilovic Z. (2015) - Application of and improved version of the Erosion Potential Method in Alpine Areas. Italian 

Journal of Engineering Geology and Environment, 15 (1): 17-30.
Molinari D., Menoni S., & Ballio F. (2013) - Flood early warning systems: knowledge and tools for their critical assessment. WIT Press.
Montgomery D.R., Schmidt K.M., Greenberg H.M. & Dietrich W.E. (2000) - Forest clearing and regional landsliding. Geology, 28 (4): 311-314.
Montrasio A., Trom Msdorff  V., & Hermann J. (2005) - Carta geologica della Valmalenco. Consiglio Nazionale delle Ricerche, Istituto per la dinamica 

dei processi ambientali; Eidgenössische Technische Hochschule.
Papanicolaou A., Bdour A. & Wicklein E. (2004) - One-dimensional hydrodynamic/sediment transport model applicable to steep mountain streams. Journal 

of Hydraulic Research, 42 (4): 357-375.
Pimentel D., Harvey C., Resosudarmo P. & Sinclair K. (1995) - Environmental and economic costs of soil erosion and conservation benefits. Science, 267 

(5201): 1117.
Pozzi R., Bollettinari G. & Clerici A. (1990) - Studio geomorfologico e geologico applicato dell’Alta Valtellina: alto bacino dell’Adda con chiusura a 

Tirano. Azienda energetica municipale.
Radice A., Giorgetti E., Brambilla D., Longoni L. & Papini M. (2012) - On integrated sediment transport modelling for flash events in mountain 

environments. Acta Geophysica, 60 (1): 191-213.
Radice A., Rosatti G., Ballio F., Franzetti S., Mauri M., Spagnolatti M., & Garegnani G. (2013) - Management of flood hazard via hydro-morphological 

river modelling. The case of the Mallero in Italian Alps. Journal of Flood Risk Management, 6 (3): 197-209.
Rickenmann D., & Koschni A. (2010) - Sediment loads due to fluvial transport and debris flows during the 2005 flood events in Switzerland. Hydrological 

Processes, 24 (8): 993-1007.
Rosatti G., Bonaventura L., Deponti A. & Garegnani A. (2011) - An accurate and efficient semi-implicit method for section-averaged free-surface flow 

modelling. International Journal for Numerical Methods in Fluids, 65: 448-473.
Sear D., Newson M. & Brookes A. (1995) - Sediment-related river maintenance: the role of fluvial geomorphology. Earth Surface Processes and Landforms, 

20 (7): 629-647.
Solaimani K., Modallaldoust S. & Lotfi S. (2009) - Soil erosion prediction based on land use changes (a case in Neka watershed). American Journal of 

Agricultural and Biological Sciences, 4 (2): 97-104.
Stover S. & Montgomery D. (2001) - Channel change and flooding, Skokomish River, Washington. Journal of Hydrology, 243 (3): 272-286.
Tangestani M.H. (2006) - Comparison of EPM and PSIAC models in GIS for erosion and sediment yield assessment in a semi-arid environment: Afzar 

Catchment, Fars Province, Iran. Journal of Asian earth sciences, 27 (5): 585-597.
Tazioli A. (2009) - Evaluation of erosion in equipped basins: preliminary results of a comparison between the Gavrilovic model and direct measurements 

of sediment transport. Environmental Geology, 56 (5): 825-831.
Wainwright J. (2006) - Degrees of separation: hillslope-channel coupling and the limits of palaeohydrological reconstruction. Catena, 66 (1): 93-106.
Wischmeier W.H. & Smith D.D. (1978) - Predicting rainfall erosion losses-A guide to conservation planning. Predicting rainfall erosion losses-A guide to 

conservation planning.
Wright S.A., Topping D.J., Rubin D.M. & Melis T.S. (2010) - An approach for modelling sediment budgets in supply-limited rivers. Water Resources 

Research, 46 (10).
Zemljic M. (1971). - Calcul du debit solide-Evaluation de la vegetation comme un des facteurs antierosif. Paper presented at the Proceedings of the 

Symposium INTERPRAEVENT.
Zorn M. & Komac B. (2009) - Response of soil erosion to land use change with particular reference to the last 200 years (Julian Alps, Western Slovenia). 

Revista de geomorfologie, 11: 39-47.

Received May 2016 - Accepted September 2016


